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ABSTRACT

The present study aimed to determine the effects of nitrogen fertilization on the chemical properties
of Oxissol (Red Latosol), in an area cultivated with Brachiaria ruziziensis cv. Common where crop
succession system was used (“safrinha” corn (second growing season) planted in succession to
soybean) in no-tillage system, regarding the combinations of nitrogen doses. The experimental
treatments consisted of two doses of nitrogen applied in the planting of Brachiaria ruziziensis and
four doses of nitrogen applied after the first grass cut. The treatments were arranged in 2x4
factorial design, as follows: 0.0; 0.15; 0.30; 0.45; 15.0; 15.15; 15.30 and 15.45 mg dm-3. The
experimental design used was completely randomized blocks with four repetitions The soil
chemical properties assessed were: pH; cation exchange capacity; base saturation; potential
acidity; soil contents of organic matter, phosphorus, sulfate, potassium, calcium, magnesium,
boron, copper, iron, manganese and zinc. F test was used in the comparisons between nitrogen
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means during planting, and regression analyzes were used for the nitrogen treatments after the first
grass cut. The nitrogen fertilization does not interfere in the values of pH, organic matter,
phosphorus, boron, iron, manganese and zinc of the soil cultivated with Brachiaria ruziziensis. It is
necessary to monitor the contents of K, Ca, Mg and B in the soil when nitrogen is applied to
Brachiaria ruziziensis. The minimum sulfate content in soil cultivated with Brachiaria ruziziensis is
4.94 mg dm-3 for the dose of 36.3 mg dm-3 of nitrogen. The non-application of nitrogen at planting
associated to the application of 28.5 mg dm-3 of nitrogen after the first grass cut results in higher
copper content in soil (4.14 mg dm-3). The application of 15 mg dm-3 of nitrogen at planting
associated to the increase in nitrogen doses after the first grass cut led to increase in copper
content.

Keywords: Brachiaria ruziziensis; fertility of the soil; micronutrients in the soil; organic matter; potential
acidity.

1. INTRODUCTION

The development of systems that reduce the
establishment of cover crops and the subsequent
establishment of the grain crop shall increase the
quality of soil and water in tropical regions [1]. In
order to increase grain production and with the
possibility of production of ground cover and
forage in times of water shortage, the use of
"safrinha" corn - second growing season - in
consortium with Brachiaria ruziziensis cv.
Common in no-tillage system has been
expanding in recent years. The consortium
system favors the development of corn, the main
crop. Thus, doubts regarding the mineral nutrition
of the grass, particularly when it is subsequently
grazed by beef cattle, are frequent.

A proper management of plant fertilizers makes it
possible to meet nutrient demand of single or
multiple crops, through a single application or
several applications at different times. Some
studies [2-5] demonstrated that the use of
nitrogen fertilization is essential in the formation
and maintenance of tropical pastures. Thus, the
application of nitrogen to Brachiaria ruziziensis
should be considered in correction of soil fertility
using the consortium system. However, the lack
of quantitative information on nitrogen
management (dose and form of application of N)
causes nitrogen to be used not as efficiently as
possible [6]. So, knowledge of the effects of
nitrogen fertilization on soil chemical properties is
important to ensure an appropriate management
of the nutrient [3].

According to some studies, for one given dose of
fertilizer N (ammonium nitrate or starch) applied
in pastures, pH is affected by soil buffering
capacity and cation exchange capacity (CEC) [7].
The soil chemical properties that influence the
losses of N-NH3 by volatilization are pH, CEC

and soil organic matter [8]. Nitrogen fertilization
alters soil pH, and Zn, Fe and Mn accumulations
decrease significantly with pH increase [9].

Therefore, studies on the fertilization of tropical
grasses, in general, have shown the importance
of nitrogen application [10,11]. This study aimed
to determine the effects of nitrogen fertilization
on the chemical properties of Oxissol (Red
Latosol), in an area cultivated with Brachiaria
ruziziensis cv. Common where crop succession
system was used (“safrinha” corn (second
growing season) planted in succession to
soybean) in no-tillage system, regarding the
combinations of nitrogen doses.

2. MATERIALS AND METHODS

The experiment was conducted in a greenhouse
of Instituto de Zootecnia, Nova Odessa-SP, with
cultivation of the foraging species Brachiaria
ruziziensis cv. Commun from September to
December 2011. Also, it was conducted under
controlled conditions to avoid extra fertilization
interference in nitrogen supply (ex. transfer of
nutrients from other areas via animal waste) and
ensure proper supply of water or ensure
adequate supply of water and room temperature
for the normal development of the grass.

The soil of the experiment was classified as
Oxissol (Red Latosol), according to the Brazilian
System of Soil Classification [12] and was
collected on a farm (latitude 23°35’08”S;
longitude 48°02’50”W and altitude 636 m); where
soybean - “safrinha” corn (second growing
season) succession in no-tillage system has
been used for 10 years. Soil collection was
performed immediately after soybean harvest
and before planting the corn, at 0-20 cm depth.
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The soil sample was then packed, dried, sieved
and weighed and then placed in earthen pots of
5 kg capacity.

A sample of this soil was analyzed for its initial
fertility and showed the following results: pH in
CaCl2=5.8; organic matter=38.0 g dm-3;
P (resin)=132.0 mg dm-3; K (resin)=4.9 mmolc
dm-3; Ca (resin)=60.0 mmolc dm-3, Mg
(resin)=16.0 mmolc dm-3; Al=0 mmolc dm-3;
H+Al=31.0 mmolc dm-3; SO4=6.0 mg dm-3;
SB=80.9 mmolc dm-3; CEC=112.0 mmolc dm-3

and V=72.0%. According to [13], correction of
soil acidity and fertilization with macro and
micronutrients were not necessary during grass
sowing. Particle size analysis of soil showed the
following results: Very coarse sand= 14 g kg-1,
coarse sand= 30 g kg-1, medium sand= 64 g kg-1,
fine sand= 40 g kg-1, very fine sand= 14 g kg-1,
total sand= 161 g kg-1, silt= 137 g kg-1, clay= 702
g kg-1 and textural class= very clayey soil.

The experimental treatments were defined
according to the observations of [14], with two
doses of N (0 and 15 mg dm-3) applied during the
sowing of grass Brachiaria ruziziensis and four
doses of N applied soon after the first grass cut
(0, 15, 30 and 45 mg dm-3). Thus, the treatments
were arranged in 2x4 factorial design, as follows:
0.0; 0.15; 0.30; 0.45; 15.0; 15.15; 15.30 and
15.45 mg dm-3. The combinations were
distributed in the greenhouse according to a
randomized complete block design with four
repetitions. For the sowing of grass Brachiaria
ruziziensis fifty seeds were placed in each pot,
and one week after germination, the plants were
thinned, leaving only five plants per pot.

Two cuts were performed in the plants: the first
was made 39 days after germination of
Brachiaria ruziziensis and the second 27 days
after the first grass cut. After the first cut,
topdressing fertilization with 40 mg dm-3 de P2O5
in the form of potassium dihydrogen phosphate
(KH2PO4), 83 mg dm-3 of K2O, with 384 mg dm-3

in the form of KH2PO4 and 186.3 mg dm-3 in the
form of potassium chloride (KCl). The application
of potassium was necessary due to the onset of
symptoms of deficiency of this nutrient during the
first growth, whereas phosphate was applied to
avoid the decline in the response to applied
nitrogen levels. On the day following the first
grass cut, the nitrogen doses of 0, 15, 30 and 45
mg dm-3 were applied in the form of ammonium
nitrate, forming the combinations of doses of
nitrogen in the planting and after the first cut.

After the second cut of Brachiaria ruziziensis, a
composite soil sample was taken from each pot
and sent to the laboratory for analysis of fertility
status, organic matter, sulfate and micronutrients
(boron, iron, manganese and zinc) in soil. In the
analysis of fertility, the organic matter content
was determined by the colorimetric method [15].
The properties pH in CaCl2, the potential acidity
by SMP buffer and extraction of P, K, Ca and Mg
through ion exchange resin were determined
using the methods described by [16]. In turn,
sulfate was determined by the calcium
phosphate method described by [17]. Regarding
the assessment of micronutrients, boron
determination was performed in warm water
using microwave heating according to the
method described by [18]. Copper, iron,
manganese and zinc measurements were
performed using DTPA solution (pH 7.3) [19].

The data were analyzed by SAS - System for
Windows 9.2 [20]. For analysis of variance, the
GLM procedure was used, at the 5% level of
significance. F test was used for comparisons of
the means of nitrogen treatments at planting, and
regression analyzes were used for the nitrogen
treatments after the first grass cut.

3. RESULTS AND DISCUSSION

3.1 Effect of Nitrogen Fertilization at the
Levels of ph, Organic Matter,
Phosphorus and Sulfate in the Soil

pH, organic matter, phosphorous and sulfate
levels in soil were not significant for the
interaction N doses at planting x N doses after
the first cut of Brachiaria ruziziensis (Table 1).
The individual doses of nitrogen applied at
planting and after the first cut of Brachiaria
ruziziensis also did not change pH, organic
matter and phosphorus levels (Fig. 1a, 1b, 1c,
2a, 2b and 2c). Sulfate concentration in the soil
did not differ for the N doses supplied at planting
(Fig. 1c), but only for N doses applied after the
first grass cut, adjusting to quadratic regression
model (Fig. 2d).

The levels of pH in soil ranged from 5.1 to 5.3
corresponding to a medium soil acidity [21]
(Table 1). In addition to the application of
nitrogen doses, these values must consider the
charges resulting from the balance between
mineralization and nitrification of the organic
nitrogen added by the soybean crop that may
have been favored by N application to the soil
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[22]. The content of soil organic matter at the end
of the experimental period ranged from 36.5 to
39.0 g dm-3 (Table 1). These organic matter
contents can be related to the intensity of waste
decomposition processes, depending on the
application of N (Rangel et al., 2008).
Phosphorous (P) content in the soil (204 to 225
mg dm-3) is very high [21], which can be
explained by the fact that the studied soil sample
was obtained from an area that has been used in
no-tillage system for around 10 years (Table 1).
Greater availability of P in soils from no-tillage
system is common, due to the presence of waste
from the previous crop: because of the P present
in the waste and competition of organic
compounds in the waste for exchange sites in
the soil [22,23]. The minimum sulfate content in
the soil was 4.94 mg dm-3 for the dose of 36.3
mg dm-3 of N (Fig. 2d). This sulfate content
indicates that nitrogen fertilization may have
interfered with the N:S ratio, because high values
of N may cause immobilization of sulfur in the
soil due to lack of balance between both
nutrients [24] (Fig. 2d), resulting in a low sulfate
content in the soil.

3.2 Effect of Nitrogen Fertilization on
Potassium, Calcium, Magnesium,
Cation Exchange Capacity, Potential
Acidity and Base Saturation Values

Regarding the values of potassium, calcium,
magnesium, cation exchange capacity (CEC),
potential acidity (H+Al) and base saturation (V%)

in soil no significance was observed for the
interaction N doses applied at planting x N doses
applied after the first grass cut (Table 2). These
variables also did not show significant responses
for the individual doses of N applied at planting
(Figs. 3a, 3b and 3c). However, the values of
potassium, calcium, magnesium, cation
exchange capacity, H+Al and base saturation
responded to the individual doses of N applied
after the first grass cut, adjusting to the linear
model (Figs. 4a, 4b, 4c, 4d, 4e and 4f).

The decrease of K+, Ca2+ and Mg2+ in the soil
response to the increase in N doses (Fig 4a, 4b
and 4c) can be associated to the reactions that
produce H+ (nitrification) and, as a consequence,
reduce the levels of cations [25]. Thus, the
reduction of cations K+, Ca2+ and Mg2+ in the soil
can be explained by the fact that they are acting
as buffer against acidification [26]. It should be
stressed that during the experimental period,
visual symptoms of deficiency of K+ were
observed in the aerial part of Brachiaria
ruziziensis following application of the highest
doses of N (Fig 4a). Regarding the decrease in
CEC values depending on the doses of N
(Fig. 4d), it is known that in soils with low CEC,
the rate of loss of N-NH3- by volatilization can be
maintained for a longer period of time after
nitrogen fertilization. Additionally, the higher the
CEC value of soil, the lower the concentration of
NH4+ in the soil solution, and hence lower losses
by volatilization will occur [8]. The content of
H+Al increased with increasing doses of nitrogen

Table 1. pH, organic matter, phosphorous and sulfate contents in soil cultivated with grass of
the species Brachiaria ruziziensis regarding nitrogen doses applied at planting and after the

first grass cut

N plantio N cobertura (mg dm-3) Teste F para regressão
(mg dm-3) 0 15 30 45 L Q
pH CaCl2
0 5.32 5.32 5.35 5.22 NS NS
15 5.22 5.32 5.25 5.12 NS NS
CV(%) 2.42
organic matter (g dm-3)
0 38.25 36.50 38.00 36.50 NS NS
15 39.00 37.75 37.75 38.00 NS NS
CV(%) 5.78
phosphorus (mg dm-3)
0 222.25 207.00 217.75 204.00 NS NS
15 225.00 223.50 208.25 205.50 NS NS
CV(%) 9.91
sulfate(1) (mg dm-3)
0 37.25 13.00 7.50 6.25 NS NS
15 18.00 9.50 6.50 5.50 NS NS
CV(%) 24.24

Regression test: NS – not significant (P> 0.05); (1) statistics on log-transformed data (x)
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Fig. 1. Values for pH (a), organic matter (b), phosphorous (c) and sulfate (c) in soil cultivated
with Brachiaria ruziziensis regarding doses of nitrogen applied at grass planting

(0 and 15 mg dm-3);
Means followed by the same lower case letter in the columns do not differ by F test (P>0.05)

(Fig. 4b). The inverse behavior of H+Al contents
regarding Ca2+, Mg2+ and K+ cations indicates
that replacement of cations Ca2+, Mg2+ and K+
by H and Al in the cation exchange complex was
accelerated by the supply of nitrogen [27]. In
addition to the interference of nitrogen dose, the

time of cultivation of Brachiaria ruziziensis in
greenhouse may have increased H+Al contents
in the soil due to the extraction of bases by the
plants, exudation of organic acids by the roots
and hydrolysis of Al [28]. Soil base saturation
was negatively affected by the addition of N

0

50

100

150

200

250

300

Ph o s p h o ru s Su lfa te

An
io

ns
   V

alu
es

  (m
g d

m-3
)

0
15

a a

a a

c

35.0

35.5

36.0

36.5

37.0

37.5

38.0

38.5

39.0

Organic Matter

Or
ga

ni
c M

att
er

 V
alu

es
  (

g 
dm

-3
)

0

15

a

a b

5.1

5.2

5.2

5.3

5.3

5.4

5.4

pH

pH
 C

aC
l 2

0

15

a

a

a



Batista et al.; IJPSS, 7(3): 160-171, 2015; Article no.IJPSS.2015.141

165

doses, ranging from 55 to 66 %. These values
favored the formation and maintenance of
Brachiaria pastures [13].

3.3 Effect of Nitrogen Fertilization on the
Micronutrient Content in the Soil

Regarding the contents of boron, iron,
manganese and zinc in the soil at the end of the
experimental period, no significance was
observed for the interaction N doses applied at
planting x N doses applied after the first cut of
Brachiaria ruziziensis (Table 3). Also, no isolated
significant responses to the doses of N were
observed (Figs. 5a and 5b). Regarding the
copper content in the soil, significance was
observed for the interaction N doses applied at
planting x N doses applied after the first grass
cut (Figs. 6a and 6b).

For the copper content in the soil, when there
was no application of N at planting, the doses of
N applied after the first grass cut adjusted to the
quadratic regression model, and the N dose of

28.5 mg dm-3 was responsible for the highest
copper content in the soil (4.14 mg dm-3) (Fig.
6a). In turn, when a dose of 15 mg dm-3 of N was
applied at planting, the doses of N applied after
the first grass cut adjusted to linear regression
model, according to which increase in N doses
after the first grass cut led to increase in copper
content in the soil. (Fig. 5b). Regarding the other
micronutrients, the boron content in the soil
ranged from 0.21 to 0.25 mg dm-3 and were
classified as low [21], while the iron (26.3 to
33.75 mg dm-3), manganese (7.7 to 9.6 mg dm-3)
and zinc (2.87 to 3.07 mg dm-3) content in the
soil were classified as high [21]. The contents of
iron, manganese and zinc corroborated the pH
values observed (Table 1), because according to
the distribution of the elements in relation to pH,
the greatest availability of these micronutrients
was observed for pH=5. Boron deficiency in the
soil is important, since this element participates
in the transport of indoleacetic acid, ATPase
activity, cell wall synthesis, phenolic, RNA and
carbohydrate metabolism, [29].

Table 2. Values for potassium, calcium, magnesium, cation exchange capacity, potential
acidity (H+Al) and base saturation in soil cultivated with Brachiaria ruziziensis regarding

doses of nitrogen applied at planting and after the first grass cut

N plantio
(mg dm-3)

N cobertura (mg dm-3) Teste F para regressão
0 15 30 45 L Q

Potassium (mmolc dm-3)
0 7.65 4.60 3.45 2.25 NS NS
15 6.35 4.97 2.77 1.77 NS NS
CV(%) 17.82
Calcium (mmolc dm-3)
0 55.75 55.50 54.00 49.25 NS NS
15 8.25 52.50 51.50 48.50 NS NS
CV(%) 7.98
Magnesium (mmolc dm-3)
0 10.25 10.00 9.25 8.25 NS NS
15 10.00 9.25 8.50 7.50 NS NS
CV(%) 10.96
Cation exchange capacity (mmolc dm-3)
0 111.55 111.90 107.82 105.45 NS NS
15 113.65 108.70 105.25 104.97 NS NS
CV(%) 4.88
Potential acidity (H+Al) (mmolc dm-3)
0 38.00 41.50 41.25 45.75 NS NS
15 39.00 42.25 42.50 47.00 NS NS
CV(%) 10.10
Base saturation (%)
0 66.00 62.75 61.75 56.50 NS NS
15 65.50 61.00 59.75 55.00 NS NS
CV(%) 7.56

Regression test: NS – not significant (P> 0.05)

aa
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Fig. 3. Values of cations (a), cation exchange capacity (CEC) (b), potential acidity (H+Al) (b)
and base saturation (c) in soil cultivated with Brachiaria ruziziensis regarding the doses of

itrogen applied at grass planting (0 and 15 mg dm-3);
Means followed by the same lower case letter in the columns do not differ by F test (P>0.05)

Fig. 4. Values of potassium (a), calcium (b), magnesium (c), cation exchange capacity (CEC) (d),
base saturation (e) and potential acidity (H+AL) (f) in soil cultivated with Brachiaria ruziziensis

regarding the doses of nitrogen applied after the first grass cut (0, 15, 30 and 45 mg dm -3)
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Fig. 5. Values of boron, iron, manganese and zinc in soil cultivated with Brachiaria ruziziensis
regarding the doses of nitrogen applied at planting (0 and 15 mg dm-3) (a) and after the first
grass cut (0, 15, 30 and 45 mg dm-3) (b); Means followed by the same lower case letter in the

columns do not differ by F test (P> .05)
ns: not significant (P>0.05)

Table 3. Contents of micronutrients in soil cultivated with Brachiaria ruziziensis regarding
doses of nitrogen applied at planting and after the first grass. Regression

N plantio
(mg dm-3)

N cobertura (mg dm-3) Teste F para regressão
0 15 30 45 L Q

Boron
0 0.22 0.22 0.21 0.24 NS NS
15 0.23 0.22 0.23 0.25 NS NS
Iron 1

0 31.50 26.25 29.00 31.00 NS NS
15 32.25 30.00 33.75 30.25 NS NS
Manganese
0 7.70 8.77 8.75 8.90 NS NS
15 8.25 11.05 8.15 9.55 NS NS
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N plantio
(mg dm-3)

N cobertura (mg dm-3) Teste F para regressão
0 15 30 45 L Q

Zinc
0 2.92 3.07 2.92 2.87 NS NS
15 3.00 3.07 3.00 3.00 NS NS
Copper
0 3.80 4.12 4.10 4.07 ** **

15 4.22 4.22 4.27 4.37 * NS
Regression test: NS – not significant (P>0.05); statistics on log-transformed data (x); **Significant at 1%; *Significant at

5%

4. CONCLUSION

1. The nitrogen fertilization does not interfere
in the values of pH, organic matter,
phosphorus, boron, iron, manganese and
zinc of the soil cultivated with Brachiaria
ruziziensis.

2. It is necessary to monitor the contents of
K, Ca, Mg and B in the soil when nitrogen
is applied to Brachiaria ruziziensis.

3. The minimum sulfate content in soil
cultivated with Brachiaria ruziziensis is
4.94 mg dm-3 for the dose of 36.3 mg dm-3

of nitrogen.
4. The non-application of nitrogen at planting

associated to the application of 28.5 mg
dm-3 of nitrogen after the first grass cut
results in higher copper content in soil
(4.14 mg dm-3).

5. The application of 15 mg dm-3 of nitrogen
at planting associated to the increase in N
doses after the first grass cut led to
increase in copper content.
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