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Firewood extraction affects carbon pools and nutrients in remnant fragments  
of temperate forests at the Mexican Transvolcanic Belt
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SUMMARY

Globally, remnant fragments of forests represent the main carbon reservoir of terrestrial ecosystems, but they suffer strong degradation 
due to uncontrolled wood extraction mainly by tree cut for household fuel use and charcoal production. The present study evaluates 
the degradation caused by wood extraction on carbon pools and soil nutrient dynamics in temperate forests distributed in remnant 
fragments located in central Mexico. Four sites with different intensity of wood extraction were chosen for measuring carbon pools 
and nutrient fluxes during two years. Both, aboveground carbon biomass and soil organic carbon values decreased with the intensity 
of forest degradation. The degraded forest (DF) showed total carbon content 55 % lower than that shown by the seminatural forest 
(SF). Additionally, litterfall production was reduced in DF as compared to SF; the decomposition rate of standing litter was higher in 
the latter site. As a consequence, DF had lower organic matter inputs to the soil than that presented by SF. Soil extractable ammonium 
and microbial biomass- carbon and -nitrogen were lower in DF than in SF. It was concluded that the uncontrolled wood extraction in 
these remnants of temperate forest in Mexico significantly reduced the carbon pools, carbon and nutrient fluxes through litterfall and 
consequently, the soil nutrient dynamics were disrupted.
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RESUMEN

Globalmente, los fragmentos forestales representan un almacén importante de carbono, pero estos fragmentos están bajo una fuerte 
presión de degradación; principalmente, debido a la extracción ilegal de madera para leña y carbón vegetal. El presente estudio evaluó 
el efecto de la extracción de leña sobre los almacenes de carbono y la dinámica de nutrientes del suelo en bosques templados de 
fragmentos remanentes en el centro de México. Se estudiaron cuatro sitios con diferente grado de intensidad de extracción de leña, 
donde se midieron el carbono almacenado y el flujo de nutrientes durante dos años consecutivos. El carbono en la biomasa aérea y en 
el suelo se redujo con el aumento de la intensidad de la extracción. El bosque degradado (DF) presentó 55 % menos contenido total 
de carbono que el bosque seminatural (SF). Así mimo, la producción de hojarasca también se redujo en el DF, pero la descomposición 
del mantillo fue mayor en el SF. Como consecuencia, el DF presentó menores entradas de carbono orgánico al suelo. El amonio 
disponible, el carbono y nitrógeno en la biomasa microbiana del suelo también fueron menores en el DF. La conclusión de este trabajo 
es que la extracción de leña en los fragmentos forestales en México reduce drásticamente las cantidades de carbono almacenado, los 
flujos de carbono y nutrientes por medio de la hojarasca, y por tanto, la dinámica de los nutrientes del suelo es afectada.   

Palabras clave: degradación forestal, producción de hojarasca, descomposición de mantillo, biomasa microbiana, bosque pino-encino.

INTRODUCTION

Forest soils are the main carbon reservoir in terrestrial 
ecosystems and play an important role in global carbon 
cycling (García-Oliva and Masera 2004, Lal 2005). De-
forestation strongly decreases carbon pools, promoting 
carbon emissions to the atmosphere. In Mexico, defores-

tation produced 10 % of the total national greenhouse ga-
ses emissions during 2006, representing 70.2 Tg CO2 eq 
(INE 2009). In the same way, forest management could 
also reduce carbon pools depending on the forest mana-
gement strategies used. Jandl et al. (2007) reviewed the 
experimental evidence of the effect of specific forest ma-
nagement strategies on soil organic carbon sequestration. 
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These authors concluded that forest management directly 
influences carbon pools by disrupting the balance between 
input and output carbon fluxes, although soil organic car-
bon (SOC) stabilization depends mainly on soil properties. 
For example, forest floor carbon stocks decreased with in-
creasing thinning intensity by modifying soil microclimate 
and litterfall production (Jandl et al. 2007).

The increment of soil temperature with thinning inten-
sity promotes SOC decomposition (Piene and Van Cleve 
1978, Negrete-Yankelevich et al. 2007), while the reduc-
tion of litterfall production decreases carbon input to the 
soil (Vesterdal et al. 1995). However, carbon losses are 
compensated by forest productivity when the thinning in-
terval is longer and with lower intensity (Jandl et al. 2007), 
as González-Espinosa et al. (1991) and Negrete-Yankele-
vich et al. (2007) reported a canopy recovery after 15 years 
of succession in several tropical mountain cloud forests in 
Mexico. Similarly, carbon pools reduction is observed if 
the residues are removed after forest harvesting by distur-
bing soil and changing microclimate (Jandl et al. 2007). 
In several countries it was reported that in afforestation 
(forest plantations) with short rotations, harvesting SOC 
losses were correlated directly with declines in plantation 
productivity (Johnson 1992, Evans 1996, Fox 2000). Cov-
ington (1981) reported that SOC was reduced around 50 % 
after harvesting within the first 20 years, though it could be 
recovered during the re-growth of vegetation. In contrast, 
if the harvesting is deferred carefully, SOC is not affected 
(Lal 2005). Similarly, Johnson and Curtis (2001) estimated 
a reduction of 6 % in SOC after harvest residues removal; 
nonetheless, SOC could increase in 18 % if the residues 
were left in the site. Consequently, adequate forest manage-
ment could have no negative impact on ecosystem carbon 
pools; moreover it could improve carbon sequestration.

In several countries, forest fragments are strongly used 
for providing household fuel wood. In these countries 
nearly 80 % of the wood removed is used as a primary sou-
rce of energy (IEA 2000), and charcoal is commonly used 
as fuel in developing countries around the world (Glaser 
et al. 2002, Vázquez-Marrufo et al. 2003). In many of the-
se forest fragments, the removal of wood for fuel at low 
and constant rates drives to forest degradation (i.e., due 
to a reduction in tree biomass, tree density, etc.), and in 
most cases, illicit logging removes amounts of biomass 
comparable to legal cut (World Bank 1995). In Mexico, 
15 % of total population cooks with wood (INEGI 2010), 
suggesting a high demand of this fuel obtained from rem-
nant forest fragments. For example, Ghilardi et al. (2009) 
estimated that 8 % of the total forest area in the Purepecha 
region (central Mexico) is subjected to fuel wood extrac-
tion with a non-renewable basis. In spite of the high wood 
demand for fuel, there are few studies that evaluate carbon 
pool changes in remnant forests as a consequence of fuel 
wood extraction.

The forest fragments in the Cuitzeo basin in central 
Mexico represent an opportunity to evaluate the effect 

of forest degradation on ecosystem carbon pools under 
firewood extraction. These fragments are affected by the 
two following factors: a) conversion of forest to agricultu-
ral land (López et al. 2006); and b) the increment of legal 
and illegal fuel wood extraction by increasing charcoal de-
mand from Morelia city (Aguilar et al. 2012). It has been 
widely reported that the conversion of forest to agricultu-
ral land decreased the ecosystems carbon pools (Guo and 
Gifford 2002, Murty et al. 2002), however there is scarce 
information on how wood extraction affects the carbon 
pools of volcanic soils of the temperate forest ecosystems 
located in high altitudes of geographical tropical countries. 
Furthermore, the effect of forest management on the soil 
dynamic of carbon, nitrogen and phosphorus has not been 
studied in an integrated manner in these scarce studies. 

Therefore, the objective of the present study is to eva-
luate the effect of forest degradation on ecosystem carbon 
pools and on soil phosphorus and nitrogen dynamics in 
remnant temperate forest fragments of the Cuitzeo basin 
in the central plateau of Mexico.  

METHODS

Study area. The study site is located in the Atécuaro catch-
ment within the Cuitzeo basin, 12 km South from Morelia 
City (State of Michoacán, Mexico: 19º 34’ N; 101º 10’ W). 
The climate type is Cwig according to Köppen. The ave-
rage annual temperature is 17 °C, with May as the hottest 
(19 °C) and January as the coldest months (13 °C), and an 
annual mean precipitation of 844 mm, concentrated from 
June to October.  Associations of Andosols, Cambisols and 
Acrisols in the down slope are the dominant soils within 
the catchment, comprising the 70 % of the total surface 
area (Covadela et al. 2009). Pine-oak forest fragments are 
distributed in altitudes ranging between 2,300 and 2,500 m 
a.s.l. along moderate to steep slopes. Study sites were se-
lected from pine-oak forest fragments growing on an An-
dosol with different degradation intensity as a consequen-
ce of continuous timber and resin extraction: seminatural 
forest, forest with low degradation, forest burned in 1998, 
and degraded forest. The dominant tree species in the four 
sites were Quercus candicans Née, Q. obtusata Humb. and  
Bonpl., Tilia mexicana Schlecht., and Pinus pseudostrobus 
Lindley (Covadela et al. 2009). Table 1 shows some cha-
racteristics of the four studied forest sites.

Measurements and sampling. In each site, a 400 m2 circu-
lar plot was established in the middle of the forest fragment 
for avoiding edge effects (at least 100 m from the fragment 
edge). As a consequence of the size of forest fragments, 
only one plot could be established by site. Each circular 
plot design was created following the methods used by 
the Comisión Nacional Forestal de Mexico (2004) for the 
national forest and soil inventories (INFYS). Within each 
plot, the diameter at 1.3 m above ground (DBH) was mea-
sured for all trees taller than 1.30 m. 
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Table 1. Characteristics of four forest sites in the Cuitzeo basin, Mexico (Covadela et al. 2009). SF: seminatural forest, LF: forest with 
low degradation, BF: burned forest, DF: degraded forest. *Bulk density from A1 horizon. ** According to WRB (2007).
 Características de los cuatro sitios en la cuenca de Cuitzeo, México (Covadela et al. 2009). SF: bosque seminatural, LF: bosque con poca 
degradación, BF: bosque quemado, DF: bosque degradado. *Densidad aparente del horizonte A1. ** De acuerdo a WRB (2007).

Forest sites SF LF BF DF

Site characteristic

Altitude (m a.s.l.) 2,472 2,435 2,415 2,355

Slope (%) 30 15 15 15

Soil characteristics (0-10 cm)

Soil classification (WRB, 2007) umbric Andosol umbric Andosol umbric Andosol umbric Andosol

Sand content (%) 16 41 20 34

Loam content (%) 62 35 46 44

Clay content (%) 22 24 34 22

Bulk density* (Mg m-3) 0.6 1.0 0.9 1.1

pH (H2O) 5.4 5.4 5.8 5.7

Tree characteristics

Tree density (tree ha-1) 1,050 828 250 500

Tree basal area (m2 ha-1) 27.5 18.4 17.0 8.8

Tree Species

Q. candicans, Q. 
obtusata, Styrax 

raminrii, P. 
pseudostrobus

Q. candicans, Q. 
obtusata, Tilia 
mexicana, P. 

pseudostrobus

Q. candicans, Q. 
obtusata, Symptocos 

citrea, Tilia 
mexicana

Q. candicans, 
Tilia mexicana, P. 
pseudostrobus, P. 

leiophylla

Litter characteristics

Type** Hemic Hemic Fibric Hemic

Depth (cm) 5.0 5.5 1.0 4.0

% cover 100 100 100 90

The aboveground biomass was calculated using the 
allometric equations developed by Ayala et al. (2001) for 
pines and oaks of central-south Mexico:

Oaks:   AB(oaks) = (1.91*DBH1.782)                                          [1]

Pines:              AB(pines) = (0.084*DBH2.47)                    [2]

where, AB is aboveground biomass (for oaks and pines, 
respectively). 

All biomass values were converted to carbon content 
using a factor of 0.45 Mg carbon per 1 Mg of dry matter 
(IPCC 1996). The carbon content in belowground biomass 
was estimated from aboveground biomass using an expan-
sion factor of 0.26 proposed by Cairns et al. (1997).  

In each site, three surface litter samples were randomly 
collected within the circular plot. The samples were removed 
from the interior of a 17 cm x 17 cm frame. Samples were 
obtained in three different seasons: dry season (April), early 
rainy season (June), and end of rainy season (October). The 

material was collected and stored in plastic bags and oven-
dried at 60 °C for 48 h. Samples were grounded (0.425 mm) 
and stored until chemical analyses were performed.

For litterfall sampling, three transects were established 
randomly at each site. In each transect, five circular nylon 
traps were located at 1 m distance between them and a 
height of 0.5 m above ground. Therefore, 15 traps were set 
by site giving a total area of   0.5 m2 collection. The litter-
fall material accumulated in each trap was collected every 
month during two years, starting in January 2006. The ma-
terial was stored in plastic bags, oven-dried at 60 °C for 
four days before weighting, and afterwards grounded and 
stored until chemical analyses were performed.

A soil profile was opened to a depth of 1.0 m in each 
forest site. For each horizon, three samples were taken for 
carbon analyses and bulk density using a stainless steel 
core of 5 x 5 cm2. The carbon content per unit area was 
calculated using the values of soil mass, bulk density, and 
the carbon concentration of each sample. The mean value 
of the three samples for each horizon was added for calcu-
lating the total soil carbon content without stone content.
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For soil nutrient dynamics, three random transects of 
10 m were established in each site. In each transect, ten 
soil samples were taken with a core sampler at a distance 
of 1 m each from the top to a depth of -10 cm. The samples 
from each transect were mixed to obtain three composite 
samples for each site. Sampling was performed in three 
seasons: dry (April), early rainy (June), and rainy season 
(October). The samples were stored in black plastic bags at 
4 °C before laboratory analyses were performed. Soil and 
plant samples were processed either in the laboratory of 
Soil Biogeochemistry at CIECO, UNAM, México and in 
the chemical laboratory at IRNASA, C.S.I.C., Spain. 

Laboratory procedures. An aliquot for each sample of 
standing litter was oven-dried at 450 °C for four days and 
the remaining material weighted, and converted to percen-
tage of ash in each litter sample. This value was used for 
ash-free correction of the dry weight mass and the resul-
ting value converted to carbon content by multiplying its 
mass by its carbon concentration. 

Sub-samples of plant material were grounded in 
a Thomas Sci. mill to pass through a 40-mesh screen  
(0.425 mm). Total carbon was determined by coulometric 
detection (Huffman 1977). Total nitrogen and phosphorus 
were determined after acid digestion. Nitrogen was deter-
mined by a macro-Kjeldahl method adapted for plant ma-
terial (Bremmer 1996) and phosphorus by the molybdate 
colorimetric method after ascorbic acid reduction (Mur-
phy and Riley 1962).

The composite soil samples were passed through a 
2-mm sieve. A sub-sample was oven-dried at 105 ºC to 
constant weight for soil moisture determination by the 
gravimetric method. Each dry sample was grounded in 
an agata mortar prior to total soil nutrient analyses. Total 
carbon was determined by dry combustion and coulome-
tric detection (Huffman 1977). A correction for inorganic 
carbon was unnecessary because the soil reaction is acid; 
hence, its average concentration in these soils (< 0.02 %) 
was considered negligible. Total nitrogen and phosphorus 
were determined after acid digestion with H2SO4, H2O2, 
K2SO4 and CuSO4 at 360 °C. Total nitrogen (Nt) was deter-
mined after acid digestion by the macro-Kjeldahl method 
and colorimetrically determined (Bremmer 1996). Total 
phosphorus was determined by the molybdate colorimetric 
method after ascorbic acid reduction (Murphy and Riley 
1962). Inorganic nitrogen (NH4

+ and NO3
-) was extracted 

from fresh sub-samples with 2 M KCl, followed by filtra-
tion through a Whatman No 1 paper filter (Robertson et 
al. 1999), and colorimetrically determined by the phenol-
hypochlorite method (Robertson et al. 1999).

Total dissolved nitrogen (TDN) and total dissolved 
phosphorus (TDP) were extracted with deionized water 
after shaking for 1 h and filtering through a Millipore 0.42 
µm filter (Jones and Willett 2006); the filtrate was acid di-
gested and colorimetrically determined as NH4

+ and total 
phosphorus. Dissolved organic nitrogen (DON) and dissol-

ved organic phosphorus (DOP) were calculated as the di-
fference between TDN and TDP forms and inorganic forms 
(NH4

+ and DIP, respectively). Prior to acid digestion one 
aliquot of the filtrate was used to determine dissolved NH4

+ 
and inorganic phosphorus (as orthophosphates) in deioni-
zed water extracts. Dissolved organic carbon (DOC) was 
extracted from soil samples with deionized water (1:5 w/v)  
after shaking for 1 h, filtering through a 0.42-µm millipo-
re (cellulose-acetate filter) and determined in the carbon 
analyzer.

Microbial carbon and nitrogen concentrations were de-
termined in field-moist samples by the chloroform fumiga-
tion-extraction method (Vance et al. 1987). Fumigated and 
non-fumigated samples were incubated during 24 h at 25 ºC 
 and constant moisture. Microbial carbon was extracted 
from both fumigated and non-fumigated samples with 0.5 M  
K2SO4, filtered through Whatman No 42 filters (Brookes 
et al. 1985). Carbon concentration was measured in the 
carbon analyzer (see above). Microbial carbon was calcu-
lated by subtracting the extracted carbon in non-fumigated 
samples from that of fumigated samples and dividing it by 
a KEC value of 0.45 (Joergensen 1996). Microbial nitro-
gen was extracted with the same procedure used for mi-
crobial carbon, but was filtered through a Whatman No 1  
paper. The filtrate was acid digested and determined as to-
tal nitrogen by a macro-Kjeldahl method (Brookes et al. 
1985). Microbial nitrogen was calculated in a similar way 
microbial carbon was, but divided by a KEN value of 0.54 
(Joergensen and  Muller 1996).

Potential carbon mineralization was measured in 
42-day laboratory aerobic incubations; 25 g of soil sub-
samples were placed in a plastic vessel and its moistures 
brought to 55 % of field capacity with de-ionized water. 
The samples were then placed in 1 L jars and incubated at 
25 °C. The jars were regularly aerated and soil moisture 
was adjusted every two days using a gravimetric procedu-
re.  Potential carbon mineralization was estimated as evol-
ved CO2-carbon collected in 0.5 N NaOH traps placed insi-
de the jars. Carbonates were precipitated by adding 1.5 M 
BaCl2 and then titrated with 0.5 N HCl. CO2-carbon values 
were corrected for soil dry weight.

All carbon forms analyzed were determined with a to-
tal carbon analyzer UIC model CM5012 (Chicago, USA), 
while final nitrogen and phosphorus determinations were 
colorimetrically done using a Bran-Luebbe Autoanalyzer 
3 (Norderstedt, Germany) using the methods described 
above. 

Calculation and statistical analyses. The average of litter 
mass and carbon content of the three sampling dates was 
used to calculate annual litter mass.  Carbon and nutrient 
fluxes were calculated by multiplying the litterfall biomass 
by its nutrient concentration. Although the traps were es-
tablished in the four sites, they only remained in two of 
them (seminatural forest and degraded forest); in the other 
two (forest with low degradation and burned forest) they 
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were destroyed by humans or animals. The decomposition 
constant (k) was estimated according Olson (1963):

                                           k = P/L                                  [3]

where P is the annual litterfall production (g m-2 year-1) and 
L is the surface litter mass (g m-2)  at the rainiest month 
(October). 

October samples represent the lowest litter mass value 
through the year. The k value was also calculated with the 
contents of nitrogen and phosphorus in the annual litter-
fall and litter from October samples. The inverse of this 
constant k is the mean residence time (MRT) expressed 
in years.

All statistical analyses were performed with Statistica 
6 software (StatSoft 2000). Data were expressed on a dry-
weight basis unless otherwise stated. A lineal regression 
between soil carbon content (1.0 m depth) and tree density 
and aboveground biomass was performed for all the forest 
sites. The comparison of litter mass, nutrient contents and 
nutrient ratios of litterfall fluxes between seminatural forest 
and degraded forest in both years was analyzed with a t-Stu-
dent method (Sokal and Rohlf 1995). Data of litter and soil 
variables were subjected to a repeated measures analysis 
of variance (RMANOVA) with one between-subject factor 
(forest plot: seminatural forest, forest with low degradation, 
burned forest, and degraded forest) and one within-factor 
(sampling date), where dates were treated as repeated mea-
sures. A Greenhouse-Geisser correction for time factors 
was used when data did not meet the circularity assumption 
of the repeated-measures analysis. When the RMANOVA 
indicated significant factor effects, mean comparisons were 
performed with LSD Fisher multiple comparison test (von 
Ende 1993). Data were log-transformed to meet ANOVA 
assumptions when required (Sokal and Rohlf 1995), though 
they are reported in their original scale of measurement. In 
all cases P ≤ 0.05 was taken to be significant. 

RESULTS

Carbon contents in the main pools. Table 2 shows biomass 
and carbon contents in the main ecosystem pools for the 
four studied forest sites. The aboveground carbon content 
decreased from the seminatural forest to the more pertur-
bed site, the degraded forest. In contrast, the carbon con-
tent in the standing litter had no clear pattern in relation 
to the perturbation gradient: degraded forest and burned 
forest presented the highest and the lowest values, res-
pectively. Soil organic carbon content showed a pattern 
among forest sites similar to that of aboveground biomass. 
Consequently, total ecosystem carbon content was the 
highest in seminatural forest and the lowest in degraded 
forest. Additionally, the soil was the main carbon pool in 
all study sites, comprising between 71 to 82 % of the total 
carbon content of the overall ecosystem.

Table 2. Biomass and carbon contents of the main ecosystem pools 
in four forest sites in the Cuitzeo basin, Mexico. SF: seminatural 
forest, LF: forest with low degradation, BF: burned forest, DF: 
degraded forest. *Belowground carbon content was estimated by 
multiplying aboveground carbon content with expansion factor of 
0.26 (Cairns et al. 1997). SOC: Soil organic carbon.
 Biomasa y contenidos de carbono en los almacenes principales del 
ecosistema en los cuatro sitios en la cuenca de Cuitzeo, México. SF: bosque 
seminatural, LF: bosque con poca degradación, BF: bosque quemado, DF: 
bosque degradado. *El contenido de carbono en la biomasa subterránea fue 
calculado multiplicando el contenido de carbono en la biomasa aérea por 
0,26 (Cairns et al. 1997). SOC: carbono orgánico del suelo.

Pools SF LF BF DF

Biomass (dry matter, Mg ha-1)

Aboveground 315 245 94 76

Litter   22  18 10 24

Carbon content (Mg ha-1)

Aboveground 142 110 42  34

Litter    9   7   4  10

Belowground*  37  29   11   9

SOC (0-1 m) 482 366 273 250

Total 670 512 330 303

Litterfall fluxes. Both seminatural forest and degraded fo-
rest showed seasonal variations in the litterfall mass pro-
duction, where the highest values were registered in spring  
(March and April) and the lowest during the rainy season 
for both years (especially September and October; figu-
re 1). Seminatural forest presented higher annual litterfall 
mass production than that presented by degraded forest 
for both years (P < 0.001; table 3). Both sites presented 
a similar amount of litterfall mass for all sampling dates 
except for the months of March (that presented the highest 
litterfall mass; spring, figure 1). The monthly pattern of 
litterfall production was similar for both years (figure 1), 
but the second year showed a lower production (table 3). 
This pattern was associated with the amount and annual 
distribution of the rainfall (1,077 and 969 mm year-1 for 
2006 and 2007, respectively). 

The carbon concentrations of litterfall samples were si-
milar for both sites and sampling dates (between 46 and 48 
% in all cases). As a result, carbon fluxes were higher for 
seminatural forest than for degraded forest in both years  
(P < 0.001 and P < 0.01 for the first and the second sam-
pling year, respectively; table 3).

Litter decomposition rate was higher in seminatural fo-
rest than in degraded forest (0.51 and 0.30 year -1, respecti-
vely), which indicates that litter mean residence time was 
higher in degraded forest than in seminatural forest (3.0 
and 1.8 year, respectively; table 3). These results suggest 
that a carbon flux from litter to the soil was higher in semi-
natural forest than in degraded forest. Similarly, nitrogen 



BOSQUE 35(3): 311-324, 2014
Firewood extraction affects carbon pools in Mexican forests

316

Figure 1. Average and standard errors of litterfall mass production during two years in two forest sites in the Cuitzeo basin, Mexico. 
SF: seminatural forest, and DF: degraded forest. The DF site had no data in the three last dates.
 Promedio y error estándar de la producción de hojarasca durante dos años consecutivos en dos sitios de la cuenca de Cuitzeo, México. SF: 
bosque seminatural y DF: bosque degradado. El sitio DF no tiene datos en las tres últimas fechas.

 

0

50

100

150

200

250

SF
DF

and phosphorus fluxes were higher in seminatural forest 
than in degraded forest (P < 0.001 and P < 0.001, respecti-
vely), as well as the decomposition rate, which resulted in 
a higher MRT of both nutrients in degraded forest (table 3).

The carbon:nitrogen ratio was lower in seminatural fo-
rest than in degraded forest for the first year (P < 0.001),  
though it was similar for both sites in the second year 
(P = 0.17; table 3). In contrast, carbon:phosphorus and 
nitrogen:phoaphorus ratios were similar for both sites in 
all cases (P = 0.93 and P = 0.73, respectively; table 3).  
These results suggest a higher litterfall quality for the de-
composition in degraded forest during the first year, pro-
bably explaining its higher decomposition rate in relation 
to degraded forest litterfall.

 Nutrient dynamics in surface litter. The amount of standing 
litter was statistical different among sites depending of the 
sampling dates (P < 0.05; tables 4 and 5). Seminatural fo-
rest presented a significantly higher amount of necromass 
than that presented by burned forest for April samples; ne-
vertheless, these differences disappeared for the other two 
sampling dates (table 4). Seasonal dynamics were different 
among forest sites: burned forest presented no differences 
between sampling dates, in forest with low degradation 
April samples showed higher values than those presented 
by June samples, while in seminatural forest and degraded 
forest litter mass decreased from April to October (table 4).

The carbon contents of the standing litter presented si-
milar patterns to those from the litter mass, which showed 
a significant difference among forest sites by sampling 
dates interaction (P < 0.01; table 5). In contrast, the nitro-
gen contents of the standing litter showed no significant 
differences for any of the factors analyzed (forest plot and 
sampling date; table 5). As a consequence, April samples 
had higher carbon:nitrogen ratios than those found in the 
other two sampling dates (P < 0.0001; tables 4 and 5).

The phosphorus content of the standing litter was also 
affected by the interaction of forest sites and sampling da-
tes (P < 0.01; table 5). In April samples, seminatural forest 
and forest with low degradation showed higher litter phos-
phorus contents than those shown by burned forest and 
degraded forest in the standing litter, while these differen-
ces were not significant for the other two sampling dates 
(table 4). Also, April samples had higher values than those 
presented by the other two sampling dates in seminatural 
forest and forest with low degradation, while no sampling 
date differences were found for the other two forest sites 
(burned forest and degraded forest; table 4). 

Similarly, the interaction of forest sites and sampling 
dates was significant for the nitrogen:phosphorus ratio  
(P < 0.05; table 5). In April, burned forest had higher va-
lues than those found in seminatural forest and forest with 
low degradation, in June no differences were found among 
the forest sites, and degraded forest presented lower values 
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Table 3. Average and standard error of litterfall production and annual litterfall fluxes of carbon, nitrogen and phosphorus in two fo-
rested sites in the Cuitzeo Basin, Mexico. SF: seminatural forest, and DF: degraded forest. MRT: mean residence time.  *: means that 
sites were significantly different at P < 0.05 with t-Student test. N. a.: Not applicable.
 Promedio y error estándar de la producción de hojarasca y de los flujos anuales de carbono, nitrógeno y fósforo en dos sitios en la cuenca 
de Cuitzeo, México. SF: bosque seminatural y DF: bosque degradado. MRT: tiempo medio de residencia.  *: Significa que lo sitios fueron diferentes 
significativamente a P < 0,05 con la prueba de t-Student. N. a.: No aplicable.

Years Year 2006-07 Year 2007-08

k litter MRT litter 

Littefall production g m-2 year-1 year-1 year g m-2 year-1

SF            731 ± 28* 0.51 1.8            542 ± 16*

DF            384 ± 47 0.30 3.0            251 ± 49

Litterfall carbon g m-2 year -1 g m-2 year -1

SF            334 ± 13* 0.52 1.9            252 ± 7*

DF            180 ± 22 0.38 2.7            120 ± 24

Litterfall nitrogen g m-2 year -1 g m-2 year -1

SF             2.4 ± 0.1* 0.15 6.8             3.1 ± 0.1*

DF             1.4 ± 0.2 0.12 8.2             1.6 ± 0.3

Litterfall phosphorus g m-2 year -1 g m-2 year -1

SF           0.35 ± 0.01* 0.32 3.2           0.33 ± 0.02*

DF           0.18 ± 0.02 0.14 7.3           0.15 ± 0.03

Litterfall C:N

SF            129 ± 0.3* N. a. N. a.              74 ± 0.2

DF            135 ± 0.7 N. a. N. a.              75 ± 0.6

Litterfall C:P

SF            959 ± 23 N. a. N. a.            778 ± 39

DF            991 ± 59 N. a. N. a.            784 ± 142

Litterfall N:P

SF             7.4 ± 0.04 N. a. N. a.             9.7 ± 0.2

DF             7.4 ± 0.08 N. a. N. a.           10.9 ± 0.4

than those presented by seminatural forest and forest with 
low degradation in October (table 4). In seminatural forest 
and forest with low degradation, the April samples showed 
lower nitrogen:phosphorus ratios than those shown by  the 
other two sampling dates, while these values were similar 
for all sampling dates in burned forest and degraded forest 
(table 4). 

Soil nutrients dynamics. Seminatural forest and degraded 
forest presented the highest and the lowest soil moistu-
re content respectively, while the other two forest sites 
showed intermediate values depending on the sampling 
date (P < 0.001; tables 5 and 6). As expected, April sam-
ples (dry season) had the lowest values in all forest sites 
(table 6).  Soil pH measured was only affected by sampling 

season (P < 0.0001; table 5), showing its lowest values in 
April samples (table 6). 

Seminatural forest and degraded forest had the highest 
and the lowest values of total carbon concentration respec-
tively (P < 0.001; tables 5 and 6). The effect of forest plot 
on total nitrogen concentration was different depending on 
the sampling season (P < 0.001; table 5): seminatural forest 
showed the highest values in all dates, but forest with low de-
gradation was higher than burned forest and degraded forest 
only for the April sampling (table 6). Similarly, the interaction 
of forest plot and sampling date also affected carbon:nitrogen 
ratios (P < 0.01; table 5). Burned forest and degraded forest 
had higher carbon:nitrogen ratios than those found in the 
other forest sites in April samples, but no differences were 
found among forest sites in June and October (table 6).



BOSQUE 35(3): 311-324, 2014
Firewood extraction affects carbon pools in Mexican forests

318

Table 4. Average and standard error of mass, carbon, nitrogen and phosphorus contents, and C:N and N:P ratios of standing litter 
in four forest sites in the Cuitzeo basin, Mexico. SF: seminatural forest, LF: forest with low degradation, BF: burned forest, DF: 
degraded forest. Values vertically followed by a different uppercase letter indicate that means are significantly different (P ≤ 0.05) 
among forest sites within the same sampling date; whereas different horizontally displayed lower-case letters indicate that the means 
are significantly different (P ≤ 0.05) among sampling dates within a forest plot.
 Promedio y error estándar de la masa, contenidos de C, N y P y de los cocientes C:N y N:P del mantillo en los cuatro sitios en la cuenca 
de Cuitzeo, México. SF: bosque seminatural, LF: bosque con poca degradación, BF: bosque quemado, DF: bosque degradado. Valores seguidos 
verticalmente por diferente letra mayúscula indica diferencias significativas (P ≤ 0,05) entre parcelas forestales en la misma fecha, mientras que 
diferentes letras minúsculas indican que las medias son diferentes (P ≤ 0,05) entre fechas al interior de cada parcela.

Dates Dry season Early rainy season Rainy season Annual means

Litter necromass (Mg ha-1)

SF   4.2 ± 0.3Aa   1.9 ± 0.8Ab   1.4 ± 0.4Ab   2.5 ± 0.5

LF   3.3 ± 1.0ABa   1.3 ± 0.5Ab   2.1 ± 0.4Aab   2.2 ± 0.4

BF   1.4 ± 0.1Ba   0.9 ± 0.4Aa   1.2 ± 0.1Aa   1.2 ± 0.1

DF   3.4 ± 0.2ABa   2.3 ± 0.5Aab   1.2 ± 0.3Ab   2.3 ± 0.4

Litter carbon content (Mg ha-1)

SF 1.68 ± 0.1Aa 0.80 ± 0.4Ab 0.64 ± 0.2Ab 1.04 ± 0.2

LF 1.23 ± 0.3ABa 0.55 ± 0.2Ab 0.95 ± 0.2Aab 0.91 ± 0.2

BF 0.54 ± 0.1Ba 0.47 ± 0.2Aa 0.51 ± 0.1Aa 0.52 ± 0.1

DF 1.36 ± 0.1ABa 0.93 ± 0.2Aab 0.49 ± 0.1Ab 0.93 ± 0.1

Nitrogen content (kg ha-1)

SF 163 ± 21  228 ± 82  177 ± 58  189 ± 31

LF 158 ± 55  152 ± 54  255 ± 68  188 ± 34

BF   59 ± 12    92 ± 37  133 ± 11    95 ± 16

DF 148 ± 01  262 ± 70  112 ± 33  174 ± 32

Phosphorus content (kg ha-1)

SF 108 ± 20Aa    14 ± 05Ab    11 ± 03Ab    45 ± 17

LF 117 ± 36Aa    08 ± 03Ab    19 ± 05Ab    48 ± 20

BF   27 ± 19Ba    07 ± 03Aa    13 ± 02Aa    15 ± 19

DF   31 ± 02Ba    19 ± 06Aa    13 ± 02Aa    21 ± 0.9

C:N

SF 109 ± 25a    33 ± 3b    37 ± 1b    59 ± 14

LF   82 ± 6a    36 ± 2b    38 ± 2b    52 ± 8

BF 101 ± 11a    51 ± 7b    39 ± 2b    64 ± 10

DF   92 ± 7a    36 ± 1b    45 ± 3b    58 ± 9

N:P

SF  1.6 ± 0.3Bb 15.5 ± 0.5Aa 15.4 ± 1.3Aa    11 ± 2

LF  1.3 ± 0.1Bb 18.1 ± 1.0Aa 13.5 ± 0.1Aa    11 ± 3

BF  8.0 ± 5.9Aa 14.1 ± 0.8Aa 10.8 ± 0.8ABa    11 ± 2

DF  4.9 ± 0.3ABa 13.5 ± 0.8Aa   8.3 ± 1.3Ba      9 ± 1
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Table 5. F-ratios and significant level of the repeated measure-
ments ANOVA for variables in four forest sites in the Cuitzeo ba-
sin, Mexico. * = P < 0.05; ** =P < 0.01; *** = P < 0.001; ns = not  
significantly. DOC: dissolved organic carbon, DON: dissolved 
organic nitrogen, DOP: dissolved organic phosphorus; NH4

+: 
ammonium, NO3

-: nitrate, and CO2-C: potential carbon minera-
lization.
 Valores de F y nivel de significancia del ANOVA de medidas 
repetidas para diferentes variables en los cuatro sitios en la cuenca de 
Cuitzeo, México. * = P < 0,05; ** =P < 0,01; *** = P < 0,001; ns = no 
significativo. DOC: carbono orgánico disuelto, DON: nitrógeno orgánico 
disuelto, DOP: fósforo orgánico disuelto; NH4

+: amonio; NO3
-: nitrato, 

Cmic: carbono microbiano, Nmic: nitrógeno microbiano, y CO2-C: mi-
neralización potencial de carbono.

Parameters Source of variation

Between subjects Within subjects

Forest plot (F) Date (D) FxD

Litter

Mass 2ns 20*** 3*

C content 2 ns 19*** 4**

N content 2 ns 2 ns 2 ns

P content 4* 25*** 4 ***

C:N 1 ns 62*** 1 ns

N:P 1 ns 34*** 3*

Soil

Humidity 59*** 462*** 7***

pH 1 ns 51*** 1 ns

Total C 18*** 1 ns 1 ns

Total N 42*** 2 ns 6***

C:N 1 ns 1 ns 3*

DOC 1 ns 5* 2 ns

DON 1 ns 15*** 1 ns

NH4
+ 41*** 37*** 8***

NO3
- 1 ns 3 ns 1 ns

Microbial C 7** 6* 7**

Microbial N 15*** 5* 1 ns

CO2-C 280*** 763*** 82***

Table 6. Average and standard error of soil moisture, pH, soil 
concentrations of carbon, nitrogen, and phosphorus, and C:N ra-
tios from the top -10 cm soil depth in four forest sites in the Cuit-
zeo basin, Mexico. SF: seminatural forest, LF: forest with low 
degradation, BF: burned forest, DF: degraded forest. Values ver-
tically followed by a different uppercase letter indicate that means 
are significantly different (P ≤ 0.05) among forest sites within 
the same sampling date; whereas different horizontally displayed 
lowercase letters  indicate that the means are significantly diffe-
rent (P ≤ 0.05) among sampling dates within a forest plot.
 Promedio y error estándar de la humedad del suelo, pH, con-
centraciones de carbono, nitronen y phosphorus, y los cocientes C:N de 
los primero 10 cm del suelo en los cuatro sitios en la cuenca de Cuitzeo, 
México. SF: bosque seminatural, LF: bosque con poca degradación, BF: 
bosque quemado, DF: bosque degradado. Valores seguidos verticalmente 
por diferente letra mayúscula indica diferencias significativas (P ≤ 0,05) 
entre parcelas forestales en la misma fecha, mientras que diferentes letras 
minúsculas indican que las medias son diferentes (P ≤ 0,05) entre fechas 
al interior de cada parcela. 

Dates Dry season Early rainy season Rainy season

Soil moisture (%)

SF  24 ± 1.1Ab   47 ± 1.6Aa   49 ± 1.8Aa

LF  24 ± 1.6Ab   40 ± 0.4Aa   38 ± 1.8Ba

BF  18 ± 0.3ABc   39 ± 0.9ABa   33 ± 1.2Bb

DF  15 ± 0.4Bb   32 ± 0.4Ba   31 ± 0.4Ba

Soil pH

SF 5.4 ± 0.2b  6.0 ± 0.1a  6.0 ± 0.2a

LF 5.0 ± 0.2b  5.8 ± 0.1a  5.8 ± 0.1a

BF 5.1 ± 0.1b  6.2 ± 0.3a  5.9 ± 0.2a

DF 5.1 ± 0.1b  5.9 ± 0.1a  6.0 ± 0.1a

Soil organic carbon (g kg-1)

SF 120 ± 16A 126 ± 19A 142 ± 8A

LF   89 ± 11B   90 ± 8B   89 ± 7B

BF   57 ± 4BC   72 ± 6BC   58 ± 11BC

DF   50 ± 5C   42 ± 9C   50 ± 5C

Soil total nitrogen (g kg-1)

SF  8.3 ± 0.6A  6.4 ± 0.5A  7.0 ± 0.4A

LF  6.1 ± 0.7A  4.6 ± 0.3AB  4.6 ± 0.1AB

BF  2.6 ± 0.2B  4.2 ± 0.5B  3.1 ± 0.3B

DF  2.6 ± 0.6B  3.2 ± 0.2B  3.0 ± 0.2B

Soil C:N

SF   14 ± 0.9Ba   19 ± 1.8Aa   20 ± 1.2Aa

LF   14 ± 0.4Ba   19 ± 0.8Aa   19 ± 1.6Aa

BF   22 ± 1.9Aa   17 ± 0.5Aa   18 ± 1.8Aa

DF   21 ± 5.1Aa   13 ± 2.3Ab   17 ± 2.3Aab
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The concentrations of dissolved organic carbon (DOC) 
and nitrogen (DON) were only affected by sampling date 
(P < 0.02 and P < 0.0001, respectively). For both varia-
bles, April samples presented higher concentrations than 
those presented by the samples collected during the rainy 
season (June and October, table 7).

The ammonium concentration was affected by the inte-
raction between forest management and sampling date (P 
< 0.0005; table 5), where seminatural forest and degraded 
forest had the highest and the lowest values for June and 
October (table 7). Similarly, April samples had the lowest 
ammonium concentration, but there were no differences 
among sampling dates in degraded forest (table 7). In con-
trast, nitrate concentrations were not affected by any of 
the factors analyzed (table 5). Their values were very low.

The forest sites had similar microbial carbon concentra-
tions in April samples, while seminatural forest showed the 
highest values for October sampling (tables 5 and 7). The 
less perturbed forest sites (seminatural forest and forest 
with low degradation) had higher microbial nitrogen than 
that presented by the more perturbed forest sites in all sam-
pling dates (burned forest and degraded forest; P < 0.001, 
tables 5 and 7). Likewise, October samples presented hig-
her microbial nitrogen concentrations than those presented 
by April samples (46 and 37 µg g-1, respectively; P < 0.05).

The effect of forest sites on potential carbon minera-
lization was different for samplings conducted in April 
and October (P < 0.0001; table 5). In April, seminatural 
forest presented a higher potential carbon mineralization 
than that presented by the other three forest sites, while in 
October the potential carbon mineralization was the hig-
hest in seminatural forest and the lowest in burned forest  

Figure 2. Means and standard errors of potential carbon mineralization (CO2-C) after 42-days incubation in four forest sites in the 
Cuitzeo basin, Mexico. SF: seminatural forest, LF: forest with low degradation, BF: burned forest, DF: degraded forest. Values fo-
llowed by a different uppercase letter indicate that means are significantly different (P ≤ 0.05) among forest plots within the same 
sampling date.
 Promedio y error estándar de la mineralización potencial de carbono (CO2-C) después de 42 días de incubación en los cuatro sitios en la 
cuenca de Cuitzeo, México. SF: bosque seminatural, LF: bosque con poca degradación, BF: bosque quemado, DF: bosque degradado. Valores seguido 
por diferente letras mayúsculas significa que las media son diferentes (P ≤ 0,05)  entre parcelas forestales en la misma fecha de muestreo.
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(figure 2). October samples presented a higher potential 
carbon mineralization than that presented by April samples, 
independently of the forest plot (figure 2). These results 
suggest that the soil conditions in SF promote a higher mi-
crobial activity when compared with the other forest sites.  

DISCUSSION

The carbon content in the aboveground biomass of the 
seminatural forest was in the range of that reported pre-
viously for oak-pine forests in central Mexico (Michoa-
cán, 65 to 154 Mg ha-1; Ordoñez et al. 2008) and in the 
South of Mexico (Chiapas, 77 to 168 Mg ha-1; de Jong et 
al. 1999), though higher than that reported for oak-pine 
forests in Northwestern Mexico (65 Mg ha-1; Navar 2009), 
and above the typical range of temperate forest biomass 
carbon (60 to 130 Mg ha-1; Lal 2005). Only forest ecosys-
tems in areas with higher amount of rainfall have higher 
aboveground biomass carbon content than that found in 
seminatural forest; for example, the evergreen cloud forest 
in Chiapas (189 Mg ha-1; de Jong et al. 1999), the tropi-
cal floodplain of the Pacific Mexican Coast (180 Mg ha-1; 
Jaramillo et al. 2003), the tropical wet forest in the Mexi-
can plain of the Gulf of Mexico (195 Mg ha-1; Hughes et 
al. 1999) and in the Lancandonian forest in the South of 
Mexico (233 Mg ha-1; de Jong et al. 2000).

Similarly, SOC content in seminatural forest was hig-
her than that reported for Andosols in Mexico (355 to  
408 Mg ha-1 of carbon; Etchevers et al. 2006), and hig-
her than the average reported for temperate ecosystems in 
Mexico (132 Mg ha-1; Balbotín et al. 2009). This value is 
higher than that reported for wet ecosystems in Mexico: 
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Table 7. Average and standard error of different soil nutrient 
concentrations from the top 10 cm depth in four forest sites in 
the Cuitzeo basin, Mexico. SF: seminatural forest, LF: forest 
with low degradation, BF: burned forest, DF: degraded forest. 
DOC: dissolved organic carbon, DON: dissolved organic 
nitrogen, NH4

+: ammonium. Values vertically followed by a 
different uppercase letter indicate that means are significantly 
different (P ≤ 0.05) among forest sites within the same sampling 
date; whereas different horizontally displayed lowercase letters 
indicate that the means are significantly different (P ≤ 0.05) 
among sampling dates within a forest plot.
 Promedio y error estándar de la concentraciones de diferentes 
nutrientes del suelo de los primero 10 cm del suelo en los cuatro sitios en 
la cuenca de Cuitzeo, México. SF: bosque seminatural, LF: bosque con 
poca degradación, BF: bosque quemado, DF: bosque degradado. Valores 
seguidos verticalmente por diferente letra mayúscula indica diferencias 
significativas (P ≤ 0,05) entre parcelas forestales en la misma fecha, 
mientras que diferentes letras minúsculas indican que las medias son 
diferentes (P ≤ 0,05) entre fechas al interior de cada parcela.

Dates Dry season Early rainy season Rainy season

DOC (mg kg-1)

SF   50 ± 13a  34 ± 5b     42 ± 8 a

LF   47 ± 13 a  40 ± 1 b     50 ± 4 a

BF   65 ± 13 a  41 ± 1 b     51 ± 2 a

DF   48 ± 3 a  35 ± 6 b     59 ± 1 a

DON (mg kg-1)

SF  7.1 ± 0.8a 3.9 ± 0.3b   2.4 ± 0.7b

LF  6.2 ± 0.8a 3.4 ± 0.1b   3.6 ± 0.3b

BF  8.4 ± 1.1a 3.4 ± 0.1b   3.3 ± 0.8b

DF  6.5 ± 0.4a 4.1 ± 0.8b   3.4 ± 1.3b

NH4
+-N (mg kg-1)

SF   18 ± 2Ac  62 ± 2Ab   146 ± 10Aa

LF   36 ± 15Ab  48 ± 18Ab   102 ± 9Ba

BF   11 ± 6Ab  51 ± 7Aa     40 ± 9Ca

DF   10 ± 1Aa  29 ± 4Ba     32 ± 3Ca

Microbial carbon (mg kg-1)

SF 848 ± 33Aa n.d. 1161 ± 32Ab

LF 756 ± 40Aa n.d.   510 ± 43Ba

BF 805 ± 44Aa n.d.   564 ± 6Ba

DF 742 ± 2Aa n.d.   389 ± 20Bb

Microbial nitrogen (mg kg-1)

SF   60 ± 7 n.d.     82 ± 3

LF   52 ± 7 n.d.     47 ± 2

BF   16 ± 4 n.d.     28 ± 8

DF   18 ± 7 n.d.     29 ± 8

169 and 163 Mg ha-1 for tropical wet and temperate wet 
ecosystems, respectively (Balbotín et al. 2009).

The results of the present research suggest that the frag-
ments of conserved forest represent an important reservoir 
of carbon among temperate forest ecosystems in Mexico. 
Thus, the relationship between aboveground biomass and 
SOC was expressed as a positive linear regression between 
SOC concentration and tree density and SOC and above-
ground biomass (R2 = 0.67 and R2 = 0.60, respectively). 
Unfortunately, remnant forest fragments in the Cuitzeo 
basin are under strong degradation pressure, mainly by 
illegal timber extraction for fuel wood and charcoal pro-
duction associated with Morelia city (Ghilardi et al. 2009, 
Aguilar et al. 2012). For example, the ecosystem carbon 
pools in the degraded forest site were 55 % lower than 
those of seminatural forest, and the aboveground carbon 
content was reduced 76 % because tree density and bio-
mass were strongly depleted by timber extraction (table 1). 
Correspondingly, SOC content up to 1 m depth in degra-
ded forest also decreased by 52 %. The reduction of tree 
density (and therefore of aboveground biomass) depleted 
the production of litter and roots, resulting in a reduction 
of SOC inputs, which explained the positive correlation 
between SOC with tree density and with aboveground 
biomass. Similarly, litterfall production was higher and lit-
ter decomposition was faster in seminatural forest than in 
degraded forest; a similar result was found by Aceñolaza 
and Gallardo (1999) in the ‘Yungas’ forest, NW Argentina. 
These results suggest that SOC input was greater in semi-
natural forest than in degraded forest.

The reduction of SOC after forest harvesting was re-
ported in several studies (Lal 2005) associated with an ex-
traction of woody vegetation, decreasing of litter produc-
tion and increasing decomposition of organic matter and 
soil erosion (Covington 1981, Johnson 1992, Aceñolaza 
and Gallardo 1999, Lal 2005). For example, carbon pools 
reduction was observed by reducing rotation harvesting 
(Johnson 1992, Evans 1996, Fox 2000, Lal 2005). 

Seminatural forest and degraded forest had similar litter 
necromass although their annual litter production was two 
times higher than in degraded forest, suggesting a lower 
litter decomposition rate in degraded forest with higher 
surface litter temperature (Covadela et al. 2209). Several 
studies reported a reduction in the decomposition rate of 
surface litter when soil moisture content and biotic activity 
decreased after clear cutting (Lal 2005, Blanco et al. 2011); 
although, the results found are not consistent with other 
studies that report the increment of soil temperature with 
thinning intensity, promoting litter decomposition in tem-
perate forests (Piene et al. 1978, Jandl et al. 2007, Negrete-
Yankelevich et al. 2007). However, litter decomposition 
could be reduced by soil humidity depletion and changes in 
both litter chemical quality and composition of microbial 
communities (Blanco et al. 2011). Several studies repor-
ted a reduction in the decomposition rate of surface litter 
when soil moisture content and biotic activity decreased af-
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ter clear cutting (Aceñolaza and  Gallardo 1999, Lal 2005, 
Blanco et al. 2011). In our study, seminatural forest had 
higher soil moisture than that presented by the degraded fo-
rest site for soil samples collected during the rainy season.

Another factor that can explain the surface litter accu-
mulation in degraded forest is the reduction in the chemical 
quality of litter as expressed in the carbon:nitrogen ratio, 
which constrains microbial activity (Anderson and  Domsch 
1990, Blanco et al. 2011). The carbon:nitrogen ratio of litter-
fall was higher in degraded forest than in seminatural forest. 
The nitrogen and phosphorus reabsorption efficiency capa-
city increased in perturbed oak forest in NW Spain (Covelo 
et al. 2008). These increments are a result of the depletion of 
soil nutrient availability in the degraded plantation (Merino 
et al. 1998), reducing the nutrient fluxes from the vegetation 
to the soil. The main consequence of our results is a decrea-
se of litter quality by an increasing carbon:nitrogen ratio, 
which constraints the decomposition of surface litter. For 
example in our study, the more degraded forest sites (burned 
forest and degraded forest) presented lower nitrogen and 
phosphorus contents in the surface litter than those found in 
the more conserved forest plot (seminatural forest and forest 
with low degradation). The phosphorus content of surface 
litter decreased dramatically from dry to rainy months in the 
less degraded forest sites (seminatural forest and forest with 
low degradation). These results suggest a higher phospho-
rus mineralization in the seminatural forest plot than in the 
degraded forest plot. Phosphorus release from surface litter 
could promote microbial activity and therefore soil fertility, 
which can be critical in these soils with Andic properties 
that are characterized by their low soil phosphorus availabi-
lity (Iñiguez and Val 1984) as it is well known.

SOC and nitrogen concentrations of the top 10 cm soil 
depth were 60 % lower in the degraded forest plot than 
in the seminatural forest plot. These results suggest that 
forest degradation decreased the amount of carbon and 
nitrogen accumulation within the soil, mainly by the re-
duction of organic matter inputs to the soil. Additionally, 
extractable soil ammonium and microbial forms of carbon 
and nitrogen were lower in the degraded forest plot than in 
the seminatural forest plot. These results suggest that the 
available nutrient forms are also affected by forest degra-
dation, explained by a reduction of renewal of soil organic 
matter as mentioned before.

Finally, seminatural forest had the highest potential 
carbon mineralization among forest sites (table 7). Likewi-
se, Covadela et al. (2009) reported that seminatural forest 
had higher maximum soil respiration under field condi-
tions than did the degraded forest. These results may be 
a consequence of the reduction of SOC and nutrient avai-
lability, which constrain microbial activity (Anderson and 
Domsch 1990). Unfortunately, the forest degradation is 
very common in remaining forest fragments of Latin Ame-
rica, particularly in Mexico, mainly because of demogra-
phic growth. Hence the problem here exposed is of great 
relevance in Latin-America and other World zones. 

CONCLUSIONS

Results of the present study suggest that forest degra-
dation by wood extraction is depleting ecosystem carbon 
pools and reducing soil nutrient availability, which affects 
carbon sequestration capacity by constraining plant pro-
ductivity. The depletion of soil nutrient availability under 
the degraded forest site decreased nutrient recycling limi-
ting forest production and functions (as degradation of the 
standing litter). As a consequence, fertilization is required 
to increase forest productivity. Unfortunately, this forest 
degradation conditions is very common in remaining fo-
rest fragments of Latin America, particularly in Mexico. 
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