Increases in nitrogen uptake rather than nitrogen-use efficiency
support higher rates of temperate forest productivity under
elevated CO,

Proceeding of the national academy of science of the United
States of America PRoNAS(2007)

Adrian c. Finzi, Richard J Norby, Carlo Calfapietra, Anne Gallet-
Budynek, William E. Holms,Marcel R. Hoosbeek, Colleen M.
lversen, Robert B. Jackson, Mark E. Kubiske, Joanne Ledford,
Mrion Liberloo, Ram Oren, Andrea Polle, SethPritchard, Donald R.
Zak, William H. Schlesinger, and Department of Biology.

By Yuko HARA, B3



.

 S—

mCOZT( HTHRTMERE
IshEE FH I ototflim =%
INEDEMIzL->TZZIONTINS

HEIXEEH

=A\

H

i X &

EATZEH

@ EHEICHDADMNDFACE siteDEERFERAZ{FH>TLV\S

® 5 CO, FTCHEKE

ERZEHFEL. kR V&

L THREZRIET DICIEZRZ N T — KA THD



Abstract

O GMERRIIRFTDERLGI VY

@ SHIERFICFRISNSCO,/RE T TIENPP
X FEHT21~25% L F

O FMEXRTDCO, FRIXRE 15%

O iR HEMIRF=D80%

f= _ENEYDDNP

PJ)50—60%

O N(FIE R, BIEAE
DEDERITILE

E TR I BTN



WEMEEFR (N)

® ﬁﬁ’CTEL’CL\éb\ BERBERDENTE
RKENE-HELE

09//\7§b$?ﬁ&®*§5271:$(%0)70% Rubisuco
ND80%) THY . HEMDONREELRBDREIZIXIE
D FEERE %

® EHENDIRIN, FIBIZIFIRILF—, ETH.CE
*%#Z\ETJ‘EAEE&O)F;EH’?# £, R EGE
IRIEDFEZT8{Z(T5

@ EIEARNEENIENFEL, TOLANIIITREGE
DEBRIEICE S TEIT S GEEIF)

BYMRET HFEAEE. RLUEBR & SCKREHR (2001) &Y
NIZHEMDEBICE>TEETH AN, IRRDEILICKSKEEEZRTS !




Materials and Methods

® |ocation of four sites
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NFE,HhN
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Material and Methods(2)

Location(2)
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Material and Methods(3)

Table 1. Characteristics of the four FACE experiments

MNamea Rhimelamndar Dukes ORML

Location Rhinalander, ‘Wi Durbiam, NC Oak Ridge, TH

Latitude, longitude 45°40°N, 89°37W 35°RE°N, T905"W 35°54'N, BA°20"W

Meam annual precipitation, 810 1,140 1,350

mim

Meam annual temperature, “C 49 15.5 14.2 14.1

Growing season,t days 150 200 190 247

Soil classification (Us) Alfic Haplorthod Ukic Hapludalf Aquic Hapludult Pachic Xerumbrept

Soil texture Sandy loam Clay loam Silty clay loam Loam and silt koam

Total soil N, gkg-! 1.20 079 1.12 1.1-1.4

Crearstory vegetation Populus tremuloides Michx., Pinus taeds L. Liguidambar styracifius L Populus alba L
Lcer saccharum Marsh., F. nigra L.
Betula papyrifera Marsh P. x euramericana Dode Guinier

Peak leaf area index,* md-m-2 2734 24 55 d6-74

Year planted 1947 1983 1983 1999

Year of treatment initation 19497 * 1997 * 1993 * 19449

Diata are taken from ref. 10.
*The POP-ELUROFACE experiment ussd Irrkgation to avald drought, so Inferences regarding predptation should be avolded for this site.
"For deciduous stands, the growing season Is the duration that tress have leaves; for the evergresn system, It Is the perlod of active stem growth.
fw'alues of leaf area Index are expressed as beaf area per ground area. values for the Duke FACE stte are projected, and values for the hardwood sites are one-sided.

Y Rhinelander,POP-EUROFACE HE4
Y Duke 13%F 4 ORNL 1084




Material and Methods(4)

® FACE Technology
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Material and Methods(5)
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Material and Methods (6)
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Result(l)
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Fig.1.Correlation between N uptake (g of N-m—2-yr—1) and NPP (g-m—2-yr—1) at
each of the four forest FACE sites under present-day (open symbols) and
elevated (filled symbols) CO2 TNPPENIRUNE DR ]



Result(2)
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Result(3)
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Fig.2.A Responses of NPP (g of
DM-m—2-yr—1)

The error bar corresponds to one standard
error of the mean. Significant differences
between CO, treatments within a site are
given by *, P<0.05; **, P<0.01; and ***, P <
0.001.
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Result(5)
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Fig.3.A Responses of N content
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Maean Residence Time (Years)

Result(6)
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Discussion
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Table 2. The mean (£1 SE) response of stem growth to N fertilization under present-day $1j
\

concentrations of atmospheric COz sz . m—2 . yr—2
Site Species bpplication Control % +N Stimulation, Bef.
rate, Fertilizer L]
kgsha teyrt -
— e ¥
Dl -
f/ \\
DUEE F. tasds 110 Z2.25 (0.08) Z.8e (0.11) 7 1
o
N 4
CRNL L. styraciflus 200 M1-46 (0.11) 2.00 {(0.14) 38 *
\ /
EURD F. z2lbs 251 0.4% (0.05) 0.50 {0.02) +Z Z
ns
P. nigra Z51 0.55 (0.07) O.5& (0.04) +3
na
F. x 251 o.75% (0.07) o.78 {(0.0&) -1
suramsricans wE

Data show that tree growth at the ORNL and Duke sites is N-limited, whereas tree growth at the POP-EUROFACE (EURO) site is not N-limited. The
units for tree growth at the Duke and ORNL sites are cm®-m™-yr~' (basal area increment) and at the POP-EUROFACE site, g-g~' -yr~' (relative growth
rate). Data from the Duke forest are average growth rates for the 1999 and 2000 growing seasons. Data from for the ORML site are average growth
rates for the 2004 and 2005 growing seasons. Data from the POP-EUROFACE site are average growth rates for the 2002-2004 growing seasons.
Significant differences in the growth rate of trees in control and fertilized plots are indicated by **, F< 0.01. NS, not significant.

£

*C.M.l. and R.J.M., unpublished data.
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