Phosphorus in a global context
Persistent issues in research and management
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Boil urine to reduecée’it to a thick syrup.
Heat until a red il lsiLIIs upﬁ?om it, and
draw that off. ‘
Allow the remainder to cool, }vhere it
consists of a black spg&dy upper part and a
salty lower part.
Discard the salt, mix the red oil backii
the black material. =
Heat that mixture strongly for 16 ho

phosphorus.
The phosphorus may be passed into colg
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Devilishly useful

DETERGENT PHOSPHATE BAN

POSITION PAPER PREPARED BY
THE REGION V PHOSPHORUS COMMITTEE
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Phosphorus as a crop nutrient
A pillar of modern crop production

U.S. Corn Grain Yield
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Challenge: the inequity of resource distribution
Overcoming soil P buffering

Phosphorus-retention potential Other regions

Low B High Dry [ Ice/glacier
Moderate M Very high Cold

Kochian: Nature, 2012
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Crop response
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Dissolved P - the universal headache
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aka “soluble P”

Lake Erie
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Chesapeake
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Image credit: World Resources Institute
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Crop Dairy Swine

P imported (kg/ha) . .
fertilizer 18 11 O Thinki ng of Pas a
feed 0 30 104
P exported (kg/ha) resource
milk/animals 0 12 20 a matter of budgets
crops 16 1 0

P balance (kg/ha) 2 29 84
Source: Lanyon (1999)
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“Legacy P” and animal agriculture
intensification and specialization of farming systems

Regional P imbalances

Poultry
Swine

\J Cattle

Maguire et al., 2007



Phosphorus: circular economy poster child

WASTEWATER
TREATMENT

DEAD ZONES

Point andifion-poinssaurBipoliters i ooso CIRCULAR ECONOMY

excess phosphorps in waterways creating algae Ostara's Pearl process recovers nutrients
blooms that do;:roy prodow ocosystems from a reaewable source and transforms

them into an environmentally friendly

J : high value fertilizer




Phosphorus: more valuable than oil?
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Commercial reserves of rock phosphate — 2016
National case for food security

Russia, 2%
Peru, 1%
Syria, 3%

Finland, 3% R [

The Desert Rock That Feeds the
World

USA, 2%

Australia, 1%

China, 5%

Morocco, 70%

Agrium phosphate shipment
from Western Sahara detained
in Panama




Opportunities for improvement
P Use Efficiency, Consumption, Recovery

o0 SUSTAINABLE MEASURES
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Source: Cordell, D.; White, S. Sustainable Phosphorus Measures: Strategies and Technologies for Achieving Phosphorus

Security. Agronomy 2013, 3, 86-116. (Copied from https://phosphorusalliance.org/about/)
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RECOVERY

a wastewater centric perspective
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Biosolids Land Application P—— - Struvite
Increasingly Challenged : |
Conclusions l : _ | “' Recove ry
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Implementation challenges
Pol:c:es markets, scale, incentives

CONSUMER PROOUCTS INGREDIENTS

Eco-friendly nutrient
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Food production and environmental health
Moving beyond win-win assumptions
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Obtained from Withers et al., 2017, displaying relationships of Poulton et al. (2013) and Heckrath et al. (1998)



Critical Source Area Management

Managing sources and transport pathways

Phosphorus il

source
Source area
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Critical Source Area Management

Disconnecting sources and transport pathways

Phosphorus
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Critical source areas
Chesapeake Bay uplands

Mattern
(11 ha)
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Field drainage — ditches and tiles
lower water tables, faster travel times, increased connectivity




PMT , # PLAT’s Subsurface
Subsurface

Score S
WW ¥ “‘". 1’”"“‘*”"%}1@&'}%{"'

.". ' "
0 :
" g
- b \ s
. '_,—.""‘ v JV AR LalliEE M)
- : ) g
. . ~ Shot ot al.. 2017. Unit
A L ok ﬁv - .,'.‘..' T et T s e




BMPs for P
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| q The allure of magic dust -‘\--
& structured liming and gypsum ™

Gypsum treatment of fields enhances
T water protection in agriculture

Volume 64, 2014 - lvsem 5

Gypsum treatment of agricultural fields has proven to be
1 safe and effective method, approved by farmers, in
e yopn reducing phosphorus load originating from agriculture to
. . the Baltic Sea. The results are based on a large-scale pllot
Pho phoms leaChlng from CIaY 80113 can he countera(:ted by project testing the application of gypsum to agricultural
structure liming fields in Southwest Finland. Large-scale use of gypsum
Barbro Ulén B8 & Ararso Etana . R would enable Finland to meet the goals set by the Baltic
Kpes 425423 | Ancaivec 23 T4l 2014, Accepte Marine Environment Protection Commission (HELCOM) for
reducing the phosphorus load entering the Baltic Sea
Gypsum treatment would have extensive potential
throughout the Baltic Sea area
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4R Nutrient Stewardship
A framework for strategic management




Mehlich-3

Kelowna, Modified Kelowna
Miller-Axley
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Proposed Tests
10 15 20 25 30 Fe-oxide strip
Soil test P (Bray-1), ppm Resin

Haney soil health test?

Univ. Nebraska: Coop. Ext. Publ., 1999




Soil P maintenance and land rental
Contractual obligations

4 39% of U.S. cropland More than 50% of = - 4L
Lake Erie is rented
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Revisiting P fertilizer recommendations
How low can you go?

Early season signs of deficiency are not the same as
yield decline




Struvite — slow release fertilizer
generally substitutes for high solubility fertilizers

Tahle 4, List of experiments reporting the fertilizer value of struvite
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T:‘:d': s s = al., 2013. lowa State Univ.

* Mumber refers to % improvement over control in P-uptake and'or yield; 55 = improvement is statistically
significant; NS = improvement is not statistically significant; NE. = statistics not reported; SOL = comparable 1o

Adapted from Gell et al., 2010



Better Fertilizer Decisions for Cropping Systems
Australia’s model program

i

MAKING BETTER FERTILISER
DECISIONS FOR CROPPING
SYSTEMS IN AUSTRALIA
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Better Fertilizer Decisions for Cropping Systems
Australia’s model program
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1. Boil urine to redueé’it té a thick syrup.
2. Heat until a red il is@s up ft_’om it, and
draw that off. P
3.  Allow the remainder to cool, }vhere it
consists of a black spg_ﬁy upper part and a
salty lower part.
4. Discard the salt, mix the red oil back
the black material. ’\ﬁ
5. Heat that mixture strongly for 16 ho .
6.  First white fumes come off, then an oilj the
phosphorus. ,
7.  The phosphorus may be passed into cold

water to solidify.

Discovery of phosphorus
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