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Phosphorus and potassium fertilizer recommendations in Brazil and Paraguay:

convergences, divergences, and paths towards harmonization
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Phosphorus and potassium fertilizer recommendations in Brazil and Paraguay:
convergences, divergences, and paths towards harmonization

Diagnostic
Reference Location/Country soil layer Extractor
(cm)
Cubilla et al. (2012) Regido Oriental (RO), Paraguai 0-10 Mehlich-1
CQFS-RS/SC (2016) Estados do Rio Grande do Sul (RS) e de Santa Catarina 0-10; 10-20 Mehlich-1
(SC), Brasil

Fiorin et al. (2024) Estado do Rio Grande do Sul (RS) 0-20 Mehlich-1
Pauletti and Motta Estado do Parana (PR), Brasil 0-20 Mehlich-1
(2019)

Fontoura et al. (2015) Regiao Centro-Sul do (PR), Brasil 0-20 Mehlich-1
Cantarellaetal. (2022) Estado de Sao Paulo (SP), Brasil 0-20 Resina
Ribeiro et al. (1999) Estado de Minas Gerais (MG), Brasil 0-20 Mehlich-1
Freire et al. (2013) Estado do Rio de Janeiro (RJ), Brasil 0-20 Mehlich-1
Sousa and Lobato Regiao do Cerrado, Brasil 0-20 Mehlich-1
(2004)

Zancanaro et al. (2022) Estado do Mato Grosso (MT), Brasil 0-20 Mehlich-1
Brasil et al. (2020) Estado do Para (PA), Brasil 0-20 Mehlich-1




Phosphorus fertilizer recommendations in Brazil and Paraguay:

convergences, divergences, and paths towards harmonization

Convergences points:

All the systems use classes of availability
Use of the same Mehlich-1 extractor (except Sao Paulo state)
Use of clay content as a criterion (some exceptions)

Critical P content varies with clay content (some exceptions)

Divergences points:

Use of different diagnostic soil layers

Different number of availability classes
Availability classes with different names

Different ranges of availability classes



Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Diagnostic soil layer

0-20 cm 0-10 and 10-20 cm 0-10 cm
(0-8 inches) (0-4 and 4-8 inches) (0-4 inches)
A A A
[ | 1
Cerrado Sao Paulo Minas Gerais Parana PR - Centro-Sul RS e SC Paraguai

Para Mato Grosso Rio de Janeiro RS - Norte



Classes of P availability

Cubilla et al. (2012)

RO, Paraguay Muito baixo

CQFS-RS/SC (2016)

RS/SC, Brazil Muito baixo

Pauletti and Motta (2019)

PR, Brazil Muito baixo

Fontoura et al. (2015)
PR, Brazil

Cantarella et al. (2022)

SP, Brazil Muito baixo

Ribeiro et al. (1999)

MG, Brazil Muito baixo

Freire et al. (2013)
RJ, Brazil

Sousa and Lobato (2004)

Cerrado, Brazil Muito baixo

Zancanaro et al. (2022)

MT, Brazi Muito baixo

Brasil et al. (2020)
PA, Brazil

<HH > HE> HHH

Nivel critico

Médio

Médio

Médio

Médio

Médio

Médio

Médio

Médio

Médio

Médio

N.° Classes
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Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Legend:

Muito baixo = Very low
Baixo = Low

Medio = Average

Alto = High

Muito alto = Very high
Suficiente = Enough
Bom = God



Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Range of classes
of P availability

Cubilla et al. (2012) - RO, Paraguay (Clay: 21-40)
Cubilla et al. (2012) - RO, Paraguay (Clay: 41-60)

CQFS-RS/SC (2016) - RS/SC, Brazil (Clay: <20)
CQFS-RS/SC (2016) - RS/SC, Brazil (Clay: 21-40)
CQFS-RS/SC (2016) - RS/SC, Brazil (Clay: 41-60)

CQFS-RS/SC (2016) - RS/SC, Brazil (Clay: >60)

Pauletti and Motta (2019) - PR, Brazil (Clay: <25)
Pauletti and Motta (2019) - PR, Brazil (Clay: 40-25)
Pauletti and Motta (2019) - PR, Brazil (Clay: >40)

Fontoura et al. (2015) - PR, Brazil

Cantarella et al. (2022) - SP, Brazil

Ribeiro et al. (1999) - MG, Brazil (Clay: 0-15)
Ribeiro et al. (1999) - MG, Brazil (Clay: 15-35)
Ribeiro et al. (1999) - MG, Brazil (Clay: 36-60)

Ribeiro et al. (1999) - MG, Brazil (Clay: 60-100)

Freire et al. (2013) - RJ, Brazil

Sousa and Lobato (2004) - Cerrado, Brazil (Clay: <15)
Sousa and Lobato (2004) - Cerrado, Brazil (Clay: 16-35)
Sousa and Lobato (2004) - Cerrado, Brazil (Clay: 36-60)

Sousa and Lobato (2004) - Cerrado, Brazil (Clay: >60)

Zancanaro et al. (2022) - MT, Brazil (Clay: <20)
Zancanaro et al. (2022) - MT, Brazil (Clay: 21-40)
Zancanaro et al. (2022) - MT, Brazil (Clay: 41-60)
Zancanaro et al. (2022) - MT, Brazil (Clay: 60-80)

Brasil et al. (2020) - PA, Brazil (Clay: <15)
Brasil et al. (2020) - PA, Brazil (Clay: 15-35)
Brasil et al. (2020) - PA, Brazil (Clay: >35)

® Verylow

® Low
0 Medium
m High
= Very high

10 20 30 40 50 60 70 80 90 100
P Mehlich-1 (mg dm-3)



Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization
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Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

140 -
Dose P,0O; (kg ha'l) =-20,6 x [P M-1] + 144,8
Very low R - 0.993
120 "=====< -—==
]
]
]
]
100 - 0
: Low
T o —-m
B ]
g 80 '
0o 0
= '
o |
O 60 - [
o~
a. ] .
| Medium
40 - Somood poscooc 3
]
]
]
]
20 - !
]
' -
! High
0 T T T T T % l:. 1
0 1 ? 3 4 5 6 7 8

P Mehlich-1 (mg dm-3)



Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Very low Very low Very low

Low Low Low

Average Average Average

High High High

Very high Very high Very high



Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Very low

Low

Average

High

Very high



Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Rate of P,O. for 3 ton/ha of soybean [45 bu/ac]

450 -
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Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Rate of P,O. for 3 ton/ha of soybean [45 bu/ac]

450 ~

420 ® CQFS-RS/SC (2016) - RS/SC, Brazil | >60% clay

® Pauletti and Motta (2019) - PR, Brazil | >40% clay
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Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

P,O; (kg ha™)
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® Pauletti and Motta (2019) - PR, Brazil | >40% clay
Fontoura et al. (2015) - PR, Brazil | clay not considered
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Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

P,O; (kg ha™)
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Fontoura et al. (2015) - PR, Brazil | clay not considered

@ Ribeiro et al. (1999) - MG, Brazil | >60% clay
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Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Rate of P,O. for 3 ton/ha of soybean [45 bu/ac]

450 -

420 ® CQFS-RS/SC (2016) - RS/SC, Brazil | >60% clay
® Pauletti and Motta (2019) - PR, Brazil | >40% clay

390 A

Fontoura et al. (2015) - PR, Brazil | clay not considered
360 - ® Ribeiro et al. (1999) - MG, Brazil | >60% clay

330 ® Sousa and Lobato (2004) - Cerrado, Brazil | >60% clay
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Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

P,O; (kg ha™)
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Fontoura et al. (2015) - PR, Brazil | clay not considered

® Ribeiro et al. (1999) - MG, Brazil | >60% clay

® Sousa and Lobato (2004) - Cerrado, Brazil | >60% clay

@ Zancanaro et al. (2022) - MT, Brazil | >60% clay
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Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Rate of P,O. for 3 ton/ha of soybean [45 bu/ac]

450 -
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® Pauletti and Motta (2019) - PR, Brazil | >40% clay
390 A
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Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Rate of P,O. for 3 ton/ha of soybean [45 bu/ac]
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Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Rate of P,O. for 3 ton/ha of soybean [45 bu/ac]

450 -
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Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Rate of P,O. for 3 ton/ha of soybean [45 bu/ac]

450 -
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Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Rate of P,O. for 3 ton/ha of soybean [45 bu/ac]

450 -
420 @ ® CQFS-RS/SC (2016) - RS/SC, Brazil | >60% clay
300 ® Pauletti and Motta (2019) - PR, Brazil | >40% clay
Fontoura et al. (2015) - PR, Brazil | clay not considered
50 ® Ribeiro etal. (1999) - MG, Brazil | >60% clay
330 1 ® Sousa and Lobato (2004) - Cerrado, Brazil | >60% clay
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Cubilla et al. (2012) - Paraguay Oriental | 41-60% clay
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Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Rate of P,O. for 3 ton/ha of soybean [45 bu/ac]

450 -
420 @ ® CQFS-RS/SC (2016) - RS/SC, Brazil | >60% clay
. ® Pauletti and Motta (2019) - PR, Brazil | >40% clay
Fontoura et al. (2015) - PR, Brazil | clay not considered
500 ® Ribeiro etal. (1999) - MG, Brazil | >60% clay
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S:q 180 —e—Fiorin et al. (2024) - RS, Brazil | >60% clay

Cubilla et al. (2012) - Paraguay Oriental | 41-60% clay
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Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Zancanaro et al. (2022) - MT, Brazil

Sousa and Lobato (2004) - Cerrado, Brazil
Fiorin et al. (2024) - RS, Brazil

Cubilla et al. (2012) - RO, Paraguay
CQFS-RS/SC (2016) - RS/SC, Brazil
Fontoura et al. (2015) - PR, Brazil
Cantarella et al. (2022) - SP, Brazil

Ribeiro et al. (1999) - MG, Brazil

Pauletti and Motta (2019) - PR, Brazil
Brasil et al. (2020) - PA, Brazil

Freire et al. (2013) - RJ, Brazil

Rate of P, O, for 3 ton/ha of soybean when P-Mehlich-1 =0 mg dm™

415
341
194
169
140 ° '
5 times!
111
101
82
0 50 1 (I)O 1 I50 2(I)0 2éo 3(I)0 3I50 4(I)0 4é0

Rate of P,O, for 3 ton/ha of soybean when P-Mehlich-1 =0 mg dm-3



Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Soil P-Mehlich-1 to stop phosphate fertilization (mg dm-3)

Freire et al. (2013) - RJ, Brazil
Cantarella et al. (2022) - SP, Brazil
Brasil et al. (2020) - PA, Brazil

Pauletti and Motta (2019) - PR, Brazil

Cubilla et al. (2012) - RO, Paraguay 14

Fiorin et al. (2024) - RS, Brazil 14

Fontoura et al. (2015) - PR, Brazil 11

7 times!

CQFS-RS/SC (2016) - RS/SC, Brazil 11

Ribeiro et al. (1999) - MG, Brazil 8
Zancanaro et al. (2022) - MT, Brazil

Sousa and Lobato (2004) - Cerrado, Brazil

0 5 10 15 20 25 30 35 40

Soil P-Mehlich-1 to stop phosphate fertilization (mg dm-3)



Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Rate of P,O. for 3 ton/ha of soybean [45 bu/ac]

Focused on correction

420 ® CQFS-RS/SC (2016) - RS/SC, Brazil | >60% clay

290 ® Pauletti and Motta (2019) - PR, Brazil | >40% clay

Fontoura et al. (2015) - PR, Brazil | clay not considered
360

240 Brasil et al. (2020) - PA, Brazil | >35% clay

® Ribeiro etal. (1999) - MG, Brazil | >60% clay
330 1 ® Sousa and Lobato (2004) - Cerrado, Brazil | >60% clay
300 + ® Zancanaro et al. (2022) - MT, Brazil | >60% clay
270 A ® Freire etal. (2013) - RJ, Brazil | clay not considered

o

o

210 Cantarella et al. (2022) - SP, Brazil | clay not considered

P,O; (kg ha™)

180 —e—Fiorin et al. (2024) - RS, Brazil | >60% clay

Cubilla et al. (2012) - Paraguay Oriental | 41-60% clay
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Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

60 - Effect of clay content on critical soil P level 56
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Effect of clay content on critical soil P level

* “outlier”
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Clay taken into account for interpretation

Clay is taken into account for defining the P rate
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Clay taken into account for interpretation Clay taken into account for interpretation

Clay is taken into account for defining the P rate Clay is not taken into account for defining the P rate
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Critical soil K content (mg dm~3)



Phosphate fertilization recommendations in Brazil and Paraguay BRr Py : convergences, divergences and paths towards harmonization

Number of classes and nomenclatures given to the K availability classes for the

soybean crop in the K recommendation systems evaluated.

X

X X

X X

Legend:

Muito baixo = Very low
Baixo = Low

Médio = Average

Alto = High

Muito alto = Very high
Suficiente = Enough
Bom = God
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Range of classes
of K availability
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Rate of K,O for 3 ton/ha of soybean
[45 bu/ac]

Rate of K,O (kg ha™)

Soil K Mehlich-1 (mg dm-3)
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Rate of K,O for 3 ton/ha of soybean
[45 bu/ac]

50-400 kg ha™ of K,O

Rate of K,O (kg ha™)

40-380 mg dm of Mehlich-1 K

Soil K Mehlich-1 (mg dm-3)
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CEC taken into account for interpretation § CEC taken into account for interpretation

CEC is not taken into account for defining the Krate § CEC is taken into account for defining the K rate
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Preliminary conclusions

1. Phosphorus and potassium recommendations show high variability across the studied systems.
2. Despite differences, a common methodological structure exists:

a) Defined soil sampling depth

b) Using the same P and K extractor

c) Classification of soil P and K availability into ranges

d) Establishment of a critical level

e) Decreasing fertilizer rates as available P and Kincreases

3. This shared framework enables harmonization between systems and can help bridge gaps caused
by region-specific guidelines.

4. Shifting from class-based systems to equation-based models could reduce discrepancies
and improve cross-regional comparability.
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* In 2023 at the 38th Brazilian Congress of Soil
Science and 23rd Latin American Congress of Soil
Science in Floriandpolis-Brazil, Dr. Luke Gatiboni's
lecture instigated our scientific society to jump in
the FRST idea.
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Working Group on Liming and
Fertilization Recommendation
Systems

Objective of reviewing and proposing criteria for unification
and/or improvements in the liming and fertilization
recommendation systems adopted in Brazil.

i. Leandro Souza da Silva - UFSM (Leader)

ii. Paulo Guilherme S. Wadt - Embrapa Rondénia (Vice-Leader)
iii. Henrigue Antunes de Souza - Embrapa Meio Norte

iv. Milton Ferreira de Moraes - UFMT

v. Paulo Sérgio Pavinato - Esalg/USP



Phosphorus and potassium fertilizer recommendations in Brazil and Paraguay:
convergences, divergences, and paths towards harmonization

Thank you!

Tales Tiecher

UFRGS Departamento de Solos

Faculdade de Agronomia
NIVERSIDADE FEDERAL .
go RIO SGRANDE DO SUL tales.tlecher@ ufrgs.br
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