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The aim of this study was to illuminate the rainforestation system in comparison to other
land uses from different angles, mainly its original rehabilitation approach, biomass
production and carbon sequestration aspects. Parameter selection followed the
rainforestation leitmotiv of land rehabilitation through accelerated succession, leading to a
forest-like system of high diversity and enhanced resilience against environmental
extremes. Consequently, the focus was set on parameters determining and concerning
organic matter turnover and such expected to change within a relatively short time under
rainforestation, i.e. 10-15 years. Methods had to be applicable under basic and low-budget
conditions and comparable to those applied in other studies, an approach inspired by
TSBF.

At the selected sites, differences were substantial. Soil analyses at the selected plots gave
valuable insights into typical time-, rock- and relief-related processes. Major groups of
soils — obviously calcareous and volcanic, but also slope, footslope and plateau positions
as well as autochthonous and allochthonous types were distinguished and implications of
these groups on nutrient and water balance identified. Assets and constraints of soils for
agriculture were evaluated. Data from these sites also provided orders of magnitude as
orientation to judge land use-specific changes. An important finding in this context was the
elevated level of P in two subsoils, since P is usually the most limiting element in volcanic
soils in Leyte. The ability of trees to bring nutrients from the subsoil to litter and humic
horizons under the given conditions was later tested in a modelling scenario.
Environmental changes as supposedly caused by the rainforestation systems were
assessed through a paired-plot approach across 7 existing rainforestation sites, which
fulfilled the criteria for a paired plot approach, mainly minimal area and an adjacent
reference plot. As in many tropical forest ecosystems, succession goes along with
acidification and net-export of nutrients from the soil. Part of this is owed to leaching
caused by torrential rains once the oftenly excellent soil water holding capacity is over its
limits (leaching of N and P has been indicated by the modelling approach). Loss of bases
is intensified by the decreasing pH. In addition, nutrient uptake into plants can play an
important role in soil depletion of certain elements (Nvkvist 1997), so that concentrations
especially of macronutrients in soils can decrease over time under reforestation. This may
not meet expectations from such systems, if restoration of soil fertility is evaluated merely
from a productivity perspective. Gross productivity rates of ecosystems usually decrease
as succession proceeds (Opum 1969). However, nutrients are not completely exported
from the ecosystem, but rather stored in the plant biomass as in a bank account. They can
be set free, when the rotation is finished or, in natural forests, when a gap opens. This
corresponds to the function of fallows under numerous nomadic indigenous systems
(examples in Posey & BaLee 1989).

Looking at ecological functions of soils, tree canopy mitigates microclimatic extremes and,
through addition of litter, increases organic matter contents and improves soil structure. As
an example, the relatively open banana-dominated subplot 8 showed clear signs of
erosion such as a thinner Ah horizon and higher topsoil bulk density than the surrounding
subplots under tree canopy. Reduced erodibility is crucial for the steep slopes on the
Cordillera Central in Leyte®*. From this point of view, the role of trees as providers of
environmental services lies in their provision of shade, formation of biomass, contribution
to SOM and reduction of erosion.

Under the mentioned aspects of productivity and environmental services, systems

94 While landslides occur frequently even in old growth forests and the load of trees superimposed on the
soil may in some cases increase the risk of landslides.
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targeting the latter may be less profitable in the short run, but more sustainable. Late-
successional ecosystems tend to stability, while pioneer stages aim at rapid biomass
build-up (Ooum 1969); the latter also applies for agricultural systems, which are arrested in
a pioneer stage (EweL 1999). Where financial liquidity is critical, sustainability can be a
side effect but will not be a priority®*. The aim of any successful agroforestry system must
be to integrate both ends. Short-term rentability can be achieved through the integration of
early-yielding species, which motivate farmers to maintain the plot during the first years.
Continuous revenues from carbon sequestration can be another option to create income
at an early stage of the system. As commodities, CER should not be considered as
subsidies, but income from environmental services. In contrast, provision of all necessary
inputs plus 'livelihood' subsidies by a project may hamper motivation of project
'beneficiaries’.

Regarding the first option, integrating early-yielding species has not been emphasised on
the early rainforestation plots, but is now more accepted. Diversification in early-yielding
species does not necessarily restrict short-term profitability, especially under low-capital
smallholder conditions. In this context, an imbalanced focus on one particular cash crop
fostered by project activities or even real demand could be fatal in case of pest or disease
outbreaks® or a collapsing market.

Regarding income generation through CER, the modelling approach showed, that fast-
growing pioneers quickly add large amounts of C to the system, but at a later stage
stagnate in biomass production, unless late-successional species have been interplanted
to take the lead in biomass production. Recalcitrant litter such as provided by many
dipterocarp species would be more useful for SOM accumulation than easily
decomposable Gmelina leaves. Considering preference of native species, pioneer trees
such as S. palosapis or fast-growing species like A. odoratissimus could be an equivalent
substitute fulfilling similar ecological functions as Gmelina. Constructing ecosystem
functions with a minimum number of plant species (Lanai in Gerowp ET AL. 2001), surely falls
short of imitating an intact natural ecosystem. Too many factors and interrelationships are
not known, so that apart from obvious measurable functions such as biomass or nutrient
contents, ecosystems can hardly be engineered. Instead of trying to determine and reduce
'functional redundancy', pursuing maximum diversity appears more appropriate.

On the other hand, the argument of native species should not be taken too far since many
of the most popular fruits cultivated in the Philippines are not native. Unless pure stands
are installed, a few exotic species should be accepted within the system.

The integration of annuals or early yielding species can play a role for carbon balances
during the first years, but then loses importance. Under the aspect of soil conservation,
any crop or soil cover is of advantage in order to reduce erosion and to supply biomass for
humification. Improved microclimatic conditions under cover crops may cause more
intensive litter decomposition, humification and formation of stable aggregates, but not
necessarily mineralisation.

When CDM projects are planned, the influential role of soils has to be considered. Small
changes in soil C balances can have large impact on the total C stocks (PowLson 2005).
Apart from the soil-conserving factors mentioned before, design and management such as
planting on contour lines and mulching can be other promising ways of soil conservation
facilitated by trees (Mercabo 2007, PhD thesis, unpublished). The effect of mulching on

95 Philosophies based on sustainability may thus be considered a luxury phenomenon as they require
investments that do not yield immediate returns. Not coincidentally, the fundaments of sustainability in
forestry were laid by a government official (Oberberghauptmann v. CarLowitz 1713) and extended to a
broader concept by the Brundtlandt commission in 1987, and not by smallholders.

96 Such as Sigatoka on abaca plantations in Southern Leyte.
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SOM was well reproduced with WaNuLCAS, but an effect on erosion could not be
deducted from the simulations.

In this context, the relative accuracy of the simulations must be addressed again.
WaNuLCAS worked well as a scientific model (Passioura 1996) in order to explore
hypotheses and tendencies, which were then cross-checked with field observations: For
example, elevated P contents in the topsoil over a subsoil with relatively high P; the topsoil
P was supposedly accumulated at the surface through tree leaf litter. For its use as an
engineering model, i.e. to quantitatively predict growth or carbon pools, interpretation
needs to be exercised with caution. Relative biomass magnitudes of the various
agroforestry components were realistic when compared to measurements on site, but
absolute dimensions would require more inventory data. Values fit well into literature data,
but overestimated the measured dipterocarp growth.

In practice, the growth experiment at Cienda site showed that, apart from planting time,
good planting material is critical for the successful installation of any system. The most
sensitive abaca was used as a bioindicator for site conditions. In this context, reserves are
important for the plants to recover after stress phases. The issue of tissue culture vs.
corms can probably be reduced to reserves, which are greater in corms. Key factors for
abaca survival identified through logistic regression were mostly water-related while
nutrient deficiency did not play a major role. If plantlets are of sufficient size, transplanted
after dry season and management is carried out properly, even plantations of M. textilis
can prosper under full sun as was observed at LSU in 2005. Leaf pruning after
transplanting may be helpful to avoid water stress as long as roots are not yet fully
developed. For growth, different factors were critical. Unlike for survival, the most
influential factor according to a multiple regression across subplots was N supply. In the
modelling approach, N supply was the second ranking constraint after light (in a scenario
under canopy). A combination of abaca with leguminous creepers like Pueraria
phaseoloides (kudzu), Desmodium ovalifolium, Canavalia ensiformis or Arachis pintoi can
reduce evaporation and at the same time improve N supply. The first species, however, is
competitive and can only be sown, if proper maintenance is ensured. Losses of plants in
the upper centre part of Cienda plot were mainly attributable to kudzu, which suffocated
even small trees.

After a long series of failures, reforestation activities in the Philippines became more
successful in the 1990s, but often donor projects had a high and probably unsustainable
economic cost (CHokkaLiINgam ET AL. 2006). This might have been a reason, why the
rainforestation approach in Leyte has not left the stage of demonstration plots. Once the
solvent donors retreated, ownership among farmers was missing. Under these conditions
of lacking incentives and revenues from the plot, which were also observed at Cienda,
labour may be a major constraint to the adoption of complex agroforestry systems
(CrasweLL 1997). FranzeL eT aL. (2004) assessed key factors for successfully implementing
agroforestry on a wider scale. They found that for all case studies, one of them conducted
in the Philippines, marketing, among others, was not sufficiently addressed by projects.
PoLinar (2004) comes to the same conclusion, poor marketing outlets, adding delayed
return of investments to the shortcomings of present initiatives. Thus, additional sources of
income for rainforestation farms are urgently needed, if implementation shall be
successful and last longer than a project cycle. CDM projects are expected to provide
such additional income from the beginning and at a justifiable effort. However, this still
needs to be proved since no CDM A/R project has been implemented in the Philippines by
now.

Principally, agroforestry projects in the Philippines are eligible under the umbrella of
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afforestation or reforestation. Special procedures have been introduced for small-scale
projects <2180MgC addressing low-income individuals or communities.

In the light of the upcoming dramatic IPCC assessment report 2007, Kanninen's (2004)
argument that the international community cannot afford not to make use of agroforestry
becomes ever more valid. LUC measures can globally sequester an annual 1 to 2 GtC, if
all available options are made use of. This would include agroforestry, although such
systems grow comparably slower than e.g. tree plantations. Lenmann & Gaunt (2004) state
that agroforestry due to its share of annuals is not an appropriate measure to increase
long-term carbon pools in the soil unless special attention is paid to carbon conservation.
This could be achieved by incorporation of charred lignified biomass, which is not
extracted for use. The comparative advantage of agroforestry in turn is the potential of
earlier income generation and thus accessibility and acceptance by small farmers (Pena
2004).

Lasco T AL. (2004) have estimated potential agroforestry land areas on the basis of
existing degraded uplands (grassland and brushland areas) to cover more than 3.5 million
ha in the Philippines. Adding other farmland in need of stabilisation or soil conservation,
5.7 million ha could potentially be planted to agroforestry systems. For CDM projects,
these figures might need to be corrected downward depending on the national forest
definition: If a low threshold level is defined as minimum canopy coverage for a forest,
then many degraded grasslands under coconut would be considered forests and could not
be reforested anymore. These extensive areas would consequently not be eligible for
CDM A/R projects. Once eligibility is given, bureaucratic procedures such as the
formulation of a Project Design Document (PDD)®” will probably require expert assistance,
e.g. by an NGO. Apart from CDM eligibility and bureaucracy, land tenure can be a limiting
factor for implementation of agroforestry plots (PoLinar 2004). Uncertain property titulation
can keep people from investing in trees. A large portion of forest land is not private and
among alienable and disposable (A&D) lands, claims are not always indisputable. Further,
harvesting timber requires the approval of the Dept. for Environment and Natural
Resources (DENR). The administrative act can discourage farmers, who do not dispose of
resources for travelling and feel uncomfortable when dealing with authorities. Another
factor discouraging any initiative is harvesting on other peoples' land, which is common
and often informally accepted in Leyte. Finally, small plot size (PoLinar 2004) and low
income lead to allocation of areas to the most profitable land use under a short-term
perspective. Agroforestry is only implemented, if on a farmer's own initiative at all, in home
gardens or as abaca underplanted in state-owned natural forests.

An economic evaluation of the scenarios was not undertaken since more detailed and
precise data would have been necessary. Still, some general considerations can be
discussed here. In comparison to an agroforestry system not participating in CDM,
additional costs consist in formulation of the PDD including follow-up, and in certification.
Both items are difficult to estimate since experiences do not yet exist in the Philippines;
facilitation of the process could be an input provided by local NGOs or development
agencies. Investment into planting material and labour force cannot be expected from low-
income groups as long as they are not well-organised or advised by professionals. Mostly,
willingness to work depends on so-called livelihood support, meaning that farmers are
paid, directly or in form of food, for work on their own land. Apart from monetary
constraints, production or purchase and transport of planting material are obstacles for the
successful implementation of agroforestry systems.

Table 29 resumes the main advantages and disadvantages of the rainforestation

97 As published in Annex 1 of the Report of the First Meeting of the Afforestation and Reforestation Working
Group, July 2004, Bonn.
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approach as detailed above, subdivided into internal and external factors. Arguments
specifically relevant in context with CDM projects are printed in italics.

Table 29: SWOT analysis of rainforestation with respect to C sequestration in CDM projects

Strengths Weaknesses
Based on native plants, adapted to local conditions | Investment required
Simple technology, easy to replicate Knowledge required
Soil conservation Difficulties to supply seedlings
No ad(ditional inputs required for CDM Maintenance costs
Additional products, risk minimisation Late yields, if additional elements are not introduced

Uncertainty regarding procedures

Opportunities Threats
Land rehabilitation, sustainable land use Availability of areas (tenure, distance)
Conservation of species and genetic diversity (within | Demotivation through projects, lacking ownership
species) Abaca boom and encroachment into natural forests
Additional income generation Bureaucratic efforts for accreditation
Better acceptance and dissemination through added | Instability of CO; prices

value

The idea to minimise transaction costs and accurately meet demands by means of
market-based mechanisms has been tested before the ratification of the Kyoto protocol.
The World Bank's Prototype Carbon Fund, the Singapur ASEAN Carbon Fund and other
voluntary initiatives of oil or travel companies are examples, which showed that emission
trade technically works and attracts interest among stakeholders (s. pe Conninck & v.D.
Linoen 2003). A more principal question regarding CDM projects in developing countries is,
if they lead to more sustainability. Industrialised countries have been responsible for 85%
of anthropogenic atmospheric CO, and accused to act ruthlessly and aggressively in not
doing their ecological homework (K. Topfer, former director of UNEP®8). According to the
definition by Bass et aL. (2000), leakage occurs, when a project's activities and outputs
create incentives to increase GHG emissions from processes taking place elsewhere.
From a holistic standpoint, this is exactly what happens, when reforestation projects
deflect attention from the roots of the problem and protract patterns of mass consumerism
and myths of unlimited growth in industrialised countries. In public debate, however, the
reasoning that CDM would be counter-productive in the long run as it does not tackle
problems in Annex | countries, was outweighed by the cost-effectiveness argument.

Agroforestry can only be one part of a global mitigation strategy (AsrecHT & Kanpui 2003,
Chameers ET AL. 2001), which needs to concentrate on reduction of fossil fuel burning. In
turn, following the principle of risk minimisation in agroforestry, the reliance on carbon
projects should not be overemphasised. As all commodities, prices of emission rights can
drop drastically, as happened in April 2006 in Germany®. Lobbyism of polluters and
exaggerated estimates of certificate demand has led to issuance of too many certificates
and collapse of the market (German Advisory Council on the Environment 2006'®). In
summary, CDM appears a promising option to generate income from agroforestry, if
paperwork for project application can be limited to a reasonable extent. On the other hand,

98 in www.tagesschau.de, download 25/09/06

99 tageszeitung, 29/04/06

100 National Implementation of the EU Emissions Trading Scheme: Market-based climate change mitigation
or the continuation of energy subsidies by other means? www.umweltrat.de
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CO; certificates should be seen as only one component of a farmer's portfolio diversified
as much as possible.

Future research

Although inventory data from the 'mother of rainforestation' at LSU were available, these
did not cover biomass data of more than 10 years (from 1991 until Kolb's inventory 2001).
Extrapolations beyond 10 years of age remained speculation. Meanwhile, a range of 16
years could be covered, if an inventory would be carried out again. This would make
simulations more reliable, especially with respect to the growth of native timber trees like
S. contorta and D. validus. Other interesting species like the pioneer Melia dubia or high
value timber like molave (Vitex parviflora), Hopea spp. and others could be subject of
future scenarios.

Erosion as an important constraint for upland soils in Leyte could be assessed to more
extent using WaNuLCAS. Erosion has been modelled with good results by Sawmanieco
(2006) for soils in Thailand. The added value of modelling would mainly consist in the
partial replacement of labour-intensive measurements such as aggregate stability and
erosion. Several management options could be assessed within short time and the most
promising ones tested in the field.

Another important field for more detailed research is related to socio-economic factors, as
profitability, availability of labour and acceptance are still critical factors for dissemination
of the approach and continuance of the plots. An economic evaluation was not included in
this study as it would have required more detailed field data. Basic data on rentability of
rainforestation systems exist (AHrRens ET AL. 2004, Dirksmeyer 1998) but need to be updated
and complemented. On the present basis an evaluation of demand and market saturation,
transport costs and other parameters could not be estimated accurately. Increased
opportunity costs due to necessary owner's presence on site at harvesting time are also
difficult to estimate. This presence would be required to protect harvestible products
against theft rather than for the harvest itself. Furthermore, costs of certification for CDM
projects are still difficult to determine as only few practical experiences exist for
reforestation CDM projects (none in the Philippines). As mentioned before, prices for
carbon certificates have been strongly fluctuating. In the EU, distribution of certificates has
by far exceeded the actual demand, so that prices decayed drastically. Integration of
further socio-economic parameters into WaNuLCAS is intended (v. Noorowisk 2004) and
cooperation with the model developers could be part of future research.

C in durable wood/fibre products: GPG-LULUCF provides accounting for harvested wood
products from A/R areas, but the evaluation methodologies are still under development. In
this case study, abaca fibres could play an important role for the carbon balance of a CDM
project. The fibres are not woody, but their durability easily exceeds that of paper pulp
given with 1.8 to 2 years (GPG-LULUCF Annex 3A.1), especially, when used as
component of mould board in a matrix of synthetic resin. On the other hand, excessive
export of biomass from the plot could lead to nutrient imbalances, which would have to be
addressed.

IPCC (2003) stresses the knowledge gap of downscaling from landscape-data to plot-
level, permanence, saturation in fractions/compartments, stability (under changed climate)
and increasing net biomass productivity. This study is a step towards generation of such
plot-related data during the initial growth phase, but more data covering later development
stages are still required.
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This study aimed at investigating rainforestation systems in Leyte, Philippines, under
different aspects:

e Characterisation of relevant soils in Leyte with respect to physical, chemical and
biological parameters relevant for tree growth,

e possible contributions of rainforestation to restoring soil fertility,

e performance of a recently planted rainforestation system under different
microclimatic and soil conditions,

e potential of the rainforestation approach for projects under the umbrella of the
Clean Development Mechanism (CDM).

In relation to growth conditions and as a basis for the assessment of rainforestation
impact on soil characteristics, a thorough soil survey was carried out on 10 profiles across
8 rainforestation plots. Soils can be grouped by parent material into a volcanic and a
calcareous category. The latter were formed on coralline limestone and are thus high in
pH and available Ca?* and Mg?*. Contents of organic matter are high while concentrations
of plant available Psry are low. Soils of the volcanic group are characterised by low pH and
concentrations of basic cations as well as extremely low Psray contents. Organic matter
levels are below those of the calcareous soils but still moderate. Volcanic soils could
further be subdivided into a colluvial class of yellowish colour and moderately low bases
and soils formed in situ. The latter are strongly weathered, reddish in colour and lower in
pH and bases than the yellow group. Mixtures occur, where colluvial horizons have been
superimposed on older soils.

In any of the analysed soils, N would not pose a limiting factor for tree growth. Pore
volume and water infiltration were propitious for all sites, which is relevant in the context of
erosion. However, lateral water flow on the clay horizons of Acrisols, Luvisols or
Cambisols can lead to temporarily anaerobic conditions. For calcareous soils, drought and
reduced rootability due to clayey subsoil posed the most relevant constraints.

The frequently claimed role of rainforestation in the rehabilitation of degraded soils was
assessed in a paired plot approach. Chemical and biological soil parameters under 10
year old rainforestation were contrasted with such under adjacent fallow or Gmelina sp.
plots. The most clear tendencies across all seven sampled sites were lower available Mg2*
and pH under rainforestation use. Other differences were less distinct; even when there
were trends in the majority of sites, differences were often not statistically significant at the
chosen level. Generally, a depletion of soil reserves e.g. in basic cations can be explained
by uptake into the plants. A feed-back of these elements to the topsoil via leaf litter,
however, could be observed only for available P at Marcos site: On the P-rich subsoil,
concentrations in the topsoil (3.10mg/kg) were also elevated as compared to the
underlying AB/Bt horizon (0.47mg/kg) and topsoils at other sites (0.7 to 1.98mg/kg)™'. In
conclusion, plant uptake of single elements can reach orders of magnitude, which can
even lead to a clear reduction of soil stocks (e.g. significantly for Mg2* in 6 of 10 cases). At
the same time, generally lower pH under rainforestation (7 of 10 cases, four of them
significant) may have contributed to elevated losses, especially of basic cations. A general
improvement of the sampled soils in terms of chemical or biological characteristics
through rainforestation could not be observed. In this sense rainforestation serves as a

101 In comparison of land uses per site, burning played a role for elevated topsoil P (under Marcos and
Patag grassland).
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bank for nutrients rather than immediate soil improver. Capital in form of nutrients can be
withdrawn totally (clear cut) or in rates (by pruning and mulching).

To evaluate the performance of different promising tree species, a mixed-species tree
system was installed on a 1ha plot. Six timber and four fruit species were planted, most of
them native to the region. The concept of rainforestation, commonly understood as high-
density closed canopy system was modified in so far as the usually dense tree spacing
was changed into a 5x5m grid, interplanted with Musa textilis (abaca). The plot varied
strongly on a small scale due to heterogeneous canopy closure and relief.
Methodologically, the entire area was divided into 10 subplots in representative positions
to be sampled. Soil physical and chemical properties, microbial activity, PAR and root
density were determined and correlated to plant survival and growth at consecutive
inventories. Due to the multitude of measured parameters a principal component analysis
was employed first to identify groups of similar parameters. For Musa textilis, the most
sensitive species, which was used as an indicator, logistic regressions were calculated to
determine the influence of all relevant parameters on survival rates. Subplot
characteristics had a strong effect on abaca performance, the most important predictors
for survival being organic matter contents, parameters related to biological activity and leaf
litter production, which resembled canopy closure and thus indirectly light intensity, but
also reflect soil moisture. To assess growth, multiple regressions were formulated. This
was done for biomass at five inventories and growth between these dates. Corg and Niom
were the most relevant variables determining the regressions used for biomass and
growth of abaca. Survival rates of tree species varied between 48 and 98%. Apparently,
size and condition of the seedling at the time of transplanting played the most important
role for performance.

Assessing the potential of rainforestation for CDM measures, the following observations
were made: Smallholder agroforestry projects are generally eligible under the Clean
Development Mechanism in the rubric of Afforestation/Reforestation?02. In the context of
this study, amounts of sequestered CO: during 10 and 20 years, respectively, were
estimated under different management options using the WaNuLCAS model. Despite all
given uncertainty associated with modelling, one very obvious finding was the dominant
role of soil carbon for the plot balance: Appropriate soil management, especially during
land preparation (e.g. clearing vs. enrichment planting) is of paramount importance. The
carbon balance would turn out even more unfavourable in case of burning, which was not
part of the modelling exercise. Erosion, on the other hand, did not affect carbon stocks
significantly in an additional scenario. This is in accordance with the low erodibility found in
the soil surveys, but may differ on a small scale, depending on vegetation cover, soil
management or compaction, among others. Looking at the modelled contribution of
various tree species to the carbon balance, Musa textilis had a significant influence only
during the very first years; later on, the principal share of carbon was bound in the tree
component. Here, Gmelina arborea built up biomass more quickly than a rainforestation
plot composed of Shorea contorta and Durio zibethinus, but was then overtaken. In
absolute quantities of CO2 sequestration, magnitudes matched inventory and modelled
data given in various literature sources for Leyte and the Philippines. Relative to inventory
data by Kows (2003) from two of the existing rainforestation sites, modelled values
overestimated growth. This may have been caused by unfavourable weather conditions

102 under certain country-specific conditions and if the plot was not forested before 1990. See chapter 1 for
more details.

* 196



* 8 Abstract

(instead of complete real time data a three-year loop was used) or neglect of maintenance
as well as inaccuracy and error propagation in context with the inventories.
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Auf Leyte, Philippinen, wurde in den 1990er Jahren der Rainforestation-Ansatz zur
Inwertsetzung degradierter Flachen durch Aufforstung mit einheimischen Baumarten
entwickelt. Im Rahmen der vorliegenden Arbeit wurden auf bestehenden Rainforestation-
Flachen folgende Aspekte untersucht:

e Standortskundliche Charakterisierung typischer Boden in Hanglagen im Hinblick
auf physikalische, chemische und biologische Parameter;

e Beitrag der Rainforestation-Systeme zur Bodenrehabilitation im Vergleich mit
traditionellen Landnutzungen;

e Identifizierung geeigneter Wuchsbedingungen einer Neupflanzung unter
kleinraumig unterschiedlichen Boden- und Klimabedingungen;

e mittel- bis langfristige Potenziale zur CO.-Sequestrierung einer Rainforestation-
Pflanzung im Rahmen von Projekten des Clean Development Mechanism (CDM)
mit Hilfe eines Wachstumsmodells.

Zunachst wurden Bodenprofile an 8 Rainforestation-Standorten gegraben und zur
Charakterisierung der Bodeneigenschaften horizontweise beprobt. Die Bdden in den
Hanglagen Leytes konnen zunachst nach ihrer Entstehung aus Korallenkalk oder
Vulkangestein unterschieden werden. Die Kalkbdéden (Cambisol und Leptosol) sind neben
typischerweise alkalischen pH-Werten und hohen Gehalten an verfligbaren Ca?- und
Mg®*-lonen durch niedrige Gehalte an pflanzenverfligbharem Phosphor gekennzeichnet.
Die Vulkanbdden (Luvisols, Cambisols, Nitisol) weisen dagegen in aller Regel pH-Werte
zwischen 4 und 5, relativ geringe effektive KAK und extrem geringe P-Gehalte auf. Eine
weitere Unterteilung der vulkanischen Standorte in Kolluvien und in situ entstandene
Boden ist moglich.

Von den untersuchten Standorten waren die wenigsten hinsichtlich ihrer Humus- und
Stickstoffgehalte unterversorgt. Auch Porenvolumen und Wasserinfiltration, beide relevant
fur Bodenerosion, wurden durchgehend als glnstig eingestuft. Allerdings kann
Hangzugwasser uber Br-Tonhorizonten wechselfeuchte Bedingungen hervorrufen.
Besonders auf den Kalkbdéden kann das Pflanzenwachstum zudem durch temporare
Trockenheit und Verhartung der tonreichen Unterbdden eingeschrankt werden.

Im Zusammenhang mit der Durchfiihrung von Rainforestation-Projekten wurde in der
Vergangenheit oft die Vorzuglichkeit dieser Systeme bei der Rehabilitation Ubernutzter
bzw. erodierter Hanglagen herausgestellt. Diese Aussage wurde mittels eines Vergleichs
mindestens 10-jahriger Rainforestationflachen an 7 verschiedenen Standorten zu jeweils
direkt benachbarten Brachen bzw. Aufforstungen mit Gmelina arborea untersucht. Dazu
wurden Bodenproben der Flachen auf chemische und biologische Parameter hin
analysiert und per t-Test verglichen. Statistisch signifikante Unterschiede zwischen den
Landnutzungen bestanden bei den pH-Werten und Gehalten an austauschbarem Mg#,
welche in Rainforestation-Boden unter denjenigen der jeweiligen Referenzflachen lagen.
Fir Ca** und P waren die Unterschiede weniger deutlich. Eine generelle Verarmung von
Bdden an basischen Kationen durch Festlegung in Pflanzen erscheint plausibel. So fand
Nykvist (1997) in malaysischen Waldokosystemen eine Einlagerung von 50% des im
Okosystem enthaltenen Ca®* in der Pflanzenbiomasse. Zugleich wiirde eine mit der
Sukzession einhergehende Versauerung des Bodens (wie von Kewman (1970) fur
Sekundarsukzessionen in Mindanao beschrieben) eine Entbasung, also den Verlust
verfugbarer Kationen, des Bodens begunstigen. Dass Baume als Nahrstoffpumpen
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fungieren konnen, konnte u.a. am Standort Marcos gezeigt werden. Der P-Gehalt im
Oberboden lag dort mit Gber 3mg kg’ deutlich Gber den gemessenen P-Gehalten im
darunter liegenden Horizont mit 0.47mg kg'. Verbesserte Bodenfruchtbarkeit bzgl.
chemischer oder biologischer Parameter durch Rainforestation konnte mit dem
verwendeten Ansatz nicht festgestellt werden. Das System kann in diesem Sinne eher als
Kapitalanlage von Nahrstoffen angesehen werden, welche in unterschiedlichem Malle
durch Ruckschnitt oder Rodung wieder freigesetzt werden kdnnen.

Nahe einer der bestehenden Flachen wurde 2004 eine neue Rainforestation-Pflanzung,
bestehend aus einheimischen Wertholzarten, Obstbaumen und Musa textilis (Abaca)
angelegt. Hier wurde die Entwicklung der Pflanzen wahrend der kritischen ersten Jahre
hinsichtlich Uberlebensraten und Biomassezuwachs wahrend wiederholter Inventuren
erfasst.

Da die Parzelle von einem Hektar Gro3e hinsichtlich Gelandeform, Bodeneigenschaften
und Kronenschluss kleinraumig stark variierte, wurden 10 deutlich voneinander
verschiedene Teilflachen zur intensiven Beprobung gewahlt. Durch die Auswahl wurde ein
moglichst weiter Bereich an Umweltbedingungen abgedeckt. Bodenphysikalische und
-chemische Parameter sowie mikrobielle Biomasse und Aktivitat im Boden und
photosynthetisch aktive Einstrahlung wurden ebenso erfasst wie die Streuproduktion und
Wurzellangendichte der vorhandenen Vegetation. Diese Parameter wurden zu
Uberlebens- und Zuwachsraten von Musa textilis in der Neupflanzung in Beziehung
gesetzt: Uberlebenswahrscheinlichkeiten wurden fir jede Position unter den gegebenen
Umweltfaktoren mit Hilfe von Logit-Funktionen errechnet. Dabei waren die wichtigsten
Standortfaktoren bzgl. der Uberlebensraten Humusgehalt, biologische Aktivitat im Boden
und Streuproduktion. Alle drei GréRen hangen wesentlich mit der Bodenfeuchte
zusammen. Dies war von Bedeutung, da die hochste Mortalitat von Abacapflanzen stets
wahrend Trockenperioden auftrat.

Zur Bewertung von Einflussgrof3en auf Pflanzenbiomasse und -wachstum wurden multiple
Regressionen erstellt. Organischer Kohlenstoff und N in der leicht abbaubaren
organischen Bodensubstanz waren die bedeutendsten Steuergrofen fur Biomasse und
Zuwachs von M. textilis in einer anschlieRenden Sensitivitatsanalyse.

Zur Bewertung des Potenzials kleinbauerlicher Agroforstpflanzungen fir CDM-Projekte
wurde ein Modellansatz gewahlt. Mit Hilfe des Modells WaNuLCAS (Water, Nutrients,
Light and Carbon in Agroforestry Systems) wurden Wachstumsverlaufe von Pflanzen auf
Grundlage eigener Messungen von Standorteigenschaften (s.o0.) und Pflanzenparametern
simuliert. ~ Dabei wurden Uber Zeitrdume von 10 bzw. 20 Jahren CO,-Bilanzen fir
verschiedene Management-Varianten verglichen.

In allen Modelllaufen war der C-Haushalt des Bodens von herausragender Bedeutung fur
die CO.-Bilanz der gesamten Parzelle. Damit erhalten BodenschutzmalRnahmen wie
Erosionsvermeidung und Humusmehrung besonderes Gewicht bei der Anlage und Pflege
der Systeme.

Bei Betrachtung der in der Pflanzenmasse gespeicherten Mengen an CO; zeigte sich eine
gute Ubereinstimmung mit Literaturdaten von Lasco und Mitarbeitern fir Leyte (diverse
Publikationen, s. Kap. 6). Von Kots (2003) erhobene Inventurdaten fur zwei der beprobten
Standorte wurden dagegen im Modell Uberschatzt. Ein nennenswerter Beitrag der
schnellwachsenden M. textilis zur COx-Sequestrierung ergab sich in den
Modellsimulationen nur wahrend der Anfangsphase. Spatestens zwei Jahre nach der
Pflanzung wurde M. textilis jedoch ausschattiert und Baume dominierten die CO,-Bilanz
der Biomasse. Im Vergleich verschiedener Pflanzsysteme zeichnete sich Gmelina arborea
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als Pionierart durch schnellen Aufbau von Biomasse, verbunden mit hoher CO.-Fixierung,
aus. Dieses System wird gewohnlich im Aufforstungsansatz staatlicher Programme
favorisiert. Eine dem Rainforestation-Ansatz entsprechende Kombination einheimischer
Nutzholz- und Obstbaumarten bendtigte dagegen langere Zeit zur Entwicklung, nahm
aber insgesamt Uber knapp 20 Jahre groRere Mengen an CO, auf.
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12 Appendices

Table 30: Overview soil chemical data paired plots chapter 4

Ci-Rainfo
Ci-Grass
LSU-Rainfo
LSU-Annuals
LSU-Grass
Mar-Rainfo
Mar-Grass
Mar-Gme
Pang-Rainfo
Pang-Grass
Pat-Rainfo
Pat-Grass
Pat-Gme
Mai-Rainfo
Mai-Grass
Pun-Rainfo
Pun-Grass
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Laboratory data chapter 5:

Table 31: Soil organic carbon at Cienda subplots, 0-5cm and 7-12cm depth

Subplot

Average
StDev

Carbon contents Loss on Ignition method, 0-5cm depth

1
5.37
5.35
4.87
5.53
4.21
5.30
5.47
6.82
5.98
5.46
5.73
5.08
4.86
5.33
5.29
4.34
5.79
6.02
5.83
5.14
4.76

5.36
0.59

2
6.07
5.53
5.96
5.57
6.06
4.80
4.76
5.57
6.86
5.31
5.05
4.91
5.16
5.78
5.80
6.21
5.46
5.53
7.68
5.90

5.70
0.70

3
6.55
6.31
5.40
5.58
5.20
5.36
6.53
5.63
5.02
4.19
5.76
5.72
5.65
6.04
6.02
4.81
5.54
6.05
6.36
6.44
6.38

5.74
0.61

4
5.86
5.64
5.40
5.65
5.23
4.75
5.47
4.90
5.57
4.72
5.52
5.46
5.53
4.81
4.61
5.38
4.35
5.09
5.37
5.42
5.30

5.24
0.40

[%]

5
5.41
5.91
5.43
5.89
5.44
4.20
4.95
5.49
7.34
6.90
4.85
4.63
5.22
5.54
5.00
5.33
5.35
4.31
5.23
6.13
3.96
4.05

5.30
0.84

6
4.51
4.46
4.66
5.40
4.55
4.61
5.52
5.22
4.63
5.10
4.83
4.40
5.15
5.85
6.14
6.25
6.00
5.76
5.66
5.85
5.04
5.01

5.21
0.59

7
4.99
5.47
4.88
4.01
4.48
5.30
5.28
5.64
5.39
4.83
5.44
5.84
6.39
5.56
4.79
4.89
5.18
4.64
4.80
5.61
5.48
4.79

5.17
0.52

8
5.02
4.84
5.25
4.90
4.58
4.02
3.95
5.19
4.40
4.96
5.35
5.01
4.13
4.22
4.93
4.21
4.12
4.51
4.90
4.57
4.73
5.07

4.68
0.43

9
5.65
6.63
5.46
5.76
6.52
5.02
5.60
4.63
5.01
4.79
5.68
5.75
5.70
5.18
5.19
5.12
5.06
4.59
4.47
5.26
4.81
5.08
5.00
5.30
0.56

10,
4.29
5.34]
7.47|
6.306}
4.63
5.52)
6.32)
5.50)
5.21
4.98
4.94
7.78
5.94
6.12
5.45
5.79
5.45
5.48]
5.72
4.95
5.37|
5.34]

5.63

0.82

Carbon contents Loss on Ignition method, 7-12cm depth

1
4.03
4.00
3.98
4.94
4.04
5.13
4.29
4.09
4.45
3.89
3.79
3.94
4.03
4.07
5.19
4.30
2.31
4.00
3.33
4.20
4.00

4.09
0.60

2
4.9
4.77
4.27
4.19
4.56
3.85
4.03
3.83
3.94
3.69
4.05
4.34
3.89
4.20
4.16
4.15
4.09
4.06
3.82
5.37
4.16
4.32

4.21
0.40

3
4.18
4.19
3.65
3.81
3.91
5.37
4.13
3.42
4.80
5.57
4.58
4.04
4.23
4.75
3.93
4.21
4.63
4.39
3.94
4.34
4.88

4.33
0.53

4
4.14
4.09
4.70
4.20
3.88
3.96
2.26
4.48
4.03
3.66
4.35
4.22
4.54
5.06
4.04
4.06
4.29
3.98
3.71
4.16
4.34
4.02

4.10
0.52

[%]
5

4.19
3.59
4.03
4.37
4.23
4.35
3.45
3.76
4.62
4.32
4.75
4.78
3.64
4.09
3.57
4.02
4.06
3.60
3.64
4.12
4.05
3.59

4.04
0.40

6
3.66
4.00
4.24
3.86
3.70
4.23
3.76
4.37
3.93
3.65
3.57
3.52
4.49
3.85
3.90
4.75
4.59
3.88
3.68
3.67
3.77
3.54

3.94
0.36

7
3.68
4.01
3.90
3.56
3.86
3.78
4.05
4.43
4.10
4.07
4.1
4.21
4.76
4.04
3.76
3.92
3.70
3.81
3.95
3.94
3.98
3.86

3.98
0.26

8
4.19
4.24
4.27
4.15
4.21
3.97
3.82
3.83
3.77
4.27
4.18
4.14
4.08
3.94
3.87
3.72
3.62
4.16
3.73

4.01
0.21

9
4.67
5.48
4.16
4.33
5.25
4.23
5.53
4.14
3.49
4.57
4.1
4.39
4.81
4.17
4.85
3.83
3.68
3.70
3.87
3.99
3.94

4.34
0.58

10
3.65
4.46
4.70
5.10
4.83
3.68
4.02
4.09
5.14
4.28
3.70
3.70
4.54
4.64
4.35
4.12
3.85
4.01
4.13
3.83
3.73
3.79

4.20
0.47

Average
StDev

Subplot 11
0-5cm  7-12cm
6.71 6.14
6.14 5.93
5.75 4.97
5.71 5.87
5.63 5.27
6.10 4.88
5.70 5.18
5.27 2.66
5.43 4.47
4.97 4.75
5.21 4.82
5.44 5.40
5.46 4.86
6.42 4.69
6.42 4.80
5.89 4.65
6.58 5.26
6.09 5.01
6.37 5.07
5.74 6.00
5.97 5.17
5.80 5.21
5.31 4.83
5.73 4.65
6.82 4.94
5.62 5.36
4.93 4.53
4.80 5.17
5.63 4.57
5.38 4.61
5.76 4.38
5.78 4.99
6.31 4.95
4.78
5.53
4.66
4.26
4.79
4.46
5.78 4.94
0.51 0.58



Table 32: Organic matter fractions at Cienda subplots

Organic Matter Fractions obtained by sieving and flotation in water, Cienda subplots

Fraction
Element/ |Aboveground Roots Entire LOM HOM Lost Labile
Subplot biomass >2mm <2mm <2mm <2mm
>2mm

(o] g kg soil [%]
1 0.73 2.08 22.07 0.8 16.37, 22 18.1
2 1.73 2.13 21.78 0.9 17.32 16 21.5
3 0.95 2.28 19.84 0.75 17.06 10 18.9
4 0.89 2.22 20.99 1.3 16.3 16 21.3
5 0.93 2.47 27.46 1.25 21.54, 17 17.8
6 0.7 1.34 21.01 0.58 14.84 27 15.0
7 0.53 2.1 20.7 0.67 16.06 19 17.1
8 0.59 0.47 18.63 0.72 15.83 11 10.1
9 0.47 2.45 19.95 0.84 16.17, 15 18.9
10 1.12 2.25 22.05 0.96 18.13] 13 19.3
11 0.72 2.67 22.92 0.96 18.04 17 19.5
12 0.56 24 19.84 0.68 18.44 4 16.5
13 0.67 2.76 26.12 0.9 22.02 12 16.4

N g kg soil [%]
1 0.01 0.02 2.21 0.03 1.64 25 3.7
2 0.04 0.03 2.28 0.03 1.73) 23 5.0
3 0.02 0.03 1.98 0.02 1.71 13 3.9
4 0.01 0.02 1.89 0.04 1.63 12 4.4
5 0.02 0.03 2.43 0.04 1.91 20 4.8
6 0.01 0.02 1.99 0.02 1.39 29 3.4
7| 0.01 0.03 1.97 0.02 1.52 22 3.6
8 0.02 0.01 1.97 0.03 1.58] 18 3.2
9 0.01 0.03 1.79 0.03 1.54 12 45
10 0.02 0.03 2.21 0.03 1.73) 20 4.6
11 0.02 0.03 1.88 0.03 1.56) 15 4.9
12 0.01 0.03 1.88 0.02 1.68 9 3.5
13 0.01 0.03 4.91 0.03 1.71 64 4.0

P mg kg soil [%]
1 0.88 1.53 409 1.97 327.31 19 1.3
2 1.81 1.55 422 1.82 330.78] 21 1.5
3 1.03 2.26 412 1.76 364.69 11 1.4
4 0.87 1.41 391 2.98 322.69 17 1.6
5 1.14 1.98 406 2.52 376.91 7 1.5
6 0.95 1.37 399 0.95 350.51 12 0.9
7 0.48 1.7 392 1.32 338.05] 13 1.0
8 0.94 0.51 380 1.77 303.33 20 1.0
9 0.4 1.76 371 1.41 301.56] 18 1.2
10 0.92 1.73 416 2.28 484.56) -17 1.0
11 0.79 2.6 559 1.71 270.55 51 1.9
12 0.61 217 490 1.36 417.68 14 1.0
13 1.43 2 507 217 446.93] 11 1.2

LOM = light organic matter (<2mm, floating in water)
HOM = heavy organic matter (<2mm, not floating in water)

Labile = share of C/ N/ P in LOM to such in the entire fraction
Lost = difference of entire fraction minus LOM and HOM as share of the entire fraction: (Entire<2 —

LOM<2 - HOM<2) / Entire<2 x 100
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Table 33: Substrate-induced respiration and C.,. at Cienda subplots
Substrate-Induced Respiration at 32° C and microbial carbon
Subplot 1 2 3 4 5 6 7 8 9 10 1
Soil dry matter [%] 5519 53.69 56.63 57.57 58.65 78.12 61.95 64.62 51.88 58.38 64.09
465 546 486 510 563 352 326 255 6.36 377 3.72
498 581 518 510 578 352 355 255 6.54 377 3.86
CO,[mg 100g™ h™"] 498 546 518 510 531 329 355 255 6.36 377 3.72
498 546 502 6.05 531 352 38 255 6.36 361 4.00
482 581 518 541 578 352 355 255 671 345 4.15

Average 488 560 508 535 556 347 355 255 647 3.67 3.89
StDev 0.15 019 014 042 024 010 021 000 0716 014 0.19
Coeff. Var. [%] 30 33 28 78 43 30 59 00 24 38 48
CO, Mg g" h'] 48.84 56.01 50.82 53.50 55.64 34.73 3551 2553 64.67 36.74 38.90
C, [ng g7l 161 1.85 168 176 1.8 114 117 084 213 121 1.28

Table 34: Basal respiration at Cienda subplots in a 30 day incubation experiment (non-cumulative
depiction)
Successive' basal respiration over 30 days [ug CO, g oven-dry soil h”]

1d 3d 6d 12d 18d 24d 30d
Subplot o SD @& SD @ SD @ SD © Sb @ Sb @ SD
1

351 024 255 036 178 017 169 053 112 037 112 025 1.02 0.27
416 0.13 326 024 218 0.12 169 024 148 026 1.12 027 1.02 0.08
427 051 391 037 213 025 210 0.19 158 0.09 1.50 0.17 1.54 0.24
3.72 038 371 049 153 007 161 014 139 021 116 019 119 0.17
3.01 029 38 019 214 024 179 015 169 038 1.35 011 1.30 0.08
1.25 0.81 220 023 132 0.14 09 0.12 094 0.09 086 0.15 0.79 0.09
1.13 0.27 212 052 0.77 0.06 0.9 0.11 092 021 0.83 029 079 0.11
1.61 0.30 243 0.177 120 0.08 1.14 0.13 133 037 091 0.14 0.88 0.07
263 0.34 282 017 150 0.14 133 0.06 145 031 131 026 1.28 0.13
10 226 041 283 020 118 013 122 013 150 046 1.09 0.10 1.27 0.31
11 448 051 3.04 019 145 013 153 0.04 201 060 157 038 1.39 0.19
12 389 0.72 263 035 143 016 122 0.07 123 042 1.03 0.09 1.04 0.06
13 517 050 365 021 200 037 174 029 158 019 144 018 136 0.13

' = not cumulative @ = average, SD = st.dev.
Table 35: Root weight and root length density at Cienda

©COoO~NOOOBRAWN-=

Root weight density [mg cm™] and root length density [cm cm™] Cienda subplots

Weight Total RLD
0-15cm depth 15-30cm depth
1] %] Total 1] %] Total | 0-15cm  15-30cm
Subplot | <1.5mm >1.5mm <1.5mm_>1.5mm depth depth

1 1.99 279 477 0.90 1.81 2.71 1.31 1.57
2 2.25 0.80 3.05 0.99 0.20 1.19 0.94 0.59
3 1.42 242 3.84 1.16 2.65 3.81 2.82 0.74
4 7.16 9.02 16.18 3.58 11.94 15.52 3.42 0.48
5 5.44 6.76 12.20 1.63 1.99 3.62 1.68 0.54
6 2.92 1.06 3.98 0.99 0.99 1.99 1.78 0.66
7 nd nd nd 0.57 142  1.99 nd 0.27
8 1.99 027 225 0.72 0.00 0.72 0.65 0.47
9 2.92 292 584 0.83 3.32 414 1.47 0.51
10 4.74 7.65 12.40 0.80 0.27 1.06 1.33 0.35
11 6.90 531 12.20 2.75 1.07 3.83 2.26 0.63
12 2.82 4.48 7.29 0.61 0.15 0.77 2.38 0.46
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Table 36:

Photosynthetically Active Radiation (PAR) at Cienda

Photosynthetically Active Radiation Cienda subplots [% of open area]

12 Appendices

Rw/| x w v U T s R Q P O N M L K J I H G F E D C B A
Line*
0 100 85 100 100 8 100 100 15 100 100
1 100 100 100 &7 100 25 100 8 100 100 99 100 100 42 11 19 2 16 3 75 3 31 4 8
2 100 100 100 100 24 100 100 100 100 8 20 52 5 57 6 58 10 2 3 6 46 100 3 2
3/ 100 100 100 9 62 100 20 100 5 100 57 100 33 18 96 9 3 5 97 2 97 3 3 1
4 100 100 100 34 100 100 100 100 100 11 57 9 100 100 8 100 19 7 4 2 15 4 8 2
5 100 100 100 5 89 9 M 6 100 100 38 100 4 3 100 2 3 9% 100 96 3 57 8
6) 24 97 85 6 40 100 100 100 100 7 7 100 91 8 19 61 26 98 2 94 58 40 3
77 72 83 48 99 83 9 100 8 96 100 100 100 49 9 3 28 12 3 30 4 2 92 3 2
8 21 67 27 9 100 20 100 4 36 31 100 5 72 4 6 100 70 15 15 11 17 6 24 2
9 19 28 39 9 100 14 8 100 100 38 87 100 7 2 2 100 6 60 69 2 22 5 4 2
100 25 32 38 98 14 6 100 100 100 9 100 39 13 55 94 18 95 4 100 2 3 2 3 1
11 61 56 55 100 7 6 5 100 4 2 100 4 3 8 4 96 19 3 2 4 92 319 3
12| 47 42 42 13 10 8 17 4 8 4 60 100 12 100 19 46 13 3 53 68 6 5 2
13) 32 44 57 95 99 100 100 6 4 20 4 3 2 92 98 8 8 43 5 25 3 3 2
14 43 52 100 24 7 100 100 100 5 100 4 3 9% 8 98 6 100 17 6 3 1 40
15 40 69 100 66 10 3 100 22 59 100 19 75 100 5 99 7 99 4 2 2 2
16 28 33 100 89 100 67 4 70 8 56 50 100 100 3 97 M 3 2 3 7 2
17 50 16 6 100 100 100 100 3 6 15 37 19 7 20 1 5 2 58 2 2
18 20 83 60 31 7 81 5 8 3 1 8§ 73 13 93 8 39 92 11 6
19 7 18 12 40 99 7 5 24 5 2 2 99 13 1.3 10 3 93 2
20 69 24 93 23 12 6 2 80 3 5 10 43 1 1 2 2 3 84 1
* see planting scheme chapter 2.3.2
Table 37: Leaf litter production at Cienda
Leaf litter production Cienda subplots 2005 [gDM m]
Jan 29- Mar 08- Apr14- Jun01- Jun28- Aug01- Sep01- Oct 01- Nov 01- Dec 01-
Subplot | Mar08 Apr14 Jun01 Jun28 Aug01 Sep01 Oct01 NovO01 DecO01 JanO01
1 8.39 4.30 8.25 453 3.53 3.83 4.71 8.67 7.40 4.05
2 19.75 4.04 2.40 1.23 3.78 1.52 1.24 0.95 0.85 2.23
3 7.50 21.97 5.58 1.42 0.57 1.07 2.24 2.64 3.78 2.28
4 1.94 17.83 4.70 3.03 9.16 3.04 2.24 8.53 2.49 1.31
5 9.29 5.05 17.15 6.12 2.65 2.32 3.59 4.67 3.23 6.77
6 1.08 0.91 1.47 0.81 0.15 0.31 0.27 0.62 0.35 0.48
7 0.46 0.02 0.04 0.03 0.63 3.68 0.40 0.07 0.01 3.90
8 16.75 3.77 1.69 0.89 2.09 1.53 2.42 1.89 1.25 2.16
9 0.21 0.07 8.74 0.02 0.11 0.01 0.93 0.04 0.00 1.63
10 23.12 1.95 2.59 0.64 2.67 1.47 2.29 1.68 0.90 0.72
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Table 38: Leaf litter decomposition at Cienda

Litter decomposition Cienda subplots [% mass loss]

Subplot 1 2 3 6 8 Slope 11
Mesh[mm] | 01 4 |01 4 | 041 4 |01 4 |01 4 |01 4 |01 4
480 551 49.3 73.1 531 384 582 100.0 61.0 47.8 425 369 607 46.7
54.8 43.8) 47.7 783 553 53.8 67.7 822 563 544 354 371 461 54.1
61.0 50.7| 441 70.0 56.1 551 64.1 100.0] 559 542 39.3 34.0 56.3 44.4
66.1 50.8 53.3 887 551 51.1 505 83.3 57.9 459 341 407 451 415
60.1 58.1 49.2 77.2| 53.7 553 615 858 61.1 445 448 431 499 61.4
531 53.3| 535 78.9 47.8 50.6 57.6 725 455 554 38.7 31.7 422 63.1
62.6 54.5 613 56.2 543 456 657 62.6] 51.3 50.7 40.7 545 49.7 11.3
55.8 54.5 60.1 57.1 51.7 453 627 683 50.6 581 354 459 521 43.3
_ 527 535 57.5 57.2 48.7 469 580 651 535 536 382 39.9 526 27.1
Replicates | 576 512 533 567 472 495 647 643 423 456 351 36.0 50.5 65.8
63.1 489 584 715 585 551 634 627 556 56.8 40.3 415 521 44.9
455 57.9] 58.3 785 535 48.9 57.7 69.2| 500 54.9 425 39.4 557 543
63.8 47.3 62.9 535 494 390 67.3 656 40.0 525 413 361 509 355
571 97.8| 58.8 64.2 59.5 46.6 66.2 100.0] 47.7 60.0 39.1 40.7 555 59.3
58.7 957| 525 57.3 545 19.7 67.1 89.3 635 628 348 425 544 723
65.5 64.1 57.2 555 60.6 49.6 71.3 100.0 60.5 53.9 405 343 50.0 56.1
507 68.3| 52.7 47.1 582 57.1| 71.3 100.0] 62.3 47.6] 381 404 523 37.3
60.2 959 549 561 531 53.1 66.6 42.9 60.5 481 39.0 68.8 558 72.1
Average 581 61.2 547 65.4 554 64.0 613 81.3 47.5 46.4 389 41.3 51.8 49.5
St.Dev. 57 172l 50 117 57.9 47.9 485 736 621 498 30 86 44 158
Coeff.Var. 98 281 92 18.0 583 565 631 658 584 60.3 7.7 208 86 32.0
56.8 50.6 549 583 589 443
505 459 634 727 435 42.1
48.0 48.0 567 949 463 407
585 56.1 641 62.8 537 43.8
571 56.8 66.1 60.3 583 47.0
456 565 58.8 46.2| 50.8 48.0
499 421 617 47.3| 530 443
477 545 60.7 49.7| 504 533
521 442 565 583 659 58.1
58.3 53.3 651 857 532 515
501 54.6 56.5 94.4 629 44.8
526 63.1 60.9 100.0] 50.5 49.7
nd 432 572 87.2| 50.3 533
nd 427 655 69.8 455 528
nd nd 625 982 476 487
Average 53.9 49.7 61.8 75.6| 54.0 50.7
St.Dev. 42 80 51 176 67 55
Coeff \Var. 78 162 83 232 125 109
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Table 39: Correlations between environmental parameters, Cienda subplots

PAR C,, Lol C, Lol C,oea C,. C,./ BR1d BR3d BR6d BR 12d BR 18d BR 24d BR30d ¢CO, Soil pH Com Now Piow Root Root Leaf RWD RWD RWD
Pearson 0-5cm 7-12cm 32°C G, 24d  resp. dec. dec. litter 015 0-15 15-30
correlations 0.1mm 4mm prod. fine thick fine
Corg Lol 0-5cm -0.366

Corg LOI 7-12cm -0290  .705*

CorgEA -0.364 .960* .875**

Cric32°C 0361 0520 650 0.609

Crnic/ Corg 0316 0317 0454 0393 .967*

BR 1d -788*  643* 708* .716* .718* 0.601

BR 3d -831* 0491 0466 0517 632* 0.578 .799**

BR 6d -674* 0545 0579 0596 .675* 0585 .850** .766**

BR 12d -816** 0568 0.551 0603 .651* 0.563 .932** 861** .896**

BR 18d -702* 0400 0588 0505 0526 0449 0625 .833* 654* 681"

BR 24d 0607 0562 0611 0624 .760* .686* .767** .844** .760* .861** .805**

BR 30d 0613 0590 0572 0630 0607 0517 .668* .817** 0.580 .748* .831** .944**

qCO, 24d -0.068 -0.345 -0.271 -0.339 -709* -726* -0.302 -0.105 -0.243 -0.135 0.126 -0.124 0.037

Soil respiration 0191 0542 0252 0465 0242 0.141 0321 0487 0488 0339 0201 0252 0.199 -0.246

pH 0292 -777* -0.139 -0567 -0446 -0418 -0472 -0.358 -0.349 -0421 0.205 -0.166 -0.115 .817* -0.557

Crom -0.424 .802** 0613 .788** .744* 636" .683* 0551 0439 0514 0.350 0502 0.502 -701* 0.398 -.805*

Neowm 0480 0616 .634* .669* .721* 639" 0564 0628 0528 0452 .704* 0544 0545 -0499 0336 -0442 .775**

PLom -799** 0376 0455 0433 .714* 689* .877** .820* .772** .823** 0.568 0613 0476 -0435 0346 -0.508 .635* 0.607

Root dec. 0.1mm | 0.299 -829** -0.390 -722* -0.121 0.058 -0.409 -0275 -0.148 -0.352 -0.138 -0.325 -0.481 0.039 -0.304 .977** -0.609 -0.241 -0.096

Root dec. 4mm 0.160 -0.494 -0.270 -0.442 -648* -640* -0233 -0479 -0410 -0.349 -0512 -0.619 -0583 0422 -0319 0420 -0.500 -683* -0.256 0.178

Leaf litter prod. -960** 0252 0.149 0230 0.306 0297 .717* .713* .645* 793* 0597 0558 0.529 0.091 0.023 -0240 0299 0.347 .733* -0214 -0.142

RWD 0-15, fine -0.630 0242 0005 0.170 0327 0371 0328 0582 0.161 0310 0518 0413 0562 -0.109 0016 -0412 0490 0554 0414 -0299 -0417 0.565

RWD 0-15, th. 0556 0050 -0.055 0.014 0302 0.380 0257 0534 0197 0202 0472 0278 0372 -0.149 0.106 -0279 0355 0526 0436 -0.005 -0.299 0467 .911*

RWD 15-30, fine | -0.389 -0.032 -0.031 -0.033 0401 0492 0.362 0464 0056 0263 0117 0257 0278 -0.355 0.058 -0.398 0444 0.188 0.546 -0.061 0.003 0302 0609 .632*
RWD 15-30, th. 0588 0003 -0.065 -0.023 0.350 0433 0428 0604 0226 0355 0262 0264 0282 -0275 0232 -0421 0426 0302 .662* -0.030 -0.032 0486 .705* .788** .928**

* = significant at « = 0.05
** = significant at « = 0.01
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Table 40: Mann-Whitney tests abaca mean biomass per subplot. * Different at a = 0.05; ** different at

a=0.01

Inventory 240704

S1 S2 S3 S4 S5 S6 S7 S8 S9 $10
S1 0.006** 0.004* 0.267 0.287 0.000** 0.018* 0.108 0.068 0.000**
S2 0.006** 0.000** 0.002** 0.076 0.000** 0.000** 0.094 0.000** 0.853
S3 0.004** 0.000** 0.100 0.001* 0.156 0.965 0.000** 0.346 0.000**
S4 0.267 0.002** 0.100 0.055 0.008** 0.180 0.008** 0.539 0.000**
S5 0.287 0.076 0.001* 0.055 0.000** 0.002** 0.769 0.012* 0.033*
S6 0.000** 0.000** 0.156 0.008** 0.000** 0.237 0.000** 0.032* 0.000**
S7 0.018* 0.000** 0.965 0.180 0.002** 0.237 0.000** 0.410 0.000**
S8 0.108 0.094 0.000** 0.008** 0.769 0.000** 0.000** 0.001** 0.016*
S9 0.068 0.000** 0.346 0.539 0.012* 0.032* 0.410 0.001** 0.000**
$10 0.000* 0.853 0.000* 0.000** 0.033* 0.000** 0.000** 0.016* 0.000**
Inventory 050505

S1 S2 S3 S4 S5 S6 S7 S8 S9 $10
$1 0.008** 0.569 0.813 0.135 0.090 0.842 0.000** 0.716 0.000**
S2 0.008** 0.019* 0.017* 0.151 0.000** 0.041* 0.488 0.008** 0.003**
S3 0.569 0.019* 0.779 0.311 0.021* 0.871 0.000** 0.406 0.000**
S4 0.813 0.017* 0.779 0.221 0.033* 0.921 0.000** 0.549 0.000**
S5 0.135 0.151 0.311 0.221 0.009** 0.342 0.010* 0.113 0.000**
S6 0.090 0.000** 0.021* 0.033* 0.009* 0.104 0.000** 0.291 0.000**
S7 0.842 0.041* 0.871 0.921 0.342 0.104 0.001** 0.568 0.000**
S8 0.000** 0.488 0.000** 0.000** 0.010* 0.000** 0.001** 0.000** 0.000**
S9 0.716 0.008** 0.406 0.549 0.113 0.291 0.568 0.000** 0.000**
$10 0.000** 0.003** 0.000** 0.000** 0.000** 0.000** 0.000** 0.000** 0.000**
Inventory 040705

S1 S2 S3 S4 S5 S6 S7 S8 S9 $10
S1 0.334 0.121 0.023* 0.611 0.018* 0.465 0.000** 0.330 0.000**
S2 0.334 0.902 0.512 0.203 0.003** 0.738 0.054 0.090 0.000**
S3 0.121 0.902 0.431 0.061 0.001** 0.547 0.002** 0.018* 0.000**
S4 0.023* 0.512 0.431 0.012* 0.000** 0.218 0.025* 0.003** 0.000**
S5 0.611 0.203 0.061 0.012* 0.057 0.273 0.000** 0.644 0.000**
S6 0.018* 0.003** 0.001** 0.000** 0.057 0.005** 0.000** 0.126 0.000**
S7 0.465 0.738 0.547 0.218 0.273 0.005** 0.004** 0.125 0.000**
S8 0.000** 0.054 0.002** 0.025* 0.000** 0.000** 0.004** 0.000** 0.000**
S9 0.330 0.090 0.018* 0.003** 0.644 0.126 0.125 0.000** 0.000**
$10 0.000* 0.000** 0.000* 0.000** 0.000* 0.000** 0.000** 0.000** 0.000**
Inventory 300406

S1 S2 S3 S4 S5 S6 S7 S8 S9 $10
S1 0.374 0.103 0.167 0.438 0.010* 0.618 0.006** 0.029* 0.000**
S2 0.374 0.764 0.905 0.152 0.002** 0.237 0.260 0.006** 0.001**
S3 0.103 0.764 0.777 0.036* 0.001** 0.081 0.158 0.001* 0.000**
S4 0.167 0.905 0.777 0.057 0.001** 0.119 0.124 0.002** 0.000**
S5 0.438 0.152 0.036* 0.057 0.046* 0.814 0.003** 0.148 0.000**
S6 0.010* 0.002** 0.001** 0.001** 0.046* 0.033* 0.000** 0.340 0.000**
S7 0.618 0.237 0.081 0.119 0.814 0.033* 0.009** 0.107 0.000**
S8 0.006** 0.260 0.158 0.124 0.003** 0.000** 0.009** 0.000** 0.000**
S9 0.029* 0.006** 0.001* 0.002** 0.148 0.340 0.107 0.000** 0.000**
$10 0.000* 0.001** 0.000* 0.000** 0.000* 0.000** 0.000** 0.000** 0.000**
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Table 41: Leaf area equations for tree species

Species Leaf area equation
Dipterocarpus validus A=0.7965 | w — 0.0001 (I w)?
Shorea contorta A=0.6458 | w + 0.0018 (I w)?
Shorea palosapis A=0.69 1w +0.0002 (I w)?
Toona calantas A=0451w
Durio zibethinus A=-0.0357 +0.735 1w
Garcinia mangostana A=0.616 | w + 0.0004 (I w)?
Lansium domesticum A=13.841w+0.18 (I w)?

Artocarpus heterophyllus | A= 0.6894 | w — 0.0006 (I w)?
Artocarpus odoratissimus A =0.6424 | w
Gmelina arborea A=0.67451w

Table 42: Wood density (0% water contents) and carbon contents of different plant tissues for
planted tree species, Gmelina and abaca.

Tree Species Wood density [g cm?] Carbon contents [%)]
Twig ‘ Branch ‘ Stem Root Leaf ‘ Twig ‘ Branch ‘ Stem ‘ Root
Dipterocarpus validus 0.50 0.58 0.65' 0.51 451 51.3 50.3 51.8 49.3
Shorea contorta 0.54 0.54 0.58 0.52 43.7 47.3 53.7 58.8 50.3
Shorea palosapis 0.43 0.49 0.43 n.d. 51.2 nd 53.2 56.1 44.2
Toona calantas 0.45 0.51 n.d. 0.54 451 47.8 51.3 nd 453
Nephelium lappaceum 0.64 0.68 0.76 0.81 48.8 49.8 56.3 56.8 55.3
Durio zibethinus 0.43 0.52 n.d. 0.45 446 50.8 52.7 51.7 51.8
Garcinia mangostana 0.64 0.68 n.d. n.d. 43.5 nd nd nd nd
Lansium domesticum 0.68 0.70 0.70 0.70 41.8 50.3 51.7 52.3 47.8

Artocarpus heterophyllus 0.49 0.51 0.56 0.53 40.4 49.3 48.3 47.9 49.3
Artocarpus odoratissimus 0.44 0.52 0.53 0.43 36.2 47.8 49.8 53.8 53.8

Gmelina arborea 0.39 0.44 38.1 50.7 51.8 474 53.8
Musa textilis - - - 41.5 - - 46.0"% 44.6
Cocos nucifera - 451 48.3'% - nd 55.8

Average C content of three composite undergrowth samples was 42.8%. Leaf C contents
for D. validus are close to the 44.96%C analysed by GoLtensoTH (1998).

103Estimated on the basis of twig and branch density and PriLiprine CounciL FOR AGRICULTURE AND RESOURCES
ResearcH (1977): The Philippines recommends for Dipterocarps. |. Lumber. Los Banos.

104Pseudostem

105Stalk
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Table 43: Total extractable polyphenolics (TEP) contents of fresh leaves and fine roots

TEP [%]
Leaves Fine roots
D. validus 6.65 8.46
S. contorta 9.75 13.1
S. palosapis 6.33 n.d.
T.calantas 9.24 n.d.
G. arborea 1.56 2.14
N. lappaceum 9.80 9.17
G. mangostana 5.07 n.d.
D. zibethinus 1.36 7.31
A. heterophyllus 3.70 n.d.
A. odoratissima 6.48 5.74
L. domesticum 3.20 4.14
M. textilis 1.09 2.51
C. nucifera 9.26 2.56

Table 44: Leaf weight ratio of planted species calculated as dry weight leaves per dry weight shoot

Leaf weight ratio
D. validus 0.31
S. contorta 0.30
G. arborea 0.16
A. heterophyllus 0.28
A. odoratissima 0.43
N. lappaceum 0.30
L. domesticum 0.17
M. textilis 103cm 0.11
M. textilis 184cm 0.42
M. textilis 318cm 043
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Table 45: Alternative version of the multiple regression expressing C, N und P.on as % of entire
sample (see text for explanation).

Dependent variable Equation r’ P
Biomass July 24™, 2004y =2.4863"% + 5.6794N.om — 3.2352Cmic/Corg 0.6696 0.0207
Biomass May 5", 2005 y = 385.1339 — 2.8542PAR + 37.9541Nom - 300.5528P om 0.8913 0.0027
Biomass July 4", 2005 y=448.7870 — 3.4329PAR + 43.0689N,cm- 362.5662P_owm 0.8860 0.0031
April 30", 2006 y=1819.8258 — 13.6734PAR + 160.2172N,om - 1452.4589P o  0.8943 0.0025
Growth inventory 1 —2| y=358.5835 — 2.6681PAR + 34.7497N,om - 286.5093P om 0.8997 0.0021
Growth inventory 2 - 3| y=66.8429 — 0.6700PAR + 2.6922Com — 83.0886P.om 0.8029 0.0155

106Intercept not significant at a = 0.05 (P = 0.62)
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Table 46: Example of plant calibration in WaNuLCAS (for site PN3; see model runs on enclosed CD
for model settings of more species and at other sites). Relevant values applied for tree calibration
(Oil palm, rubber, N fixation and pest impact set zero; root type = 0)

Parameters Units S. contorta D. validus G. arborea D. zibethinus A. heterophyllus
Length of vegetative cycle days 6205 4380 1460 2920 1460
Length of generative cycle days 180 180 30 100 135
Earliest day to flower in a year Julian day 90 90 60 150 30
Latest day to flower in a year Julian day 150 150 120 180 360
Initial stage 1] 0.058824 0.04 0.05 0.125 0.25
Stage after pruning N 0.29411765 0.416667 0.25 0.625 0.25
Max. growth rate kg m? 0.085 0.075 0.0356 0.0089 0.02
Fraction of growth reserve 1| 0.05 0.05 0.05 0.05 0.05
Leaf weight ratio 1] 0.6062 0.8573 0.4950 0.6641 0.7
Specific leaf area m? kg’ 18.9196 20.5217 17.3 10.6696 9.4423
Water requirement for dry matter . 400 300 367.4235 300 212.1320
production

Fraction biomass allocatedn to fruit [] 0 0 0.01 0.1 0.1
212);; canopy height above bare m 15 12 15 18 25
E;gcr)]tbetween canopy width and i 0.5 05 0.4 0.333 0.3
Max. canopy radius m 7.5 6 6 6 7.5
Maximum leaf area index 1| 2.6667 4 2.6667 2.6667 4
Ratio leaf area index min. and max. ] 1 1 0.5 1 0.9

Relative light intensity at which

shading starts to affect tree growth { 0.35 03 0.1 02 0.15
Extinction light coefficient 1| 0.7826 0.7 0.4950 0.7342 0.8573
Rainfall water stored at leaf surface  mm 0.25 1 1 1 0.25
ggfﬂzit?\;‘i:;e'ated fo tree root cm day” 1.0E-05 1.0E-05 1.0E-05 1.0E-05 1.0E-05
Plant potential for max. transpiration cm -500 -1000 -500 -500 -1500
Plant potential for min. transpiration cm -20000 -30000 -3000 -1500 -4500
:\le;:grr\llze;ntration in carbohydrate gg" 0.22 0.22 0.11 0.22 0.33
N concentration in leaf component g g 0.03125 0.025 0.0125 0.0275 0.0375
N concentration in twig component g g” 0.015 0.015 0.0075 0.015 0.0225
N concentration in wood component g g’ 0.01 0.01 0.005 0.01 0.015
N concentration in fruit component g g’ 0.0075 0.015 0.015 0.0225 0.0225
N concentration in root component g g™ 0.01 0.01 0.01 0.01 0.01
';ggr’]/‘;es””a”"” in carbohydrate . 0.022 0.022 0.011 0.022 0.0495
P concentration in leaf component g g’ 0.003125 0.0025 0.00125 0.00275 0.005625
P concentration in twig component g g’ 0.0015 0.0015 0.00075 0.0015 0.003375
P concentration in wood component g g’ 0.001 0.001 0.0005 0.001 0.00225
P concentration in fruit component g g™ 0.00075 0.0015 0.0015 0.00225 0.003375
P concentration in root component g g’ 0.001 0.001 0.001 0.001 0.0015
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Parameters

Litterfall caused by drought

Treeshold value for litterfall due to
drought

Reducing factor for N of litterfall
Reducing factor for P of litterfall
Lignin fraction of litterfall

Lignin fraction of pruned biomass
Lignin fraction of root

Polyphenol fraction of litterfall

Polyphenol fraction of pruned
biomass

Polyphenol fraction of root
Intercept for total biomass equation

Power for total biomass equation

Intercept for branch biomass
equation

Power for branch biomass equation

Intercept for Leaf&twig biomass
equation

Power for Leaf&twig biomass
equation

Intercept for litterfall equation
Power for litterfall equation
Wood density

Root tip diameter

Max. root length density in layer1-
zone1

Max. root length density in layer1-
zone2

Max. root length density in layer1-
zone3

Max. root length density in layer1-
zone4

Max. root length density in layer2-
zone1

Max. root length density in layer2-
zone2

Max. root length density in layer2-
zone3

Max. root length density in layer2-
zone4

Max. root length density in layer3-
zone1

Max. root length density in layer3-
zone2

Max. root length density in layer3-
zone3

Max. root length density in layer3-
zone4

Max. root length density in layer4-
zone1

Max. root length density in layer4-
zone2

Max. root length density in layer4-
zone3

Max. root length density in layer4-
zone4

Fraction of roots infected by
mychorrhiza

Units
day-1
I

I

0

I

I

I

I

I

I

kg
om-
kg
cm™
kg
om-

kg

kg m-3
cm
cmcm?®
cmcm?®
cmcm?®
cmcm?®
cmcm?®
cmcm?®
cmcm?®
cmcm?®
cmcm?®
cmcm?®
cmcm?®
cmcm?®
cmcm?®
cmcm?®
cmcm?®

cmcm?®

I

S. contorta
0.1
0.9
0.85
0.85
0.2
04
0.2
0.0975
0.1310
0.1310
0.35850266
2.42852598
0.00137966
3.99136449
0.33659699
2.10980295
0.00274465
3.42852598
580
0.05
3
22
0.8
0.4
25
1.833
0.489
0.333
0.729
0.534
0.194
0.097
0.3
0.22
0.08
0.04

0.3

D. validus
0.1
0.7
0.85
0.85
0.2
04
0.2
0.0665
0.0846
0.0846
0.42032406
2.52702458
0.00045142
5.32374294
0.41555195
2.32935183
0.00055548
3.52702458
650
0.05
3
2

0.45

2.5
1.667

0.25

0.729
0.486

0.109

0.3

0.2

0.045

0.3
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G. arborea
0.1
0.5
0.85
0.85
0.05
0.1
0.05
0.0156
0.0214
0.0214
0.82304565
2.55602073
0.00191702
3.83690076
0.80775386
2.48643129
0.17793489
3.55602073
390
0.1
3
2

0.45

2.5
1.667

0.25

0.729
0.486

0.109

0.2

0.133

0.03

0.3
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D. zibethinus A. heterophyllus

0.1 0.03

0.7 0.9

0.85 0.85

0.85 0.85

0.1 0.1

0.4 0.4

0.15 0.15

0.05 0.0370

0.0731 0.06
0.0731 0.06
0.55986736 0.2534828
1.23504819 1.74094669
0.00186401 0.00204394
2.97686043 3.19836794
0.49947191 0.18450442
1.03320421 1.17975306
-0.0036202 0.00232773
2.23504819 2.74094669
600 560

0.1 0.1

3 3

1.5 2

0.45 0.6

0 0.4

25 2.5

1.25 1.667

0.188 0.333

0 0.222

0.729 0.729
0.364 0.486
0.109 0.146

0 0.097

0.2 0.2

0.1 0.133

0.03 0.04

0 0.027

0.3 0.3



Parameters

Reduction of constant P by root
activity

Relative transfer rate for N pool

Relative transfer rate for P pool

Max. fire temperature tree can
tolerate

Tree cover efficiency factor
Stella inputs
T_GroReslInit
T_CanBiomlnit
T_WoodBiomilnit

T_Hinit

Units

mg cm™’
cm2 day™
cm?day
°C

0

cm

S. contorta

75

0.5

0.0008
0.0001
0.00013
0.36

D. validus

75

0.5

0.00031
0.0001
0.00014

0.29
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G. arborea

75

0.5

0.01
0.0005
0.0005

0.50

D. zibethinus
0

0

0

75

0.5

0.01
0.0005
0.0005

0.86
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A. heterophyllus
0

0

0

75

0.5

0.01
0.0005
0.0005

0.63



Address

Date of Birth
Place of birth
Nationality

Professional experience
Jun 2006 - present

Sep 2002 - present

Oct 1999-Feb 2002

1993-1998

Nov 1994-May 1995

1993-1995

Sep1990 - Jun 1992
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Curriculum vitae
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70329 Stuttgart

Dec 6, 1968
Stuttgart, Germany
German
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Plant Production and Agroecology in the
Tropics / Subtropics, ReGrin project, West
Aceh / Hohenheim%’

Associate partner of terra fusca GbR,
engineering & consulting'®®

Development worker German Development
Service (DED) in Pucallpa, Peru. Focus on
agroforestry and organic  agriculture,
institutional development.

Free lance gardening, stage hand at
concert and theatre venues

Internships at Weleda S.A., Buenos Aires
and Villa Berna, Argentina, and on a
smallholder farm in Mérida, Venezuela

Student research assistant (Wihi) at
Institute of Plant Nutrition, Hohenheim

Apprenticeship landscape gardening incl.
tree nursery, Ute Haag GmbH, Stuttgart-
Sonnenberg

107 http://www.worldagroforestrycentre.org/seal/projects/regrin/

108 see www.terra-fusca.de for references
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Education
Jan 2004 — present (submitted June 2007)

Higher education
Oct 1992-Apr 1998

School education
1979 -1988

Trainings and other
Oct-Dec 1999

Aug 1988-Apr 1990

Languages

Computer skills

Carsten Marohn
Stuttgart, June 2007
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and Agroecology in the Tropics / Subtropics
(Prof. Sauerborn): Soils and carbon
sequestration under agroforestry systems in
Leyte, Philippines
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Hohenheim
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Tropics/Subtropics

Diploma thesis: Soils and land use in semi-
arid Northeast Brazil (WAVES project)

Stuttgart.
English,

Fanny Leicht-Gymnasium,
Specialised courses German,
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Trainings in participatory methods and rural
appraisal, project management and
intercultural communication at DED

Civil service: Youth Centre Stuttgart-
Vaihingen

German: Mother tongue
English: Fluent

Spanish: Fluent

Portuguese: Working knowledge

Standard office packages under Microsoft
and Linux. Graphics: Photoshop. Statistics:
SPSS, Sigma, SAS, Minitab.
Modelling: WaNuLCAS,
PCRaster
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