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As the focus of the scientific community across the
globe turns increasingly to issues such as food security,
energy sustainability, climate change and habitat resto-
ration, the need for a deeper understanding of the rela-
tionships between plants and soils has never been
greater. The study of roots and soils has been vital for
our understanding of terrestrial biogeochemical cycles
and plant health and nutrition. However, it has been the
recognition of the critical interface between the plants
and soils that has led to major advances in both disci-
plines (Hartmann et al. 2008b). When Hiltner intro-
duced the term rhizosphere in 1904 he dealt primarily

with the microbial ecology of the soil adjacent to the
root and how this could affect plant nutrition (Hiltner
1904). While this approach remains core to modern
rhizosphere research, chemical and physical processes
have also become recognised as key aspects of rhizo-
sphere science over the last century. The rhizosphere is
now studied much more widely: as a sink for root
exudates; a site of enhanced microbial activity and ge-
netic exchange, nutrient transformations, mass flow and
diffusion gradients; and, critically, as a home to mutu-
alistic and pathogenic symbionts and for its more wider
role inmaintaining soil physical structure (Dessaux et al.
2009; Pinton et al. 2007).

The relatively recent recognition of the fundamental
importance of the rhizosphere in research is reflected in
the striking and prolific increase in the use of the term
rhizosphere in titles of journal publications over the last
three decades, and in this century in particular (Fig. 1).
Despite its introduction in 1904, it was not until the
1930s that the term rhizosphere was first considered
sufficiently important in its own right to be used in the
title of a journal paper (Truffaut and Vladykov 1930). It
was then used only three times in the 1930’s and four
times in the 1940’s, so, not a meteoric rise in use for
some decades. By 1961 its use reached double figures
and only after the year 2000 does it consistently appear
in 100 or more titles each year, which then represents
more than 50 % of all occurrences or rhizosphere in
journal paper titles. Although it makes up only a small
part of the soil on the planet, the rhizosphere is arguably
now considered the most important biotic-abiotic inter-
face in the terrestrial biosphere.
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It is therefore not surprising that to commemorate
the hundredth anniversary of the coining of the term
“rhizosphere” by Hiltner (1904), an international con-
ference series was initiated in 2004, with the first
Rhizosphere conference held in Munich, Germany
(Jones et al. 2006; Hinsinger and Marschner 2006).
The excitement generated by bringing together the
eclectic disciplines that now contribute to rhizosphere
research, and the rapid pace of development in the
field, led to the next conference in the series in
Montpellier, France in 2007 (Jones and Hinsinger
2008; Dessaux et al. 2009; Hartmann et al. 2008a;
Jones 2009) which brought together an even wider
and more diverse group of scientists. Continued
growth of the field has led to an increased breadth
and depth of research now being undertaken glob-
ally, and the conference series has left its home in
Europe and travelled to the southern hemisphere. In
September 2011 the Rhizosphere 3 International
Conference was held in Perth, Western Australia.
The conference was attended by over 300 delegates
representing four continents, with conference topics
ranging frommolecular communications tomultitrophic
interactions.

In order to capture the state-of-the-art rhizosphere
research presented at the Rhizosphere 3 Conference,

selected presenters were invited to submit their work
for publication in this Special Issue of Plant and Soil.
The resulting set of papers comprise a wide range of
topics that include plant phosphorus (P) uptake, control
of root pests and diseases, rhizosphere nitrogen cy-
cling, testing of a new DNA assay to quantify
species-specific root biomass, rhizosphere effects of
hydrocarbon contamination, sodium uptake pathways
in a halophyte, and a Marschner review article on the
importance of root-produced volatiles as foraging cues
for entomopathogenic nematodes, which show poten-
tial to be significant biocontrol agents for insect pests
of major crops.

The large proportion of contributions which address
aspects of plant P uptake is appropriate to the location of
the conference in Perth. The south-western corner of
Australia is a biodiversity hotspot (Myers et al. 2000),
whose soils are impoverished in P (Laliberte et al. 2012)
and whose plants have evolved a wide range of novel
mechanisms to acquire P (Handreck 1997; Lambers et al.
2010; Shane and Lambers 2005). An influential body of
research on the rhizosphere and plant nutrition has orig-
inated from this region (e.g., Abbott and Robson 1978;
Lambers et al. 2010; Rengel and Marschner 2005), in-
cluding substantial contributions from the recently retired
Vice Chancellor of the University of Western Australia
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Fig. 1 Number of journal articles published annually that include the term “rhizosphere” in the title. Source: Thomson’s ISI Web of
Science, accessed 13th July 2012
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Professor Alan Robson, who opened the conference. The
two papers in this special edition which focus on peren-
nial plants native to Australia highlight unusual, but
contrasting, responses to increasing P availability—no
growth response in spite of enhanced P uptake by slow-
growing woody acacias (He et al. 2012) and a strong
growth response coupled with high accumulation of
shoot P by two herbaceous species (Suriyagoda et al.
2012). The identification of Australian native plants with
the capacity to accumulate high concentrations of P
without toxicity presents an intriguing contrast to the
large number of native species that also cannot down-
regulate their P uptake, but suffer P toxicity at low levels
of P availability (e.g., Johnston et al. 2006; Shane et al.
2004). In recent years, interest in Australian native plants
with unusual P physiology and the relative importance of
their various root adaptations to enhance P uptake, as
explored by Suriyagoda et al. (2012) in this volume, has
intensified as the need to improve P efficiency in crop
plants has become a matter of urgency (Lambers et al.
2011; Shi et al. 2012).

It should be remembered, however, that roots are
only one part of the story and the complex biology of
the rhizosphere is an important factor in plant P ac-
quisition. This is emphasised by two papers in this
Special Issue. Irshad et al. (2012) show that poorly
available organic P could be made available to plants
only through the grazing by nematodes of phytase-
producing bacteria, and Jin et al. (2012) report that
elevated CO2 may increase the amount of P immobi-
lised by microorganisms in the rhizosphere. These
complex interactions are likely to be the focus of much
future research.

A second major focus of this Special Issue is control
of root pests and diseases. Worldwide, root diseases in
crops cause substantial yield losses (Doornbos et al.
2012). Root pests and diseases also pose a serious threat
to natural ecosystems, as is currently the case with
Phytophthora cinnamomi in south-western Australia
(Cahill et al. 2008), and such threats may intensify under
climate change (Pautasso et al. 2012). In this context,
the papers in this Special Issue that focus on control of
root pests and diseases are of particular importance.

The Marschner review by Turlings et al. (2012) is
especially noteworthy, first summarising the evidence
for root volatiles as foraging cues for parasitic ento-
mopathogenic nematodes and then presenting data to
show that there may be a synergistic effect of root
volatiles and CO2 as attractants for the nematodes.

They conclude that there is considerable potential to
improve the effectiveness of entomopathogenic nem-
atodes as biological agents for crop insect pests by
both improvement of signalling by crops and respon-
siveness to specific signals by the nematodes (Turlings
et al. 2012). These findings may prove critical for the
development of effective control techniques for serious
insect pests of major crops including the western corn
rootworm (Diabrotica virgifera virgifera), a destructive
and worsening pest of corn in the United States and
Europe (Gray et al. 2009). The Marschner review is
complemented in this special edition by a paper by
Hiltpold et al. (2012), who show that entomopathogenic
nematodes can be effectively applied to soil by encap-
sulating them in a polysaccharide shell with added
attractants and feeding stimulants. With further devel-
opment this technique could overcome constraints to
adoption of nematodes as biological control agents that
arise from current application methods.

The theme of plant rhizosphere signalling in re-
sponse to biotic or abiotic stresses is picked up again
byKawasaki et al. (2012). Using a split-root model, they
show that stressing part of the rhizosphere of a legume
plant with an organic pollutant such as pyrene leads to
changes in the composition of the rhizosphere fungal
and bacterial community in both the stressed and un-
stressed parts of the rhizosphere. This demonstrates the
presence of signalling pathways between different parts
of the rhizosphere mediated by the plant, and suggests
further questions about whether these pathways are also
important for other plant stress responses or other
aspects of rhizosphere function.

Finally, quantification of root biomass has always
been a difficult task, due to the losses associated with
removing and washing roots. Differentiation of roots
belonging to co-occurring plant species is then a further
difficulty. A DNA method which uses quantitative PCR
to amplify species-specific DNA based on the 18S–23S
(ITS) spacer region (Haling et al. 2011; Riley et al. 2010)
for quantification of root biomass of individual plant
species grown in field plots is an exciting step forward
in this regard (Haling et al. 2012). Although considerable
calibration is required, and considerable replication, the
technique can show differences between plant genotypes
in root growth and may be especially useful in situations
where rapid processing of large numbers of samples is
required (Haling et al. 2012).

Overall, the papers presented in this special issue
represent a key subset of the research presented and
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discussed at the Rhizosphere 3 Conference. The
breadth and diversity of this research has continued
to expand rapidly in recent years, fuelled by advances
in technology, and intense interactions between scien-
tists in different disciplines. The application of sys-
tems biology approaches to provide integrated and
holistic analyses of plant-soil-biota interactions, and
the development of high resolution, non-destructive
phenomic studies, offer exciting prospects for the next
Rhizosphere conference, Rhizosphere 4, to be held in
the Netherlands in 2015.

References

Abbott LK, Robson AD (1978) Growth of subterranean clover
in relation to the formation of endomycorrhizas by intro-
duced and indigenous fungi in a field soil. New Phytol
81:575–585

Cahill DM, Rookes JE, Wilson BA, Gibson L, McDougall KL
(2008) Phytophthora cinnamomi and Australia’s biodiver-
sity: impacts, predictions and progress towards control.
Aust J Bot 56:279–310

Dessaux Y, Hinsinger P, Lemanceau P (2009) Rhizosphere: so
many achievements and even more challenges. Plant Soil
321:1–3

Doornbos RF, van Loon LC, Bakker P (2012) Impact of root
exudates and plant defense signaling on bacterial commu-
nities in the rhizosphere. A review. Agron Sustain Dev
32:227–243

Gray ME, Sappington TW, Miller NJ, Moeser J, Bohn MO
(2009) Adaptation and invasiveness of Western corn root-
worm: intensifying research on a worsening pest. In Annu
Rev Entomol 54:303–321

Haling RE, Simpson RJ, McKay AC, Hartley D, Lambers H,
Ophel-Keller K, Wiebkin S, Herdina RIT, Richardson AE
(2011) Direct measurement of roots in soil for single and
mixed species using a quantitative DNA-based method.
Plant Soil 348:123–137

Haling RE, SimpsonRJ, Culvenor RA, Lambers H, RichardsonAE
(2012) Field application of a DNA-based assay to the mea-
surement of roots of perennial grasses. Plant Soil, this issue

Handreck KA (1997) Phosphorus requirements of Australian
native plants. Aust J Soil Res 35:241–289

Hartmann A, Lemanceau P, Prosser JI (2008a) Multitrophic
interactions in the rhizosphere—rhizosphere microbiology:
at the interface of many disciplines and expertises. FEMS
Microbiol Ecol 65:179

Hartmann A, Rothballer M, Schmid M (2008b) Lorenz Hiltner,
a pioneer in rhizosphere microbial ecology and soil bac-
teriology research. Plant Soil 312:7–14

He H, Bleby TM, Veneklaas EJ, Lambers H (2012) Arid-zone
Acacia species can access poorly soluble iron phosphate
but show limited growth response. Plant Soil, this issue

Hiltner L (1904) Über neuere Erfahrungen und Probleme auf
dem Gebiete der Bodenbakteriologie unter besonderer

Berücksichtigung der Gründüngung und Brache. Arb
Dtsch Landwirtsch Ges 98:59–78

Hiltpold I, Hibbard BE, French BW, Turlings TCJ (2012)
Capsules containing entomopathogenic nematodes as a
Trojan horse approach to control the western corn root-
worm. Plant Soil, this issue

Hinsinger P, Marschner P (2006) Rhizosphere—perspectives and
challenges—a tribute to Lorenz Hiltner 12–17 September
2004—Munich, Germany. Plant Soil 283:vii–viii

Irshad U, Brauman A, Villenave C, Plassard C (2012) Phosphorus
acquisition from phytate depends on efficient bacterial graz-
ing, irrespective of the mycorrhizal status of Pinus pinaster.
Plant Soil, this issue

Jin J, Tang C, Armstrong R, Sale P (2012) Phosphorus supply
enhances the response of legumes to elevated CO2; (FACE)
in a phosphorus-deficient vertisol. Plant Soil, this issue

Johnston ME, Gikaara DM, Edwards DG (2006) Phosphorus
nutrition of Caustis blakei grown with two phosphorus sour-
ces of different solubility in two soils of differing phosphorus
adsorption capacity. Sci Hortic 110:298–304

Jones DL (2009) Rhizosphere 2 international conference,
Montpellier, August 2007. Soil Biol Biochem 41:1767

Jones DL, Hinsinger P (2008) The rhizosphere: complex by
design. Plant Soil 312:1–6

Jones DL, Kirk GJD, Staunton S (2006) Foreword to the
‘Rhizosphere 2004’ papers in this issue of the Journal.
Eur J Soil Sci 57(1):1

Kawasaki A, Watson ER, Kertesz MA (2012) Indirect effects of
polycyclic aromatic hydrocarbon contamination on micro-
bial communities in legume and grass rhizospheres. Plant
Soil, this issue

Laliberte E, Turner BL, Costes T, Pearse SJ, Wyrwoll KH,
Zemunik G, Lambers H (2012) Experimental assessment
of nutrient limitation along a 2-million-year dune chrono-
sequence in the south-western Australia biodiversity hot-
spot. J Ecol 100:631–642

Lambers H, Brundrett MC, Raven JA, Hopper SD (2010) Plant
mineral nutrition in ancient landscapes: high plant species
diversity on infertile soils is linked to functional diversity
for nutritional strategies. Plant Soil 334:11–31

Lambers H, Finnegan PM, Laliberte E, Pearse SJ, Ryan MH,
Shane MW, Veneklaas EJ (2011) Phosphorus nutrition of
Proteaceae in severely phosphorus-impoverished soils: are
there lessons to be learned for future crops? Plant Physiol
156:1058–1066

Myers N,Mittermeier RA,Mittermeier CG, da Fonseca GAB, Kent
J (2000) Biodiversity hotspots for conservation priorities.
Nature 403:853–858

Pautasso M, Doring TF, Garbelotto M, Pellis L, Jeger MJ (2012)
Impacts of climate change on plant diseases-opinions and
trends. Eur J Plant Pathol 133:295–313

Pinton R, Varanini Z, Nannipieri P (2007) The rhizosphere:
biochemistry and organic substances at the soil-plant inter-
face. CRC Press, Boca Raton

Rengel Z, Marschner P (2005) Nutrient availability and man-
agement in the rhizosphere: exploiting genotypic differ-
ences. New Phytol 168:305–312

Riley IT, Wiebkin S, Hartley D, McKay AC (2010) Quantification
of roots and seeds in soil with real-time PCR. Plant Soil
331:151–163

4 Plant Soil (2012) 358:1–5



Shane MW, Lambers H (2005) Cluster roots: a curiosity in
context. Plant Soil 274:101–125

Shane MW, McCully ME, Lambers H (2004) Tissue and cellular
phosphorus storage during development of phosphorus
toxicity in Hakea prostrata (Proteaceae). J Exp Bot
55:1033–1044

Shi T, Zhao D, Li D, Wang N, Meng J, Xu F, Shi L (2012)
Brassica napus root mutants insensitive to exogenous cy-
tokinin show phosphorus efficiency. Plant Soil, this issue

Suriyagoda LBD, Lambers H, Renton M, Ryan MH (2012)
Growth, carboxylate exudates and nutrient dynamics in
three herbaceous perennial plant species under low, mod-
erate and high phosphorus supply. Plant Soil, this issue

Truffaut G, Vladykov V (1930) The microflora of a wheat
rhizosphere. C R Hebd Séances Acad Sci 190:824–826

Turlings TCJ, Hiltpold I, Rasmann S (2012) The importance of
root-produced volatiles as foraging cues for entomopatho-
genic nematodes. Plant Soil, this issue

Plant Soil (2012) 358:1–5 5


	Rhizosphere 3: where plants meet soils down-under
	References


