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TopicsTopics
- Water Use and WUE in Natural Systems

- WU and WUE in Eucalyptus Plantations
. BEPP Project: Leaf, Tree and Stand Level
. Eucflux Projet: Landscape Level

- Management Implications

- Future Projects Needed 
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Hidrology and Natural Ecosystems in Brazil
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Poyry 2008
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Annual Increase in Production by Region (%)

Source: Gonzalez et al. 2008, NCSU, from FAO 2007
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Eucalyptus Plantations in the World
- Growth, Species, Wood, Coppice -

GIT Forestry 2008
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Hydrologic Balance – Links Among Water Flows

Water Drainage = PPT – I – R – E – T ± S 
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Hydrology and the Planted Forests ? 

Forest Centered View

IMA = m³/ha/yr
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Planted Forests and the Hydrology ? 

Water Production Centered

L/watershed/yr
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Drainage = PPT – ETP

Drainage = PPT – WNPP / WUE

Simplified Hydrologic Balance

WUE = WNPP/ETP
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Important Questions Important Questions 
- Are the Forest Plantations Water Limited ?

- How much (more) water they (can) use ?

- What is the WUE in these plantations ?

- Does Eucalyptus in tropical conditions 
control water use ?

- How significant  is the WU in the   
.....hydrologic balance ?

Drainage = PPT – WNPP / WUE
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TNU = Traditional Fertilization
FNU = Extra Fertilization 

No Increase in Wood Biomass due to Extra-Fertilization
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N =  Nom Irrigated
I = Irrigated

30% Increase in Wood Biomass due to Irrigation

65 to 85 Mg/ha

No Water x Nutrient Interaction
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More Questions...More Questions...

- How does the canopy (leaves) lose water ?

- Does it varies with canopy Age ? Clone ?

- And the WU and WUE questions...
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Assimilation - Transpiration

CO2 H2O

Stomata Stomata –– E.grandis x urophylla E.grandis x urophylla –– Clone COP0321Clone COP0321
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Measuring Tree Water Use
• Thermal dissipation probes

• Sap velocity logged 15 minutes

• Calibration curve

• Aracruz and Veracel Sites       
• 40 and 80 m3/ha/yr

Aracruz 2005
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Scaling Up
• Sap Flow per unit sapwood 

area measured on one plot 
per treatment

• Assumed this did not differ 
between plots

• Scaled to replicate plots using 
quarterly inventory data

Aracruz 2005
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Leaf Area at Aracruz and Veracel
Aracruz 2005
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Veracel 2005

Month
8 9 10 11 12

Le
af

 A
re

a 
In

de
x 

(m
2  m

-2
)

1.0

1.5

2.0

2.5

3.0

3.5

4.0

Rain-fed
Irrigated

STAPE, J. O consumo da Água pelo Eucalyptus: Resultados de Ensaios de Irrigação em Oito Sítios do Território Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

82



Does Irrigation Influence WUE ?

Aracruz 2005
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Important Questions Important Questions 
- Are the Forest Plantations Water Limited ?

- How much (more) water they (can) use ?

- What is the WUE in these plantations ?

- Does Eucalyptus in tropical conditions 
control water use ?

- How significant  is the WU in the   
.....hydrologic balance ?

Drainage = PPT – WNPP / WUE
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Eucflux Project
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• Landscape Eucalyptus Production Approach   

Quantify C, Water and Nutrient Balances – Full Rotation
WU and WUE via 2 Methods: Eddyflux and Water Balance
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f1 = ρ . v1 . c1
f2 = ρ . v2 . c2

f3 = ρ . v3 . c3 Fc = v’ c’

Σvi  = 0 

Air Properties
[CO2], [H2O], Temp.

Eddy Flux TowerEddy Flux Tower
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LAI, plant water status, soil 
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Jarvis model), 
photosynthesis (e.g. Ball 
and Berry model), etc. 

+ computed values of gc
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and litter evaporation
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Ana Eloisa Marrichi, 2009
: gsmax=0.6 mol/m2/s for a 36 
month-old BEPP clones

gc (vpd=0) =25 mm/m2/s
= 1 mmol/m2/s 

LAI approximamente 
= 2.5

gsmax=0.4 mol/m2/s

gsmax decreases with stand age: 
≈ 1.0 mol/m2/s at 16 months, 0.6 at 36 months, and 
0.4 mol/m2/s at the end of the rotation?
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Simulations should be 
improved if we account 
for the effect of LAI on 
gc, and LAI can be 
obtained from remote 
sensing…
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Ecosystem respiration 
during the night ~ 
5 μmol m-2 s-1

NEE ~ -3.25 μmol m-2 s-1

This would represent an 
annual C sequestration of 
about 12.3 t C ha-1 yr-1

This is close to the 
biomass increment

32 tDM/ha/yr

48 m3/ha/yr 

Soil respiration being ~ 
2.8 μmol m-2 s-1 => 
nocturnal aboveground 
plant respiration ~ 2.2 
μmol m-2 s-1

WUE = 

C Balance – 1 year (from year 6 to 7)

WUE = 1.7 kg/m3
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So, is the stomatal conductance control enough ?So, is the stomatal conductance control enough ?

Drainage = PPT – WNPP / WUE

Rainfall (mm yr-1)
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August 2008August 2008
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“Leaves Kill Trees”
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IAF = 4.5 m²f/m²s

IAF = 2.5 m²f/m²s
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6 m²/arvore = 1667 arv/ha 36 m²/arvore = 277 arv/ha
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Interannual Variation
in Rainfall

STAPE, J. O consumo da Água pelo Eucalyptus: Resultados de Ensaios de Irrigação em Oito Sítios do Território Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

110



Modelling Knowledge is Needed
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Operational Decisions are NeededOperational Decisions are Needed

STAPE, J. O consumo da Água pelo Eucalyptus: Resultados de Ensaios de Irrigação em Oito Sítios do Território Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

115



STAPE, J. O consumo da Água pelo Eucalyptus: Resultados de Ensaios de Irrigação em Oito Sítios do Território Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

116



WoodWood WaterWater

BiodiversityBiodiversityNutrientsNutrients

LightLight

STAPE, J. O consumo da Água pelo Eucalyptus: Resultados de Ensaios de Irrigação em Oito Sítios do Território Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

117



Model

STAPE, J. O consumo da Água pelo Eucalyptus: Resultados de Ensaios de Irrigação em Oito Sítios do Território Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

118



M
od

el
o 

E
co

fis
io

lo
gi

co
 G

er
al

Parâmetros 
Genéticos 

 
 

Energia 
Radiante 

  Precipitação  

  
 

     

  
 

Área Foliar 
Biomassa 

 Défict de 
Pressão Vapor

 Evaporação 

  
 

     

  
 

Energia 
Interceptada 

  Interceptação 
da Copa 

 

Temperatura 
 

 
 

     

  
 

Fotossíntese 
Líquida 

 Condutância 
Estomática 

 Herbivoria 
Patologia 

 
 

Nutrientes
Folhas 

       

  
 

Assimilados 
 

 Transpiração  Reservas & 
Biodiversidade

  
 

     

Respiração  
 

Partição de 
Carbohidratos

  Água do Solo  

  
 

     

Biomassa 
Raiz 

 
 

Biomassa 
Casca 

 Biomassa 
Galho 

 Biomassa 
Lenho 

  Erosão 

   
 

     

   
 

Litterfall 
 

  Percolação  

  
 

     

Nutrientes 
Forma Lábil 

 
 

Matéria 
Orgânica 

 Ervas 
Daninhas 

 Fisiografia 

  
 

     

Material 
Origem Solo 

 
 

Nutrientes 
Não Lábil 

   Atividades 
Antrópicas 

 
 

      

 

STAPE, J. O consumo da Água pelo Eucalyptus: Resultados de Ensaios de Irrigação em Oito Sítios do Território Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

119



H20 Rain

gC

Soil H20

ET

wSx

Dead treesStocking

gN

Stress

ϕVPD

T

FR

fθ

DBH

ηF/ηSηR

LAILUE

SLA

NPP

StemFoliageRoots

GPP

CO2

C,N Litter

3-PG - 1997

Very Nice Start 
Model to Evolve for 
Site-Species 
Specific Needs

STAPE, J. O consumo da Água pelo Eucalyptus: Resultados de Ensaios de Irrigação em Oito Sítios do Território Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

120



Model PurposesModel Purposes

Phase Known Want to Know Utility

“Understanding” Input and Output Process Experiments

“Prediction” Input and 
Process

Output Monitoring

“Control” Output and 
Process

Input Management
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Modelo 3 EVModelo 3 EV
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IMA = 65 m65 m³³/ha/ano                      /ha/ano                      Water = 280.000 L/yr280.000 L/yr
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IMA = 50 m50 m³³/ha/ano                      /ha/ano                      Water = 350.000 L/yr350.000 L/yr
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Visão no

Produto

(madeira)
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Visão no

Processo

(uso e 
eficiência 
do uso de 
recursos 

naturais + 
madeira)
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CONCLUSIONSCONCLUSIONS
- Eucalyptus forest are very efficient in 

using water  (high WUE)

- However its high growth (WU) can 
impact drainage and its own growth  
in tropical-specific sites

- Modelling WU and WUE of such 
forests under different genetics and 
silvicultural practices are need for the 
planning of both Wood and Water 
production in an economic and 
ecological point of view
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ConclusõesConclusões––Manejo Florestal IntegradoManejo Florestal Integrado
-- As As Florestas PlantadasFlorestas Plantadas são e serão cada vez mais são e serão cada vez mais 

partes integrantes da paisagem  partes integrantes da paisagem  
-- A forma do uso do solo, e não as A forma do uso do solo, e não as Florestas Florestas 

Plantadas, Plantadas, causa a maior parte dos impactos ao causa a maior parte dos impactos ao 
ambiente ambiente 

-- Os processos ecofisiolOs processos ecofisiolóógicos, e sua modelagem nas gicos, e sua modelagem nas 
diversas escalas espaciais/temporais são essenciais diversas escalas espaciais/temporais são essenciais 
para o gerenciamento produtivo e ambiental dos para o gerenciamento produtivo e ambiental dos 
ecossitemas: bens e serviecossitemas: bens e serviççosos

-- Os profissionais florestais deverão ter bases Os profissionais florestais deverão ter bases 
ttéécnicas e ferramentas de gestão para administrar cnicas e ferramentas de gestão para administrar 
as tomadas de decisão multiproduto e multiservias tomadas de decisão multiproduto e multiserviçços os 
((o verdadeiro Manejo Florestalo verdadeiro Manejo Florestal) ) 
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Pasto

APP degradada

Eucalipto

APP Restaurada

STAPE, J. O consumo da Água pelo Eucalyptus: Resultados de Ensaios de Irrigação em Oito Sítios do Território Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

131



Obrigado

STAPE, J. O consumo da Água pelo Eucalyptus: Resultados de Ensaios de Irrigação em Oito Sítios do Território Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

132


