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Abstract Long-term impacts of global climate change (GCC) and local forest management on soil and plant processes in carbon (C)
and nutrient cycling are complex and difficult to assess, particularly under gradually and continuously 1ising atmospheric carbon
dixoide concentration [CO,] and warming with multiple limiting factors. In this review, we examine the tecent developments and
applications of advanced stable isotope, nuclear magenetic resonance {NMR) and bio-molecular techniques, in an integrated
approach with innovative rhizosphere and tree ring methods, to improve our understanding and management of above- and below-
ground C and nutrient cycling processes in forest ecosystems, particulatly in response to GCC and local management practices as
well as mitigation / adaptation strategies. The opportunities and limitations of these techniques in investigating C and nutrient
cycling processes in forest ecosystems are discussed in the context of both short- and long-term impacts on above- and below-ground
processes.
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There are biclogical and chemical fingerprints of GCC
and forest management on thizosphere C and nutrient
cycling processes, which are closely linked to above-
ground processes.

Little is known about the impacts of GCC and forest
management on plant-soil-microbe interactions. These
interactions mainly oceur in the rhizosphere, which is defined
as the zone of soil that is affected by the root activity of
plants We view the thizosphere as the “hotspot’ for plant-
soil-microbe interactions - the most chemically and
biologically active environment in soil {e.g. Seguin et al
2004), representing a complex, integrated ecosystem. There
is growing need for improving the understanding and
maznagement of important below-ground processes For
example, the ecology of below-ground processes and their
interactions with above-ground processes has been
highlighted in a recent issue of Science: “Soils — The Final
Frontier” (Science 304, 11 Fune 2004)

Understanding zhizosphere C and mutrient cycling processes
in relation to rising [CO,] and temperature is crucial for

Annual tree ring width measurements can be used to study
tree growth indices of different species at scales from years to
centuries in seasonally-distinguished growth environments,
particularly in response to climate change and human
influences (¢ g Biintgen et al 2007) Together with tree zing
growth measurements, iree ring stable isotope compositions
{e.g Treydte et al 2006) and nutrient concentrations (e.g.
Elhani et al 2003) may be used to reconstruct past, long-term
climate change in different regions of the world, and to assess
human influences (e.g acid deposition and fertilization) on
the long-term structure, function and productivity of forest
ecosystems

Hypothesis I:
More sensitive to GCC & forest
management than bulk soil

Abeve-ground biological &
chemical processes
(much progress being made)

Hypothesis I:
Chemical & biological
fingerprints

Integrated Approaches ¢
(Young & Crawford 2004}
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Rhizosphere study techniqiies

The quantitative understanding of rhizosphere processes is
poor, since the rhizosphere is a difficult system to physically
sample and manipulate (eg Xu & Chen 2006) Currently
there are two commonly-used methodoiogies to physically
separate rhizosphere soil from bulk soil. One is the hand-
shaking method (eg Seguin et al. 2004). The second
approach involfves direct (in sifu) sampling of soil adjacent to
Toots by thin sectioning and/or placement of different sized
mesh materials around roots {Xu & Chen 2006) Tt is
challenging, but necessary o develop sampling techniques
and protocols building on the promising hand-shaking
method, which takes into account the spatial and temporal
variability in the rhizosphere of forest ecosystems

Micyobiological methods

Soil microbial properties, such as microbial biomass C, N
and phosphorus (P), respiration, metabolic gquotient and
enzyme activity, can be very sensitive to GCC and forest
management (e g Xu & Chen 2006). However, information
about the impacts of GCC and forest management on soil
microbial properties is rather limited (¢.g. Chen et al. 2004,
Bastias et al 2006, Burion et al 2007) Conventional culture-

dependent methods have been used for the measurement of

soil microbial composition for mote than a hundred years
Nevertheless, only 0.1-1% of soil microorganisms are
accessible by these approaches

Biemolecular technigues
Recent advances in bhio-molecular technmiques make it
possible to apply culture-independent and DNA/RNA nuclear

acid-based techniques to analyze the targeted sequences of

bacterial or fungal DNA directly exiracted from soil (e g. Xu
& Chen 2006) The determination of 16S ribosomal RNA
(tRNA) genes and 185 rRNA genes has proved most useful
for investigating the diversity and composition of bacteria
and fungi, respectively, since these molecules are composed
of highly conserved regions and also of regions with
considerable sequence variation.

Stable isotope and NMR techniques

Stable isotope techniques are considered a critical component
in studies of GCC leg clevated [CO;}) and forest
management on soil C and N dynamics (eg Xu & Chen
2006} because they are very powerful tools for advancing the
understanding of important C and N cycling processes in
terrestrial ecosystems. Recent applications of stable isctope
techniques to soil biological studies have resulted in
significant advances in the understanding of soil microbial
processes regulating C and N cycling in terrestrial
ecosystems The combined use of stable isotope and bio-
maolecular technigues holds great promise, as it allows for the
identification of specific microorganisms that are actively
involved in particular metabolic processes(e g Xu & Chen
2006}

NMR techniques have been increasingly used in soil science,
geochemistry and environmental science (e.g. Johnson et at
2005, Xu & Chen 2006). In particular, *C NMR has been
widely used to improve the understanding of soil organic
matter (SOM) quality and composition in relation to
terresirial C and N cycling processes Natural abundance N
CP/MAS NMR spectra of SOM have indicated that almost
all of the NMR signal intensity Hes in the chemical shift
region assigned to peptide/amide N (Knicker et al. 1993) Ina
rare application of “N-NMR to soils, Mao et al (2002) have
discovered the existence of nitrate-N i soil HA, with the HA
nitrate-N closely related to soil N availability and rather
respansive o ecosystem manegement. Advanced NMR
techniques need to be assessed for their potential
improving the wnderstanding of thizosphere C and nutrient
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cycling, particularly when combined with stable isotope and
bio-molecular techriques (¢ g. Knicker 2002)

Iree ring technigues

Recent tree ring research (Xu et al. 2007) shows that rising
[CG,] during 1830s—1970s reduced trec ring width of even-
aged European beech and oak forests in central and high
Belgium, due to [COy}-induced warming and the associated
decrease in growing season rainfall In this 140-year period,
acid deposition, closely-coupled with tising [CO], resulted
in a further decrease in tree ting width under increasing
water-limiting conditions in central Europe, possibly due to
reduced long-term tree water use efficiency as reflected in
tree ring carbon isotope composition (8'°C). The long-term
decteases in tree growth and water use efficiency differ
between species and between regions This highlights the
likely worsening impact of future climate change on the long-
term productivity and biodiversity of beech and oak forests in
central Europe, with increasing water stress and more
frequent summer heatwaves.

Acknowledgements

We would like to acknowledge the funding support from the
Australian Research Council and US National Science
Foundation Staff, students and collaborators in our research
groups have contributed to the research projects and
publications reported here.

References

Bastias BA, Xu ZH and Caimey JWG 2006 Influence of long-term
repeated prescribed burning on mycelial communities of
ectomycorrhizal fungi determined by DGGE profiling of DNA from
hyphal ingrowth bags. New Phytol. 172, 149-158

Biintgen U et al 2007 Growth responses to climate in a multi-species
tree-ring network in the Western Carpathian Tatra Mountains,
Poland and Slovakia Tree Physiol. 27, 689-702,

Burton J, Chen CR, Xu ZH and Ghadiri H 2007 Gross nitrogen
transformations in adjacent native and plantation forests of
subtropical Australia. Soil Biol Biochem. 39, 426-433

Chen CR, Xu ZH and Mathers NJ 2004 Soil carbon pools in adjacent
natural and plantation forests of subtropical Australia Soil Sci
Soc Am. J 68, 282-291

Elpani § et a] 2003 Iater-annual mobility of nitrogen between beech
rings: a labelling experiment Ann. For. Sci. 60, 503-508

Johnson CE, Smemik RJ, Siccama TG, Kiemle DK, Xu ZH, Vogt DF
2005 Using C nuclear magnetic resonance spectroscopy for the
study of Northern hardwood tissues. Can. J. For. Res 33, 1821-1831

Knicker H 2002 The feasibility of using DCPMAS N-15 C-13 NMR
spectroscopy for a better characterization of immobilized N-15
during incubation of C-13- and N-15-enriched plant materiaf, Org
Geochem. 33, 237-246.

Kanicker H, Erilnd R and Liidemann H-D 1993 The chemical nature
of nitrogen in native soil organic matter Naturwissenschaften 80,
219.221.

Mao XA, Xu ZH, Luo RS, Mathers NJ, Zhang YH and Saffigna PG
2002 Nitrate in soil humic acids revealed by nitrogen-14 nuclear
magnetic resonance spectroscopy. Aust.J. Soil. Res. 40, 717-726

Seguin V, Gagnon C and Courchesne F 2004 Changes in water
extractable metals, pH and organic carbon concentrations at the
soil-root interface of forested soils  Plant Soil 260, 1-17

Ireydite KS er al. 2006 Twentieth century was the wettest period in
northern Pakistan over the past millennium. Nature 440, 1179-
1182

Wardle DA, Bardgett RD, Klironomos IN, Setala H, van der Putten
WH and Wall DH 2004a Ecological linkages between
aboveground and belowground biota. Science 304, 1629-1633

Xu ZH and Chen CR 2006 Fingerprinting global climate change and
forest management within rhizosphere carbon and nutrient cycling
processes Environ. Sci. Pollut. Res 13, 293-298

Xu ZH, Drouet T, Blurifieid TJ, Perminckx V, Chen CR, Prasolova
NV, Diocares R, Zhengguo Shi ZG and Yan XD 2007 Climate
change and acid deposition reduce long-term tree growth in
central Evrope Nature (currently under external review)

Young IM and Crawford JW 2004 Interactions ard seif-organization
in the soil-microbe complex Science 304, 1634-1637



