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Jim Elser is a limnologist and a member of the US National Academy of Sciences with research focused on the effects of key limiting nutrients such as nitrogen and phosphorus in lake ecosystems. He is a Research Professor and Distinguished Sustainability Scientist in ASU’s School of Sustainability and serves as the Director for the Sustainable Phosphorus Alliance. He is also director of the Flathead Lake Biological Station of the University of Montana and co-author, with Phil Haygarth, of the book Phosphorus: Past and Future.
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PHOSPHORUS ATOMS:

THEIR DEEP & MYSTERIOUS PAST?
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T. Masseron et al.: “Galactic chemical evolution under- 08 5 AE 1 05 0

predicts the phosphorus we observe in the Milky Way [Fe/H]
ey Suggestlng that a Source Of phosphorus IS Phosphorus abundances as a function of metallicity (iron over hydrogen) for Galactic stars. Red stars show the

discovered phosphorus-rich stars, while the black symbols represent phosphorus-normal Galactic stars.

neglected in the models or even possibly unknown.” redit Masseron el (2020)
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Phosphorus Past

Terra preta: ancient, fertile, anthropogenic soil found amidst infertile soil in the

Amazon. Use of Tropical Rainforests by

7 T PR Prehistorically modified soils of central Amazonia: Native Amazonlans
4 ! Boa Vista ( LAY \gsunpan a model for sustainable agriculture in the = :
Colombia? >4y N ] \,_) g \ Guyina g twenty-first century These sophisticated and complex agricultural systems can serve
enczucla ;
I___rs/\\\ ; ,-/‘ f/ S = Bruno Glaser® as models of sustainable agroecosystems
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Much that has been
considered natural
forest is probably the
result of centuries of
human use
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Figure 1 Known occurrence of Terra Preta (do Indio) in central Amazonia. 0 MiaSeipnce Vol 40 No, 9
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Phosphorus Past

Copyvsghed Mate (g4

FARMERS OF
EORTY —
CENTURIES

Organic Farming
In China, Korea, and Japan

z. 118. = Farm village t with stacks of earth and I'l[lr-_ of compost for use as fertilizer, Shantung.
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Phosphorus Past

Henning Brand (1630 -1710)
German alchemist & the discoverer of phosphorus while
searching for the “philosopher’s stone”.

Rees—. Believe It orNot/

HENNING BRAND,
g A GERMAN DOCTOR AND ALCHEMIST,
DISCOVERED THE ELEMENT
PHOSPHORUS
R~ IN [@9
B WHILE ATTEMPTING TO DISTILL

N\ URKE W0 6o/
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Yields of Winter Wheat Under Continuous Culture
Broadbalk Field—Rothamsted

Bushels of Grain Per Acre
Mean Yield

Phosphorus Fertilizers: Past W e ma

2B Farmyard manure .. ) i ; 36.2
3-4 Unmanured . 125
2 Complete minerals, no nitrogen 12.9
6 Minerals plus 43 lbs. of nitrogen in sulphate
of ammonia . 23.3
ki Minerals plus 86 lbs. of nitrogen in sulphate
of ammonia ol i - 32.9
8 Minerals plus 129 Ibs. of nitrogen in sulphate
of ammbnia . . o 37.5
9 Minerals and 43 1bs. of nitrogen in nitrate of soda . 25,9v
Rothampsted Research 10 Sulphate of ammonia containing 86 lbs. of nitrogen.
_ and no minerals T 20.3
11 Sulphate containing 86 lbs. of nitrogen and
’ superphosphate _ . K e 23.0
12 Sulphate of ammonia containing 86 lbs, of nitrogen.
 Emnpurn superphosphate and sulphate of soda_ s 203
ks 13 Sulphulto of atmmmqia :i-nntuu)mg 86 lbs. of nitrogen, ’
. . ! superphosphate and sulphate of potash . . 317
. the oldest COﬂtlﬂUOUS'Y operatlng K‘i':-"g‘:;dm 14 Sulphate of ammonia containing 86 lbs. of nitrogen,
: ; R superphosphate, and sulphate of magnesia ___ 255
angCU|tUI°B| research station in the world ’ gl .
a Vs haste

- founded in 1843 when John Bennet bz e

Lawes began collaboration with Joseph

Henry Gilbert, a chemist
204  BIMONTHLY BULLETIN, VOLUME XVIII, No. 6, JULY-AUGUST, 1936
= initiated the classical Rothamsted Iong 15 Minerals and two applications of sulphate of am-
. i Dnm_wmsun - monia, totalling 86 lbs. of nitrogen, all applied in
term experiments on Broadbalk field D sistiaci fheantipn o T D 30.1
16 Minerals, and nitrate of soda amounting to 86 lbs.

of nitrogen .. i e 33.2
17-18 Minerals and P ntaining 86 1bs.
of nitrogen, applied in alternate wyears 30.1
17-18 Minerals only, (Sulphate of ammonia applied in
alternate years as above—this average from 17 and

18 with minerals only) 15.1
18 Rape cake containing &6 lbs, of nitrogen ____~ 23.5¢
y g 20 Sulphate of ammonia containing 86 Ibs. of nitrogen

= o and sulphates of potash, soda, and magnesia 17.64
\ et aMean of 26 years, 1900-1925.
ROTHAMSTED z 1'1{}‘:35 OE %‘1 yu.-:rs. 1RA5-1825,

. ‘Mean of 33 years, 1893-1925, Rape “'cake" iz rape zeed from which oil has been expelled.
RESEARCH - + “Mean of 18 years, 1308-1925 cm.?fudmg 12 anrJI) 1914, Sy L e
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Phosphorus Fertilizers: Past

1st wheat
12 - in rotation N PK
—a—Continuous wheat, unfertilised Fungicides »
* manure
S 10 4 == Continuous wheat, FYM ) ‘ r/
o Modern cultivars L4 A=h g : Borlau
32 ==l Continuous wheat, PkMg+144kpN e - = w g
4 & ffect
@ 8 { - 1stwheat, FYM+96kgN (+184kgN since 2005 1 p eirec
Rothampsted Research = il ’ e Herbicides ;
- B 1st wheat, largest yield with PkMg + N (max 288kgN) #
; 2 6 Limin, =
ioom i Fallowing i \ N P K
« the oldest continuously operating L Ovlied c b e, manure
agricultural research station in the world e 'E 4
- Tassia s S o Continuous
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Lawes began collaboration with Joseph { () Z
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+ initiated the classical Rothamsted long 0 T :

term experiments on Broadbalk field
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T
Red Rostock Red Club  Sq. Master Red Standard Sq. Master Flanders | Apallo Crusoe
Cappelle D.  Brimstone Hereward

Year and cultivar

ROTHAMSTED
RESEARCH
Fig. 1 Broadbalk: Mean yields of wheat grain and changes in husbandry (1852-2016) \D
ROTHAMSTED
RESEARCH
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Phosphorus Fertilizers: Past

1868: first mines in coastal S Carolina

. . :
Southwest 1885: SC produced 50% of global P rock

s 1890’s: SC declined; Florida increased
]
Southeast @
Idaho
Qo
Vernal, UT
< @ Beaufort
Centralg County, NC
Tennessee Fiorida Hard
Rock
* ]
\ @ Central
Florida
Phosphate Mining Districts >
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Phosphorus Fertilizers: Past

1868: first mines in coastal S Carolina
E‘;outhw st . 1885: SC produced 50% of global P rock
Montar?a £ 2 P i 1890’s: SC declined; Florida increased
o :

Southeast @
Idaho

Quickly, industrialization in the region began to take its toll, and many of the fears of local
Charlestonians became realized. Industrialists ravaged the once winsome local landscape of the
Holy City. Where beautiful antebellum plantation homes had dotted the banks of local rivers such
as the Ashley and Cooper Rivers, the late nineteenth century mining industry ushered in the
obtrusive sight of industrial barges, wharves, fertilizer mills, phosphate drying sheds, and smoke

stacks. The riverbanks of the Lowcountry literally were gutted and carted off piecemeal as

companies dug ruthlessly for their precious crude phosphates to sell.
Phosphate Mir DTSUTCTS
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Phosphorus Fertilizers: Past

CONSUMING
OCEAN ISLAND

STORIES OF PEOPLE AND PHOSPHATE
FROM BANABA

KATERINA MARTINA TEAIWA
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Phosphorus Fertilizers: Past

| cannot over-emphasize the
importance of Phosphorus not
only to agriculture and soil
conservation but also to the
physical health and economic
security of the people of the
nation.
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1914: Smith Lever Act es;abllshed Ag Extensmn sgrvice

@ National Fertilizer Developmeut Center
Muscle Shoals, AL e

NOURISHED :
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Phosphorus Fertilizers: Past

Norman
Borlaug

[ ”» —
high yield crops + water
+ fertilizer

Hey! What
about us?

Phosphorus (MT/a of P)
e & a8 8RB

: == i, Gilbert
1800 1850 1900 1950 2000

Hanry Gilbert, portrait by his brother Josiah, c.1840
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ARelation of anlnland-Sea,mear Danzick, yeilding at a certain fea-
Jon of the year a green [ubflance, which cauféth certain death 5 toge.
ther with an Obfervation about white Amber : Communicated by
Mr, Kirkby, in a Letter written to.the Publifher from Danzick
Decemb. 19,1671,

Phosphorus & Water: Past

the Cole-pearch, The water fvveetand vvholefome; but only
in the three Summer months, June, July, and Auguft, it becoms
every year, during the dry weather, green in the midle vvith an
hairy eflorefcence;vvhich green fubftance , being by fome vio

lent vvind forced a fhore, and vvith the vvater drunk by any
Cattel, Dog, or Poultry ,.caufct.h certain and fuddendeath;

The water sweet and wholesome, but only in the three
summer months...it becomes every year, during the dry
P il i weather, green in the middle with a hairy efflorescence;
- which green substance, being by some violent wind being
Publication in 1672 of animal deaths 2t fOrced ashore, and with the water drunk by any cattle, dog, or
the Tuchomskie Lake, northern Poland pOUltry, Causeth Certain and Sudden death.”

and a likely role of cyanobacterial
blooms
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Phosphorus & Water: Past

+ N & Organic C “..the single
wa ki€

most powerful
image in
the history of

~ timnology.”

+P & N & Organic C

1973 - 1977: David Schindler and colleagues
establish that P (and not C or N) is primary
driver of lake algal blooms.

W

—JAMES ELSER

SCIENCE

An experiment in Lake 226 to test eutrophicg . Carbon and nitrogen were poured into a lake a curtain in the middle,
Phosphorus was added to one side which ¢ d it to cloud with algae. 15D EXPERIMENTAL LAKE A
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Phosphorus & Water: Past

Lake Erie Total Phosphorus Load by Major Source

[0 Lake Huron [0 Atmospheric @ Point Source
[[] Nonpoint Source B Unspecified
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Figure 3— Annual loading of total phosphorus to Lake Erie, 1967 — 2007.
(Historical data from David Rockwell, U.5.EPA and David Dolan, University of Wisconsin Green Bay. ‘ y .
Data from 2002-2007 are based on personal communication from David Dolan to David Baker, Sustainable Phosphorus Alliance
Heidelberg University. Graph prepared by David Baker)




Phosphorus & Sustainability: The Past is Present

& The Future is NOW

So here we are.

We solved the “easy” phosphorus problems of the past.
e Need more yield? Add P to soil.
® Lakes too green? Reduce the point sources of P.

Now we have the wicked problem:
Increase food production while protecting drinking
water and aquatic biodiversity.

Sustainable Phosphorus Alliance



A wicked wake up call.

The Price of P

HE UNITED) STATES OFAMER
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P rock still 2.7x higher (inflation
corrected) than in 2005.
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From: Elser and White. Foreign Policy magazine
(online, 4/22/10)
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PHO

SPHORUS,

The Phoenix Phosphorus Declaration

We have achieved broad agreement on

important issues surrounding phosphorus

sustainability challenges and opportunities

and seek to raise global awareness about

We find:

Essential and limited. Phosphorus is
essential for all life because it is part
of critical molecules like DNA. It is a
limited natural resource needed to
sustain the vitality and productivity
of all ecosystems, including farms.

Imbalanced cycle. Mining of phosphorus
for fertilizer production has massively
altered the cycling of phosphorus on
Earth. This increased phosphorus use
has greatly expanded global capacity
for food production but also has led
to amplified phosphorus losses from
cities, towns, and farms that can lead
to degraded water quality, impair
freshwater and marine fisheries, and
alter natural biodiversity.

Food security. Phosphorus has a key
role in global food security, as reliable
access to affordable fertilizer can
allow farmers to improve yields and
increase quality of life, especially in
the developing world.

Recycle and reuse. Currently, much
phosphorus is lost in crop waste, food
spoilage, and animal & human waste.
Recycling this phosphorus can reduce
geopolitical and other uncertainties
surrounding phosphorus fertilizer
markets and enhance farmer prosperity.

them among all those with a stake in the
future of food, water, and the biosphere. All
of humanity, and indeed all living species,
has this stake.

Reduce demand. Phosphorus natural
resources can be extended by improving
efficiency of use in agriculture,
reducing erosion, limiting losses in
mining & industry, and eating lower in
the food chain.

Interconnected. Phosphorus
stewardship is coupled to other

major global sustainability challenges,
including those involving energy, water,
and other chemical elements.

Entrepreneurship. There are great
economic opportunities to innovate and
create new industries for phosphorus
supply diversification and for improved
agricultural phosphorus efficiency.
However, the suitability of such measures
will differ for different environments,
cultures, and contexts.

By closing the human phosphorus cycle
and transforming wastes into resources
and uncertainty into security, humanity
can implement a “new alchemy” in
which people become more secure
and enjoy greater well-being in a
healthy environment.

Participants in the 2011
Sustainable Phosphorus Summit
Tempe, Arizona, USA



Linkdping Sweden, 2010 3RD

SUSTAINABLE
PHOSPHORUS
SUMMIT

Jim Philippe
Elser  Hilsinger

Sustainable Phosphorus Summit

1-3 September 2014 - Le Corum - Montpellier, France

Cordell Zhang



Linkdping Sweden, 2009? 3RD
SUSTAINABLE
PHOSPHORUS
SUMMIT

Kunming
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“THE KUNMING WAGER
10% in 10 years

At the 10th Sustainable
P Summit (in 10 years),
recycled fertilizers will
contribute at least 10%
of global fertilizer use

(excluding manure
application & crop
residues).”
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Sydney, December 2011

Sustainable Phosphorus Summit

20_22 AATION:
w 018.com.br
August 2018 5 ifbevento
Brasilia Palace Hotel. Brazil

Jl Organizer:
L ¥4 Vinicius de Melo Benites

6th Sustainable Phosphorus Summit, Brazil, 20-28 August

2018.

Author(s) : Brazil, SUSTAINABLE PHOSPHORUS SUMMIT, 6., 2018, Brasilia, DF
Bulletin; Conference proceedings : Documentos - Embrapa Solos 2019 No.205 pp.unpaginate
Conference Title : 6th Sustainable Phosphorus Summit, Brazil, 20-28 August 2018

Abstract: This proceedings contains abstracts of papers presented at a conference that
brings together diverse science, policy and industry stakeholders from different parts of
the food production and consumption chain, to advance knowledge and identify actions
regarding the role of phosphorus availability and accessibility in food security and
agriculture, protecting the environment, and supporting rural and urban livelihoods.
Further, the conference brings together scientists and stakeholders from across the
globe, including developing and emerging countries, to foster exchange of views across
disciplinary boundaries and societal domains. In order to better improve phosphorus use
efficiency along the whole food chain, growing public awareness and re-thinking
education and learning on this major issue will also be key.

ISSN : 1517-2627
URL : https://www.infoteca.cnptia.embrapa.b..
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Linkdning Sweden. 2010 ETEENN

WHERE NEXT?

Africa?

Z
L) WHO?

=« |f you have ideas, see me or Phil Haygarth g

s before Thurs SPS poster session. g
% November 1-4,2022,  /Jes i '-.:!‘_'EW
e K “""”‘?'H; ;" aufm 0iij 1y




Phosphorus & Sustainability: The Past is Present

& The Future is NOW

e
The global phosphorus sustainability movement P gt
2003 - now... STEPS 2021
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The future of the world’s P system

will be shaped in this room.

e
The global phosphorus sustainability movement P gt
2003 - now... STEPS 2021
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