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Abstract

Phosphorus (P) deficiency is one of the main factors that limits productivity in Brazilian soils.
However, soil management under no-tillage system (NT) may alter the availability of P in the
soil. The objective of this study was to evaluate the dynamics of P fractions in a dystrophic
Yellow Latosol, cropped under no-tillage for a long period of time in the Amazon Biome. The
study was conducted on a farm located in the municipality of Paragominas, southeastern Para
This experiment evaluated plots cultivated in plots at nine (NT9), 11 (NT11) and 13 (NT13)
years of no-tillage system adoption, in one plot under conventional cultivation system (CS)
and a surrounding area under native forest (NF) at depths of 0-10, 10-20, 20-30 and 30-40 cm.
The soil samples were subjected to P chemical fractionation to determine the different
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fractions. The soil management systems showed differential capacity of P accumulation. In
the areas under no-tillage, P is accumulated in the toplayer and drastically reduced with depth,
while in CS, this reduction is less pronounced. In the 0-20 cm depth layer during the adopted
period of the no-tillage system, it was observed an increase in the content of inorganic
phosphorus extracted by resin and 0.5 M NaHCOs (Piaer and Pigic) and organic phosphorus
extracted by 0.5 M NaHCOs (Posic), fractions considered as available for Biomass.
Regardless of the year of adoption, the no-tillage system was superior to CS and NF. This
was also observed for the inorganic and organic fractions extracted by NaOH 0.1M (Pinid-0.1
and Pownid-0.1) and inorganic fraction extracted by HCI 1M (Piwcr).

Keywords: depth, lability, management systems
1. Introduction

Large-scale grain farming in Brazil has advanced to areas of the Amazon Biome in the North
of the country in the last decade (Persson et al., 2014; Mapa, 2018). The expansion of the
agricultural frontier in the Brazilian Amazon is being driven mainly by the cultivation of
grains (corn/soybeans). It is estimated that in the next 10 years there will be an increase by
27% in production and 15% in the cropped area of grains in Brazil, which is the highest
increase estimated for the North of the country (Mapa, 2018).

Highly weathered soils predominate in this region. Besides, climatic conditions (high rainfall,
high temperatures, low availability and high P adsorption capacity) require the use of a
conservationist soil management system, since the conversion of natural systems to
conventional agricultural practices significantly alters the biogeochemical conditions of the
soil (Petter et al., 2017). The conventional system (CS) is the one commonly used for grain
production. It allows high productivity and profitability of crops. However, it is considered as
the most degrading for tropical soils, with high oxidation power of soil organic matter (SOM)
and increase in P adsorption (Pavinato and Rosolem, 2008). In soils where P is a limiting
factor for productivity, as is the case of most soils in the Amazon, the use of C becomes
inadequate due to the negative effects on the dynamics of P in the soil, caused by soil
inversion and the decrease in SOM levels, which favors the adsorption of P to soil colloids
(Fink et al., 2016; Tiecher et al, 2012a). The no-tillage system (NT) has been adopted for
almost four decades in regions in the south and southeast of Brazil and has been showing
improvement or at least maintainance of soil quality, at the same time, providing adequate
productivity for crops (Hollingeret al., 2005; Lal et al., 2007; L&pez et al., 2012; Melero et al.,
2009). In addition, the NT promotes nutrient cycling, especially P, by increasing the
biological activity in the soil (Frasier et al., 2016).

Phosphorus in the soil is found in fractions with different levels of availability for crops and
understanding the chemistry of these fractions is of great importance for the establishment of
adequate soil management, which guarantees the increase of nutrient availability in the
soil-plant system (Pavinato and Rosolem, 2008; De Oliveira et al., 2015).

The method of sequential extraction of P allows the characterization of different fractions of
inorganic (Pi) and organic (Po) P, on a solubility variation scale based on changes in different
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pH levels and extractive power, in decreasing order of lability in the soil (Hedley et al., 1982).
This type of analytical procedure has been used in experiments in order to clarify the
chemical transformations that occur with the various P fractions in the soil, depending on the
adopted use and management of the soil (Barej et al., 2014; Negassa and Leinweber, 2009;
Pavinato et al., 2009).

Studies conducted in the south and southeast regions of Brazil show that the NT promotes the
accumulation of P in fractions of greater lability or greater availability for absorption by
plants (Fink et al., 2016; Rodrigues et al., 2015; Tiecher et al., 2012a). With the time of
adoption, this process may represent a significant decrease in the amounts of phosphate
fertilizers in areas managed under NT, with the possibility of obtaining higher yields using
the same amounts of fertilizers recommended for the CS (Lopes et al., 2004).

In the Brazilian Amazon region, where climatic conditions indicate high levels of rainfall and
high temperatures throughout the year, favoring a strong change in the dynamics of SOM and
in the soil P, as a result (Luizao, 2007; Makewitz et al., 2003). In this region, studies related
to P dynamics in the soil has been carried out exclusively in pasture areas (Costa et al., 2015),
conventional cultivation system (Trindade et al., 2011) and areas with secondary vegetation
subjected to crushing of the Biomass for soil cover (Farias et al., 2015). However, there are
few studies conducted in areas under NT in conditions of the Amazon Biome, which consider
the time of adoption of this system, indicating the need for further and more detailed studies
related to this theme.

Therefore, the objective of this work was to expand the understanding of the P in the
chemistry of the soil when cultivated in different periods of time under no-tillage system in
the Amazon Biome, using the fractionation method with sequential extraction of P.

2. Material and Methods
Study Site

The study was conducted on two commercial grain-production farms (03°15°30.4”S,
047°16°51.3”W) and (03°15°11.1”’S, 047°16°39.8” W) located along PA 125 highway, 30 km
away from the headquarters of the municipality of Paragominas, state of Pard in the northeast
of the Brazilian Amazon. The climate in the region is classified as “Awi” according to
K&ppen (Bastos et al.,, 2005), with an average annual precipitation of 1,800 mm and an
average annual temperature of 26.9<C (Bastos et al., 2005). The soil was classified as
dystrophic Yellow Latosol, clayey texture, whose physical attributes at the 0-20 cm depth
showed the following values: 27, 12, 242 and 719 g kg of fine sand, coarse sand, silt and
clay, respectively (Donagema et al., 2011).

Study area characterization and treatments

The study area was first under pasture until 2000, when it was converted to grain production.
From 2001, the areas started to be cultivated with annual agricultural cycles of corn, followed
by soybeans in the following annual cycle, using subsowing with Urochloa ruziziensis cover
species, in all agricultural cycles.
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For the conduction of the experiment, in 2016, the area was divided into plots according to
the date of implementation of the management systems, which were considered as treatments
and consisted of: succession of crops under no-tillage system at nine years of implantation
(NT9); at 11 years of implementation (NT11); at 13 (NT13) years of implementation;
conventional cropping system (CS) at 1 year of implantation; and surrounding area under
native forest (NF), used as a control standard. All treatments were under the same climatic
condition, topography and soil type, differing only for the year of implementation of the
management and land use systems (Table 1).

Table 1. Establishment of the year and crop sequences in the plots under no-tillage system
and conventional cropping system in the municipality of Paragominas, PA ()

Establishment cs NT9 NTil NT13
oftheyear — . Crop SUCCESSION -------------------
2003 Rice
2004 Corn
2005 Rice/corn Corn
2006 Corn Soybeans

2007 Rice Corn Corn
2008 Corn Corn Corn
2009 Corn Corn Soybeans
2010 Soybeans  Soybeans Corn
2011 Corn Corn Soybeans
2012 Soybeans  Soybeans Corn
2013 Corn Corn Soybeans
2014 Corn Corn Soybeans
2015 Soybeans  Soybeans Corn
2016 Soybeans Corn Corn Soybeans
area 80 ha 42 ha 77 ha 85 ha

(1) CS: conventional cropping system for one year; NT9: 9-year no-tillage system; NT11:
11-year no-tillage system; NT13: 13-year no-tillage system.

487 http://jas.macrothink.org



ISSN 2166-0379

\\ Macrothi“k Journal of Agricultural Studies
A Ins'titu'te " 2020, \Vol. 8, No. 3

All cropped areas received liming and fertilization at amounts estimated based on the results
of soil analysis, carried out in the years preceding the cultivation.

Soil sampling

For the initial chemical characterization of the soil and the fractionation of P, soil samples
were collected in the agricultural year of 2016 in all treatments (Table 2), following the
procedure described below.

Table 2. Chemical attributes in a dystrophic Yellow Latosol in the 2016 agricultural year
under different use and managements systems in the municipality of Paragominas, PA )

depth OM pH P K Ca CatMg Al CEC v

managemen
e N C DI R ) R — e 1 CO— %
0-10 503 47 011 44 53 06 118 463
G 1020 265 46 009 18 24 06 76 323

20-30 19.3 4.6
30-40 16.5 4.5

005 13 1.7 0.7 6.2 29.1
0.04 09 1.2 0.7 55 23.4

0-10 455 5.9
CS 10-20 26.2 5.3
20-30 21.0 5.1
30-40 16.8 4.7

6.4 8.2 01 113 76.9
033 33 4.0 01 83 51.8
025 26 3.4 02 71 50.7
019 17 2.3 06 6.2 39.8

N W W OIN NN NN W
o
N
\I

0-10 51.6 5.0 11 0.73 3.3 4.9 02 118 48.5
NT9 10-20 35.6 5.1 12 067 27 3.9 02 101 45.4
20-30 37.1 4.9 11 08 27 4.0 0.2 105 45.9
30-40 224 4.8 4 035 15 2.1 03 69 36.4
0-10 419 5.3 20 043 39 4.9 0.1 109 49.2
NT11 10-20 32.0 5.4 16 038 34 4.2 0.1 10.0 46.2
20-30 34.0 5.3 12 037 3.2 3.9 02 91 47.5
30-40 20.2 5.0 5 023 138 2.2 02 6.2 38.7
0-10 64.2 5.9 29 088 5.0 6.6 01 103 73.0
10-20 33.9 5.3 13 044 29 3.5 01 79 50.4
NT13 20-30 195 5.0 5 025 22 2.8 02 63 48.3

30-40 18.0 4.9 4 019 18 2.2 03 56 41.8

Because of the large extension of the study area, it was decided to use the sampling
methodology proposed by Rotta et al. (2015). In each treatment, polygons corresponding to
the area of the plots were demarcated, and the geographic coordinates were recorded using
GPS. Next, coordinates were plotted on satellite image, using the ArcGIS software (version
10.5), for the establishment of 100 x 100-meter squares (Figure 1). The boxes were
enumerated for randomize and four sample areas were defined within each treatment, which

488 http://jas.macrothink.org



d ISSN 2166-0379
Institute™ 2020, Vol. 8, No. 3

corresponded to the repetitions. In each sampling area (repetition), 20 simple samples were
taken to compose a composite sample in a zigzag movement between the planting lines, and
collection at the depths of 0-10 cm, 10-20 cm, 20 -30 cm and 30-40 cm.

A\\ Macrothi“k Journal of Agricultural Studies

Figure 1. Satellite images of the study areas with demarcation of the polygons and grids
numbered every 100 m for soil sampling procedure in the municipality of Paragominas, PA.
(Source: Google Earth, ArcGIS)

Phosphorus fractioning

For the chemical fractionation of P, it was used the method described by Hedley et al. (1982),
modified by Condron and Goh (1989). The inorganic phosphorus (Pi) in the extracts of
NaHCO3 0.5 mol L (Pieic), NaOH 0.1 mol L (Pinido.1) and NaOH 0.5 mol L (Pinidos) was
determined using the method of Dick and Tabatabai (1977). The Pi in anion-exchange resin
extracts — AER (Piaer), HCI 1.0 mol L (Pinci) and the P residual digestion (Presidual) Were
determined through the method of Murphy and Riley (1962). For the determination of total P
in the extracts of NaHCO3 0.5 mol L, NaOH 0.1 mol L* and NaOH 0.5 mol L™, aliquots of
solution were mixed with ammonium persulfate and sulfuric acid 1:1: H2O and autoclaved
(USEPA, 1971). The difference between total P and Pi extracted by each 0.5 mol L™ NaHCO3
extract, 0.1 mol L' NaOH and 0.5 mol L™ NaOH corresponds to organic phosphorus (Po),
Pogic, Porido.r and Ponidos, respectively. The residual P was determined in the soil that
remained after extractions through drying in an oven and grinding and by the method of
Brookes and Powson (1981) The sum of all fractions corresponds to the total soil P.

Statistical analysis

The normality and homogeneity of variance for the phosphorus fraction data were tested
using the Shapiro-Wilk tests. As both assumptions were rejected, the Kruskal-Wallis
non-parametric test was used. When the Kruskal-Wallis null hypothesis was rejected,
comparisons were made in pairs by Bonferroni's post-hoc to compare the differences between
the treatment means. The experimental results were submitted to principal component
analysis (PCA), in order to analyze the interrelationships between the variables related to the
P fractions with the other chemical and mineralogical variables of the soil.
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3. Results and Discussion

Fractions of labile P per Piaer, Pisic and Posic

The Piaer, Pisic and Pogic fractions in the soil are estimates of labile P (Table 3) and directly
contribute to the supply of P to plants (Rodrigues et al., 2015). Significant increases were
observed over NT adoption period for P content of the Piaer and Pisic and Pogeic fractions, in
the first 20 cm of the soil. At this depth, both Piaer and Pisic were superior in the areas under
NT and CS, in relation to the NF area, which suggests the contribution of phosphate
fertilization applied during previous agricultural cultivation cycles (Table 3). This behavior
has been reported in some studies (Zamuner et al., 2008; Dos Santos et al., 2008; Pavinato et
al., 2009; Rodrigues et al., 2015) and can be attributed to the supply of P via phosphate
fertilization ( Pavinato and Rosolem, 2008), the increase in organic matter that contributes to
the reduction of Pi adsorption and the conversion of Pi to Po through the action of
microorganisms (Tiecher et al., 2012a; Fink et al., 2016).

Table 3. Fractions of Piaer, Pisic € Posic in different management systems and depths in a
Yellow Latosol in the municipality of Paragominas, PA

Depth management systems
(cm) NF CS NT9 NT11 NT13
-------------------------------- Mg Kg-mmmmmmmm e
Piaer
0-10 12C 348B 34B 26B 5.8A
10-20 1.0B 15B 24 A 2.3A 2.7TA
20-30 1.0B 11B 2.8A 1.2B 14B
30-40 1.0A 1.0A 11A 1.1A 10A
Pisic

0-10 104 B 18.1 AB 25.3AB 32.7A 322A
10-20 5.8B 7.1AB 15.6 AB 24.0A 229A

20-30 45B 8.0AB 10.5AB 16.4 A 3.2B

30-40 4.6AB 4.7 AB 9.2A 3.5AB 2.1B
Posgic

0-10 192B 6.4 B 30.8A 39.9A 614 A

10-20 8.0B 7.1B 23.7 AB 284 A 24.2 AB

20-30 7.3B 7.3B 28.4 AB 24.6 AB S55.7A

30-40 8.7B 3.5B 6.5B 126 B 50.2A
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*Means followed by the same letter are not different by the test of Kruskal-Wallis (p<0.05).

In the most superficial layers (0-30 cm), CS had the lowest levels of P in the Pogsic fraction,
compared to NT and NF. In the toplayer (0-10cm), the area with the longest period of the
no-tillage system (NT13) presented Posic contents higher than that observed in the areas of
this system (NT11 and NT9), which suggests a tendency to increase Pogic as the adoption
time increases (Table 3). The Pogic fraction is closely associated with easily decomposed
organic compounds, both of microbial and plant origin (S&et al. 2001; Lopes et al., 2004;
Bravo et al., 2007). Therefore, the frequent supply of plant material to the soil surface of the
areas under no-tillage (Rheinheimer and Anghinoni, 2003), added to the conversion of Pi to
Po, by incorporating Pi into microbial tissue or plant tissue with high biomass production,
such as grasses (corn and Brachiaria Ruziziensis) (Carneiro et al., 2011; Conte et al., 2003;
Vincent et al., 2010), may have directly contributed to the increase in Posic, with the time of
adoption.

According to Tiecher et al. (2018), the increase in the adoption period for no-tillage promotes
the activity of the soil microbiota, directly influencing the biological reactions of the P cycle,
with an increase in Po, which, when mineralized, buffers the Piaer (P available for Biomass).
Thus, in soils with low levels of available P and high capacity for fixing this nutrient, as is the
case of Oxisols in the Amazon, the adoption of no-tillage is an excellent alternative to
circumvent issues related to P retention, applied via mineral fertilization.

Some studies have been conducted in other Brazilian biomes showing divergent results, when
comparing the levels of P in the fractions considered labile (Piaer, Pisic and Pogic) in the soil
under no-tillage system. The mean contents of Piaer in the 0-10 cm layer of the present study
(8 mg kg™?) were lower than those obtained by Pavinato et al. (2009) in the state of Mato
Grosso do Sul in the region of the Cerrado Biome (15 mg kg™) and by Tiecher et al. (2012a)
in the state of Paranain the Atlantic Forest Biome (44 mg kg™?). However, the contents of
Pisic (30 mg kg™) and Pogic (45 mg kg™) were higher than those obtained by Pavinato et al.
(2009) in the Cerrado (11 mg kg? of Pieic and 12 mg kg™ of Pogic) and by Tiecher et al.
(2012 a, b) in the Atlantic Forest (12 mg kg™ of Pigic and 30 mg kg of Posic). Thus, it can
be inferred that the contents of these P fractions in the Amazon biome differ from those
obtained in the Cerrado and Atlantic Forest Biomes.

Moderately labile P fractions per PiHido.1, POHido.1 and Pinci

In most depths, the highest values of the Pinido.1 fraction were also obtained with the longest
time of adoption of no-tillage system (Table 4). The Pinido.1 fraction represents Pi associated
with Fe and Al oxides (Gatiboni et al., 2007). In soils with high levels of Fe and Al oxides,
such as Oxisols in the Amazon, it is common to have high levels of Pi linked to oxides. In
addition, with this increase in organic matter, a hallmark of the no-tillage system may inhibit
the complete formation in amorphous Fe and Al oxide crystals through the bond between
functional organic groups and oxides, increasing the specific surface area of Fe and Al
crystals (Fink et al., 2016) besides promoting P adsorption in Fe and Al oxides, which
explains the higher levels of Pinido.1 in no-tillage system.

491 http://jas.macrothink.org



ISSN 2166-0379

\\ Macrothi“k Journal of Agricultural Studies
A Ins'titu'te " 2020, \Vol. 8, No. 3

Table 4. Fractions of Pi nidg-0.1, PO Hid-0.1 € Pincr in different management systems and depths in
a Yellow Latosol in the municipality of Paragominas, PA

management systems

Depth (cm) NF CcS NT9 NT11 NT13
----------------------------------------- I e
PiHid-0.1
0-10 220B 39.7B 60.7 AB 64.6 AB 78.9A
10-20 8.7B 18.2 AB 55.3A 46.3 AB 64.9 A
20-30 40B 14.3 AB 555A 50.1A 26.6 AB
30-40 34B 9.6 AB 25.1A 17.9AB 204 A
POHid-0.1
0-10 40.6 B 259B 103.1AB 171.1A 1385A
10-20 25.7B 25.3B 93.7A 124.4 A 96.3A
20-30 28.7B 244 B 89.7A 81.8A 30.3B
30-40 27.5AB 18.5B 349A 29.7 AB 25.1AB
PiHcl
0-10 11B 2.3AB 25AB 2.1AB 32A
10-20 1.0B 1.5AB 1.0B 24AB 3.0A
20-30 1.0B 1.0B 1.0B 1.0AB 24 A
30-40 10B 1.0B 1.0B 1.0B 1.8A

*Means followed by the same letter are not different by the test of Kruskal-Wallis (p<0.05).

Regardless of the management of the adopted system, the highest levels of Powido.1 were
observed in the topsoil (0-10 cm), resulting from the higher content of organic matter in this
layer (Table 2). This fraction showed a similar behavior to that observed in the Pinido.1
fraction in the same layer, but with slightly higher values (Table 4). In the 10-20 cm layer, a
significant depletion in Powid-01 was observed NT11 to NT13. Concomitantly, there was an
increase in Pinido.1 (Table 4), which indicates a possible mineralization of organic P and, a
consequent reabsorption in the Piwnido.1 fraction. In the subsequent layers, 20-30 and 30-40 cm,
the opposite behavior is observed, in which the areas under less adoption time of no-tillage
system (NT9 and NT11) were superior to the other treatments, which can be explained by the
higher content of organic matter in these treatments (Table 2).

According to studies carried out by Souza et al. (2007), the increase in Porido.1 contents with
the time of adoption of no-tillage is very important in the P dynamics as the Ponigo.1 fraction
can behave as a reservoir through Po mineralization by acid phosphatases, with a consequent
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buffering of the most available fractions of P (Novais et al., 2007; Tiecher et al., 2018).

In studies conducted in Goi& — Cerrado Biome, in soil under no-tillage system, Rodrigues et
al. (2016) and Pavinato et al. (2009) obtained opposite results to the present study, with larger
and smaller contents of Piwigo.1 (70 and 140 mg kg2, respectively) and Po Hido. 1 (75 and 77 mg
kg, respectively), respectively, than those found in this study (Pinidco1: 69 mg kg? and
Ponido.1: 137 mg kg™?). It is observed that unlike the Cerrado, there is a predominance of Po in
the Amazon region. However, when comparing the results with studies carried out in the
South region of Brazil, Atlantic Forest Biome, a similar behavior to the Amazon Biome is
observed, with a predominance of Powido.1 (186 mg kg™ (Soltangheisi et al., 2018), 414 mg
kg (Tiecher et al., 2012b) compared to Pinido.1 (29 mg kg™ (Soltangheisi et al., 2018), 60 mg
kg (Tiecher et al., 2012a)). In addition, it is found higher levels of Porido.1 and lower levels
of Pinido1 in the region of the Atlantic Forest Biome in relation to the Amazon biome,
therefore, there is a clear differentiation between types of Biome in the dynamics of P
fractions. Thus, it is observed that the dynamics of P fractions are sensitive to the Biome in
which the soil is inserted. Soil management under no-tillage system in the Amazon Biome
showed contents of Pixci relatively low, which may be explained by the fact that the soil is
highly weathered, with a very low content of apatitic minerals and since HCI preferentially
extracts fractions of P linked to Ca, the levels are naturally low.

Non-labile P fraction per Pinido.5, POHido.5 and Presidual

Overall, the Pinidos values found in CS were always higher than in NF and in most depths,
they were slightly higher than no-tillage system (Table 5). In general, Oxisols tend to
accumulate P in less labile fractions, when receiving regular fertilizer additions, as commonly
observed in highly weathered soils (Negassa and Leinweber, 2009). Thus, when the soil is
managed under CS, this process can be benefited, since there is a larger contact between the
fertilizer Pi and the inorganic constituents of the soil, favoring the adsorption of P in less
available fractions, such as Pixido.s.
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Table 5. Fractions of Pinidg-05, POHid-0.5 € Presidual in different management systems and depths
in a Yellow Latosol in the municipality of Paragominas, PA

management systems

Depth (cm) NF CS NT9 NT11 NT13
----------------------------------------- Mg KG? -mmmmmm e
PiHid-05
0-10 33.0A 58.2A 40.8 A 40.0 A 60.1 A
10-20 32.1A 45.8 A 305A 29.8 A 44.6 A
20-30 26.0 A 32.8A 312A 29.7 A 315A
30-40 21.4AB 39.0A 28.8 AB 439 A 15.8B
POHid-0.5
0-10 57.0B 64.7 AB 122.7 A 86.5 AB 119.0 A
10-20 445B 38.8B 66.5 AB 113.7A 459B
20-30 33.3B 7.8B 68.2 AB 76.7 A 58.6 AB
30-40 2798B 08C 525A 40.0 AB 43.5AB
PResidual
0-10 689 B 586 B 1007 A 625B 625B
10-20 646 A 633 A 654 A 608 A 737 A
20-30 612 A 651 A 666 A 634 A 661 A
30-40 613 A 592 B 614 A 612 A 710 AB

*Means followed by the same letter are not different by the test of Kruskal-Wallis (p<0.05).

Regardless of the depth, the longer no-tillage adoption time resulted in higher values of the
Ponidos fraction (Table 5), in relation to those observed in CS and NF. At a depth of 20-30 cm,
the highest levels of Powid-05 were observed in NT9, NT11 and NT13, while the lowest were
those obtained in CS. At a depth of 30-40 cm, NT9 showed the highest levels of Porig-o5,
which was superior to the other treatments. The organic fraction extracted by NaOH 0.5 mol
L showed a wide variation between treatments and depths, which does not allow a clear
conclusion because of the significant fluctuations in Ponidos levels. Similar behavior was also
observed by Pavinato and Rosolem (2008), when characterizing the changes in the
availability and forms of P in the soil, in depth, with the addition of organic compounds from
plants in soil cultivated for a long time under conventional system and no-tillage system.
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According to the author, the large variation in the data may be caused by the way in which
they are obtained, since the organic fraction is obtained from the difference between the
fraction of total P extracted by NaOH 0.5 mol L and the inorganic fraction extracted by this
same extractor.

A\\ Macrothi“k Journal of Agricultural Studies

When evaluating the long-term changes promoted by no-tillage and conventional systems in
fertility and P fractions in Cerrado soils, Rodrigues et al. (2015) observed that PoOnidos
contents were higher in no-tillage than in the CS in all clayey soils, confirming the results
obtained in this work.

Pavinato et al. (2009) in an experiment with no-tillage system in the Cerrado Biome region,
obtained higher levels of Pinidos (100 mg kg™) and lower levels of Powidos (45 mg kg?)
compared to the levels obtained in this study (Pinido.s: 47 mg kg, Powidos: 110 mg kg?). Teles
et al. (2017) in studies conducted in the Atlantic Forest Biome in Parang found the largest of
both fractions: Pi nidos (129 mg kg™) and Po hidos (135 mg kg™). In addition, it is observed
that Po widos In the present experiment conducted in the Amazon Biome region is more than
the double of Pinidos while in the Cerrado Biome the opposite occurs and in the Atlantic
Forest Biome, the behavior is similar to that of Amazon biome, but with smaller differences
between the values of Pi nido.s and Powido.s.

In general, values of Presidual Were very high (Table 5). This fraction showed some stability in
the soil, with no statistical difference between the evaluated management systems. Presidual
represents the P associated with hematite, goethite and gibbsite, which are abundant in the
studied soil, therefore explaining the high levels of this fraction (Souza et al., 2007).
According to Novais and Smyth (1999) and Pinto et al. (2013), in more clayey soils, there is a
greater amount of Lewis acidic sites, thus favoring P adsorption, which initially increases in
the levels of labile P. However, over the contact period, P goes to less available fractions.
Furthermore, in soils with greater phosphate adsorption capacity, higher proportions of P
must be adsorbed with high energy and only extracted with soil digestion (H2SOs+ H202)
(Cross and Schlesinger, 1995). According to Yang and Post (2011), the Presigqual iNncreases as
weathering progresses, reaching 20% of the total P in poorly weathered soils, while in highly
weathered soils, the content of Presidual Can reach 60% of the P-total. In this study, Presidual
corresponded on average, to 80% of the Prwotal Of the soil (Figure 2).

Regarding the values, the average contents of Presiqval (752 mg kg?) in the soil under
no-tillage system were higher than those observed in other Brazilian regions. Rodrigues et al.
(2015) when observing the behavior of P fractions in soil under no-tillage, in Goi& (Cerrado
Biome), obtained an average content of Presiduat Of 400 mg kg?. Also, when evaluating the P
fractions in soil under no-tillage, but in Parana(Atlantic Forest Biome), Soltangheisi et al.
(2018) observed average levels of Presidual of 600 mg kg™. Therefore, it is observed that the
behavior and magnitude of values of the P fractions, from the labile to the non-labile fraction,
can be modified according to the biome to which the no-tillage system is inserted, which
allows us to infer that there is a differentiation between the types of biomes existing in Brazil.

It can be seen in the results the large amount of P accumulated in this soil in fractions
considered unavailable for plants, especially in the Presiquai fraction. These unavailable
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fractions of P are a potentially valuable resource of this nutrient but not used in the present
moment. The rational and sustainable use of P is necessary to improve its efficiency of use
and to preserve the resources of phosphate rocks for future generations. Therefore, further
studies are needed to explore this residual fraction of P that is accumulated in soils cultivated
in Brazil and thus, guarantee a more sustainable future agricultural production.

Total phosphorus

All areas under no-tillage system had higher P-Total contents than CS and NF, with higher
concentrations in the topsoil compared to the subsurface layers (Table 6). This is due to the
non-incorporation of the fertilizers added on the surface, to the lower losses caused by
erosion and, also, to the cycling of nutrients by the plants, in which they absorb the P from
the deeper layers, recycling it to the surface, when their residues decompose (Rheinheimer
and Anghinoni, 2001).

Table 5. P-Total in different management systems and depths in a Yellow Latosol in the
municipality of Paragominas, PA

management systems

Depth (cm)
NF CS NT9 NT11 NT13

0-10 848B 842B 1333A 1064 A 1124 A

10-20 77/4B 7/79B 942AB 969 AB 1041 A

20-30 718B 748AB 953 A 915 AB 871 AB

30-40 708B 6/0B 773AB  761AB 869 A

*Means followed by the same letter are not different by the test of Kruskal-Wallis (p<0.05).

The percentage of contribution of each Puwtal fraction is shown in Figure 2. In all management
systems, regardless of depth, the proportion of Presiqual Was greater than 80% of the total P
content found in the experiment, showing the fixative characteristic of the soil in the studied
area. However, the NT reduced this fraction by up to 12%, and also increased the proportion
of fractions with greater availability, such as Pires, Pisic PoBic, Pinido.1 POHido.1, compared to
CS and NF. The predominance of Presidual in the P-Total can be attributed to the characteristic
of the type of soil used in the present study, which, according to Rodrigues et al. (2015),
tends to accumulate P in more recalcitrant fractions when receiving regular P additions, as
indicated by Cross and Schlesinger (1995) and confirmed by Negassa and Leinweber (2009).

The increase in the percentage contribution of P fractions considered more available in
relation to the Prwtal, Observed in the no-tillage areas can be attributed to the reduction of the
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adsorption of P, due to the non-revolving of the soil, with subsequent decrease of the
exposure of the P of the fertilizer to the adsorption reactions. In addition, the presence of low
molecular weight organic acids may block the P adsorption sites and reduce the adsorption of
the nutrient, promoting the remaining of P in more available fractions (Hue, 1991,
Rheinheimer and Anghinoni, 2001; Rheinheimer et al., 2008).

NF = PiEAR
= PiBIC
cs NN PoBIC
| PiHid-0,1
NTo [ m PoHid-0,1
NT11 _| ] . P?H_Cl
| PiHid-0.,5
NT13 F I PoHid-0,5
. . . . . . PResidual
0%  20% 40%  60%  80%  100%

Figure 2. Percentage contribution of different P fractions in relation to the P-Total of a
dystrophic Yellow Latosol under different management systems in Paragominas, PA

Principal component analysis (PCA) was used to reduce the dimensions of the data and,
consequently, to facilitate the analysis through the correlation circle graph. The PCA
performed on the chemical data set P fractions (Pisic, Posic, Pinido.1, POHido.1, Pinci, Pinidos,
POHidos, Presiaual), available P (Mehlich™), P total, attributes chemicals (SB, pH, Al, Ca),
mineralogical components (clay, Feox, Fencs) and organic matter (Figure 3), revealed that the
first two axes explained 64.2% of the total variability of the data. The first component
explained 49.73% and the second, 14.40% (Figure 3).

The variables associated with PC1 were the Pires, Pisic, Posic, Pinido.1, POHido.1, POHidos, P
Total, OM, Feo and CEC, with positive eigenvectors and Total Fe and clay, with negative
eigenvectors. PC2 was composed by SB, pH, Ca, with positive eigenvectors, and PiHCI,
Presiqual, FEDCB, Al, H + Al, with negative eigenvectors. The PCA shows that there was a
high positive correlation between the available P, Pisic, Posic, Pinido.1, POHido.1, POHidos, total P
and CEC (Figure 3), as well as a high positive correlation between Pinido.s and Prra. The high
correlation between fractions considered more labile and less labile (such as P extracted by
NaOH), reinforces the hypothesis that less available forms of P can buffer labile P from the
soil.
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Figure. 3. Circle of correlations between the variables Clay, pH, H + Al, AI**, Ca, CEC (cation
exchange capacity), SB (sum of bases), V (base saturation), P (Mehlich 1), Paer, Pisic and
Pogic, Pinido.1 and Porido.1, PiHci, Pinido.s and PoHid0.5, P Residual, OM, Fetotai and Protal, FE€oxa
(amorphous iron oxides), Fepcs (free iron oxides) in an Oxisol under different systems
management in Paragominas, PA

The cluster analysis between the principal components 1 and 2, allowed to forming three
groups (Figure 4). Group 1 was formed by Pigic, Posic, Piido.1, POHido.1, PiHcl, Pinidos, POHido s,
P available, Total P, OM, FeO, pH, CEC, SB and Ca. Group 2 was composed by Presidual, H +
Al, Feocs and group 3 by Al, clay and Total Fe.
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Figure 4. Graphical dispersion of the relationship of the first two principal components based on
the chemical and mineralogical characteristics of an Oxisol under different management systems
in Paragominas, PA

The graphical dispersion of the fractions with the different soil attributes (Figure 4)
demonstrates a high relationship and similarity between the P fractions and the chemical
attributes of the soil and dissimilarity and antagonism to the mineralogical components of the
soil (Clay, contents of total Fe and Fepcs).

4. Conclusion

The levels of P of the fractions (Piaer, Pisic and PoBIC) P labile, increase due to the raise in the
time of adoption of the no-tillage system, in the first 10 cm depth layer.

The no-tillage system results in significant increases in all phosphorus fractions in the 0-20 cm
layer, compared to the conventional system and native vegetation.

Among the P fractions of the soil under no-tillage, the organic fractions were higher than the
inorganic fractions, therefore showing greater effectiveness of the no-tillage system in the
Amazon Biome in relation to the P dynamics in the soil.
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