lPNl IPNI Brazil Program Director

INTERNATIONAL

PLANT NUTRITION
INSTITUTE

CONGRESO PERU
Tarapoto, Nov 16 - 21
(/8
\\ Dr. Luis Ignéacio Prochnow

SOIL FERTILITY EVALUATION
AND CONTROL WITH EMPHASIS
IN THE ION EXCHANGE RESIN







INFORMACOES GERAIS

v Na medida em que a populacdo mundial e a demanda por
alimentos, combustivel e fibra continuam a aumentar, existe
em paralelo a necessidade crescente por conhecimento e

V4

informacao baseado em ciéncia responsavel. E nesse

contexo que aparece o IPNI.
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Cereal yield (1/ha)
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World wheat plus coarse grains, 1978-2008
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v ... at today’s level of the economic
activity and today’s global population of
6.5 billion people we are not sustainable
with our current technologies and our

current approachs in a global scale
v'(J. Sacchs, 2007)




Estamos sobre uma lupa ....

.... COMO nunca antes

Extracted from Fixen, 2008
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INFORMACOES GERAIS

v Na medida em que a populacdo mundial e a demanda por
alimentos, combustivel e fibra continuam a aumentar, existe
em paralelo a necessidade crescente por conhecimento e

informacao baseado em ciéncia responsavel. E nesse
contexo que aparece o IPNI.

==v" O “International Plant Nutrition Institute” (IPNI) é uma
organizacao nova, sem fins lucrativos, dedicada ao manejo
responsavel dos nutrientes das plantas — N, P, K, nutrientes
secundarios, e micronutrientes — para o beneficio da familia

humana.
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IPNI: OBJETIVOS GERAIS

Ajudar a definir as bases para o uso e manejo apropriado dos nutrientes
das plantas, com foco especial em aspectos econdomicos e ambientais

Providenciar uma voz unificada e cientifica para o setor de fertilizantes
mundial, sendo, independente da industria, cientificamente acreditada e
reconhecida por governos, instituicoes académicas, NGOs, publico em
geral, e pela proépria industria

Providenciar informacdes regionais compreensiveis no sentido de
auxiliar na resolucao de problemas agronomicos e ambientais

Providenciar informacao confidvel quanto ao uso apropriado de
fertilizantes para contrabalancar o grau crescente de desinformacao
qguanto a utilizacao destes produtos

Providenciar suporte técnico a membros e organizagcoes da industria que
sirvam de recurso para relagoes publicas e atividades promocionais

@




IPNI: MISSAO

v'Desenvolver e promover informacoes
cientificas sobre o manejo responsavel
dos nutrientes das plantas para o
beneficio da familia humana




IPNI: EQUIPE CIENTIFICA

Dr. José Espinosa

Director, Northern Latin America
Gaspar de Villarroel 154 y Av. Eloy Alfaro
Casilla Postal 17-17-980

Quito, ECUADOR

Phone: 593-2-463175
Fax:593-2-464104
jespinosa@ipni.net
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IPNI: TACTICAL PLAN

Global Themes
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Programa de Pesquisa do IPNI/FAR
169 projetos
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A GOOD PROGRAM UNDER AGRICULTURE
NUTRIENT MANAGEMENT SHOULD INITIALLY,
AND ABOVE ALL, HAVE AN EFFICIENT METHOD

TO PROPERLY EVALUATE THE SOIL
BIOAVAILABILITY OF PLANT NUTRIENTS

lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE




Spatial distribution of pH CaCl, 0.01 mol Lt (A). P (B). base saturation
(C). and soil management recomendation (D) in farms S&o José da

Barra. S&o Jodo de Cima e Volta Grande (

arovek & Cooper, 2003)
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EXERCISE 1

THE DETERMINATION OF P IN A SOIL SAMPLE, USING
METHODOLOGY “A”, REVEALED AN AMOUNT OF 4 MG
DM 3 (VERY LOW). THE FERTILIZER RECOMENDATION TO

MAIZE IN THIS CASE WOULD BE 100 KG HA' oF P,O..
AN EXPERIMENT UNDER THIS FIELD SITE SHOWED THAT
THE CROP DID NOT RESPOND TO P (7.5 T HA''). MAKE
COMMENTS REGARDING THE EFFECTIVENESS OF
METHODOLOGY ‘“A”.




SEVERAL METHODS TO EVALUATE SOIL
NUTRIENT BIOAVAILABILITY

ADVANTAGES OF SOIL CHEMICAL ANALYSIS

v. ANTICIPATES CHEMICAL MANAGEMENT
v RELIABLE WHEN PROPERLY ADJUSTED
v EASILY USED ON ROUTINE BASIS

v GENERALLY NOT EXPENSIVE

@
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Rate of P,O application considering regular farmer practice versus
when utilizing soil chemical analysis.

Rate of P,O. P,O: balance

Applied by

Required @
farmer .

3 -30

12 0

28 60 30 + 30

(@) Soil P (mg dm=3): 0 — 6 = very low, 7 — 15 = low, 16 — 40 = medium, 41 — 80 = high, > 80 = very high.
@ According to maize calibration and response curve studies by the resin method to evaluate the bioavailable pool of
P in the soil.

lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE




PROPERLY ADJUSTED TO LOCAL
CONDITIONS

v CORRELATION (WHAT METHODOLOGY?)

v  CALIBRATION (NUMBERS VERSUS PLANT
REQUIREMENTS)
v RESPONSE CURVES (WHAT TO ADD?)

lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE




CORRELATION STUDIES

P absorved by rice, mg/pot
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CALIBRATION STUDIES

RELATIVE YIELD (%)
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CALIBRATION STUDIES

RELATIVE YIELD (%)
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RESPONSE CURVE STUDIES N I\PNI
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RESPONSE CURVE STUDIES

Price of final yield or fertilizer

X1 X2
Rate of nutrient

A = YIELD RESPONSE, B AND C = FERTILIZER

di IPNI



1500

tetr Belixo

Dozas para mdxima eficiéngig
acondmica
Fb - para solos com teor baixo Pl

1000 4 F mr para solas com tacr médiol
Fa- para sclos com teor alto P

Lumertos de _‘_\
Rendimento 186r médio .
kglha

—
-----

500 -

Fésfora — Kg Pyligtha

Adubacao mineral de plantio: Aplicar de acordo com a analise de solo e a
produtividade esperada, conforme a seguinte tabela:

Kitro: P resina, mg;’dm3 K* trocavel, mmolcfde
YIELD  gznio

0-6 7-15 16-40 >40 0-0,7 0,8-1,5 1,6-3,0 >3,0
t/ha N, kg/ha —— P,0s, kg/ha K0, kg/ha (3) ——
oL 10 60 40 30 20 50 40 30 0
4- 6 20 80 60 40 30 50 50 40 20
6- 8 30 90 70 50 30 50 50 50 30
8-10 30 " 90 60 40 50 50 50 40
10-12 30 ('Y 100 70 50 50 50 50 50

(1] E improvavel a obtencéo de alta produtividade de milho em solos com teores muito baixos
de P, independentemente da dose de adubo empregada. (%) Para evitar excesso de sais, no
sulco de plantio, a adubacdo potassica para doses maiores que 50 kg/ha de K20 esta
parcelada, prevendo-se a aplicagao em cobertura.

Maize — Raij et al, 1996




PROCEDURE HAS TO BE SPECIFIC FOR

v METHODOLOGY
v AREA/REGION AND SOILS CONSIDERED

v CULTIVATION SYSTEM
v SOIL DEPTH SAMPLING

lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE




IMPORTANT ISSUES

v PROPER SOIL SAMPLING
v  USE OF RELIABLE LAB Vs

v PRECISION AND ACCURACY

Correct result = 10

Precise: 9, 10, 8,9

Accurate: around 10

Precise but inaccurate: 22, 23, 21
Accurate (AV), not precise: 7, 13, 6, 14

v CAREFULL INTERPRETATION
v CAREFULL RECOMMENDATION

v CAREFULL APPLICATION

lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE




THE ION EXCHANGE RESIN METHOD
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v' H-C ARTIFICIAL PHYSICAL PRODUCT

v HIGH EXCHANGE CAPACITY

v BIO-CHEMICAL-PHYSICAL METHOD

v RESIN WITH CEC OR AEC

v MIXTURE OF TWO (EX.: P, CA, MG AND K)
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ASPECTOS BASICOS DE QUIMICA DO SOLO:

Fase Solida Fase Solucao

Formacdo de P — Ca, Fe e/ou Al

CONSEQUENCIAS:
u[ P ] nasolucéo

Transporte até superficie da raiz por difuséo

ll Disponibilidade de P as plantas

Preparado por Prochnow & Lavorenti, 2008

FASE SOLIDA

De ORGANICA
forma INORGANICA

POROS

AR
AGUA

ORGANISMOS

MACRO
MICRO

H
i Lliaia!o Foi!nlca = Pratic/te todos '

SB =K + Ca + Mg (+Na)
- CTC pH 7,0 = SB + (H+Al




So1l Solution
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THE ION EXCHANGE RESIN METHOD
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v' H-C ARTIFICIAL PHYSICAL PRODUCT

v HIGH EXCHANGE CAPACITY

v BIO-CHEMICAL-PHYSICAL METHOD

v RESIN WITH CEC OR AEC

v MIXTURE OF TWO (EX.: P, CA, MG AND K)
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SOIL SAMPLE AND RESIN

IPNI INTERNATIONAL PLANT NUTRITION INSTITUTE
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SEPARATION

lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE




1 H SHAKING
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P QUANTIFICATION

IPNI INTERNATIONAL PLANT NUTRITION INSTITUTE




NON LABILEP - LABILEP — SOLUTIONP — PLANT

SOIL CHEMICAL ANALYSIS RESULT

Resultado de analise quimica de terra de rotina

4
Amostra MO. P K Ca Mg Al HtAl S SB CTC V%

gdm?
dm?

A(0-20) 20 /7 10 36 14 O 25 2 51 760 67
A (20-40) 14 4 0,7 23 6 12 42 3 29,7 71,7 41

B (0-20) 28 42 44 48 16 O 35 12 684 1034 66

@
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ADVANTAGES IER

v ACCURACY IN EVALUATING SOIL NUTRIENT
BIOAVAILABILITY

v MULTI NUTRIENT EXTRACTION/EVALUATION
(P, CA, MG, K)

v NEW POSSIBLE ELEMENTS (EX.: S)

v LOW COST

v AMPLIFIED RANGE FOR NUTRIENT
INTERPRETATION (SUFFICIENCY LEVELS)

v P EVALUATON IN SOILS RECEIVING PR

IPNI INTERNATIONAL PLANT NUTRITION INSTITUTE




EFFECTIVENESS OF P SOIL EXTRACTORS
(70 SCIENFIC PAPERS)

COEFICIENTT OF DETERMINATION (%)
METHOD
ALCALINE/NEUTRAL pH NOT SPECIFIED

Resin

Olsen
Mehlich 1
Bray 1

/4
\
Source: Adapted from SILVA e RALJ (1999)' lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE




EFFECTIVENESS OF THE PRE TREATMENT
OF THE RESIN

COTTON (Kg ha') RESIN-HCI RESIN-NaCl RESIN-NaHCO,

pH pH pH

NO P WITH P (mg dm-) P (mg dm-) P (mg dm-)

P

lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE

Source: RAIJ et al. (1986).




Evaluation of P
bioavailability

P uptake by
soybean

(mg pot?)

EFFECTIVENESS OF DIFFERENT P

METHODOLIGIES

_ Fertilizers Applied 75 Prior to Seeding
TSP Before Seeding

(STANDARD)
Low Reactive PR Calcined Al-P

Valor Index Index Value Index Value Index

P resin
(mg dm-3)

P Bray 1
(mg dm-3)

P Mehlich 1
(mg dm-3)

Source: Raij & Quaggio, 1999

lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE




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

oH Leaf P Soil P (mg dm-)

Crop and Location caCl, (g Kg)

Mehlich 1 Bray 1 Olsen Resina

3.8d* 20a 41 a 33b
4.2c 21a 33b 36 ab
4.7 b 20a 26 c 38 ab
51a 18 a 19d 43 a
52a 19a 21d 43 a
4.3c 24 a 17 a 22 b
46 ¢C 22 a 17 a 26 ab
53b 25a 16 a 33 ab
5.5ab 20a 12 a 35a
57a 20 a 12 a 37a
4.3 a 15a 10 a 13 c
4.8d 16 a 11 a 16 c
55c 13 a 7a 17 bc
6.1b 17 a 8a 22 ab
6.4 a 15a 8a 27 a
4.5 d 20a 18 a 16 c

Soybean 49c 22 a 15 ab 19 bc
Ribeirédo Preto 6.1b 20 a 13 ab 23 Db
6.6 a 24 a 12 b 34 a

Beans
Pariquera-Acu

Sunflower
Mococa

Soybean
Mococa

Source: RAIJ e QUAGGIO (1990). IPNI INTERNATIONAL PLANT NUTRITION INSTITUTE




- Low Sedium High ey bigh Biscdim  Wigh
| e — o -—
=l i1} il EX WD o

Images of precision agriculture showing pH in
CaCl, and P,;, before (2007) and after liming (2008)




FINAL REMARKS




A GOOD PROGRAM UNDER AGRICULTURE
NUTRIENT MANAGEMENT SHOULD INITIALLY, AND
ABOVE ALL, HAVE AN EFFICIENT METHOD TO
PROPERLY EVALUATE THE SOIL BIOAVAILABILITY
OF PLANT NUTRIENTS

WE SHOULD NOT MAKE OURSELVES
CONFORTABLE. NEW AND BETTER POSSIBILITIES
MAY EXIST.

TEST THE EFFECTIVENESS OF CURRENT
METHODS UNDER SITE FIELD CONDITIONS

ARE THE METHODS FOR SOIL ANALYSIS

EVALUATING THE BIOAVAILABILITY OF
NUTRIENTS IN YOUR REGION ?

lPNl INTERNATIONAL PLANT NUTRIT
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PRODUCTION AND AGRONOMIt
EFFECTIVENESS OF P FERTILIZLEFE 5
TO IMPROVE THE USE O F
PHOSPHATE ROCKS




Dr. JEFFREY SACCHS
Columbia University

Times Magazine: Dr. Jeffrey Sacchs é uma
das 100 pessoas mais influentes no mundo.

Lider do “United Nations Millenium Project”.

Palestra no XVIII Congresso Mundial de
Ciéncia do Solo, Philadelphia, Julho 2007:

“A Ciéncia do Solo e o Desafio por
Crescimento Sustentavel”.

lPNl INTERNA, NA A NI l%
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WE NEED YOU. WE NEED To PICK UP YOUR BRAINS.
BECAUSE SOIL SCIENCE IS REALLY AT THE CENTER
OF SO MANY OF THE GREAT CHALLENGES THIS

WORLD FACES RIGHT NOW




FILOSOFIA, POESIA




Denes GABOR/Hungria

Prémio Nobel 1973 - Holografia

“THE FUTURE CAN NOT BE PREDICTED.

THE FUTURE CAN ONLY BE INVENTED.”




Hé International Potash Institute
Optimizing Crop Nultrition 59
Extraido de Magen, H. (2008)

The future

“One thing is sure: The Earth is more cultivated and developed now

than ever before; there is more farming, but fewer forests, swamps

are drying up and cities springing up on an unprecedented swle:/\ii N
“THE FUTURE CAN NOT BE PREDICTED. —!

THE FUTURE CAN ONLY BE INVENTED.” 4
S00 : o7 s

hav

that disease, hunger, flood and war will reduce the excessi\ ly . rge ~un. ers

of the human species”. |

& & n
Quintus Septimus Tertullianus, 200 BC LN ar

(by D. G. Johnson, Univ. of Chicago, 22 August 1998) ’ ’




SUCCESS TO YOU ALL,
SUCCESS TO AGRICULTURE,
AND THANK YOU VERY MUCH
FOR YOUR KIND ATTENTION
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