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Adsorption and chemical extraction of phosphorus
as a function of soil incubation time
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ABSTRACT

The objectives of this work were to evaluate the relationship between phosphate adsorption in different mineral soil
constituents of the clay fraction to determine the P recovery rate by the Mehlich-1, Mehlich-3, Bray-1 and CaCl,
0.01 mol L' extractants as a function of incubation time of soil as well as to compare this rate with physical and chem-
ical soil characteristics. In five soil samples five doses of P based on the maximum phosphate adsorption capacities (MPAC)
of the soil, were applied, corresponding to 0, 0.2, 0.4, 0.8 and 1.0 level. The samples were incubated for 90, 60, 30, 15
and 0.5 days. The experiment consisted of a 5 x 4 x 5 factorial (five doses, four extractants and five different periods of
incubation time) in five different soils, all distributed in blocks, with three replicates. The P content in soil was deter-
mined by the Mehlich-1, Mehlich-3, Bray-1 and CaCl, 0.0T mol L' extractants. The soil characteristics that best correlat-
ed with the recovery rate of applied P were the remaining P (rem-P) and the MPAC. Soils high in gibbsite presented the
highest P adsorption. Soils possessing high MPAC and the low rem-P presented higher reversibility for the non-labile P
(residual P) for smaller time periods.
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Adsorcao de fosfato com o tempo de incubacao dos solos
por extratores quimicos

RESUMO

Este trabalho teve os objetivos de avaliar a relagao entre adsorcao de fosfato em solos com diferentes constituintes minerais
da fracao argila, determinar a taxa de recuperacdo do P aplicado pelos extratores Mehlich-1, Mehlich-3, Bray-1 e CaCl,
0,01 mol L em funcao do tempo de incubagao das amostras e correlacionar essa taxa de recuperacao com caracteristicas
fisicas e quimicas dos solos. Amostras de cinco solos receberam cinco doses de P determinadas em funcao de suas capacidades
maximas de adsorcao de fosforo (CMAP), correspondentes aos niveis: 0; 0,2; 0,4; 0,8; 1,0. As amostras foram incubadas
durante 90, 60, 30, 15 e 0,5 dias. O experimento consistiu de um fatorial 5 x 4 x 5 (cinco doses, quatro extratores e cinco
tempos de incubacao) em cinco solos diferentes, distribuidos em blocos ao acaso, com trés repeticdes. Determinou-se o
teor de P nas amostras pelos extratores Mehlich-1, Mehlich-3, Bray-1 e CaCl, 0,01 mol L. As caracteristicas dos solos que
melhor se correlacionaram com a taxa de recuperacao do P aplicado, foram o P remanescente (P-rem) e a CMAP. Solos
com predominancia de gibbsita na fracao argila mostraram maiores adsor¢oes de P. Os solos com maior CMAP e menor P-
rem apresentaram uma reversibilidade maior do P nao labil (P residual) em um intervalo menor de tempo.
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INTRODUCTION

The colloidal minerals found in the clay fraction are re-
sponsible for important physiochemical reactions in soil. The
process of ion adsorption from the soil solution is an exam-
ple of this phenomenon. In this context, phosphorous (P) has
been widely studied since it is the nutrient with the highest
economical impact on agricultural production owing to its
low dry matter production per kg of applied nutrient ratio.
This is due not only to P natural scarcity in tropical soils
(Valladares et al., 2003), but also for its low availability in
clay and temperate soils (Rocha et al., 2005).

The phosphorous capacity factor (PCF), also known as
phosphate buffer capacity, is defined by the ratio of the
amount of adsorbed P (Q) and P in solution (l), indicating
the soil capacity to mantain a steady P concentration in so-
lution. Both characteristics along with the clay mineralogy
account for the speed at which it passes from the labile P to
the non-labile P (Silva et al., 2003).

Rolim Neto et al. (2004) stated that the adsorption process
takes place in accordance with the order of prevalence of the
following minerals: clay 2:1 < clay 1:1 < crystalline oxides of
Fe and Al < amorphous oxides of Fe and Al. The phosphate
adsorption by these soils is influenced by minerals presenting
superficial grouping Fe-OH and Al-OH, in which the phos-
phate is absorbed by chemisorptions through covalent bound.
Moreover, mineral structure and specific surface reinforce the
adsorption effect (Mesquita Filho & Torrent, 1993).

Not only in the central regions of Brazil, covered by sa-
vannah vegetation, but also along the coast, types of soils
with high oxide content (hematite-Fe,O5, goethite- FeOOH
— and gibbsite-Al (OH);) and/or kaolin-based soils are
formed. Clay 2:1 is found in soils under the less-strong im-
pact of weathering, as that found in the semi-arid climate of
the Northeastern Brazilian and that which usually lies with-
in irrigated perimeters. In such environments, the precipita-
tion contributes towards the low availability of P to plants.
This occurs due to the formation Al and Fe phosphate com-
pounds in acidic soils or Ca phosphate compounds either
neutral or alkaline soils (Hsu, 1965).

The present work aims at evaluating the relation between
phosphate adsorption in soils posing different mineral dis-
tribution in the clay fraction, the recovery rate of P by the
Mehlich-1, Mehlich-3, Bray-1 and CaCl, 0.01 mol L™ extrac-
tants as a function of incubation time, as well as to correlate
this recovery rate with some physical and chemical charac-
teristics of these soils.

MATERIAL AND METHOD

Soil samples were collected from the subsurface (Table 1)
after which they were air dried, ground and sieved through
a 2 mm sieve, following EMBRAPA (1997) procedures for
the chemical and physical analysis. The mineralogical com-
position of clay fraction was taken into account for select-
ing the soils (Figure 1).

The remaining P (P-rem) was determined as proposed by

Alvares et al. (2000). In order to assess the maximum ca-
pacity of phosphorus adsorption (MCPA), 2.5 cm3 soil sam-
ples received 11 P doses (KH,PO, p.a.) at intervals ranging
from 0 to 110 mg L1 for DYL; — Distrophic Yellow Lato-
sol; 0 a 260 mg L1, for DYL, — Distrophic Yellow Lato-
sol, DRYL — Distrophic Red Yellow Latosol and ; NVdf —
Distrpophic Red Nitosol; and finally from 0 to 80 mg L1
for VEo — Vertisol Ebanico ortic (Alvares et al., 2000).

The P doses were applied to soil through a CaCl,2H,0
0.01 mol L-! solution stirred in a 125 mL erlenmeyer for a
period of 24 h, and centrifuged for 5 min at 3000 rpm, after
that were filtered and the P concentration was determined
by colorimetry (Braga & Defelipo, 1974). Langmuir linear
isotherms (C/q = 1/ab+1/bC) were used in order to determine
the MCPA (b) in mg cm-3 and the constant (a) related to the
adsorption energy (AE) in L mgL.

Table 1. Identification, horizon, depth and the origin of the soil samples

Identification Horizon Depth (cm) Source
DYL, Bw, 132-155+ Igarassu, PE
DYL, Bw, 74-155 Tamandaré, PE
DRYL Bw, 95-165 Jaciara, MT
Nvdf B ico 30-56 Cabo, PE
VEo Cv 5-25 Cachoeirinha, PE

DYL, - Distrophic Yellow Latosol; DYL, -Distrophic Yellow Latosol; DRL — Distrophic Red Latosol;
NVdf — Distrophic Red Nitosol VEo — Vertisol Ebanico ortic

Table 2. Selected physical and chemical characteristics of the soil samples

e Solo
Characteristic DYL, DYL, ODYL, NVdf VEo
sand (dag kg") 768 242 498 118 298
Silt (dag kg') 40 32 80 175 155
Clay (dag kg") 192 726 422 707 547
Ds (g cm) 157 122 153 112 472
Dp (g cm?) @ 263 277 263 289 256
Ko (cm h') ® 1018 604 362 581 038
FG (%) @ 794 2951 2237 397 3953
PWP (%) © 467 2195 1597 296 2748
pH H,0 (1:2.5) 45 47 48 44 68
pH KCI 89 45 59 41 52
P Mehich-1 (mg dm?®) ~ 035 00 00 236 4956
P Mehich-3 (mg dm?®) 263 21 17 35 260
PBray-1 (mgdm®) 0738 015 012 04 154
P CaCl, (mg dm®) 00 00 00 00 04
Na (cmol, dm) 003 007 003 003 139
K (cmol, dm?) 002 001 005 002 03
CatMg cmol,dm®) 03 02 015 12 727
Al (cmol, dm9) 10 015 00 045 00
H-+Al cmol, dm?) 371 83 189 58 148
m (%) 740 350 00 260 00
Organic C (g kg") 08 043 044 076 58
P-rem (mg L") © 2253 049 0097 037 3732
CMAP (ngem® @ 054 213 276 244 031
EA (mg L)1 ® 092 071 475 111 035
Feox (dag kg™!) © 028 033 014 038 017
Fed (dag kg") (0 355 442 27 58 025
Feox / Fed 008 0075 005 006 067

™Ds - soil density; @Dp — particle density; @Ko — hydraulic conductivity; WFC — field capacity;
GPWP — permanent withering level ©)P-rem — remaining phosphorous; MWCMAP — maximum capacity
of phosphate adsorption; @EA — energy adsorption; ©Fe, — iron oxalate; (19Fe4 — iron dithionite
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Figure1. Diffractometry of the soil samples studied

The clay fraction of soil samples was separated in order
to prepare the slides for the mineralogical analysis by means
of X-ray diffraction (Jackson, 1967). The sample readings
were done with a diffractometer fitted with a copper tube by
using CuKa radiation at 20 mA and 40 kV.

A method proposed by Coffin (1963) and Schwertman &
Taylor (1989) was employed for conducting an evaluation of
the iron oxide crystalline degree found in the clay fraction.
The amorphous Fe content (Feyyaiato) and the crystalline Fe
(Fegitionito) Were determined by means of atomic absorption
spectrometry.

Except for the VEo (pH 7.0), the soils were incubated in
a mixture of CaCO5; and MgCO5 at a molar relation of 4:1
for a period of 60 days. The amount of carbonates added was
based on the potential acidity (H+A1) of each soil.

The experiment consisted of a soil sample of 2 kg collected
in plastic bags to which P doses were applied in a KH,PO,,
NH4H,PO, e NaH,PO, solution that corresponded to the 0,
0.2, 0.4, 0.8, 1.0 MCPA of each soil (Table 3).

All samples were incubated for periods of 90, 60, 30, 15
and 0.5 days. These incubation periods were initiated at dif-
ferent times so that, on a single and last day, the various in-
cubation times for soil were attained. Water content was kept
at 80% of the field capacity all through the experiment.

At the end of the incubation, 100 g samples were removed
from each plastic bag. The P recovered by the extractants
Mehlich-1 (HCI 0.05 mol L + H,SO, 0.0125 mol L"1), Me-
hlich-3 (NH,F 0.015 mol L' + CH3;COOH 0.2 mol L* +
NH4;NO3 0.25 mol L't + HNO3; 0.013 mol L1 + EDTA
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0.001 mol L-1), Bray-1 (HCI 0.025 mol L1 + NH,4F
0.03 mol L) e CaCl, 2H,0 (0.01 mol L) were determined
in each treatment at a soil extractant ratio of 1:10 (4 cm3 of air
dried soil and 40 mL of the extracting solution). P evaluation
in the extracted material was obtained by colormetry as
recommended by Braga & Defelipo (1974).

The data obtained were submitted to analysis of variance

Table 3. Maximum phosphate adsorption capacity (MPAC) - experimental
interval and phosphate doses applied to the soil samples

. MPAC ) Experimental interval P Doses
Soil
mg cm?® mg dm?3

DYL, 0.5397 0-540 0; 108; 216; 432; 540
DYL, 2.1344 0-2134 0; 427; 854; 1707; 2134
DYRL 2.7570 0-2757 0; 551; 1103; 2206; 2757
Nvdf 2.4372 0 - 2437 0; 487; 975; 1950; 2437
VEo 0.3084 0-308 0; 62; 123; 247; 308

by the F test, and measurements were compared by Scott-
Knott test (p <0.05). Correlations were made between the
recovery rate of P by the extractants with both physical and
chemical characteristics, and the regression analysis between
the recovered P and the recovery rate of P as applied in re-
lation to the doses and incubation time of all soils and ex-
tractants.

RESULTS AND DISCUSSION

Broadly speaking, the Mehlich-1 and Bray-1 extractants
exhibited greater values of P recovery from the different doses
applied and incubation times (Table 4). Recovered P varied
as a result of interactions between the extracting solutions
at different pH levels, the dilution factor, the presence of ions
and the different physical and chemical soil characteristics.

It was observed, however, that in treatments where no P
was applied, there were small nonsystematic variations of
recovered P at different incubation times. With the second
dose, a slight decrease of recovered P was observed during
incubation time for all soil (Table 4).

On the VEo soil, the Mehlich-1 extractant overestimated
the recovered P probably due to the solubilization of P linked
to Ca (P-Ca) which suggests that both Mehlich-3 and Bray-1
extractants are more appropriate to soils found in areas of
poor weathering such was the case of VEo. Silva et al. (2004)
suggested that an intensification of research on methods of
P extraction through Bray-1 and Mehlich-3 in soils of the
semiarid Northeastern Brazil is needed.

In treatments involving longer periods of incubation (90
days), the soils presented P values recovered (out of MCPA
applied) by extractants in the following order: VEo (51%),
DYL; (20%), NVdf (8%), DYL, (6%) and DYRL (2%). The
relation between P adsorption capacity and the mineralogi-
cal composition of the soils is similar to the sequence pre-
sented by Fox & Searle (1978) for tropical soils.

The DYRL high in gibbsite (Figure 1), presented the low-
est values of recovered P, a result that disagrees with Bahia
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Table 4. Phosphate content recovered by the Mehlich-1, Mehlich-3, Bray-1 and CaCl, 0.01 mol L extractants at different levels of applied phosphate
and incubation time

Soil/Extractant

Level ™ oy DYL, DYRL NV VEo DYL, DYL, DYRL NV VEo
Day mg dm?
Mehiich-1 Mehiich-3
05 043 0.05 0.01 183 362.34 3.96 374 331 5.00 28.46
15 108 032 02 202 593.23 333 277 235 407 2337
0 30 0.00 0.00 0.00 273 54544 3.37 283 252 494 2950
60 024 0.00 0.00 240 52442 126 027 0.00 133 2014
9 0.00 0.00 0.00 194 452.90 126 0.86 027 2.03 2848
05 6694 86.67 1369 9397 38430 55.42 4597 14.04 4888 67.47
15 66.38 91.48 3778 13223 57811 4073 3334 18.03 4331 42.95
02 30 6126 13704  13.90 5693 46474 50.80 57 41 13.65 26.14 52.86
60 4161 2172 12.36 8710 44128 33.02 54.60 355 3064 4332
9 41.97 26.12 1053 1958 368.31 4114 2074 1051 743 53.60
05 13663 9200 11765 22430 41267 16045 11577 4175 17403 84566
15 12524 32110 26163 34554 68117 10548 13254 5408 14166 8305
04 30 16745 36432 7372 21256 48096 14601 18027 3293 96.66 88.46
60 7055 15225 4236 22423 52641 58 21 58.44 1921 12490 7093
9 10165 10847 3419 7601 40964 10612 6458 32.35 3523 79.40
05 26320 67678 168266 41156  681.09 33801 43833 12128 40364 43263
15 33607 68866 67753 128972  771.85 27328 29614 12081 62030 15967
08 80 31744 132862 111625 70855 72380 27725 56726 15125 39980 27321
60 19377 58941 15637 79603 56663 19413 32450 6588 45848 12188
90 15847 28470 21918 55616 481.02 27076 24185 8759 40942 143568
05 32405 02560 247896 89650  717.40 38356 62150 10048 71478 44630
15 52047 132038 150068 107120  790.16 34345 59969 14455 53214 18856
10 30 36403 141220 57987 93656  598.24 33150 64895 10902 55183 18087
60 32399 67680 41273 85182 59187 30549 34390 7644 52078 11674
90 24418 49710 54834 74873 48840 39695 39361 13018 52846 16353
Bray-1 CaCl, 0.01 mol L
05 085 013 020 065 2007 0.00 0.00 0.00 0.00 0.00
15 103 0.15 0.15 0.15 1112 017 017 017 017 052
0 30 071 0.13 0.13 0.45 16.05 0.00 0.00 0.00 0.00 052
60 0.80 029 0.10 0.42 1539 0.00 0.00 0.00 0.03 072
90 028 0.03 0.03 034 14.42 0.00 0.00 0.00 0.00 047
05 9136 11034 2742 11430 7077 0.86 0.05 0.00 021 298
15 62.15 5253 26.48 45 81 28 61 064 029 017 053 180
02 30 67.36 97.42 16.90 3439 50.77 024 029 0.00 0.00 191
60 38.18 1125 12.06 2101 5163 0.04 0.01 0.00 021 2.04
90 39.77 22,65 13.14 3.67 4475 0.00 0.00 0.00 0.15 216
05 22080 14464 11128 32798 10058 593 0.66 064 9.00 6.24
15 12024 19386 10480 19449 4513 261 5.08 2.05 6.48 823
04 80 17187 32931 5434 17671 94.16 373 9.94 0.00 161 6.26
60 7207 10722 2659 12021 8561 0.83 032 0.00 3.80 570
90 10408 8482 2530 4428 7330 109 0.00 0.00 020 530
05 41820 02805 18635 74270 50211 2421 10573 3.00 3036 14216
15 26437 43356 23242 97873 8517 1963 69.32 1960 18096 1766
08 30 34921 107784 33240 68300 30592 1673 13595 2054 65.65 74.06
60 27918 54566 7037 86080  150.40 9.89 2976 0.49 8750 18.47
900 25475 32634 7177 55101 13002 10.02 7.01 0.00 34.47 16.31
05 55648 135556 23516 133132  508.67 3367 21478 1001 17749 14486
15 40287 100054 28910 77643 19395 3661 21919 2852 11138 28.00
10 30 43284 115837 1950 91580 16866 2521 15314 6.56 69.58 2333
60 39554 58938 12165 91323 14676 2312 44 61 137 10500 2383
90 37568 50171 13361 80210 16250 20,64 19.30 127 69.31 2528
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Filho et al. (1983) who considered the goethite the main
component of the clay fraction responsible for P adsorption
in Central Brazil soils. It is possible that the greater adsorp-
tion capacity of P at the longest time of incubation for DYRL
results from the presence of A1 amorphous oxides, commonly
found in highly weathered oxisols .

In order to establish a relation between recovered P, the
applied doses of P and the incubation time, regressions were
adjusted between the P recovered by different extractants as
a result of the applied doses and incubation time (Table 5).
The finest adjustments (higher R2) were obtained with the
Mehlich-3 extractant. However, for all extractants, a decrease
of recovered P with incubation time was observed as report-
ed by other researchers (Larsen, 1967; Barrow & Shaw, 1975;
Gongcalves et al., 1989). In order to explain better this de-
crease, a cross-section in the response surface of recovered
P by Mehlich-3 extractant was made (Figure 2), which con-
firmed the fact that for any type of soil, no matter how large
the quantity applied at the longest incubation time, smaller
P recoveries were accomplished.

The P recovery rate (Table 6) was estimated from the ap-
plied P. Regarding the incubation time and the extractants,
rates varied from soil to soil, demonstrating how influential
both the content and mineralogical features of the clay frac-
tion can be on phosphate adsorption.

The soils that presented greater P adsorption capacity were
the following: DYRL, DYL, and NVdf, as demonstrated by
the smallest recovery rates of applied P (Table 6), which
points towards their highest capacity of P adsorption in soils
with higher gibbsite, goethite and hematite content in their

clay fraction (Figure 1). The effect of aluminum oxides in
the adsorption has been much less important in spite of the
significant role of gibbsite in the P adsorption — though low-
er than that of the goethite (McLaughlin et al., 1981). In
view of its substantial presence in some clay oxisols, its con-
tribution in terms of total adsorption can, however, over-
pass that of iron oxides (Curi et al., 1988; Mesquita Filho
& Torrent, 1993).

In DYL, soil, in spite of the presence of goethite in the clay
fraction (Figure 1) principal responsible for the adsorption
phenomenon (Bahia Filho et al., 1983), the high P recovery
rate of applied P did point towards the soil’s low adsorption
capacity (Table 6). The low clay content (Table 2) accounts for
a decrease in the adsorption capacity of DYL, (Table 6) whose
mineralogical composition is similar to that of DYL, (Fig-
ure 1), though it presented 3.8 times more clay than that.

The VEo soil presented high recovery levels of the ap-
plied P (Table 6); however, it showed low adsorption capac-
ity. In spite of its high clay content (Table 2), there is a min-
eralogical predominance of clay minerals of 2:1 type, which
is not so effective in the adsorption process but high con-
tents of calcium present (Table 2) effectively contributed in
precipitacdo which is also responsible for the non-availabil-
ity of P due to the formation of low-solubility compounds
such as calcium phosphates.

Comparing the adsorption capacity of DYL, and VEo, a
similar behavior is observed between these two types of soil
(Table 6) which call for the precipitation of P in alkaline soils
such as the VEo - similar to the iron oxide adsorptive ca-
pacity found in acid soils with less clay such as DYL;.

Table 5. Phosphate content recovered from the soils (mg dm=) by the Mehlich-1, Mehlich-3, Bray-1 e CaCl, 0.01 mol L extractants as a result of

incubation time (days) and the doses applied (mg dm?)

Soil Equation R?
Mehlich-1
DYL, y = 24.5589 + 0.647657***ds - 0.897826**t 0.891
DYL, y =-151.099 + 0.295431 ®ds + 0.000148537*ds? + 10.8708*t - 0.110787*t? - 0.00372942**ds t 0.872
DYRL y = 18.8805 + 0.296793 ®ds + 0.000158148*ds? - 11.1213 ®t + 0.154710*t? - 0.00789250***ds t 0.866
NVdf y = 34.0499 + 0.206114 ®ds + 0.0000776823 ®ds? - 1.40496 ©t 0.860
VEo y = 405.997 + 1.03133***ds + 4.15306*t - 0.0454830*t? - 0.0101814*ds t 0.675
Mehlich-3
DYL, y = 32.0863 + 0.447545***ds + 0.000395392*ds? - 2.21426**t + 0.0207285**t 0.970
DYL, y = 0.201767 + 0.253188***ds - 1.31885**t 0.873
DYRL y = 1.79607 + 0.0454612***ds - 0.197683 ©t 0.856
NVdf y = 18.6883 + 0.0870387 ®ds + 0.0000669847**ds? - 0.787134*t 0.945
VEo y = 54.9646 + 0.720260***ds - 1.03932*t 0.627
Bray-1
DYL, y = 28.1499 + 0.592033***ds + 0.000560829*ds? - 1.7980*t + 0.0169346*t? - 0.00256305**ds t 0.967
DYL, y = 36.1742 + 0.449862***ds - 3.43197**t 0.806
DYRL y = 26.8694 + 0.0779891***ds - 0.987436**t 0.770
NVdf y = -34.3084 + 0.423903***ds - 1.94367*t 0.897
VEo y = 222511 + 1.22707***ds - 2.77386 ®t + 0.0352639*t? - 0.0108551*ds t 0.702
CaCl, 0.01 mol L

DYL, y =-0.961070 + 0.0519477***ds - 0.0782721**t 0.854
DYL, y =-385171 + 0.105694***ds + 0.424353 ®t - 0.00114173***ds t 0.822
DYRL y = 1.26087 + 0.00405258**ds - 0.0728363*t 0.398
NVdf y =-6.79039 + 0.0480192***ds - 0.287049 ®t 0.656
VEo y =-1.02239 + 0.342754***ds - 0.919369 t + 0.0118740*t2 - 0.00377912**ds t 0.621

rawwxx @ nsgignificant at 0.1, 1, 5, 10% and no-significant, respectively. ds — Dose; t — time
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Figure 2. Phosphate content recovered in different soils as a function of
the applied dose and incubation time for the Mehlich-3 extractant

Table 6. Phosphate recovery rate in soils (mg dm3/mg dm-3) for
Mehlich-1, Mehlich-3, Bray-1 and CaCl, 0.01 mol L extractants at
different incubation time

Incubation time (days)

L 05 15 30 60 90
Mehlich-1
DYL, 05997+ 09386** 07012%** 05738**  0.4250%**
DYL, 04537*% 05826%* 07436** 03557%%  0.2272%*
DYRL 0.9565** 05428** 03421  01350% 01843
NVAf  0.3296%*  05380%*  0.4052%*  03001**  0.3300%*
VEo 13020%* 07388** 05202 03379 02573
Mehlich-3
DYL, 07470%** 06587%** 06200%** 05560*% 0.7337%**
DYL, 02993** 02624%* 03317+ 01882%%  0.1843**
DYRL 0.0433**  0.0545*** 00514*  0.0306**  0.0475%*
NVAf 0.2808**  02700%* 02370%*  02403**  0.2385%*
VEo 15600%*  05621%** 06855%  0.3405%*  0.4524%**
Bray-1
DYL, 1.0222%%* 07179%%* 0.8185%%* 07492%*  0.6929%**
DYL, 06533** 04281%*  06085** 03195%%  0.2398**
DYRL 0.0871%** 01101*** 01047*  0.0423**  0.0457**
NVdf  05197**  0.4106*  0.4000%*  04381**  03511*
VEo 18272*  05238*  07350%  0.4513%*  0.4750%**
CaCl,
DYL, 00661** 00669** 00373*  0.0407*  0.0373*
DYL, 00990*  0.0923*  00833** 00223**  0.0084*
DYRL 0.0032*  0.0110** 00053  00005*  0.0003
NVdf 00604  0.0686*  0.0340**  0.0490%*  0.0280*
VEo 05631%*  0.0886*** 01628  0.0798**  0.0806**

o enns: gignificant at 0.1%, 1%, 5%, 10% and non-significant, respectively

Though small, P reversibility of non-labile the labile does
tend to increase in each incubation period thus P is retained
with less energy whenever the adsorption surface becomes
saturated (Rolim Neto et al., 2004). In soils with smaller
values of rem-P and higher values of MCPA (DYRL, DYL,
and NVdf), a tendency of increase in recovery rate of appled
P was observed following 60 days of incubation (Table 6),
which suggests that elevated doses of applied P and the fast
transition from P labile to P non-labile contributed to the
development of a possible residual effect of P as observed
after an incubation period of 90 days. In soils with high P-
rem values and smaller MCPA (DYL, and VEO0), the trans-
formation of labile P to non-labile P takes longer time to
develop a probable residual effect.

Contrary to the observation made by Goncalves et al.
(1989), this study demonstrated that the mathematical rela-
tion between recovery rates of applied P based on the soils’
MCPA and the different incubation times did not character-
ize a decrease of exponential nature.

Correlation between recovery rate of the applied P with
the characteristics of the soils which reflect the status of P
(Table 7) were also studied. As the clay content does not re-
flect adequately the buffering capacity of the phosphate in
the soil, as demonstrated by Silva et al. (2004), present study
also showed that the recovery rate of applied P does not cor-
relate with the clay content, indicating the importance of the
mineral constituents of this fraction.

The recovery rate of applied P shows a positive and im-
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Table 7. Simple linear correlation coefficients between the phosphate
recovery rate obtained by the Mehlich-1, Mehlich-3, Bray-1 and CaCl,
0.01 mol L' extractants and the soils’ physical and chemical
characteristics

Characteristics Recovery rates
Clay -0.34n
P rem ™ 0.92*
MCPA @ -0.98**
EA © -0.75®

% @ns: significant at 1, 5 e 10% and non significant, respectively
(1 Remaining phosphate; > Maximum phosphate adsorption capacity; ( Adsorption energy

portant correlation with rem-P, and a negative no less sig-
nificant correlation with MCPA, which once again suggests
that rem-P is the most appropriate analysis at routine level
to assess the P interaction with clay fraction minerals of soils
where these elements are adsorbed.

CONCLUSIONS

1. The characteristics that best reflected the recovery rate
of the applied P were the remaining P and the maximum
capacity of phosphorus adsorption

2. Soils with highest gibbsite concentration in the clay
fraction presented highest P adsorption

3. Soils with high maximum capacity of phosphorus ad-
sorption and low remaining P presented greater reversibility
of non-labile P (P residual) in a small time of incubation.
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