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ABSTRACT

This study was carried out to investigate total carbon sequestration in ten dominant tree species grown in
Rajiv Gandhi South Campus, Banaras Hindu University, Barkaccha, Mirzapur, India having an area of
2760 acres. To estimate biomass from selective tree species, it is not advisable to cut them for this reason,
non-destructive method is employed.  The essential parameters required for the measurement of biomass
and carbon stock is height, girth and wood density. Height measurement is based on shadow method and
girth taken as Diameter at Breast Height (dbh) as 1.36 meter high above the ground. The study revealed
that the height (0.70**) and girth (0.93**) showed positive correlation with carbon stock of selective tree
species and has advantage over destructive method used for biomass and carbon stock estimation. Carbon
storage in individual tree species varies from 0.04 tonnes (Acasia catechu) to 25.65 tonnes (Madhuca longifolia)
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Introduction

Global surface mean temperatures have increased
by 0.8OC since the late 19th century and eleven out of
the twelve warmest years on record have occurred
since 1995 (IPCC, 2007). Earth’s mean temperature is
projected to increase by 1.5 to 5.8 OC during the 21st

century (IPCC, 2001). The culprit behind these and
other observed climate changes are reportedly
caused by emission of greenhouse gases (GHGs)
through anthropogenic activities including land use
change, deforestation, forest fire, draining of wet-
lands, soil cultivation and fossil fuel combustion.
CO2 concentration in the atmosphere has increased
from 280 ppm in 1750 to 380 ppm in 2005; this is the
cause of global warming. Global warming would
vary between regions causing diverse impacts on
agriculture, forestry, human health and biodiversity.

For example, tropical regions would be more af-
fected by a decrease in agricultural production,
while temperate regions would face the expansion
of vector-born diseases like malaria and dengue fe-
ver, and would confront higher temperatures and
more frequent heat waves during summer (IPCC,
2001). Facing these threats and the costs of adapta-
tion to be borne by future generations, mitigation
measures have been proposed within international
agreements like the Kyoto Protocol (UNFCCC,
1998). As a general classification, mitigation is di-
vided into two groups: first, the reduction of GHG
emissions in the energy sector and industrial process
and second, the enhancement of carbon sinks.

This paper emphasis on trees of ten dominant
species act as major CO2 sink which captures carbon
from the atmosphere and acts as sink, stores the
same in the form of fixed biomass during the growth
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process. Active absorption of CO2 from the atmo-
sphere in photosynthetic process and its subsequent
storage in the biomass of growing trees or plants is
the carbon storage (Baes et al., 1977 and Mathews et
al., 2000). Carbon sequestration implies transfer of
atmospheric CO2 into other long lived global pools
including oceanic, pedologic, biotic and geological
strata to reduce the net rate of increased atmo-
spheric CO2 concentration (Lal, 2008). Owing to its
numerous ancillary benefits (e.g., improved soil and
water quality, restoration of degraded ecosystem,
increased crop yield) tree carbon sequestration is
often termed as win-win or no regrets strategy (Lal
et al., 2003). Therefore, growing trees (especially
high carbon sequester) in proper land use pattern
can be a potential contributor in reducing the con-
centration of CO2 in atmosphere by its accumulation
in the form of biomass. Replacing diverse ecosys-
tems with single-species timber plantations may
generate greater carbon accumulation. However,
increasing the number of trees might potentially
slow the accumulation of atmospheric carbon
(Moulton and Richards, 1990).

The objective of this research is to measure the
sequestration potential of different tree species
grown in the  natural ecosystem without any tree
management practices so as to develop a carbon
neutral and healthy environment to sustain life in a
better way.

Materials and Methods

Study area

Present study was carried out in Mirzapur district
(Uttar Pradesh, India) at Rajiv Gandhi South Cam-
pus (BHU), Barkaccha [lat. 25º10’, long. 82º45’] cov-
ering about 11.2 km2 area. This area is characterized
with seasonally dry tropical climate dominated by a
typical monsoonal character. Mean monthly tem-
perature ranges from 13.3–30.5 ºC (minimum) to
23.2–40 ºC (maximum). The annual rainfall averages
1035 mm, of which 85% precipitates during rainy
season from the South–- West monsoon. The annual
cycle experiences an extended dry period of about
nine months. The region is an erosional surface
where the landscape is marked by plateau, summit,
valley bottoms, ridges, isolated hills and sediments.
The soils are residual, ultisol, sandy to sandy loam
in texture and reddish brown in colour. The inten-
sively leached soil is shallow, low in nutrients and
organic matter and has moderate water holding ca-

pacity (WHC) (Singh et al., 1989). Mostly dominated
by xerophytic shrubs and fragmented forests.

Biomass estimation

Above-ground biomass, below-ground biomass,
dead wood, litter, and soil organic matter are the
major carbon pools in any ecosystem (FAO, 2005;
IPCC, 2006).

Aboveground and belowground biomass in the
selected tree species was estimated by carbon per-
centage and by measuring the tree height, DBH and
wood density. The carbon concentration of different
tree parts was rarely measured directly, but gener-
ally assumed to be 50% of the dry weight (Losi et al.,
2003; Jana et al., 2009; Chavan and Rasal, 2011).

Estimation of Aboveground biomass

The biomass of a tree is the sum of the biomass of its
roots, trunk, branches, leaves and reproductive or-
gans- flowers and fruits. For an accurate measure of
biomass the tree would have to be felled. To avoid
destruction, the standing woody biomass has been
estimated by allometric equation based on diameter
and height. Height was measured through shadow
method. True trees are defined by girths at breast
height (GBH) of more than 30cm. The corresponding
GBH (Girth at Breast Height 1.3 m) and height for
each individual tree were noted. The trees with girth
above 30 cm were considered. Besides, saplings with
a girth of over 20 cm were also taken into consider-
ation, as young saplings sequester carbon at a faster
rate and their chance of survival is high. Three rep-
resentative trees were selected from each species for
girth and height measurement. The aboveground
biomass (AGB) has been calculated by multiplying
volume of biomass and wood density
(Ravindranath and Ostwald, 2008). The volume was
calculated based on diameter and height. The wood
density value for the tree species were obtained
from web (www.worldagroforestry.org).

Bio-volume = b = 0.4 × [(GBH)/2] × H
Biomass = Specific gravity of wood × b
Where,
(GBH) is girth at breast height 1.3 m, assuming

the trunk to be cylindrical. H = Height (m). As the
wood density of some tree species was unavailable;
the standard average of 0.6 gcm-3 was taken.

Estimation of Belowground biomass

The Below Ground Biomass (BGB) includes all bio-
mass of live roots excluding fine roots having < 2
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mm diameter (Chavan and Rasal, 2011). The
belowground biomass (BGB) has been calculated by
multiplying above-ground biomass with 0.26 as the
root to shoot ratio (Chave et al., 2005 and
Ravindranath and Ostwald, 2008).

Tree height measurement

Shadow method
To estimate the tree height one should have to mea-
sure the length of the tree’s shadow, observer’s
shadow and his height at the same time (Fig 1) and
calculate as:

Tree’s height = (Tree shadow/ observer’s
shadow) x observer’s height

Note: Measurement of girth must be taken 1.3
meter above the ground of only those trees having
diameter >10 cm. For trees in forest stands, average
diameter at breast height growth was estimated as
0.38 cm/year.

Estimation of carbon sequestration in terms of CO2

The carbon sequestration is multiplied to one ton of
carbon percentage and this is converted to CO2 per
hectare by factor of 3.67 (Jindal et al., 2007;
Soderblom, 2009; Hairiah, 2008; Kumar et al., 2009;
Sherill and Bratkovich, 2011 and Jasmin and
Birundha, 2011). One ton of Fresh biomass converts
into 4.6 tons of CO2.

Estimation of Growth rates of trees

Growth rates were adjusted based on tree condition.
For trees with fair to excellent condition, growth
rates were multiplied by 1 (no adjustment); poor
condition tree growth rates were multiplied by 0.76;
critical trees by 0.42; dying trees by 0.15; and dead
trees by 0 (Nowak, 2002)

Statistical analyses

All data were subjected to the analyses of variance

(ANOVA) with the SPSS v16.0 package. Pooled
analysis of variance was performed to determine the
significance of differences in the parameters. Mean
of the parameters were compared using critical dif-
ference (P<0.05). Pearson correlation coefficient was
computed to establish relationship between all pa-
rameters.

Results and Discussion

Interspecific variation in total carbon content of dif-
ferent tree species were highly significant (Table 1)
indicating high variability in carbon sequestration
among the different tree species (Table 1).

(Table 1. Please see at the end of this paper)

Carbon storage in individual tree species varies
from 0.04 tonnes (Acasia catechu) to 25.65 tonnes
(Madhuca longifolia) (Table 2). Gross sequestration
rates ranged from 0.16 tC/year (Acasia catechu) to
94.13 tC/year (Madhuca longifolia).This study is in
accordance with (Huston and Marland, 2003)
showed that carbon sequestration depends not only
on rates of productivity but also on the size of the
tree.

Total carbon storage and sequestration within
tree species generally increases with increased girth
at breast height. Large healthy trees (greater than
100 cm in diameter) sequester approximately 150
times more carbon than small healthy trees (less
than 100 cm in diameter). Large trees also store ap-
proximately 600 times more carbon than small trees;
these results are in accordance with (Nowak, 2002).
This relatively high standard error leads to less cer-
tainty of the carbon estimate. Although differences
in the functional traits of tree species (such as aver-
age diameter at breast height, wood density, and life
span) are a well-known principle of community
ecology(Korner, 2005). The magnitude of the effect

Fig 1.Tree height, girth and diameter at breast height measurement on field site.
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of such differences on stand-level carbon storage is
rarely emphasized in the context of C-sink initia-
tives (Balvanera et al., 2005 and Bunker et al., 2005).
Carbon storage and sequestration in a region is a
function of the amount of area under that tree spe-
cies and percent tree cover (i.e. total amount of tree
density) (Chave et al., 2005; Ravindranath and
Ostwald, 2008; Chavan and Rasal, 2011 and Nowak,
2002). The area under study was mostly dominated
by xerophytic shrubs and fragmented forests.

The fact that the above ground biomass (particu-
larly the stem) accounts for the largest amount of
carbon from total tree biomass has been largely
documented, with ranges going from 50 to 92% for
different species from forest plantations (Perez and
Kanninen, 2003; Redondo, 2007 and Redondo and
Montagnini, 2006). Total carbon sequestration is sig-
nificantly and positively correlated with biomass
and carbon content (r=1.0**) advocates that for re-
ducing the atmospheric carbon dioxide level the tree
species should be selected which is having high bio-
mass vis-a-vis total carbon sequestration have sig-
nificant and positive correlation with girth at breast
height (GBH) (r=0.93**) and a little bit low correla-
tion with plant height i.e. tree species having high
GBH may also play important role in reducing CO2

from atmosphere rather than higher plant height
(Table 3). That is why tree height is rarely used inde-
pendently for measuring carbon stock (Pastor et al.,
1984, Bond-Lamberty et al., 2002 and Martin et al.,
1998).

Overestimations are still more common when
considering components less lignified such as fine
necromass, tree leaves and herbaceous vegetation.
These results are supported (Gifford, 2000 and
Sarmiento et al., 2005). Carbon content is in the
range of 25.65 tC/tree and 0.04 tC/tree. Therefore,
extrapolating on the assumption that all plant biom-
ass has a constant carbon fraction will only lead to
increased errors.

Conclusion

Forests play a significant role in reducing atmo-
spheric carbon dioxide levels. More field measure-
ments are needed in these areas to improve carbon
accounting and other functions of forest ecosystems.
In particular, more field data are required to assess
regional variation in forest structure. Long-term per-
manent plot data are needed to assess forest growth,
regeneration, and mortality.T
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Carbon sequestration is more in those species that
have higher biomass and high girth at breast height
(GBH). Hence to frame model for atmospheric CO2

reduction in a specific habitat one should have to se-
lect these parameters for enhanced and accurate es-
timation of carbon sequestration.

In addition, research needs to develop better tree
biomass equations, improve estimates of tree de-
composition and maintenance emissions, and inves-
tigate the effect of forest soils on carbon storage and
flux. A better understanding and accounting of for-
est ecosystems can be used to develop management
plans and national policies that can significantly
improve environmental quality and human health
across the nation.

References

Baes, C.F., Goeller, H.E., Olson, J.S. and Rotty, R.M. 1977.
Carbon dioxide and climate: The uncontrolled ex-
periment. American Scientist, 65: 310- 320.

Balvanera, P., Kremen, C. and Martinez-Ramos, M. 2005.
Applying community structure analysis to ecosys-
tem function: examples from pollination and carbon
storage. Ecol. Appl., 15 (1): 360–375.

Bond-Lamberty, B., Wang, C. and Gower, S.T. 2002.
Aboveground and belowground biomass and sap-
wood area allometric equations for six boreal tree
species of northern Manitoba. Candian. Journal For-
est Research, 32: 1441–1450.

Bunker, D.E., Declerk, F., Bradford, J.C., Colwell, R.K.,
Perfecto, Y., Phillips, O.L., Sankaran, M. and Naeem,
S. 2005. Species loss and above-ground carbon stor-

Table 2. Mean carbon sequestration by different tree species.

Tree Sp. Girth at Plant Above Below Total Above Below Total CO2 Gross
breast height ground ground biomass ground ground carbon seques- Sequest.
height (m) biomass biomass (Tons) carbon carbon (t/tree) tered (tons
(cm)  (Tons)  (Tons)   (t/tree)   (t/tree) (t/tree) C/

Yr.)

Madhuca longifolia 440 10.52 49.57 7.44 57.01 22.31 3.34 25.65 94.13 94.13
Ficus bengalensis 308 11.53 26.63 3.99 30.62 11.98 1.80 13.78 50.58 50.58
Beutia monospermous 144.7 7.73 3.94 0.59 4.53 1.77 0.26 2.04 7.48 7.48
Ficus religiosa 314.3 8.35 20.10 3.02 23.12 9.05 1.36 10.40 38.18 38.18
Terminali aarjuna 440.3 6.72 31.77 4.76 36.53 14.29 2.14 16.44 60.32 60.32
Eugenia jumbolana 292 11.70 24.31 3.65 27.96 10.94 1.64 12.58 46.15 46.15
Azaridacta indica 53.3 6.25 0.50 0.07 0.57 0.22 0.03 0.26 0.95 0.95
Eculyptus grandis 224.7 6.70 8.25 1.24 9.49 3.71 0.55 4.27 15.66 15.66
Acacia catechu 28 4.48 0.08 0.01 0.09 0.04 0.01 0.04 0.16 0.16
Acacia nilotica 35 5.99 0.17 0.03 0.2 0.08 0.01 0.09 0.33 0.33
Mean 228.0 8.0 16.5 2.5 19.0 7.4 1.1 8.6 31.4 31.4
SE 3.67 0.24 0.95 0.14 0.43 1.09 0.06 0.49 1.80 1.80
CD (P< 0.05) 10.91 0.72 2.82 0.42 1.27 3.24 0.19 1.46 5.35 5.35

Table 3. Correlation among the characters studied.

Characters Girth at Plant Above Below Total Above Below Total CO2

breast height ground ground- biomass ground ground carbon seques-
height (m) biomass biomass (Tons) carbon carbon (t/tree) tered
(cm)    (Tons)  (Tons)  (t/tree)   (t/tree) (t/tree)

Girth at breast height 1.000 .629** .933** .933** .933** .933** .933** .933** .933**
Plant height 1.000 .702** .702** .695** .702** .701** .702** .702**
Above ground biomass 1.000 1.0** .995** 1.0** 1.0** 1.0** 1.0**
Below ground biomass 1.000 .995** 1.0** 1.0** 1.0** 1.0**
Total biomass 1.000 .995** .995** .995** .995**
Above ground carbon 1.000 1.0** 1.0** 1.0**
Below ground carbon 1.000 1.0** 1.0**
Total carbon 1.000 1.0**
CO2 sequestered 1.000

*, **= significant at 5% and 1% level of significance, respectively.



406 Eco. Env. & Cons. 19 (2) : 2013

age in a tropical forest. Science, 310: 1029–1031.
Chavan B.L. and Rasal G.B. 2011. Potentiality of Carbon

Sequestration in six year ages young plant from
University campus of Aurangabad. Global Journal of
Researches in Engineering, 11(7): 15-20.

Chavan, B. L. and Rasal, G. B. 2011. Sequestered carbon
stalk in young Annona reticulata plant in
Aurangabad. Proceeding of International Conference on
Climate Change & Social Issues. Sri Lanka. pp. 69-73.

Chave, J., Andalo, C., Brown, S., Cairns, M.A., Chambers,
J.Q, Eamus, D., Fo¨Lster, F.H., Fromard, F., Higuchi,
N., Lescure, J.P., Nelson, B.W., Ogawa H., Puig, H.,
Riera, B. and Yamakura, T. 2005. Tree allometry and
improved estimation of carbon stocks and balance
in tropical forests. Oecologia, 145:87–99.

FAO .2005. Support to national forest assessments. FAO
Forestry Department Available URL: http://
www.fao.org/forestry/site/24673/en.

Gayoso, J.  and Guerra, J. 2005. Contenido de carbono en
la biomasaae´rea de bosquesnativos en Chile.
Bosque, 26:33–38.

Gifford, R. 2000. Carbon contents of above-ground tissues
of forest and woodland trees. Australian Green-
house Office, National Carbon Accounting System.
Technical Report No. 22, Canberra.

Gutie´Rrez, V.H. and Lopera, J. 2001. Metodologý´apara
la cuantificacio´n de existencias y flujo de
carbonoenplantacionesforestales. Valdivia, Chile.
SimposioInternacionalMedicio´n y Monitoreo de la
Capturade Carbono en Ecosistemas Forestales, 18 al
20 de octubredel 2001. Pp 17.

Hairiah, K., Dewi, S., Agus, F., Noordwijk, M.V. and
Rahayu, S. 2009. Measuring Carbon Stocks across
Land Use Systems: A Manual. Bogor, Indonesia.
World Agroforestry Centre (ICRAF), SEA Regional
Office, Brawijaya University and ICALRRD (Indo-
nesian Center for Agricultural Land Resources Re-
search and Development). pp. 127.

Huston, M.A. and Marland, G.  2003. Carbon management
and biodiversity. Journal of Environmental Manage-
ment. 67 (1): 77–86.

IPCC. 2006. Guidelines for national greenhouse gas inven-
tories. Agriculture, Forestry and other land use.
Institute for Global Environmental strategies,
Hayama, Japan.Vol.4.

IPCC. 2007. Climate change 2007: mitigation of climate
change. In: Metz B, Davidson OR, Bosch PR, Dave
R, Meyer LA (eds) Contribution of working group
III to the fourth assessment report of the intergov-
ernmental panel on climate change. Cambridge
University Press, Cambridge, Pp. 851.

IPCC. 2001. Climate Change 2001: Impacts, Adaptation
and Vulnerability. Intergovernmental Panel on Cli-
mate Change (IPCC). Cambridge University Press,
Cambridge.

Jana, B. K., Biswas, S., Majumder, M., Roy, P. K. and

Mazumdar, A. 2009. Comparative Assessment of
Carbon Sequestration Rate and Biomass Carbon
Potential of Young Shorea robusta and Albizzia lebbek,
International Journal of Hydro-Climatic Engineer-
ing Assoc. Water and Environmental Modeling, 1(2): 1-
15.

Jindal, R., Kerr, J. and Nagar, S. 2007. Voluntary carbon
Trading potential for community forestry projects in
India. Asia-Pacific Development Journal, 14(2): 107-126.

Korner, Ch. 2005. An introduction to the functional diver-
sity of temperate forest trees. Ecological Studies, 176:
13-37.

Kumar, S., Rosenfield, A.H., Kapoor, R., Mahajan, K.,
Bajpai, A. and Verma, N. 2009. Tables to convert
energy (kWh) or CO2 (saved or used) to Familiar
equivalents-cars, homes or power plants (India Av-
erage plants (India Average Data), ECO- III project,
Pp. 1-4.

Lal, R. 2008. Carbon sequestration. Philosophical Transac-
tions of The Royal Society B (Biological Sciences), 363:
815-830.

Lal, R., Follett, R. F. and Kimble, J. M. 2003. Achieving soil
carbon sequestration in the United States: a chal-
lenge to the policy makers. Soil Science, 168: 827–845.

Losi, C.J., Siccama, T.G., Condit, R. and Morales, J.E.  2003.
Analysis of alternative methods for estimating car-
bon stock in young tropical plantations. Forest Ecol-
ogy & Management: An International journal, 184:355-
368.

Martin, J.G., Kloeppel, B.D., Schaefer, T.L., Kimbler, D.L.
and Mcnulty, S.G. 1998. Aboveground biomass and
nitrogen allocation of ten deciduous southern Ap-
palachian tree species. Canadian Journal of Forest
Research, 28: 1648–1659.

Matthews, E.; Payne, R.; Rohweder, M. and Murray, S.
2000. Forest ecosystem: Carbon storage sequestra-
tion. Carbon Sequestration in Soil. Global Climate
Change Digest, 12 (2): 19-99.

Moulton, R.J. and Richards, K.R. 1990. Costs of Sequester-
ing Carbon through Tree Planting and Forest Man-
agement in the United States. USDA Forest Service,
General Technical Report WO-58, Washington, DC.

Nowak, D.J., Stevens, J.C., Sisinni, S.M.  and Luley, C.J.
2002. Effects of urban tree management and species
selection on atmospheric carbon dioxide. Journal of
Arboriculture, 28:113-122.

Pastor, J., Aber, J.D. and Melillo, J.M.  1984. Biomass pre-
diction using generalized allometric regressions for
some northeast tree species. Forest Ecology and Man-
agement, 7: 265–274.

Perez, D. and Kanninen, M. 2003. Aboveground biomass
of Tectona grandis plantations in Costa Rica. Journal
of Tropical Forest Science, 15: 199–213.

Ravindranath, N. H. and Ostwald, M. 2008. Carbon Inven-
tory Methods Handbook for Greenhouse Gas Inven-
tory, Carbon Mitigation and Round wood Produc-

https://www.researchgate.net/publication/287641313_Aboveground_biomass_of_Tectona_grandis_plantations_in_Costa_Rica?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/287641313_Aboveground_biomass_of_Tectona_grandis_plantations_in_Costa_Rica?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/287641313_Aboveground_biomass_of_Tectona_grandis_plantations_in_Costa_Rica?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/251236645_Measuring_Carbon_stocks_across_land_use_systems_A_manual_Part_A?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/251236645_Measuring_Carbon_stocks_across_land_use_systems_A_manual_Part_A?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/251236645_Measuring_Carbon_stocks_across_land_use_systems_A_manual_Part_A?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/251236645_Measuring_Carbon_stocks_across_land_use_systems_A_manual_Part_A?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/251236645_Measuring_Carbon_stocks_across_land_use_systems_A_manual_Part_A?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/251236645_Measuring_Carbon_stocks_across_land_use_systems_A_manual_Part_A?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/251236645_Measuring_Carbon_stocks_across_land_use_systems_A_manual_Part_A?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/240841144_Contenido_de_carbono_en_la_biomasa_aerea_de_bosques_nativos_en_Chile?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/240841144_Contenido_de_carbono_en_la_biomasa_aerea_de_bosques_nativos_en_Chile?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/240841144_Contenido_de_carbono_en_la_biomasa_aerea_de_bosques_nativos_en_Chile?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/232216542_Achieving_Soil_Carbon_Sequestration_in_the_United_States_A_Challenge_to_the_Policy_Makers?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/232216542_Achieving_Soil_Carbon_Sequestration_in_the_United_States_A_Challenge_to_the_Policy_Makers?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/232216542_Achieving_Soil_Carbon_Sequestration_in_the_United_States_A_Challenge_to_the_Policy_Makers?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/227348205_Voluntary_carbon_trading_potential_for_community_forestry_projects_in_India?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/227348205_Voluntary_carbon_trading_potential_for_community_forestry_projects_in_India?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/227348205_Voluntary_carbon_trading_potential_for_community_forestry_projects_in_India?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/222572862_Analysis_of_alternative_methods_for_estimating_carbon_stock_in_young_tropical_plantations?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/222572862_Analysis_of_alternative_methods_for_estimating_carbon_stock_in_young_tropical_plantations?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/222572862_Analysis_of_alternative_methods_for_estimating_carbon_stock_in_young_tropical_plantations?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/222572862_Analysis_of_alternative_methods_for_estimating_carbon_stock_in_young_tropical_plantations?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/222572862_Analysis_of_alternative_methods_for_estimating_carbon_stock_in_young_tropical_plantations?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/222111865_Aboveground_biomass_and_nitrogen_allocation_of_ten_deciduous_southern_Appalachian_tree_species?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/222111865_Aboveground_biomass_and_nitrogen_allocation_of_ten_deciduous_southern_Appalachian_tree_species?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/222111865_Aboveground_biomass_and_nitrogen_allocation_of_ten_deciduous_southern_Appalachian_tree_species?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/222111865_Aboveground_biomass_and_nitrogen_allocation_of_ten_deciduous_southern_Appalachian_tree_species?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/222111865_Aboveground_biomass_and_nitrogen_allocation_of_ten_deciduous_southern_Appalachian_tree_species?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/220040473_Climate_Change_2001_Impacts_Adaptation_Vulnerability_The_Third_Assessment_Report_of_Working_Group_II_of_the_Intergovernmental_Panel_on_Climate_Change_IPCC?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/220040473_Climate_Change_2001_Impacts_Adaptation_Vulnerability_The_Third_Assessment_Report_of_Working_Group_II_of_the_Intergovernmental_Panel_on_Climate_Change_IPCC?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/220040473_Climate_Change_2001_Impacts_Adaptation_Vulnerability_The_Third_Assessment_Report_of_Working_Group_II_of_the_Intergovernmental_Panel_on_Climate_Change_IPCC?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/220040473_Climate_Change_2001_Impacts_Adaptation_Vulnerability_The_Third_Assessment_Report_of_Working_Group_II_of_the_Intergovernmental_Panel_on_Climate_Change_IPCC?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/202195135_Comparative_Assessment_Of_Carbon_Sequestration_Rate_And_Biomass_Carbon_Potential_of_Young_Shorea_robusta_and_Albizzia_lebbek?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/202195135_Comparative_Assessment_Of_Carbon_Sequestration_Rate_And_Biomass_Carbon_Potential_of_Young_Shorea_robusta_and_Albizzia_lebbek?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/202195135_Comparative_Assessment_Of_Carbon_Sequestration_Rate_And_Biomass_Carbon_Potential_of_Young_Shorea_robusta_and_Albizzia_lebbek?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/202195135_Comparative_Assessment_Of_Carbon_Sequestration_Rate_And_Biomass_Carbon_Potential_of_Young_Shorea_robusta_and_Albizzia_lebbek?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/202195135_Comparative_Assessment_Of_Carbon_Sequestration_Rate_And_Biomass_Carbon_Potential_of_Young_Shorea_robusta_and_Albizzia_lebbek?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/202195135_Comparative_Assessment_Of_Carbon_Sequestration_Rate_And_Biomass_Carbon_Potential_of_Young_Shorea_robusta_and_Albizzia_lebbek?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/202195135_Comparative_Assessment_Of_Carbon_Sequestration_Rate_And_Biomass_Carbon_Potential_of_Young_Shorea_robusta_and_Albizzia_lebbek?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/44001901_Biomass_prediction_using_generalized_allometric_regressions_for_some_northeast_tree_species?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/44001901_Biomass_prediction_using_generalized_allometric_regressions_for_some_northeast_tree_species?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/44001901_Biomass_prediction_using_generalized_allometric_regressions_for_some_northeast_tree_species?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/44001901_Biomass_prediction_using_generalized_allometric_regressions_for_some_northeast_tree_species?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/39016058_Costs_of_Sequestering_Carbon_Through_Tree_Planting_and_Forest_Management_in_The_United_States?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/39016058_Costs_of_Sequestering_Carbon_Through_Tree_Planting_and_Forest_Management_in_The_United_States?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/39016058_Costs_of_Sequestering_Carbon_Through_Tree_Planting_and_Forest_Management_in_The_United_States?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/39016058_Costs_of_Sequestering_Carbon_Through_Tree_Planting_and_Forest_Management_in_The_United_States?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/10835519_Carbon_management_and_biodiversity?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/10835519_Carbon_management_and_biodiversity?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/10835519_Carbon_management_and_biodiversity?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==


MISHRA ET AL 407

tion Projects. In: Advances in Global Change Research.
vol. 29. Heidelberg: Springer.

Redondo, A. 2007. Growth, carbon sequestration, and
management of native tree plantations in humid
regions of Costa Rica. New Forests, 34: 253–268.

Redondo, A. and Montagnini F. 2006. Growth, productiv-
ity, biomass, and carbon sequestration of pure and
mixed native tree plantations in the Atlantic low-
lands of Costa Rica. Forest Ecology and Management,
232:168–178.

Sarmiento, G., Pinillos, M. and Garay, I. 2005. Biomass
variability in tropical American lowland rainforests.
Ecotropicos, 18(1):1–20.

Sherill, S. and Bratkovitch, S. 2011. Carbon and carbon
dioxide equivalent sequestration in urban forest

products. Dovetail partners Inc., Pp. 1-35.
 Singh, J.S., Raghubanshi, A.S., Singh, R.S. and Srivastava,

S.C. 1989. Microbial biomass acts as source of plant
nutrients in dry tropical forest and savanna. Nature,
338: 499–500.

Soderblom, J. 2009. Implementation of avoided deforesta-
tion in a post – 2012 clime region. IVL Swedish En-
vironmental Research Institute Ltd. Report, 1813.
Pp. 1-55.

UNFCCC. 1998. Report of the Conference of the Parties on
its Third Session, held in Kyoto from 1 to 11 Decem-
ber 1997. FCCC/CP/1997/7/Add.1.United Nations
Framework Convention on Climate Change
(UNFCCC), Bonn, Germany.

View publication statsView publication stats

https://www.researchgate.net/publication/267779146_Biomass_variability_in_Tropical_American_Lowland_Rainforests?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/267779146_Biomass_variability_in_Tropical_American_Lowland_Rainforests?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/267779146_Biomass_variability_in_Tropical_American_Lowland_Rainforests?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/225629085_Growth_carbon_sequestration_and_management_of_native_tree_plantations_in_humid_regions_of_Costa_Rica?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/225629085_Growth_carbon_sequestration_and_management_of_native_tree_plantations_in_humid_regions_of_Costa_Rica?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/225629085_Growth_carbon_sequestration_and_management_of_native_tree_plantations_in_humid_regions_of_Costa_Rica?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/225039766_Microbial_biomass_act_as_a_source_of_plant_nutrients_in_dry_tropical_forest_and_savanna?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/225039766_Microbial_biomass_act_as_a_source_of_plant_nutrients_in_dry_tropical_forest_and_savanna?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/225039766_Microbial_biomass_act_as_a_source_of_plant_nutrients_in_dry_tropical_forest_and_savanna?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/225039766_Microbial_biomass_act_as_a_source_of_plant_nutrients_in_dry_tropical_forest_and_savanna?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/223834585_Growth_productivity_aboveground_biomass_and_carbon_sequestration_of_pure_and_mixed_native_tree_plantations_in_the_Caribbean_lowlands_of_Costa_Rica?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/223834585_Growth_productivity_aboveground_biomass_and_carbon_sequestration_of_pure_and_mixed_native_tree_plantations_in_the_Caribbean_lowlands_of_Costa_Rica?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/223834585_Growth_productivity_aboveground_biomass_and_carbon_sequestration_of_pure_and_mixed_native_tree_plantations_in_the_Caribbean_lowlands_of_Costa_Rica?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/223834585_Growth_productivity_aboveground_biomass_and_carbon_sequestration_of_pure_and_mixed_native_tree_plantations_in_the_Caribbean_lowlands_of_Costa_Rica?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/223834585_Growth_productivity_aboveground_biomass_and_carbon_sequestration_of_pure_and_mixed_native_tree_plantations_in_the_Caribbean_lowlands_of_Costa_Rica?el=1_x_8&enrichId=rgreq-239049c974cf6f0fb89ea33c7bb0f967-XXX&enrichSource=Y292ZXJQYWdlOzI4MTQ1Nzg4NTtBUzoyNjk4NjU3MTgxMjA0NjBAMTQ0MTM1MjQwOTgyNg==
https://www.researchgate.net/publication/281457885


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


