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PhosphorusPhosphorus

• After nitrogen , phosphorus is the next most
important “macronutrinet”

• Required for
– ADP/ATP production
– in membranes
– in nucleic acids
– can also be found in appreciable amounts (as

phosphate) is the vacuole



Phosphorus cycling
• Unlike nitrogen, phosphorus cycling includes significant inorganic

(mineral) reactions that make it much more difficult to study.

– These reactions also tend to interfere with the availability of
phosphorus in organic cycles.

– They also complicate the measurement of various forms of P.

• A second major difference isthat gaseous P (phosphine PH3) is
negligible in biogeochemical cycles and can be ignored.

• Nitrogen and phosphorus have very different
ultimate origins.



Early notions were that tropical forests were lushlush..
so they must have a high soil fertility!



Western Amazonia Central and Eastern Amazonia



This view of tropical soil
fertility gradually changed

Indeed, by the 1970s, it was
more or less accepted that
virtually all tropical soils
were old, infertile and
unsuitable for agriculture (!)

Reviewed in:



Sanchez and Buol  (1975)  in Peru and Richter and Babbar (1991) in
general showed that tropical

soil diversity was much
greater than previously
thought



Diversity in tropical soil fertility is massive
So we must be careful in making generalisations!



Substrate age

linear-log P/cation
relationship

There are good reasons for this



So, all we have to do is relate this variation in soil chemistry to
variations in tropical forest productivity ?!



Earliest work focussed
on cations, especially
calcium



“but then came the breakout paper”



Primary argument based on the notion of
NUTRIENT USE EFFICINCY

• Compared to temperate
forests, tropical forests
have a low nitrogen
use efficiency (and
lots of N)

• But especially for P
this is the other way
around



Based on surrogates of forest P status and productivity

ASSUMPTIONS

• Litterfall ~ new leaf
production

• New leaf production
~NPP

• [P] in litterfall reflects
that in the canopy itself

• K and Mg (etc) also not
important



Idea that P should become more limiting founded in
pedogenic theory

Walker T.W. and K. Syers (1976)Geoderma 15,1-19



Also evidence that N may be in excess for many tropical forests
• Relatively  high 15N for leaves and soil

– indicates a leaky system

• High rates of N2O emission
– indicates a leaky system

• High leaching losses for nitrogen
– indicates a leaky system

• Most of the species with a N2-fixing ability don’t
bother (most of the time)
– (most) “mature” tropical forests have nitrogen

coming out of their orifices



99.9% of the world has taken one of two
approaches to dealing with this theory

• Accepted it uncritically
– “(most) tropical forests are phosphorus limited”

• Ignored it completely
– “my mental constructs and/or models only deal with

temperate zone-like N-limitation concepts”
• “so I deal with tropical forests in the same way”



But not the Poms!









Fair enough: Study was dominated by a
rainfall gradient

But (apart from a few other problems)
did they measure the right phosphorus ??!



A five minute course in pedogenesis

1. Older soils are (generally) deeper but less fertile



8/7/2011 Galloway, 1998. 24

(Tab. 7.2.)

2. Different elements disappear at different rates



8/7/2011 Galloway, 1998. 25

(Tab. 7.5.)

3. Mineralogy changes as soils develop



Soil “age effects”

• More highly weathered soils tend to be high in
aluminium and iron oxides

• This means phosphorus tends to get “locked up”

• Typically less than 1% of total soil P is available in
older soils



Bound forms

• Adsorbed P (attached to Al and Fe irons on
the clay surface)
– Probably to some extent exchangeable

• Occluded P (stuck inside clay particle)
– Probably “gone for all time” (or at least a very

long time)



Soil P transformations
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Organic P

Stable
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BIOLOGICAL
TRANSFORMATIONS

GEOCHEMICAL
TRANSFORMATIONS



RAINFOR CONSORTIUMRAINFOR CONSORTIUM
• Leeds University (Oliver Phillips,

Jon Lloyd)
• Oxford University (Yadvinder

Malhi)
• MPI Jena

• Many local collaborators
across Amazonia
(30 -40)

• Integrated laboratory analyses
(Jena, Leeds, Manaus)



NOEL KEMPFF 2001,6,7
TAMBOPATA 2002,3,6

Bogi 2002,7

IQUITOS 2001,5,6
MANAUS

2002,5
CAXIUANA

2002,4,5,6

BRAGANCA
2002

TAPAJOS 2003Jatun Sacha 2002,7

RAINFOR Field Activities 2001-2007

ACRE
2003 SINOP 2002

SAN CARLOS
2004,6

JARI 2003

MOCAMBO
2003

EL DORADO
2004

Andes Transect 2003,6

RIO GRANDE
2004

AMACAYACU
2004,5,6,7

Alta Floresta 2002

Cusco Amazonico
2003,6

ZAFIRE
2005,6

Mabura Hills
2006

Jenaro Herrera 2005,6,7

Dois Irmaos
2003,6

Tiputini 2002,7

Sacta 2006
BEEM 2006

Porongaba
2003,6



Basin wide variations in stem growthBasin wide variations in stem growth
raterate

Malhi et al (2004) Global Change Biology



Soil fertility seems to be critical
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But can we pin it down to a specific
nutrient ?

• Ph.D thesis work of
Carlos (Beto) Quesada at
Leeds

• “Amazon rainforest
dynamics in relations to
soil  chemical and
physical conditions”.





Fractionated pools









Observations are not independent (spatially autocorrelated)



TOTAL soil phosphorus is the most important predictor
-BUT also climate and perhaps cations



ConclusionConclusion
• Vitousek probably right

– Although exchangeable cations and soil [P] correlate,
it is total soil phosphorus that is the best predictor
of above ground NPP.

• Probably this translates to total NPP





This may have
important implications
for tropical forest
[CO2] responses!



But life is never so simple



And savannas seem to be much more N-limited at first sight

Phosphorus

Nitrogen

South America Africa



Also reflected in a very different 15N



Very different (selfVery different (self--perpetuating ?)perpetuating ?)
biogeochemical cycles probably operatebiogeochemical cycles probably operate

in closely located ecosystemsin closely located ecosystems




