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v Not-for-profit organization dedicated to
research and education for the responsable
management of plant nutrients for the benefit
of the human family.

“We train the trainers and
influence the influencers”

Dr. Terry Roberts - President IPNI
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Rothamsted, England

Wheat Experiment, 1852-1995

100 -

Average = 64%

82

v' Oldest agronomic experiment int he world. Started in 1843.
v Effect of fertilizer on crop production.
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AMONG OTHER SEVERAL ACTIVITIES

IPNI AWARDS

IPNI INTERNATIONAL:

v" IPNI SCIENCE AWARDS
v" IPNI SCHOLAR AWARDS

v IPNI PHOTO CONTEST

IPNI BRAZIL:

v IPNI BRAZIL PLANT NUTRITION AWARD - SENIOR

v IPNI BRAZIL PLANT NUTRITION AWARD — YOUNG RESEARCHER
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SEMINAR: DISPONIBILIDADE E MANEJO DE FOSFORO NO SOLO/
ESALQ-USP

USING PHOSPHATE RESOURCES AS EFFICIENTLY
AS POSSIBLE WITH CURRENT PRODUCTION AND
AGRONOMIC USE TECHNOLOGIES

1. INTRODUCTION

G

lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE




SOYBEAN P RESPONSE
ITIQUIRA, MT

CONTROL -




How TO OPTIMIZE THE USE OF P RESOURCES?

TRANSDISCIPLINARY PROCESSES FOR SUSTAINABLE PHOSPHORUS MANAGEMENT

G
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GLOBAL TRAPs - LEADERS

e

DR. ROLAND W. SCHOLZ DR. AMIT H. ROY

m ETH IFDC

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

— G

IPNI INTERNATIONAL PLANT NUTRITION INSTITUTE



http://www.ethz.ch/index_EN

v

v

IPNI INTERNATIONAL PLANT NUTRITION INSTITUTE

GLOBAL TRAPs — GENERAL INFORMATION

MISSION: LEAD TO IMPROYED RESOURCE UNDERSTANDING AND AWARENESS, FUNNELING

INTO SUSTAINABLE P MANAGEMENT AND STEWARDSHIP.

GUIDING QUESTION: “ WHAT NEW KNOWLEDGE, TECHNOLOGIES AND POLICY OPTIONS ARE

NEEDED TO ENSURE THAT FUTURE PHOSPHORUS USE IS SUSTAINABLE, IMPROVES FOOD
SECURITY AND ENVIRONMENTAL QUALITY AND PROVIDES BENEFITS FOR THE POOR?

ViISION: (1) LEADING GLOBAL LEARNING FORUM FOR SUSTAINABLE P USE IN A

TRANSDISCIPLINARY (JOINT, EYE-LEVEL, TRANSPARENT), COMPLEMENTARY AND NON-
POLITICIZED ARENA, (2) TO DEFINE THE CURRENT STATE OF KNOWLEDGE, (3) TO DEFINE
NEW TECHNOLOGIES WHICH ARE NEEDED TO BETTER PROCESS, USE AND RE-USE
PHOSPHORUS, (4) TO DEFINE MOST VALUABLE AREAS FOR POLICY INTERVENTION TO
ENSURE SUSTAINABLE P USE IN THE FUTURE.




GLOBAL TRAPs — WORKSHOP 1V
EL-JADIDA, MARC 16—18 2012
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GLOBAL
TRAPS:
PROJECT
TIMEFRAME

Start-up
phase

Planning
phase

Preparation
phase

Core-running
phase (Td Case
studies)

Closing phase

November 5-6

December 12-15

201

February February s
March 31— April 1
April 12

August 29-30

2012

March16- 18

August/September

December

S
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Presentation by R. W. Scholz and A. Ulrich: Transdisciplinary processes for
coping with global threats — How may this look like? The case of phosphorous
scarcity. Session IV: Global sustainability governance, International Conference
on Sustainability Science, Rome

Global TraPs presentation at the 8th Annual Meeting of the ITdNet, Vienna

Protecting water bodies from negative impacts of agriculture: Higher P
utilisation for reduced P loads. International Workshop, Goslar, Germany

Global TraPs Workshop at Sustainable P Summit, Arizona State University
(7 attendees)

Global TraPs Kick-off, Zurich (38 attendees)

North-South Forum, Phosphorus — A bottleneck of nature, jointly organised b
the North-South Centre and the NCCR North-South and held at the ETH Zuric

Global TraPs 39 workshop (72 attendees)

Global TraPs 4th workshop, El-Jadida (90 attendees)

Keep an eye out for more details about Global TraPs node meetings

Global TraPs world conference

Keep an eye out for more details about Global TraPs node meetings

Global TraPs 5t" workshop

Keep an eye out for more details about Global TraPs node meetings

Global TraPs closing world conference




PHOSPHATE MINE RESERVE LIFE AND RESERVE BASE LIFE

Togo

Senegal

Canada

Brazil B Reserve base life

Tunisia B Reserve life

Egypt
Syria

Israel

Russia
Australia
Jordan
S. Africa
us.
China

Morocco &

W.Sahara

SOURCE: USGS, 2009; ADAPTED FROM FIXEN,
2009.

New IFDC Report Indicates World Reserves of Rock
Phosphate Are Adequate to Meet Demand

World Phosphate Rock
‘IFDC

Reserves and Resources

v" HIGH PREMIUM PR IS
DECREASING WORLDWIDE
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How To OPTIMIZE THE USE OF P RESOURCES IN
AGRICULTURE?

EMPHASIS IN TWO IMPORTANT ASPECTS:

v How WE PRODUCE?

»’ How WE UTILIZE (AGRONOMICS)?

G
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2. HOW WE UTILIZE?
AGRONOMICS

G
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FACTORS INFLUENCING THE AGRONOMIC
EFFECTIVENESS OF P SOURCES

v

v  FERTILIZER PROPERTIES.

v’ CROP.

v/ SoiIL PROPERTIES.

v FERTILIZER AND SOIL

MANAGEMENT.

v

v

PHYSICAL PROPERTIES:

STATE (FLUID OR SOILID)

PARTICLE SIZE.

CONSISTENCY/HARDNESS.

FLUIDITY.

DENSITY.

MIXTURES WITH OTHER NUTRIENT SOURCES.

CHEMICAL PROPERTIES:

CHEMICAL COMPOSITION (COMPOUNDS PRESENT).

CONCENTRATION.

OTHER COMPOUNDS PRESENT (DESIRABLE OR
NOT)/OTHER NUTRIENTS.

REACTION IN SOIL(S): ACIDITY OR BASICITY LEVEL.

PHYSICAL-CHEMICAL PROPERTIES:

SOLUBILITY.

HYGROSCOPICITY.
“METALLING”/CAKING.
SALINITY.

G
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DRY-MATTER YIELD OF MAIZE (6 WEEKS) OBTAINED WITH
DIFFERENT P SOURCES ON AN ACID HARTSELLS SOIL (PH 5.2)

Hartsells (pH 5.2)

Dry-matter yield of maize, g/pot

PH OF SATURED SOLUTION: MCP = 1.0- 1.5, MAP = 3.5, DAP = 8.0.
DIFFERENCES IN CHEMICAL COMPOSITION OF SUBSEQUENT REACTIONS
MCP: CA(H,PO,),.H,0 + H,0—> CAHPO_.2H,0 +H;PO,.

DCPD AND DCP ARE SPARINGLY SOLUBLE.

20 30 40

Rate of P applied, mg P/pot

SOURCE: BOULDIN AND SAMPLE (1959). IPNI inrernationar PLANT NUTRITION INsTiTuTE




DRY-MATTER YIELD OBTAINED WITH SSP AND DAP WHEN P WAS
BROADCAST TO A CALCAREOUS SOIL

S AVAILABILITY OF SSP.

DIFFERENCES IN CHEMICAL COMPOSITION OF
SUBSEQUENT REACTIONS.

NH; TOXICITY ASSOCIATED WITH MAP AND DAP.

SSP
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Vernon clay soil
(Texas)

pH 8.0

20% CaCoO,

100 150

Rate of P applied, mg P/pot

SOURCE: LU ET AL., (1987). lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE




9.38 ]

FROM THE PR TO ITS AGRONOMIC
EFFECTIVENESS

9.37 1
9.36 4

9.35 |

COMPRIMENTO DO
PR FORMULA DA AP. E *

EIXo A (A)
KAIYANG, CHINA 9.372 CAp 0aNAg o1 MGy o, (PO,)504(CO3)006F 202
HAHOTOE, TOGO 9.351 CAg ,oNAL - MGy oo (PO ) 25(CO5)0 e, Faos
PESCA, COLOMBIA 9.346 CAp 726NAg 1aMGy o7 (PO,)5 25(CO3)072F 2 20
EL-HASSA, JORDAN 9.339 CAp gaNAg 2:aMGg 0o (PO L)z 12(CO3)0aaF2as 9.32
GAFSA, TUNISIA 9.328 CAp 50NAgQ 5oMGy 1, (PO,) 4 00(CO03)y 10F22s E
NORTH CAROLINA, USA 9.322 CAg 5aNAG MGy 13(PO L), 77(CO5), EaFg a9 9.31 —y= 9.369 - 0.034 X, I'2 =0.925

9.34 |

UNIT - CELL

9.33 |

00 02 04 06 08 10 12 14 16

MOLES CO,/PESO FORMULA

(=
N
|

YIELD (G/PoT)

CO4:PO, IN APATITE
°
|

— Y=12.21+4.70 x LN (SOL)
R’= 0.892

T 1

20 25 30 ; T e T
NAC SOLUBILITY, % OF TOTAL P,O,

NAC SOLUBILITY (%)

)
SOURCE: HAMMOND ET AL., (1986). lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE




FACTORS INFLUENCING THE AGRONOMIC
EFFECTIVENESS OF P SOURCES

v FERTILIZER PROPERTIES.

v  CROP.

v’ CROP.
v/ SoIL PROPERTIES.

v" CROPPING SYSTEM/ROTATION.

v/ FERTILIZER AND SOIL

MANAGEMENT.

G
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CROP — GRASS
SYSTEMS OF CULTIVATION

SANTA FE: MAIZE WITH BRACHIARIA

Y v - .
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P RECOVERY
OXisoL, 22 YEARS

ssp P RECOVERY

ANNUAL CROPS' ANNUAL + GRAsSsS?
KG/HA DE PO

100 44 85
200 40 82
400 35 70
800 40 62

1 A AREA FOI CULTIVADA POR DEZ ANOS COM SOJA, SEGUIDA DE UM PLANTIO COM MILHO E QUATRO CICLOS DA SEQUENCIA MILHO-SOJA, DOIS
CULTIVOS DE MILHO E UM DE SOJA.

= A AREA FOI CULTIVADA POR DOIS ANOS COM SOJA, SEGUIDA DE NOVE ANOS COM BRAQUIARIA MAIS DOIS ANOS COM SOJA E DOIS CICLOS DA

SEQUENCIA MILHO-SOJA, E CINCO ANOS COM BRAQUIARIA.

SOURCE: SOUSA ET AL., 2007.

W

IPNI INTERNATIONAL PLANT NUTRITION INSTITUTE




FACTORS INFLUENCING THE AGRONOMIC
EFFECTIVENESS OF P SOURCES

v  FERTILIZER PROPERTIES. SOIL P AVAILABILITY.

SolL PH.

v’ CROP.
D SoIL P FIXATION (PREC]PITAT]ON AND SPECIFIC

v  SoiL PROPERTIES. ADSORPTION).

SoiL MINERALOGY.

v FERTILIZER AND SOIL

SoilL. GRANULOMETRY.

MANAGEMENT. SoiL OM.

MYCORRHIZAES.

G
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SCHEMATIC DEMONSTRATION OF P EXTRACTED FROM SOILS BY
ION EXCHANGE RESIN

Q Seil Solution

Plant
Root

P

P - O

G

SOURCE: BETTER CROPS/VOL. 93 (2009, N° 1). lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE




EFFECT OF SOIL PH IN THE AMOUNT OF P IN PLANT
LEAF AND SOIL P BY DIFFERENT METHODOLOGIES

PH LEAF P SoiL P (MG bM™3®)

CACI, (G Ke™) MEHLICH 1 BRAY 1 OLSEN RESINA
3.8D * 2.44 B 17 A 20 A 41 A 33 B
4.2 C 21 A 18 A 21 A 33 B 36 AB
4.7 B 25 A 18 A 20 A 26 C 38 AB
5.1 A .26 A 19 A 18 A 19D 43 A
5.2 A 25 A 20 A 19 A 21 D 43 A
4.3 Cc .79 C 12 B 24 A 17 A 22 B
4.6 c .27 B 12 B 22 A 17 A 26 AB
5.3 B .81 A 16 A 25 A 16 A 33 AB
5.5 AB .87 A 15 A 20 A 12 A 35 A
5.7 A .80 A 16 A 20 A 12 A 37 A
4.3 A .85 cC 6 A 15 A 10 A 13 c
4.8 D 2.06 BC 7 A 16 A 11 A 16 c
5.5 cC 2.44 AB 5 A 13 A 7 A 17 BC
6.1 B 2.26 A 7 A 17 A 8 A 22 AB
6.4 A 2.55 A 7 A 15 A 8 A 27 A
4.5 D 2.35 B 9 A 20 A 18 A 16 c

SOYBEAN 4.9 Cc 2.69 AB 8 A 22 A 15 AB 19 BC
RIBEIRAO PRETO 6.1 B 2.88 A 8 A 20 A 13 AB 23 B
6.6 A 2.85 A 10 A 24 A 12 B 34 A

G

CROP AND LOCATION

BEANS
PARIQUERA-AGU

SUNFLOWER
MococA

- W0 W WwW(NW(W(w|w

SOYBEAN
MococA

SOURCE: RAILJ AND QUAGGIO (1990). lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE




FACTORS INFLUENCING THE AGRONOMIC
EFFECTIVENESS OF P SOURCES

v FERTILIZER PROPERTIES.

v" PLACEMENT.

v’ CROP.
v' MANAGEMENT OF OTHER NUTRIENTS.

v/ SoiIL PROPERTIES.

v WATER MANAGEMENT.

v  FERTILIZER AND SOIL
MANAGEMENT.

v MANAGEMENT OF OTHER LIMITING FACTORS.

G

lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE




PHOSPHOGYPSUM

Sulfate-S, cmol, kg
0.5 1.0 15

O, LV

X 1154 mm H,0O

Ny,

s-s0,,Ca .\

5

EXPERIMENT: EMBRAPA CERRADO.
PHoTO: IPNI.




NUTRIENT ABSORPTION BY BARLEY AS A FUNCTION OF
LIMING AND PHOSPHOGYPSUM APPLICATION

TRATAMENTO

LIME
No LIME 107,4 185,4 B 23,2 15,6
LIME ON SOIL SURFACE 128,8 207,7 AB 32,7 13,3
LIME MIXED TO THE SOIL 138,9 237,6 A 32,3 16,1
F VALUE 6,03Ns 7,59* 3,82Ns 4,48NsS
CV (%) 18,1 14,5 35,0 16,0
PHOSPHOGYPSUM, T.HA"!
o 109,3 5.4 192,3 26,6 14,4 5,7
3 115,5 7.8 178,1 25,0 15,2 11,7
6 141,6 7.9 227,9 30,6 15,6 20,6
9 133,8 8.6 242,7 35,3 14,9 22,8
EFFECT [L,e< [L,e< [L,e< [L,e< NS |LC
CV (%) 18,9 29,2 17,1 24,2 23,9 27,6

MEDIAS SEGUIDAS POR LETRAS IGUAIS NAS COLUNAS NAO DIFEREM SIGNIFICATIVAMENTE PELO TESTE DE
TUKEY AO NiVEL DE 5%. L: EFEITO LINEAR POR REGRESSAO. NS: NAO SIGNIFICATIVO A 5%, **:SIGNIFICATIVO
A 1%.

EXTRACTED FROM E.F. CAIRES ET AL.
V7 )
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SOURCE: BRAGANTIA, CAMPINAS, 60(3), 213-223, 2001.




PHOSPHATE ROCK DECISSION SUPPORT SYSTEM (PRDSS)
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RAE AT FIELD CONDITION (%) RAE AT FIELD CONDITION (%)

HTTP://WWW-ISWAM.IAEA.ORG/DAPR/SRV/EN/HOME
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SOURCE: U. SINGHE S. H. CHIEN (2008), UNPUBLISHED
DATA.




3. POTENTIAL NEW P
SOURCES

G
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CHAPTER EIGHT

RECENT DEVELOPMENTS OF FERTILIZER
ProDUCTION AND USE TO IMPROVE
NUTRIENT EFFICIENCY AND MINIMIZE
ENVIRONMENTAL IMPACTS

S. H. Chien,™* L. I. Prochnow,” and H. Cantarella®

Contents

L Introduction
2. Improving the Efficiency of Nitrogen Fertilizers
2.1, Controlled-release coated urea products
2.2. Slow-release urea-aldehyde polymer products 272
2.3. Urea supergranules for deep placement 273
z.4. Redudng nitrate leaching/denitrification by
nitrification inhibitors 275
2.5. Reduding ammonia wolatilization by urease inhibitors 275
2.6. Reducing ammonia volatilization and nitrate
leaching/denitrification by combining urease and nitrification
inhibitars 283
2.7. Use of ammonium sulfate to enhance N efliciency of urea 286
3. Improving the Efficiency of Conventional Phosphorus Fertilizers 288
3.1 Coated watersoluble phosphorus fertilizers 2BB
3.2. Urea supergranules containing phosphorus and potassium
nutrients
3.3. Fluid versus granular water-soluble phosphorus fertilizers 2
&. Use of Noncomvertional Phosphorus Fertilizers
4.1. Phosphate rock for dired application 293
&2, Mixture of ﬁns&ate rock and watersoluble P 296
4.3. Cakined nonapatite phosphate rock for diredt application 297
&4. Agronomic effectiveness of nonconventional acdulated
phosphate fertilizers 300
mnsmn rus Fertilizers Containing
Sulfur Nutrient 306

= Farmerly with Intematona Famlizer Devd opment Ceanter (TFOC), Muscle Shoak, Alibama, TUSA

' Inemarional Plant Mumition Insioes (TPIT), Piracicaba, SF, Frazl

! Inginea Agronfimico, Camgings, 5P, Brazi

' Corresponding awher: 1905 Beachwood Circle, Borence, Akhama, TISA; email nchisnficomestnet

Advawer in Agancsmy, Volume 102 = 2000 Flsevia Inc.
158N 0065-2113, THOT: 10010167 SO065-211 30010086 ATl righs reserved.
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RAE OF ALTERNATIVE SOURCES OF P AS RELATED TO
REGULAR HIGH WSP SSP

P SOURCE RYEGRASS
P UPTAKE
SSP (STANDARD)
PM PR 1
LG PM SSP o1
PM PR + SSP (C) 99 E—
PM PR + SSP (M) 69 G

6,0% CAALH(HPO,),F,

SOURCE: PROCHNOW ET AL. (2004). IPNI INTERNATIONAL PLANT NUTRITION INSTITUTE




MAIZE DMY WITH ALTERNATIVE SOURCES OF P
(A) FR HUILA AND (B) FR CAPINOTA

351 (A) FR Huila (B) FR Capinota
Fe,05+Al,0; » Fe,05+Al,0;
=2,3% =8,8%

25 25

20 20

15 15

10

MAIZE DMY (G poT!)

5

-®- TSP - PAPR & Compacted (PR+TSP) PR

-®- TSP M- PAPR —A- Compacted (PR+TSP) -A- PR

0+ : : : : - = : - :
100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450

RATEOF P (MG KG'' P)

Cay5(PO,)sx(CO)xFoaxsa + 12H" ¢=210Ca2* + (6-X)H,PO," + XCO, + (2+0.4X)F + XH,O

SOURCE: MENON AND CHIEN (1990). lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE




4. PRODUCTION OF REGULAR
FULLY ACIDULLATED P
SOURCES

NOT PAPR

G
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BACKGROUND INFORMATION

v IN SOME COUNTRIES, INCLUDING BRAZIL, ACIDULATED P
FERTILIZERS HAVE TO HAVE HIGH WATER-SOLUBLE P
(WSP; 90%) IN THE NEUTRAL AMMONIUM CITRATE (NAC)
+ H,O SOLUBLE P FRACTION (LEGISLATION).

v" PREMIUM GRADE PR IS DECREASING WORLDWIDE.

v HIGH AMOUNTS OF ENERGY AND MONEY ARE SPENT IN
ORDER TO ALWAYS PRODUCE P FERTILIZERS WITH HIGH
CONTENTS OF WSP.

v/ PART OF THE APATITE CONCENTRATES ARE DISCARDED.

\/lS IT REALLY NECESSARY FOR TOTALLY ACIDULATED P
SOURGCES TO ALWAYS HAVE HIGH WATER SOLUBILITY?

G
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LEHR (1980)

ARE WATER-INSOLUBLE PHOSPHATES TO BE AVOIDED AT
ALL COST?

THE NEED FOR A MORE REALISTIC SET OF PRODUCT
SPECIFICATIONS IS ONE OF THE MOST IMPORTANT
PROBLEMS CONFRONTING PHOSPHATE PRODUCERS TO
SEEK RELIEF FROM UNNECESSARY AND COSTLY
PURIFICATION STEPS. ONLY AGRONOMIC RESEARCH CAN
PROVIDE THE NECESSARY GUIDANCE.

G
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WHAT IS THIS?

IS THIS A MINERAL?
DOES IT OCCUR IN SOILS?

DOES IT OCCUR IN FERTILIZERS?
F

=>8E oK m
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WHAT IS THIS?

IS THIS A MINERAL?
DOES IT OCCUR IN SOILS?
DOES IT OCCUR IN FERTILIZERS?

B T

f \\4:///\
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QUESTION/
COMPOUND
CHARAC.

CHEMICAL FORMULA

FE,KH,(PO,),.6H,0

FE,KH,,(PO,),.4H,0

IS IT A MINERAL?

NO

NO

WHERE DOES IT
PRECIPITATE?

P FERTILIZER, GENERALLY
IN SSP

P FERTILIZER,
GENERALLY IN TSP

ToTAL P (TP)

20.4

23.8

NAC SOLUBLE P (CSP)

19.3

22.8

WATER SOLUBLE P (WSP)

0.03

o‘z

(WSP/CSP) * 100

002

0o9

RAE (MCP; UPLAND RICE)

33

73

RAE (MCP; FLOODED RICE)

75

f \«//\
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BOOK ON FERTILIZER COMPOUNDS

CRYSTALLOGRAPHIC PROPERTIES
OF FERTILIZER COMPOUNDS

. W. Frazier
. F. Dillard
D. Thrasher
. R. Waerstad
R
J

Bulletin Y-217 TVA/NFERC-91/4
National Fertilizer and Environmental Research Center
Tennessee Valley Authority

Muscle Shoals, AL 35660

February - 1991
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CALCIUM DIHYDROGEN PHOSPHATE, CA(H,PO,),.H,0

Page 1 of 2
CALCIUM DIHYDROGEN PHOSPHATE HYDRATE

ton Synonyms: Monocalcium phosphate, superphosphate
Structural Formula: CE(HZPOI;)Z'HZO
CAS Number: 7758-23-8

Environmental Data

XT Number: EPA Number:
fazard Classification:
Comments :

RQ Number:

Occurrence

lmportant constituent of superphosphate made by acidulation of phosphate rock with
i50,, !{BPOh, or HNO,. Hydrolysis product of vitreous calcium polyphosphate.

Preparation

4d Ca(OH), or Ca0 to concentrated H PO,; recrystallize product from hot 50% H,PO,

elution with slow cooling and constant stirring. Wash crystals with dry acetone
ad dry in vacuum.

Properties
ftaible in air. Dissolves incongruently in H,0 to leave residue of CaHPO,-2H,0 or

;aH?O . Dehydrates above 108° C. to Ca(H PO[‘)Z or to calcium acid pyropéospgate.

References
brom, E. H., and Lehr, J. R., J. Agr. Food Chem. 12, 201-4 (1964)
lom, W. E., and Lehr, J. R

<+ Soil Sci. Soc. Am. Proc. 23, 7-12 (1959)

rn, W. E.

+ Smith, J. P., Lehr, J. R., and Frazier, A. W., J. Phys. Chem. 62,
i25-7 (1958)

Usre, K. L., and Farr, T. D., Ind. Eng. Chem. 32, 580-6 (1940)

*;;éj. R., Brown, W. E., and Brown, E. H., Soil Sci. Soc. Am. Proc. 23, 3-7
59)

'2& J. R., Frazier, A. W., and Smith, J. P., Soil Sci. Soc. Am. Proc. 28, 38-9

‘¢, J. R., Potts, J. M., and Hand, L. D., Jr., U. S. Patent 3,208,821, Sept.

. Lehr, J. R., and Brown, W. E., Am. Mineralogist 40, 893-9 (1955)

Lehr, J. R., and Smith, J. P., J. Agr. Food Chem. 15:345-7 (March-
imier, A. W. and Lehr, J. R., J. Agr. Food Chem. 16:388-90 (May-June 1968)

itier, A. W. and Lehr, J. R., J. Agr. Food Chem. 15:348-9 (March-April 1967)

, Cl, and Br readily substitute in fattife, with slight changes in properties.

CALCIUM DIHYDROGEN PHOSPHATE HYDRATE

Optical Data

Crystal System, Class, and Habit: -
Triclinic, I. Crystallizes as colorless (010) plates elongated on c. Modifying
forms include (100}, {001}, {110}, {011}, {111}, and the pair (101) and (101). A
Polysynthetic twinning (albite law) with (010) as the composition plane. Carlsbad
twinning

Refractive Indices:

o«

1.496 B, w, or mean: 1.515 ¥: 1.529 d: 0.000

Optical Properties: . 3
Biaxial (-), 2V=(81.5°). 2 is ppd. to (010) and is inclined tolthe a-axis by 2 wa
in acute B; the X-Y plane is ppd. to (010), with X and OAP inclined to (010) by 37
in obtuse x. r >v, very weak. p=118.5°, d=2.22(2.23)

Unit Cell Data

Unit Cell Contents: 2[Ca(H,P0,),H,0]

Crystal System: Triclinic

Calculated Density: 2.190

Lattice Constants:

«: 99°50°’ B 118232 ¥: 83°9’
a: 5.670 b: 11.920 c: 6.510

Probable Space Group: PI

W

11.740

X-ray Data (D-Spacings and Intensities)

N
o

.850 9
.420 15
.400 5
.996 25
.688 13
.560
392
211
046
925
831
.703

660 5.340 1
.320 4.160 13
.350 3.190 15
.952 2.935 9
.677 2.669 25
«537 2.473
347 2.323
158 2.147
021 1.996
881 1.872
.792 1.780

.940 9
.880 100
.180 13
.833 11
652
452
296
124
958
.863
.762

4.650
3.580
3.080
2.728
2,585
2.406
2.240
2.081
1.934
1.845
1.722

©°
=3

HRERDRRDONOW SO
HRENDRONDOWWS
FPRERRODNDNDW WS
-
NFRRPWHENHOY

FHERNRORORNNRDWSOV

Infrared Absorption Bands (en™l)

(VS=Very Strong, S=Strong, M=Medium, W=Weak, B=Broad, H=Shoulder)

3450 S 3100 S,B 2400 W,B 2280 W,B 1653 M 1234 S 1145
1100 SH 1080 Vs 952 Vs 910 SH 880 M 852 M 670

571 M 547 M 503 Vs 395 M
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FE,KH,,(PO,),.4H,0

Page 1 of 2 Page 2 of 2

POTASSIL Y . 5 E p SP ! TETRAHYDRATE
4 1UM TRIALUMINUM 14-HYDROGEN PHOSPHATE A POTASSIUM TRIALUMINUM 14-HYDROGEN PHOSPHATE TETRAHYDRATE

Optical Data

Crystal System, Class, and Habit:
Environmental Data MOnOClini@._Z!m. Pseudohexagonal plates, tabular on (001), sometimes elongated along
b and modified by (100) and {110}
EPA Number: RQ Number:
Refractive Indices:
«: 1,500 B, W or mean: 1.528

Oechprenca Optical Properties:
et ‘ Biaxial (-), 2V=36°, Xwc, Ywa and 2=b. d=2.35 g/cc.
nerchant-grade wet-process
1 Forms in wet-process

oluble K minerals when
Unit Cell Data

Preparation

P,0¢) ntainin at temps. from 25 X-ray Data (D-Spacings and Intensities)

.710 8.770 100 4.350 7 3.760 4 3.730 8 3.710
. .260 3.200 4 3.040 6 2.990 11 2.930 14 2.820
Properties .710 2.390 2 2.380 2 2.150 1 1.944 2 1.916

lves incongruently in dilute HyPO,, -795 1.759 1
r concentration range 35 to 602 P,C G S increases . £
* Na analog is known. Substi “of Ne s Infrared Absorption Bands (cm™ ™)
it hygroscopic. Forms an ispmorphous series ir ki (VS=Very Strong, S=Strong, M=Medium, W=Weak, B=Broad, H=Shoulder)

j 3 es K. Citrate s« le; e T to concentrated
source for growing plants; car dehydrated at 100 3564 M 3445 M 3100 S,B 2400 W,B 1600 W 1196 s 1215
valug: 1144 VS 1088 VS 1070 SH 1045 SH 960 S 930 s 730
591 S 538 S 510 S 446 W

References
1,246, Jan. 16, 1964
Agr. Food Chem. 14,
50,490, April 1951
1schaften 52 (12),

and Smith, J. P.,
Powder Diffraction 2(3), 187-90 (September

and Kim, Y. K., "Redistribution of Impurities in Wet-Process
TVA Bulletin Y-202, April 1988

and Kim, Y. K., Fert. Res. 21, 45-60 (1989

PO4-H,0 at 75° C. publication in progres
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GENERAL CONCLUSIONS FOR ENTIRE RESEARCH PROJECT

v WHEN WORKING WITH ALTERNATIVE TOTALLY ACIDULATED B
FERTILIZERS |IT IS FUNDAMENTAL TO ACCESS ITS CHEMICAL
COMPOSITION (COMPOUNDS PRESENT IN THE WIPF).

FE-P COMPOUNDS CAN BE AGRONOMICALLY MORE EFFECTIVE AS A
SOURCE OF P UNDER FLOODED SOIL SYSTEMS THAN FOR UPLAND CROP
SYSTEMS.

RESEARCH HAS SHOWED NOT TO BE NECESSARY TO ALWAYS HAVE HIGH
WATER-SOLUBILITY IN FULLY ACIDULATED PHOSPHATE FERTILIZERS.
DATA OBTAINED SUGGEST THAT THE WSP REQUIREMENT SHOULD BE
RELATED TO THE SOIL SYSTEM, THE CROP AND THE CHEMICAL
COMPOSITION OF THE FERTILIZER.
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STUDY 1

P
P SOURCE

TOTAL AVAILABLE WATER 2% C.A.

CHARACTERIZATION AND AGRONOMIC
EVALUATION OF SINGLE
SUPERPHOSPHATES VARYING IN IRON
PHOSPHATE IMPURITIES

e

COMPOUND

FE3BKH8(PO4)6

FE3BNAH8(PO4)6

FE3H9(PO4)6

P SOURCE DRY-MATTER YIELD P UPTAKE
NA2SIF6

UPLAND RICE
MCP 100 100
SSP1 98 88
SSP2 96 93
CAF2
SSP3 88 76
MGS04 c

FLOODED RICE
SRSO4 .
MCP
ZNSO4 .

CAI10(PO4)6OHO.97F1.03

CA4SIAISO4F13

S102

2
3
4
5
6
7
8
9

o

SSP1 97
Ti2(S04)3 : :

ey ] ] SSP2 111

AL2(S04)3 . . SSP3 102

BA(H2P04)2 MCP: STANDARD SOURCE OF P

CASO4 RAE = (Bi/fMCP)*100, 1 = OTHER SSP
CA(H2PO4)2

SOURCE: PROCHNOW, L.I.; CHIEN, S.H.; TAYLOR, R.W.; CARMONA, G.;

HENAO, J. & DILLARD, E.F. AGRONOMY JOURNAL. 95:293-302, IPNI INTERNATIONAL PLANT NUTRITION INSTITUTE
2003.




v" MODEL:
STUDY 2
SEGMENTED (QUADRATIC AND LINEAR)

v\ RY = (DMY SI//DMY SJ)*100
PLANT AVAILABILITY OF SI: HIGHEST DMY

PHOSPHORUS IN FOUR PLATEAU:
SUPERPHOSPHATE FERTILIZERS "y=A+BX+CX2 IF X<XO AND Y=P IF X>XO

VARYING IN WATER-INSOLUBLE "TWO SECTIONS MUST MEET AT XO
PHOSPHATE COMPOUNDS "THE CURVE MUST BE SMOOTH (FIRST DERIVATIVE
WITH RESPECT TO X ARE THE SAME AT XO
"THESE CONDITIONS IMPLY THAT:
X0 = -B/2C AND P=A-B2/4C.

Conceptual conditions for the segmented model SSP - Relative yield
120

100
P

80

60

o
40 d
0
*

Relative yield of wheat, %
Relative yield of wheat, %

40 60 X0 40 60 80
Percent water-soluble P, % Percent water-soluble P, %

fod \ \
SOURCE: PROCHNOW, L.I.; CHIEN, S.H.; CARMONA, G.; HENAO, J.; \

DILLARD, E.F.; AUSTIN, E.R. SOIL SCIENCE SOCIETY OF lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE
AMERICA JOURNAL, 72:462-470, 2008.




STUDY 2

COMPOUND TSP 1

P SOURCE
TSP 2 SSP 1
%

SSP 2

FE.(K, NA, H H.(PO,), 4.7

19.3 4.3

PLANT AVAILABILITY OF

FE;KH,;(POy)g

PHOSPHORUS IN FOUR

CAALH(HPO,).F,

CA o(PO,)s(OH, F)

SUPERPHOSPHATE FERTILIZERS

SiO,

VARYING IN WATER-INSOLUBLE

CASO,

CA(H,PO,)

PHOSPHATE COMPOUNDS

TOTAL

MODELO DE REGRESSAO SEGMENTADA
FONTE DE P*

EQUAGCAO QUADRATICA (R?) SEP

DOSE (MG KG-' P)
REQUIRIDA PARA
ALCANGAR ®
90% DO
PLATEAU

PLATEAU PLATEAU

WSP (%) REQUERIDO
PARA ALCANGAR €

90% Do
PLATEAU

PLATEAU

MCP-DMY = 0,94 + 0,957x— 8,8 x 103x? (0,98)

MCP-RY 3,27 + 3,337x— 30,0 X 103x2 (0,97)

MCP-DMY 0,70 + 1,447x— 19,3 X 103x2 (0,97)

MCP-RY = 2,44 + 5,047x— 67,4 X 103x? (0,95)

TSP 1-RY 35,44 + 1,249x— 7,9 X 103x2 (0,97)

TSP 1-RY 34,13 + 1,830x— 15,3 X 103x? (0,96)

TSP 2-RY 47,98 + 0,745x— 3,9 X 103x2 (0,97)

TSP 2-RY 42,97 + 1,161x— 6,8 X 103x? (0,96)

SSP 1-RY 17,93 + 1,705x— 11,4 x 10°3x2 (0,97)

SSP 1-RY 24,42 + 1,897x—- 13,1 x 103x2 (0,97)

SSP 2-RY 58,76 + 0,683x — 4,7 X 103x2 (0,96)

SSP 2-RY 60,97 + 0,926x — 6,9 x 103x? (0,95)

SOURCE: PROCHNOW, L.I.; CHIEN, S.H.; CARMONA, G.; HENAO, J.;
DILLARD, E.F.; AUSTIN, E.R. SOIL SCIENCE SOCIETY OF
AMERICA JOURNAL, 72:462-470, 2008.
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STUDY 3

SYNTHESIS, CHARACTERIZATION AND AGRONOMIC EVALUATION OF IRON
PHOSPHATE IMPURITIES IN SUPERPHOSPHATES

FE;KHg(PO,).6H,0

Chemical Analysis for total
P, Fe, K, S and water of
hydration =

Calculated Formula:

peetilbaly | Fo) K, Hy(PO,)y/6.1H,0
I Y
30

40
2-Theta(°)

a1l
10 20

Intensity!

FE,KH,,(PO,),.4H,0

9.0
N\

70
60
0
10
30
2

801
\

I )

Wl
il
i

|
!

74
4000.0

3000

2000

1500 1000 500370.0
em-1

ANALISE QUIMICA PARA P TOTAL,
FE, K, S E AGUA DE HIDRATAGAO

FORMULA CALCULADA:

FE3 oKooH4(PO,)g 4.3H,0

SOURCE: PROCHNOW, L.I.; CHIEN, S.H.; ET AL. SOIL SCIENCE SOCIETY OF

AMERICA JOURNAL. 67:1551-1563, 2003.
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STUDY 3

SYNTHESIS, CHARACTERIZATION AND AGRONOMIC EVALUATION OF IRON
PHOSPHATE IMPURITIES IN SUPERPHOSPHATES

SEGMENTED REGRESSION MODEL WSP (%) REQUIRED TO REACH §

P SOURCE
QUADRATIC EQUATION PLATEAU PLATEAU 90% OF PLATEAU

H8-sYN UPLAND RICE Y=7.81+0.28X-6.2x1073X?

H14-sYN UPLAND RICE Y=22.831+0.398X-2.8x103X?

H8-sYN FLOODED RICE Y=14.52+1+1.168X-20.0x1073X2

H14-sYN FLOODED RICE Y=25.08+0.299X-3.8x1073X?

T STANDARD ERROR FOR COMPARING PREDICTED VALUES.
§ PERCENTAGE WATER-SOLUBLE P NEEDED TO OBTAIN THE PLATEAU OR 90% OF THE PLATEAU OF THE SEGMENTED MODEL.

SOURCE: PROCHNOW, L.I.; CHIEN, S.H.; ET AL. SOIL SCIENCE SOCIETY OF
it e A IP NI nrernamionar PLANT NUTRITION InsTiTuTE




STATISTICAL GROUP EXPERIMENT ANALYSIS
16 FIELD EXPERIMENTS

TRATAMENT
1

P SOURCE
SSP GCA (HIGH WSP)

AVERAGE RAE
96.1

SSP RCA (Low WSP)

95.3

SSP GCA/RCA

94.5

SSP PATOS (Low WSP)

95.5

C.V.= 10.4; DMs = 4.2.

1 CONJUNTO DE DADOS = EXPERIMENTOS O1 SULCO, O1 LANGO, O2 SULCO, 02 LANGO, 04 SULCO, 04 LANGO, O7
GRANULADO, 07 P66, 08-01 RSP, 08-01 RCP, 08-02 RSP, 08-02 RCP, 11, 12 M1, 12 M2, 12 M3.

G
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IT IS BELIEVED THAT IT WILL BE POSSIBLE TO UTILIZE
PR IN THE FUTURE IN A MORE COST-EFFECTIVE WAY BY:

v BEING ABLE TO ACCESS THE WEIGHT PERCENT CHEMICAL
COMPOUNDS OF THE FERTILIZERS (MODAL ANALYSIS),

v UNDERSTANDING THE BEHAVIOR OF THE IMPURITY COMPOUNDS
IN SOILS AND AS A P SOURGCE FOR DIFFERENT PLANT SPECIES,

v HAVYING MORE ACCURATE PROCESSES OF CONTROLLING THE
IMPURITIES FORMED IN THE PRODUCTION OF ACIDULATED P
FERTILIZERS.
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5. FINAL COMMENTS

1. TECHNICAL (SPEECH WRAP UP)

2. POLYTICAL/PHILOSOPHICAL:

2.1. STR FRANCIS BACON AND THE MISTAKES
OF THE HUMAN MIND
2.2. THE FUTURE
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1. FINAL COMMENT
TECHNICAL

(SPEECH WRAP UP)

HOW TO OPTIMIZE THE USE OF P RESOURCES?

v MORE ADEQUATE AGRONOMIC PROCEDURES.
v MORE ADEQUATE AND REALISTIC PRODUCTION OF P
FERTILIZERS.

v MANY FACTORS INTERACTING.
v FROM RESEARCH TO PRACTICE.

G
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P IN AGRICULTURE =
RELATED TO APATITE —
DECEIVING MINERAL

APATITE GETS ITS ODD NAME FROM THE GREEK WORD MEANING “TO DECEIVE” BECAUSE ITS
VYARIED FORMS AND COLORS CAUSED EARLY MINERALOGISTS TO CONFUSE IT WITH A HALF
DOZEN OTHER MINERALS (ZIM ET AL., ROCKS AND MINERALS, 1957)

FOSFATO DE ROCHA
KAIYANG, CHINA

COMPRIMENTO DO EIXO0 A _(A)
9.372

CA

FORMULA DA APATITE *

2.0aNAG 0, MGy 5,(PO,)504(CO2)0.06F202 |

HAHOTOE, TOGO

9.351

CA

p.70NAG 15MGg 06 (PO )5 30(CO3)0 61 Fp 24

PESCA, COLOMBIA

9.346

CA

2.76NAg 18MGg 07(PO,)524(CO5)072F 220 |

EL-HAsSsSA, JORDAN

9.339

CA

2.68NAG MGy oo (PO,)5 15(CO5) 0 85F 5 a5

GAFSA, TUNISIA

9.328

CA

p.50NAG 30MGg 15 (PO,) 4 00(CO5) 10F 5 44

NORTH CAROLINA, USA

9.322

CA

p.5aNAG 2,MG 12 (PO,), 5,(CO.), 2aF, 4o
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http://upload.wikimedia.org/wikipedia/commons/2/23/Apatite_Canada.jpg

APATITE AND IPNI MISSION

v' APATITE IS A LIMITED RESOURCE.

v" AMOUNTS OF HIGH QUALITY PR/APATITE IS DECREASING.

v' APATITE IS DECEIVING.

v’ USING APATITE WISELY IS DIRECTLY RELATED TO IPNI MISSION,
IOE.,

““TO DEVELOP AND PROMOTE SCIENTIF INFORMATION ABOUT THE
RESPONSIBLE MANAGEMENT OF PLANT NUTRITION FOR THE
BENEFIT OF THE HUMAN FAMILY”

G
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VALOR DO SERVIGCO: COMO AVALIAR?

UM TECNICO E CHAMADO POR UMA EMPRESA PARA AVALIAR O PROBLEMA EM
COMPUTADOR EXTREMAMENTE VALIOSO.

AP6S ESTUDO DETALHADO DO CASO O TECNICO DESLIGA O COMPUTADOR, ABRE UM
COMPARTIMENTO ESPECIFICO E DA UMA VOLTA E MEIO EM UM PARAFUSO.

RELIGA ENTAO A MAQUINA QUE PASSA A FUNGCIONAR PERFEITAMENTE.
O DONO DA EMPRESA LHE DA 0S PARABENS E PERGUNTA QUANTO E O SERVIGO.

FICA FURIOSO AO TER CONHECIMENTO QUE O VALOR COBRADO E DE R$ 5.000. DIZ QUE
NAO VAI PAGAR A MENOS QUE O TECNICO ENVIE UMA FATURA ESPECIFICANDO TUDO O QUE
FOI FEITO.

O TECNICO BALANGA A CABECA E YAl EMBORA SATISFEITO.

NO OUTRO DIA A FATURA E ENVIADA E APOS LEITURA O DONO DA EMPRESA — PESSOA DE
BOM SENSO - DECIDE PAGAR DE IMEDIATO 0S R$ 5.000.

A FATURA ESPECIFICAVA:

* APERTAR UM PARAFUSO 10,00

* SABER QUAL PARAFUSO APERTAR 4.990,00
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LUCIANO PIRES
O MEU EVEST

POETA ESPANHOL

ANTONIO MACHADO

CAMINANTE, NO HAY CAMINO.

SE HACE LO CAMINO AL CAMINAR.
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THANKS FOR YOUR ATTENTION WITH GREAT WISHES OF:
(1) SUSTAINABLE USE OF P RESOURCES AND
(2) ENORMOUS SUCCESS TO ALL OF YOU AND TO AGRICULTURE

PLEASE DON’T FORGET:
APATITE =
DECEIVING MINERAL

INTERNATIONAL

PLANT NUTRITION
]PN[ INSTITUTE

teNebsIter LA
http //WWW |pn| net

;Telefone/fax“ e
5 (19, 34 3254,1;._'. f 3

.!
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