The terrestrial P cycle:
Ideas and opportunities
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Agriculture:

- How much P do we need for agriculture?
- Where are we going to get it?

- Will we run out?

Limiting nutrient (?):

- How and why does soil P content vary?

- What P forms are blologlcally avallable’? N
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Agriculture:

How much P do we need for agriculture?
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How much P do we need for agrlculture’?
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How much P do we need foragrlculture’?
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How much P do we need for agrlculture’?

Indicative Total
Nutrient (NPK) Harvested
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How much P do we need for agrlculture’?
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How much P do we need for agrlculture’?
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Global Soil Regions

Robinson Projection
Scale 1:130,000,000

Soil Orders
Alfisols Entisols Inceptisols Spodosols - Rocky Land

P Andisols  Gelisols B mollisols Ultisols Shifting Sand

Aridisols [l Histosols | Oxisols B vertisols | Ice/Glacier

US Department of Agriculture  Soil Survey Division
! J Natural Resources World Soil Resources

Conservation Service soils.usda.goviuse/worldsoils
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How much P do we ned for agriculture?
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Questlons that mlght be worth explorlng

Agriculture:

- Where are we going to get it?
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Where W|II we get our P from?

World phosphate rock reserves
(‘000 Tonnes)
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Flgure 1: Global phosphorus reserves are highly geographically concentrated and are under the control of
only a handful of countrles. (data: Jasinski, 2008)




Where W|II we get our P from’?
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Questions that might be worth exploring
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Agriculture:

- Will we run out?




e We need to better understand and control P Iosses from
farms.

 We need a global map of Soil P.

 We need to know how much of the P that is in soil is
available for pIant uptake and over what tlmescale




Questlons that mlght be worth explorlng

Limiting nutrient (?):

How and why does soil P content vary?




How and why does sml P content vary’?
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Global Sonl Reglons

Robinson Projection
Scale 1:130,000,000

Soil Orders
Alfisols Entisols Inceptisols Spodosols - Rocky Land

P Andisols  Gelisols B mollisols Ultisols Shifting Sand

Aridisols [l Histosols | Oxisols B vertisols | Ice/Glacier

US Department of Agriculture  Soil Survey Division
! J Natural Resources World Soil Resources

Conservation Service soils.usda.goviuse/worldsoils




How and why does sml P content vary’?

Phosphorus Fractions of Total P
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How and why does sml P content vary’?
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Can we use erosmn |n place of tlme to predlct son P’?

§

N Modeling Approach

Include:

*Erosion rate

‘Weathering zone thickness
¥ -P deposition

P leaching (currently one size fits all)

-Rock P content (currently one size fits all) [

Solve for Q - [Soil P]/[Rock P]

Saprolite

Bedrock

[P1=4q.

——————=——— "
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How and why does soﬂ P content vary?
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Depth (cm)
Depth (cm)

In fact leaching rate IS NOT Constant |

It may be more |mportant than tlme In determmmg P status




How and why does soil P content vary?
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Table 3.5. Composition of the bulk continental crust (see text for sources).

13 ppm
1.5 ppm
10 ppm
2.30%
3.20%
8.41%
26.77%
0.91%
5.29%

30 ppm
5400 ppm
230 ppm
185 ppm
1400 ppm
7.07%

29 ppm

NORM




Questlons that mlght be worth explorlng

Limiting nutrient (?):

- What P forms are blologlcally avallable’? |




0.5 g soil samples in 50 mL screw cap centrifuge
tubes

Add 30 mL deionized water plus 0.4 g Dowex

1 x 8-50 anion exchange resin in bicarbonate
form, shake 16 h, remove resin bag, centrifuge
and discard supernatant

-l ’
i
Add 30 mL NaHCO; (pH 8.5), shake 16 h,

Resin P (P))

centrifuge collect supernatant

—P

Add 30 mL 0.1M NaOH. shake 16 h, centrituge,
collect supernatant

Add 20 mL 0.1M NaOH and sonicate in an ice_q

Bicarbonate P (P, and
Po)

Hydroxide P (P, and
Po)

bath at 75 W (Braunsonic 1510) tor 2 min,
make to 30 mL volume, shake 16 h, centrifuge
and collect supernatant

’
Soil

Add 30 mL 1.0M HCI, shake 16 h, centrifuge
and coliect supernatant

’

Residual
Soil
Digesl with S mL HzSOa and HzOz

—p

Sonicatethydroxide P

Acid P (P))

Residue P (totai P
only)

Fig. 1. Hedley sequential phosphorus fractionation method for soils ( after Tiessen et al., 1984),
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What P forms are b| Ioglclly available?

Fraction "Available P"

N limited
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P limited




A Resin + Bicarb P
M Resin + Bicarb + NaOH Po

N + P limited
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What P forms are blologmlcally vallable’?

Extractable P (ug/q)

Extractable P (ug/qg)
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In control and Ca-fertilized plots
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What P forms are blologlcally avallable’?
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Is fungal mining the P equwalent of N flxatlon’?
What determmes how Iongapatlte stays around




Agriculture:

- A review of P binding capacities of Oxisols and Ultisols,

coupled with assessments of likely farm expansion and
readily available P deposits.

Limiting nutrient (?):

- Revisiting (gathering new) chronosequence data to get a
handle on P depletion rates in different climate zones.

- Experlments that get at avallabllltylturnove_r tlmes for P.
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