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ABSTRACT - The objective of this study was to evaluate the adsorption of phosphorus (P) and changes in the 

concentrations of organic and inorganic forms of P in a Neossolo Quartzarênico (Typic Quartzipsamment) after 

9 years of successive cultivation with sugar cane without burning to harvest. Therefore, two areas, one in which 

cane sugar was planted and a native forest reference area, located in the municipality of Paraipaba-CE, were 

selected. In each area, samples were collected at depths of 0−0.025, 0.025−0.05, 0.05−0.10, 0.10−0.20, and 

0.20−0.30 m, and the levels of organic (Po) and inorganic (Pi) phosphorus obtained by sequential extraction, 

the remaining phosphorus, and the maximum adsorption capacity of phosphorus by the soil were determined. In 

general, the permanence of straw on the soil surface under sugarcane cultivation promoted the maintenance of 

Po levels in the surface layers of the profile. The Po accumulated predominantly in the Po fraction extracted 

with sodium bicarbonate in both areas. Regarding the Pi content, changes were more evident during cultivation 

due to the effect of successive phosphate fertilizer applications. The fraction extracted with 0.1 mol L-1 sodium 

hydroxide was the most representative, with the highest levels of P uptake. P adsorption was influenced by the 

initial content of the nutrient in the soil and no relationship between P adsorption and organic matter content 

was observed. The highest level of adsorption was observed in the bottom layer of the forest area (133.3 mg kg -

1) and the lowest level of adsorption was observed on the surface layer of the area under sugarcane cultivation 

(59.5 kg mg-1). 

 

Keywords: Sequential extraction. Sorption. Sandy soil. 

 

 

FORMAS DE FÓSFORO E ADSORÇÃO EM NEOSSOLO CULTIVADO COM CANA-DE-AÇUCAR 

COLHIDA SEM QUEIMA 

 

 

RESUMO – O presente trabalho teve como objetivo avaliar a adsorção de fósforo (P) e as mudanças ocorridas 

nas concentrações das formas orgânicas e inorgânicas de P em um Neossolo Quartzarênico após nove anos de 

cultivo sucessivos com cana-de-açúcar sem queima prévia do canavial para colheita. Para tanto, duas áreas, 

plantio de cana-de-açúcar e mata nativa de referência, situadas no município de Paraipaba-CE, foram 

selecionadas. Em cada uma das áreas foram coletadas amostras nas profundidades de 0 – 0,025; 0,025 – 0,05; 

0,05 – 0,10; 0,10 – 0,20 e 0,20 – 0,30 m; determinando-se os teores de fósforo orgânico (Po) e inorgânico (Pi) 

obtidos através de extração sequencial, o fósforo remanescente (Prem) e a capacidade máxima de adsorção de 

fósforo (CMAP) do solo. De maneira geral, a permanência da palhada na superfície do solo sob cultivo de cana

-de-açúcar promoveu a manutenção dos níveis de Po nas camadas superficiais do perfil. O Po acumulou-se 

predominantemente na fração biodisponível extraído com bicarbonato de sódio nas duas áreas. Com relação ao 

conteúdo de Pi, as mudanças foram mais evidentes devido ao efeito das sucessivas aplicações de fertilizantes 

fosfatados ao longo do cultivo, sendo a fração extraída com hidróxido de sódio 0,1 mol L-1, a mais 

representativa com maiores níveis de P acumulados. A adsorção de P foi influenciada pelo conteúdo inicial do 

nutriente no solo e nenhuma relação entre adsorção de P e o conteúdo de matéria orgânica foi observada. O 

maior valor de adsorção de P foi observado na camada inferior da área de mata (133,3 mg kg -1) e a menor 

adsorção na camada superficial da área sob cultivo de cana (59,5 mg kg-1). 
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INTRODUCTION 
 

Brazil is the largest producer of sugarcane 

(Sacharum officinarum), followed by India and 

China. In the 2014/2015 season, Brazil produced 634 

million tons of sugarcane in 9 million hectares. In the 

northeastern region, 55 million tons were produced 

in 1 million cultivated hectares (BRASIL, 2016). 

The system of sugarcane harvest without 

burning the cane field offers several benefits to the 

environment. Among them, the retention of crop 

residues on the soil surface, contributes to the 

protection, conservation, and addition of organic 

material, permitting an increase in the bioavailability 

of soil nutrients (RESENDE et al., 2006). 

Phosphorus (P) is a scarce nutrient in most 

farming systems and its bioavailability is strongly 

influenced by the soil management adopted 

(RHEINHEIMER; ANGHINONI, 2001). 

Consequently, when sugarcane management occurs 

without the cane field being burned for the harvest, 

successive applications of phosphate fertilizer occur 

over several years and favor the input of organic 

matter on the surface, showing that it is possible to 

increase the P organic fraction of the total 

phosphorus content (Total P). In addition, possible 

modifications might occur during the reaction of 

phosphate ion adsorption with the soil mineral 

matrix. 

According to Rheinheimer et al. (2008), in 

young soils such as Typic Quartzipsamments, P may 

occur in primary minerals, representing the greatest 

part of this element found in the organic form. 

Additionally, Gatiboni et al. (2007) concluded that in 

soils with low P availability, the organic forms of 

this nutrient are the main supply of P to cultures. 

To study different forms of P in soil, several 

authors have used the fractioning technique proposed 

by Hedley, Stewart, and Chauhan (1982). 

Fractioning involves sequentially extracting organic 

and inorganic forms of P and using extractors with 

different extraction forces to allow them to be 

classified according to their lability for plants 

(NEGASSA; LEINWEBER, 2009). 

Knowledge on the bioavailability of P for 

crops should involve, besides measuring soil nutrient 

content, the estimated sorption of this nutrient by 

colloids. The P retention, whether added in available 

forms or not, can occur by adsorption of iron and 

aluminum oxyhydroxides, aluminosilicates, and the 

organic matter (OM) present in the soil (URRUTIA 

et al., 2013). 

One feature used to assess the degree of 

interaction between P and the soil mineral matrix is 

the maximum P adsorption capacity (MPAC), which 

can be calculated by Langmuir’s adsorption 

isotherm. According to Alvarez and Fonseca (1990), 

another attribute that can measure the sorptive 

activity of the soils is the remaining P (Prem), which 

can also be used to estimate MPAC. 

The objectives of this study were to assess 

changes in the content of organic and inorganic 

forms of P, Prem, and in MPAC, as well as to 

understand how these variables interact in a Typic 

Quartzipsamment after 9 years of cultivation with 

sugarcane without burning for harvest, using an 

adjacent area of native forest as a control. 

 

 

MATERIAL AND METHODS 
 

The study was conducted in a commercial 

area in the municipality of Paraipaba-CE, located 

between the geographic coordinates 3°30′08″S and 

39°12′68″W at an altitude of 76 m above sea level. 

The climate is tropical semi-arid, with uneven 

rainfall in the first semester of the year and high 

concentration from January to May. The average 

annual temperature is 27.0°C and mean relative 

humidity is around 80% (IPECE, 2013). 

To classify the soil of the experimental area, 

we opened two trenches of 1-m depth in an area 

under sugarcane cultivation and in the adjacent 

native forest. The soils of both areas were classified 

as Orthic Typic Quartzipsamment (SANTOS et al., 

2013). The chemical and physical soil properties 

obtained in each area are shown in Table 1. 

The pH values in water, content of Ca, Mg, Na, K, H + Al, P avail (available P), total carbon (C), and the particle size 

(sand, silt and clay content) were determined according to SILVA (2009). 

Table 1. Chemical and physical attributes of Orthic Typic Quartzipsamment in the 0−1.0-m layer cultivated with sugarcane 

and in the adjacent native forest.  

Depth (m) pH Ca Mg Na K H + Al Available P C Sand Silt Clay 

  ------------ cmolc dm-3------------- mg dm-3 ---------------- g kg-1-----------------

- 
  Sugarcane area 

0 – 0.1 6.0 2.4 1.1 0.0 0.0 0.7 4.0 11.8 850   50 100 

0.1 – 0.2 6.4 2.1 1.0 0.0 0.0 1.7 2.0 11.0 800   90 110 

0.2 – 0.3 6.5 1.2 0.8 0.1 0.0 1.2 1.0   5.7 780   90 130 

0.3 – 0.4 6.8 1.2 0.8 0.1 0.0 1.2 1.0   2.1 780 110 110 

0.4 – 0.5 6.7 1.0 0.5 0.1 0.0 1.2 1.0   3.5 760   50 190 
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Sugarcane cultivation began in 2001. The 

cultivated area was a “Caatinga” forest with no 

human activity prior to the beginning of the 

cultivation. The area was deforested and the 

remaining plant material was burned in piles on the 

same site. 

After burning the remaining vegetation 

material, soil tillage was conducted by plowing and 

disking. The acidity was corrected with the 

application of 2 mg dolomitic lime per hectare. The 

variety planted on the site was SP 716949, using   

1.5-m spacing between grooves. During 2001 to 

2008, 500 kg ha-1 year-1 of mineral fertilizer in the 

formulation 20-10-20 was applied, whereas during 

2009 to 2010, 500 kg ha-1 year-1 of mineral fertilizer 

in the formulation 20-05-20 was applied. The 

sugarcane harvest had always been performed 

mechanically with residual straw remaining on the 

soil surface. 

Soil samples were collected for laboratory 

analyses between the plants lines in a 500-m² area 

cultivated with sugarcane for 9 years and an area of 

native forest. In each area, six mini-trenches of              

0.3-m depth were open at random. Samples were 

collected in the trenches of both areas at depths of 

0.0–0.025, 0.025–0.05, 0.05−0.10, 0.10−0.20, and 

0.20−0.30 m. The samples were dried, crushed, and 

passed through a 2-mm mesh sieve to obtain a fine 

air-dried soil (TFSA). 

Po and Pi fractions were obtained by 

sequential extraction, as proposed by Hedley, 

Stewart, and Chauhan (1982), with modifications as 

proposed by Condron, Goh, and Newman (1985), 

using the following extractors: 0.5 mol L-1 NaHCO3 

pH 8.5 (Po bic and Pi bic), 0.1 mol L-1 NaOH (Po hid 

0.1 and Pi hid 0.1), 1 mol L-1 HCl (Pi HCl), and 0.5 

mol L-1 NaOH (Po hid 0.5 and Pi hid 0.5). The Po of 

each fraction was obtained by subtracting the Pi 

content from the total P content at each stage of 

extraction. The total organic P (Total Po) was 

obtained by adding the organic fractions of each 

extractor (Total Po = Po bic + Po hid 0.1 + Po hid 

0.5). 

After the sequential extraction, we quantified 

the P content in residual soil (Residual P) by 

digestion, using perchloric acid and magnesium 

chloride. The P total content of the soil was obtained 

by adding the total content of P obtained in each 

extractor to the residual P content. 

The Prem of the samples was quantified 

according to Alvarez and Fonseca (1990) using             

20 mL of 0.01 mol L-1 CaCl2 solution containing             

60 mg of P in the form of KH2PO4, which remained 

in contact with the soil for one night. After this 

period, we removed an aliquot of the supernatant 

solution for Prem quantification. Prem contents were 

used to define the doses of P to be used to quantify 

the MPAC. 

MPAC was determined according to the 

method described by Alvarez and Fonseca (1990) by 

placing 2.0 g of TFSA in contact with 20 mL 

solution of 0.01 mol L-1 CaCl2, containing 3, 5, 8, 12, 

15, 18, and 20 mg kg-1 of P in the form of KH2PO4, 
for 24 hours. The suspension was collected 

immediately and the P content was quantified in the 

equilibrium solution. Following this, we proceeded 

to fit the Langmuir isotherm using the equation 

below: 

                                                     (1) 

where: 

 = amount of adsorbed P in the soil in mg kg-1 

of soil 

a = binding energy (L mg-1) 

 

AC

abC

m

X




1

 

m

X

The pH values in water, content of Ca, Mg, Na, K, H + Al, P avail (available P), total carbon (C), and the particle size 

(sand, silt and clay content) were determined according to Silva (2009). 

Table 1. Continuation. 

Depth (m) pH Ca Mg Na K H + Al Available P C Sand Silt Clay 

  ------------ cmolc dm-3------------- mg dm-3 ---------------- g kg-1-----------------

- 
  Sugarcane area 

0.6 – 0.8 6.6 0.5 0.5 0.1 0.0 1.2 1.0   6.7 760 100 140 

0.8 – 1.0 6.0 0.5 0.5 0.1 0.0 1.5 1.0   0.2 760 130 110 

  Native forest 

0 – 0.1 5.4 1.8 1.2 0.0 0.1 2.0 2.0   9.8 840   60 100 

0.1 – 0.2 5.4 1.7 1.0 0.0 0.1 1.7 2.0   8.0 840   80   80 

0.2 – 0.3 5.4 0.4 0.6 0.0 0.0 1.5 1.0   5.2 770 120 110 

0.3 – 0.4 5.6 0.3 0.3 0.0 0.0 1.5 1.0   9.5 790   80 130 

0.4 – 0.5 5.2 0.3 0.1 0.0 0.0 1.2 1.0   1.8 760   90 150 

0.6 – 0.8 5.1 0.3 0.1 0.0 0.0 2.0 1.0   6.5 740 120 140 

0.8 – 1.0 5.1 0.3 0.1 0.0 0.0 1.5 1.0   5.2 760 110 130 
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b = MPAC (mg kg-1) 

C = Concentration of equilibrium (mg L-1) 

To estimate the constant b, equation 1 was 

transformed into its linear form: 

                                         (2) 

The OM of the soil was determined by the 

oxidation of OM with 0.167 mol L-1 potassium 

dichromate, in a sulfuric acid medium, and by 

titration with 0.2 mol L-1 ferrous ammonium sulfate 

(SILVA, 2009). 

To compare the variables between the areas at 

each depth, the Student’s t-test was applied using the 

statistical program Assistat, version 7.6 beta 

(SILVA; AZEVEDO, 2002). We also used a 

multivariate technique of principal components 
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analysis (PCA) to understand how the different 

fractions of P, adsorption characteristics, and OM 

content interact at the same time, taking into 

consideration the 0−0.025 m and 0.20−0.30 m layers 

in both areas. 

 

 

RESULTS AND DISCUSSION 
 

Inorganic P fractions are presented in Table 2. 

The Pi bic fraction represented the labile or 

bioavailable inorganic P, which is subjected to 

adsorption phenomena with the soil mineral matrix 

and is used by microorganisms and plants. This was 

present at low concentrations in both areas, 

highlighting the difficulty of maintaining the Pi 

content readily available in this soil class. In the 

sugarcane cultivation areas, higher values of Pi bic 

were always observed in relation to the control area. 

Table 2. Mean content of inorganic phosphorus fractions obtained in the sugarcane and native forest area at different 

depths.  

Means followed by the same letter are not statistically different between the two areas by Student’s t-test at 5% 

probability. Pi bic = inorganic phosphorus extracted with 0.5 mol L-1 NaHCO3; Pi hid 0.1 = inorganic phosphorus 

extracted with 0.1 mol L-1 NaOH; Pi HCl = inorganic phosphorus extracted with 1 mol L-1 HCl; Pi hid                          

0.5 = inorganic phosphorus extracted with 0.5 mol L-1 NaOH. = below quantification level. 

Several studies have confirmed the low levels 

of the Pi bic fraction in the total P soil content. 

Xavier et al. (2009) evaluated P forms in a 

Quartzipsamment during organic management in 

Ibiapaba-CE and found levels of Pi bic ranging from 

6.97 to 38.94 mg kg-1
, with the lowest level found in 

the control forest area and the highest level found in 

an organic system fertilized with cattle manure. 

Studying the P forms in a Quartzipsamment  

cultivated with rice, in Minas Gerais, Tokura et al. 

(2011) quantified values of 5.2 mg kg-1 of Pi bic. 

The Pi hid 0.1 fraction represented the highest 

P content from the remaining inorganic fractions in 

both areas evaluated. A similar result was observed 

by Tokura et al. (2011), with reported yields of         

12.6 mg kg-1 of P extracted with 0.1 mol L-1 NaOH. 

Those authors suggested that the Pi hid 0.1 fraction 

is the main buffer of the more labile Pi fractions of 

the soil. This means that, as the most labile forms of 

P are consumed by plants and microorganisms, a 

portion of the Pi hid 0.1 fraction is converted into Pi 

bic, continuing to buffer the P delivery system to the 

plants. 

The Pi hid 0.1 fraction in the sugarcane area 

was found to be higher in all evaluated layers, with 

the exception of the first, which presented a similar 

value to that observed in the forest area. This pattern 

suggests that in the first layer of native forest, there 

was reduced consumption of P by plants and 

microorganisms. This led to the accumulation of Pi 

hid 0.1 in that layer, without being used to buffer the 

removal of the most labile P fractions. 

Areas  Depth (m)  

 0.0 – 0.025 0.025 – 0.05 0.05 – 0.10 0.10 – 0.20 0.20 – 0.30 

 -------------------------------------------- Pi bic (mg kg-1) ------------------------------------------ 

Sugarcane   8.1 a   4.3 a   5.5 a   3.3 a   2.7 a 

Forest   3.2 b   2.7 b   0.6 b - - 

 ------------------------------------------- Pi hid 0.1 (mg kg-1) --------------------------------------- 

Sugarcane 24.0 a 22.0 a 22.1 a 20.4 a 18.5 a 

Forest 26.1 a 16.5 b 15.2 b 12.8 b 12.3 b 

 --------------------------------------------- Pi HCl (mg kg-1) ---------------------------------------- 

Sugarcane   5.8 a   5.3 a  5.7a   5.5 a   4.5 a 

Forest   5.0 b   4.7 b   4.6 b   4.6 b  4.5a 

 ---------------------------------------------Pi hid 0.5 (mg kg-1) --------------------------------------- 

Sugarcane   5.3 a   4.8 a   4.2 a   4.1 a   2.8 a 

Forest   2.6 b   2.4 b   2.9 b   2.4 b   1.9 b 
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always presenting the highest levels. This fraction 

represents Pi associated with oxides and silicate 

clays with the higher binding energy (CONDRON; 

GOH; NEWMAN, 1985). Thus, in view of the 

mineralogical conditions of the study soil, with a 

predominance of quartz mineral, the formation of 

this P fraction is reduced. 

For Po contents (Table 3), the Po bic fraction 

was more available, but labile, and no significant 

difference was observed between the areas. As for 

the Po hid 0.1 fraction, there were significant 

differences between the areas at depths of 0.05−0.10 

and 0.20−0.30 m only. For the Po hid 0.5 fraction, 

the differences between the areas were more evident, 

with similarities only observed in the first layer. 

Pi HCl, which is the P fraction associated 

with calcium, forms highly stable calcium phosphate, 

and was found at very low levels in the two areas 

evaluated. The content of this fraction was higher in 

the sugarcane area, except for the last layer, in which 

similar levels were observed in both areas. The 

absence of conditions required for the formation of 

calcium phosphate in the soil, due to poor calcium 

source material, justifies the low Pi levels found in 

this fraction. Both Pi HCl and Pi hid 0.1 are the 

preferred forms of Pi accumulation in soils receiving 

mineral fertilizer (CONTE; ANGHINONI; 

RHEINHEIMER, 2003; SANTOS et al., 2008; 

GONÇALVES; MEURER, 2009). 

Similar to the pattern observed for the Pi HCl 

fraction, the content of the Pi hid 0.5 fraction was 

low in both studied areas, with the sugarcane area 

Table 3. Mean content of organic phosphorus fractions in the sugarcane and native forest areas at different depths. 

Means followed by the same letters are not statistically different between the two areas according to the                 

Student’s t-test at 5% probability. Po bic = organic phosphorus extracted with 0.5 mol L-1 NaHCO3; Po hid                 

0.1 = organic phosphorus extracted with 0.1 mol L-1 NaOH; Po hid 0.5 = organic phosphorus extracted with               

0.5 mol L-1 NaOH; Po total = Po bic + Po hid 0.1 + Po hid 0.5. 

According to Salcedo (2006), in natural 

ecosystems, where no external P source is added, 

nutrient bioavailability is mainly related to its 

cycling in the soil and the Po content tends to remain 

stable over time. When the system is disturbed by the 

introduction of commercial crops, leading to an 

increase in plant biomass and fertilizer use, there is 

greater microbial activity, resulting in increased 

mineralization and a decrease in the more labile P 

organic fractions of the soil. 

The small difference observed in the content 

of Po fractions between the two study areas suggests 

that the management adopted in the area cultivated 

with sugarcane maintained the same Po levels as 

those found in the control area. The maintenance of 

Po levels in the system is important as it is a constant 

source of nutrients for beneficial environmental 

organisms, which can be readily absorbed by plants 

following mineralization. 

Results similar to those observed in the 

present study were shown by Schmitt et al. (2014) 

when evaluating P forms in vineyard areas subjected 

to 7 years of phosphate mineral fertilization, when 

compared to a native control area. The authors 

suggested that part of the mineral P added annually 

in the form of fertilizer starts to be used by 

microorganisms and plants, thus becoming an 

organic component that returns to the mineral form 

over time following mineralization. 

In general, for the soil total Po content, 

represented by the sum of organic fractions, 

significant differences between areas were observed 

only in the 0.05−0.10- and 0.20−0.30-m layers. The 

Po bic fraction showed the highest concentrations 

among the other organic fractions, representing 

27.8−36.1% of the total P content in the sugarcane 

Areas  Depth (m)  

 0.0 – 0.025 0.025 – 0.05 0.05 – 0.10 0.10 – 0.20 0.20 – 0.30 

 ----------------------------------------- Po bic (mg kg-1) ---------------------------------------- 

Sugarcane 28.4 a 27.0 a 25.9 a 26.9 a 23.2 a 

Forest 24.0 a 26.2 a 25.8 a 25.2 a 25.0 a 

 -------------------------------------- Po hid 0.1 (mg kg-1) -------------------------------------- 

Sugarcane 13.0 a 12.1 a 12.7 a   8.9 a   3.6 b 

Forest 11.4 a 12.0 a   8.0 b   7.3 a   6.7 a 

 -------------------------------------- Po hid 0.5 (mg kg-1) -------------------------------------- 

Sugarcane   7.9 a   8.9 a   6.0 a   2.7 a   1.0 b 

Forest   7.4 a   5.2 b   2.8 b   1.9 b   2.9 a 

 ---------------------------------------- Total Po (mg kg-1) --------------------------------------- 

Sugarcane 49.3 a         48 a 44.6 a 38.5 a 27.8 b 

Forest 42.8 a 43.4 a 36.6 b 34.4 a 34.6 a 
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area and 26.5−40.1% of the total P content in the 

forest area. In the forest area and in the area under 

cultivation, this fraction can be an important source 

of P for plants, which is not quantified by the usual 

methods used to determine soil P availability. 

Therefore, in the same way as the Pi hid 0.1 and Pi 

hid 0.5 fractions, the Po hid 0.1 and Po 0.5 hid 

fractions act as a buffer of the more labile P 

reservoir, ensuring a gradual supply of P following 

consumption of the Po bic fraction. 

Regarding the residual phosphorus content 

shown in Table 4, which represents the inorganic and 

recalcitrant organic P not available for plants, we 

observed that the contents of this fraction were 

higher in the forest area than in the sugarcane area. 

According to Cross and Schlesinger (1995), this may 

be the most recalcitrant fraction gained by 

fractionation, which is obtained only with the use of 

a strong acid. This represents the P present in highly 

stable humic structures, which are typical of forest 

areas. This explains why this fraction is present in 

greater amounts in the forest area when compared to 

the sugarcane area. 

Table 4. Mean content of residual and total P in the sugarcane area and native forest area at different depths.  

Means followed by the same letters are statistical different between the two areas by Student’s t-test at 5% 

probability. 

The total P content varied widely, from 62.3 

to 101.9 mg kg-1, with the highest levels observed in 

the sugarcane area surface and the lowest levels 

observed in the last layer of the forest area. Low 

levels of total P are due to a reduced P content in soil 

source material, since quartz is the predominant 

primary mineral (JACOMINE; ALMEIDA, 

MEDEIROS, 1973). 

The total phosphorus content in the area 

under sugarcane cultivation was higher than that 

found in the forest area, with the exception of the last 

layer (0.20− 0.30 m). This pattern is due to the effect 

of phosphate fertilizer application in the cultivated 

area over 9 years. However, the fact that P has low 

mobility in the soil profile favored the accumulation 

of this nutrient in the upper layers (LEÃO et al., 

2007). This explains the low nutrient content in the 

last layer of the cultivated area, which presented 

levels similar to those observed in the same layer of 

the forest area. 

Regarding the adsorption characteristics, 

there was little variation in the Prem content 

quantified in this study, from 55.1 to 58.2 mg kg-1, 

indicating low potential for P adsorption by the soil 

(Table 5). Similar results were observed by 

Boschetti, Quintero, and Benavidez (1998), who 

quantified 54.5 mg kg-1 of Prem content in the 

surface layer of a Quartzipsamment in Entre Rios in 

Argentina. On the other hand, Corrêa, Nascimento, 

and Rocha (2011) performed studies in 

representative soils in the State of Pernambuco and 

found 57.8 mg kg-1 of Prem in the surface layer of a 

Typic Quartzipsamment. 

Table 5. Remaining phosphorus mean content (Prem) and organic matter (OM) in sugarcane cultivated area and adjacent 

native forest, at different depths evaluated.  

Means followed by the same letters show no statistical difference between the two areas, as assessed by the               

Student’s t-test at 5% probability. OM = organic carbon × 1.724. 

Areas  Depth (m)  

 0.0 – 0.025 0.025 – 0.05 0.05 – 0.10 0.10 – 0.20 0.20 – 0.30 

 ----------------------------------------- Residual P (mg kg-1) ---------------------------------------- 

Sugarcane      9.1 b   6.5 b   6.1 b   6.0 b   7.7 b 

Forest    10.4 a 10.2 a 10.5 a   8.4 a   8.6 a 

 ------------------------------------------- Total P (mg kg-1) -------------------------------------- 

Sugarcane 101.9 a 91.2 a 88.5 a 78.1 a 64.2 a 

Forest    90.4 b 80.3 b 70.6 b 63.0 b 62.3 a 

 1 

Areas  Depth (m)  

 0.0 – 0.025 0.025 – 0.05 0.05 – 0.10 0.10 – 0.20 0.20 – 0.30 

 -------------------------------------------- Prem (mg kg-1) ---------------------------------------- 

Sugarcane 58.2 a 57.7 a 57.8 a 57.7 a 55.1 a 

Forest 55.8 b 55.6 b 55.5 b 55.8 b 55.1 a 

 ---------------------------------------------- OM (g kg-1) ------------------------------------------ 

Sugarcane 24.9 a 23.2 a 21.7 a 22.0 a 21.7 a 

Forest 25.6 a 23.2 a 21.6 a 18.2 b 16.5 b 

 1 
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The highest Prem content was found in the 

surface layer of the sugarcane area. At all depths, the 

area under sugarcane cultivation presented a higher 

Prem content when compared to the area of native 

forest, with the exception of the last layer, which 

showed the same content in both areas evaluated. 

In the case of OM, there were no significant 

differences in the surface layers between the areas; 

however, in the 0.10−0.20 - and 0.20−0.30-m layers, 

higher levels of OM were observed in the sugarcane 

area to the detriment of the native forest area. 

According to Pinheiro et al. (2010), at these depths, 

there is a lot of decaying plant material from the root 

system of the sugarcane, which may have promoted 

greater OM content in the area under sugarcane 

cultivation. 

The Prem contents obtained in the present 

study preliminary explain the mechanism of P 

adsorption by this soil. Hence, MPAC was 

determined using only the 0.0−0.025 m and 

0.20−0.30 m layers, in both evaluated areas, which 

showed a greater difference when compared to the 

others. It is presumed that in the layers in which 

Prem contents were similar, MPAC values are also 

equal. 

Regarding MPAC, the maximum adsorption 

in the sugarcane area occurred in the 0.20−0.30-m 

layer (101.2 mg kg-1) and the lowest was observed in 

the surface layer (53.5 mg kg-1) (Figure 1A). In the 

native forest area, similar values were found at the 

two depths. In the 0−0.025-m layer, the maximum 

absorption was 113.8 mg kg-1 and in the                    

0.20−0.30-m layer the maximum adsorption was 

117.7 mg kg-1 (Figure 1B). 

Figure 1. P adsorption isotherms in Quartzipsamment cultivated with sugarcane (A) and in the native forest area (B) at 

depths of 0−0.25 and 0.20−0.30 m.  

In a P adsorption study performed in soils 

under native forest in the state of Ceará, Moreira et 

al. (2006) observed values of 256.41 mg kg-1 for 

MPAC in the surface layer of a Typic 

Quartzipsamment in Ibiapaba-CE. On the other hand, 

Corrêa, Nascimento, and Rocha (2011) studied a 

Typic Quartzipsamment under native forest in 

Pernambuco, and quantified values of 44.58 mg kg-1 

for maximum P adsorption. The difference in P 

adsorption characteristics between these two soils 

was due to differences observed in the initial P 

content, represented by available P, and the different 

OM content. 

To understand the relationship between 

organic and inorganic P fractions, their adsorption 

characteristics, and OM soil content, a PCA was 

performed using a data matrix consisting of 12 

variables. To reduce the number of factors, the 

Kaiser criterion was used, which considers only 

eigenvalues higher than the mean value obtained by 

the set of eigenvalues (FIGUEREDO FILHO; 

SILVA JUNIOR, 2010). Thus, only components 1 

and 2 were selected as meeting this criterion. These 

two components together explained 84.09% of the 

variance, representing 60.92 and 23.17% of the 

variance explained by components 1 and 2, 

respectively (Table 6). 

Table 6. Eigenvalues and percent explained variance by each component. 

Component Eigenvalue Explained Variance Explicada Explained Variance 

  (%)   (%) 

1 5.48 60.92   60.92 

2 2.08 23.17   84.09 

 1 
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Table 6. Continuation. 

Figure 2 shows that MPAC is inversely 

proportional to the Prem value and inorganic P 

fractions, especially the most labile, which is 

represented by Pi bic. This explains the effect of the 

initial P content in the soil, which is able to influence 

the reactivity of phosphate ions with the mineral soil 

matrix. The adsorption of P is reduced since the 

adsorption sites are already saturated by the nutrient. 

As the native forest area was not influenced by 

fertilizer use, the adsorption of P starts to increase, as 

the adsorption sites are free for the process to occur. 

This contributes to increase MPAC values in this 

area. 

Figure 2. Dispersion of organic and inorganic P forms, adsorption characteristics, and soil organic matter in 0−0.025- and 

0.20−0.30-m layers in the area of sugarcane and adjacent native forest.  

According to the data scattering matrix 

obtained from the 0−0.025 m and 0.20−0.30 m 

layers, both in the sugarcane and native forest area, 

no relationship was observed between OM content 

and P adsorption characteristics. However, studies 

reported in the literature have shown that soil OM 

can behave ambivalently in relation to P adsorption. 

Some authors have reported that due to the anionic 

nature of OM, P adsorption may occur via cation 

bridges, to which aluminum, iron, and calcium are 

adsorbed (NOVAIS; SMYTH, 1999; MOREIRA et 

al, 2006). Nevertheless, other studies have shown a 

negative contribution of OM aimed at reducing P 

adsorption by means of organic acids that block 

adsorption sites (GUPPY et al., 2005; FONTANA et 

al., 2008; PEREIRA et al., 2010). 

Hence, we suggest that the lower adsorption 

in the superficial layer of the sugarcane area is due to 

the higher initial phosphate content compared to that 

in the deepest layer in the same area, and the 

superficial and deep layers of the native forest area. 

Soils with higher initial P concentrations may have 

MPAC values reduced by up to 40% 

(RHEINHEIMER et al., 2003). 

 

 

CONCLUSIONS 
 

Cultivation of sugarcane that is harvested 

Component Eigenvalue Explained Variance Explicada Explained Variance 

  (%)   (%) 

3 0.85 9.44   93.54 

4 0.45 5.06   98.61 

5 0.07 0.87   99.48 

6 0.04 0.47   99.95 

7 0.00 0.04   99.99 

8 0.00 0.00 100.00 

9 0.00 0.00 100.00 

Mean of Eigenvalues    1.00   
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without the cane field being burned does not reduce 

the Po content of the soil compared to the reference 

contents observed in the native forest. Only the 

0.20−0.30 m layer in the native forest area presented 

a Po content higher than that observed in the 

sugarcane area. This pattern indicates that the effect 

of straw on the soil on Po content is less noticeable 

in depth. 

Po accumulates predominantly in the Po bic 

fraction in both areas. The mineralization of this 

fraction may represent a major source of P for the 

plants, which is not detected by usual methods that 

determine the availability of this nutrient in the soil. 

Regarding the Pi content, the Pi hid 0.1 fraction is 

the most representative in both areas. 

The initial P content in different layers of the 

profile affects the adsorption dynamics of the 

nutrient by the soil mineral matrix. In this study, no 

relationship was observed between P adsorption and 

the content of OM in the soil. In cultivations, the 

successive use of phosphate fertilizer promotes a 

reduction in P adsorption sites, increasing Prem 

values and diminishing the adsorption capacity of the 

nutrient by the soil mineral matrix. 
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