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Fine root responses of mature
deciduous forest trees to free air
carbon dioxide enrichment (FACE)
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Fine root production increases under elevated CO.,.
(Oak Ridge FACE; Iversen et al. 2008)
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Fine root production decreases under elevated CO.,.
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Introduction
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Fossil fuel burning and rigorous land use change caused the atmospheric CO,
concentration to rise (IPCC 2007), and plant life on earth is directly challenged by
carbon enriched nutrition.
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Given the role of forests as major terrestrial biomass carbon stores, tree responses
to the ongoing rise in atmospheric CO, are crucial for the future global carbon
cycle (Schimel 1995; Schlesinger 1997).
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Fine roots reach one-third of the global annual net primary production (Jackson,
Mooney & Schulze 1997).
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The carbon investment in root systems under elevated CO, is presumably driven
by the need to acquire more nutrients in order to match the enhanced
atmospheric C supply (Norby & O’Neill 1991; Korner & Arnone 1992; Rogers et al.
1994; Curtis & Wang 1998; Hattenschwiler & Korner 1998; Matamala et al. 2003;

Norby et al. 2004).
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At the Swiss Canopy Crane FACE site we did not observe co

nsistent above-ground

biomass responses to elevated CO, — neither in basal area nor in leaf litter (LAI) —

while light-saturated photosynthesis per unit leaf area wa
years 3 and 8 of CO, enrichment (Kérner et al. 2005; Zotz
unpublished data).

s 40-52% enhanced during
et al. 2005; Bader et al.
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Enhanced soil air CO, concentration and stable isotope data both indicated increased
carbon flux to the soil under elevated CO, during the early years of this experiment

(Steinmann et al. 2004; Keel, Siegwolf & Kérner 2006).
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We hypothesized greater below ground C allocation under elevated CO,
assessable in enhanced fine root biomass.
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We asked whether elevated CO, affects fine root quality through shifts in C and
N concentrations.




Materials & Methods
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)RR (temperature): 1A 2°C, 7H; 19°C
14 [F IK = ( precipitation ) : 990mm

* **ﬁ/\(stand age): "f"]l()o:'/'

o LMK} E (tree height): 30-35 m

o 3 RZRE (tree density): 41

57K hal

o = Wrm*E (basal area): 46m?2 hal
o E—IBFMDLAIGEREmEES): 95 m2m2
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o 1% 5151 FE (dominant species):

Fagus sylvatica L.(3—0Aw/\TF)
Quercus petraea (Matt.) Liebl.(Z17}3)
Carpinus betulus L.(2A3 S T)

o TIEHFME (soil property):
HEI,/ix@ﬁb\amﬁ—_ii(l//)j_*%_:s3 |:|“J/\O

—C JE’]) Fertile calcareous soil; typical for European forest

. :'i—EpH(iﬂjTlOcm) 5.8%0.2
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Materials & Methods
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o 1 1% & JKZEL (soil water content)
s HBMOBER(EFEAT7TH LTIV EK . A2 0—X

7 ;%) fine root sampling by soil core & ingrowth core

@ H*E 7 N1 A < X (fine root biomass)
€ CEEIUNEFHB = (C&N content in fine root)
@ £ 7E R ALAR3CLE (ratio of stable isotope 13C)




Materials & Methods
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Soil core Ingrowth core
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Results - soil water content -
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1. 2007 FEDFEKES IVEBENERTOLESKE (SWC)

KEGEDBBRRNBAOLIE-HER. REAEAZELT
IECOZ ﬁ—CIE <%E:]:#?‘§*L7’L (P < 0-001, Cech, Pepin & Korner 2003;

Leuzinger & Kdrner 2007) Mean volumetric water content during growing
seasons was significantly higher in soil under trees exposed to elevated CO,
than under control trees, resulting from reduced sap flow (i.e. reduced
transpiration) in CO,-enriched trees.
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- fine root biomass -
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Soil cores(2005) & ingrowth cores
showed less fine root biomass of c. —
30% in live fine roots < 1 mm diameter in
sample areas under trees receiving 550
ppm CO, compared to control trees.
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The fine root biomass in soil cores(2007) M 05 <1 <05
under trees exposed to elevated CO, Root diameter (mm)
had no significant influence on newly

produced fine root biomass. X3. TEA7 (2007 E)
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Results -C & N content in fine root-
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Elevated CO, had no effect on C & N and C:N ratio in live fine roots(ingrowth

cores) .
Ambient CO, Elevated CO, F
Mean * SE Mean + SE
Fine root C 421-T£9-5 4220 £9:3 0-08
concentration (mg g
Fine root N 15T £0-5 165 £ 06 0-33
concentration (mg g7
Fineroot C: N 270 £0-8 259+ 0-8 0-32
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Results —fine root 13C signals
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Results —fine root 13C signals
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Discussion
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Root biomass decreased under elevated CO.,.
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 Oak Ridge FACE
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(Norby et al. 2004; Iversen et al. 2008)

* Duke FACE

¢ Loblolly pine (pinus taeda)f(i%gggﬁghf(“ﬂatamﬂa &
Schlesinger 2000) " * " CO,Z& & 64F B THh L EF D BAIE N (+13-27%)
S&HHIR /I NA AT RIE NN (+23%. HETHLY) (Moore et al. 2006;
Pritchard et al. 2001,2008), ') 3—HFEICKYMMERNODEFREEN
5@{1/\ l.zf::kfii§’§7kzgh§%$é(5chéfer etal. 2002)
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}Hﬁ’}\ (Dilustro et al. 2002; Day et al. 2006, Brown et al. 2007)

e Swiss Central Alps tree line FACE

@ European larch (Larix decidua)&Mountain pine (pinus

uncinata)@%ﬂ]*ﬁﬂiﬁbﬁ}‘}ﬁ@\ (Handa, Hagedorn & Hattenschwiler
2008)

e Nevada desert FACE
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Conclusions
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Our findings & those from several other CO, enrichment experiments studying
woody plants suggest that unaltered or even reduced fine root biomass may
meet plant resource demands under elevated CO,.
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