LA RECHERCHE ACRONOMIQUE
POUR LE DEVELOPPEMENT
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Carbon ‘water and energy balances of an Eucalyptus grandis plantation in Brazil: effects of clearcut and stand age
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Figure 1: Fine root distribution 17r different stand ages

(from Laclau :t al., 2013, Frontier. in Plant Sciences)

Fc (umol m? s
b
T

N
=
T

—* 2008
—e— 2009
-304 —* 2010
—*— 2011

—o— 2012

25+

30+

~0

2008

Daytime Bowen ratio (H/LE)

-35

& 400

X (W m

N
o
o

—* 2008

—e— 2009

—*— 2010 |4

—*— 2011

—o— 2012
;

100

r r r
5 10 15 20 0
Time (hours)

;
5

;
10

Time (hours)

;
15

20

o

0.5

o

Semi-hourly Flu

L

AMIJJASOND

JEFMAMIJ ASIOND

2009

. J10

Yann Nouvellont 2, José Luiz Stape* 2, Guerric Le Mairel, Jean-Marc Bonnefond>, Humberto Rocha3, Otavio Campoe®, Jean-Pierre Bouillet!: 2, Jean-Paul Laclau: ’

Introduction: Eucalypt grandis plantations in Brazil are among the most productive forests of the world, reaching mean annual increments
of about 50 m3/ha/yr over short (6 yr) rotations. These high productions are generally associated with high water-use, but little is known on
the effects of management practices on their carbon (C), water and energy budgets. We investigated the effects of stand age and clear
cutting on the C and water balances through continuous eddy-covariance measurements of latent (LE), sensible heat (H), and CO2 fluxes
over a 5 yrs period encompassing two successive rotations: 2 yrs before and 3 yrs after clear cutting and replanting.

Results:

For the last 2 yrs before clearcutting, LAI was ~3.5 and fine roots were found down to a depth of 16 m. No percolation was observed below 5
m, and the 5-10 m soil layer was water-depleted. Actual evapotranspiration (AET) was approximately equal to annual precipitation (1350
mm). H was very low, except during some dry events characterized by sharp increases in the bowen ratio (H/LE) (Figure 2). Clearcut resulted
In an increase in soil temperature and H, and a strong decrease in AET (Figure 3), allowing gravitational water to reach 6, 8 and 10 m depths
about 1.5, 2.5, and 3.5 months after clearcutting, respectively, in this sandy soil (Figure 4). From the clearcut (Oct 2009) to the end of the first
rainy season (May 2010), the water table had raised from -18.5 to -15 m (Figure 5).

: VR S
o | O Loy TR AR
hy LR B0\ R LG
N | ! L AW L e
T : 4N ey
1 IO NS T RN
LA A TRERAN 7 o o A AT gt
BEIE L R SR
¢ 1M ! o o s R o o 1 0 2
v _ "
) ' A % {
\ June
v 1
O

& August 2012 [

2012

HR

=------—- Clearcut

L

JFMAMJ JJASOND

,WAMJJ N

|

AW Rw R w AW RN
[

[

]

i)

. |

Water balance: very dynamic troughout a rotation
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Figure 6: Canopy and root dynamic and soil water budget over a rotation

The third year after clearcutting and replanting, AET was higher than rainfall, leading to soil water-
depletion till 10 m deep (Figure 4). This rapid depletion of soil water was consistent with the fast
exploration of the soil by fine roots (root front at 6-7 m deep at age 1 yr; Figures 1 and 6) and the fast
Increase in LAI (reaching 5 at age 2.5 yr).

Carbon budget: Clearcutting turned the forest from a strong C sink (NEP of ~ -1 tC/ha/month)toa C

source (NEP increased up to ~ 1.6 tC/ha/month during replanting, about 1 month after the clearcut), but

the plantation rapidly turned back to a C sink (C neutrality (NEP = 0) reached 7 months after
clearcutting (Figure 7), and then monthly NEP was always negative) due the rapid increase in LAI.
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The water balance of these eucalypt plantations is thus characterized by three successive phases: 1) the
first 18 months of the rotation, AET<rainfall allowing water storage in deep soil layers and a recharge of
the water table, 2) from age 1.5 to 3 yrs, AET>=rainfall, resulting in water depletion in soil layers down
to a depth of 10 m, and 3) from age 3 yrs to the end of the rotation, AET=rainfall. Our results suggest
that process based models should take into account soil water dynamics in very deep soil layers to make
reliable predictions of the effects of forest disturbances on C and water fluxes in deep tropical solls.
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