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The southwest corner of Western Australia is one
of the 25 hotspots of biodiversity in the world
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Biodiversity is
more than ‘lots of
species’

It is also about
‘patterns and
processes’

Lambers, H., Ahmedi, |., Berkowitz, O., Dunne,
o --'~~3* C. anegan P.M. Hardy, G.E.St.J. Jost R.,
Lallberte, R., Pearse, S.J. &and Teste, A
2013. Phosphorus nutrition of phosphorus-

@ sensitive Australian native plants: Threats to a
global biodiversity hotspot. Conserv. Physiol. 1:



Pattern: plant species diversity increases
with decreasing soil phosphorus (P)
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Laliberté, R., Pearse, S.J. & and Teste, F.P. 2013. Phosphorus nutrition of P-sensitive Australian
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Plant-available
phosphorus
consistently approx.
5% of total P
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Process: proportions of species with different
nutrient-acquisition strategies

All plants All Western Australian Plants
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Brundrett, M.C. 2009. Mycorrhizal associations and other means of nutrition of vascular
plants: Understanding the global diversity of host plants by resolving conflicting
information and developing reliable means of diagnosis Plant Soil 320: 37-77.
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Other root clusters
include ‘capillaroid
roots’ in some
Restionaceae

Photos Dr Michael Shane




Sand-binding roots of Lyginia barbata (Restionaceae)




The difference between root nodules
(symbiotic) and cluster roots (non- g
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We work on the Jurien Bay dunes
on the Swan Coastal Plane, i
increasing in age from west to east A

/ Bay-
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Laliberté, E. etal. J. Ecol. 100: 631-642



Pattern: nitrogen (N) limits plant growth on

very young dunes; phosphorus (P) does on
older ones
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Collaboration
with
Smithsonian
(Ben Turner)




Stage 1: very young dunes
(10's—10Q years)

Total P (mg kg™')

Total N (gkg™')
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Stage 2: young dunes
(100's-1000's years)
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______________ Stage 3: young dunes
P (~7000 years)

Medium P

TotalN (gkg™")
Total P (mgkg™)
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Stage 4: old dunes
(~120,000 years)
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Stage 5: very old dunes
(>2,000,000 years)
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Pattern: phosphorus status of the soil
supporting non-mycorrhizal Proteaceae (with
cluster roots) and mycorrhizal Myrtaceas in
Western Australia

Proteacesae

Frequency

Lambers. H. et al. 20 40 60 80 100 120 140 200 300 =300

2006. Ann. Bot. Soil phosphorus concentration (ug g™)
98: 693-713. category upper limit



Process: developmental aspects of cluster roots

0 1-2 4-5 7-8 12-13 20-21

Shane, M.W., Cramer, M.D., Funayama-Noguchi, S., Cawthray, G.R., Millar, A.H., Day, D.A. &
Lambers, H. 2004. Plant Physiol. 135: 549-560.




Respiration and carboxylate exudation in
cluster roots of Hakea prostrata

C use (nmol g'1 FW s'1)

10

Respiration

Carboxylate
exudation

10 20 30
Time (days)

Shane et al. 2004.
Plant Physiol. 135:
549-560.




Carboxylates?

Think of them as organic acids

They are the anion component of the organic
acids

The main one that is released is citric acid
Another one is malic acid

It is not the “acid” that does the trick

It is actually the anions (i.e. carboxylates)




Nutrient availability as dependent on soll
pH - note low availability of phosphorus
and manganese at alkaline pH
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Soil looks a bit like

this — with only a
few phosphorus
jons in solution

Dxide particles

Phosphorus
ions

The dots on the oxide particles
represent phosphorus on the
soil surface

Courtesy: Dr Jim Barrow



Lambers, H., Chapin, F.S.lll & Pons, T.L. 2008. Plant Physiological Ecology,
CYTOSOL 2nd edjtion. Springer, New York.
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Dauciform root development in a Western
Australian sedge, Schoenus unispiculatus

very young

young

mature senescent
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Carboxylate exudation (nmol g' FW s)

N
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VEry young

young mature

Dauciform root age-class

senescent

Dauciform
roots release
exudates, in
an exudative
burst, just like

cluster roots in
Proteaceae

Shane et al. 2006. Plant, Cell
Environ. 29: 1989-1999.



Conclusions re
phosphorus acquisition
in plants that release
carboxylates

« Specialised roots
release vast amounts of

malate and citrate

» Carboxylates mobilise
phosphorus




Phosphorus status of the soil supporting
non-mycorrhizal Proteaceae (with cluster
roots) and mycorrhizal Myrtaceae in

Lambers, H. et al.
2006. Ann. Bot.
98: 693-713.
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Pattern: phosphorus concentration in mature
leaves

SW Australia—
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Lambers, H., Finnegan, P.M., Laliberté, E., Pearse, S.J., Ryan, M.H., Shane, M.W., & Veneklaas,
E.J.. 2011. Phosphorus nutrition of Proteaceae in severely phosphorus-impoverished soils: are
there lessons for future crops? Plant Physiol. 156: 1058-1066.



Cross section

of a Banksia

and a barley
leaf

Note the stomatal
crypts and sunken
stomata in Banksia

repens

Lambers, H., Finnegan,
P.M., Laliberté, E., Pearse,
S,J., Ryan, M.H., Shane,
M.W. & Veneklaas, E.J.
2011. Phosphorus
nutrition of Proteaceae in
severely phosphorus-
impoverished soils: are
there lessons for future
crops? Plant Physiol. 156:
1058-1066.




Process: photosynthesis of a
range of Banksia species
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Wright et al. 2004. Nature 428: 821-827,
Denton, M.D_, Veneklaas, E.J., Freimoser, F.M. & Lambers, H.
2007. Plant Cell Environ. 30: 1557-1565.




Conclusions re phosphorus
concentrations in leaf tissues

« Many SW Australian
Proteaceae species

function at extremely low
leaf P concentrations

« Many SW Australian
Proteaceae species
have very high rates of
photosynthesis per unit
of leaf P
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Phosphorus concentrations in young and
senesced leaves of a range of Banksia
species (Proteaceae)
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Denton, M.D., Veneklaas, E.J., Freimoser, F.M. & Lambers, H. 2007. Plant Cell environ. 30:
1557-1565.




Conclusions re phosphorus remoblisation
from senescing leaves and roots
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* Banksia species in south-
western Australia are
extremely efficient at

remobilising phosphorus
from their senescing leaves

* They reduce the
phosphorus concentration
In senescing leaves further
than any other species
does



Proteaceae have
very high seed P
concentrations
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Banksia.marginata
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Groves, R.H., Hocking,
P.J. & McMahon, A.
1986. Distribution of
biomass, nitrogen,
phosphorus and other
nutrients in Banksia
marginata and B. ornata
shoots of different ages
after fire. Aust. J. Bot. N : :
34: 709-725. T A of plant feans)




Average phosphorus concentrations
(mg g-' dry weight) in seeds of
Western Australian Proteaceae and
of a wide range of crop species
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Proteaceae look after their offspring!

Denton, M.D., Veneklaas, E.J., Freimoser, FM. & Marschner, H. 1995. In: Mineral
Lambers, H. 2007. Plant Cell Environ. 30: 1557-1565. Nutrition of Higher Plants.




What traits do species need to be
successful in severely P-impoverished
landscapes?

Efficient acquisition to ‘mine’ P that is ‘sorbed
to soil particles, e.qg., cluster roots

Efficient use of P in leaf metabolism
High P-remobilisation efficiency
High seed P content

Proteaceae in south-western Australia have
all these traits




Lifetime of phosphorus reserves

Phosphorus production [MT P/yr)
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Cordell, D., Drangert, J.-O. & White, S. 2009. The story of phosphorus: Global
food security and food for thought. Glob. Environ. Change 16: 292-305.
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