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Abstract
Short title: Carbon in soils of Montesinho Natural Park, NE Portugal

The Montesinho Natural Park, NE Portugal, is a ¢ut#td area of
75000 hectares, well-known for its natural valubs.addition, it
provides important ecosystem services, as the ibotitn to carbon
sequestration. The paper aims at contributing teebenderstand the
role of soils in carbon storage and its stabilitythe Montesinho
Natural Park. The Soil Map of NE Portugal was theminformation
source used in the study specifically that regaydearbon and
nitrogen of 14 soil profiles, representing the amilits identified as
dominant in Montesinho Natural Park area. Carbarterd in 0-30 cm
depth was taken as indicator of carbon storagettamaorresponding
C/N ratio an indicator of its stability. Leptos@ad Cambisols are the
most represented soil units, occupying 76 and 20%%eoMontesinho
Natural Park area, respectively. Luvisols and Adéisdogether
represent 2.5% of total area. Cambisols are the tim&t store more
carbon per unit area (7.2 kg%n followed by Leptosols (5.5 kg ),
Alisols recording the lowest values (2.2 kif)mThe carbon storage is
higher in the higher altitude areas, cold and wsails having
expressively higher carbon storage where the aeeragnual
temperature drops from 12 to 10 °C and rainfaleexs 1000 mm. In
general, carbon stability in soils follows a similgattern to carbon
storage.

Keywords: Soil carbon storage, C/N ratio, Montesinho Natural
Park (Portugal)

Carbon storage in ecosystems of these regions is
strongly dependent on the soil (Bompastbal.,

The Montesinho Natural Park (PNM), NE of 2009). Some examples illustrate the dynamics of
Portugal, is a protected area of 75,000 hectare#e soil compartment in relation to carbon storage,
renowned for its natural values. These includeeither continuous in time, or episodic. The
species, communities and ecosystems, angrocesses of organic residues decomposition and,
landscapes classified for their high value, subjectn a different time scale, interventions in lane us
to conservation and management measurethiat contribute to accelerate them, are both In the
(IPB/ICN, 2007). In addition to these values, thisfirst case; wildfires are in the second one (Past a
territory may perform functions and ecosystemKwon, 2000, Fonseca&t al., 2006; Yimer and
services, namely the contribution to carbonsuch., 2006, Ordodfiezet al., 2008). These
sequestration, an important aspect in controllingexamples underline that, in the context of other
the levels of greenhouse gases in the atmosphedynamics resulting from climate change plausible
(IPB/ICN, 2007; IPCC, 2000). These services addcenarios, carbon storage should not be singly
value to the area and responsibility in itsconsidered in the assessments. Indeed, the
management, particularly in terms of changes ircontribution of terrestrial ecosystems, and
land use. specifically the soil, to carbon sequestration, and
to reduce C@ levels in the atmosphere, is not

1. Introduction
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static and, therefore, it must also be evaluated iproperties. Moreover, it is important to note that
terms of temporal variability, or, conversely, the profile selection was carried out prior to and
stability. The variations in soil represent the mai independently of this work. Carbon content (kg m
source of temporal variation of the potential for?) and C/N ratio, both at 0-30cm soil depth, were
carbon storage in terrestrial ecosystems irtaken as indicators of, respectively, C storage and
temperate zones. In fact, although other sourceiss stability in soils. In the first case, the
(interventions in land use and management, asalculation was made with carbon concentration in
well as fire, already mentioned above) may provehe various horizons and their thickness, bulk
to be more important, their nature is episodic odensity and coarse elements content. The results
sporadic. The C/N ratio is best known indicator ofwere integrated to a depth of 30cm, limit adopted
soil organic matter stability. Even recognizing theto ensure assessments' comparability.

conceptual weaknesses due to its strictly chemic% h : | soil ; | is th .
nature, the C/N ratio has shown great robustness so, the mineral soil surface layer Is the main
as an indicator of the organic residuesvolume relevant for the spatial survey of carbon
decomposition degree in soils (Enriquet al. storage, according to the Kyoto Protocol

) : . ) requirements (Smitket al., 2002; Schulpet al.,
1993; Springob and Kirchmann, 2003; Boergaer . S
al., 2008, Thomsest al., 2008). 2008; Vesterdalet al., 2008). These indicators

were computed and their spatial distribution
This study firstly aims at contributing to better analyzed in the PNM (Agroconsultores and Coba,
understand the role of soils in carbon storage at991; IPB/ICN, 2007; Edunather Project, 2009).
PNM area, thus allowing preliminary
quantification of an ecosystem service, especiall
important under climate change scenarioSThe Leptosols and Cambisols are the most
Secondly, it aims also at estimating the temporatepresented soils units, occupying 76 and 20% of
stability of carbon storage, with regard to thethe PNM area, respectively. The Luvisols and
processes of soil organic material decomposition. Alisols together represent 2.5% of total area
(Figure 1).

The carbon content in the soil down to 30cm depth
aries from 18.2 kg fin granite derived Umbric
eptosols to 1.3 kg thin schist derived Dystric
Leptosols (Figure 2). Average global carbon

)i/.%. Results and discussion

2. Material and methods

The Soil Map of NE Portugal, in the tractv
corresponding to the PNM (Agroconsultores andL
Coba, 1991; IPB/ICN, 2007) provided background
information for this work. This Soil Map (scale . . ;
storage in the 0-30cm soil depth can be estimated,
1:100 000) follows the FAO/UNESCO (1987) & tr?e shintdsslivad kg_zma o g

legend and soil units are designated according tQ

. : s ccounts for the spatial importance of dominant
the sequence main unit, secondary unit (in some "..~ " : i
. . . . Soil units represented in PNM and that agrees with
cases also tertiary unit), and lithology of soil

: ; other estimates for this geographic area
parent materl_a_l. The_ Soil M_ap of NE Portugal (Bompastoret al., 2009). Cambisols are the ones
contains additional information on map units

. at store more carbon per unit area (7.2 K9, m
represented, namely climate, topography and Ianjgllowed by Leptosols (5.5 kg 7, the lowest

use (Agroconsultores and Coba, 1991). It shoul alues being recorded in Alisols (2.2 kg

bﬁ Ssigers:er? th;t mzp aurggs' a(::ée |Er(1)a bog‘catlz igure 3). These results can be explained by the
20lyresgon% >r/'nostly to associations of ch))iI ur]itspreferential occurrence of Cambisols in gentler
. . . : 'slope areas, where organic residues decomposition
IabeI_Ied acc_ord_lng todominant $O'| unit. Theis Féonditioned by thg higher moisture cgntent
relative spatial importance of dominant and sub- :
: : . o - ._when compared with Leptosols, that occur
dominant soil units within the association is . . .
indicated in the source for each map unit. Th typu_:ally in steeper slopes areas (Figure 1).
- NBesides the cases of Cambisols and Leptosols,

information available and treated for this work . ) .
. .umbric secondary units are not found in any other
was part of a database and a GIS, specifically buil”__. . . .
: main soil unit, an evidence that suggests
up on several steps previously undertaken : " .
unfavorable pedogenic conditions for organic

involving the authors (Araudjoet al., 2004; SO
IPB/ICN, 2007: Edunather Project, 2009) Datamatter accumulation in the last cases. The C/N
' ' ject, ) atio varies from 11.1 in Cambisols to 14.0 in

treatment focused on carbon and C/N ratio of 1 luvisols (Figure 3). It is well known that higher

typical-profiles representative of dominant soiIC/N ratios correspond to hiaher probortions of
units in PNM (Edunather Project, 2009). The esp 9 prop .
carbon stored in stable components of organic

criteria for selecting these profllgs mcluded_ thematter. (Springob and Kirchmann, 2003; Pata
general knowledge of the spatial correlations,

identified in the region, between factors of theal" 2003; Sierrat al., 2007).

pedogenic environment, processes depending ofhe carbon storage is larger in the higher elematio
them and their expression in terms ofareas, cold and wet, and expressively high storage
morphological, physical and chemical soil is found where the average annual temperature (T)
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drops from 12 to 10°C and rainfall (P) exceedqshrubs and forests). The overall weighted average
1000 mm (Figure 4). This is the practical of carbon stored in soil down to 30cm depth is
verification of the known effects of temperature estimated as 5 kg fnfor the whole PNM area.

and rainfall factors on the accumulation of OrganiCReferences
matter in soils, through its influence on the

decomposition rates of organic material (SpainAgroconsultores and Coba, 1991. Carta dos Solos
1990; Post and Kwon, 2000, Schneider et aldo Nordeste de Portugal (Soil Map of Northeast
2005). Soil carbon has lower stability in drier andPortugal). UTAD. Vila Real.

\(/\I/Dar<mg(r)oarr(re1?r']5), tv(\)nt{ll-c:;/l\(llrza.\go: _rrazg%(r;pg (]Z?gmuréo'oAraﬂjo, J.A.T., Figueiredo, T., Castro, J.P. 2004.

4), which is seemingly associated with higherSistema de informacdo geogréfica da Carta de

biological activity in these environments, Ieading.SOIOS do Nordeste de Poriugal (Geographic

to lower amounts of carbon stored in soils. Thelnformatlon system of Northeast Portugal). Livro

o - .
soil parent material lithology is also reflected in de Resumos do 1° Congresso Ibérico da Ciéncia

soil carbon storage as the highest values wergO Solo. ESAIPEB. p147. Braganga.

found in areas of granite derived soils (12.9 Kg mBoerner, R.E.J., Huang, J., Hart, S.C. 2008. Fire,
%) and the lower in areas of sedimentary depositghinning, and the carbon economy: Effects of fire
(1.9 kg n¥). Actually, this is simply the result of and fire surrogate treatments on estimated carbon
the spatial distribution of lithological spots with  storage and sequestration rate. Forest Ecology and
the PNM, and not specifically of the soil processesManagement 255: 3081-3097.

dependent of soil lithology with consequences for iqueired
soil carbon accumulation. In fact, the graniteBompaStor’ A., Figueiredo, T., Fonseca, F. 2009.

outcrops occur in higher elevation areas (abovgIatos do Parque l)latural de I_\/Iontesmho_, NE_de
900 m) and sedimentary deposits at the lowe ortugal — produgao de servigos ecossistémicos
altitude (about 600 m). In the former case, areagsgrr(l)lgjgifo&/l%?tgil)nsr;/ostl:;tirgrlviirsk), II\InE Egtgl;ggé
are colder and wetter, and less populated than the ; e

latter, and so agricultural land use is less commont>. Congresso da APDR, Cidade da Praia, Cabo
shrubs dominating the vegetation cover (Figure 1/€rde: 338-364.

and Figure 5). Land use has a very clear effect oBnriquez, S., Duarte, C.M., Sand-Jensen, K. 1993.
carbon estimated values, which, on average, areatterns in  decomposition rates among

around 3 kg M in agricultural soils, a value that is photosynthetic organisms: the importance of

four times higher under forest cover, or even indetritus C :N :P content. Oecologia 94: 457—-471.
shrubland (Figure 6). The soil carbon stability is i
much higher in shrub areas (C/N = 15.6) followedPAC/UNESCO, 1987. Soil Map of the World.

by forest areas (C/N = 13.8), than in agriculturalR€Vised Legend. Amenoded fourth draft. World
land. The combined effects of the quantity andSCil Resources Report n®60. FAO, Rome.

quality of biomass produced and not exported inFonseca, F., Martins, A., Figueiredo, T., Guerra,
each system, and the organic mattera Nogueira C. 2006. Evaluation of the effect of
decomposition rates resulting from pedogenicsoil mechanical operations before plantation on
environment in which the majority are installed, aSthe carbon Storage and distribution on young
well as the soil management practices commonlyorest stands. In: Gallardo Lancho, J.F. (Ed.),
implemented, all together can contribute to explainviedioambiente en Iberoamérica - vision desde la

these differences between generic types of langsica y la Quimica en los albores del Siglo XXI.
use found in PNM soil carbon stability (Thomsengdiciones Mundi-Prensa.

et al., 2008, Martingt al., 2009). ] L
IPB/ICN (Instituto Politécnico de

4. Conclusions Braganca/Instituto da Conservacdo da Natureza),
2007. Plano de Ordenamento do Parque Natural de

which together represent about 95% of the tota]1ontesinho — Caracterizacdo (Land Use Plan of
PNM area, store the largest carbon quantity peI}/Iontesmho Natural Park — Characterization).
unit area (5.5 and 7.2 kg inrespectively), both Braganca.

showing also similar stability of soil carbon. |pcc (Intergovernmental Panel on Climate

Among the environmental factors that contributeChange), 2000. Land use, land-use change, and
to explain carbon spatial variations in PNM soilsforestry special report. Cambridge.

are the climate, a direct result of topography , . .
because it is a mountain area, and land use afdartins, A., Azevedo, S., Raimundo, F., Madeira,
highlighted. As expected, the accumulation and¥- 2009. Decomposicéo de folhada de quatro
stability of carbon increases with increasing€SPécies florestais no Norte de Portugal: Taxa de
precipitation and decreasing temperatures- A§€composicdo e evolucdo da composicéo
well, soil carbon storage and stability are favorecStrutural e do teor em nutrientes (Decomposition
by the existence of perennial vegetation covepf litterfall from four forest species in Northern

The main soil units, Leptosols and Cambisols,
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Legenda

- Alissolos haplicos de depositos sedimentares - Leptossolos éutricos orticos de rochas ultrabasicas
I cambi districos crémicos de migmali [ Leptossolos umbricos de granitos
Cambissolos districos cromicos de xistos [ Leptossolos tmbricos de rochas basicas
[ Cambissolos districos érticos de i i | I ambricos de xistos
- Cambissolos umbricos érticos de granitos - Luvissolos cromicos de rochas basicas

Fluvissolos crémicos de rochas basicas
Leptossolos districos orticos de migmatitos
- Leptossolos districos orticos de xistos
I Leptossolos éutricos orticos de rochas basicas

Figure 1. Soil map of Montesinho Natural Park: msoil units (Agroconsultores and Coba, 1991;
IPB/ICN, 2007, FAO/UNESCO, 1987)

C (kg m2)

Umbric Leptosols of granites
Umbric Cambisols of schists
Umbric Cambisols of granites
Umbric Leptosols of basicrocks
Umbric Leptosols of schists
Chromi Luvisols of basic rocks
Dystric Fluvisols of alluvium
Dystric Leptosols of migmatites
Dystric Cambisols of migmatites
Eutric Leptosols of ultramafic rocks
Haplic Alisols of sedimentary deposits
Eutric Leptosols of ultramafic rocks

Dystric Cambisols of sedimentary..

Dystric Leptosols of schists

0 5 10 15 20
Figure 2. Carbon content (kgn0-30cm depth) in dominant soil units in PNM
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Figure 3. Average carbon content (kg)nand C/N ratio down to 30cm deep in main soil siititPNM
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Figure 4. Carbon Content and C/N ratio in the doivn to 30cm in depth: effect of climatic zone
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Legenda

[ High : 1487

. Low : 436

Figure 5. Hypsometric map of PNM (IPB/ICN, 2007 uBdther Project, 2009)
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Figure 6. Carbon Content and C/N ratio in the doivn to 30cm in depth: effect of land use
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