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60 millions of tropical plantations. A significant part of them being Eucalypt plantations
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Planted mostly for cellulose, and charcoal (steel ind ustry, ect)



Main reasons for
their success:

High yields despite
highly weathered
tropical soils (15 to 30
m?3 hal yrtin Congo,
and 30 to 70 m3 hat yrt
in Brazil (SP))

Ability to grow as
a _coplpice
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Main reasons for critics
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Well managed, and highly productive eucalypt planta  tions,
established on pastures or degraded lands may contr Ibute
to alleviate the human pressure on natural resource S

In Brazil where a significant part of charcoal fuel ling the
steel industry or other local needs is still derive d from
wood collected in natural forests



What about sustainability and environmental impacts of
eucalypt plantations?

Main research at
our study sites



Main objectives

To compare water-use (evapotranspiration) of several eucalyptus plantations
covering different conditions of soil, climate, silviculture (clone and fertilization), and
productivity levels

To compare AET (Actual EvapoTranspiration) measured by eddy-covariance (“flux
tower”) with AET estimated from soil water budgets

To compare the water-use efficiency of these plantations

Try to indentify the main causes explaining the observed differences in water-use
and water-use efficiency



M&M: 3 study sites

One site in Brazil (SP) Two plantations in Congo

®
Eucalyptus urophylla * E. grandis
(Urograndis, UG)
Mean productivity : 25-30 m3 hat yr-1
o
o

s - :

'Y A Climate:

HR 85%, T: 25T
Ferralitic arenosoils
(90% sand, low water retention

Capacity, low CEC)
~800 trees ha;
Fertilization: 10 kg N ha,
5 kg P ha', 14kg K hat

Deep soils
Similar rainfall
(1350 mm yr! SP
1200 mm yr! Congo)

¢ latinga

® =100.000 ha

Eucalyptus grandis

RH: 50% (June August) to 75% (January-March) Mean productivity : 15-25 m® ha* yr-
T: 20C

Soils: Ferralsols, 70% sand Clone PF1: Eucalyptus alba (mother tree) * group
Stand density ~ 1600 trees ha-1 of poorly identified Eucalyptus hybrids (father
Fertilization: 120 kg N ha, 33 kg P hat, 100 kg K hat tree).

Mean productivity : 40-45 m3 hat yr? -




Carbon sequestration

!

» No change (or slight increase) in
soil C after savannah or cerrado
afforestation, and over successive
eucalyptus rotations




At the 3 sites Actual
Evapotranspiration (AET)
estimated by eddy-covariance
At Itatinga, AET was also
estimated by soil water budget




AET by eddy-covariance AET by soil water budget

Rainfall Rainfall — Runoff — Deep
drainage - SWC

Runoff

SWC

Deep drainage









Root distribution accoring to depth
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————— > AET by soil water budget=Rainfall - SWC



Incident Shortwave e
long-wave IR radiation

Net radiation < / \

LI7500 3D Sonic anemometer
[CO2], [H20], 20hz U,V, W, T (20Hz)

Rainfall

Reflected Shortwave radiation and
outgoing longwave IR radiation

Diffuse PAR, Direct /

PAR, Wind speed, Tair, Air
Total PAR relative humidity



SWC 0-10m (mm)
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Sensible heat fluxes (H) are
very low (often negative!) =>
Eucalyptus plantations often
contribute to decrease air
temperature (sink of heat)

EBR 0.91
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All the water received through
precipitations returns to the
atmosphere (is evapotranspirated)

Good agreement between AET

b estimated by eddy-covariance and
AET estimated by soil water
budget



Comparison of AET at Itatinga (Brazil), Kissoko
(Congo) and Hinda (Congo)
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3) Part of the difference in AET
between Itatinga plantation and
Congolese plantations is explained by
differences in net radiation

1) By contrast with Itatinga plantation,
AET of Congolese plantations
represent a small fraction (55% to 65%)
of annual rainfall (~1200 mm)

2) Small differences in AET between
the 2 congolese plantations despite
strong difference in wood production
(=> differences in WUE)
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Part of the difference in AET between
Itatinga plantation and Congolese
plantations may also be explained by
differences in soil water retention and
LAl

Destructive measurements

Strong differences in LAl despite small
differences in AET: by unit leaf area,
PF1 transpirates more than UG

=> Other factors (stomatal
conductance?) might also contribute to
the observed differences in AET

Destructive measurements



conductance (mol.m-2.s-1)
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different transpiration-use efficiencies
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Some conclusions

e ey

Itatinga Kissoko Hinda
Global radiation (MJ m-2 yr-1) 6342 4494 4220
Net radiation (MJ m2 yr1) 3834 2754 2724
Annual rainfall (mm yr-1) 1360 1125 1200
AET (mm yr) 1288 747 648
Latent Heat flux (MJ m-2 yr-1) 3156 1830 1587
LE/Rn 0.82 0.66 0.58
AET/Rainfall 0.95 0.66 0.54
Deep drainage (mm yr-1) 72 378 552
LAI (m2 m-2) 3.2 2.4 1.4
Stem wood Production (tDM hat yrt) ~ 207 16.6 11.4

WUE for stem production (gDM kg
H20)
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Not yet available

Strong variations of AET according to climate, soil water capacity, fertilization

Strong differences in AET are generally associated to strong differences in production and C
sequestration (eddy-cov: 11-13 tC ha* yr for Itatinga, 9-11 tC ha yr? for Kissoko, 5-6 tC ha yr for Hinda)

However, we found strong genotypic variations in WUE => perspectives:/stem production and/or \ AET



What about water -use along an entire rotation?

Time course of LAI (from MODIS; LeMaire et al., in prep.)
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We know from monitoring I Deep percolation I

of soil water content during
entire rotations that:

(and AET) is low

In Brazil (SP), deep drainage occurs only during the first year (or first two years) when LAl

In Congo, deep drainage occurs during the entire rotation (AET is always < rainfall)



This presentation focused on water -use by eucalypt plantations,
which is high in some conditions. But is high AET a problem?

By contrast, high AET for
Eucalypt plantations is often
seen as asin...

Natural forest are often praised for their high
AET (high AET = efficient recycling of rainfall to
the atmosphere => positive feedback on climate,
rainfall regime, decrease in air temperature,
decrease in vpd, ect.)

Advantages of high AET: low nutrient loss (leaching), and potentially positive effect on climate (air T, rainfall,

etc.)
Inconvenient of high AET: 1) May be a problem when water is limited and needed for other uses (agriculture,

etc.); 2) decrease in streamflows
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