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It is recommended to use phosphorus and potassium fertilization on soybean; however it has been 
common to verify the absence of effect on crop productivity, especially in no-tillage system. Thus, the 
study aimed to evaluate the effect of doses of superphosphate and potassium chloride in the leaf tissue 
nutrient content and yield of soybean growing in Oxisol. The experiment was installed in October 2011 
in a randomized block design in split-bands with two factors (4x4), with four replications, totaling 64 

plots, being Factor 1 with doses of superphosphate (0, 136, 331 and 700 kg ha
-1

) at sowing and Factor 2 

with doses of potassium chloride (0, 160, 320 and 800 kg ha
-1

) released with cultivar Vmax RR (SYN 
7059RR). In the experiment, the variables evaluated were Ca, Mg, K, P, S, Cu, Zn, Mn and Fe in leaf 
tissue and grain yield. The fertilization with superphosphate and potassium chloride do not interfere in 
leaf nutrient content and yield of soybean cultivar Vmax RR (SYN 7059RR) grown on an Oxisol of clayey 
with levels of P and K classified as high. In these cases, it is advisable to keep only the maintenance 
fertilization according to the values of P and K exported by grain. 
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INTRODUCTION 

 
The soybean (Glycine max L.) constitutes the most 

important oilseed grown as protein source in the world  

 
 
 
 
 
(AGRIANUAL, 2009). On the world stage, Brazil is the 

second largest producer and a major exporter of grains 
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Table 1. Chemical and texture attributes of the Oxisol collected in the 0-0.2 m depth layer Guaira – PR, 2011. 

 

 
pH(1) 

C P(4) Ca2+(2) Mg2+(2) K+(4) Al3+(2)  H+Al
(3)

  SB  CTC 
 

  -    

cmolc dm 

-3      
 

  g dm
-3

 mg 3dm  ----------------------  
------------------ ------      

 

 5.50 19.09 11.50 8.14 1.58 0.82 0.00  4.28  10.54  14.82 
 

             
 

 Cu(4) Zn(4) Fe(4) Mn(4) S(5) V Clay 
(6)

  Silt
(6)

  Sand
(6)

 
 

 ------------------  

--------------

----mgdm
-

3
   % -------------- g kg

-1
 -------------   

 

 11.50 4.40 22.00 254 9.50 71.12 660  200  140  
  

(1)
 pH in CaCl2, the ratio 1:2.5, 

(2)
 Extractor KCl 1 mol L

-1
, 

(3)
 Extractor calcium acetate 0.5 mol L

-1
 pH 7.0, 

(4)
 puller 

Mehlich-1 , 
(5)

 Extractor Ca (H2PO4) 2 500 mg L
-1

 P in (HOAc) 2 mol L
-1

, 
(6)

 the hydrometer method (EMBRAPA, 2009).
 

 

 

(USDA, 2013; IBGE, 2013). Among the cultural practices, 
increased amounts of fertilizer especially potassium and 
phosphate have been used to achieve increases in 
productivity (Malavolta, 2006). These elements have a 
very important role for increasing soybean yield since the 
phosphorus (P) acts as a constituent of stores high 
energy compounds such as adenosine triphosphate 
(ATP) and potassium (K) acts as an activator of enzymes 
and osmotic regulation (Taiz and Zeiger, 2013).  

For the phosphorus, the mobility in the soil is minimal 
causing accumulation of P over a few years of cultivation 
through the residual effect or left of the preceding year 
not used by the plant as well as because due to dry 
matter accumulation on the surface of soil and organic 
matter in the topsoil (Novais et al., 2007; Rosolem and 
Merlin, 2011). According to Galvani et al. (2008) and 
Olibone and Rosolem (2010), the dynamics of soil P can 
be modified on systems with no-tillage, in the case of P 
applied to the soil surface to optimize the operation of 
machines, detecting elevation of P bound to calcium and 
organic carbon. Fontana et al. (2008) observed 
decreased adsorption and precipitation of P in Red 
Hapludox managed under no-tillage soybean/oats 
succession. The adoption of management systems that 
provide an increase in the content of soil organic matter 
may decrease the adsorption P, the formation of 
complexes that block adsorption sites on the surface of 
iron oxides and aluminum (Tirloni et al., 2009). The use of 
cover crops can cause an increase in no-tillage, the 
levels of total organic carbon and thereby decreasing the 
adsorption of phosphate and foster the levels of Prem 
(Pereira et al., 2010). 

On the other hand, potassium fertilization on soybean 
has been performed at sowing (Bernardi et al., 2009). 
However, due to the salt effect and high solubility of 
potassium salts commonly used, this practice has led to 
often reduce plant growth because salinity near the roots 
to the point that it has been used to haul the application 
especially in high doses (EMBRAPA, 2010).  

According to Marschner (2012), K is the second mineral 

nutrient required by plants in terms of quantity but is not 

incorporated into the soil organic matter with a 

 
 

 

straw and significant reservoir of K in the short-term 
tillage system (SPD) (Rosolem et al., 2003).  

It is an opportunity to check the response of potassium 
and phosphorus fertilization as the yield potential of 
soybeans increases especially in no-till which has gradual 
recovery of organic matter in addition to improving the 
physical, chemical and biological soil system detecting 
whether to perform the correction fertilization to increase 
soil fertility or its relevant only perform maintenance 
fertilization.  

Thus, the study aimed to evaluate the effect of doses of 

superphosphate and potassium chloride in the leaf tissue 

nutrient content and yield of soybean cultivar Vmax RR 

(SYN 7059RR) grown on an Oxisol. 
 

 
MATERIALS AND METHODS 

 
This research was performed in Guaira western Paraná with the 
following coordinates 24° 21'S and 54° 10'W with an altitude of 259 
m. The farm uses no tillage for 25 years in succession of crops 
using soy in summer and wheat /corn in the winter. The soil in the 
area is classified as Oxisol very clayey (EMBRAPA, 2013) and the 
particle size characteristics of the soil and the result of the chemical 
analysis of the property are shown in Table 1. 

According to the Climate Division of the State of Paraná, the 
region is under the influence of the climate Cfa (humid tropical 
zone) well distributed rainfall during the year and hot summers with 
maximum average annual temperature of 28.5ºC and average 
minimum of 16.6°C (Caviglione et al., 2000). The rainfall recorded 
during the conduct of the experiment between October 2011 and 
February 2012 was 997 mm (Figure 1).  

The experiment was conducted under direct seeding system and 
the area was previously occupied by wheat crop during the winter. 
Soybean cultivation was performed 20 days after wheat harvest 
with sowing in seven October 2011 in six lines with five feet long 

spaced 0.45 m. The plots were evaluated total area of 13.50 m
2
 

and floor area of 5.40 m
2
 for the soybean crop excluding 0.5 m of 

edging and a line on each side.  
The installation of the experiment was performed in October 2011 

in randomized block design on track with two factors (4×4) with four 
replications totaling 64 experimental plots. Factor 1 corresponds to 
the phosphorus fertilizer in the form of single superphosphate (SFS: 

18% P2O5): 0, 136, 331 and 700 kg ha
-1

 of chemical fertilizer 
applied at sowing. For Factor 2, four doses of potassium chloride 
(KCl: 60% K2O) were used 0, 160, 320 and 
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Figure 1. Rainfall (mm) in the experimental area during the conduct of soybean between 10/01/2011 to 03/01/2012. 

 

 

800 kg ha
-1

 of fertilizer being applied to haul on November 11, 2011 
during Stage V4 vegetative soybean crop.  

In conducting the experiment carried out in the summer of 
2011/12 which made soybean seeding more appropriate for the 
region transgenic variety Vmax RR (SYN 7059RR) as agroclimatic 
zoning of Paraná (MAPA, 2011). For seed treatment fungicide 

Maxim XL (25 g l
-1

 with fludioxonil and 10 g l
-1

 with metalaxyl-M) at 
a dose of 100 mL per 100 kg of soybean used and the monitoring of 
pests diseases and weeds was performed according to the 
recommendations for soybean (EMBRAPA, 2010).  

Soybean leaf samples was collected in full bloom as 
recommended procedures regarding the time and leaves sample 
according to Malavolta et al. (1997) for the determination of Ca, Mg, 
K, P, S, Cu, Zn, Mn and Fe (EMBRAPA, 2009) and total nitrogen 
(Tedesco et al., 1995). At the point of collection, the aerial part of 
soybean collected on February 15, 2012 was held on the threshing 
thrashing Winner B-150 to obtain the grain. Grain samples were 
measured in mass in order to determine productivity with 
subsequent standardization of the moisture content of the grain 
samples to 14%. 

Statistical analysis of results was performed with the aid of SAEG 

8.0 software (SAEG, 1999), data were subjected to analysis of 

variance, significant doses of SFS and KCl affect analysis were 

conducted using regression. Models were tested based on the F 

test significance considering the levels of 5 and 1% probability. 

 

RESULTS AND DISCUSSION 

 

The highest volume of precipitation concentrated in the 

month of November at the vegetative stage of soybean 

and in late February after harvest and lower values in the 

months of December 2011 and January 2012 (Figure 1). 

 
 

 

At the time of flowering, grain filling decreased soil water 
due to the occurrence of periods with no rain. The 
average yield obtained in the experimental area was 

2,689.76 kg ha
-1

 closed to the national average (IBGE, 

2013), that is the situation of culture in Brazil and 
assessment opportunity of the effect of fertilizers.  

When analyzing the results, the absence of response to 
application of superphosphate (SFS) and potassium 
chloride (KCl) both as foliar nutrient concentrations in 
grain yield was verified (Tables 2 and 3). The levels found 
in leaves are suitable within the sufficiency range for 
soybeans for all nutrients (EMBRAPA, 2003) including 
the control treatment, except magnesium which was 
observed in the range of low level averaging 2.08 

(sufficiency range: 2.60 to 10.00 g kg
-1

).  
Lack of action of fertilization with phosphorus (P) and 

potassium (K) are probably due to the experimental areas 
that have soil with high nutrient content (Malavolta, 2006) 
as shown in Table 1. These results corroborate with other 
authors as Fontoura et al. (2010) in soybean who found 
no activity of phosphate fertilizers on yield of annual 
crops in crop rotation on soil with high P content (8.7 mg 

dm
-3

) system.  
When analyzing data of Table 3, it was verified 

interaction with respect to the application of KCl and SFS, 

comprising the use of a multiple linear equation for foliar 

Ca content, but there was no significant effect on any of 

the possible equations to represent the effect doses of 

SFS and KCl in Ca content of the use of higher doses of 
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Table 2. F values, coefficient of variation (CV%) and phosphorus (P), potassium (K), sulfur (S), calcium (Ca) and 

magnesium (Mg) in the leaf tissue of soybean, arising from the application of increasing doses superphosphate 

(SFS) and potassium chloride (KCl) in soybeans in crop year 2011/2012 Guaira - PR 2012. 
 

 

Source of variation 

P  K S Ca  Mg 
 

  --------------------------------- g kg
-1

 ----------------------------  
 

 Factor SFS         
 

 --- kg ha
-1

 P2O5 ---        
 

          
 

 0  4.87  22.16 3.29 7.47  2.03 
 

 136  4.88  20.44 3.31 7.56  2.00 
 

 331  4.66  21.52 3.33 7.98  2.16 
 

 770  4.95  20.76 3.67 8.26  2.15 
 

 Factor KCl         
 

 --- kg ha
-1

 K2O ---        
 

 0  4.79  21.42 3.49 7.97  2.32 
 

 80  4.81  21.39 3.05 8.01  1.97 
 

 160  4.85  21.01 3.45 7.75  1.99 
 

 320  4.87  21.04 3.58 7.52  2.04 
 

      Mean    
 

   4.83  21.21 3.39 7.81  2.08 
 

     F Test     
 

 Fator SFS  1.13
ns

  0.83
ns

 1.26
ns

 1.03
ns

  1.00
ns

 
 

 Fator KCl  0.06
ns

  0.05
ns

 0.58
ns

 0.08
ns

  1.12
ns

 
 

 SFS x KCl  0.52
ns

  0.91
ns

 0.52
ns

 2.78*  1.66
ns

 
 

 C.V.SFS (%)  11.54  14.93 20.32 19.02  17.78 
 

 C.V.KCl (%)  19.69  17.98 29.86 32.00  32.16 
 

 C.V.SFS x KCl (%)  14.01  11.02 22.64 17.04  27.44 
   

* And **: significant at 5% and 1%, respectively, by F test ns not significant at the 5% level by F test. 
 
 
 
 

SFS provided greater amount of Ca in the leaf tissue of 
soybean, probably by the roots have absorbed Ca soluble 
fertilizer (Ferdandes, 2006).  

However, with increasing doses of KCl and tended to 
reduce the levels of Ca, a fact that can be directly related 
to competition for absorption of cations by roots of 
soybean (Novais et al., 2007). At elevated K occur in the 
soil, derived KCl, may have been competition between K 
and Ca cations to be absorbed, so that the increasing 
levels of KCl does not reflect in a significant increase in 
Ca content (Table 2).  

The magnesium content may have the same 
explanation given to calcium since these nutrients have 
similarities to the soil behavior and potassium suffers 
from competition with the soil (Novais et al., 2007) (Table 
1). The Mg content contained in soybean leaves in the 
control was approximately 15% higher than those who 
received doses of potassium (Table 2). This result 
corroborates with the findings from Scherer (1998) who 
observed an increase of the Mg content in soybean 
leaves with the decrease in K availability in the soil.  

In several recent works, no effect has been observed 

with the use of phosphate and potassium fertilization on 

 
 
 
 
 
soybean in areas with tillage (Sfredo, 2008; Guareschi et 
al., 2008; Pauletti et al., 2010; Vieira et al., 2013). For 
example, in the State of Paraná, Sfredo (2008) states that 
for the system of succession soybean / wheat-oats-
barley- corn double-cropping system was suppressed 
with P and K fertilization for soybean in SPD in soil with 

phosphorus above 18.0, 14 and 9 mg dm
-3

 in soils with 
less than 20% clay, 20% to 40% and more than 40%, 
respectively, and potassium when content was above 

0.30 cmolc dm
-3

. Vieira et al. (2013) that analyzed 15 
experiments, also concluded that if the content of P in the 

soil is equal to or greater than 6 mg dm
-3

 and K less than 

0.30 cmolc dm
-3

, it was possible to establish relative 
income above 90% for the soybean crop in Oxisol with 
over 15 years of tillage.  

Likewise, Guareschi et al. (2008) observed that the 

yield of soybean under Dystroferric Red Latosol was also 

similar in the presence or absence of fertilization with P 

and K. In Oxisol cultivated with soybean for seven years 

(Pauletti et al., 2010), the productivity of the soybean crop 
was not affected by phosphorus and potassium 

fertilization in situations in which the content of P and K 

were considered high and medium in ground, 
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Table 3. F values, coefficient of variation (CV%) and-copper (Cu), zinc (Zn), manganese (Mn) and iron (Fe) in leaf 

tissue of soybean and grain yield, arising from the application of increasing doses of superphosphate (SFS) and 

potassium chloride (KCl) in soybeans in crop year 2011/2012 Guaira - PR 2012.  
 

Fonte de Variação 

Cu Zn Mn Fe Yield 
 

 -------------------- mg kg
-1

 --------------------  --- kg ha
-1

 --- 
 

Factor SFS       
 

--- kg ha
-1

 P2O5 ---      
 

0  16.47 44.69 74.31 160.13 2,712.03 
 

136  15.77 42.83 74.71 161.03 2,485.18 
 

331  15.71 37.66 74.23 177.12 2,811.11 
 

770  14.73 41.08 63.11 158.13 2,711.11 
 

       
 

Factor KCl       
 

--- kg ha
-1

 K2O ---      
 

0  14.93 36.25 66.66 154.22 2,808.64 
 

80  14.89 47.17 77.16 162.79 2,519.38 
 

160  16.30 39.58 69.98 163.96 2,649.38 
 

320  16.56 43.27 72.56 175.45 2,741.97 
 

   Mean    
 

  15.67 43.27 72.56 164.45 2,689.76 
 

   F test    
 

Fator SFS  1.48
ns

 0.96
ns

 3.12
ns

 0.67
ns

 1.46
ns

 
 

Fator KCl  0.87
ns

 0.79
ns

 1.05
ns

 0.36
ns

 1.99
ns

 
 

SFS x KCl  1.17
ns

 0.71
ns

 1.53
ns

 1.78
ns

 0.39
ns

 
 

C.V.SFS (%)  16.69 29.34 17.89 26.11 17.02 
 

C.V.KCl (%)  25.81 51.07 24.14 35.44 13.26 
 

C.V.SFS x KCl  (%)  20.77 34.07 35.14 29.33 13.86 
  

* and **: significant at 5% and 1%, respectively, by F test ns not significant at the 5% level by F test. 
 
 

 

respectively. These results demonstrate the importance 
of the role of organic matter cycling and accumulation of 
nutrients in surface-tillage system, and make them 
available in the organic plant uptake forms (Rosolem and 
Merlin, 2011), providing sustainability in soybean. This 
situation demonstrates lack of response of fertilization in 
soils with high fertility allowing omission of maintenance 
fertilization during cultivation, reaching situations that 
allow seven years of cultivation in the absence of 
fertilization (Pauletti et al., 2010). However, it should be 
noted that the nutrients extracted by crops are not fully 
supplied by the existing cycling in sustainable farming 
systems such as no-tillage, with fertilization being 
essentially maintained.  

The neutrality of the content of most nutrients in leaf 
tissue and soybean yield before the doses of P and K 

(Tables 2 and 3) also show that the demand of nutrients 
required by the cultivar used which was supplied is 

extremely important as it can be diagnosed with cultivar, 
had nutritional condition to express their potential 
especially at conditions in which the work was grown. 

Recently, Alcantara-Neto et al. (2010) detected quadratic 
response of grain yield to P levels in Oxisol cultivated for 

 
 
 

 
only two years with annual culture in area of degraded 

pasture with maximum yield at a dose of 94.8 kg ha
- 1

 of 

P2O5. 

It is noteworthy still, that the absence of interference in 
productivity with the use of phosphorus and potassium 
fertilization is also related to the ability of the roots of 
soybean plants act in depth, a fact that provides culture, 
explore the soil volume in which lets meet demand 
nutritional (Castro and Kluge, 1999), even with high 
horizontal variability for chemical P and K existing in 
agricultural soils due to fertilization in the seed 
(Schlindwein and Anghinoni, 2000) online, especially in 
cultivated soils in tillage (Rosolem et al., 2003; Olibone 
and Rosolem, 2010).  

In general, crops in areas with incorporated fertility and 
tillage performed with crop rotation, fertilization 
maintenance shall be the focus in fertilization correction. 

Excessive use of fertilizers on the basis of P and K may 
reduce the absorption of other nutrients as observed in 

this study with Ca and Mg. However, in the case of the 
state of Paraná, there are few sources of reference to 
guide practitioners as to maintain doses that should be 

applied based on soil nutrient uptake by soybean. 
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Conclusions 

 

The fertilization with superphosphate and potassium 

chloride do not interfere in leaf nutrient content and yield 

of soybean cultivar Vmax RR (SYN 7059RR) grown on 

an Oxisol of clayey with levels of P and K classified as 

high. In these cases, it is advisable to keep only the 

maintenance fertilization according to the values of P and 

K exported by grain. 
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