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Disponibilidade e fracionamento de fésforo em solos com caracteristicas
fisico-quimicas distintas
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Abstract: The total content of phosphorus (P) within soil does not reflect its availability for plants,
the available form depending on the physical and chemical characteristics of the soil. The aim
was to evaluate the availability of P, using Mehlich-1 and Mehlich-3 extractors, and to determine
the different forms of inorganic P in different classes of soils. Samples from horizon A of five soil
classes from the municipality of Lagoa Formosa, Minas Gerais, were used: Typical Dystrophic
Litholytic Entisol (RLd), Typical Dystrophic Red Oxisol (LVd), Typical Dystrophic Tb Hapludox
Inceptisol (CXbd), Typical Acriferic Red Oxisol (LVwf), and Typical Chernossolic Litholytic Entisol
(RLm). The levels of available P, remaining P, and total P were determined. From the fractionation
of inorganic P, it was determined: soluble P (“P-H,0”), P bonded to aluminum (P-Al), P bonded to
iron (P-Fe), and P bonded to calcium (P-Ca). The Mehlich-1 and Mehlich-3 extractors had a high
correlation coefficient, indicating that both methods could be used to extract available P from
the soil. Mehlich-1 extracted more available P in the soil with a high calcium content (RLm). High
levels of total P observed in LVwf and RLm were mainly due to the parent material of the soils.
P-Fe and P-Al are the predominant inorganic P fractions in the most weathered (RLd, LVd, and
LVwf) and acidic soils (Cxbd). In RLm, the inorganic P is predominantly P-Ca.

Key words: Phosphorus extractors. Phosphorus available. Fractionation of inorganic phosphorus.
Tropical soils.

Resumo: Considerando que o conteldo total de fésforo (P) no solo néo reflete sua disponibilidade
para as plantas, sendo a forma disponivel dependente das caracteristicas fisicas e quimicas do
solo, objetivou-se avaliar a disponibilidade de P, empregando os extratores Mehlich-1 e Mehlich-3;
e determinar diferentes formas de P inorgénico em diferentes classes de solos. Utilizaram-
se amostras do horizonte A de cinco classes de solos do municipio de Lagoa Formosa, Minas
Gerais, sendo: Neossolo Litélico Distréfico tipico (RLd), Latossolo Vermelho Distréfico tipico (LVd),
Cambissolo Haplico Tb Distréfico tipico (CXbd), Latossolo Vermelho Acriférrico tipico (LVwf)
e Neossolo Litdlico Chernossolico tipico (RLm). Determinaram-se os teores de P disponivel, P
remanescente e P total. A partir do fracionamento de P inorganico, determinaram-se: P facilmente
soluvel (“P-H,O”), P ligado a aluminio (P-Al), P ligado a ferro (P-Fe) e P ligado a célcio (P-Ca). Os
extratores Mehlich-1 e Mehlich-3 tiveram alto coeficiente de correlacao, indicando que ambos o0s
métodos podem ser utilizados na extracdo de P disponivel do solo. O Mehlich-1 extraiu mais P
disponivel no solo com alto teor de calcio (RLm). Os altos teores de P total observados nos solos
LVwf e RLm s&o decorrentes, principalmente, do material de origem. P ligado a Fe e Al sdo as
fracdes de P inorgéanico predominantes nos solos mais intemperizados (RLd, LVd e LVwf) e acidos
(Cxbd). No RLm, o P inorganico predomina na forma de P-Ca.

Palavras-chave: Extratores de fésforo. Fésforo disponivel. Fracionamento de fésforo inorgénico. Solos
tropicais.
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INTRODUCTION

Highly weathered tropical soils, such as Brazilian
soils, when combined with high clay levels, have a high
phosphorus (P) fixation capacity, reducing its availability
for plants. Under natural conditions, these soils are
generally acidic, with a low content of organic matter, basic
cations and available P, as well as low cation exchange
capacity (CEC) (MANGALASSERY et al., 2019). The
high capacity of P retention and fixation in these soils
reduces its availability to plants (WITHERS et al., 2018).

The P retention added to the soil occurs both by P
precipitation in solution with ionic forms of iron (Fe),
aluminum (Al), and calcium (Ca) and by its adsorption
into Fe and Al oxides, present in greater quantities in the
most weathered soils (NOVAIS; SMYTH, 1999). Thus,
phosphate fertilization, associated with other management
practices, such as liming, is essential to obtain high yields
in these soils (WITHERS ez al., 2018). In soils with a low
P content, high applications of this nutrient are common
to reach a level of availability that allows the soil to be
classified as non-deficient (RAIJ, 2011).

The soils of large productive areas in Brazil have
received more phosphate fertilizers than necessary
for the needs of crops since 1970, resulting in the
accumulation of P reserves over time in forms of different
lability, which may or may not meet the demand of plants
(WITHERS et al., 2018). The frequent application of
phosphates into the soil results in the accumulation
of labile and less labile forms of P over time. The
labile fraction is represented by the set of phosphate
compounds capable of quickly replenishing the soil
solution, making it available to plants (RHEINHEIMER
et al., 2008). The frequent application of phosphates
in the soil results in the accumulation of labile and
less labile forms of P over time. The labile fraction is
represented by the set of phosphate compounds capable
of quickly replenishing the soil solution, making it
available to plants (RHEINHEIMER et al., 2008). Non-
labile P formation occurs due to the formation of two
coordination bonds with the colloid surface, which
hinders the desorption of P for soil solution (NOVAIS;
SMYTH, 1999). Given the P dynamic in the soil, it is
difficult and complex to predict the availability of this
nutrient for plants (ROGERI et al., 2017).

Besides the evaluation of available P in soils, it is
important to evaluate the forms of P that can replace the
soil solution. Thus, for studies of the forms of P, according
to their lability, methods were developed to quantify the
labile P and other forms of less lability, using the sequential
fractionation technique (GATIBONI et al, 2013).
Sequential chemical extraction of inorganic P from the
soil is a useful approach to obtain detailed information on
the potential availability of P in soil (SHAO et al., 2019).

INTRODUCAO

Os solos tropicais muito intemperizados, como
os solos brasileiros, aliados a altos teores de argila,
tém alta capacidade de fixacdo de fosforo (P), o que
reduz a disponibilidade para as plantas. Em condigdes
naturais, esses solos sdo, geralmente, acidos, com
baixo teor de matéria organica, cations basicos e
P disponivel, bem como baixa capacidade de troca
catidonica (CTC) (MANGALASSERY et al., 2019). A
alta capacidade de retengdo e fixacdo de P nesses solos
reduz a sua disponibilidade para as plantas (WITHERS
et al.,2018).

A retencdo de P adicionado ao solo ocorre tanto
pela precipitacdo de P na solugdo em formas idnicas de
ferro (Fe), aluminio (Al) e calcio (Ca), como pela sua
adsorg¢do aos 6xidos de Fe e Al, presentes em maiores
quantidades nos solos mais intemperizados (NOVAIS;
SMYTH, 1999). Deste modo, a adubacdo fosfatada,
aliada a outras praticas de manejo, como a calagem, ¢é
essencial para a obtengdo de altas produtividades nestes
solos (WITHERS et al., 2018). Em solos com baixo teor
de P, sdo comuns aplicacdes elevadas deste nutriente
para atingir um nivel de disponibilidade que permita
classificar o solo como nao deficiente (RAILJ, 2011).

Os solos de grandes areas produtivas do Brasil
recebem mais fertilizantes fosfatados que o necessario
para as necessidades das culturas desde 1970,
resultando na acumulagdo de reservas de P ao longo do
tempo em formas de diferentes labilidades, que podem
ou ndo atender a demanda das plantas (WITHERS et
al., 2018). A frequente aplicac@o de fosfatos no solo
resulta em acimulo de formas labeis e menos labeis
de P ao longo do tempo. A fracdo 1abil é representada
pelo conjunto de compostos fosfatados capazes de
repor rapidamente a solug¢do do solo, tornando-se
disponivel para as plantas (RHEINHEIMER ef al.,
2008). O P nao labil ocorre devido a formagéo de duas
ligagdes coordenadas com a superficie dos coloides
que dificulta a dessor¢do do P para solu¢do do solo
(NOVAIS; SMYTH, 1999). Dada essa dindmica do P
no solo, ¢ dificil e complexo prever a disponibilidade
deste nutriente para plantas (ROGERI et al., 2017).

Além da avaliagdo de P disponivel nos solos,
¢ importante avaliar as formas de P que possam
repor a solugdo do solo. Assim, para estudos das
formas de P, de acordo com sua labilidade, foram
desenvolvidos métodos para quantificar o P labil
e outras formas de menor labilidade, mediante a
técnica de fracionamento sequencial (GATIBONI et
al.,2013). A extragdo sequencial do P inorgéanico do
solo ¢ uma abordagem Ttil para obter informagdes
detalhadas sobre o potencial de disponibilidade de P
no solo (SHAO et al., 2019).
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For the fractionation of inorganic P in the soil, the
procedures proposed by Chang and Jackson (1957)
allow the determination of easily soluble phosphate
and those linked to Al, Fe, and Ca (GATIBONTI et
al., 2013). The P availability in soils is largely
controlled by the distribution of its fractions; the
fractions P-H,0” and P-Al is considered labile,
according to the accessibility of the plant, while
P-Fe and P-Ca, as non-labile fractions (ZHAO et al.,
2019). However, any of these fractions may exist in
a more or less labile state, depending, mainly, upon
the reaction time of phosphates and conditions of
the soil (RAIJ, 2011).

In view of the above, this study aimed to evaluate
the P availability, using Mehlich-1 and Mehlich-3
extractors, and different forms of inorganic P in
five soil classes.

MATERIALS AND METHODS

Five soil classes from the municipality of Lagoa
Formosa, Minas Gerais, Brazil, were selected for the
present study. Samples of horizon A were collected
from these soil classes including, Typical Dystrophic
Litholytic Entisol (RLd), Typical Dystrophic Red Oxisol
(LVd), Typical Dystrophic Tb Hapludox Inceptisol
(CXbd), Typical Acriferic Red Oxisol (LVwf), and
Typical Chernossolic Litholytic Entisol (RLm) (SOUZA,
2017). The sampled locations had no agricultural use.
For soil collection, mini trenches were opened along
low-traffic roads. Table 1 shows information concerning
the sampled locations. Soil samples were submitted
to physical and chemical characterization, following
the methodologies described by Teixeira et al. (2017).
Table 2 shows the obtained results.

For each soil, the levels of available P, remaining P,
and total P were determined in triplicate. The available
P contents were determined using Mehlich-1 (HC10.05
mol L' + H,SO, 0.0125 mol L") (MEHLICH, 1953)
and Mehlich-3 (NH,F 0.015 mol L' + CH;COOH 0.2
mol L'+ NH,NO; 0.25 mol L' + HNO; 0.013 mol L™
+ EDTA 0.001 mol L") extractors (MEHLICH, 1984)
at a soil-extractant ratio of 1:10 (5 cm® of ADFE and 50
mL of extracting solution). The remaining P contents
were determined in a solution of 75 mL of CaCl, 0.01
mol L', containing 60 mg L' of P, with the addition of
7.5 em?® of soil (soil-extractant ratio of 1:10), according
to Alvarez et al. (2000). The assessment of P in the
extracts was conducted by colorimetry, according to
Braga and Defelipo (1974). The total P levels were
determined by ICP-OES (inductively coupled plasma)
after acid digestion, using H,SO, 1:1, according to
procedures described in Teixeira et al. (2017).

Para o fracionamento de P inorganico do solo, os
procedimentos propostos por Chang e Jackson (1957)
permitem determinar o fosfato facilmente soluvel e
os ligados a Al, Fe e Ca (GATIBONI et al., 2013). A
disponibilidade de P nos solos ¢ controlada, em grande
parte, pela distribuicdo de suas fragdes, sendo as fragdes
de “P-H,0” e P-Al consideradas labeis, de acordo com a
acessibilidade das plantas, enquanto que o P-Fe e P-Ca
sdo fragdes ndo labeis (ZHAO et al., 2019). Entretanto,
qualquer uma dessas fragdes pode existir em estado
mais ou menos labil, dependendo, principalmente, do
tempo de reagdo dos fosfatos e das condigdes existentes
no solo (RAIJ, 2011).

Diante do exposto, objetivou-se avaliar a
disponibilidade de P, utilizando-se os extratores
Mehlich-1 e Mehlich-3, e diferentes formas de P
inorganico em cinco classes de solos.

MATERIAL E METODOS

Cinco classes de solos do municipio de Lagoa Formosa,
Minas Gerais (mesorregidao do Triangulo Mineiro e Alto
Paranaiba) foram selecionadas para o presente estudo,
que tiveram amostras do horizonte A coletadas: Neossolo
Litolico Distrofico tipico (RLd), Latossolo Vermelho
Distrofico tipico (LVd), Cambissolo Haplico Tb Distrofico
tipico (CXbd), Latossolo Vermelho Acriférrico tipico
(LVwf) e Neossolo Litolico Chernossolico tipico (RLm)
(SOUZA, 2017). Os locais amostrados nao apresentavam
uso agricola. Para a coleta dos solos foram abertas
mini trincheiras ao longo de estradas de baixo transito.
Na Tabela 1, encontram-se informacdes dos locais
amostrados. As amostras dos solos foram submetidas a
caracterizacdo fisica e quimica (Tabela 2).

Para cada solo, determinaram-se, em triplicata, os
teores de P disponivel, P remanescente ¢ P total. Os teores
de P disponivel foram determinados pelos extratores
Mehlich-1 (HCI 0,05 mol L™ + H,SO, 0,0125 mol L™)
(MEHLICH, 1953) e Mehlich-3 (NH,F 0,015 mol L' +
CH;COOH 0,2 mol L' + NH,NO; 0,25 mol L' + HNO;
0,013 mol L'+ EDTA 0,001 mol L") (MEHLICH, 1984),
numa relagéo solo:extrator de 1:10 (5 cm® de TFSA e 50
mL da solugdo extratora). Os teores de P remanescente
foram determinados em solugdo de 75 mL de CaCl, 0,01
mol L, contendo 60 mg L' de P, com adi¢do de 7,5 cm?
de solo (relagdo solo:extrator de 1:10), conforme Alvarez
V. et al. (2000). A avaliagdo de P nos extratos foi realizada
por colorimetria, de acordo com Braga ¢ Defelipo
(1974). Os teores de P total foram determinados pelo
ICP-OES - inductively coupled plasma (espectrometria
de emissdo optica por plasma induzido) — apods digestao
acida, utilizando-se H,SO, 1:1, conforme procedimentos
descritos em Teixeira et al. (2017).
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Table 1 - The sampled locations in the municipality of Lagoa Formosa, Minas
Gerais, Brazil

Tabela 1 - Locais de amostragem de solos no municipio de Lagoa Formosa,
Minas Gerais

Horizon Depth A Geographic Altitude

Soll Geological unit

(cm) Coordinates (m)
X: 354153,37 )
RLd 20 853  Lagoa Formosa Formation
Y: 7927405,63
X: 383986,38 . )
Lvd 20 886  Eluvial-colluvial covers
Y: 7926294,12
X: 354153,37 .
Cxbd 5 847  Lagoa Formosa Formation
Y: 7923179,44
X: 353390,67
LVwf 52 928  Mata da Corda Group
Y: 7926050,50
X: 362621,72
RLm 46 924  Mata da Corda Group

Y: 7919872,49

RLd: Typical Dystrophic Litholytic Entisol, LVd: Typical Dystrophic Red Oxisol, CXbd: Typical
Dystrophic Tb Hapludox Inceptisol, LVwf: Typical Acriferic Red Oxisol, and RLm: Typical
Chernossolic Litholytic Entisol.

Source: Souza (2017).

RLd: Neossolo Litdlico Distrdfico tipico, LVd: Latossolo Vermelho Distrdfico tipico, CXbd: Cambissolo
Haéplico Tb Distrdfico tipico, LVwf: Latossolo Vermelho Acriférrico tipico e RLm: Neossolo Litdlico
Chernossdlico tipico.

Fonte: Souza (2017).

Table 2 - Physical and chemical characteristics of horizon A of five soils collected in Lagoa Formosa, Minas
Gerais, Brazil

Tabela 2 - Caracteristicas fisicas e quimicas do horizonte A de cinco classes de solos coletados em
Lagoa Formosa, Minas Gerais

Physical Characterization

. Coarse Sand Fine Sand Silt Clay Sd Pd

Soil MADFE Texture
g kg’ gcm?®
RLd 92.20 89.98 342.37 475.45 Clay 1.04 2.61
Lvd 213.09 270.15 77.04 439.72 Sandy Clay 1.23 2.56
Cxbd 58.00 19.00 359.00 564.00 Clay 1.03 2.71
LVwf 91.00 68.00 272.00 569.00 Clay 1.17 3.08
RLm 100.00 58.00 358.00 484.00 Clay 1.22 2.89
Chemical Characterization
pH ApH Ca2 Mg?* Al K
H.O KCI cmol, kg mg dm=
RLd 4.86 3.62 -1.24 1.17 0.81 4.40 101.66
Lvd 5.46 4.07 -1.39 2.29 1.01 1.30 140.76
Cxbd 5.04 3.84 -1.20 0.17 0.01 3.40 89.93
LVwf 5.27 4.60 -0.67 0.99 0.70 0.40 58.65
RLm 5.84 4.42 -1.42 20.49 5.63 0.30 320.62
Continua...
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H+Al TB CEC eCEC BS ASI TOC

cmol, kg™ % g kg’

RLd 7.14 2.24 9.38 6.64 23.88 66.27 3.04
Lvd 6.22 3.66 9.88 4.96 37.04 26.21 22.73
Cxbd 6.44 0.41 6.85 3.81 5.99 89.24 6.28
LVwf 6.59 1.84 8.43 2.24 21.83 17.86 14.18
RLm 10.67 26.94 37.61 27.24 71.63 1.10 34.26

RLd: Typical Dystrophic Litholytic Entisol, LVd: Typical Dystrophic Red Oxisol, CXbd: Typical Dystrophic Tb Hapludox Inceptisol,
Lvwf: Typical Acriferic Red Oxisol, RLm: Typical Chernossolic Litholytic Entisol, ADFE: Air-dried fine earth, Sd: Soil density, Pd: Particle
density, TB: total bases, CEC: cation exchange capacity at pH 7, eCEC: effective cation exchange capacity, BS: base saturation, ASI:

Aluminum Saturation Index, TOC: total organic Carbon.

(1) Textural classification according to the Brazilian Society of Soil Science (SBCS).

Source: Souza (2017).

RLd: Neossolo Litdlico Distrdfico tipico, LVd.: Latossolo Vermelho Distréfico tipico, CXbd: Cambissolo Haplico Tb Distrdfico tipico,
Lvwf: Latossolo Vermelho Acriférrico tipico e RLm: Neossolo Litdlico Chernossdlico tipico, TFSA: terra fina seca ao ar, Ds: densidade

do solo, Dp: densidade de particula;

(1)Classificacao textural de acordo com a Sociedade Brasileira de Ciéncia do Solo (SBCS).

Fonte: Souza (2017).

For the fractionation of inorganic P, the procedure
proposed by Chang and Jackson (1957) was used,
thus determining: soluble P (“P-H,0”), P bonded
to aluminum (P-Al), P bonded to iron (P-Fe), and P
bonded to calcium (P-Ca). Samples of 0.5 g of ADFE
were sequentially extracted with 25 mL of NH,CI 1 mol
L' (“P-H,0” determination), 25 mL of NH,F 0.5 mol
L' (P-Al determination), 25 mL of NaOH 0.1 mol L™
(P-Fe determination), and 25 mL of H,SO, 0.25 mol
L' (P-Ca determination). The content of inorganic P
in extracts was determined by ICP-OES.

The data obtained were submitted to Pearson’s linear
correlation analysis at the level of 5% probability.

RESULTS

Table 3 shows the results obtained for the available,
total, and remaining P. The levels of available P
extracted by Mehlich-1 (M1) ranged from 0.72 to
503.22 mg dm™3, while the available P content extracted
by Mehlich-3 (M3) showed a smaller variation between
soils (0.60 to 212.42 mg dm™). The levels of total P
were quite variable among soils, with values between
87.01 and 7419.85 mg dm™>. Although the levels of total
P and available P among soils varied widely, the levels
of remaining P showed a small variation between soils
(14.01 to 24.17 mg L ™).

The results of the different forms of inorganic P (Pi)
obtained after the chemical fractionation of soil samples
were presented in Table 4, as well as the percentage of
each form concerning the sum of each form of Pi.

Para o fracionamento do P inorganico utilizou-se o
procedimento proposto por Chang e Jackson (1957),
determinando-se, assim: P facilmente solavel (“P-H,0”), P
ligado a aluminio (P-Al), P ligado a ferro (P-Fe) e P ligado
a calcio (P-Ca). Para isso, amostras de 0,5 g de TFSA
foram submetidas a extracdo, sequencialmente, com 25
mL de NH,Cl 1 mol L' (determinagdo de “P-H,0”), 25
mL de NH,F 0,5 mol L' (determinagdo de P-Al), 25 mL
de NaOH 0,1 mol L' (determinagao de P-Fe) ¢ 25 mL de
H,SO, 0,25 mol L' (determinagdo de P-Ca). O teor de P
inorganico nos extratos foi determinado pelo ICP-OES.

Os dados obtidos foram submetidos a analises de
correlagdo linear de Pearson ao nivel de 5% de probabilidade.

RESULTADOS

Na Tabela 3, encontram-se os resultados de P
disponivel, P total e P remanescente. Os teores de P
disponivel extraidos pelo Mehlich-1 (M1) variaram de
0,72 a 503,22 mg dm?, por outro lado, os teores de P
disponivel extraidos pelo Mehlich-3 (M3) apresentaram
varia¢do menor entre os solos (0,60 a 212,42 mg dm™).
Os teores de P total foram variaveis entre os solos, com
valores entre 87,01 e 7419,85 mg dm™. Embora os teores
de P total e P disponivel tivessem variagdes amplas, os
teores de P remanescente apresentaram menor variagdo
entre os solos (14,01 a 24,17 mg L).

Os resultados das diferentes formas de P inorgénico
(P1) obtidos apos o fracionamento quimico das amostras
de solo encontram-se na Tabela 4, bem como o percentual
de cada forma em relagdo somatorio do Pi.
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Table 3 - Available phosphorus contents, extracted by Mehlich-1 (M1) and
Mehlich-3 (M3), total (total P), and remaining (P-rem) in horizon A of five soil
classes

Tabela 3 - Teores de fosforo disponivel, extraidos por Mehlich-1 (M1) e
Mehlich-3 (M3), total (P total) e remanescente (P-rem) do horizonte A de
cinco classes de solos

Soil M1 M3 Total P Ratio P available/total™  P-rem
mg dm % mg L

RLd 4,92 6.12 192.27 2.56 2417
Lvd 1.46 3.96 122.98 1.19 21.21
Cxbd 0.72 0.60 87.01 0.83 18.55
LVwi 3.36 5.45 2969.25 0.11 14.01
RLm 503.22 21242 7419.85 6.78 20.93
Upper limit ~ 503.22 21242  7419.85 6.78 24.17
Inferior limit 0.72 0.60 87.01 0.1 14.01
Variation 502.50 211.82 7332.84 6.68 10.16

RLd: Typical Dystrophic Litholytic Entisol, LVd: Typical Dystrophic Red Oxisol, CXbd: Typical
Dystrophic Tb Hapludox Inceptisol, LVwf: Typical Acriferic Red Oxisol, and RLm: Typical
Chernossolic Litholytic Entisol.

(1) Percentage of available P from M1 (official method of the State of Minas Gerais, Brazil) in
relation to the total P.

RLd: Neossolo Litélico Distrdfico tipico, LVd: Latossolo Vermelho Distrdfico tipico, CXbd:
Cambissolo Haplico Tb Distrdfico tipico, LVwf: Latossolo Vermelho Acriférrico tipico e RLm:
Neossolo Litélico Chernossdlico tipico.

(1)Porcentagem de P disponivel pelo extraido pelo Mehlich-1 (método oficial do Estado de
Minas Gerais) em relacdo ao P total.

Table 4 - Inorganic phosphorus fractionation (Pi) in horizon A and percentage of each fraction extracted
in relation to Pi, in parentheses, of five soil classes

Tabela 4 - Fracionamento de fosforo inorganico (Pi) em amostras do horizonte A e o percentual de
cada fracdo extraida em relagdo ao Pi (valores entre parénteses), de cinco classes de solos

) "P-H,O" P-Al P-Fe P-Ca Pi )
Soil Pi/Pt
mg dm=
RLd 0.28 (0.53)*  13.90 (26.29) 37.15 (70.25) 155 (2.93) 52.88 0.28
Lvd 4.20 (6.82) 22.69 (36.80) 33.41 (54.19) 1.35 (2.20) 61.65 0.50
Cxbd 3.14 (8.14) 11.68 (30.29) 23.08 (59.85) 0.66  (0.66) 38.56 0.44
LVwf 7.32 (1.87) 55.73 (14.14) 315.64 (80.64) 1271 (12.71) 39140 0.13
RLm 7.03 (0.11) 305.06 (4.84) 1935.06 (30.70) 4055.06 (64.34) 6302.21 0.85

RLd: Typical Dystrophic Litholytic Entisol. LVd: Typical Dystrophic Red Oxisol, CXbd: Typical Dystrophic Tb Hapludox Inceptisol,
LVwf: Typical Acriferic Red Oxisol, RLm: Typical Chernossolic Litholytic Entisol, “P-H20": soluble P, P-Al: P bonded to aluminum,
P-Fe: P bonded to iron and P-Ca: P bonded to calcium. * values in % of each fraction extracted from P in relation to the sum
of all forms of inorganic P (Pi).

RLd: Neossolo Litdlico Distrdfico tipico, LVd.: Latossolo Vermelho Distrdfico tipico, CXbd: Cambissolo Haplico Tb Distréfico
tipico, LVwf: Latossolo Vermelho Acriférrico tipico e RLm: Neossolo Litdlico Chernossdlico tipico, “P-H20” fésforo facilmente
soluvel, P-Al: fésforo ligado a aluminio, P-Fe: fésforo ligado a ferro: P-Fe, P-Ca: fosforo ligado a célcio. *Valores em % de cada
fragao extraida de P em relagdo ao somatdrio de todas as formas de P inorgéanico (Pi).
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The levels of “P-H,0”, which corresponds to the
inorganic P fraction that is soluble in water, were low in
all soils, highlighting the RLm that presented only 0.11%
of Pi (Table 4). The RLm also had the lowest percentage of
P-Al at only 4.84% of the Pi. The P-Fe content was higher
in LVwf, corresponding to 80.64% of the Pi, while for RLm,
this was only 30.7%. The levels of P-Ca were higher in
RLm, 64.34% of the Pi, followed by LVwf (12.71% of P1).
For the other soils, the percentage of P-Ca in relation to the
Pi was less than 3.00%.

The correlation coefficient between methods M1 and
M3 was high (1> = 0.99 **), as seen in Table 5.

Os teores de “P-H,0”, que corresponde a fragdo de Pi
que ¢ soluvel em agua, foram baixos em todos os solos,
destacando o RLm que apresentou apenas 0,11% do Pi
(Tabela 4). O RLm, também, apresentou menor percentual
de P-Al, com apenas 4,84% do Pi. O teor de P-Fe foi superior
no LVwf, correspondendo a 80,64% do Pi, enquanto para
o RLm foi de 30,7%. Os teores de P-Ca foram superiores
no RLm, 64,34% do Pi, seguido do LVwf (12,71% do Pi).
Para os demais solos, o percentual de P-Ca em relagdo ao
Pi foi inferior a 3,00%.

O coeficiente de correlagdo entre os métodos M1 e M3
foi alto (12 = 0,99**), conforme observado na Tabela 5.

Table 5 - Correlations between the available P by Mehlich-1 (M1) and Mehlich-3
(M3), remaining P (P-rem), total P, fractions of inorganic P (soluble P (“P-H,QO”"),
P bonded to aluminum (P-Al), P bonded to iron (P-Fe), and P bonded to
calcium (P-Ca)) in samples of horizon A of five soil classes

Tabela 5 - Correlacées entre o P disponivel por Mehlich-1 (M1) e Mehlich-3
(M3), P remanescente (P-rem), P total, fragées de P inorgénico [facilmente
soluvel ("P-H.O"), ligado a aluminio (P-Al), a ferro (P-Fe) e a calcio (P-Ca)], em
amostras do horizonte A de cinco classes de solos

Variables M1 M3 P-rem Total P “P-H,O” P-Al P-Fe
M3 0.99**
P-rem 0.17ms 0.17ms
Total P 0.92¢ 0.92¢ -0.16m™
“P-H,O” 0.50" 0.50m -0.69 0.73"
P-Al 0.99** 0.99** 0.06" 0.97** 0.60"s
P-Fe 0.99** 0.99** 0.05" 0.97** 0.60ms 0.99**
P-Ca 0.99** 0.99** 0.20m 0.92* 0.51ns 0.99** 0.99**
"s not significant; * significant at 5%; **significant at 1%.
" ngo significativo; * significativo a 5%, ** significativo a 1%.
DISCUSSION DISCUSSAO

According to the classification proposed by Ribeiro
et al. (1999), the available P contents using M1 for RLd,
LVd, Cxbd, and LVwf soils were “very low”, while
for RLm was “very good”. The expressive value of
P available from RLm is related to the low degree of
weathering and the parent material of this soil, which is
derived from volcanic rocks of the Mata da Corda Group
(alkaline and ultrabasic eruptive rocks), with the presence
of apatite minerals in its composition (UHLEIN et al.,
2011). The available P content extracted by M3 in the
RLm soil was also higher than the other soils, but it was
lower than that obtained by M1 (Table 3). The variation
between the highest and lowest P content extracted by M3
was smaller than that extracted by M1. It is possible that
the M1 extractor overestimates the P content available
in soils with a high Ca content, either naturally, as RLm
(Table 2), or in soils with constructed fertility.

De acordo com a classificagdo proposta por Ribeiro et
al. (1999), os teores de P disponivel empregando M1 para
os solos RLd, LVd, Cxbd e LVwf foram “muito baixos”,
enquanto para o solo RLm foi “muito bom”. O expressivo
valor de P disponivel do RLm esta relacionado ao baixo
grau de intemperismo e ao material de origem deste solo,
que ¢ derivado de rochas vulcanicas do Grupo Mata da
Corda (rochas eruptivas alcalinas e ultrabasicas), com
presenca de minerais apatitas na sua composigao (UHLEIN
et al., 2011). O teor de P disponivel extraido por M3 no
solo RLm, também, foi superior aos demais solos, mas foi
inferior ao obtido pelo M1 (Tabela 3). A variagdo entre o
maior e o menor teor de P extraido por M3 foi menor em
relagdo ao extraido pelo M1. E possivel que o extrator M1
superestime o teor de P disponivel em solos com elevados
teores de Ca, seja naturalmente, como o RLm (Tabela 2),
ou em solos de fertilidade melhorada ou construida.
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The available P content extracted by M3 was
higher in RLd, LVd, and LVwf soils, concerning
to the M1, representing in percentage terms
19.69%, 63.01%, and 38.24%, respectively (Table
3). Bortolon et al. (2009), Bortolon ef al. (2011),
Rogeri et al. (2017), and Mumbach et al. (2018) also
observed that the available P content extracted by
M3 tends to be greater than that extracted by M1.
The greatest efficiency of P by the M3 is due to
the chemical characteristics of the extractor, which
preferably extracts the P bonded to Fe and Al and, in
a smaller proportion, the P bonded to Ca (BEEGLE,
2005). Unlike, in soils with high levels of Ca, such
as RLm, M1 was more efficient in extracting P,
for also extracting P-Ca. The content of available
P extracted by M1 in RLm was 57.8% higher than
that extracted by M3.

The M1 extractor (MEHLICH, 1953) follows
the principle of solubilization, by H* ions, of
Ca phosphates and small portions of Al and Fe
phosphates (BORTOLON ef al., 2009). The M1
is efficient in the extraction of P bonded to Ca;
however, plants are less efficient at extracting P
bonded to Ca. Moreover, the Brazilian soils are
highly weathered, mostly with high levels of Fe
and Al oxides predominant in the clay fraction, thus,
there is a decrease in the predictive capacity of the
method (BORTOLON et al., 2009). Even with such
limitations, M1 has been used as an official method
in some Brazilian States, having a good ability to
predict the P availability, except in soils in which
natural phosphates and limestone have recently been
applied (MUMBACH et al., 2018).

For eliminating some of the problems with the M1
extractor solution, the M3 extractor for use in acid
soils and soils that have received natural phosphates
was proposed in the 1980s (GONCALVES et al.,
2012). The M3 extractor has several advantages,
including the increased extraction range, reduced
analytical errors, and simultaneous extraction of
multiple elements (SCHLINDWEIN; GIANELLO,
2008). Nevertheless, soil analysis laboratories
in most parts of Brazil use the M1 extractor
to determine the availability of P for crops
(GONCALVES et al., 2012).

According to Mumbach et al. (2018), the
adoption of a new methodology to estimate the
availability of an element for plants should be
supported by a wide field calibration, where
the extracted contents are correlated with the
performance of the plants. The M3 extractor has
great potential to replace the M1 extractor, but
this requires field calibration experiments using
the method (MUMBACH et al., 2018).

Os teores de P disponivel extraidos pelo M3 foram
maiores nos solos RLd, LVd e LVwf, em relagdo aos
teores extraidos pelo M1, representando em termos
percentuais 19,69; 63,01 e 38,24%, respectivamente
(Tabela 3). Nos estudos de Bortolon et al. (2009),
Bortolon et al. (2011), Rogeri et al. (2017) e
Mumbach et al. (2018) também foram observados
que o P extraido pelo M3 tende a ser maior que o
extraido pelo M1. A maior eficiéncia do M3 se deve
as caracteristicas quimicas do extrator, que extrai
preferencialmente o P ligado a Fe ¢ Al, e, em menor
proporg¢do, ao P ligado a Ca (BEEGLE, 2005). Para
solos com altos teores de Ca, como o RLm, o M1 foi
mais eficiente na extragdo do P, por também extrair
P ligado a Ca. O teor de P disponivel extraido pelo
M1 no RLm foi 57,8% maior em relagdo ao extraido
pelo M3.

O extrator M1 tem como principio a solubilizagdo,
pelos ions H, de fosfatos de Ca e pequenas porgdes
de fosfatos de Al e Fe (BORTOLON et al., 2009).
O M1 ¢ eficiente na extracdo de P ligado a Ca,
entretanto, as plantas sdo menos eficientes em extrair
P ligado a Ca. Aliado a isto, os solos brasileiros sdo
altamente intemperizados, em sua maioria, com
altos teores de 6xidos de Fe e Al na fracdo argila,
assim, ocorre diminui¢do da capacidade preditiva do
método (BORTOLON et al., 2009). Mesmo com tais
limitagdes, o M1 tem sido usado como método oficial
em alguns estados brasileiros, tendo boa capacidade
de predigdo da disponibilidade de P, exceto em solos
com aplicacdo recente de fosfatos naturais e calcario
(MUMBACH et al., 2018).

Para eliminar os problemas e algumas
desvantagens da solugdo extratora M1 foi proposto,
a partir da década de 1980, o extrator M3 para uso em
solos acidos e solos que receberam fosfatos naturais
(GONCALVES et al., 2012). O extrator M3 apresenta
diversas vantagens, incluindo maior alcance de
extracdo, reducdo de erros analiticos e extragdo
simultanea de multiplos elementos (SCHLINDWEIN;
GIANELLO, 2008). Ainda assim, os laboratoérios de
analise de solo na maior parte do Brasil preferem o
extrator M1 para determinar a disponibilidade de P
para as culturas (GONCALVES et al., 2012).

De acordo com Mumbach et al. (2018), a
adogdo de uma nova metodologia para estimar a
disponibilidade de um elemento para as plantas deve
estar respaldada numa ampla calibragdo de campo,
onde os teores extraidos sdo correlacionados com
o desempenho das plantas. O extrator M3 apresenta
grande potencial para substituir o extrator MI.
Contudo, ¢é preciso a realizacdo de experimentos
de calibracdo de campo usando este método
(MUMBACH et al., 2018).
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The variation in the total P values of soils is mainly
due to the parent material. According to Shao et al.
(2019), soil native P comes mainly from soil parent
materials and is affected by climatic conditions.
The highest values were found in RLm and LVwf
soils (Table 3), which are soils of the Mata da Corda
Group (UHLEIN et al., 2011), whose soil P contents
are derived from volcanic rocks. Soils derived from
such rocks can present high levels of total P due to the
presence of apatite minerals in the rocks. The RLd,
LVd, and CXbd soils showed low levels of total P due
to the parent material with low presence of minerals
containing P, such as the rocks of the Lagoa Formosa
Formation (siltstones, sandstones, claystones, among
others) of the RLd and CXbd soils and the Eluvial—
colluvial covers, derived from weathering products in
the Tertiary (UHLEIN et al., 2011) of the LVd soil.

The low proportion of P available by the M1
extractor towards the total P was expected since most
of the P reserves in the soil are in non-labile form.
Chemically, this is considered very stable and difficult
to become available to plants, with the labile fraction
(available) being less than 5% of soil P (MOREIRA;
SIQUEIRA, 2006). Even in RLm, which had the highest
content of total P and available P, only 6.78% of the
total P is available (Table 3).

Although the LVwf showed an expressive total P
value, due to the parent material, only 0.11% of the
total P is available through the M1 extractor. This
fact can be attributed to the physical, chemical, and
mineralogical characteristics of this soil, which presents
a very advanced degree of weathering, high content
of clay, predominating in its mineralogy kaolinite
minerals, gibbsite, maghemite, and hematite in the clay
fraction, and high amount of Fe,O, (30.03%) in ADFE
obtained by a sulfuric attack (SOUZA, 2017). In highly
weathered soils, the P fixation is higher due to the higher
precipitation of P with ionic forms of Fe and Al in the
solution. Moreover, soils become more electropositive,
with a greater capacity to adsorb and retain anions, such
as phosphates, because of their adsorption to Fe and Al
oxides (NOVAIS; SMITH, 1999).

The LVwf also had the lowest remaining P value
(Table 3), indicating a high phosphate adsorption
capacity, which is in accordance with the physical,
chemical, and mineralogical characteristics of this
soil. Although the LVd soil is very weathered, with
the presence of Fe and Al oxyhydroxides in the clay
fraction, it showed a high P value remaining, probably
due to the high TOC content (Table 2). The higher the
amount of organic matter, the lower the adsorption of
phosphates by the action of the low molecular weight
organic acids, which can block phosphate adsorption
sites (DONAGEMMA et al., 2008).

A variagdo dos valores de P total dos solos ¢
devido, principalmente, ao material de origem. De
acordo com Shao ef al. (2019), o P nativo do solo ¢
proveniente, principalmente, de materiais de origem
do solo ¢ ¢ afetado pelas condi¢des edafoclimaticas.
Os valores mais elevados de P total foram
encontrados nos solos RLm e LVwf (Tabela 3), que
sdo do Grupo Mata da Corda, derivados de rochas
vulcanicas (UHLEIN et al., 2011), cujos teores
deste elemento sdo derivados de minerais apatitas
presentes nas rochas. Os solos RLd, LVd e CXbd
apresentaram baixos teores de P total, devido ao
material de origem com baixa presenga de minerais
contendo P, como as rochas da Formacdo Lagoa
Formosa (siltitos, arenitos, argilitos etc.) dos solos
RLd e CXbd e as Coberturas Eltuvio-Coluvionares,
derivadas de produtos do intemperismo no Terciario
(UHLEIN et al., 2011) do solo LVd.

A baixa proporg¢do do P disponivel pelo extrator
M1 em relagdo ao P total, nesses solos, era esperado,
ja que maior parte das reservas de P no solo esta
na forma ndo labil, e a fragdo 1abil é menor que
5% (MOREIRA; SIQUEIRA, 2006). Mesmo no
RLm, que apresentou maiores teores de P total e P
disponivel, apenas 6,78% do P total se encontra na
forma disponivel (Tabela 3).

Embora o LVwf tenha apresentado expressivo
valor de P total, apenas 0,11% do P total é disponivel
pelo extrator M1. Tal fato pode ser atribuido as
caracteristicas fisicas, quimicas e mineraldgicas desse
solo, que apresenta grau avancado de intemperismo,
alto teor de argila, predominando na sua mineralogia
de caulinita, gibbsita, maghemita e hematita e
elevado teor de Fe,O, (30,03%) na TFSA, obtido
pelo ataque sulftrico (SOUZA, 2017). Nos solos mais
intemperizados, ha maior fixagdo de P devido a maior
precipitagcdo do P em solugdo com formas idnicas
de Fe e Al e, além disso, os solos tornam-se mais
eletropositivos e com grande capacidade de adsorver
e reter anions, tais como os fosfatos, pela sua adsorgao
aos oxidos de Fe e Al (NOVAIS; SMITH, 1999).

O LVwf apresentou menor valor de P remanescente
(Tabela 3), indicando grande capacidade de adsorgéo
de fosfato, o que esta de acordo com as caracteristicas
fisicas, quimicas e mineraldgicas deste solo. O LVd,
apesar de ser um solo muito intemperizado, com
presenca de oxihidroxidos de Fe e Al na fracdo
argila, apresentou elevado valor de P remanescente,
provavelmente devido ao alto teor de COT (Tabela 2).
Quanto maior a quantidade de matéria orgénica, em
geral, menor ¢ a adsorc@o de fosfatos pela agdo dos
acidos orgénicos de baixo peso molecular, que podem
bloquear sitios de adsorg¢ao do fosfato (DONAGEMMA
et al., 2008).
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The remaining P corresponds to the amount of
P added that remains in the equilibrium solution
after a defined time of contact between the
soil and solution (ALVAREZ V. et al., 2000).
thus, the lower its content, the greater the
capacity of the soil to hold the P added to the
solution. The remaining P depends upon the
adsorption capacity of the soil, which, in turn,
is dependent upon the texture, mineralogy of
the clay fraction, and amount of organic matter
(NOVAIS; SMYTH, 1999).

The studied soils exhibited high clay content
(Table 2). If considering only the texture influence,
it is expected that, due to the specific surface
area difference between the texture fractions, the
clay fraction has a higher phosphate adsorption
capacity (DONAGEMMA et al., 2008), thus all
soils RLd, LVd, Cxbd, LVwf, and RLm have a
high phosphate adsorption capacity due to the
high content and quality of the clay. Regarding
the clay fraction mineralogy, the following
minerals were found in the studied soils: illite
and kaolinite in CXbd, RLd, and RLm; kaolinite,
gibbsite, maghemite, and hematite in LVwf; and
kaolinite, gibbsite and hematite in LVd (SOUZA,
2017). Therefore, it is expected that in soils with
more oxidic mineralogy, there would be a higher P
adsorption (NOVAIS; SMYTH, 1999) and a lower
P available.

The low levels of “P-H20” are due to the low
solubility of the P compounds in the soil and
their high adsorption capacity for this element
(RAI1J, 2011), which justifies the low levels of
this fraction in the studied soils (Table 4). In their
studies, Souza Junior ef al. (2012) also found low
levels of “P-H,O0” in the analyzed soils, which
reveals the strong interaction of P with the solid
phase of the soil.

In acidic soils that are poor in Ca, most
of the inorganic P forms precipitate with Al
and, or Fe and are adsorbed specifically to the
surface of mineral colloids, so that the P-Al and
P-Fe fractions are those that are predominant
(SOUZA JUNIOR et al., 2012). In fact, the
largest proportions of Pi of these soils were
the fractions linked to Fe and Al. The expressive
value of P-Fe in LVwf is due to the chemical
and mineralogical characteristics of this soil.
According to the Brazilian Soil Classification
System (SiBCS), the acrylic Red Oxisols have
acrylic character and Fe,O, contents of 180 g
kg™' to <360 g kg™' in most of the first 100 cm
of horizon B (EMBRAPA, 2018).

O P remanescente corresponde a quantidade
de P adicionada que fica na solug¢do de equilibrio
apo6s um periodo de contato entre solo e solugdo
(ALVAREZ V. et al., 2000). Assim, quanto menor
seu teor, maior ¢ a capacidade do solo em reter o P
adicionado na solugdo. O P remanescente depende
da capacidade de adsorcdo de fosfatos do solo, que,
esta relacionado com a textura, a mineralogia da
fragcdo argila e a quantidade de matéria orgénica
(NOVAIS; SMYTH, 1999).

Os solos estudados apresentaram alto teor de
argila (Tabela 2). Considerando-se, apenas, a
influéncia da textura, espera-se que, em razao da
diferenca de superficie especifica entre as fragdes
texturais, a fragdo argila tenha maior capacidade
de adsorcdo de fosfatos (DONAGEMMA et al.,
2008). Assim, os solos RLd, LVd, Cxbd, LVwf e
RLm apresentam grande capacidade de adsorgédo de
fosfatos devido aos elevados teores e qualidades
da argila. Em relagdo a mineralogia da fragdo
argila, nestes solos foram encontrados os seguintes
minerais: ilita e caulinita em CXbd, RLd e RLm;
caulinita, gibbsita, maghemita e hematita em
LVwf; e caulinita, gibbsita e hematita em LVd
(SOUZA, 2017). Logo, espera-se que nos solos com
mineralogia mais oxidica tenha maior adsorgao de
P (NOVAIS; SMYTH, 1999) e menor P disponivel.

Os baixos teores de “P-H,0” sdo decorrentes da
baixa solubilidade dos compostos de P existentes no
solo e da sua alta capacidade de adsor¢do para este
elemento (RAIJ, 2011), o que justifica os baixos
teores dessa fragdo (Tabela 4). Em seus estudos,
Souza Junior et al. (2012) também verificaram
baixos teores de “P-H,O” nos solos do presente
estudo, o que revela a forte interacao do P com a
fase solida do solo.

Nos solos acidos e pobres em Ca, a maior parte
do P inorgédnico forma precipitados com Al e Fe e,
ou, ¢ adsorvida especificamente a superficie dos
coloides minerais, de modo que as fragdes P-Al e
P-Fe sdo as que predominam (SOUZA JUNIOR et
al., 2012). Isso leva a supor que nos solos RLd,
LVd, Cxbd e LVwf o P inorganico esteja ligado
a Fe e Al. De fato, as maiores proporgdes do Pi
desses solos foram nas fragdes ligadas a Fe e Al.
O valor expressivo de P-Fe do LVwf ¢ devido as
caracteristicas quimicas e mineraldgicas deste
solo. De acordo com o Sistema Brasileiro de
Classificacao de Solos (SiBCS), os Latossolos
Vermelhos acriférricos possuem carater acrico e
teores de Fe,O, de 180 g kg’ a < 360 g kg’ na
maior parte dos primeiros 100 cm do horizonte B
(EMBRAPA, 2018).
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The expressive value of P-Ca in RLm is also
related to the characteristics of this soil. According to
the SiBCS, Chernossolic Litholytic Entisol is a non-
carbonate soil with a chernozemic A horizon, which
is a relatively thick dark mineral horizon with a high
base saturation and predominance of calcium and
magnesium ions (EMBRAPA, 2018). The other soils
presented low levels of P-Ca. According to Souza
Junior et al. (2012), in the highly weathered soils
and in those less weathered with low values of pH
and Ca?*, most of the inorganic P occurs in the forms
of P-Al and P-Fe. This explains why the RLd, soil
with a low grade of weathering, presented fractions
of inorganic P similar to the highly weathered soils.

The sum of the inorganic P fractions determined
in this study was lower than the total P value. On
China soils, Shao et al. (2019) also observed that the
inorganic P content in the studied area was lower than
the total P, representing 60 to 85% of the total P. It
can be explained by the lack of residual and occluded
P fractions predicted in the original procedure of
Chang and Jackson (1957), as well as the organic
P fractions. Such fractions were not determined
because they were not labile and, consequently, of
little importance for crops (ROCHA et al., 2005).

The high correlation coefficient between the M1
and M3 extractors (Table 5) was also observed by
Bortolon et al. (2009), Bortolon et al. (2011), and
Mumbach et al. (2018). According to Bortolon et
al. (2009), the high correlation indicates that the
two methods can be used to extract P from the soil.
Furthermore, it was observed, in the present study,
that the M1 and M3 extractors were positively
correlated with the same variables (total P, available/
total P ratio, P-Ca, P-Fe, and P-Al). According to
Mumbach et al. (2018), such results demonstrate that
the extraction methods can be used to estimate the
availability of P in soils, and the M1 extractor should
be preferable, as it has extensive field calibration.

CONCLUSIONS

Mehlich-1 extracted more P available in the soil
with a high Ca content (RLm);

The high levels of total P in RLm and LVwf
are mainly due to the soil/parent material, and
the available content depends upon the physical,
chemical, and mineralogical characteristics of the
soils;

Inorganic P fractions bonded to Fe and Al are
predominant in the most weathered and acidic soils.
The inorganic P fraction bonded to Ca is predominant
in soils with high levels of Ca.

O expressivo valor de P-Ca no RLm também esta
relacionado as caracteristicas desse solo. De acordo
com o SiBCS, os Neossolos Litolicos Chernossoélicos
sdo solos sem carater carbonatico e com horizonte A
chernozémico, que ¢ um horizonte mineral superficial,
relativamente espesso, de cor escura, com alta saturacdo
por bases, com predominio do ion célcio e/ou magnésio
(EMBRAPA, 2018). Os demais solos apresentaram
baixos teores de P-Ca. De acordo com Souza Junior et
al. (2012), nos solos mais intemperizados e naqueles
menos intemperizados, com baixo valor de pH e de
Ca?", a maior parte do P inorganico ocorre nas formas de
P-Al e de P-Fe. Isso explica por que o RLd, solo menos
intemperizado, apresentou fragdes de P inorgénico
semelhantes aos solos mais intemperizados.

O somatorio das fragdes inorganicas de P
determinadas no presente estudo revelou-se inferior ao
valor de P total. Em solos da China, Shao ef al. (2019)
também observaram que o conteudo de P inorgéanico
foi inferior ao P total, representando de 60 a 85% do
P total. Fato que pode ser explicado pela auséncia das
fragdes P residual e ocluso, previstas no procedimento
original de Chang e Jackson (1957), e, também, do
P orgénico. Tais fragdes ndo foram determinadas por
serem ndo labeis (ROCHA et al., 2005).

O alto coeficiente de correlacdo entre os extratores
M1 e M3 (Tabela 5) foram também verificados por
Bortolon et al. (2009), Bortolon et al. (2011) e Mumbach
et al. (2018). De acordo com Bortolon et al. (2009),
a alta correlagdo indica que os dois métodos podem
ser utilizados na extragdo de P no solo. Além disso,
observou-se, no presente estudo, que os extratores M1
e M3 correlacionaram-se positivamente com as mesmas
variaveis (P total, relagdo P disponivel/total, P-Ca, P-Fe
e P-Al). Segundo Mumbach et al. (2018), tais resultados
demonstram que os métodos de extragdo podem ser
utilizados para estimar a disponibilidade de P nos solos,
devendo ser preferivel o extrator M1, por apresentar
extensa calibragdo de campo.

CONCLUSOES

O Mehlich-1 extraiu mais P disponivel no solo
com alto teor de Ca (RLm);

Os altos teores de P total nos solos RLm e LVwf
sdo decorrentes, principalmente, do material de
origem, sendo o teor disponivel dependente das
caracteristicas fisicas, quimicas e mineralogicas dos
solos;

As fragoes de P inorganico ligadas a Fe e Al
sdo predominantes nos solos mais intemperizados
e acidos. A fragdo de P inorgédnico ligado a Ca
predomina em solos com teores elevados de Ca.
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