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Abstract

The forms of organic “Po” and inorganic “Pi” phosphorus in the soil, in
addition to being influenced by phosphate fertilization, can also be in-
fluenced by different soil management systems and cover crops. There-
fore, the objective of this work was to evaluate the influence of soil mana-
gement systems, cultivated with successions of crops in the forms of “Po”
and “Pi”. The experiment consisted of two soil preparation systems (Direct
Planting System—SPD and Traditional Planting—PRT) and two crop
successions (soy/beans and Corn/corn + brachiaria), being evaluated in two
layers (0 - 10 and 10 - 20 cm). The use of crop successions promoted the
greatest accumulation of total phosphorus in organic forms, both in SPD
and PRT. There was no difference between systems for total Po forms in the
two layers and labile “Po” in the 0 - 10 cm layer. However, in the 10 - 20 cm
layer, the PRT obtained the highest levels of labile “Po”. The inorganic
forms of total phosphorus were higher in the 0 - 10 cm layer compared to
the 10 - 20 cm layer in both systems evaluated. The SPD promoted higher
levels of labile “Pi” in the 0 - 10 cm deep layer. As for PRT, there are
higher levels of labile “Pi” in the 10 - 20 cm layer of the soil compared to
SPD.
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1. Introduction

The phosphorus element “P” is one of the main nutrients of the plant and is
normally present in the soil in quantities available below the plants’ needs, where
it participates in the structures and processes vital for the development of plants.
(LOPES, 1998 [1]; FAQUIM & ANDRADE, 2004 [2]).

The “P” content present in most soils can be relatively high, however, pho-
sphorus is the element that most limits productivity in tropical soils, due to its
ability to transform this element into stable, fixed forms, or combined with other
elements. such as calcium, iron or aluminum, forming compounds that cannot
be assimilated by plants. Therefore, even if the total levels in the soil are high in
relation to those needed by plants, only a small fraction of it has a low binding
energy that makes it available to plants. Under these conditions, the cycling of
more labile organic forms can be accelerated, being more important in highly
weathered tropical soils (SILVA & MENDONCA, 2007 [3]).

The chemical element phosphorus “P” in soil can be found in organic “Po”
and inorganic “Pi” forms, depending on the nature of the compound to which it
is linked. The availability of “P” to plants depends on the capacity to replace
phosphate ions in the soil solution, and can be divided into labile, moderately
labile and non-labile. Labile and moderately labile forms support “P” uptake by
plants. With the decrease in the support capacity of inorganic and organic forms
of intermediate lability, the more recalcitrant forms of “P” begin to be buffered
from the system (GATIBONI et al, 2007 [4]).

Forms of “Po” and “Pi” can be influenced by several factors, including
phosphate fertilizer, soil management system and cover crops (TIECHER et
al.,, 2012a [5]; LEITE et al, 2016 [6]). According to GATIBONI et al, 2013 [7],
when the soil is not fertilized and plant residues are added, the organic
fraction buffers the phosphorus in the soil solution. However, when there is
fertilization, pho-sphorus accumulates in inorganic forms, which buffer the
solution. Thus, organic phosphorus is used on a smaller scale, which allows its
accumulation. With phosphate fertilization, phosphorus is redistributed in all
soil fractions, with accumulation being more evident in labile inorganic fractions.
However, over time, the adsorption energy increases and phosphorus gradually
passes into less lable forms. (RHEINHEIMER et al, 2008 [8]).

Addition of fertilizers in the form of phosphate to the soil has been used to
overcome “P” deficiency, however, when added in soluble form, that is, being
found in the soil solution in the forms of H;PO,, H,PO,', HPO,” and PO;’,
where the concentrations of these anions are dependent on the pH of the
medium, these species can be adsorbed on the surface of organic and inorganic
colloids, or even converted to poorly soluble compounds complexed with Fe and
Al oxides and hydroxides (BRADY & WEIL, 1996 [9]).

Microorganisms present in the soil, such as bacteria and fungi, solubilize
unavailable inorganic forms of “P” (Xin et al, 2002 [10]; Son et al, 2006 [11]).
These microorganisms use biochemical pathways, such as the production of
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organic acids, or even a mechanism that involves microbial development and
that favors the secretion of protons (H*) (Illmer et al, 1995 [12]).

In Brazil, soils in agricultural areas generally present acidic soil conditions and
the presence of aluminum and iron [AIPO, and FePO,] in greater quantities.
Based on the work carried out, as reported by (BARROSO & NAHAS, 2005
[13]), among the phosphorus fractions found in soils under conditions: 1)
pasture, 2) forest, 3) forest and 4) corn crops the most abundant was iron
phosphate [FePO,], followed by aluminum phosphate [AIPO,] and calcium
phosphate [Ca;(PO,),]. It is known that the solubility of these phosphates is very
low and decreases in the following order: Ca-P > Al-P > Fe-P.

As reported by (RICHARDSON, 1994 [14]), the amount of “P” present in the
soil, in the order of 1% to 10%, is immobilized in the microbial biomass. This
amount is not necessarily available to plants, but acts as a component of the
dynamic process “P” cycle” in soils, being strongly influenced by fertility,
seasonality and different agricultural practices.

Management systems that promote soil disturbance through tillage can expose
new active adsorption sites, favoring the adsorption of orthophosphate ions to
inorganic colloids, making these ions increasingly less available to crops.
However, these effects can be minimized with the use of direct planting systems
using cover crops that allow greater accumulation of organic matter, as the
accumulation of organic matter in the soil allows greater soil aggregation, in
addition to contributing to the reduction of losses. of “P” by erosion and to
increase quantities of labile organic “Po” (GATIBONI et al, 2007 [4]; LEITE et
al, 2016 [6]). The use of conservation systems combined with crop succession
can promote the accumulation of plant residues, and thus contribute to the
increase in organic forms of “P”. In intensive cultivation systems, without the
use of crop rotations that favor greater deposition of plant residues, with low “P”
replacement, there is a decrease in “Po” (PARTELLI et a/, 2009 [15]; TIECHER
et al, 2012a [5]).

Due to the influence of management systems on the forms of “P” in the soil,
this work had as objective evaluate the effect of two management systems Direct
Planting System (SPD), Traditional Planting (PRT), and crop successions on

inorganic forms and organic content of the phosphorus element “P” in the soil.

2. Methodology

In this study, soil samples were used from an experiment with soil management
systems and crop sequences, implemented in 2007 at the Experimental Farm of
the Federal University of Rondonia, located on line 184 Norte, km 15 (Rodovia RO
479) in the municipality of Rolim de Moura/RO (11°34'57"S and 61°4621"W).

The experimental design was factorial [(2 x 2) x 3] x 2, with two soil
management systems, two crop successions, three replications, at two depths.
The soil in the area is classified as a Red-Yellow Oxisol with a clayey texture
(SANTOS, et al, 2013 [16]).
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The treatments were composed of two soil preparation systems: direct plant-
ing system (SPD) and traditional tillage (PRT), as shown in Table 1, with two
successions of harvest/off-season crops: Soy/Beans and Corn/Corn + Brachiaria
spp., as shown in Table 2.

The area was fertilized every year at sowing for annual harvest crops, using doses
verified in soil analyzes as recommended in the “Manual of recommendations for
the use of correctives and fertilizers in Minas Gerais—5" approximation”.

Soil preparation for crop implementation, for the PRT system, starting in
September/October of each year with two intermediate harrow passes. In the
SPD system, only the plants were desiccated using herbicides.

In the off-season, direct planting was carried out in both soil preparation
systems, due to the rainy season, where in this region it normally rains practically
every day, making new soil preparation in the PRT system unfeasible.

The sowing of the crop is generally carried out in the months of November
and December, and the off-season between March and April. The harvests from
2014 to 2017 received sowing fertilizer using 350 kg-ha™ of the commercial
formulation 4-30-16 (NPK), and corn received top dressing using 120 kg-ha™ of
nitrogen, in the form of urea, when the plant presented an average of five

expanded leaves.

Table 1.Description of soil management systems.

Soil Management Symbol Description

Traditional PRT Three harrowings using a plowing harrow and two more

Preparation with a leveling harrow, with the operations carried out
before planting in the harvest, once a year. In the
off-season, direct sowing was carried out, with no soil
preparation being carried out, due to the rainy season in
the region, which made soil preparation at that time

impossible.
Direct Planting ~ SPD Soil preparation before system implementation.
System Afterwards, there was no soil preparation, with the only

disturbance being in the sowing line during the harvest and
off-season.

Table 2. History of crop successions in different soil management.

Crop successions Symbol History

Soy x Caupi Beans S/F From 2007 to 2014, soybeans were sown in the harvest and
common beans in the off-season. From 2015 onwards,
soybeans were sown in the harvest and cowpeas in the

off-season.
Corn x Corn + M/M + B From 2007 to 2014, corn was sown in the harvest and corn
Brachiaria in the off-season. From 2015 onwards, corn was sown in

the harvest and corn in the off-season in intercropping
with Brachiaria ruziziensis, which was sown when the
corn was 1.0 meters tall.
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The soil samples for this study were collected in March 2018. In both systems
(SPD and PRT), four subsamples were collected to form a single sample, for the
0-10 and 10 - 20 cm layers in depth.

The chemical analyzes were composed of the fractionation of “P”, according
to the methodology of Hedley et al, (1982) [17] with the modifications proposed
by Condron et al, (1985) [18] and adaptations by Gatiboni (2003) [19].

The “P” from the soil samples was extracted sequentially with anion exchange
resin (RTA) in a suspension of soil and water, NaHCO, 0.5 mol-L™', NaOH 0.1
mol-L”!, HCL 1.0 molL™" and NaOH 0.5 mol-L™". After extractions, the
remaining soil was dried in an oven and subjected to digestion with H,SO, +
MgCl, + H,0, (Presidual fraction), as described by Brookes & Powlson (1982)
[20]. The inorganic phosphorus “Pi” of the alkaline extracts of NaHCO, and
NaOH was determined by the method of Dick & Tabatabai (1977) [21]. In these
alkaline extracts, total “P” was determined by digestion with ammonium
persulfate + sulfuric acid in an autoclave (USEPA, 1971) [22], with organic
phosphorus “Po” being obtained by the difference between total “P” and “Pi”.
The “Pi” of the acid extracts was determined according to the method of
Murphy & Riley (1962) [23]. Total phosphorus was obtained by summing the
fractions of the chemical fractionation performed as (P-Total).

The results were interpreted using a 2 x 2 x 2 factorial analysis, with: 1) two
soil management systems, 2) two crop successions and 3) two layers, with
three replications, respectively. The data were subjected to analysis of variance
(ANOVA), and when significant, the Tukey test (P < 0.05) was applied to compare
the means using the statistical analysis computer program SISVAR (FERREIRA,
2011) [24].

3. Results and Discussion

Forms of the chemical element phosphorus, inorganic (Pi) and organic (Po),
referring to the compartments: 1) labile (Pigr,, Piy and Poy,), 2) moderately
labile (Piyiq01> POpigo, and Piyg) and 3) non-labile (Piyig05 POpians and Preggua)>
are presented in Tables 3-5, respectively.

Piprs showed a difference between SPD and PRT systems, in the presence of

succession (Corn/corn + brachiaria) in the 10 - 20 cm soil layer, being superior
for the PRT system (Table 3). This higher content in the conventional system
must be the result of soil disturbance, which allows the homogenization of “P”
levels in the arable layer.
When evaluating the layers, the SPD system (soy/beans and corn/corn +
brachiaria) showed higher levels in the 0 - 10 cm layer, compared to the 10-20
cm layer. In this system, all fertilizers applied to sowing during the years of
consolidation are concentrated in the surface layer of the soil, which can lead to
saturation of the adsorption sites, present in the organic and inorganic colloids
of the soil, resulting in higher levels of Pip;, (phosphorus readily available for
plants) in superficial layers and lower levels in deeper layers (TIECHER et al,
2012a [5]; CARVALHO et al, 2014) [25].
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Table 3. Labile Pi and Po contents (Pipr,, Pigc and Pog) in two systems, two crop
successions and two layers.

SPD PRT
System
0-10cm 10 - 20 cm 0-10cm 10 - 20 cm
Pigry mgkg™
S/F 6.76 Aaa 0.58 Aba 3.01 Aaa 0.0001 Aap
M/M + B 5.29 Aaa 0.0001 Bba 3.13 Aaa 5.56 Aaa
Mean 6.02 Aa 0.29 Ab 3.07 Aa 2.78 Aa
Piy;. mg-kg™!

S/F 6.54 Aaa 0.86 Aba 0.0001 Baa 0.0001 Aaa
M/M + B 1.98 Aap 0.0001 Aaa 0.0001 Aaa 0.0001 Aaa
Mean 4.26 Aa 0.43 Ab 0.0001 Aa 0.0001 Aa
Poy, mg-kg™

S/F 53.64 Aaa 33.12 Baa 50.19 Aba 85.54 Aaa
M/M + B 41.35 Aaa 34.76 Baa 60.05 Aaa 74.60 Aaa
Mean 47.49 Aa 33.94 Ba 55.12 Ab 80.07 Aa

*Means followed by the same letter do not differ from each other using the Tukey test at
5% probability. Capital letters in the line compare levels between systems in the same
layer and succession, lower case letters compare levels in the line between layers within
the same succession and same system, Greek letters compare levels in the column
between crop successions within the same layer and same system. SPD: direct planting
system; PRT: traditional preparation; S/F: Soy/beans; M/M + B: Corn/corn + brachiaria.

Among the crop successions, Pipr, levels only showed differences when
managing the PRT system in the 10 - 20 cm layer. Where the succession (corn/corn
+ brachiaria) obtained the highest levels of Pip;,. The lower levels of Pigr,
observed in the succession (soy/beans) may be due to the conversion of
inorganic “Pi” applied via fertilizers into organic forms by the microbial biomass
of legume plant residues. Since characteristics such as high biomass production,
association with mycorrhizal fungi and the low C/N ratio in relation to grasses
justify the greater mobilization of phosphorus in organic forms (LEITE et al,
2016) [6].

Piy; presented low levels in the PRT, with values close to zero (Table 3). The
“P” extraction process with the resin may also be extracting Pi;;. forms, since the
resin is prepared with sodium bicarbonate, and both extractors (RTA and Pi,;)
extract labile forms of inorganic “Pi”. As described by Rheinheimer et al, (2008)
[8], RTA promotes the extraction of “P” through its continuous removal from
the solution by exchanging it with bicarbonate in the resin, creating a concen-
tration gradient that forces it to leave the surface of the colloids, until an elec-
trochemical balance is reached between the soil and the RTA.

Piy,. showed a difference between systems in the presence of succession
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(soy/beans) in the 0 - 10 cm layer, where SPD obtained higher Piy;. contents than
PRT. Between the layers, there was only a difference in SPD within the
succession (soy/beans), with higher levels in the surface layer of the soil. And
between the crop successions, there was a difference between the successions in
the SPD in the 0 - 10 cm layer of the soil, with higher levels for the succession
(soybeans/beans).

The PRT system presented higher Po,;. contents than the SPD system in the
two successions evaluated for the 10 - 20 cm layer. In the succession (soy/beans)
in the PRT, the levels were higher in layer 10 - 20, compared to 0 - 10 cm (Table
3). The difference in Poy; levels between systems is seen as a function of the
management adopted, where the soil disturbance in the PRT allows crop
residues to reach the deeper layers of the soil (CASALI et al, 2016) [26], in
addition to contributing to an increase in soil microbial activity, which favors
the retention of “P” in organic forms (CARVALHO et al, 2014) [25].

Piyiq o1 showed a difference only when comparing the layers within each
system (Table 4). Their levels were higher in the 0 - 10 cm layer, compared to
the 10 - 20 cm layer in both systems evaluated (SPD and PRT). The lower levels
of Piyq,, in the SPD layer are due to the concentration of phosphate fertilizer in
the surface layer and the low mobility of “P” in the soil (NOVAIS et al, 2007)

Table 4. Pi and moderately labile Po contents (Pigy;> POpao, @and Piyg) in two systems,
two crop successions and two layers.

SPD PRT
System
0-10cm 10 - 20 cm 0-10cm 10 - 20 cm
Piy4o, mg-kg™
S/F 18.78 Aaa 4.87 Aaa 28.31 Aaa 4.87 Aba
M/M +B 23.37 Aaa 4.30 Aba 29.39 Aaa 0.0001 Aba
Mean 21.08 Aa 4.59 Ab 28.85 Aa 2.44 Ab
Poy;40, mg-kg™
S/F 62.07 Aaa 76.69 Aaa 51.05 Aaa 73.85 Aaa
M/M +B 51.29 Aaa 73.24 Aaa 80.25 Aaa 77.07 Aaa
Mean 56.68 Aa 74.96 Aa 65.65 Aa 75.46 Aa
Piyq mg-kg™
S/F 1.87Aaa 0.80 Aaa 1.38 Aaa 1.87 Aaa
M/M + B 1.51 Aaa 0.40 Aaa 0.98 Aaa 1.64 Aaa
Mean 1.69 Aa 0.60 Bb 1.18 Aa 1.76 Aa

*Averages followed by the same letter do not differ from each other using the Tukey test
at 5% probability. Capital letters in the line compare levels between systems in the same
layer and succession, lower case letters compare levels in the line between layers within
the same succession and same system, Greek letters compare levels in the column
between crop successions within the same layer and same system. SPD: direct planting
system; PRT: traditional preparation; S/F: Soy/beans; M/M + B: Corn/corn + brachiaria.
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[27], which together promote an increase in “P” levels in the surface layer. For
the PRT system, they may be related to the greater exposure of clay minerals,
such as iron and aluminum oxyhydroxide, in addition to silicate minerals, due to
the disturbance and increased adsorption of “P” by the soil, and over time,
favors the increase in the binding energy of these forms of adsorbed “P”, turning
them into non-labile forms (SANTOS et al, 2008) [28].

In the PRT system with succession (corn/corn + brachiaria), the Pi, g,
content was close to zero. Possibly, the process of soil disturbance, associated
with grass residues, contributes to the increase in carbon in microbial biomass,
which is retaining higher levels of “P” in organic form. The increase in microbial
biomass carbon is a compartment regulated by several factors, including the
availability of organic substrate and type of cultivation system (VENZKE FILHO
et al, 2008) [29]. Thus, the succession (corn/corn + brachiaria) favors higher
carbon contents of microbial biomass due to its greater capacity for deposition
of organic residues in relation to the succession with legumes.

Poyiq, showed no difference between the systems (SPD and PRT), in the
successions and layers evaluated, demonstrating the stability of this form of
phosphorus in both systems (Table 4). The return of plant residues to the soil,
favored by the succession of crops, combined with phosphate fertilizers carried
out throughout the growing season, allows the accumulation of higher levels of
Poyiqq,- The increase in the levels of this fraction is very important in the dy-
namics of “P”, and, through mineralization/immobilization processes, Poy;q,
can behave as a reservoir, buffering the more labile forms of “P” (NOVAIS et al,
2007) [27].

Piyyc, levels were low (always lower than 2 mg-kg™), this can be attributed to
the fact that tropical soils are more weathered and have low calcium phosphate
contents (Table 4). Since HCI extracts the “P” forms of calcium phosphates, the
levels in this form are low (RAIJ, 1991) [30]. Oxisols normally have only traces
of Piy, since all the “P” associated with apatite (the mineral that is found in P)
would have already been transformed into other forms of “P”, due to the acidity
and high degree of weathering of these soils. Thus, in tropical conditions, this
fraction would be more indicative of the degree of weathering of these soils than
relevant to the supply of “P” to plants, representing on average 3% of all “P”
present in soils (YANG & POST, 2011) [31].

Piyq05 showed a difference between the systems in the two successions in the
0-10 cm layer. Piy;y, 5 levels were higher in the SPD system compared to the PRT
system (Table 5). This higher concentration in the form of non-labile “P” in
the SPD 0-10 cm does not indicate that this system provides greater adsorption
than the PRT system, but as soon as there is saturation of the active adsorption
sites by “P”, and that It is possibly contributing to higher levels of the non-
labile “P” fraction in the surface layer of the soil (RODRIGUES et al, 2015 [32];
PAVINATO et al, 2008 [33]).

In the assessment between layers, the SPD system showed higher levels in the

surface layer of the soil, in both successions. The maintenance of the fertilized
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Table 5. Pi and non-labile Po contents (Pl s POygqs and Pregaea) in two systems, two
crop successions and two layers.

SPD PRT
System
0-10cm 10 - 20 cm 0-10cm 10 - 20 cm
Piyq05 mg-kg™
S/F 20.82 Aaa 2.31 Aba 4.49 Baa 0.0001 Aaa
M/M +B 16.46 Aaa 0.0001 Aba 3.54 Baa 0.0001 Aaa
Mean 18.64 Aa 1.16 Ab 4.01 Ba 0.0001 Aa
Poy405s mg-kg™
S/F 48.05 Aaa 42.78 Aaa 61.92 Aaa 26.67 Aba
M/M + B 56.87 Aaa 52.83 Aaa 51.81 Aaa 28.18 Bba
Mean 52.46 Aa 47.81 Aa 56.87 Aa 27.42 Bb
P esidua MKG™
S/F 171.67 Aaa 196.33 Aaa 203.33 Aaa 266.00 Aaa
M/M +B 137.67 Baa 181.67 Aaa 228.00 Aaa 186.67 Aaa
Mean 154.67 Aa 189.00 Aa 215.67 Aa 226.33 Aa

*Averages followed by the same letter do not differ from each other using the Tukey test
at 5% probability. Capital letters in the line compare levels between systems in the same
layer and succession, lower case letters compare levels in the line between layers within
the same succession and same system, Greek letters compare levels in the column
between crop successions within the same layer and same system. SPD: direct planting
system; PRT: traditional preparation; S/F: Soy/beans; M/M + B: Corn/corn + brachiaria.

layer and the cycling of “P” by crops over the years, through the decomposition
of plant residues deposited on the soil surface and the “P” absorbed by the roots
that concentrate in this layer, allow for greater accumulation of Pi in the surface
layer of the SPD system. For the PRT system, the disturbance of the soil in a
layer of up to 20 cm promotes a distribution of “P” and reduces its accumulation
in specific layers (COSTA et al, 2010) [34]. Over time, there is a favoring
conversion of this “P” from fertilizers or mineralization to more strongly
retained forms, such as Piy;;,s (SANTOS et al, 2008) [28].

In the 10-20 cm layer of the PRT system in both successions and in the SPD
system (corn/corn+ Brachiaria), the Pi, 5 levels were close to zero. In this case,
“Pi” may be retained in more recalcitrant forms (P,.gq,,), Or in organic forms
(POyiq05)-

The time taken to adopt the SPD system allowed the stabilization of organic
compounds in non-labile forms, justifying the higher average levels of Poy, 5 for
the SPD system compared to the PRT system. Between the layers, there was a
difference in PRT in the two successions, with the highest levels of Poy4s
observed in the surface layer of the soil (Table 5). Due to the lower accumulation
of organic matter in the layer (PARTELLI et al, 2009 [15]; TIECHER et al,
2012a [5]), and the soil disturbance in this system, which favors the exposure of
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clay minerals capable of adsorbing “P” in inorganic forms (CARVALHO et al,
2014) [25], are factors that contribute to the lower availability of Poyg.s in
deeper layers.

The P, q.a only showed a difference between the systems in the succession
(corn/corn + Brachiaria) in the 0 - 10 cm layer, with the levels being higher in
the PRT system (Table 5). The high levels of P, 4., in the two systems evaluated
may be due to the fact that these cultivated soils are always receiving phosphate
fertilizers, and with the saturation of the adsorption sites, the transformation of
the phosphate fertilizer may occur in the long term, into less available forms of
“P”, such as those linked to Fe and Al oxides, as found by Silva et al, (2003) [35].
Mainly in Oxisols that have high levels of clay and Fe and Al oxides (LOSS,
2011) [36], therefore, with a high capacity for adsorption of “P”, making it less
available to plants and microorganisms.

When analyzing the total and labile “Pi” and “Po” contents in the systems,
there were differences between the SPD and PRT systems for the total “Pi”, labile
“Pi” and labile “Po” contents. The SPD system obtained the highest levels of
total “Pi” and labile “Pi” in the 0 - 10 cm layer. The PRT system presented the
highest levels of labile “Po” in the 10 - 20 cm layer. Between layers, SPD obtained
higher levels of total “Pi” and labile “Pi” in the 0 - 10 cm layer. And the PRT
system obtained higher levels of total “Pi” in the 0 - 10 cm layer, and labile “Po”
in the 10 - 20 cm layer, as shown in Table 6.

Systems in which there is constant addition of plant residues, with no soil
disturbance, combined with the addition of phosphate fertilizers to the soil surface,
intensify the cycling of “P” in the surface layer of the soil, contributing to an
increase in Pi levels (OLIVEIRA et al, 2014) [37]. Furthermore, in the surface
layer of the soil, the adsorption of “P” is lower, due to the saturation of adsorption
sites and the decrease in the binding energy of phosphate with soil colloids, leading
to an increase in “P” in more labile forms (BEZERRA et al, 2015) [38].

The highest levels of labile “Po” observed in the PRT system in the 10 - 20
cm layer must be due to the soil disturbance, which favors greater microbial

activity in this layer and, therefore, a temporary retention of “P” in organic

Table 6. Total and labile P contents in inorganic (Pi) and organic (Po) forms under direct planting and traditional planting

systems.
Total Labile
M
anagement Pi Po Pi Po
systems
0-10cm 10-20cm 0-10cm 10-20cm 0-10cm 10-20cm 0-10cm 10-20cm
mg-kg™!
SPD 51.69 Aa 156.63 Aa 156.70 Aa 10.29 Aa 0.72 Ab 47.49 Aa 33.94 Ba
PRT 37.11 Ba 177.64 Aa 182.95 Aa 3.07 Ba 2.78 Aa 55.12 Ab 80.07 Aa

*Averages followed by the same letter do not differ from each other using the Tukey test at 5% probability. Capital letters in the

column compare levels between systems in the same layer, lower case letters compare levels in the line between layers within the

same system and same form of P. SPD: direct planting system; PRT: traditional preparation.
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form, due to the increase of microbial biomass carbon (MBC). Fiorelli-Pereira
(2017) [39], evaluating COS and CBM contents in this same area, observed
higher COS levels for the SPD system in the two layers evaluated, however,
higher CBM levels for the PRT, as a result of soil disturbance that promotes
greater contact between plant residues and soil, stimulating the microbial
population, and increases in decomposition rates. Since higher carbon con-
tents in biomass imply a higher rate of temporary immobilization of “P”
(MERCANTE et al, 2004) [40], increasing the content of “P” stored in
microbial biomass, which is responsible for the production of “P” organic
from inorganic (TIECHER et al, 2012b) [41].

Although there is a 10-year effect of the PRT system, the way this system is
managed with only one soil preparation per year and with successions of crops
with large residue production, did not allow the presence of problems commonly
observed in Brazilian commercial crops, such as erosion, and the consequent
loss of soil and nutrients. Thus, in this experiment, the amplitude of the effects
of the SPD and PRT treatments on phosphorus availability were minimal, and
greater differences could be expected between the effects of these systems on the

labile forms of “P” in the soil in commercial crops.

4. Conclusions

The chemical element phosphorus is one of the main plant nutrients and is
commonly present in soils in insufficient quantities for plant nutrition, due to its
dynamics and relationship with soil colloids.

The SPD and PRT systems have lower forms of inorganic phosphorus than
the forms of organic phosphorus.

Among the fractions that make up the organic and inorganic forms of phos-
phorus, labile phosphorus is influenced in layers in the SPD system, obtaining
higher levels in the surface layer of the soil. The PRT system promotes the
homogenization of this fraction in the arable layer.

The moderately labile and non-labile phosphorus fractions were not in-
fluenced by the systems. However, the fractions of non-labile phosphorus in
both SPD and PRT systems were higher in relation to labile and moderately
labile phosphorus.
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