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Estimation of Carbon Stored in Reforestations in The 
Mixteca Alta of Oaxaca, Mexico

Introduction
Soil is the main support for vegetation, infrastructure and 

habitat of biodiversity and participates in an essential way in 
the functioning of any ecosystem [2]. However, modern human 
societies have conceived soils as simple mechanical supports for 
plants or as sites for establishing human settlements, ignoring 
their biological, ecological, physical-chemical, socio-economic 
and cultural importance [3,4]. This conception has contributed, 
together with other factors, to the processes of destruction and 
degradation that affect the edaphic resource. One of the areas 
most affected by soil degradation in Mexico is the Mixteca Alta 
region located in the northern part of the state of Oaxaca which 
presents advanced processes of degradation and loss of soil by  

 
erosion.  Tending some areas to include desertification [5]. The  
problem of degradation and loss of productivity of soils extends,  
in many cases, beyond the effects on this resource. When areas  
with forest cover or other natural ecosystems are transformed into 
crop fields, beside the damage to biodiversity, there is a large loss 
of carbon stored in both biomass and soil. Therefore, the emission 
of gases type greenhouse into the atmosphere.  Faced with this 
situation, the National Forestry Commission (CONAFOR), through 
the National Forestry Program 2014-2018 (PRONAFOR), objective 
is to promote the recovery of forest cover and the restoration of 
soils in degraded forest lands devoid of vegetation [6]. In the Mixtec 
region and specifically in the study area, the actions of CONAFOR 
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Abstract
Background and objective: Mexico is one of the countries with the highest soil degradation due to erosion in Latin America. One of the most 

affected areas is the Mixteca Alta of Oaxaca, Mexico which presents advanced degradation processes. Where reforestation has been implemented 
as a restoration strategy. Which will allow recovering some ecosystem functions, such as protection against erosion and carbon capture.  Materials 
and Methods:  In the present study, aerial biomass, aerial carbon and soil organic carbon (SOC) were estimated in reforestation of Pinus greggii of 
different ages (1 to 8 years) with soil clearing under two slope conditions in the northern zone of the Mixteca Alta of Oaxaca.  Aerial biomass and 
aerial carbon were obtained by allometric equations. The organic carbon content of the soil was estimated from the soil organic matter (OM), which 
was evaluated by the method proposed by Walkley and Black [1].

Results: The content of aerial biomass and aerial carbon increased with the age of reforestation and varied according to the slope.  Finding 
the highest values in reforestation of 8 years of age on slopes of 1-5° (41.08 ± 1.43 and 20.95 ± 0.73). In the case of SOC, only the effect of age was 
observed, with the highest values also being found in reforestation of 8 years of age on slopes of 1-5° (23.68 ± 0.85).

Conclusion: Reforestation, in addition to contributing to soil protection against erosion, also has the potential to capture carbon in the aerial 
biomass and in the soil.  Which will be reflected in the quality of the soil and the services that a forestry system can provide.
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focus on the integral restoration. That involves the planting of tree 
species, as well as various actions focused on the recovery of soils 
as soil conservation works. The reforestation seen as a strategy to 
achieve the restoration of the degraded lands that have lost the 
vegetation cover by the different causal agents. Was established 
with the purpose to protect and contribute to the stabilization and 
restoration of lands with strong problems of vegetation loss and soil 
erosion [7]. In addition to the environmental services to provide 
support and regulation that offers reforestation, its importance 
is also due to the function of reforestations to capture carbon in 
its aerial biomass, which is generally studied in natural forests 
[8-10].  From the economic point of view, these generates income 
through payment for environmental services [11-14].  Likewise, it 
contributes to the accumulation of SOC in the soil, but there are few 
studies on the accumulation dynamics of SOC recently incorporated 
into the soil as a result of the establishment of reforestation [15]. 
The objective of this research was to estimate the accumulation 
of aerial carbon and SOC in reforestations with plowing of soil of 
different ages (1 to 8 years) under two conditions of slope in the 
northern zone of the Mixteca Alta of Oaxaca, Mexico.

Materials and Methods
Study area

The study was conducted in the northern portion of the Mixteca 
Alta region of the state of Oaxaca (Figure 1), located between the 
parallels 17°47’ and 17°57’ North latitude and the meridians 97°20’ 
and 97° 31’ West longitude with an altitudinal variation of 2 000 
and 2 200 m. According to the climatic classification of Köppen 
modified by Enriqueta García [16] the climate is BS1kw, semi-arid, 
temperate, with average annual temperature between 12° C and 
18° C, summer rainfall regime, with an average annual precipitation 
of 474.7 mm. According to the baseline world reference of the soil 
resource of the FAO World Reference Base (WRB) used by INEGI 
the predominant soils in the study area are regosols, vertisols and 
leptosols; and to a lesser extent phaeozem, luvisols and cambisols. 
The predominant use of land is induced pasture, there are extensions 
where vegetation has been lost due to felling or continuous grazing 
of livestock, which prevents new plants from growing again. The 
herbaceous stratum, mainly of low height, and some specimen of 
maguey (Agave sp.), cover the land partially (Figure 1).

Figure 1: Location of the study area.

Sampling sites

Due to the degradation conditions of the place, the best adapted 
species is Pinus greggii, which is a native species of Mexico and is 
distributed naturally in isolated populations along the Sierra Madre 
Oriental. This species has a great potential to adapt to moisture 
and nutrient limiting conditions, which makes it a species widely 
used in reforestation programs for the recovery of degraded soils 
in different parts of Mexico [17,18]. Reforestation was established 
in a planting frame of 3 m between rows x 3 m between plants, with 
an average density of 1,100 plants per hectare. The soil preparation 
consisted of plowing soil in curves at a level 3 m apart.  A fence 
was also established to serve as protection against livestock, with 

maintenance after one year of its establishment.  Which consists 
mainly of the reconstruction of a bowl, a work that promotes the 
capture of water.  Reforestation was selected with an average of 1, 
2, 3, 4, 5, 6 and 8 years of age and an area with scarce vegetation 
(ASV).  Under two conditions of slope (1-5° and 5-15°) where 3 
sampling sites of 400 m2 of circular shape (radius of 11.28m) were 
randomly established.

Biomass and C content in trees

All plants that were found in the sampling sites were measured, 
the total height (TH) with the help of a telescopic rod and the normal 
diameter (ND) and diameter to the base (DB) with a precision 
vernier (0.1mm). To calculate aerial biomass and total air carbon 
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of P. greggii, models generated for the same species proposed by 
Pacheco et al., [19].

                              Bt=6426.6 (D2h)2 +291.42(D2h)               (1)

where: Bt is the total biomass in kg / tree, D is the normal 
diameter and h is the total height. 

                           Ct=3287.7 (D2h)2 +147.36(D2h)                   (2)

where: Ct is the total carbon in kg / tree, D is the normal 
diameter and h is the total height.  

Once the biomass and carbon data of each tree were obtained, 
they were added to obtain estimates at plot level and finally, by 
extrapolation, the biomass per unit area was estimated.

Content of C in soil 

At each site, the sampling was carried out in a transect 
oriented towards the slope, in which, with the help of a straight 
shovel, 3 subsamples were taken and a composite sample of soil of 
approximately 500g was formed, which was deposited in a plastic 
bag and properly labeled.  Subsequently, the samples were sent to 
the Central University Laboratory of the Autonomous University of 
Chapingo, Mexico for analysis.  Where the percentage of M.O. [1] and 
the Dap (paraffin method), based on the Official Mexican Standard 
NOM-021-SEMARNAT-2000 [20]. Once the percentage of M.O. was 
determine by the Van Benmelen factor of 1,724 a correction was 

applied, resulting from the assumption that soil organic matter 
contains 58% Carbon (1 / 0.58 = 1.724). Finally, the SOC content per 
unit area (Mg ha-1) was calculated based on the equation proposed 
by González et al., [21].   

SOC=CO (Dap) Ps                   (3)

where: SOC is the total organic carbon in soil per surface (Mg ha-

1), SOC is the total organic carbon in%, Dap is the apparent density 
(g cm-3) and Ps is the soil depth in cm. 

Statistical analysis

The variation of survival, normal diameter, diameter to base, 
total height, aerial biomass, aerial carbon and SOC were explored 
through the analysis of variance of two factors (age and slope). 
When a factor was significant, mean comparisons were made with 
the Tukey test. All the analyzes were performed with the statistical 
package InfoStat with a confidence level of 95%.

Results and Discussion
According to the variance analysis, both the TH and the ND 

presented significant differences only due to the independent effect 
of the age and slope factors, while the DB only presented significant 
differences due to the independent effect of the age factor and the 
S only due to the effect independent of the pending factor (Tables 
1&2).

Table 1: shows the results of the variables plantation density (D), survival (S), diameter at the base (DB), normal diameter (DN) and total height (AT) 
present in the reforestations evaluated.

Age Slope ᶲD ᶲᶲS ᵠDB ᵠᵠND †TH

Years ° N** ha-1 (%) (cm) (cm) (m)

1
01-May 670.00 ± 43 60.91 ± 3.96 1.41 ± 0.21  0.50 ± 0.05

May-15 908.33 ± 96 82.58 ± 8.74 1.37 ± 0.26  0.55 ± 0.06

2
01-May 683.33 ± 54 62.12 ± 4.97 2.81 ± 0.11  1.26 ± 0.11

May-15 850.00 ± 86 77.27 ± 7.87 2.72 ± 0.06  1.13 ± 0.19

3
01-May 858.00 ± 54 78.00 ± 4.99 3.72 ± 0.65  2.24 ± 0.35

May-15 708.33 ± 23 64.39 ± 2.14 2.43 ± 0.16  1.53 ± 0.22

4
01-May 681.00 ± 31 61.91 ± 2.84  5.03 ± 0.55 3.45 ± 0.66

May-15 783.33 ± 83 71.21 ± 7.58  2.82 ± 0.40 2.57 ± 0.18

5
01-May 792.00 ± 59 72.00 ± 5.43  5.78 ± 0.36 4.27 ± 0.43

May-15 1 025.00 ± 14 93.18 ± 1.31  5.04 ± 0.31 4.00 ± 0.30

6
01-May    876.67 ± 14 79.70 ± 1.32  7.76 ± 0.15 5.82 ± 0.92

May-15    871.67 ± 61 79.24 ± 5.61  6.53 ± 0.28 4.82 ± 0.49

7
01-May    733.33 ±   8 66.67 ± 0.76  9.17 ± 0.51 6.47 ± 0.20

May-15    750.00 ± 43 68.18 ± 3.94  8.48 ± 0.07 5.49 ± 0.51

ᶲD: planting density; ᶲᶲ Survival; ᵠDB: diameter to the base; ᵠᵠND: normal diameter; † TH: total height; †† N: number of trees. Stocks ± Standard Error.

Table 2: Analysis of variance of the variables; survival, total height, normal diameter, diameter at the base and total height.

Variable Source of 
Variation Degree Freedom Sum of Squares Average Squares F Calculated Value p

Survival (%)

Model.      13 3 461.02 266.23 3.51 0.0026

Age         6 1 328.23 221.37 2.92 0.0645

Slope     1 642.51 642.51 8.47 0.007

Age*Slope 6 1 490.27 248.38 3.27 0.0844
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Total Height (m)

Model.       13 161.18 12.4 24.61 <0.0001

Age          6 156.17 26.03 51.66 <0.0001

Slope     1 3.28 3.28 6.52 0.0164

Age*Slope 6 1.72 0.29 0.57 0.7506

Normal Diameter 
(cm)

Model.       7 92.18 13.17 32.98 <0.0001

Age         3 81.01 27 67.63 <0.0001

Slope    1 8.95 8.95 22.43 0.0002

Age*Slope 3 2.22 0.74 1.85 0.1782

Diameter to the 
base (cm)

Model.      5 12.14 2.43 8.38 0.0013

Age        2 9.66 4.83 16.66 0.0003

Slope    1 1.01 1.01 3.47 0.0871

Age*Slope 2 1.48 0.74 2.55 0.119

Effect of age on the growth of Pinus greggii

In general, the growth variables (DB, ND and TH) as a function 
of age had a positive behavior, that is to say, as the age of the 
reforestation increases, it also increases DB, ND and TH.  Muñoz 
et al., [22] also found that the height and normal diameter of 

trees increased with age in a Pinus greggii plantation in the Sierra 
Purépecha in Michoacán, Mexico. Figure 2 shows the average TH of 
the trees by age and their standard error. The highest TH is reported 
for reforestation of 8 years with an average of 5.98 m and the lowest 
TH for one-year reforestations with an average of 0.53m.

Figure 2: Total height of Pinus greggii in reforestation of different ages (1 to 8 years) in the Mixteca Alta of Oaxaca. Error bars indicate standard 
error. Columns with different letters are statistically different (Tukey, P <0.05).

Figure 3: Normal diameter and diameter at the base of Pinus greggii in reforestation of different ages (1 to 8 years) in the Mixteca Alta of 
Oaxaca. Error bars indicate standard error. Columns with different letters are statistically different (Tukey, P <0.05).

The ND of Pinus greggii also varied significantly between ages, 
being statistically different in all ages. Figure 3: shows the average 
ND of the trees by age and their standard error. The highest ND is 

reported for reforestation of 8 years with an average of 8.83cm, 
while the smallest diameter is reported for reforestation of 4 years 
with an average of 3.93cm. As for the DB, as in the TH and ND there 
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were significant differences between the ages, being statistically 
equal in ages of 3 and 2 years, but different for 1 year.  Figure 3 
shows the average DB of the trees by age and their standard error. 
The highest DB is reported for reforestation of 3 years with an 
average of 3.08cm while the lowest DB is reported for reforestation 
of 1 year with an average of 1.40 cm.

Effect of the slope on survival and growth

Survival presents a trend in which, on steeper slopes, there is 
greater survival (Figure 4), but lower growth. This coincides with 
what was reported by Gómez-Romero et al., [23], in plantations 
of P. cembroides, P. greggii, P. devoniana and P. pseudostrobus 
established in severely degraded sites of Michoacán, Mexico.  He 
found that the lower the survival, the lower the growth in diameter 
of the species, and at higher slope, greater survival, but smaller 
diameter.

In the case of the effect of the slope, the TH and ND had a 
negative behavior, that is to say, as the degree of slope increases, the 
TH and the ND decrease. Observing significant differences between 
the two slope conditions (1-5° and 5-15°) (Figure 4). The DB was 
not influenced by the effect of the slope. The slope of 1-5° presents 

higher TH and ND with 3.43 m and 6.94 cm respectively. These 
results agree with what was reported by Gómez-Romero et al., [23]. 
This behavior may be due to the fact that steeper slopes are less 
exposed to solar rays, and therefore more humid and with lower 
temperatures [24] thus achieving greater survival of individuals, 
which causes greater competition by nutrients and light, causing 
these individuals to grow less. It can also be attributed to the fact 
that soils on higher slopes are more degraded and consequently 
less fertile.

A good growth of Pinus gregii is observed according to its age, 
this can be attributed to the fact that this species adapts to adverse 
conditions of the environment, such as its growth in low fertility 
or degraded soils, thus being a potential species for programs of 
restoration [25,26]. In addition, the growth could also have been 
favored by the management that is given to the reforestations, 
as maintenance after a year of its establishment.  Which consists 
mainly of the reconstruction of a bowl, work that promotes the 
storage of water, the plowing soil that allows greater infiltration of 
water and penetration of the roots, as well as the fence that serves 
as protection against livestock.

Figure 4: Survival, Total height and normal diameter of Pinus greggii by slope category. Error bars indicate standard error. Columns with 
different letters are statistically different (Tukey, P <0.05).
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Biomass and aerial carbon content

In Table 3, the biomass content (Mg ha-1) and air carbon (Mg 
ha-1) in reforestation of Pinus greggii of various annuities (4 to 8 
years), under two slope conditions (1-5° y 5-15°).  For reforestation 

of one to three years, there are no values of aerial biomass, because 
the existing equations for estimating biomass and carbon for the 
species use the ND and TH as predictor variables, and for the ages 
of 1 to 3 years the ND is not registered yet.

Table 3: Biomass and aerial carbon content in reforestation of Pinus greggii in the Mixteca Alta of Oaxaca, Mexico.

Age Slope Biomass Carbon

Years ° ---------- (Mg ha-1) ---------------

4
01-May 3.57 ± 0.38 1.82 ± 0.20

May-15 0.96 ± 0.19 0.49 ± 0.10

5
01-May 7.99 ± 0.74 4.07 ± 0.38

May-15 7.29 ± 0.44 3.72 ± 0.23

6
01-May 36.06 ± 5.10   18.39 ± 2.60

May-15 16.41 ± 1.24     8.37 ± 0.63

8
01-May 41.08 ± 1.43   20.95 ± 0.73

May-15 33.94 ± 3.22   17.30 ± 1.64

Means ± Standard Error (n = 3).

Pacheco-Escalona et al., [27] reported values of biomass and 
aerial carbon of 35.2 and 17.9 Mg ha-1 in plantations of P. greggii 
of six years of age.  Which resembles what was found in this study 
36.06 and 18.39 Mg ha-1 of biomass and aerial carbon respectively 
for the plantation of six years on a slope of 1 to 5%.  Ventura-Ríos 
et al., [28] reported 12.17 Mg ha-1 and 14.16 Mg ha-1 of biomass 
for reforestation of P. greggii of 12 and 14 years respectively.  
Comparing these results with those obtained in the present study, 
it can be seen that almost twice as much biomass was obtained 
in younger reforestations. The differences found with this study 

can be attributed to biotic factors such as sun exposure, soil 
conditions, quality and site management, and nutrient availability 
[29-31], which vary from one location to the other.  As well as the 
methodology used to estimate this variable.  Which can influence 
the growth response and biomass accumulation of plant species 
[32,33].

According to the analysis of variance (Table 4), the biomass and 
aerial carbon content were significantly affected by the individual 
effects of age and slope factors and their interaction.

Table 4: Variance analysis of the biomass and aerial carbon variables.

Variable Source of Variation G.L. Sum of Squares Average Squares F Calculated P Value

Biomass

Model.      7  5 482.89 783.27 50.83 <0.0001

Age      3  4 816.11  1 605.37 104.19 <0.0001

Slope     1 339.82 339.82 22.05 0.0002

Age*Slope 3 326.95 108.98 7.07 0.0031

Aerial Carbon

Model.       7  1 426.10 203.73 50.83 <0.0001

Age      3  1 252.67 417.56 104.19 <0.0001

Slope     1 88.39 88.39 22.05 0.0002

Age*Slope 3 85.04 28.35 7.07 0.0031

Behavior of biomass and aerial carbon according to age 

The amount of biomass presented significant differences 
between the ages, being statistically equal in ages of 4 and 5 years, 
but different for both 6 and 8 years. Figure 5 shows the biomass 
content by age and its standard error. The highest biomass content 
is reported for reforestation of 8 years with an average of 37.52 
Mg ha-1 while the lowest content is reported for reforestation 
of 4 years with an average of 2.27 Mg ha-1.  The aerial carbon 
content presented a similar behavior to the biomass, that is to 
say, it presented significant differences between the ages, being 
statistically equal in ages of 4 and 5 years, but different for both 6 
and 8 years. Figure 5 shows the air carbon content by age and its 
standard error. The highest aerial carbon content is reported for 
reforestation of 8 years with an average of 19.13 Mg ha-1 while the 

lowest content is reported for 4-year reforestation with an average 
of 1.16 Mg ha-1.

The carbon and biomass content as a function of age had a 
positive behavior, that is, as the age of reforestation increases, the 
carbon and biomass content increase. Similar results were found by 
Oliva et al., [34], in their study of Pinus patula, where the biomass 
and carbon of this species increased gradually as age increased.  
These results also agree with those obtained by Li et al., [35] who 
examined the biomass and carbon deposits in plantations of P. 
koraiensis in a chrono sequence, observing that the aerial and total 
biomass increased with the age of the plantations. On the other 
hand, Chávez-Aguilar et al., [36], reports that the production of 
total aerial biomass of Pinus patula increased during the chrono 
sequence. However, in the first stages of development of the stand 
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no statistical differences were found between the annuities, but 
from 24 years. This behavior in both biomass and carbon can be 
explained because trees absorb CO2 from the atmosphere in the 
process of photosynthesis and use it to synthesize sugars and other 

organic compounds used in growth and metabolism. However, the 
rate of CO2 fixation by trees is not uniform throughout their life but 
is directly related to their growth.

Figure 5: Content of biomass and aerial carbon (Mg ha-1) in reforestation of Pinus greggii of different ages (1 to 8 years) in the Mixteca Alta of 
Oaxaca, Mexico. The bars show the mean ± standard error. Columns with different letters are statistically different (Tukey, P < 0.05).

Behavior of biomass and aerial carbon depending on the slope

Figure 6: Biomass and aerial carbon content in reforestation of Pinus greggii in two slope conditions in the Mixteca Alta of Oaxaca, Mexico.  
The bars show the mean ± standard error. Columns with different letters are statistically different (Tukey, P <0.05).
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In this study it can be observed that the production of the 
biomass and consequently the aerial carbon is also related to the 
slope. On slopes of 1-5°, biomass and aerial carbon contents of 
22.18 Mg ha-1 and 11.31 Mg ha-1 respectively were recorded, while 
on slopes of 5-15° biomass and aerial carbon contents of 14.66 
Mg ha-1 and 7.47 Mg ha-1 were recorded (Figure 6). It is observed 
that the content of biomass and aerial carbon in slopes of 1-5° is 
almost double than that found in slopes of 5-15°. Similar results 
were found by Sattler et al., [37] in a reforestation established in 
abandoned pasture areas in Brazil where trees planted on slopes 
stored only half the carbon than trees planted on flat land.

In the same way, Lin et al., [38] found greater accumulation of 
flat slope biomass than on steep slopes in a subtropical forest in 
China.  This result differs with that reported by García-Agilar et 
al., [39] who found significant differences by the effect of altitude 

and exposure, but not by the degree of slope in a pine-oak forest in 
the Sierra Norte of Oaxaca, Mexico. The behavior presented in this 
study is attributed to the fact that greater growth was observed in 
trees on lower slopes, which translates into greater production of 
biomass and aerial carbon.

Behavior of biomass and aerial carbon as a function of 
age – slope

Both the biomass content and the aerial carbon showed 
significant differences due to the age-slope effect. Figure 7 shows 
the biomass and aerial carbon content by age and slope condition, 
as well as its standard error. The trend is observed where lower 
slope higher biomass production in the different ages, however, 
only significant differences are found for reforestation of 6 years 
of age.

Figure 7: Biomass and aerial carbon content in reforestation of Pinus greggii of different ages in two slope conditions. The bars show the mean 
± standard error. Columns with different letters are statistically different (Tukey, P <0.05).

Organic soil carbon

In Table 5, the values of the organic carbon content of the 
estimated soil (Mg ha-1) are shown. The lowest SOC content was 
observed in areas with little vegetation. Castillo-Pacheco et al., [40] 

report carbon values for bare soils of 16.31 Mg ha-1, higher than the 
value registered in ASV in this study. The highest content was found 
in soils associated with reforestations of 8 years of age on slopes of 
1-5% and 5-15% respectively.

Table 5: Organic carbon content in soils associated with reforestation of Pinus greggii in the Mixteca Alta of Oaxaca, Mexico at a depth of 0-10 cm.

Age Slope ᶲAD                   ᶲᶲOM ᵠSOC SOC

Years % g cm-3 % % Mg ha-1

1
01-May 1.01 ± 0.03 1.91 ± 0.21 1.11 ± 0.12 10.29 ± 0.99

May-15 1.05 ± 0.06 1.82 ± 0.17 1.05 ± 0.10 10.23 ± 0.51

2
01-May 1.05 ± 0.07 2.22 ± 0.08 1.28 ± 0.05 11.22 ± 1.47

May-15 1.04 ± 0.06 2.13 ± 0.08 1.23 ± 0.05 10.97 ± 0.87

3
01-May 1.06 ± 0.06 2.36 ± 0.19 1.37 ± 0.11 13.63 ± 0.56 

May-15 1.08 ± 0.03 2.33 ± 0.13 1.35 ± 0.07 12.91 ± 0.41

4
01-May 1.00 ± 0.04 2.73 ± 0.12 1.58 ± 0.07 14.42 ± 0.25

May-15 1.17 ±0.06 2.77 ± 0.18 1.60 ± 0.10 14.68 ± 0.90

5
01-May 0.96 ± 0.01 3.10 ± 0.12 1.79 ± 0.07 15.90 ± 0.60

May-15 0.93 ± 0.01 3.14 ± 0.23 1.82 ± 0.13 18.73 ± 1.23

6
01-May 1.00 ± 0.02 3.66 ± 0.09 2.12 ± 0.05 17.25 ± 0.65

May-15 0.95 ± 0.05 3.30 ± 0.26 1.91 ± 0.15 16.99 ± 0.60

http://dx.doi.org/10.33552/WJASS.2019.02.000543


Citation: Abdul Khalil Gardezi, Angélica García Jiménez, Sergio R Marquez Berber, Héctor Flores Magdaleno, et al. Estimation of Carbon Stored 
in Reforestations in The Mixteca Alta of Oaxaca, Mexico. World J Agri & Soil Sci. 2(4): 2019. WJASS.MS.ID.000543. 
DOI: 10.33552/WJASS.2019.02.000543.

World Journal of Agriculture and Soil Science                                                                                                                     Volume 2-Issue 4

Page 9 of 11

8 01-May 1.00 ± 0.06 4.06 ± 0.20 2.35 ± 0.12 21.33 ± 1.97

May-15 1.04 ± 0.01 3.56 ± 0.09 2.06 ± 0.05 18.20 ± 0.68

*ASV
01-May 1.20 ± 0.01 1.47 ± 0.12 0.85 ± 0.07 23.68 ± 0.85

May-15 1.26 ± 0.03 1.39 ± 0.11 0.80 ± 0.06 21.65 ± 0.99

ᶲAD: Apparent density; ᶲᶲOM: organic matter; ᵠSOC: soil organic carbon; † ASV: area with scare vegetation. Means ± Standard Error (n = 3).

According to the analysis of variance for the SOC content, 
no significant effects were observed due to the age-pending 
interaction or the individual effect of the pending factor, but for the 
individual effect of the age factor (Table 6). These results differ with 
that reported by Avilés et al., [41], who found that the SOC values 
in T C ha-1, presented significant differences between the different 

geofoams. The fact that there is no significant difference of SOC by 
the degree of slope may be due to the fact that compared to other 
works where a high zone is distinguished from a low zone, in this 
study there is no gradient of marked slope. SOC behavior according 
to age.

Table 6: Variance analysis of the organic carbon content.

Source of Variation Sum of Squares G. L Average Squares F Calculated P Value

Model.       799.9 15 53.33 20.02 <0.0001

Age          765.88 7 109.41 41.08 <0.0001

Slope     2.11 1 2.11 0.79 0.3801

Age*Slope 31.92 7 4.56 1.71 0.1414

The content of SOC varied significantly between ages, in 
particular it was higher at ages of 6 and 8 years, than at ages of 4 and 
5 years and these in turn were higher than those at 3, 2 and 1 years 

(Figure 8). The highest SOC content is reported for reforestation of 
8 years with an average of 22.67 Mg ha-1.

Figure 8: Organic carbon (OC) in soils associated with reforestation of Pinus greggii of different ages (1 to 8 years) in the Mixteca Alta of 
Oaxaca, Mexico at a depth of 0-10cm. The bars show the mean ± standard error. Columns with different letters are statistically different (Tukey, 
P <0.05).

In general, an increase in SOC is observed in the soil as the age of 
the reforestations increases, finding a significant difference between 
soils with area with scare vegetation (ASV) and soils associated 
with reforestation from 3 years onwards. The incorporation of 
new carbon is attributed to the contributions to the soil made by 
reforestation through litter [15]. Something similar was found by 
Gómez-Díaz et al., [23] in an oak forest, where the carbon stores of 
the forest floor increased considerably as the forest becomes larger.

Conclusion
Aerial biomass production and aerial carbon content are closely 

and positively related to age, that is, they increased with chrono 
sequence; and to a lesser extent with the degree of slope. In the 

case of soil organic carbon, they are closely and positively related 
to age, that is, increased with chrono sequence.  However, an effect 
of the degree of slope was not found. This may be due to the fact 
that in this study the slope grades are not very marked or because 
they are degraded soils and both high and low slopes start from the 
same soil organic carbon (SOC) content [42].

Although, reforestations are considered monocultures, they 
are an extremely important alternative when there are not enough 
economic resources to use other recovery strategies for degraded 
areas. The present study shows the capacity of reforestations, to 
store and capture carbon in biomass and in the soil seen as a service 
that provides reforestation (Extra Figure).
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