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Abstract
Due to the low natural availability of phosphorus (P) in tropical soils and the plant’s need for P, the use of phosphorus fertilizers of
increased efficiency is an important tool for achieving high yields. The aims of this study were to evaluate plant growth, foliar P
content and yield of soybean and corn crops in different seasons and places in response to P rates and sources. The sources of P
were monoammonium phosphate (MAP) and Policote coated MAP (Policote+MAP). Field experiments were carried out comparing
MAP performance compared to Policote coated MAP (MAP+Policote), an additive based on water soluble polymers. Experiments
formed by P sources (MAP including 11% N, 52% P2O5 and MAP+Policote including 10% N, 49% P2O5) and rates were carried out in
soybean and corn crops in different dates and sites. In the soybean crop, a (2x4) +1 factorial was used, comprising of two sources
-1
such as MAP and MAP+Policote and four rates of P (30, 60, 90 and 120 kg ha of P2O5), besides the control. For corn, a (2x5)
-1
factorial was used, including two sources and five rates of P (0, 40, 80, 120 and 160 kg ha of P2O5). The results showed that
phosphorus fertilization would increase soybean and corn plant heights and yields in different seasons and places. Soybean and
corn yield and agronomic phosphorus use efficiency were higher with Policote coated phosphorus fertilizer than with conventional
phosphorus fertilizer. Policote coated phosphorus fertilizer can be used as an enhanced efficiency fertilizer because it increased
soybean and corn yields in different seasons and places.
Keywords: Policote, agronomic efficiency, field experiments, tropical soils, crop yield.
Introduction
Plants do not complete their productive cycle without
phosphorus (P) because P is an important nutrient in energy
storage (ATP) and in the structural integrity (nucleic acids,
phospholipids) of plants (Taiz and Zeiger, 2009). However,
the inefficient use of P in the form of fertilizer increases
pollution and costs on agricultural crops. Developing more
efficient P fertilizers is essential for sustainable agriculture.
Brazilian soils have very low levels of P due to their source
material and the strong interaction of P with soil clays (Raij,
2011). As a result, in tropical soils, the application of P at
high doses and above plants’ needs is common. This is due
to the high adsorption of this nutrient in the soil, resulting in
low P content available to plants, especially in soils with
predominant sesquioxides (Fink et al., 2014).
Phosphorus mineral fertilizer is produced from nonrenewable sources (phosphate rocks) and its cost represents
an increasing percentage in agricultural production. In
addition, low use efficiency in agriculture generates an
unsustainable condition. The low efficiency of P fertilization
has been reported in different papers (Dorahy et al., 2008;
Takashi and Anwar, 2007; Murphy and Sanders, 2007;
Sanders et al., 2012).

It is estimated that the plants absorb only 15 to 25% of P
applied via fertilizer. Therefore, the NPK formulas available
on the market contain high P content (Correa, 2004). Fink et
al. (2014) quantified that P fixation in the soil can reach up
-1
to 4,961 mg kg in a long-term study in Brazilian soils. The
low availability of P is also aggravated in the soils cultivated
in Cerrado savanna (Brazil), which have high acidity, high
aluminum saturation and low base saturation.
It is estimated that the world population will increase by
33% until 2050, from the current 7.2 billion to 9.6 billion
people (Nalley et al., 2017). Therefore, enhancing P fertilizer
use efficiency is important to increase the supply of food.
Due to the importance of food, economy and environment
safety, it is necessary to carry out studies aimed at
increasing P fertilizers use efficiency in agriculture.
Several strategies have been used to increase P fertilization
efficiency. Lately, the most frequently used strategy has
been the application of increased efficiency fertilizers. These
fertilizers contain aggregate technologies that control the
release of nutrients or stabilize their chemical
transformations in the soil, increasing their availability to
plants (Association of American Plant Food Control Officials -
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AAPFCO, 1997). This type of technology has long been used
in nitrogen fertilizers, but its use in P fertilizers is small. One
of the strategies are used in increased nitrogen efficiency of
fertilizers is the addition of additives capable of inhibiting
the transformation of nitrogen into the soil in some
undesirable way (AAPFCO, 1997). A similar strategy could be
applied with additives of iron and aluminum affinity,
elements responsible for P fixation in the soil and found in P
fertilizers, increasing their agronomic efficiency. In studies
with P fertilizer coated with anionic polymers (Policote), Reis
Jr and Silva (2012) and Chagas et al. (2015) demonstrated
reduction of iron and aluminum interference and greater
availability of P in the soil.
The need to increase P fertilization efficiency and the lack of
information on increased efficiency P fertilizers justify
studies that evaluate the performance of this type of
fertilizers. Considering the importance of the interaction of
different soil, region and crop year with P fertilization, the
aims of this study were to evaluate plant growth, foliar P
content and yield of soybean and corn crops grown in
different seasons and places in response to P rates and
sources.

season was 2.05 g kg , regardless of P rate and source,
-1
which was below the adequate LPC range (2.8 to 3.6 g kg )
for soybean (SBCS/NEPAR, 2017).
Phosphorus fertilization (p<0.01) increased soybean yield in
the 2009/2010 and 2010/2011 seasons, with a significant
effect of P sources (p<0.01 and p<0.05, respectively) and
rates (p<0.05 and p <0.01, respectively). In 2009/2010
-1
season, soybean yield increased from 1697 kg ha , without P
-1
fertilization, up to 1904 kg ha , using the MAP at 120 kg
-1
P2O5 ha , while using Policote coated MAP, the maximum
-1
-1
productivity was 2060 kg ha , with 89.8 kg P2O5 ha (Figure
1E). In 2010/2011 season, soybean yield was increased from
-1
-1
1613.7 kg ha (without P fertilization), up to 3102.3 kg ha ,
-1
using MAP with at 120 kg P2O5 ha , while application of
Policote coated MAP produced the maximum yield of 3297.6
-1
-1
kg ha , using 112.1 kg P2O5 ha as source (Figure 1F). These
results are in agreement with those found by Silva Junior et
al. (2008), in which the use of polymer-coated fertilizers
resulted in higher soybean yield, when compared to
conventional fertilizer.
The recommended soil Phosphorus rate for soybean crop
was analyzed in 2009/2010 and 2010/2011 seasons. 81-100
-1
and 101-120 kg of P2O5 ha were suggested for expected
-1
yield of 3,000-4,000 kg ha
(SBCS/NEPAR, 2017),
-1
respectively. Soybean yields with 100 kg P2O5 ha and MAP
in 2009/2010 and 2010/2011 seasons were 1,869 and 3,021
-1
kg ha , respectively, while using the same P rate and
-1
Policote coated MAP they were 2,056 and 3278 kg ha ,
respectively, an increase of 10% and 8.5%, respectively.
Better results for plant height and wheat yield with polymers
coated fertilizers were also reported by Xiao et al. (2006).
Agronomic P use efficiency (APUE) was higher in 2010/2011
season than 2009/2010 season (Table 5). The lower yield
observed in the first season probably occurred due to lower
P conversion in grain production, resulting in lower APUE.
The lower levels of P available to plants decrease soybean
yield potential, as it caused less flower formation and larger
numbers of aborted pods (Ventimiglia et al., 1999). The
increasing P fertilization rate resulted in lower APUE, which
is associated with the "decreasing increments law", where
the successive nutrient supply results in decreasing
increments
of
productivity
(Pimentel
Gomes,
1990). However, in both trials and at any P rate, there was a
higher APUE with Policote coated MAP than with MAP. Ali et
al. (2017) also observed increased agronomic efficiency by
using polymers coated phosphorus fertilizer. Agronomic
efficiency was increase with Policote coated fertilizer and
produced higher soybean yield.

Results and discussion
Analysis of soybean crop production
All the characteristics evaluated were significantly
influenced by P fertilization in the experiments (p<0.01),
except for the foliar P content in the 2010/2011 season,
which is consistent with the low soil P availability of
experimental areas.
In 2009/2010 and 2010/2011 seasons, P sources (p≤0.01 and
p<0.05; respectively) and rates (p <0.01 and p <0.01,
respectively) influenced the plant height (PH). Plant short
height is a typical P deficiency symptom (Gutierrez-Boem
and Thomas, 1998). In the 2009/2010 season (Figure 1A),
application of MAP, increased PH from 71.8 cm (without P
-1
fertilization) to 85.2 cm using 120 kg P2O5 ha . Moreover,
application of Policote coated MAP as a source, increased PH
-1
up to 90.6 cm using 101.3 kg P2O5 ha . In the 2010/2011
season (Figure 1B), the highest PH was observed at 120 kg
-1
P2O5 ha , when Policote coated MAP had a higher PH (64.4
cm) than the MAP (61.2 cm). The average PHs were 9.65%
and 7.37% higher in 2009/2010 and 2010/2011 seasons,
respectively, when Policote coted MAP was used compared
to using MAP only. The highest PH, using MAP as source in
both seasons (85.2 cm and 61.2 cm), were obtained with 120
-1
kg P2O5 ha . The same PHs were obtained using Policote
coated MAP in both seasons, with 44.7 and 93.9 of kg P2O5
-1
ha , respectively, representing 37.5% and 78.25% of the
phosphorus rate using MAP as source to obtain the same
PH.
Leaf P content (LPC) was influenced by P rates (p<0.05) and
sources (p<0.01) only in the 2009/2010 season, when LPC
-1
increased from 5.35 g kg (without P fertilization), up to 5.51
-1
-1
-1
g kg with 120 kg P2O5 ha using MAP, and up to 5.70 g kg
-1
with 120 kg P2O5 ha using Policote coated MAP (Figure 1C).
-1
The same LPC was achieved with 120 kg P2O5 ha using MAP
-1
-1
(5.51 g kg ) and 31.3 kg P2O5 ha using Policote coated
MAP. This result demonstrates that the Policote coated MAP
provided more P to the plants throughout the crop cycle
than conventional MAP. The average LPC in 2010/2011

Analysis of corn crop production
All characteristics evaluated were significantly influenced by
treatments (p <0.01) except for LPF. The LPC was not
-1
influenced by P fertilization, with a mean value of 3.41 g kg ,
which is within the adequate range for corn crop (Gott et al.,
2014).
Plant height (PH) was influenced only by P rates (p <0.01).
PH was increased linearly from 1.91 m (without P fertilizer)
-1
up to 2.09 m, with 160 kg P2O5 ha (Figure 2A). Increasing P
rates usually promotes higher plant heights (Valadão et al.,
2017). This result indicates that the use of phosphate
fertilizers, regardless of source, promotes a corn height
increase.
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Table 1. Soil chemical characteristics used in the 2009/2010 season, Ponta Grossa.
pH
(CaCl2)
4.1

C
g dm-3
33.20

P
mg dm-3
4.1

K
Ca
Mg
-------------------- mmolc dm-3 --------------------4.1
53.0
38.0

H+Al

CEC

42.8

V
%
69

137.9

Extractor: P, K - Mehlich-1.

A

B

95

ŷ = 73.2 + 0.35x - 0.0017x2
R² = 0.94

70
64
Plant heigth (cm)

Plant heigth (cm)

90

ŷ = -0.0008x2 + 0.2969x + 40.371
R² = 0.99

85
80
ŷ = 71.8 + 0.1124x
R² = 0.97

75

0

30

60

90

52
y = 0.175x + 40.25
R² = 0.97

46

MAP
MAP+Policote

70

58

MAP
MAP+Policote

40
0

120

C

30

60

90

120

D
2.50

y = -1.92.10-5x2 + 5.07*10-3x + 5.37
R² = 0.95

5.7

Foliar P content (g kg-1)

Foliar P content (g kg-1)

5.8

5.6
y = 0.0013x + 5.35
R² = 0.97

5.5
5.4

2.00

ŷ = 2.03ns
ŷ = 2.02ns

1.50
1.00

MAP

0.50

MAP

MAP+Policote

MAP+Policote

5.3
0

30

60

90

0.00

120

0

E

30

60

90

120

F
3500

y = -4.34*10-2x2 + 7.80x + 1710
R² = 0.90

Soybean yield (kg ha-1)

Soybean yield (kg ha-1)

2100
2000
1900
1800

y = 1.72x + 1697
R² = 0.97
1700

y = -0.1331x2 + 29.84x + 1625
R² = 0.99

3100
2700
2300
y = -0.0837x2 + 22.449x + 1613.7
R² = 0.99
1900

MAP
MAP+Policote

1600
0

30

60

90

MAP
MAP+Policote

1500

120

-1

0

30

60

90

120

-1

P2O5 rates (kg ha )

P2O5 rates (kg ha )

Fig 1. Plant height, foliar P content and soybean yield using phosphorus fertilization at 2009/2010 2009/2010 (A, C and E,
respectively); 2010/2011 (B, D, E, respectively) seasons.
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Table 2. Soil chemical characteristics used in the 2010/2011 season, Ponta Grossa.
pH
C
P
Fe
Cu
Mn
Zn
K
Ca
Mg
H+Al
-3
-3
-3
(CaCl2)
g dm
--------------- mg dm Zn----------------------- mmolc dm CEC-----------4.73
45.0
0.77
83.15
2.02
42.46
3.57
3.2
30.5
23.8
76.0
Extractor: P, K - Mehlich-1.
A
B

12000
Corn yield (kg ha-1)

Plant heigth (m)

2.1

2

11200
10400

y = -1.17*10-1x2 + 29.0x + 8960
R² = 0.97

8800

MAP

1.8

133.6

V
%
43

y = -1.42*10-1x2 + 34.5x + 9280
R² = 0.75

9600

y = 1.13*10-3x + 1.91
R² = 0.96

1.9

CEC

MAP+Policote

8000
0

40

80

120

160

0

40

-1

120

160

-1

P2O5 Rates (kg ha )
Fig 2. Plant height (A) and corn yield (B) with phosphorus fertilization.
Table 3. Soil chemical characteristics used in the 2013/2014 season, Selvíria.
pH
O.M.
P
K
Ca
Mg
-3
-3
-3
(CaCl2)
g dm
mg dm
---------- mmolc dm Al----------4.6
21.0
14
2.0
9.0
9.0
Extractors: P - Resin; K - Mehlich-1.
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P2O5 Rates (kg ha )

Al
5.0

V
--%-32

Clay
Silt
Sand
-1
------ g kg -------620
78
302

Table 4. Description of the treatments evaluated on the experiment and the respective quantities of P2O5 provided.
Treatments description
Rates
P2O5
-1
-------------- kg ha ------------MAP
57.7
30
115.4
60
173.1
90
230.8
120
MAP+Policote
61.2
30
122.4
60
183.6
90
244.8
120
Control
Table 5. Agronomic phosphorus use efficiency (APUE) with P sources and rates at 2009/2010 and 2010/2011 seasons of soybean
crop.
APUE (kg of harvested Soybean per kg of applied P2O5)
2009/2010 Season
2010/2011 Season
-1
Rates (kg P2O5 ha )
MAP
MAP+Policote
MAP
MAP+Policote
30
2.84
9.90
19.15
25.65
60
2.17
5.29
18.18
23.62
90
1.85
3.83
14.41
16.69
120
1.81
3.04
12.49
14.29
Average
2.17
5.51
16.06
20.06
Table 6. Agronomic phosphorus use efficiency (APUE) with P sources and rates in corn crop.
APUE (kg of harvested corn per kg of applied P2O5)
-1
Rates (kg P2O5 ha )
MAP
MAP+Policote
40
30.13
56.34
80
20.75
22.31
120
14.26
18.07
160
11.32
15.06
Average
19.12
27.95
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Corn yield was significantly influenced by P sources (p<0.05)
and rates (p<0.01). Corn yield was higher with Policote
coated MAP than with MAP (Figure 2B). Corn yield increased
-1
from 8,960 kg ha , without P fertilization, up to 10,757 kg
-1
-1
ha , using MAP with 123.9 kg P2O5 ha , while using Policote
-1
coated MAP produced the maximum yield of 11,375 kg ha ,
-1
with 121.5 kg P2O5 ha , a yield increase of 5.7%. The yield of
-1
10,757 kg ha was obtained using MAP with 123.9 kg P2O5
-1
-1
ha or using Policote coated MAP with 43.6 kg P2O5 ha .
Higher corn yield with polymer coated phosphorus was also
reported by Silva et al. (2012).
Phosphorus rate recommendation for corn crop at soil used
-1
in this trail is 120 kg P2O5 ha , for an expected yield of about
-1
8,000 kg ha (Aguiar et al., 2014). Corn yield with 120 kg
-1
-1
P2O5 ha and MAP was 10,755 kg ha , while using the same
-1
P rate and Policote coated MAP was 11,375 kg ha , an
increase of 5.7%.
Increasing P rates resulted in lower APUE (Table 6).
However, the APUE was higher with Policote coated MAP
than that with MAP at any P rate. Figueiredo et al. (2012)
also reported higher corn yields with polymer coated P
fertilizer in clay soil. The increase in corn yield using Policote
coated MAP was a consequence of the higher agronomic
efficiency observed with this source of phosphorus.
Similar results of higher plant growth, productivity and
agronomic efficiency with Policote coated P fertilizer were
also observed by Chagas et al. (2015), Chagas et al. (2016)
and Guelfi et al. (2018) in lettuce and coffee crops,
respectively. Studies of enhanced efficiency fertilizers can
bring advantages to several crops, including soybeans and
corn that represent important crops for food production.

The chemical characteristics of the soil in the experimental
area were given in Table 3.
Although the studied soils presented similar textures, but
differences between their chemical attributes, mainly in
relation to the basis saturation, were observed. In addition,
there were differences between the climate and relief that
can influences the phosphorus absorption and crop
production, what justifies the experiment in different places.
The variation of grain yield in one crop year to another
justifies the experiment in distinct seasons.
Sources of P used in the experiment
The monoammonium phosphate (MAP) and Policote coated
MAP (Policote+MAP) were used as sources of P.
Monoammonium phosphate is a common granular fertilizer
with a high P content that also contains nitrogen (N)
(Robertson et al., 2012). The one used in this study contains
52% of P2O5 and 11% of N. Policote is an additive based on
water-soluble polymers marketed by Wirstchat Polímeros do
Brasil. Polite+MAP contains 10% of N and 49% of P2O5. We
applied four rates of these sources in order to provide 30,
-1
60, 90 and 120 kg P2O5 ha . The final quantities are
presented in Table 4.
Trial conduction of soybean
The treatments applied in the sowing furrow were arranged
in a factorial (2x4) +1, using two P sources (MAP - 11% N,
52% P2O5 and Policote coated MAP - 10% N, 49% P2O5), four
-1
P rates (30, 60, 90 and 120 kg P2O5 ha ) and control (without
application of P fertilizer). A randomized block design with
four replications was used.
In each experiment, the plot studied was formed by eight 6
m-long lines, with 0.45 m row spacing. The four central rows
were considered useful area, and two meters were cleared
from the extremities. The COODETEC 232 variety was sown
in December 5th, 2009, while the BRS 184 variety at
November 12th, 2010. Potassium fertilizer (KCl; 80 kg K2O
-1
ha ) was applied 25 days after plant emergence (DAE). The
cultural treatments were carried out following technical
recommendations for that culture.
Plant height, number of pods per plant, leaf P content and
productivity were evaluated. In the 2009/2010 season the
height of plants was evaluated in the R3 stage, while in the
2010/2011 season that evaluation was done at soybean
harvest. Ten plants were randomly collected from each plot
at harvest to determine the number of pods per plant. In
order to determine the leaf P content, the third trifolium
(with petiole) was sampled in full bloom. The leaves were
then washed in distilled water and oven dried with forced air
circulation at 65°C for 72 hours. The leaves were then milled
in Wiley type mill, with a 0.84 m mesh sieve. The dry matter
-1
was mineralized by the nitric-perchloric mixture (3:1 v v ),
determining the P content by colorimetry. The plots were
mechanically harvested, and productivity was determined in
-1
the useful area of each plot in kg ha (13% wet basis).

Materials and methods
Experimental sites and description
The experiment was conducted in three field trials. Two
soybean trials were carried out in IAPAR experimental area,
located in Ponta Grossa, PR, Brazil and one corn trial was
carried out in Unesp Ilha Solteira experimental area, located
in Selvíria, MS, Brazil. Ponta Grossa is located in Parana
State, Brazil, the coordinates are latitudes of 25º0'54'' S and
longitudes of 50º9'12'' W and average altitude around 975
m. According to Köppen international classification, the
climate of the region is Cfb, with average temperature of
17.5 °C and average precipitation of 1495 mm.
And Selvíria is located in Mato Grosso do Sul State, Brazil,
presenting as geographical coordinates of 20°20'51.44" S
and 51°24'11.10" W and average altitude around 335 m. The
climate of the region is Aw, defined as tropical humid with
rainy season in summer and dry in winter, according to the
international classification of Köeppen, presenting
temperature, precipitation and average annual relative
humidity of 24.5° C, 1370 mm and 64.8%, respectively.
In Ponta Grossa, trials were conducted in two crop seasons,
the first in 2009/2010 and the other in 2010/2011. Soils in
the experimental areas were classified as dystrophic Red
Latosol (Santos et al., 2014), with a clay texture. The
chemical characteristics of soil used in the 2009/2010 and
2010/2011 seasons are presented Tables 1 and 2,
respectively. A trial was conducted in Selvíria in the
2013/2014 season, where the soil was classified also as a
dystroferric Red Latosol, with clayey texture (Santos, 2014).

Trial of corn cultivation
The treatments, applied to the sowing furrow, were
arranged in a factorial (2x5), with two P sources (MAP and
Policote coated MAP) and five P rates (0; 40, 80, 120 and
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-1

160 kg P2O5 ha ). A randomized block design with four
replications was used.
The experimental plot was formed by seven 6 m-long lines,
with 0.45 m row spacing. The three central rows were
considered as useful area and 0.5 m was cleared from the
extremities. The treatments, together with 30 kg N + 70 kg
-1
K2O ha of urea and KCl as sources, respectively, were
th
applied on November 6 , 2013. The urea rates applied at
sowing considered the N contribution of the fertilizers in the
-1
treatments, so that all treatments received only 30 kg N ha
at sowing.
Soon after the treatments, the hybrid Dow 2B710 PW were
seeded. The experiment was conducted according to the
practices recommended for this crop. Ammonium sulfate
-1
-1
(50 kg N ha ) and zinc sulfate (2 kg Zn ha ) fertilization were
carried out when the plants had 4 to 5 expanded leaves and
-1
urea fertilization (50 kg N ha ) was carried out when the
plants had 7 to 8 expanded leaves, with posterior irrigation
(15 mm) in order to avoid losses by nitrogen volatilization.
At 45 DAE, 10 plants per plot were randomly collected to
evaluate plant height. Corn ear leaf was sampled to evaluate
P foliar content, as described for the soybean experiment.
The plots were mechanically harvested, and productivity was
-1
determined in the useful area of each plot in kg ha (13%
wet basis).
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Statistical analysis
The data were submitted to analysis of variance and
regression. The effect of P sources and rates were only
analyzed when there was a statistically significant difference
between treatments. The highest coefficient of
2
determination model (R ) and biological logic were chosen.
Statistical analyzes were performed using the Assistat
program (Silva and Azevedo, 2016). With the average yields
of P sources and rates, agronomic P use efficiencies were
calculated using the equation proposed by Fageria (2005).
Conclusion
Phosphorus fertilization increased soybean and corn plant
heights and yields in different seasons and places. Soybean
and corn yield and agronomic phosphorus use efficiency
were higher with Policote coated phosphorus fertilizer
compared to conventional phosphorus fertilizer. Policote
coated phosphorus fertilizer can be used as an enhanced
efficiency fertilizer because it increased soybean and corn
yields in different seasons and places.
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