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Context: Sustainable management of fast growing species
under the tropics. A crucial need.
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In the same time, the overall area of Forest
Plantations increased dramatically during the
last decades to reach 205 million ha in 2005
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Tropical plantations are often established on poor soils
There are then concerns about the sustainability of such fast growing plantations

because an intensive management is carried out (very short rotations) and
leading to high risks of soil nutrient deficiencies.
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Accounting for biogeochemical cycles, is a hecessity for
accurate forest management and a challenge for modeling work

Conference, Pointe-Noire 17-19 march 2010, Republic of Congo



: Toward a biophysical carbon accounting in Africa and
AffICG perspectives for REDD and CDM

B
! 2
(0] .
c T Non perennial Perenni
E compartment al
N parts
(0]
S
|
s 3 Fine roots
Amendment 2 ymbonts A conceptual
Fertilisation .
Wastes mOdeI WIth
(oo oo compartments
Soil A o1uti SHolorganic and fluxes
minerals olutions Iayers
from holorgan w
layers
7’Exchang.
complex

S p 7

o Soil Exchangeable comple

II. solutions (CEC + P et S ads.)

Source : Ranger et Turpault ([{999)

Conference, Pointe-Noire 17-19 march 2010, Republic of Congo



Africa

Toward a biophysical carbon accounting in Africa and
perspectives for REDD and CDM

Atmospheric deposits

e

foliar absorption

minerals \

Source : Ranger et Turpault

N

Weathering

Percolation

outputs 6 AdsorgtionI

Run-off Soill e

inputs SOIUM?S Desorption
1999) DrainageCapillary

ascension

Zecomposition

layers

B
| v (
o 2 > .
c | inputs 1 Non perennial  frm— Perenni » Exportation
E &1t compartment & al
N outputs parts
(o)
S Transport
I Bulk throughfall
S 3 o
Litter-fall Fine roots
I - N
& symbionts
Amendment / y
Fertilisation inouts
Wastes / :
< A olputs —
. . Upt o
dissolution / Vi 4 N-fixation:
mineralisation v / Cro-ogues symbiotic
Soil Minerfligation [ 5, &~ ornon
%olutions olorganic symbiotic

L

7’Exchang.
complex
N

» N volatilized

I—> Erosion

Fxchangeable comple Colluvium
(CEC+PetS ads.)j'—

Conference, Pointe-Noire 17-19 march 2010, Republic of Congo

A conceptual
model with
compartments
and fluxes



: Toward a biophysical carbon accounting in Africa and
AffICG perspectives for REDD and CDM

Fortunately, simplifications can be made for nutrient I/O
budgets of forest ecosystems :

2 main inputs =

Atmospheric deposits Atmospheric deposits
@ Weathering
2 main outputs =
Harvest
Vegetation Drainage
) Harvest

l Minéra. t

Weathering I==> | Rest Soil ™

Drainage
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What we learned from the comprehensive sites of Eucalyptus in
Congo and in Brazil?

Atmospheric deposits

(low spatial variability)

o

ﬂ

Fertilizers
Vegetation

Minéra.
Altf ‘l Harvest

Weathering ——— | Rest. .. Upt.

(almost zero in tropical soils) o1l

In these forest ecosystems

(eucalyptus growing on sandy soils),
l nutrient budgets are mainly determined
by Harvest and Fertilizer inputs

Drainage

(Very low amounts of nutrients.

An important finding

of the present study simplifying

the nutrient budgets )
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Modeling approach, a dedicated tool for forest managers

Stand (t)
init<t<end of rotation —‘

Growth Module

., Stand
Input: Dbh, h, age for each tree, Nutrient I/O budget

(end of rotation)

v

Ouput: ADbh, Ah, at age +1 for each tree

v A

Eucalypt-Dendro

Wood Properties

Input: Dbh, h, age for each tree

Stand — _ » Growth and Yield
init) ngut: Volume, biomass within each ..
(ini ring and tree compartment. Individual-based model,
l Non spatially explicit
Biogeochemical

Input: Volume, biomass within each
ring and tree compartment.

Ouput: Nutrient content in each
ring and tree compartment.

Litter fall, Litter decomposition (principles et details, see Saint-André et al. 2002a, b,
Saint-André et al 2005, Sicard et al. 2006, Adu-Bredu et
al. 2008, D’annunzio et al. 2008)

Atmospheric Deposit and
Fertilisation inputs (t) _
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Stand inventory, real or virtual, at an age A @
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Inventory at A + 1 month

Stem taper equation Set of biomass equations
for each part of the tree

Dominant Co-dominant Suppressed
T

| Ring
accumulation

\

\!

Biomass
W Volume for - by tree compartment
| \\\ | each tree + by ring

Height (m)
/
—
=

= =

Model for nutrients

evolution in rings Set of nutrient content equations

N N

NP K concentrations Nutrient content N, P, K, Ca, Mg
in each ring
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Validation on the whole forest area
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Validation on the whole forest area
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Integrating nutrient cycling and soll organic matter

Direct Absorption Atmospheric deposits

Litter Falls
Nitrogen fixing

mass, Nutrient content
Litter decomposition

Fertilisation

Root Turn-over
And decomposition

Consequences on the tree
And stand growth

Leaching
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Litterfall model

x (DEA Biologie forestiere 2003-2004, Rémi D’annunzio)
% of leaves in the litterfall
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de 'ETP 1001 e o LN » Saison
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R2=0.82 for the monthly litterfall
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.. LitterDecomposition model

(Agren and Bosatta, 1998, D’annunzio et al. 2008)

The same parameters drives C and N dynamics

Respiration

Minéralisation
fcuo C fcuo
eo €0
C of the decomposing N of the decomposing
litter litter

Jeu,C fyut,C

fo, fy  : G and N concentration of the decomposers

u, : growth rate of the decomposers by C unit

. efficiency of the decomposers

(Agren et Bosatta, 1998)
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.. LitterDecomposition model

(Agren and Bosatta, 1998, D’annunzio et al. 2008)

The substrate is characterized by a synthetic variable : the quality

Quality is a decreasing function of time, with parameters that characterize the
decomposers activity and the edaphic conditions.

qlt)= = 1
g fou, a1

l—e, 1=, L
e, ol I (I ) a
C(Q): Co(qj N(Q)_Co(%] fe (fc roj (qoj

q,
The organic matter is not divided into pools but the substrate, humus and SOM
are a continuum : the model is said “continuous”

(Agren et Bosatta, 1998)
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Response Curves on the growth module

(Saint-André et al. 2008)
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Response Curves on the growth module

(Saint-André et al. 2008)
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. Response Curves on the growth module

(Saint-André et al. 2008)

Contrasted responses between sites but
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(difference between the two
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nutrient concentration within the
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soil-plant Interaction using the growth and yield approach

Very preliminary results
Obtained recently!

Rotation 1

Loss of production when slashes
Rotaion2  gre removed at eachharvesting.
Rotation 3 Data for the second rotation are

currently being collected.

Comparison will be done soon !

Still some model limitations to
i .. Overcome, but we now have a
DE'glmelJtterFall.erahel DETimeTotal&ccurnulationCuantity L vLabel prellmlnary tOOI to Slmulate both

0,2 . ] . .
soil and plant interactions with
sylviculture practices
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