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SUMMARY

Carbon sequestration potential of rubber (Hevea
brasiliensis) plantations was estimated in two
production systems: monoculture and agroforestry
system with copoazl (Theobroma grandiflorum), on
farms of Florencia, EI Doncello and Belén de los
Andaquies, in northeastern Colombian Amazon,
department of Caquetd. The plantations were
classified into three age classes, according to their
productive stage: 1-7, 8-20 and > 20 years. The
carbon storage was estimated using the methodology
proposed by Andrade and Ibrahim (2003) and
recommended by IPCC (2003). Tree carbon sinks
were evaluated: above and below ground biomass,
and necromass. The highest proportion of carbon
storage was found in biomass, with 95 and 92% in
monoculture plantations and agroforestry systems,
respectively. In both types of production systems,
carbon storage is a function of tree age and density.
The carbon stored in monoculture plantations was
higher than in agroforestry systems, due to a greater
density of rubber trees in the first production system.
This study confirms that rubber plantations have
potential to capture and store atmospheric carbon.
With this information, the issue of participating in
carbon markets of the rubber production chain can be
addressed, and therefore strengthen in the region’s
competitiveness and sustainability.

Keywords: Productive chain; timber stage; biomass;
necromass; roots.
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RESUMEN

Se estimé el potencial de captura de carbono de las
plantaciones de caucho (Hevea brasiliensis) en dos
sistemas de produccién: monocultivo y sistema
agroforestal con copoazu (Theobroma grandiflorum),
en fincas de Florencia, EI Doncello y Belén de los
Andaquies, del nororiente de la Amazonia
colombiana, departamento del Caquetd. Las
plantaciones se clasificaron en tres clases de edades,
de acuerdo a su etapa productiva: 1-7, 8-20 y > 20
afios. El carbono almacenado se estimé mediante la
metodologia propuesta por Andrade e Ibrahim (2003)
y lo recomendado por el IPCC (2003). Se evaluaron
tres sumideros de carbono: biomasa sobre el suelo y
abajo del suelo y necromasa. Se encontro, la mayor
proporcién de carbono almacenado en la biomasa,
con un 95y 92% en plantaciones de monocultivo y
en sistemas agroforestales, respectivamente. En
ambos tipos de sistemas de produccion, el
almacenamiento de carbono es funcion de la edad y
la densidad arborea. El carbono almacenado en los
monocultivos fue mayor que en los sistemas
agroforestales, atribuyéndose este resultado a la
mayor densidad de &rboles de caucho en los primeros.
Este estudio corrobora que las plantaciones de caucho
presentan potencial para capturar y almacenar
carbono atmosférico. Con esta informacién, se
generan insumos para abordar el tema de
participacion en mercados de carbono de la cadena
productiva del caucho en la regién y asi fortalecer su
competitividad y sostenibilidad.

Palabras claves: Cadena productiva; fustales;
biomasa; necromasa; raices.
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INTRODUCTION

Climate change refers to alterations, directly or
indirectly attributed to human activities, affecting the
atmosphere composition and which is additional to
the climate variability observed over comparable
periods of time (IPCC, 2001). This climate change on
the planet is mainly due to the increase in the
concentration of greenhouse gases (GHG) in the
atmosphere, being a large proportion of them emitted
by anthropogenic activities associated with land use
change, deforestation, fossil fuels use, inadequate
agricultural practices and extensive cattle-raising
(Acosta et al., 2001a; IPCC, 2008). These GHG cause
an overall increase in air and ocean temperature, snow
and ice melting, and hence cause sea level to rise
(IPCC, 2008). Rainfall periodicity can vary and
exceed the usual average. Concentrated droughts may
occur which can increase the risk for forest fires and
there will be a greater impact on local communities,
due to the increasing loss of biodiversity and the
reduction of water supply (IDEAM, 2001).

GHG could be diminished by reducing CO, emissions
and increasing terrestrial sinks (Segura and Andrade,
2008). Some agricultural practices, such as the
implementation of agroforestry systems (AFS), are
important alternatives for carbon capture and storage,
especially in biomass and soil, increasing soil
fertility, all of which has positive effects on the
ecosystem productivity and sustainability (Orjuela,
2011; Orjuela and Andrade, 2011). AFS, by
associating woody plants with crops, are an
economical and ecological option for climate change
mitigation (Albrecht and Kandji, 2003; Beer et al.,
2003; Swamy and Puri, 2005; Andrade, 2007; Segura
and Andrade, 2008), which also involves the
possibility of recognizing the economic value of
carbon capture and storage as an environmental
service (Ospina-Ante, 2003).

It has been shown that the rubber plantations (Hevea

brasiliensis Miull. Arg) accumulate significant
amounts of carbon in their biomass (Tsuruta et al.,
2000; Duran et al, 2011). Moreover, the

agroindustrial transformation process of rubber has
great agro-ecological and socio-economic potential in
Colombia, emerging as one of the most important
productive lines in the Amazon region. This process
generates rural employment, building social capital
and fulfilling the protective-producer reforestation
function in hydrographic basins and is an alternative
development culture in illicit crops areas (SENA,
2006).

It is of fundamental importance to estimate with
greater precision, the carbon capture and storage
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potential of H. brasiliensis. This information is key
for assessing the ecosystemic service of carbon
sequestration (Gobbi and Ibrahim, 2004; Andrade et
al., 2008), provides access to carbon sequestration
economic incentives, generates additional revenue for
the producer, and also contributes to the improvement
of the production chain competitiveness and, hence,
the life quality of local communities (Somarriba et
al., 2006). The aim of the study presented here was to
estimate the carbon sequestration potential of rubber
plantations in monoculture and agroforestry systems
in the Colombian Amazon.

MATERIALS AND METHODS

The study was conducted in the Northeastern region
of the Colombian Amazon, department of Caqueta, in
the municipalities of Florencia, EI Doncello and
Belén de los Andaquies (Figure 1). The Caqueta
department is located at Southeast of Colombia, on
the left bank of Caqueta river, at 2°58' N and 0°40' S,
between 71°30' and 76°15" W (IGAC-INPA, 1993).
The department has an average rainfall of 3,600 mm
year?, a mean annual temperature of 25.1 °C and the
relative humidity varies between 79.5 and 88.6%.
Around 20% of the Caqueta is located in the Amazon
piedmont at an altitude between 400 and 1,000 m.

Farm selection

The farms were selected in agreement with the
Asociacion de Reforestadores y Cultivadores de
Caucho del Caqueta (ASOHECA), taking into
account the producers’ willingness and the
availability of rubber plantations in monoculture and
AFS with copoazd, in different stages of formation.
Three age ranges were established in the rubber
plantations: 1-7 years (stage of growing or
unproductive trees); 8-20 years (production peak) and
> 20 years (beginning of the decline in rubber
production). A productive life of 40 years is
estimated. Copoazt (Theobroma grandiflorum Willd.
Ex Spreng Schum.) is one of the most promising and
widespread fruit trees in the Amazonian region and is
commonly associated with other crops or productive
forest plantations such as rubber. Currently, this fruit
tree is widely distributed in the Colombian Amazon
departments with crop management and cultural
practices similar to those used in cocoa. However, in
spite of belonging to the genus Theobroma, copoazu
has different characteristics in shape, size, internal
structure and almond alveolar design (Cohen and
Jackix, 2005).
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Figure 1. Details of study area.

Sampling techniques and evaluation of samples

Three sinks or carbon components were evaluated:
1) Necromass

2) Aboveground biomass

3) Belowground biomass (fine roots).

This research estimated carbon storage following the
methodology proposed by Andrade and Ibrahim
(2003) and methods recommended by IPCC (2003).

a) Temporary sampling plots

In each crop system selected, three temporary
sampling plots, in rectangular shape, were established
and measured, considering age range and location
(municipality). A sample plot location map was made
with a global positioning system (GPS). The sample
plot was 250 m? in size considering at least 15 rubber
trees (some reached a larger area due to the absence
of some trees). The plots were delimited using
wooden stakes and colored strings with reflective
tape, as recommended by Delgadilla and Soltero
(2006). In total, 48 sample plots were established and
measured, corresponding to three ages in monoculture
for two municipalities (27 plots), while in Florencia
and El Doncello only two ages were placed in AFS
(21 plots).

233

COLOMBIA

r?}r%'mnﬁ
I VAUPES|
)
V o

W

b) Carbon and biomass estimation
1. Necromass
Litter

Litter sampling was the first component measured,
with the aim of reducing its disturbance. All material,
found in 10 frames of 0.25 m? each, randomly located
within each sample plot, was taken. The samples were
fresh weighed and mixed to obtain a subsample of
approximately 300 g per plot. In order to estimate dry
material content, the subsamples were taken to the
laboratory and dried in an oven at 65 °C until a
constant weight was obtained.

Standing dead trees and fallen trunks

The standing dead trees were estimated with the
method of biomass expansion factor and biomass
models with correction according to the absence of
part of the biomass. In this case, the diameter of trunk
at breast height (dbh) and total height (th) were
measured and the proportion of remaining crown,
compared to a living tree, was estimated.

The volume of the trunks or fallen dead trees was
estimated with the line intersect method (IPCC,
2003), which consists in establishing two
perpendicular transects of 50 m each by plot. The
diameter of all the pieces (>1 cm) that touched any
transect was measured. The volume of fallen timber
was estimated with the equation:
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V_nzx(D12+ DZ+...+ D2)

8xL
Where:
\Y : Volume of fallen timber (m® hal)
D, Dy, Dy : Diameter of each piece intercepted

by the line (cm)
L : Transects length (m)

The timber volume was converted to dry matter
assigning a specific gravity to each piece. In order to
do so, the machete method, recommended by IPCC
(2003), was used. This method consists on hitting the
piece with a machete, defining a class of density: high
(consistent), medium (intermediate) and low (rotten),
and assigning an specific gravity to each density
class: 0.23, 0.42 and 0.60 g cm®, respectively
(Segura, 2005).

2. Above-ground biomass
Herbaceous material

This component was estimated in 10 frames of 0.25
m? each, which were randomly distributed within the
plot. All herbaceous biomass was collected, cutting
the herbaceous material (plants < 1.5 m in height) that
was found inside the frame. The collected material
was fresh weighed and a subsample of about 250 g
was taken to estimate the dry matter content in the
laboratory (65 °C until a constant weight was
obtained).

Woody components

All rubber and copoazu trees that were found in the
temporal sampling plot were measured (th and dbh in
rubber and trunk diameter at 30 cm height -Dso- in
copoazu). Aspects such as the presence of twisted,
bifurcation, buttressed, or inclined trunks in sloped
terrains were considered when measuring the trees.

The woody component biomass was estimated using
allometric models that were developed for these
species. The above-ground biomass of 1-7 years trees
was estimated with the biomass model developed by
Duran et al. (2011):

AB = —0,59 + 0,34 x dbh?

Where:
AB : Aboveground biomass (kg tree™)
dbh : Trunk diameter at breast height (cm)

The allometric model created by Moreno et al. (2005)
was applied to rubber trees of 8-20 and >20 years age:
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AB = 0,00411 x CBH?*>%

Where:
AB : Aboveground biomass (kg tree)
CBH : Trunk circumference at breast height (cm)

Given that no allometric models for copoazl tree
have been developed, its aboveground biomass was
estimated using an allometric model developed by
Andrade et al (2008) for cacao trees (Theobroma
cacao L.) in Costa Rica:

AB = 10(—1,625+2,63 x Log(D30))

Where:

AB : Aboveground biomass (kg tree™?)
Log : Base 10 logarithm

D30 : Trunk diameter at 30 cm height (cm)

3. Below-ground biomass

In each established plot, three sampling points for
fine roots were located, using pits. Fine roots
(diameter < 2 mm) biomass was estimated by
removing three monoliths (one for each side: south,
east and west) of 1000 cm® (10 x 10 x 10 cm) at
depths of 0-10, 10-20 and 20-30 cm. The roots were
extracted from each soil sample manually and were
taken to the laboratory for oven drying at 65 °C until
constant weight.

4, Carbon storage estimation

Biomass and necromass was converted into carbon by
multiplying by 0.5, which is a factor proposed by
IPCC (2008).

Information analysis

The results obtained in this study were analyzed with
descriptive statistics (mean, standard deviation and
standard error) using the Infostat statistical software
2010 version (Di Rienzo et al., 2010).

RESULTS AND DISCUSSION

General Information

Individuals

Regarding  Sampled

In a total of 1.3 ha sampled area, a total of 880 trees
was found, of which 774 were H. brasiliensis trees
and 106 were T. grandiflorum individuals The
sampled trees were in a good phytosanitary state;
some individuals had deciduous behavior due to they
were naturally defoliated, which is a usual behavior
of this species, according to Torres-Arango (1999).
The sampled rubber tree individuals belonged to the
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clones: FX 25, FX 3864, IAN 710, IAN 873 and FX
4098.

The rubber plantations in monoculture and AFS have
a planting distance of 7 x 3 m. AFS older than 7 years
were not established with a planned distribution, since
only the fruit component between rubber lines was
included. However, some young plantations (1-7
years), were established in double rows of rubber,
with planting distances of 4 m between rows, 3 m
between plants and 10 m between each double line, in
the middle of which the copoazl trees were planted.
Plantations established in monoculture showed a
higher density of rubber trees (Table 1) than in AFS,
because in most of the sampled plots, it was found
that the producer includes the fruit component when
rubber tree losses are obtained due to phytosanitary
problems, which allows maintaining its productivity
per hectare.

Table 1. Population density of rubber plantations in
monoculture and agroforestry systems (AFS) in the
Colombian Amazon.

Production System

Age Monoculture AFS

(years) Rubber Rubber Copoazu
Density (trees hal)

1-7 662 673 232

8-20 582 572 126

> 20 563 501 199

Carbon storage in herbaceous plants

Carbon storage in herbs showed no significant
differences (p>0.05) between systems, with averages
of 1.5 Mg C ha! for both systems (Table 2). The low
carbon content of this component can be attributed to
the low amount of photosynthetically active radiation

transmitted to the herbaceous layer, where only shade
tolerant species can grow (Acosta et al., 2001b).
Moreover, in older plantations, herbs are subjected to
constant weed control and eventually grazing by
cattle.

Table 2. Carbon stored in herbs present in rubber
plantations in monoculture and agroforestry systems
(AFS) in the Colombian Amazon.

Age (years)
System 1-7 8-20 > 20
Mg C ha!
Monoculture 1.46 + 1.56 + 149 +
0.10a 0.11a 0.16 a
AFS 165+ 1.59 + 1.35+
0.06 a 0.08 a 0.08a

Values correspond to the mean + standard error. Same
letters indicate no statistical differences among
systems (p > 0.05).

Carbon storage in necromass

Carbon storage in necromass showed that in AFS
more of this element is captured, which could be
initially attributed to the extra and constant leaf litter
contribution by copoazud. The estimated carbon in this
component corresponds to 6.7% of the total stored in
the AFS, while in monocultures corresponds to 2.6%.

Litter stored on average 2.6 Mg C ha? in rubber
plantations in agroforestry (Table 3), exceeding
reports such as Orjuela (2011) and Orjuela and
Andrade (2011), who found that litter stores 1.8 Mg C
ha in fallows of five years in Caqueta, Colombia.
Similarly, Ferreira (2001) found that litter stored 1.8
Mg C ha? in 1-7 years secondary forests, 1.9 Mg C
ha in 8-20 years secondary forests, and 2.6 mg C ha
1in >20 years secondary forests, in San Carlos,
Nicaragua.

Table 3. Carbon stored in necromass of rubber plantations in monoculture and agroforestry systems (AFS) in the

Colombian Amazon.

Age (years)

System Component 1-7 8-20 > 20
Mg C ha?
Litter 3.34+0.62a 1.25+0.16 b 1.18+0.26 b
Monoculture Fallen trunks 0.84+0.46a 1.23+0.59a 0.29+0.17 a
Standing dead trees 0.00 (NA) a 0.00 (NA) a 0.03+0.03 a
Litter 3.25+0.96 a 214+ 046 a 2.49+0.40a
AFS Fallen trunks 3.80+3.29a 3.61+1.63a 2.33+095a
Standing dead trees 0.00 (NA) a 0.59+0.59 a 0.78 +0.78 a

Values correspond to the mean + standard error. NA: Not Applicable. Same letters indicate no statistical differences

among systems (p > 0.05).
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Carbon storage in the woody component

As expected, carbon storage increases with the age of
the plantations (Table 4), as described by Alegre et al.
(2001), Callo-Concha et al. (2001) y Lapeyre et al.
(2004). In other words, older plantations showed the
highest carbon storage values, which is related to
biomass accumulation product of the balance between
photosynthetic activity and respiration (Segura and
Andrade, 2008).

Younger plantations (1-7 years) stored on average 4.3
Mg C ha! in monoculture and 4.2 Mg C ha* in AFS.
These findings are similar to those reported by Duran
et al. (2011) who found that ASOHECA plantations,
in the same age range, stored on average 4.2 Mg C ha
L. The 8-20 years age range, in AFS stored 44.8 Mg C
ha'l; this result is close to that reported by Yquise-
Pérez et al. (2009), who found 54.3 Mg C ha' in
forest species of 10 years in AFS with Paspalum
conjugatum Berg. For the rubber plantations in
monoculture included in this study, the amount of
carbon in this compartment was 57.2 Mg hal. The
oldest plantations (> 20 years) contained 121.5 and
97.2 Mg C ha* in monoculture and AFS, respectively.
These same researchers found that T. cacao in AFS
with forest species of 25 years, stored 111.7 Mg C ha
1

Carbon storage in belowground biomass

In this compartment, most of the carbon storage was
found in the first 10 cm of soil depth (Table 5), which
is related to the greater abundance of herbs’ root
systems. The stored carbon at this depth was 1.2 Mg
C ha! in AFS and 1.5 Mg C ha? in monoculture;
while at 10 to 20 cm depth 0.23 Mg C ha' in AFS
and 0.30 Mg C ha! in monoculture was found; in the
last depth 0.14 Mg C ha' was estimated for both
production systems. In monocultures, more carbon
storage was found in fine roots than in AFS, possibly
attributed to crop management in the region, where
monoculture plantations are subjected to a constant
weed control, which in turn stimulates a greater
production of roots.

Orjuela (2011) and Orjuela and Andrade (2011)
found on five years of formation fallows in the
Colombian Amazon, an average of 1.6 Mg C ha? in
the first 10 cm of soil depth and 0.5 Mg C ha' at
depths of 10 to 20, and 20-30 cm. Yquise-Pérez et al.
(2009) found in rubber plantations of 30 years of age
in the department of Huanuco (Peru), a storage of
0.35 Mg C hat in the first 20 cm of soil depth, which
is a lower result than that found in this study. In the
same way, Poroma (2012) found 0.1 Mg C ha! in the
first 20 cm of soil depth, in cacao orchards in
Waslala, Nicaragua.

Table 4. Carbon stored in the woody component of rubber plantations in monoculture and agroforestry systems

(AFS) in the Colombian Amazon.

Age (years)

System Species 1-7 8-20 > 20
Mg C ha?
Monoculture Rubber 433+0.48a 57.16 £ 6.26 a 12152 +19.34 a
AFS Rubber 412+1.19a 4438+12.32a 96.62 + 14.03 a
Copoazu 0.03+£0.02 0.44 +£0.17 0.60 £ 0.25

Values correspond to the mean + standard error. Same letters indicate no statistical differences among systems (p >

0.05).

Table 5. Carbon stored in fine roots at different depths in rubber plantations in monoculture and agroforestry

systems (AFS) in the Colombian Amazon.

Age (years)
System (D;T?)t h 1-7 8-20 >20
Mg C ha!

0-10 0.88+0.14a 2.38+0.19a 1.28+0.13a
Monoculture 10-20 0.17+0.03 a 0.42£0.06 a 0.31+£0.04a

20-30 0.08 £0.02 a 0.18 +£0.03 a 0.17£0.03 a

0-10 0.70£0.10a 1.60+0.15b 1.20+0.17a
AFS 10-20 0.14+0.03a 0.32+0.05a 0.22+0.03a

20-30 0.14 £ 0.06 a 0.16 £ 0.02 a 0.12+0.02 a
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Values correspond to the mean + standard error. Same letters indicate no statistical differences among systems (p >

0.05).
Total carbon storage

The total carbon storage of the studied plantations,
specifically in  the aboveground  biomass
compartment, is higher in rubber plantations in
monoculture than in AFS with copoazi (Table 2),
which is mainly due to differences in tree density,
being it 31% higher in monoculture plantations
compared with the AFS studied. In relation to this,
Salgado and Flores (2004) emphasize that the ability
to capture and store carbon depends on the species
used, tree density, silvicultural ~management,
ecological conditions, site quality and possible
leakages.

The plant aboveground sub-compartment was the
largest reservoir of carbon: 95.4 and 91.7% of the
total carbon stored in monoculture plantations and
AFS, respectively (Figure 2); which is explained by
its high content of timber biomass. The necromass
sub-compartment, held 2.6 and 6.7% of the total
carbon stored in monoculture and AFS, respectively.
The fine root component held 1.9 and 1.6% of the
total carbon stored in monoculture and AFS,
respectively.

AFS (>20)

B Bellowground * 3
5 | B e
- + +
\
100 - § +
11
N N
;é :

Mono (1-7) 7

AFS (1-7) 4
AFS (8-20)

Systems (age)

Figure 2. Carbon stored in rubber plantations in
monoculture (Mono) and agroforestry systems (AFS)
in the Colombian Amazon.

CONCLUSIONS
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Rubber production systems in monoculture fixed
3.7% more atmospheric carbon than those in AFS
with copoazl. The major carbon storage is found
aboveground in the plant sub-compartment. However
the difference between the densities of rubber trees
sampled in monoculture and AFS showed, in the
same way, the difference in total carbon storage. This
is related to the fact that in the region rubber
plantations are very heterogeneous and present tree
loss because of various reasons, such as damages in
the trunk by termites and fungi.

It is confirmed that plantations of Hevea brasiliensis
in the Colombian Amazon, have great potential for
carbon capture and storage, making it possible to find
options to strengthen the competitiveness and
sustainability of the rubber production chain of the in
the region. This can be a first step to access to
compensation mechanisms (payment for ecosystem
services: PES), which could generate additional
revenue to the producer and hence help to improve
the life quality of local communities.

Acknowledgements

The authors express their gratitude to the
Administrative Department of Science, Technology
and Innovation of Colombia (COLCIENCIAS), the
University of Amazonia, the Reforestation and
Rubber  Growers  Association of  Caqueta
(ASOHECA), and the Project to Strengthen the
Rubber Production Chain, through the biophysical
and economic assessment of carbon sequestration in
rubber systems in the Colombian Amazon.

REFERENCES

Acosta, M., Etchevers, J.D., Monreal, C., Quednow,
K., Hidalgo, C., 2001a. Un método para la
medicion del carbono en los
compartimientos  subterraneos (raices y
suelo) de sistemas forestales y agricolas en
terrenos de ladera en México. Simposio
Internacional Mediciéon y Monitoreo de la
Captura de Carbono en Ecosistemas

Forestales. INIFAP, Colegio de
Postgraduados. Montecillo, Meéxico,
Valdivia, Chile. Accessed on 13-Nov-2013
at

http://www.uach.cl/procarbono/pdf/simposio
carbono/10_Acosta.PDF

Acosta, M., Quednow, K., Etchevers, J., Monreal, C.,
2001b. Un método para la medicion del
carbono almacenado en la parte aérea de
sistemas de vegetacidn natural e inducida en
terrenos de ladera en México. Simposio




Orjuela-Chaves et al., 2014

Internacional Medicion y Monitoreo de la
Captura de Carbono en Ecosistemas
Forestales. Valdivia, Chile. Accessed on 13-
Nov-2013 at
http://procarbono.site88.net/pdf/simposio_ca
rbono/08 Acosta.PDF

Albrecht, A., Kandji, S.T., 2003. Carbon
sequestration in  tropical agroforestry
systems.  Agriculture, Ecosystems and
Environment 99 (1): 15-27.

Alegre, J., Arévalo, L., Ricse, A., Barbaran, J., Palm,
C., 2001. Reservas de Carbono y emision de
gases con diferentes sistemas de uso de la
tierra en dos sitios de la amazonia peruana.
Symposium Internacional de Agroforesteria.
Manaus, Brazil EMBRAPA, pp. 21-24.

Andrade, H.J., 2007. Growth and inter-specific
interactions in young silvopastoral systems
with native timber trees in the dry tropics of
Costa Rica. University of Walles Bangor
(UWB)- Tropical Agricultural Research and
Higher  Education  Center  (CATIE),
Turrialba, Costa Rica, p. 224. Accessed on
13-Nov-2013 at http://bit.ly/1aTnxu?

Andrade, H.J., Brook, R., Ibrahim, M., 2008. Growth,
production and carbon sequestration of
silvopastoral systems with native timber
species in the dry lowlands of Costa Rica.
Plant and Soil 308 (1-2): 11-22.

Andrade, H; Segura, M; Somarriba, E; Villalobos, M.
2008. Valoracidn biofisica y financiera de la
fijacion de carbono por uso del suelo en
fincas cacaoteras indigenas de Talamanca,
Costa Rica. Revista Agroforesteria en las
Américas 46: 45-50.

Andrade, H.J., Ibrahim, M., 2003. ;C6mo monitorear
el secuestro de carbono en los sistemas
silvopastoriles? ~ Agroforesteria en las
Américas (CATIE-Costa Rica) 10 (39-40):
109-116.

Beer, J., Harvey, C., lIbrahim, M., Harmand, J.M.,
Somarriba, E., Jiménez, F., 2003. Servicios
ambientales de los sistemas agroforestales.
Agroforesteria en las Américas (CATIE-
Costa Rica) 10 (37-38): 80-87.

Callo-Concha, D., Krishnamurthy, L., Alegre, J.,
2001. Cuantificacion del carbono
secuestrado por algunos SAFs y testigos, en
tres pisos ecolégicos de la amazonia del
Per(. Simposio Nacional de Medicion y
Monitoreo de la Captura de Carbono en
Ecosistemas Forestales, Valdivia-Chile, pp.
18-20. Accessed on 22-Nov-2013 at
http://www.uach.cl/procarbono/pdf/simposio

carbono/53_Callo_Concha.PDF

Cohen, K.d.O., Jackix, M.d.N.H., 2005. Estudo do
liquor de cupuacu. Ciéncia e Tecnologia de
Alimentos (Food Science and Technology -

Sociedade Brasileira de Ciéncia e Tecnologia
de Alimentos) 25 (1): 182-190. Accessed on
26-Nov-2013 at http://bit.ly/Imj1bF

Delgadilla, M., Soltero, Q., 2006. Manual de
monitoreo de carbono en  Sistemas
Agroforestales. Comision Nacional Forestal
CONAFOR y AMBIOS S.C. DE R.L. Méx.
Accessed on 13-Nov-2013 at
http://bit.ly/1hFGcxh

Di Rienzo, J.A., Casanoves, F., Balzarini, M.G.,
Gonzalez, L., M, T., Robledo, C.W., 2010.
InfoStat versién 2010. Grupo InfoStat, FCA,
Universidad  Nacional de  Cdrdoba,
Argentina.

Duran, E.H., Duque, L., Suarez, J.C., 2011
Estimacion de carbono en sistemas
agroforestales de  hevea  brasiliensis.
Ingenierias & Amazonia (Universidad de la
Amazonia-Colombia) 4 (1): 19-28. Accessed
on 26-Nov-2013 at http://bit.ly/185ap2N

Ferreira, C.M., 2001. Almacenamiento de carbono en
bosques secundarios en el Municipio de San
Carlos, Nicaragua. CATIE. CATIE,
Turrialba, Costa Rica, p. 100. Accessed on
13-Nov-2013 at http://bit.ly/17pDTEC

Gobbi, J., lbrahim, M., 2004. Creating win-win
situations: The Strategy of Paying for
Environmental ~ Services to  Promote
Adoption of Silvopastoral Systems. The
Importance of Silvopastoral Systems in
Rural Livehoods to Provide Ecosystem
Services. In; Mannetje, L.T., Ramirez, L.,
Igrahim, M., Sandoval, C., Ojeda, N., Ku, J.
(Eds.), International Symposium
Silvopastoral Systems, Mérida, Yucatan,
México. Univerisada Auténoma de Yucatan,
Meéxico, pp. 98-101.

IDEAM, 2001. Colombia Primera Comunicacion
Nacional ante la Convencion Marco de las
Naciones Unidas sobre el Cambio Climatico.
Ministerio del Medio Ambiente, Instituto de
Hidrologia, Meteorologia y  Estudios
Ambientales de Colombia (IDEAM),
Programa de las Naciones Unidas para el
Desarrollo. Accessed on 19-Nov-2013 at
http://unfccc.int/resource/docs/natc/colncl.p
df

IGAC-INPA, 1993. Aspectos ambientales para el
ordenamiento territorial del Occidente del
departamento del Caquetd. Tomo |I. In:
Saldarriaga, J.G., van der Hammen, T.
(Eds.). Instituto Geografico Agustin Codazzi,
Colombia - Comité Editorial Programa
TROPENBOS.

IPCC, 2001. Climate change 2001: Synthesis Report.
In: Watson, R.T., Albritton, D.L., Dokken,
D.J., Core-Writing-Team (Eds.). World
Meteorological ~ Organization, p. 148.




Tropical and Subtropical Agroecosystems, 17 (2014): 231 - 240

Accessed on 19-Nov-2013 at
http://www.ess.uci.edu/researchgrp/prather/fi
les/2001IPCC_SyR-Watson.pdf

IPCC, 2003. Guia de Buenas Préacticas del Uso de la
Tierra, Cambio del Uso de la Tierra y
Silvicultura  (GBPUTCUTS).  Métodos
Complementarios y Orientacion Sobre las
Buenas Practicas que Emanan del Protocolo

de Kyoto., Intergovernmental Panel on
Climate Change (IPCC). Accessed on 13-
Nov-2013 at http://www.ipcc-

nagip.iges.or.jp/public/gpalulucf/gpglulucf |
anguages.html

IPCC, 2008. Climate change 2007. Synthesis report.
Contribution of Working Groups I, Il and 111
to the fourth assessment report. In: Pachauri,

R.K, Reisinger, A (Eds.),
Intergovernmental Panel on Climate Change
(IPCC), Geneva-Switzerland, p. 104.
Accessed on 13-Nov-2013 at
http://bit.ly/17pJfjj

Lapeyre, T., Alegre, J., Arévalo, L. 2004.

Determinacion de las reservas de carbono de
la biomasa aérea, en diferentes sistemas de
uso de la tierra en San Martin, Perd.
Ecologia Aplicada (Universidad Nacional
Agraria La Molina, Pert) 3 (1-2): 35-44.
Accessed on 26-Nov-2013 at
http://www.lamolina.edu.pe/ecolapl/Articulo
6vol3.pdf

Moreno, J.A., Burgos, J.D., Nieves, H.E., Buitrago,
C.E., 2005. Modelo alométrico general para
la estimacion del secuestro de carbono por
plantaciones de caucho Hevea brasiliensis
Mill arg. en Colombia. Revista Colombia
Forestal (Universidad Distrital, Bogotéa-
Colombia) 9 (18): 5-21.

Orjuela, J., 2011. Almacenamiento de carbono en
rastrojos de paisajes ganaderos en la

Amazonia intervenida Colombiana.
Universidad de la Amazonia, Florencia —
Colombia, p. 92.

Orjuela, J.A., Andrade, H.J., 2011. Almacenamiento
de carbono en areas de regeneracién natural
en paisajes ganaderos de la Amazonia
Colombiana. Il Seminario Internacional en
Ambiente, Biodiversidad y Desarrollo y |
Simposio Nacional de Quimica Aplicada.
Vicerectoria de Investigaciones y Posgrados
- Facultad de Ciencias Basicas - Universidad
de la Amazonia, Colombia, p. 68.

Ospina-Ante, A., 2003. Agroforesteria: aportes
conceptuales, metodologicos y practicos para
el estudio agroforestal. Asociacion del
Colectivo de Agroecologia del Suroccidente
Colombiano (ACASOC) - Serie
Agroforesteria.

239

Poroma, D., 2012. Estrategias de reduccién de la
huella de carbono en la produccién del grano
de cacao (Theobroma cacao L.) para la
cooperativa CACAONICA en Waslala,
Nicaragua. Centro Agronémico Tropical de
Investigacion y  Ensefianza  (CATIE),
Turrialba, Costa Rica, p. 79. Accessed on 22-
Nov-2013 at
http://biblioteca.catie.ac.cr:5151/repositorio
map/bitstream/123456789/204/1/Poroma_Es
trategias.pdf

Salgado, L., Flores, L.S., 2004. EI mecanismo de

desarrollo limpio en actividades de uso de la

tierra, cambio de uso y foresteria (LULUCF)

y su potencial en la region latinoamericana.

Naciones Unidas, Comision Econémica para

América Latina y el Caribe (CEPAL),

Division de Desarrollo Sostenible vy

Asentamientos Humanos. Santiago de Chile.

M., 2005. Estimacion del carbono
almacenado y fijado en  sistemas
agroforestales indigenas con cacao en la
zona de Talamanca, Costa Rica, Informe de

Consultoria. Proyecto: Captura de carbono y

desarrollo de mercados ambientales en

sistemas agroforestales indigenas con cacao
en Costa Rica (TF-052118).

M., Andrade, H.J., 2008. ;Cémo construir

modelos alométricos de volumen, biomasa o

carbono de especies lefiosas perennes?

Agroforesteria en las Ameéricas (CATIE-

Costa Rica) (46): 89-96.

SENA, 2006. Estudio de Caracterizacion Ocupacional
del Sector del Caucho Natural en Colombia:
Mesa de Sectorial del Caucho. Servicio
Nacional de Aprendizaje (SENA). Bogota-
Colombia. Accessed on 13-Nov-2013 at
http://observatorio.sena.edu.co/mesas/01/CA
UCHO.pdf

Somarriba, E., Quesada, F., Villalobos, M., 2006. La
captura de carbono: un servicio ambiental en
fincas cacaoteras indigenas. . Serie Técnica.
Manual Técnico CATIE (ST MT-64),
Turrialba, Costa Rica, p. 28.

Swamy, S., Puri, S., 2005. Biomass production and
C-sequestration of Gmelina arborea in
plantation and agroforestry system in India.
Agroforestry systems 64 (3): 181-195.
Accessed on 26-Nov-2013 at
http://bit.ly/IhcNJv

Torres-Arango, C.H., 1999. Manual para el cultivo
del Caucho en la Amazonia Colombiana.
Plan Nacional De Desarrollo Alternativo
(PLANTE). Universidad de la Amazonia,
Colombia. Accessed on 26-Nov-2013 at
http://bit.ly/1cVXZy0

Tsuruta, H., Ishizuka, S., Ueda, S., Murdiyarso, D.,
2000. Seasonal and spatial variations of

Segura,

Segura,




Orjuela-Chaves et al., 2014

CO2, CH4, and N20 fluxes from the surface
soils in different forms of land-use/cover in
Jambi, Sumatra. In: Murdiyarso, D., Tsuruta,
H. (Eds.), The impacts of Land-use/Cover
Change on Greenhouse Gas Emissions in
Tropical Asia, IC-SEA, Bogor, Indonesia
and NIAES, Tsukuba, Japan, pp. 7-30.

Yquise-Pérez, A.R., Pocomucha, V., Vargas, Y.,

2009. Carbono Almacenado en Diferentes
Sistemas de uso de la Tierra del Distrito de
José Crespo y Castillo, Huanuco, Perq.
Accessed on 13-Nov-2013 at
http://www.inteligentesite.com.br/arquivos/fl
oagri/File/ANEXO20 CarbonoPeru.pdf

Submitted November 29, 2013 — Accepted April 29, 2014

240



