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Abstract 
Knowledge of the solubility of phosphate fertilizers is fundamental for phosphorus (P) recommendation 
management and for choosing the laboratory evaluation method of nutrient availability in the soil according to 
the history of fertilization. The aim was to evaluate the initial development of corn plants as a function of the 
application of triple superphosphate (TSP) and natural phosphate of Arraias (NPA) with and without liming and 
incubation time, as well as to evaluate the available P in the soil with the use the extractors Mehlich-1 and 
Mehlich-3. An experiment was installed in an 8 × 3 × 2 factorial scheme, being 8 fertilizer incubation times (180, 
140, 100, 80, 60, 40, 20, 0 day(s) before planting), 3 P sources (control—without P, TSP and NPA) and 2 refers 
to the application of limestone (with and without limestone). Were evaluated the shoot and root dry matter, 
analysis of P, Ca, Mg, and Zn in shoot and P in roots. In the soil, P levels were determined by Mehlich-1 and 
Mehlich-3 extractors. There was a greater accumulation of P with the application of TSP with limestone in all 
incubation times. The application of the NPA allowed a greater accumulation of P in the plants without the 
application of lime. The previous incubation of the NPA did not favor the efficiency of this source, neither in the 
soil with corrected acidity nor in the soil with its original acidity. Mehlich-3 proved to be adequate to determine 
the phosphorus content in soil fertilized by NPA. 
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1. Introduction 
Managing the application of phosphate fertilizers and determining the availability of phosphorus (P) in the soil 
requires technical knowledge and attention from professionals in the agricultural sector. The addition of the 
recommended dose will not always result in the desired P availability, since the forms and degree of the lability 
of phosphorus vary with the characteristics and properties of the soil (McLaughlin et al., 2011). 

Phosphate fertilizers are processed from phosphate rocks and the solubility of the products can vary in high, 
medium, or low. The use of soluble phosphates allows the immediate release of P, regardless of the form of 
application. On the other hand, non-acidified natural phosphates, with low solubility, tend to be less efficient, 
especially when applied in planting for annual crops, which have a high demand for P in a short time and the 
release of P in the soil, from these sources, is gradual (Hedley & McLaughlin, 2005; Novais & Smith, 1999).  

Field and laboratory studies aiming at increasing the efficiency of phosphate rocks indicate that acidic soil 
conditions, associated with low levels of labile P and exchangeable in the solution Ca, favor the release of P 
contained in these rocks. This is because the acidity condition provides protons for the solubilization of these 
sources and because they are more suitable for perennial crops, they remain in contact with the soil for a long 
time, allowing solubilization and utilization by the cultures (Akintokun, Adetunji, & Akintokun, 2003; 
Hammond, Chien, & Easterwood, 1986; Novais & Mello, 2007).  
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The determination of P available in the soil to plants is due to the dynamics of the nutrient, complex processes, 
and interactions with different recalcitrance, with iron, aluminum, and calcium (Barber, 1995; Ziadi, Whalen, 
Messiga, & Morel, 2013; Rheinheimer, Gatiboni, & Kaminski, 2008), and the method of P determination used. 
The methods are based on the use of extractors, such as chemical solutions (Mehlich, 1984), anion exchange 
resins (Amer, 1955), cation and anion exchange resins (mix) (Raij et al., 1987) and the so-called diffusive 
gradients in thin films (Menzies, Kusumo, & Moody, 2005; Six, Smolders, & Merckx, 2013; Heidari, 
Reyhanitabar, Oustan, & Olad, 2016).  

In practice, most routine laboratories in Brazil determine the P available in the soil through chemical solutions, 
mainly by Mehlich-1 or by ion exchange resin. Mehlich-1 is an efficient extractor that enables good correlation 
with grain yield (Oliveira, Nunes, Sousa, Busato, & Figueiredo, 2019). However, the use of the Mehlich-1 
method to evaluate the P content in the soil receives some criticism both for underestimating P in clay soils and 
for overestimating P in soils that receive natural phosphates (Novais & Smith, 1999). On the other hand, 
Mehlich-3 minimizes the influence of natural phosphates on the analytical result, in addition to having the 
advantage of being a multi-element method, and being able to determine, in addition to P, other nutrients such as 
potassium (K), Calcium (Ca), magnesium (Mg), manganese (Mn), zinc (Zn) and copper (Cu) (Mumbach, 
Oliveira, Warmling, & Gatiboni, 2018). 

The objective of the work was to evaluate the initial development of corn plants as a function of the application 
of triple superphosphate and natural phosphate from Arraias, with and without liming and the incubation time, as 
well as to evaluate the available phosphorus in the soil with the use of extractors Mehlich-1 and Mehlich-3. 
2. Method 
2.1 Study Descriptions 

The experiment was carried out in pots with soil, in an air-conditioned greenhouse with an evaporative cooling 
system keeping the temperature between 25 and 30 ºC, under natural light and 70% relative humidity in the 
municipality of Rio Verde-GO, Brazil (Koppen-Geiger classification = Aw).  

2.2 Experimental Design 

The experimental design used was completely randomized, in a factorial scheme 8 × 3 × 2, with four replications, 
totaling 192 pots. The first factor referring to 8 fertilizer incubation times before planting (180, 140, 100, 80, 60, 
40, 20, 0 day (s) before planting), the second factor refers to the sources of P (control—without P, TSP—triple 
superphosphate, and NPA—natural phosphate from Arraias) and the third factor refers to the application of 
limestone (with and without limestone). 

2.3 Conducting the Experiment 

The soil used in the experiment was collected at the University of Rio Verde from the 0-20 cm layer of an area of 
native vegetation in the Brazilian Cerrado. The collected soil was sieved and divided into two parts, one without 
limestone and the other with limestone. For the treatments that received limestone (88% RNV—Relative 
Neutralizing Value), liming was performed based on the chemical analysis of the soil (Table 1) to raise the base 
saturation to 60%. It was decided to perform the liming in a single moment before starting the preparation of the 
pots to guarantee the same minimum reaction time of the liming for all pots, which was carried out and 
incubated for 30 days maintaining the field capacity of the soil, in plastic bags containing 5 kg of soil.  

 

Table 1. Attributes of the soil used before the installation of the experiment 

pH(CaCl2) P S K Ca Mg Al H+Al O.M. Sand Silt Clay 

 --- mg dm-3 --- -------------------- cmolc dm-3 ------------------- g dm-3 ------------- % ------------

4.0 0.3 3.6 0.11 0.57 0.34 0.75 3.75 32.6 42 8 50 

Note. P: Mehlich-1; O.M: organic matter determination by colorimetric method. 

 

Following the incubation times of 180, 140, 100, 80, 60, 40, 20, 0 day (s) before planting, the pots containing 2 
kg of soil were prepared according to the other two factors studied. The two groups of soils previously treated 
with and without liming were used on each preparation date. The sources of P were applied considering the 
recommendation of 100 mg kg-1 of P. 

The P dose was determined by previous studies of growth response curves for maize as a function of increasing P 
doses, which indicated that 100 mg kg-1 of P corresponds to a responsive dose to the soil used. The amount 
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applied was calculated according to the concentration of total P2O5 (TSP containing 44% and NPA containing 
14.99% P2O5), thus, they were applied and incorporated in the total volume of the pots 1.04 g pot-1 of TSP in 
granule and 3.05 g pot-1 of NPA, in powder.  

Arraias phosphate is of sedimentary origin extracted from phosphorites from the Sete Lagoas Formation, Bambuí 
Group, Campos Belos region, GO, and Arraias, TO (Monteiro, 2009). 

All pots were irrigated with deionized water, maintained at 60% of the field capacity, by weighing the pot + soil 
set, twice a week, being monitored until the day of implantation of the corn crop. 

Corn sowing was carried out 180 days after the installation of the first groups of pots, together with the date 0 
(zero) of pot preparation for adding the sources of P. Three corn seeds per pot were sown, after germination, 
thinning was carried out, with one plant remaining in each pot. The corn plants were grown for 45 days. 

The plants in all pots were fertilized with nutrient solution, with 150 mg dm-3 of N; 75 mg dm-3 of K; 60 mg dm-3 
of S; 3.6 mg dm-3 of Mn; 1.5 mg dm-3 of Cu; 5.0 mg dm-3 of Zn; 0.5 mg dm-3 of B and 0.15 mg dm-3 of Mo, 
using the sources urea, KNO3, (NH4)2SO4, MnCl2, CuSO4, ZnSO4.7H2O, H3BO3 and (NH4)6Mo7O24, according to 
recommendations of Malavolta (1980) for testing in pots. 

2.4 Plant Phytotechnical Assessments 

Forty-five days after sowing, the plants were separated into the shoot and root parts. The roots were washed and 
placed in a solution containing HCl (0.5 mol L-1) for 5 minutes and then washed in running water and finished in 
distilled water. This procedure was carried out to ensure the elimination of excess nutrients and other elements 
outside the root tissues. 

After washing, the shoot and root were dried for three days in a forced air circulation oven at 65 °C, to obtain the 
shoot dry matter (SDM) and root dry matter (RDM). The SDM and the RDM were combined to determine the 
total dry matter (TDM). Subsequently, the samples were ground in a 2 mesh Willey mill. 

2.5 Determinations of Nutrient Contents 

With the ground vegetable material, analyzes of the contents of P, Ca, Mg, and Zn in the shoot and P in the roots 
were carried out.  

The contents of P, Ca, Mg and Zn in the plant tissue were extracted by nitro-perchloric digestion (Malavolta, 
Vitti & Oliveira, 1997). In the extract, the total levels of Ca, Mg and Zn in the samples were determined using 
atomic absorption spectrophotometer (GBC-Scientific, SavantAA, Dandenong, Victoria, Australia). The P was 
determined using a colorimetric spectrophotometer (Metash Instruments, V-500 Spectrophotometer, Shanghai, 
China).  

After separating the roots from the soil, a soil sample was taken from each pot to determine the P content in the 
soil by Mehlich-1 (Teixeira et al., 2017) and using the Mehlich-3 extraction solution according to Mehlich 
(1984). 

With the determination of the contents of P in the root and shoot, and the dry matter in each part, it was 
determined the P recovered by the plant through the accumulation of the nutrient in each part and total. 
2.6 Statistical Analysis 

The data obtained were subjected to analysis of variance (p < 0.05), mean test using Tukey (p < 0.05) and, when 
significant by the F test (p < 0.05), regression for the sources was applied and limestone in the incubation times 
evaluated, whether in double or triple interactions. Thus, only significant regressions were plotted in the figures. 
The SISVAR statistical program (Ferreira, 2019) was used.  
3. Results 
For the variables RDM, the total accumulation of P, Ca and Zn in the shoot and P in the soil by Mehlich-3, a 
triple interaction between the three factors was studied. Results showed that sources behave differently in the 
presence or absence of limestone over time. This behavior was expected since it is known that the reactivity of 
natural phosphates is strongly controlled by soil pH and incubation time (Chien & Menon, 1995). For SDM, 
TDM, and accumulation of Mg in the shoot, there was a double interaction between sources of P and limestone 
(Table 2). 

For the variables SDM (Figure 1A) and TDM (Figure 1B), it was observed that the plants that received the TSP, 
regardless of the presence or absence of liming, presented averages superior to the NPA and the control. The 
plants that received the TSP also showed higher averages when the soil received lime in relation to the plants that 
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grew in soil without liming, for the variables SDM and TDM (Figures 1A and 1B). However, the plants that 
received the NPA, presented higher dry matter when they grew in soil without liming (Figure 1). 

The plants that grew in the pots with TSP and limestone, presented superior averages of RDM in relation to the 
plants of the control treatment and fertilized with NPA, in all the incubation times. In the presence of limestone, 
the treatments fertilized with NPA did not differ from the control (Figure 1C). The NPA supply enabled the 
higher grew up of RDM compared to control and TSP, in soil with no lime application at zero incubation time. 
This effect may be related to the supply of Ca and the slight alkalizing effect of natural phosphates when 
compared to TSP (Hedley & McLaughlin, 2005). On dates 20, 100 and 140 for RDM, there was no difference 
between the means when the plants received the application of NPA and TSP, without application of lime (Figure 
1C).  

 

Table 2. Summary of the analysis of variance with mean squares (MS) for the evaluated variables 

Variation sources DF 
MS 

SDM RDM TDM P Soil (Meh-1) P Soil (Meh-3)

P Sources (FP) 2 229.97** 70.28** 554.51** 1568.60** 7048.95** 

Limestone 1 36.53** 11.18** 88.14** 97.99** 0.05ns 

Incubation time (TI) 7 0.38ns 0.25ns 0.62ns 18.51** 147.24** 

FP × Limestone 2 76.81** 30.03** 202.84** 21.89** 29.93* 

FP × TI 14 0.79ns 0.38** 2.08ns 14.97** 116.03** 

Limestone × TI 7 0.86ns 0.30ns 1.61ns 18.41** 34.45** 

FP × Limestone × TI 14 0.52ns 0.45** 1.41ns 7.39ns 26.58** 

Error 144 0.67 0.16 1.18 4.84 31.19 

CV (%) - 18.42 15.81 15.20 18.49 21.63 

Variation sources DF 
MS 

Total Accum. P Shoot Ca Accum. Shoot Mg Accum. Shoot Zn Accum.  

P Sources (FP) 2 6350.05** 288.61** 8765.91** 29873.98**  

Limestone 1 2576.53** 85.02** 8070.12** 164.92ns  

Incubation Time (TI) 7 54.99** 5.52** 28.33ns 4699.80**  

FP × Limestone 2 3940.21** 116.35** 6511.51** 9995.46**  

FP × TI 14 49.12** 2.35** 32.11ns 1497.66**  

Limestone × TI 7 59.08** 0.78ns 38.17ns 539.13*  

FP × Limestone × TI 14 62.72** 0.90ns 30.81ns 541.80**  

Error 144 21.76 0.57 35.82 251.11  

CV (%) - 19.34 19.98 21.34 25.04  

Note. DF = Degree of freedom; CV = coefficient of variation; SDM = shoot dry matter; RDM = root dry matter; 
TDM = total dry matter; Accum. = accumulation; Meh = Mehlich; * = significant at 5%; ** = significant at 1%; 
ns = not significant.  

 

The plants that received the application of TSP, presented higher averages for RDM when they grew in soil with 
the application of lime compared to the plants that grew in soil without application of lime, in all the evaluated 
dates. The opposite was observed for plants fertilized with NPA, when compared with and without the 
application of lime, at 0, 20, 40, 100, and 140 days (Figures 1C). 

A regression adjustment (F test, p < 0.05) was observed for the RDM in the function of the incubation time, both 
for plants that received TSP with lime and for plants that received NPA without limestone (Figure 1C). There 
was an increase in the RDM until approximately 87 days when the plants received the TSP with limestone. On 
the other hand, when the plants received NPA without limestone, there was a decrease in RDM until 
approximately 136 days (Figure 1C). 
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This overestimation effect of P levels by the Mehlich-1 method can be confirmed in this work, observing the 
results of the P content in the soil (Figure 2) as already mentioned, but also in the total P content in plants, 
presented through the total accumulation of P (Figure 3A). Despite the higher levels of P in the soil determined 
by Mehlich-1 were for NPA, the effect of this higher content of P in the soil on the growth of corn plants was not 
observed. The opposite was observed, the TSP provided the plants with greater SDM, RDM, and TDM (Figure 
1). Hence, the Mehlich-3 method adequately represents the P content in the soil, evidenced in the growth 
responses of the plants and the highest total accumulations of P when the plants were fertilized with TSP. 

The use of Mehlich-1 to evaluate the P content in the soil fertilized with natural phosphates overestimated the P 
content in the soil (Schlindwein, Bortolon, & Gianello, 2011). Similar results have also been reported in other 
studies, showing higher values extracted by Mehlich-1 compared to Mehlich-3 (Steiner, Lana, Zoz, Frandoloso, 
& Fey, 2012). 

Although both TSP and NPA have Ca in the constitution, the greatest effect of Ca availability and accumulation 
in plants was found for the TSP with lime, for the NPA without lime, and for the control treatment with the 
application of lime. The effect of the solubilization of the sources due to the application of limestone influences 
the availability of the nutrient. Nakagawa and Rosolem (2005) observed an increase in Ca accumulation for 
increasing doses of TSP in limed soil.  

The interaction between P and Zn is known, therefore, the presence of P can increase the absorption of Zn by 
plants, however, a negative interaction can also occur, which in conditions of high concentration of P, and low 
concentration of Zn, P can induce Zn deficiency (Cakmak & Marschner, 1987). In this sense, when the level of 
Zn is increased, even with high doses of P, the plant absorbs more Zn. 

Carneiro et al. (2008), observed that there was an interaction between the sources of P (TSP and reactive 
phosphate from Arad) and modes of application (scattering and in-furrow), for the Zn contents and for the P/Zn 
ratio in the leaves of corn, where the application of TSP, mainly when applied to the sowing furrow, provided 
lower Zn contents and a higher P/Zn ratio, when compared to Arad’s reactive phosphate. 

With the results of this work, it was possible to notice that all the factors addressed: different sources of P, 
absence, and presence of limestone and incubations times, present interactions among themselves and interfered 
in the availability and shoot accumulation of Ca, Mg, and Zn in the plants. 

For future research, we suggest evaluating the increase of the incubation time or evaluations of long-term 
agricultural production systems that might show different P fractions behaviors in soils. The appraisal of P 
fractionation, mainly in Oxisoils, to advance the knowledge about the distribution of organic and inorganic 
fractions, concerning sources solubility, pH and lime application, incubation time, and in other crops. 

5. Conclusions  
The sources of phosphorus studied showed different behaviors when subjected to the presence and absence of 
limestone. Triple superphosphate should be used in soils with corrected acidity, while natural phosphate from 
Arraias has better performance in acidic soils. 

There was a greater accumulation of phosphorus with the application of triple superphosphate with limestone in 
all incubation times. The application of the natural phosphate from Arraias allowed a greater accumulation of 
phosphorus in the corn plants without the application of lime. 

The previous incubation of the natural phosphate did not favor the efficiency of this source, neither in the soil 
with corrected acidity nor in the soil with its original acidity. 

With or without the lime application and for all the incubation time (until 180 days), the Mehlich-1 
overestimated the phosphorus content in the soil fertilized by natural phosphate from Arraias, however, for the 
same source, Mehlich-3 proved to be adequate to determine the phosphorus content in the soil. 
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