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ABSTRACT: Phosphorus dynamics in soil can be modified by the use of no-till systems. Brazilian
farmers have applied phosphorus fertilizers onto the soil surface to optimize machine field operations
despite the lack of research supporting this practice. An experiment was conducted to study the
effects of the application of two P sources onto soil surface and soybean seed furrows. The treatments
consisted either of the application or not of 80 kg ha-1 of total P2O5 as natural reactive rock phosphate
and superphosphate spread on the soil surface over the standing plant residues. At soybean planting,
additional treatments (80 kg ha-1 of Natural Phosphate or Superphosphate) were applied at seed
furrows. Soil was sampled down to 40 cm deep before soybean planting and after harvest. A control
sample was taken from an adjacent non-cropped area. Phosphorus contents increased down to 40 cm
after the soybean crop, and the increase was observed mainly in Ca-bound P and organic phosphorus.
However, there was a decrease in Fe-bound P, showing that P availability to soybeans was likely
related also to this fraction. Phosphorus fertilization with both phosphates decreased occluded P
contents on the soil surface layer when compared with the non-cropped area.
Key words: natural phosphate, phosphorus fertilizer, mineral phosphorus, organic phosphorus,
phosphorus fractioning

FONTES E FRAÇÕES DE FÓSFORO NUM LATOSSOLO SOB
SEMEADURA DIRETA DE SOJA

RESUMO: A dinâmica do P no solo pode ser modificada em sistemas com semeadura direta. Os
agricultores brasileiros vêm aplicando fósforo na superfície do solo para otimizar a operação de
máquinas, embora não seja uma prática recomendada pela pesquisa. Foi conduzido um experimento
para estudar os efeitos da aplicação de duas fontes de fósforo na superfície do solo e no sulco de
semeadura da soja. Os tratamentos consistiram da aplicação ou não de 80 kg ha-1 de P total como
fosfato natural reativo e superfosfato, aplicados na superfície do solo, sobre os resíduos da cultura
anterior. Na semeadura da soja, tratamentos adicionais (80 kg ha-1 de fosfato natural ou superfosfato)
foram aplicados ao sulco de semeadura. O solo foi amostrado até 40 cm de profundidade, antes da
semeadura da soja e após a colheita. Uma amostra controle foi tomada de área adjacente, sem cultivo.
Houve aumento nos teores de P até 40 cm de profundidade, após a colheita da soja, de modo que o
aumento foi observado principalmente no P ligado ao Ca e no P orgânico. Entretanto houve decréscimo
nos teores de P ligado ao Fe. A adubação com ambas as fontes de fosfato levaram a um decréscimo
nos teores de P ocluso na superfície do solo quando comparada com a área sem cultivo.
Palavras-chave: fosfato natural, fertilizante fosfatado, fósforo mineral, fósforo orgânico, fracionamento
de fósforo

INTRODUCTION

Inorganic P occurs in soil mainly as H2PO4- and
HPO4

2-, adsorbed to Fe and Al oxides and hydroxides
and to organic matter or bound to Ca (Raij, 1991). The
relative proportions of inorganic and organic P range
widely among soils, but it is usual that organic P ac-
counts for more than a half of total P (Almeida et al.,
2003). Soil P forms, contents and distribution are af-
fected by soil parent material and management

(Machado et al., 1993). In no-till systems, the main-
tenance of plant residues and phosphate application
over the soil surface lead to the formation of P con-
centration gradients, characterized by a large vertical
variability in the concentrations of this nutrient within
the profile (Eltz et al., 1989; Selles et al., 1997;
Schlindwein & Anghinoni, 2000).

During the implantation of no-till systems,
when tilling is interrupted, contact of phosphate ions
with sorption sites is decreased, which can affect phos-
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phate dynamics in soil (Vernetti Júnior & Gomes,
1999). The knowledge of the behavior of phosphorus
in no-till systems and its relation with the organic mat-
ter has allowed the use of alternative less soluble P
sources such as natural reactive rock phosphates as
substitutes for soluble sources (Vernetti Júnior &
Gomes, 1999). Reactive rock phosphates fragments
are very porous and this porosity increases the spe-
cific contact area and accelerates their effect. How-
ever, the knowledge about the effects of phosphates
when applied on the soil surface is limited, mainly in
tropical environments. A relevant point is the increase
in organic phosphorus in relation to total phosphorus
in several soils maintained for a long time under no-
till (Bartz, 1998). These results point to the redistri-
bution of organic fractions of P within the soil profile
at depths where the availability of inorganic phospho-
rus fractions is very low. This may happen as a con-
sequence of the decomposition of plant residues and
root systems. Non-labile fractions of P tend to decrease
in relation to total P with cropping time along with a
relative increase in more labile fractions, that is, more
available P forms (Tokura et al., 2002).

An improved knowledge of P distribution and
pools in the soil profile is important in understanding the
behavior of this nutrient in the soil plant system, mainly
under no-till in tropical regions. This knowledge will al-
low planning a more appropriate management of phos-
phate fertilization in the production system. This work
was designed to study the distribution of phosphorus
fractions at four depths, until 40 cm, in the soil profile
under a no-till crop rotation with soybean as affected
by the application of two sources of phosphorus.

MATERIAL AND METHODS

The experiment was conducted in a sandy
loamy Haplortox, in Botucatu, State of São Paulo, Bra-
zil (altitude of 786 m, 22º49’ S, 48º25’ W). Soybean
(Glycine max (L) Merril) was grown in the experimen-
tal site during two seasons (1999/2000 and 2000/2001)
under no-till, in rotation with black oats (Avena
strigosa) in the winter and pearl millet (Pennisetum

glaucum) in the spring. Selected chemical (Raij et al.,
2001) and granulometric (Embrapa, 1997) properties
of the soil are in Table 1.

In April 2001, triticale (X Triticosecale
Wittmack) was planted over the standing straw and
three treatments were applied to field plots, consider-
ing the total P2O5 content of the fertilizer: 80 kg ha-1

P2O5 as powder triple superphosphate (soluble phos-
phate), 80 kg ha-1 P2O5 as ground Arad phosphate (re-
active), and control (without phosphate fertilizer). The
plots were 30 m long and 8 m wide, with four repli-
cates. The fertilizers were spread on the soil surface
over the previous crop residues. All plots received 50
kg ha-1 K2O as KCl and 100 kg ha-1 of Phosphogypsum,
also spread on the soil surface. In September 2001,
millet was planted in the experimental area after triti-
cale harvesting. In November 2001, after chemical des-
iccation of millet, the soil was sampled at layers 0 -
5, 5 - 10, 10 - 20, and 20 - 40 cm deep. Six sub-
samples were taken randomly per plot to compose one
sample that was analyzed.

After this, soybean was planted in sub-plots 5.0
m long and 8.0 m wide. The following treatments were
applied: 1) 80 kg ha-1 P2O5 (simple superphosphate) in
the plots that were previously treated with soluble phos-
phate (triple superphosphate); 2) 80 kg ha-1 P2O5
(simple superphosphate) in the plots treated with natu-
ral rock phosphate (reactive); 3) 80 kg ha-1 P2O5 (re-
active) in the plots treated with reactive phosphate
(Arad); 4) 80 kg ha-1 P2O5 (reactive) in the plots treated
with soluble phosphate (triple superphosphate); 5) 80
kg ha-1 P2O5 (simple superphosphate) in the control
plots; 6) 80 kg ha-1 P2O5 (reactive) in the control plots;
and 7) absolute control (soil sampled in a non-cropped,
identical area adjacent to the experiment). For the con-
trol, six sub-samples were taken to compose one
sample, and replicates were taken North, South, East
and West of the treated plots. Soybean was fertilized
with 60 kg ha-1 K2O as KCl, applied along with the
phosphates approximately 5.0 cm below and 5.0 cm
aside the seeds. After soybean harvest in April 2002,
the soil was sampled again at layers 0 - 5, 5 - 10, 10
- 20, and 20 - 40 cm deep.
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01-5 2.5 81 61 82 8.0 71 11 75 077 022

02-01 6.4 91 5 43 4.0 8 6 84 077 022

04-02 0.4 81 3 54 2.1 5 3 45 037 052

Table 1 - Selected soil chemical characteristics (1) and soil particle distribution(2) by the time the experiment was started.

1Raij et al., (2001),  2EMBRAPA (1997).
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Phosphorus fractions in soil were determined
as in Catani & Bataglia (1968). It was sequentialy
extrated and determined: 1) water soluble P; 2) phos-
phorus fractions weakly bound to soil (extraction with
NH4Cl 1 mol L-1); 3) phosphorus bound to aluminum
(Al-bound P, extraction with NH4F 5.5 mol L-1 at pH
8.5); 4) phosphorus bound to iron  (Fe-bound P, ex-
traction with NaOH 0.1 mol L-1); 5) phosphorus bound
to calcium (Ca-bound P, extraction with H2SO4 0.5 mol
L-1); 6) occluded phosphorus (by attack with HCl,
HNO3, and H2SO4, after the previous extractions); 7)
organic phosphorus was determined by difference be-
tween the content extracted from a soil sample sub-
mitted to 550°C with a solution of H2SO4 0.5 mol L-1

and the content extracted with the same solution with-
out heating.

The experimental design was a sup-plot (three
plots and six sub-plots), with an additional treatment

(absolute control), with four replicates. ANOVA was
carried out and means were compared using the t-test
(LSD, p < 0.05).

RESULTS AND DISCUSSION

Effect of cropping on soil P fractions
Water soluble phosphorus contents in the plots

treated with phosphate fertilizer were higher than that
found in the control area down to 10 cm deep (Table
2). In the control area, the contents were null. These
results were expected as a result of the phosphate fer-
tilization and the dynamics of the plant residues accu-
mulated on the soil, which can release the nutrient as
it decomposes. Lower inorganic P contents down to
10 cm in non-cropped areas had been observed before
(Tokura et al., 2002). The differences were attributed
to time, farming system, and soil type. In the present
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5-0 01-5 02-01 04-02

mdgm------------------------------------------- 3- -------------------------------------------

retaw-P

aeralortnoC 0 0 0 0

1egarevatnemtaerT 1 *31 *1 0 0

2egarevatnemtaerT 2 *4 *2 *2 *1

lA-P

aeralortnoC 2 4 4 2

1egarevatnemtaerT 1 *0 *0 *0 *1

2egarevatnemtaerT 2 *3 *3 *3 *3

eF-P

aeralortnoC 791 081 791 681

1egarevatnemtaerT 1 *352 *791 *191 *161

2egarevatnemtaerT 2 *761 *431 *831 *701

aC-P

aeralortnoC 99 67 67 27

1egarevatnemtaerT 1 *081 *801 *311 *701

2egarevatnemtaerT 2 *071 *811 *621 *59

dedulccoP

aeralortnoC 496 735 536 766

1egarevatnemtaerT 1 *336 *906 *746 *217

2egarevatnemtaerT 2 *376 *816 *206 *097

cinagroP

aeralortnoC 29 201 89 48

1egarevatnemtaerT 1 *701 *97 *86 *08

2egarevatnemtaerT 2 *131 *021 *021 *99

Table 2 - Phosphorus contents in the soil profile in four depths, at samplings before soybean planting and after soybean
harvest, in the control area and in treated plots. Average of four replicates.

*Significant difference (LSD, p < 0.05) as compared with the result in the control area. 1Treatments average before soybean planting.
2Treatments average after soybean harvest.



Galvani et al.418

Sci. Agric. (Piracicaba, Braz.), v.65, n.4, p.415-421, July/August 2008

experiment, after soybean harvesting, water soluble P
was found down to 40 cm deep in the soil profile,
showing that soybean cropping and time had an ef-
fect on the soil P pools (Table 3).

There was no detectable Al-bound P in the
treated area before soybean planting, except for the
layer at 20 - 40 cm (Table 2).  However, in this case,
the contents in the control area, down to 40 cm deep,
were larger than those in the treated area. In this kind
of soil, Al-bound P is found in lower concentrations
as compared with other phosphorus fractions, which
reflects the high weathering stage of the soils (Barbosa
Filho et al., 1987). With the increase in acidity by the
removal of exchangeable basis, there is an increase in
Fe and Al activity and the more soluble fractions of P
bound to Ca are converted to phosphorus bound to Al
and Fe (Chang & Jackson, 1958). The soil in the cur-
rent experiment has low Al content, thus Fe predomi-

nates. Therefore, it is possible that liming (done two
years before this experiment was started), by increas-
ing soil base saturation and pH (Table 1), along with
the transport of organic acids from decomposing plant
material, led to soil Al complexation (Rosolem et al.,
2004) and the absence of Al-bound P in the treated plots
before soybean was planted. However, after soybean
harvest, Al-bound P was found again in the soil pro-
file. The fixation of N2 may result in soil acidification,
resulting in more Al in solution, which may explain the
appearance of Al-bound P after soybean harvest.

The contents of Fe-bound P before soybean
planting were greater in the treated plots in relation to
those of the control area in layers 0 - 5 and 5 - 10 cm
deep and lower in layers 10 - 20 and 20 - 40 cm (Table
2).  This may result from the action of fertilizers and
the organic acids leached from the straw left on the
soil surface that may complex some Fe. In contrast,

stnemtaerT
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5-0 01-5 02-01 04-02

mdgm------------------------------------------- 3- -------------------------------------------

Pelbulosretaw

PN 1 9 2 0 0

PR 2 21 *0 0 0

PS 3 *81 1 0 0

Pdnuob-lA

PN 1 1 0 0 0

PR 2 0 1 1 0

PS 3 0 0 1 *3

Pdnuob-eF

PN 1 832 191 571 061

PR 2 603 942 812 271

PS 3 **412 **051 971 151

Pdnuob-aC

PN 1 111 711 19 08

PR 2 *982 801 511 231

PS 3 **931 89 *331 011

Pdedulcco

PN 1 336 346 195 757

PR 2 866 856 *957 296

PS 3 895 755 **195 886

Pcinagro

PN 1 201 77 96 68

PR 2 801 38 66 46

PS 3 211 77 07 88

Table 3 - Soil phosphorus in the soil profile before soybean planting as affected by phosphates applied to triticale.

1NP – no phosphorus applied to triticale. 2RP – Natural Rock phosphate applied to triticale. 3SP – Soluble phosphorus fertilizer applied
to triticale. *significant difference (LSD, p < 0.05) as compared with no-P. **significant difference (LSD, p < 0.05) as compared with
Natural Rock Phosphate.
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at soybean harvest, Fe-bound P content was higher in
the control area than in the treated plots, showing the
importance of farming in the dynamics of the fractions
of P in soil, because available P was related, at least in
part, to this fraction. It had been observed before that
this fraction of P in tropical soil is more dynamic than
that usually reported in the international literature and
therefore, at least part of it may have been absorbed by
the plants (Rheinheimer & Anghinoni, 2000).

The treated area presented a larger content of
Ca-bound P than that found in the control area (Table
2). The application of P fertilizers and Ca amendments
may account for the increase in this P fraction.

The content of occluded phosphorus in the
plots that received phosphate before soybean planting
was smaller than those observed the top layers (0 - 5
and 5 - 10 cm) and higher than those found in the
deepest layer in the control area (Table 2). After soy-
bean harvest, greater contents of occluded phospho-
rus were observed in the 20 - 40 cm layer in plots
treated with phosphate, while the largest contents of
occluded phosphorus were found in the control area,
in layers 0 - 5 and 10 - 20 cm deep. Soil modifica-
tions by cropping, along with successive and prolonged
use of phosphate fertilizers, may increase the content
of P and alter its fractions in soil. During the time be-
tween the two samplings, there was a slight increase
in occluded soil phosphorus in the treated plots.

As to organic P, before soybean planting, the
treated plots showed larger contents than the non-
cropped top soil layer (Table 2), in contrast with the
results found down in the soil profile. It is common
an increase in the percentage of organic phosphorus
in relation to total phosphorus in zero tillage systems
(Bartz, 1998). The decomposition of plant material on
the surface and in the soil releases organic acids con-
tinually, which makes nutrients available for the crops
(Bayer & Mielniczuk, 1999). In the present experiment,
in general, after soybean harvest, there was an increase
in organic P contents in soil as compared with those
observed before soybean planting and in the control
area. Several papers have shown the effect of differ-
ent organic acids on phosphorus availability (Sidiras
& Pavan, 1985), allowing the inferrence that organic
acids released by rizosphere and by decomposition of
plant residues can affect P dynamics, decreasing ad-
sorption and precipitaiton rates and, thus, increasin
bioavalability of inorganic P.

Effects of phosphorus sources
Before soybean planting, the contents of wa-

ter soluble P in soil were very low or null, with the
exception of the 0 - 5 cm layer, where the soluble
phosphate application, as expected, led to higher val-

ues (Table 3). The phosphate ions released by the dis-
solution of soluble fertilizers added to the soil can be
adsorbed or precipitated (Raij, 1991). In contrast, ac-
cording to Smith (1968), the addition of less soluble
phosphate fertilizers to soil may result in lower P sorp-
tion, which was not observed in the present work.

Al bound P was not affected by the use of fer-
tilizers (Table 3), being the concentrations rather low
or null. In the case of Fe-bound P, the plots that re-
ceived natural reactive phosphate (NP) presented a
higher content in the 0 - 5 and 5 - 10 cm layers as
compared with those 0-5-and 5-10-cm  treated with
soluble phosphate (SP) (Table 3). In the 0 - 5 cm
layer, the use of NP at the time of triticale planting re-
sulted in a larger content of Ca-bound P comparatively
to the results of other treatments. In the 10 - 20 cm
layer SP led to a larger Ca-bound P content in relation
to the absence of phosphate fertilizer. The use of phos-
phorus sources containing calcium on soil surface at
the time of triticale planting and the larger content of
calcium in NP may have contributed to this result.

The use of NP generally resulted in greater con-
tents of occluded P, although differences were ob-
served only in the 10 - 20 cm layer (Table 3). There
were no differences in organic P contents between the
treatments within a particular layer (Table 3). Never-
theless, the absolute values show a gradient with higher
organic P contents on the soil surface. In fact, organic
P tends to be less adsorbed (Sidiras & Pavan, 1985)
and movement in soil profile could be greater when
compared with inorganic P forms. Also, organic P does
not precipitate as inorganic P. On the other side, com-
petition by sorption sites between organic compounds
released by plant roots or plant residues and inorganic
and organic P can increase also vertical movement
(Jones, 1998).

After soybean harvest, although the contents
of P weakly bound to soil remained very low, it was
found some P in this form in practically all the situa-
tions studied (Table 4). However, a greater content of
this P fraction was found with the application of SP
on plots that received NP. This would be expected,
considering the application of soluble phosphate. The
problem is that, in this case, it could have also been
expected that the use of soluble phosphate on plots that
had been fertilized with soluble phosphate would lead
to a similar result, which did not happen. Additionally,
in the case of Al-bound P, despite its low contents,
there was P in this form in all the situations studied
(Table 4), but it was not observed any effect of the
treatments.

At harvest, application of soluble phosphate to
soybean led to higher contents of Fe-bound P down
to 40 cm deep, than those obtained in plots without
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phosphate fertilizer and in those that received natural
phosphate (Table 4). After harvesting values (Table 4)
when compared with those determined before soybean
planting, suggests that application of soluble phosphate
prevented the drop in Fe-bound P contents. In con-
trast, plots that had received RP over RP presented a
sharp decrease in Fe-bound P contents in all studied
soil depths.

The use of SP generally resulted in higher Ca-
bound P contents. However, the differences were not
always significant down to the depth of 40 cm. Con-
sidering that the phosphates applied have Ca in their
composition, it seems that at least some of the fertil-
izer did not react with the soil, remaining in its origi-
nal form. In the same way that in the previous sam-
pling, only the 10 - 20 cm layer presented differences

for occluded P (Table 4). Contrary to the result ob-
tained before soybean planting, SP led to larger abso-
lute values of occluded phosphorus as compared with
those of the other treatments.

Similarly to what was observed in the previ-
ous sampling, there were no differences in organic P
due to phosphate sources and ways of application
(Table 4). However, in general, the values found at soy-
bean harvest were higher than before planting (Table
3). Selles et al. (1997) reported that organic P built up
after five years of zero tillage in the first 4 cm of the
soil and Tokura et al. (2002) also observed an increase
in organic P from 5 to 20 cm deep in no-till as a func-
tion of farming time.

Predominant P fractions in soil were organic
and Fe bound P, in agreement with previous work by
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5-0 01-5 02-01 04-02

PR 1 PS 2 PR PS PR PS PR PS

mdgm--------------------------------------------------- 3- ---------------------------------------------------

Pelbulosretaw

3PN 1 3 1 1 5 1 0 0

4PR 4 *+1 2 5 1 2 1 1

5PS 2 3 1 2 1 0 1 1

Pdnuob-lA

PN 3 3 3 3 3 2 4 3

PR 3 3 3 3 2 3 3 3

PS 3 3 3 3 3 3 4 3

Pdnuob-eF

PN 201 101 16 971 57 +491 65 +241

PR *4 +442 *2 991 1 +771 1 +831

PS *312 852 *681 771 *602 171 *171 631

aC-P

PN 901 592 38 711 98 +561 37 79

PR 401 231 321 021 *421 311 68 18

PS 732 931 *361 79 *061 101 *831 39

PdedulccO

PN 116 126 747 306 805 865 667 386

PR 549 885 316 745 336 595 907 9811

PS 956 516 995 895 116 *207 566 717

PcinagrO

PN 521 531 411 211 811 121 48 801

PR 121 121 531 411 911 211 111 69

PS 851 821 721 221 241 011 88 401

Table 4 - Mean phosphorus contents in the soil profile at soybean harvest, as affected by P sources and way of applications.

1RP – Natural Rock phosphate applied to soybean. 2SP – Soluble phosphorus fertilizer applied to soybean. 3NP – no phosphorus
applied to triticale. 4RP – Natural Rock Phosphate applied to triticale. 5SP – Soluble P fertilizer applied to triticale. +significant
difference (LSD. p < 0.05) as compared with Rock phosphate applied to soybean. *significant difference (LSD. p < 0.05) as compared
to No P. **significant difference (LSD. p < 0.05) as compared to Rock Phosphate applied to triticale.
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Almeida et al. (2003) in South Brazilian soils. After soy-
bean harvest, the Fe-bound P contents were always
smaller than before planting (Table 2). In this soil and
cropping conditions, P availability to soybeans was
likely related to Fe-bound P, since this was the frac-
tion that decreased in soil after crop.

The sampling carried out after soybean harvest
resulted in much lower Fe-bound P values down to
40 cm when only NP was used (Table 4). Neverthe-
less, the use of SP prevented a sharper decrease in Fe-
bound P contents. Thus, apparently, due to its low
solubility in soil, NP does not replace the solution P in
the time and speed necessary for normal plant growth.
However, it is unclear why the Fe-bound P contents
in plots that did not receive P and in plots that received
natural phosphate on the surface did not decrease in
the same way. Contrary to what had been reported for
soils in south Brazil (Selles et al., 1997), it was not
observed the build-up of labile fractions of P in the top
soil layer, down to 5 cm.

CONCLUSIONS

Phosphorus fertilizer application on the soil
surface in no-till systems may ameliorate the soil in
depth. Regardless of P source, the occluded P in the
top soil layers are reduced when compared with a non-
cropped area. Soybean crop decreases Fe-bound P and
increases organic P in the soil profile.
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