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ABSTRACT RESUMEN

The organic carbon in the soil was quantified to assess the im-
pact of anthropic activities on montane ecosystems in Colombia 
in Chingaza Parque Nacional Natural (PNN) and Los Nevados 
Parque Nacional Natural (PNN). For the development of the 
soil samples, a detailed in situ description of the edaphological 
profile of four ecosystems of paramo and high Andean forest 
areas, of both disturbed and undisturbed zones, was taken as 
the base. The calculation of the amount of total carbon stored 
by the soil profile shows that, in Colombia, undisturbed high 
montane ecosystems (520.9 t ha-1 in paramos and 323.6 t ha-1 
in high Andean forests of Chingaza PNN, and 373.0 t ha-1 in 
paramos and 254.6 t ha-1 in high Andean forests of Los Nevados 
PNN) currently have more carbon than disturbed ecosystems 
(135.1 t ha-1 in paramos and 141.5 t ha-1 in high Andean forests 
of Chingaza PNN, and 356.3 t ha-1 in paramos and 217.1 t ha-1 
in high Andean forests of Los Nevados PNN). It is clear that the 
disturbance of high montane ecosystems decreases the amount 
of carbon in the soil, a situation that is more concerning in 
Chingaza PNN where the difference between the disturbed 
and undisturbed ecosystems is much more marked than in 
Los Nevados PNN.

Se cuantificó el carbono orgánico en el suelo para evaluar el 
impacto de las actividades antrópicas en los ecosistemas de alta 
montaña en Colombia en el Parque Nacional Natural (PNN) 
Chingaza y en el Parque Nacional Natural (PNN) Los Nevados. 
Para el desarrollo del muestreo de suelos se tuvo como base la 
descripción detallada in situ del perfil edafológico en cuatro 
ecosistemas correspondientes a zonas de páramo y bosque 
alto andino en sus variaciones intervenido y no intervenido. 
El cálculo de cantidad de carbono total almacenado por perfil 
de suelo muestra que en Colombia ecosistemas no intervenidos 
de alta montaña (520,9 t ha-1 en páramo y 323,6 t ha-1 en bosque 
alto andino del PNN Chingaza; y 373,0 t ha-1 en páramo y 254,6 
t ha-1 en bosque alto andino del PNN Los Nevados) presentan 
en la actualidad mayor cantidad de carbono que ecosistemas 
intervenidos (135,1 t ha-1 en páramo y 141,5 t ha-1en bosque alto 
andino del PNN Chingaza; y 356,3 t ha-1 en páramo y 217,1 t ha-1 
en bosque alto andino del PNN, Los Nevados). Es evidente que 
la intervención en los ecosistemas de alta montaña disminuye la 
cantidad de carbono presente en el suelo; situación que se hace 
más preocupante en el PNN Chingaza donde la diferencia entre 
el ecosistema no intervenido y su correspondiente intervenido 
es mucho más marcada que en el PNN, Los Nevados.
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Introduction

The increasing concentrations of carbon dioxide (CO2) 
and other gases have produced an altered balance between 
incoming and outgoing radiation beyond the sum of the 
remainder of known disturbances and could thus be the 
dominant cause of the warming observed during the last 
hundred years (BBVA, 2000).

With respect to the content of carbon dioxide (CO2), the 
increase has been caused mainly by two human activities: 
change in land use and combustion of fossil fuels. It is 

estimated that the conversion of land for agricultural use 
emits 5.9 Gt CO2-eq/year (1 Gt = 1·109 t) (Seeberg 2010) 
while the burning of fossil fuels emits 27.7 Gt CO2-eq/
year and deforestation, degradation 8.5 Gt CO2-eq/year 
(IPCC, 2007).

There are several problems in terms of the various factors 
that control the level of carbon in soils, such as the type 
and use of the land, climate and agricultural management 
practices. The amount of organic carbon in soil worldwide 
is directly dependent on the changes that are experienced 
by atmospheric carbon (Kimble et al., 1998).
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There are estimates on how much a doubling of atmospheric 
carbon content could affect high montane ecosystems, 
but it is also important to know what changes have been 
generated in recent decades by global warming. Recent 
estimates conclude that the average global air temperature 
has increased by 0.6±0.2°C over the last hundred years 
(Houghton et al., 2001). These trends may be affecting 
montane ecosystems (IDEAM, 2002). The Primera Comu-
nicación Nacional (CN1) de Colombia report to the United 
Nations Framework Convention on Climate Change found 
that the Colombian ecosystem more vulnerable to the ef-
fects of climate change is high montane. With a projected 
increase by 2050 in the average air temperature of the 
country of between 1 and 2°C and a variation in precipita-
tion of ±15%, it is expected that 78% of the snowcaps and 
56% of the paramos will disappear (MAVDT et al., 2001).

The important role of high montane ecosystems at various 
stages of growth as a sink for carbon dioxide adds to the 
need for conservation, justified by the fact that they store 
significant amounts of carbon, whose potential emissions 
should be avoided by controlling logging and unsustainable 
management practices (IDEAM, 2002).

While exact scenarios are still uncertain, serious negative 
effects are expected (although some positive effects are 
also expected), so it is essential that a number of measures 
be taken to reduce greenhouse gas emissions and increase 
their capture in soils and biomass. Therefore, new strate-
gies and policies for the management of agriculture and 
forests must be developed. Since the Kyoto Protocol, this 
is known as Land Use, Land-Use Change and Forestation 
(LULUCF) and concerns Articles 1.3 and 1.4 of the Protocol 
(IPCC, 2000).

Monitoring the carbon content in high montane ecosys-
tems has gained global importance today given the poten-
tial role they can play as sinks or sources of carbon and, 
consequently, reducing the emission of greenhouse gases 
(CO2) (Watson et al., 2000; Houghton et al., 2001).

This research evaluated the impact of climate change on 
the carbon and water cycles in high montane ecosystems, 
conducted between 2007 and 2008, and aimed to determine 
the influence of human intervention on carbon in the soil. 
The impact of human activities on carbon storage was 
evaluated in soils of high montane ecosystems in Colombia 
in Chingaza (PNN) and Los Nevados (PNN) in different 
paramo and high Andean forest areas, in both disturbed 
and undisturbed zones.

Materials and methods

A proposed abductive methodology arising from the pro-
tocol for the characterization of carbon and water cycles 
in high, worked montane ecosystems was used.

Area of   study
The study was conducted in paramos and high Andean 
forests in Colombia to evaluate the impact of anthropic 
activities on carbon storage in soils of Chingaza PNN 
(Fig. 1) and Los Nevados PNN (Fig. 2). The ecosystems 
and monitored study areas were selected using the wind 
rose methodology, considering technical factors, socio-
economics, logistics and security in the area.

Procedure for sampling in the paramos 
and high Andean forests
In the quantification and analysis of soil carbon in high 
montane ecosystems, both disturbed and undisturbed pa-
ramos and high Andean forests were evaluated. In each of 
the ecosystems, two to four pits were assessed according to 
the agroclimatic variability and in search of uniformity of 
such conditions. Generally, the terrain is hilly; the topogra-
phy of the sampling sites is broken up with slopes between 
30 and 40%, with vegetation unique to each ecosystem and 
traces of potato plants and pastures, and extensive develo-
pment of ranching in disturbed ecosystems.

The evaluations were conducted in wetlands with soil of 
the Inceptisol order, young soils, Cryaquents and Dystro-
cryepts, for paramos and wetlands of the Andisol order, of 
recent volcanic activity, Humitropepts and Andaquepts. Soil 
sampling was performed more accurately considering its 
anisotropy to differentiate the variability of the horizons 
in each profile. In each test site defined by the ecosystems 
representative of high montane, a 1 x 1 x 1 m pit was exca-
vated where a detailed in situ description of the soil of the 
profile was carried out, discriminated by horizons; and in 
each defined horizon, specific samples were taken to deter-
mine the organic carbon, microbial activity, bulk density 
and total pore space (UNIVALLE and IDEAM, 2008). 

Soil organic carbon (SOC)
The SOC (contents of soil organic carbon in t ha -1) con-
tent was calculated from the percentage values   of carbon 
(determined by the Walker - Black method), bulk density 
(determined by the ETSIA method, Universidad Politéc-
nica de Madrid) and volume of the sample, with equation 
1 (Rosenzweig and Hillel, 2000).
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FIGURE 1. Evaluated high montane ecosystems in Chingaza PNN, Colombia.

FIGURE 2. Evaluated high montane ecosystems in Los Nevados PNN, Colombia.
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SOC = A × Fc × P × Da (1)

Where,

A: Sample area (10,000 m2); Da: soil bulk density (t m-3)

Fc: Carbon fraction (%), P: soil horizon thickness in the 
sample (m)

Soil microbial activity
To estimate the soil microbial activity through respiration 
(C-CO2), the Centro de Agrobiología del Brasil methodolo-
gy was used. The sample was incubated for 5 d in a closed 
system, NaOH 1N was added and precipitated with BaCl2; 
and two drops of 1% phenolphthalein were added. A purple 
color indicates a basic pH by the formation of BaCO3 and 
NaCl. An d, the sample was titrated with HCl 0.5 N to 
quantify the amount of hydroxide that was unreacted with 
CO2. A control sample was always included.

The mineralized carbon in these experiments has been 
reported as an excellent indicator of change in the SOC, 
which represents the active fraction of soil organic matter 
(Carter and Rennie, 1982).

Results and discussion

The characteristics of the soil profile in Los Nevados PNN 
and Chingaza PNN are very different in relation to carbon 
sequestration.

Soils in Chingaza PNN are deep with organic horizons 
characteristic of carbon uptake, while soils in Los Nevados 
PNN have broad horizons that are highly differentiated by 
the volcanic ash characteristic of the volcanic phenomena 
of the Cordillera Central Colombiana, alternating with 
small horizons corresponding to organic soil with carbon 
deposits. 

The statistical results of the amounts of SOC, weighted 
thickness of each horizon to a meter deep in the paramos 
in Chingaza PNN and Los Nevados PNN (Fig. 3) are close 
to those found in paramos of Ecuador in the provinces of 
Carchi, Canar, Azuay, Chimborazo, Pichincha and Loja 
with values   of 463, 466, 364, 479, 356 and 239 t ha-1 , re-
spectively (Hofstede et al., 2003).

Amezquita et al. (2006) found SOC in high Andean forests 
of Colombia at 155-231 t ha-1, close to that found in the 
same ecosystems in Los Nevados PNN and Chingaza PNN 
(Fig. 3). Kanninen (2003) with data from Brown and Lugo 
(1992) and Brown et al. (1969), also found SOC stored in 
cloud forests at 190-230 t ha-1 , close to those found in this 
study in the two national parks.

This highlights the superiority of the high montane forests 
of Chingaza PNN and Los Nevados PNN as storers of SOC 
as compared to the findings of other studies in neotropic, 
afrotropic, palearctic and nearctic ecozones. In several 
neotropic studies: Hofstede (1999) found quantities of 
SOC in rainforests of 50 t ha-1 and Batjes (1999) reported 
storage at 80-100 t ha-1 , values   lower than those found in 
the forests of this study; in Colombia, SOC storage has 
been seen in rainforests at 52 t ha-1 (Ibrahim et al., 2007), 
in jungles at 75 t ha-1 (Escobar and Toriatti Demattê, 1991) 
and 102 t ha-1 (Carvajal et al., 2009), and in tropical rain-
forests at 107 t ha-1 and 181 t ha-1 (Amezquita et al., 2006); 
in Guatemalan rainforests, SOC storage has been seen at 
130.4 t ha-1 (Arreaga, 2002); Ibrahim et al. (2007) found 
quantities of SOC at 139 t ha-1 in tropical rainforests of 
Nicaragua; SOC storage was determined in Costa Rican 
tropical jungles at 82.2 t ha-1 (Powers and Schlesinger, 
2002), and in tropical rainforests, at 116 t ha-1 (Ibrahim et 
al., 2007) and 134 t ha-1 (Amezquita et al. 2006); storage 
of 88.5 t ha-1 was found in tropical forests of Ecuador by 
López-Ulloa et al. (2005); in tropical forests of Venezuela, 
SOC values   were determined at 125 t ha-1 (Delaney et al., 
1997); in Brazilian rainforests, SOC quantities of 162 t ha-1 
were found (IPCC, 2000); in Hawaiian forests, Schuur et 
al. (2001) reported SOC storage at 62.5 t ha-1 . 

Tropical soils as carbon sinks are questioned on the 
grounds that the rates of decomposition of organic matter 
are very high in these latitudes, due to increased moisture 
and temperature conditions as compared with temper-
ate regions (Moreno and Lara, 2003). In the afrotropics, 
Glenday (2006) determined SOC at 100 t ha-1 in forests of 
Kenya. In the palearctic forests of France, Dupouey et al. 
(1999) reported SOC stores at 71 t ha-1; this figure is close to 

FIGURE 3. Comparisons of soil organic carbon (SOC) in high montane 
ecosystems in Chingaza PNN and Los Nevados PNN.
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the nearctic forests found in the United States of America 
(IPCC, 2000).

The soils of paramo ecosystems clearly have a higher 
carbon sequestration capacity than the respective high 
montane forests in the two national parks (Fig. 3), because 
they are of volcanic origin with a high organic matter 
content, and maintain the microbial activity at low tem-
peratures in the soil, decomposing the organic carbon at 
a rate lower than in the said forests (Tabs. 1 and 2). This 
same relationship of microbial activity, temperature and 
organic carbon is present in studies by Moretto et al. 
(2005) and Montagnini and Jordan (2002). In addition, 
volcanic ash aluminum and organic matter combine to 
form vesicles very resistant to decomposition by micro-
organisms (Hofstede and Mena, 2003).

The SOC contents depended on the depth, with the deeper 
the soil profile, the less accumulated SOC found (Tabs. 1 
and 2). Similar results were found by Carvajal et al. (2009).

The soils of the undisturbed high montane ecosystems in 
Chingaza PNN currently have more carbon than those in 
Los Nevados PNN (Fig. 3), this is due to the wetter climatic 
conditions in Chingaza PNN, with a annual rainfall of 
2,700 mm for the study area (Vargas and Pedraza, 2004), 
compared to the drier environment in Los Nevados PNN 
with an average annual rainfall of 1,500 mm for the area 
sampled (Lotero et al., 2006); therefore, Chingaza PNN 
presents a lower microbial activity than Los Nevados PNN 
(Tabs. 1 and 2); this situation is due to the oxygen concen-
tration in the soil decreasing when the pores are filled with 
water, preventing the diffusion of atmospheric oxygen, a 
situation that is further accentuated by the low total pore 
space in Chingaza PNN as compared to Los Nevados 
PNN (Tabs. 1 and 2); since decomposition is much slower 
in anaerobic soils, they accumulate more organic matter 
in a partially decomposed condition (Brady and Weil, 
2002; Lal, 2004; Palacios-Bianchi, 2002; Kimmins, 1997). 
Batjes (1999), IPCC (2000) and Kanninen (2003) showed 
the same trend in relation to temperature and rainfall; 

TABlE 1. Description of the edaphological profile of high montane ecosystems evaluated in Chingaza PNN.

Horizon SOC
(t ha-1)

MA
(µg C-CO2 gSS

-1)
Da

(g cm-3)
TPS
(%) Horizon SOC

(t ha-1)
MA

 (µg C-CO2 gSS
-1)

Da
(g cm-3)

TPS
 (%)

Profile: undisturbed paramo (3,600 m a.s.l.)  Profile: disturbed paramo (3,280 m a.s.l.)

Ah 299.6 265.3 0.4 70.4 Ah 121.9 85.7 0.7 57.9

AB 63.4 48.0 0.8 61.2 B 13.2 21.3 1.7 26.9

B 157.8 17.4 1.5 37.1

Profile: undisturbed forest (3,050 m a.s.l.) Profile: disturbed forest (2,600 m a.s.l.)

O 137.5 565.6 0.2 68.1 Ah 82.4 43.2 1.2 49.8

Ah 140.5 7.8 1.4 35.1 AB 9.6 28.0 1.6 31.9

B 45.6 8.6 1.2 40.4 B 49.6 22.9 1.4 35.9

SOC: organic carbon, MA: microbial activity, Da: bulk density, and TPS: total pore space.

TABlE 2. Description of the edaphological profile of high montane ecosystems evaluated in Los Nevados PNN.

Horizon SOC
(t ha-1)

MA
(µg C-CO2 gSS

-1)
Da 

(g cm-3)
TPS
(%) Horizon SOC

(t ha-1)
MA

(µg C-CO2 gSS
-1)

Da
(g cm-3)

TPS
(%)

Profile: undisturbed paramo (4,200 m a.s.l.) Profile: disturbed paramo (3,900 m a.s.l.)

H 49.0 353.2 0.7 74.3 H 51.9 131.7 0.7 74.6

A 49.4 45.8 1.0 61.3 A 39.6 81.0 1.0 61.7

AB 37.5 32.6 1.1 57.0 AB1 50.0 14.9 1.1 56.4

AB1 134.4 67.1 0.9 62.7 AB 60.0 16.8 0.8 61.9

AB2 67.0 71.2 1.0 58.0 AB2 77.2 25.9 1.0 63.0

B 35.8 27.8 0.9 63.2 B 44.9 50.4 0.8 67.3

 C 32.7 56.7 0.9 62.7

Profile: undisturbed forest (3,200 m a.s.l.) Profile: disturbed forest (3,100 m a.s.l.)

H 107.7 1364.6 0.6 71.9 H 124.4 539.3 1.1 59.2

A 81.8 132.9 0.9 60.0 A 22.1 250.9 0.4 83.0

AB 65.2 79.8 1.1 55.0 AB 30.2 11.2 1.2 53.2

 B 40.3 52.1 1.2 56.0

SOC: organic carbon, MA: microbial activity, Da: bulk density, and TPS: total pore space.
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according to Batjes (1999), SOC stored up to one meter in 
depth range from 40 t ha-1 in arid zones to 210-240 t ha-1 
in polar or boreal regions, with intermediate values   of 80 
to 100 t ha -1 in the tropics. On the other hand, the soils 
of the mountain range in Chingaza PNN are enriched by 
deposits of a submarine origin with abundant Cretaceous 
fossils and glacial valley planes (Garcés and De la Zerda, 
1994), in contrast to the sharp relief of the mountain range 
of Los Nevados PNN.

In wetlands of Los Nevados PNN and Chingaza PNN 
near the undisturbed paramos in this study, Peña et al. 
(2009) found that dissolved and total organic carbon were 
significantly lower in the wetlands of Los Nevados PNN 
with average values   of 1.2 mg L-1 , followed by the wetlands 
of Chingaza PNN with average values   of 2.8 mg L -1 , which 
coincides with the greater accumulation of SOC seen in 
Chingaza PNN as compared to Los Nevados PNN, thus 
demonstrating that Chingaza PNN has the greater potential 
as a carbon sink.

In Los Nevados PNN and Chingaza PNN, one can observe 
the superiority of SOC storage in undisturbed ecosystems 
over disturbed ones (Fig. 3). Other studies have found the 
same trend; Carúa et al. (2008) and Hernández and Triana 
(2009) determined the organic matter in the soil of para-
mos, which is a parameter directly proportional to SOC 
(Lal, 2004), finding a higher content in undisturbed eco-
systems verses disturbed ones; undisturbed high Andean 
forest ecosystems had a higher SOC content than disturbed 
ecosystems, according to Díaz (2008), this behavior is due 
to the high percentage of aggregates in the soil of a size 
<0.125 mm in high Andean forests, within which there is 
high protection for organic carbon and microbial processes 
become recalcitrant (Lal, 2004), so that carbon may remain 
in the soil for long periods of time.

In the two national parks, deterioration in the soil structure 
was seen in the disturbed ecosystems with the observation 
of higher values   of bulk density and lower total pore space 
as compared to the undisturbed ones (Tabs. 1 and 2). Díaz 
(2008), in high Andean forests, and Carúa et al. (2008) 
and Hernández and Triana (2009), in paramos, found the 
same trend in comparing undisturbed and disturbed eco-
systems. Only the soil of disturbed paramo ecosystems of 
Los Nevados PNN did not present structural damage when 
compared with the corresponding undisturbed ecosystem.

Land degradation in Chingaza PNN was demonstrated to 
be great when the levels of organic carbon, bulk density 
and total pore space were compared for the disturbed and 
undisturbed ecosystems (Tab. 1 and Fig. 3), this is because 

of the practice of burning, which occurs in these paramos 
to generate younger, tender grasses that provide food for 
livestock (Laegaard, 1992, Vargas 2000, Vargas et al. 2002), 
on the other hand, the use of soils in this area has been, 
perhaps for more than 300 years, primarily oriented toward 
agriculture and livestock activities such as potato cultiva-
tion and extensive ranching, practices that in some cases 
involve the introduction of improved pastures (Vargas 
and Pedraza, 2004). Thus, the disturbed high montane 
ecosystems of Los Nevados PNN have more SOC and less 
impact on the structure as compared to those in Chingaza 
PNN (Fig. 3 and Tabs. 1 and 2).

Conclusions

High montane ecosystems that undergo land use change 
to perform agriculture decrease their coverage and there 
is a danger that much of the carbon will decompose and 
escape to the atmosphere as carbon dioxide: the main 
cause of global warming, possibly the most serious global 
environmental problem.

It is clear that the disturbance of soils in high montane 
ecosystems decreases the amount of organic carbon and 
degrades the structure; a situation that is more concerning 
in Chingaza PNN where the difference in SOC content be-
tween the undisturbed ecosystems and the disturbed ones 
is much more marked than in Los Nevados PNN.

The soils of the undisturbed high montane ecosystems in 
Chingaza PNN currently have more organic carbon than 
those in Los Nevados PNN.

The soils of the studied paramo ecosystems obviously have 
a greater carbon retention capacity than the high Andean 
forests in both study areas.
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