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Topics

- 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

L Future Projects Needed
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More productive
systems use more
water but...they
are more efficient
in using it (WUE)

Forest = 0.8 kg/m3
Savana = 0.2 kg/m3

So, for a Fix
amount of Wood,
between the two,
more land and
water is needed for
a Savana System
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Reducing Wood Supply from Natural Ecosytems
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Production Ecology of Eucalyptus Plantations
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Hydrologic Balance — Links Among Water Flows
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Planted Forests and the Hydrology ?

56



STAPE, J. O consumo da Agua pelo Eucalyptus: Resultados de Ensaios de Irrigagdo em Oito Sitios do Territério Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

57



STAPE, J. O consumo da Agua pelo Eucalyptus: Resultados de Ensaios de Irrigagdo em Oito Sitios do Territério Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

Simplified Hydrologic Balance

Drainage = PPT - ETP

WUE = WNPP/ETP

Drainage = PPT — WNPP / WUE
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Drainage = PPT — WNPP / WUE

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
fhydrologic balance ?

59



STAPE, J. O consumo da Agua pelo Eucalyptus: Resultados de Ensaios de Irrigagdo em Oito Sitios do Territério Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

Brasil Eucalyptus Potential
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ANPP and LAI for all Plots from Years 1to 3
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“Happy Leaves Grow Trees”

ANPP 2.5
Mg/halyr \ \ \ \
2.0 |
20 ne, Feﬂ
hng ed
2
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D 15 - ()
=
| Clone \:i‘gz
Fert \
13-\\\ \\\R\Hx 30.
10 20
\ \203
10
0.5 . . .
1000 1500 2000 2500 3000
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0.8 1.4 2.2 36 50 7.0
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More Questions...
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Assimilation - Transpiration

Stomata — E.grandis x urophylla — Clone COP0321
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g, (mol m? s'1)

1,2 1,2
; g‘ 16 meses ; g 36 meses
v C * 104 v ¢©
1,0 n A ’ = =
S B < g, =0,89-0,19 D s E 9,=0600,13D
| | A =
o N 20 ﬁ'ﬁ’ ' r* = 0,47 o N r = 0,45
081 & V — 081 Vv
(7]
€
0,6 5 061
E
o
0,4 1 0,4
0.2 0,2 - _
0,0 0,0 T ,
0 5 0 1 2 3 4
DPV (kPa) DPV (kPa)

16 Months 36 Months

16 months: Higher gs and - 0,2 mol m2 s / kPa DPV

36 months: Lower gs and - 0,1 mol m? s/ kPa de DPV

Different Clonal Sensitivity to VPD
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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/halyr

Aracruz 2005

M f\
e

JUUUUL

358 360 362 364
Day of Year

o
o

— e
o N
o O
.

(0]
o

N
o

C

Sap Velocity (cm3 cm? swa h'1)
o
o
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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

I

® Irrigated Aracruz 2005 o
“"E\ 200 | Vv Rainfed P
S °® .. %
o ] ®
< v, t s
§ 100 = ' é
s P At
Q ()
g 90 2owW ¢
n W SWA = 14.39 +(0.14*DBHZ )
0 ' ' ' R?=0.83 '
5 10 15 20 25
DBH (cm)
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Leaf Area at Aracruz and Veracel

Aracruz 2005
40
® Rain-fed
® Irrigated
351
IS
v ¢ ’ ;
< 30 - E E
[}
2 i i } ¢ }
8 25 }
< e
g {
— 201 ¢ g § % Veracel 2005
4.0
§ @® Rain-fed
1.5 @ Irrigated
. T T T T T T 3.5
0 2 4 6 8 10 12 14 — E
Month £ [
~_ 3.0 A
3 ®
= ¢
o 2.5 }
S 25 -
= ¢
o
<< 20 - ?
%% [ ]
(0]
|
1.5 -
10 T T T T T
8 9 10 1 12
Month
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Does Irrigation Influence WUE ?

m,’E\ Aracruz 2005 'S Veracel 2005
£
% 0.7 @® Rainfed O @® Rainfed
x ® Irrigated g 0.6 ® Irrigated
S 06 | k5 i
= 2 04 # " s
’:é) 05 i = g
g,_ % $ g 0.2
2 | | | | | . | 2 00 . | | |
o e -
O Mar June Sept Dec O 7 8 9 10 11 12 13
Month Month
« No significant change in * No significant change in

WUE at Aracruz WUE at Veracel
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Net Primary Production (g C m2 yr)
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Evapotranspiration (mm yr)

1000
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Drainage = PPT — WNPP / WUE

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 ?
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Eucflux Project
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 Landscape Eucalyptus Production Approach

v

Quantify C, Water and Nutrient Balances — Full Rotation
WU and WUE via 2 Methods: Eddyflux and Water Balance
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f=p.v,.c,

f,=p.v,.c,

Air Properties
[CO:], [H20], Temp.

89



STAPE, J. O consumo da Agua pelo Eucalyptus: Resultados de Ensaios de Irrigagdo em Oito Sitios do Territério Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

_8

=

c ]
£

o

(&) |
|_

LLl

<C ( \ \ \ \ \

0 100 200 300 400 500 600
Days since January, 1, 2008
80

D
o
T

|

Rainfall (mm d™)

N
o o
T

| | ‘ u‘ |
0

500 600

o

100 200 300 40
Days since January, 1, 2008

90



STAPE, J. O consumo da Agua pelo Eucalyptus: Resultados de Ensaios de Irrigagdo em Oito Sitios do Territério Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

91



STAPE, J. O consumo da Agua pelo Eucalyptus: Resultados de Ensaios de Irrigagdo em Oito Sitios do Territério Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009
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Stomatal Conductance Modelling

Psychrometric constant g, estimated from eddy-cov (friction velocity) and wind speed)

N —

g = y LE g,
e
sA+p, c,vpd —LE (s+7)

Available Energy=Rn-G-S All data, from 8am to 5pm
50 T T

Slope of saturated water pressure curve 4
45, g.= 25.3%xp(-0.63*vpd) 1
40 *= 0.36; RMSE= 6.31 mms .

Variation: g, depends not
only on vpd, but also on 35 |
LAI, plant water status, soil
water status, PAR (e.g.
Jarvis model),
photosynthesis (e.g. Ball
and Berry model), etc.

+ computed values of g,
can be affected by soil
and litter evaporation

0 | ! 2 o %o o o *9 | | | |

0 0.5 1 1.5 2 2.5 3 3.5 4

VPD (kPa)
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All data, from 8am to 5pm
50 ‘ ‘

45 s . g7 25.3%xp(-0.63*pd) .
r’= 0.36: RMSE= 6.31 mms_

F'(I)

gc (vpd=0) =25 mm/m2/s ——— E
=1 mmol/m2/s ~
(@)]

LAl approximamente
=25

gsmax=0.4 mol/m2/s

1,2
; g\ 36 meses
101X ¢ 9,=0600,13D
" =045
Ana Eloisa Marrichi, 2009 o 081 e
: gsmax=0.6 mol/m2/s for a 36 B el
month-old BEPP clones » 2
S 0.4 1
0,2
gsmax decreases with stand age: -
= 1.0 mol/m2/s at 16 months, 0.6 at 36 months, and oo ; :

0.4 mol/m2/s at the end of the rotation? DPV (kPa)

Figura 19 — Representagdo gréfica da relagdo entre condutancia estomatica (g.) e Déficit de Presséo de
Vapor (DPV), para os 7 clones, aos 36 meses
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AET by Penman-Monteith with gc=f(vpd)

/ g,=f(wind speed)
E = S A+'0 a Cp Vpd 9a g.=f(vpd)=25.3*exp(-0.63*vpd)

S+y 1+ga

9.

Sobre-estimacao da AET quando o
solo esta seco...
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AET by Penman-Monteith with gc=f(vpd, soil moisture)
_SA+p,c,vpd g,

S+y 1+ % g.=f(vpd)=25.6"exp(-0.57*vpd)*(1-exp(-33.52*RSWC))
Jc
7 RSWC between 0-2 m
< => Should be improved
'O with RSWC between 0-
E 6 7 10 m...
I:’ o
°
w S 0o o I
< ° ge “. .!‘ ° _ _
) °* o A o Simulations should be
£ 4 . ® 1 improved if we account
B % *e for the effect of LAl on
CDU 3l o (] | gc, qnd LAl can be
—~ ® obtained from remote
E ® e sensing...
5 | 6 |
‘% .’. Y ‘
S 1 ) ¢ :
S ® [
CD O . \. | | | | |
0 1 2 3 4 5 6 7

Measured Daytime AET (mm d'1)
Muitas possibilidades para melhorar: so comecamos a analisar/utilisar os dados...
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excluded (bad view angle)

excluded (outlier)
— fit first rotation

harvest —— fit second rotation
| :\ | |
2003 2004 2005 2006 2007 2008
year
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C Balance — 1 year (from year 6 to 7)

Mean CO2 fluxes (from DOY 31 to 366)

15
Ecosystem respiration 10, |
during the night ~
5 ymol m2 s-1 \ 5

Soil respiration being ~ —
2.8 umol m2 -1 => ‘Tw
nocturnal aboveground
plant respiration ~ 2.2 ' 5 ]
[e)
S
=

umol m=2 s

~ 21
NEE ~-3.25 ymol m2 s "7 ¢

This would represent an

annual C sequestration of -20 - 7
about 12.3t C ha' yr WUE =
This is close to the 257 WUE =1.7 kg/m3 |
biomass increment 30 | | | |

70 5 10 15 20

32 tDM/halyr .
Julian day

48 m3/halyr
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So, is the stomatal conductance control enough ?

MAI = - 7.1 + 0.022 Rainfall 1314
30 1 r*=0.80, P < 0.0001

MAI (Mg ha™" yr'")

10 4

1200 1400 1600 1800

Rainfall (mm yr'")

800 1000

Drainage = PPT — WNPP /' WUE

101



STAPE, J. O consumo da Agua pelo Eucalyptus: Resultados de Ensaios de Irrigagdo em Oito Sitios do Territério Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009




'R idy,

IRy 1T

IR I egsn) .
LAk < . AR 5 L

i i H o gth

) .~_:.. ﬁ...:.?-,q_hh_-‘-_‘.—ﬁhus._."»..
H ST g l:.:&:-u;-_..._
i ...:R:::-:..:;..f
Mk UL LL T T e

Har L g,

D
o
o
N
o
™
N
~
™
[}
Ry
2
©
Qo
=]
o
T
I
om
<
o
)
o
o
N
2]
&
o
1
)
I
o
L
%]
o
©
®©
o
>
c
o
[&]
£
7]
<
[0
o
2
K]
i)
©
—
m
Re]
—
ke
=
=
(0]
T
o
©
7]
k]
E=
]
o
=
o
€
[0
o
wQ
O
®©
2
=
()
©
7]
ke
©
7]
c
L
()
©
7]
o
©
©
=
>
7]
Q
o
%)
=]
=
o
=
(0]
o
=1
Ll
o
Q
[oN
©
>
<
©
kel
[e]
1S
S
7]
c
Q
o
o
|m
ui
o
<
T
]

August 2008




STAPE, J. O consumo da Agua pelo Eucalyptus: Resultados de Ensaios de Irrigagdo em Oito Sitios do Territério Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009
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IAF = 2.5 m2f/m?s

IAF = 4.5 m3f/m?s
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Modelling Knowledge is Needed

Precipitation (P}

gy

. Y
Re-evaporation {1} Transpiration

‘Water storage capacity

o —— - L= —

l Deep drainage

Aeration
Zohe
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Operational Decisions are Needed
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3-PG - 1997 1.J. Landsberg **, R.H. Waring *

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

e} e

___________________________________________________________

120



STAPE, J. O consumo da Agua pelo Eucalyptus: Resultados de Ensaios de Irrigagdo em Oito Sitios do Territério Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

Model Purposes

Phase Known Want to Know Utility
“Understanding” Input and Output Process Experiments
“Prediction” Input and Output Monitoring
Process
“Control” Output and Input Management
Process
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Clone - CCQE

| entre0,055- 0,060
.~ entre0,060- 0,065

entre 0,065 - 0,070
B cntre 0,070 - 0,075
B entre 0,075 - 0,080

Modelo 3 EV

Fertilidade
entre 0,32 - 0,35

entre 0,35 - 0,40

| entre0,40-0,45
I entre 0,45-0,50
I entre 0,50- 0,55
I entre 0,55 - 0,60
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Radiagao - Setembro/2004

entre 10,19 - 10,20
entre 10,20 - 10,22
entre 10,22 - 10,24

. entre10,24-10,26
 entre10,26-10,28
I entre 10,28 -10,30
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Precipitagao - Margo/2004

B entre 277,00 - 280,00
I entre 280,00 - 283,00
| entre 283,00 - 286,00

entre 286,00 - 289,00

entre 289,00 - 292,00
I entre 292,00 - 297,00
I entre 297,00 - 300,00
B entre 300,00 - 303,00
B entre 303,00 - 306,00
B <ntre 306,00 - 309,00



STAPE, J. O consumo da Agua pelo Eucalyptus: Resultados de Ensaios de Irrigagdo em Oito Sitios do Territério Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

Agua no Solo - Margo/2004 IAF - Setembro/2004
I entre 162,00 - 200,00

" entre 200,00 - 240,00
' entre 240,00 - 280,00 entre 1,200 - 1,600

" | entre 280,00 - 320,00 ertre 1,800 - 2,400

B entre 320,00 - 340,00 ]
’ ! entre 2,400 - 3,000
I <ntre 340,00 - 380,00 B crire 3,000 - 3,600

entre 0,397 - 0,600

entre 0,600 - 1,200 ICA - Margo/2004

entre 3,49 - 10,00
entre 10,00 - 17,00
entre 17,00 - 24,00

" entre 24,00-31,00
I entre 31,00 - 38,00
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Agua no Solo - Margo/2004 Agua no Solo - Setembro/2004
I entre 162,00 - 200,00 I 0,00000 - 70,00000
| entre 200,00 - 240,00 ' 70,00001 - 140,00000
entre 240,00 - 280,00 140,00001 - 210,00000
| entre 280,00 - 320,00 I 210,00001 - 280,00000
B entre 320,00 - 340,00 I 250.00001 - 350,00000

I <ntre 340,00 - 380,00
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Visao no
Produto

(madeira)

127



STAPE, J. O consumo da Agua pelo Eucalyptus: Resultados de Ensaios de Irrigagdo em Oito Sitios do Territério Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

Visao no
Processo

(uso e
eficiéncia
do uso de
recursos
naturais +
madeira)

AGRICULTURY
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CONCLUSIONS

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

5s production in an economic and

g 4 ecological point of view
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Conclusdes—Manejo Florestal Integrado

- As Florestas Plantadas sao e serao cada vez mais
partes integrantes da paisagem

- A forma do uso do solo, € nao as Florestas
Plantadas, causa a maior parte dos impactos ao
ambiente

- Os processos ecofisiologicos, e sua modelagem nas
diversas escalas espaciais/temporais sao essenciais
para o gerenciamento produtivo e ambiental dos
ecossitemas: bens e servigcos

- Os profissionais florestais deverao ter bases
técnicas e ferramentas de gestao para administrar
as tomadas de decisao multiproduto e multiservigcos
(o verdadeiro Manejo Florestal)

130



STAPE, J. O consumo da Agua pelo Eucalyptus: Resultados de Ensaios de Irrigagdo em Oito Sitios do Territério Brasileiro. Palestra Convidada, SERHIDRO-PS 2009, IPABHi, Taubaté, p. 37-132, 2009

Pasto ey N Eucalipto

APP degradada : APP Restaurada
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