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SUMMARY

In Brazilian agriculture, urea is the most commonly used nitrogen (N) source,

in spite of having the disadvantage of losing considerable amounts of N by ammonia-N

volatilization. The objectives of this study were to evaluate: N lossby ammonia

volatilization from: [urea coated with copper sulfate and boric acid], [urea coated

with zeolite], [urea+ammonium sulfate], [urea coated with copper sulfate and boric

acid+ammonium sulfate], [common urea] and [ammonium nitrate]; and the effect

of these N source son the maize yield in terms of amount and quality. The treatments

were applied to the surface of a soil under no-tillage maize, in two growing seasons.

The first season (2009/2010) was after a maize crop (maize straw left on the soil

surface) and the second cycle (2012/2011) after a soybean crop. Due to the weather

conditions during the experiments, the volatilization of ammonia-N was highest in

the first four days after application of the N sources. Of all urea sources, under

volatilization-favorable conditions, the loss of ammonia from urea coated with copper

sulfate and boric acid was lowest, while under high rainfall, the losses from the

different urea sources was similar, i.e., an adequate rainfall was favorablet o reduce

volatilization. The ammonia volatilization losses were greatest in the first four days

after application. Maize grain yield differed due to N application and in the treatments,

but this was only observed with cultivation of maize crop residues in 2009/2010.

The combination of ammonium+urea coated with copper sulfate and boric acid

optimized grain yield compared to the other urea treatments. The crude protein

concentration in maize was not influenced by the technologies of urea coating.

Index terms: boric acid, copper sulfate, coated urea, volatilization, zeolite.
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RESUMO: PERDAS DE N-NH3 DE FERTILIZANTES NITROGENADOS

APLICADOS EM PALHADAS DE MILHO E DE SOJA

A ureia é a fonte de N mais utilizada; entretanto, esse fertilizante tem sérios problemas

por apresentar elevadas perdas de N-amônia por volatilização. Os objetivos deste estudo

foram avaliar as perdas por volatilização de N-amônia, provenientes de ureia revestida

com sulfato de cobre e ácido bórico, ureia revestida com zeólita, misturas de ureia+sulfato

de amônio, ureia revestida+sulfato de amônio e ureia e nitrato de amônio; e determinar

seus efeitos na produtividade e qualidade do milho, com aplicação em cobertura na

cultura de milho manejada em sistema de plantio direto em duas safras agrícolas, em

que a primeira encontrava-se com cultivo sequencial de milho em 2009/2010; e, a

segunda, com cultivo do milho após soja, em 2010/2011. Diante das condições climáticas

ocorridas, o pico de perdas de N-amônia por volatilização situou-se nos primeiros dias,

após a aplicação das fontes avaliadas. Dentre as fontes com ureia, a ureia revestida com

sulfato de cobre e ácido bórico apresentou redução na perda de amônia em condições

favoráveis à volatilização, enquanto, sobre condições de elevada precipitação, as fontes

com ureia foram similares, ou seja, as condições de precipitação adequadas foram

favoráveis à redução da volatilização. As maiores perdas de amônia por volatilização

ocorreram durante os primeiros quatro dias, após aplicação. Houve diferenças na

produção de grãos como resultado da aplicação de nitrogênio, bem como para os

tratamentos, porém isso foi observado somente com cultivo em resíduo cultural de milho

na safra 2009/2010. A mistura de sulfato de amônio + ureia revestida com sulfato de

cobre e ácido bórico resultou em maior produção de grãos, comparada aos demais

tratamentos com ureia. As tecnologias usadas juntamente com a ureia não modificaram

os teores de proteína bruta.

Termos de indexação: ácido bórico, sulfato de cobre, ureia revestida, volatilização, zeólita.

INTRODUCTION

Urea is one of the most commonly used nitrogen
(N) sources in the Brazilian agriculture. Unfortunately,
due to its characteristics and reactivity in soil, it is
highly prone to lose ammonia by volatilization (Keller
& Mengel, 1986; Lara Cabezas & Trivelin, 1990).
Losses of 50 to 94 % were reported by Oliveira et al.
(1997) when urea was applied to soil surface covered
by straw. The efficiency of urea depends on its mixing
into the soil (Lara Cabezas et al., 2008), but since this
practice is expensive and involves a series of other issues
related to the application rate, farmers are somewhat
resistant to adopt this practice.

The no-tillage and minimum tillage systems have
been successfully used in Brazilian agriculture. For
example, the area under no tillage in Brazil was 0.1
million hectares in 1972/1973 and increased to 25.5
million hectares in 2005/2006, becoming the second
largest no-tillage area in the world (FEBRAPDP,
2009). The use of materials to coat urea grains or for
a combined application together with urea could be
an option to increase the efficient use of this N source.
Zeolites have been evaluated as reducers of urea
volatilization (Bernardi et al., 2007a,b; Bartz & Jones,
1983; Ferguson & Pepper, 1987) due to their high
cation exchange capacity, water retention capacity and
capability to adsorb N-NH4

+, and can be added to
fertilizers to diminish N loss by NH3 volatilization
(Fansuri et al., 2008).

It was also shown that boric acid and copper sulfate
as coating of urea grains have positive effects in
reducing N volatilization losses (Fansuri et al., 2008).
The acidifying effect, the similar structural
characteristics of boric acid with urea and the defensive
effect of B and Cu from the soil microorganisms may
deviate part of the urease activity towards boric acid,
and consequently decrease N volatilization losses.

The use of ammonium sulfate mixed with urea
was evaluated by Lara Cabezas et al. (1997), Vitti et
al. (2002) and Lara Cabezas & Souza (2008), who also
observed a positive effect in reducing N volatilization.
According to Lara Cabezas et al. (1997), ammonium
sulfate in acid soils would be an additional source of
protons.

The development of technologies to increase the
efficacy of urea applied to the soil surface by decreasing
the volatilization of ammonia-N in conservation
management systems is still a challenge. The use of
zeolites, coating with boric acid and copper sulfate and
blends with ammonium sulfate would result in
decreased ammonia-N volatilization and as a
consequence, higher maize yields. The objectives of this
study were to evaluate: the loss of  N by volatilization
of ammonia- from [urea coated with copper sulfate and
boric acid], [urea coated with zeolite], [urea+ammonium
sulfate], [urea coated with copper sulfate and boric
acid+ammonium sulfate], [common urea] and
[ammonium nitrate]; and the effect of these N sources
on maize yields in terms of amount and quality.
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MATERIAL AND METHODS

The experiment was carried out in Pirassununga,
São Paulo State, Brazil. The area was managed in a
no-tillage system. Maize was studied in two maize
growing seasons, fertilized with 450 kg ha-1 of  8-16-
16 NPK fertilizer + 0.5 of Zn and 0.2 B at sowing.
The first season (2009/2010) was after a maize crop,
whose straw had been left on the soil surface, and the
second maize crop (2010/2011) was grown after
soybean. The experimental areas were close to each other
and the soil was a Latossolo Vermelho by the Brazilian
Soil Classification System (Embrapa, 2006). The
components of the soil texture consisted of 226 g kg-1

sand, 262 g kg-1 silt, and 512 g kg-1 clay. The soil chemical
characteristics before sowing are shown in table 1.

The weather conditions during the experiment were
monitored by a meteorological station on the campus of
Faculdade de Zootecnia e Engenharia de Alimentos and a
pluviometer installed in the experimental area (Figure 1).

The experiment was arranged in a complete
randomized block design with seven treatments and
four replications. Each experimental unit consisted
of six 10-m-long maize rows (0.8 m between rows),
with a total area of 48 m2 each. Topdressing was
applied in a band in a single dose of 100 kg ha-1 N on
the soil surface, when plants had four to six leaves. The
treatments were represented by the sources: Urea coated
with boric acid (0.4 % B) and copper sulfate (0.14% Cu),
(UC-B/Cu); Ammonium Nitrate, (NA); Urea (U);
Ammonium Sulfate (33.3 %)+Urea (66.7%), (ASU);
Ammonium Sulfate (33.3 %)+Urea coated with boric
acid and copper sulfate (66.7 %), (ASUC-B/Cu); Urea
coated with Zeolite (UC-Z), (15 % m/m); and a control.

Gypsum was also applied (an amount equivalent
to 40 kg ha-1  S) in the treatments without ammonium
sulfate, to ensure similar sulfur availability in all units.
The control treatment was used as a correction factor
in the calculations of ammonia losses from fertilizer
by the method of ammonia collectors. The collectors,

Cycle Layer pH (CaCl2) OM P S Ca Mg K H+Al CTC SB V B Cu Fe Mn Zn

cm g dm-3 mg dm-3 mmolcdm-3 % mg dm-3

2009/10 0-20 6.2 39 31 13 44 26 5 19 94 75 80 0.61 1.8 22 20.9 1.8

20-40 6.0 26 29 15 33 20 5 23 81 58 72 0.17 3.0 14 30.9 2.7

2010/11 0-20 5.7 25 43 5 33 13 3 25 74 49 66 0.20 1.5 16 19.9 1.9

20-40 5.4 23 17 11 23 12 3 27 65 38 58 0.16 1.2 14 14.9 0.8

Table 1. Soil chemical analyses of samples from the experimental sites
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Figure 1. Total local rainfall and mean daily temperature at the experimental sites in the 2009/2010 (a) and

2010/2011 (b) growing seasons. *: dates of volatilization measurements.
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each with five bases, were installed at the same time
as fertilization was applied, to measure N loss
through ammonia-N volatilization. The direct
method was used to measure N volatilization with
an adaptation of the static semi-open NH3 collectors
of Nömmik (1973) in the dynamic mode, i.e., shifting
the collector to the following basis at each evaluation.
The correction factors used were proposed by Lara
Cabezas et al. (1999) to correct the low efficiency of
the collectors to quantify the volatilized ammonia.
The treatments were evaluated 4, 8, 12, 16, and 20
day safter application,using new foams saturated
with phosphoric acid for each measurement. The
collectors and the five bases were installed in the
medium third portion of the third row of each
experimental unit and in the line of fertilizer
(treatments) application.

The upper foams were discarded and the lower
foams were stored under refrigeration (5 oC) until
analysis. Each foam was placed in a porcelain funnel
coupled to a vacuum pump and washed with 400 mL
of deionized water. A 50 mL aliquot of this extract
was used to distillate ammonia-N and determine N
by the Kjedahl method.

Maize was harvested by hand and the yield
determined as grain mass (adjusted to 13 % moisture).
Grain quality was evaluated based on the
measurement of the mass of 1000 grains and the crude
protein concentration (GP) using the micro-Kjeldahl
method (AOAC, 1990).

After data correction according to Lara Cabezas et
al. (1999), results were analyzed by the statistical
software package SAS (2004). To evaluate the urea
treatments, data were compared using orthogonal
contrasts and the significance level among all
treatments was evaluated by the Tukey test (p<0.05).

RESULTS AND DISCUSSION

The loss of ammonia-N from urea was less than
20 % of the total amount applied in both years
(Table 2), which can be considered a small loss,
compared to literature reports, e.g., of Oliveira et al.
(1997), who found a loss of 50 to 94 % when urea was
applied to a straw-covered soil surface.

The weather conditions immediately after fertilizer
application in the 2009/2010 season (Figure 1) were
favorable for N volatilization. The highest loss of
ammonia-N through volatilization was observed in
the first four days after application for all N sources
(Table 3) in both growing seasons. The peak of NH3
volatilization usually occurs during these first days,
according to Pereira et al. (2009), Vitti et al. (2002)
and Cantarella et al. (2003).

A smaller loss of ammonia-N was observed in the
treatment of urea coated with boric acid and copper

sulfate in the experiment in the 2009/2010, but not in
the 2010/2011 season (Table 2). The reason was
probably that in the 2010/2011 season rainfall was
high in the few days after fertilization (Figure 1). Rain
reduces volatilization by dissolving urea into the soil
(Cantarella et al., 1999).

Volatilization of ammonia-N from the
combinations of urea or coated urea and ammonium
sulfate did not differ from urea in both seasons
(Table 2). These results disagree with those reported
by Vitti et al. (2002) and Lara Cabezas et al. (2008),
who observed smaller losses from the combinations
than from urea alone.

The use of urea plus 15 % (m/m) of zeolites did not
reduce volatilization compared to urea alone, in
disagreement with results reported by Bernardi et al.
(2007a), who observed a volatilization reduction of more
than 20 %.

The higher grain yield in the N fertilization than
the control treatment (without N) was only observed
in the 2009/2010 season (Table 2). The influence of
soil fertility on crop response was described by
Mulvaney et al. (2001) and the results of that study
reinforced the concept to take the previous crop into
consideration when planning N fertilization, as also
discussed by Amado et al. (2002). Agricultural soil
managements that use organic matter input and
recycling in soil, e.g., the no-tillage system, intensify
the microbial activity and its role in mineralizing N
from organic sources for plants (Cantarella, 2007).
Therefore, the lack of response to N fertilizers in the
2010/2011 growing season would be a consequence of
both climatic conditions and the composition of the
soil residuum (richer in N than residues of the previous
season). Due to this mechanism, Amado et al. (2002)
suggests the use of  lower N doses for crops sown after
leguminous crops.

No correlation was observed between ammonia
volatilization and crop yield, possibly because of the
small and similar ammonia losses in the treatments.
In general, the recovery of fertilized N by plants is
low. Fernandes et al. (1999) observed recovery by
plants of 10 to 52 %, depending on the soil management.
In other words, soil is the main N reservoir of maize
crops and fertilizers would therefore influence the N
stock of the crop system over time.

The maize grain yield was higher when fertilized
with the mixture of urea coated with boric acid and
copper sulfate with ammonium sulfate than in the
other treatments using urea in the 2009/2010
growing season; however, in the same season, the
yield of maize treated with the same mixture without
urea coating was lower than in the other treatments
using urea (Table 2). The yield in the treatment with
urea mixed with ammonium sulfate was different
from that reported by Lara Cabezas et al. (2008),
which was significantly greater than the control, but
similar to the mixed sources urea+ammonium
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sulfate and urea+gypsum.Urea coated with zeolite
influenced the grain yield negatively in the 2009/
2010 growing season, compared to the urea
treatments (Table 2).

Association between the available forms of B and
Cu and sulfur from the combination of ammonium
sulfate+coated urea with boric acid and copper sulfate
probably induced a synergistic effect that increased
grain yield, as suggested by Galrão & Andrade (1992).
The grain quality based on the assessment of crude
protein was unaffected by the fertilizer treatments,
but N application had a positive effect in the 2009/10
growing season (Table 2).

CONCLUSIONS

1. The greatest loss of ammonia-N by volatilization
occurred in the first four days after application.

2. Using urea coated with boric acid and copper
sulfate under volatilization-favorable conditions
resulted in a reduction of the volatilization loss of
ammonia-N when compared to the other urea
application treatments.

3. The grain yield differed in response to nitrogen
applications and urea treatments, however only when
applied on maize residues. The combination of
ammonium sulfate+coated urea with boric acid and

Treatment Ammonia volatilized Grain yield Crude protein

kg ha-1 %

2009/10 2010/11 2009/10 2010/11 2009/10 2010/11

Control - - 5188 9342 7.4 9.3

UC-B/Cu 11 17 6273 9870 8.1 9.3

AN 0.1 0 5288 9338 8.6 8.9

ASU 18 15 5658 9853 8.6 9.3

ASUC-B/Cu 19 12 7448 9679 8.5 9.3

U 18 14 6278 9766 8.7 8.9

UC-Z 19 14 5795 9331 8.0 9.5

CV (%) 27 19 9 8 11 8

Contrasts F Test

Control vs UC-B/Cu + U + ASU + ASUC-B/Cu + UCZ + AN - - -953** -298ns -1.0* 0ns

UC-B/Cu vs U + ASU + ASUC-B/Cu + UC-Z -7.9** 1.8ns -47 ns 213 ns -0.3 ns 0 ns

ASU vs UC-B/Cu + U + ASUC-B/Cu + UC-Z 1.7 ns 1.2 ns -816* 192 ns 0.3 ns 0 ns

ASUC-B/Cu vs UC-B/Cu + U + ASU + UC-Z 2.6 ns -2.4 ns 1547** -26 ns 0.1 ns 0 ns

U vs UC-B/Cu +ASU + ASUC-B/Cu + UC-Z 1.2 ns 0.1 ns -40 ns 83 ns 0.4 ns 0.5 ns

UC-Z vs UC-B/Cu + U + ASU + ASUC-B/Cu 2.4 ns -0.7 ns -644* -461 ns 0.5 ns 0.3 ns

Table 2. Orthogonal contrasts and significance of the total volatilized ammonia-N in the 2009/2010 and 2010/

2011 growing seasons

UC-B/Cu (urea coated with boric acid and copper sulfate); AN (ammonium nitrate); U (urea); ASU(ammonium sulfate+urea);
ASUC-B/Cu (ammonium sulfate+ureacoated with H3BO4 and CuSO4); UC-Z (urea coated with zeolite); ns: non-significant; *
and **: significant at 5 and 1 % by the F test, respectively.

Treatment

Day after fertilizer application

4 8 12 16 20

NH3 volatilization (kg ha-1)

2009/2010

UC-B/Cu 10.5 ab 12.8 ab 13.3 b 13.6 b 13.7 b

AN 0.4 a 0.6 a 0.6 a 0.6 a 0.8 a

ASU 16.8 b 20.1 b 20.8 b 21.1 b 21.2 b

ASUC-B/Cu 12.9 b 14.9 b 15.7 b 15.9 b 16.1 b

U 14.8 b 16.7 b 17.6 b 18.0 b 18.0 b

UC-Z 15.7 b 17.6 b 18.3 b 18.5 b 18.7 b

CV (%) 41 40 38 37 37

2010/2011

UC-B/Cu 15.8 b 16.1 b 16.1 b 16.3 b 16.4 b

AN 0.4 a 0.6 a 0.7 a 0.8 a 0.8 a

ASU 14.1 b 14.3 b 14.4 b 14.5 b 14.5 b

ASUC-B/Cu 11.4 b 12.0 b 12.1 b 12.2 b 12.2 b

U 13.8 b 14.0 b 14.1 b 14.1 b 14.2 b

UC-Z 13.1 b 13.4 b 13.4 b 13.5 b 13.5 b

CV (%) 18 19 19 18 18

Table 3. Volatilization of ammonia-N measured in

different periods after fertilizer application during

the 2009/2010 and 2010/2011 growing seasons

UC-B/Cu (urea coated with boric acid and copper sulfate); AN
(ammonium nitrate); U (urea); ASU (ammonium sulfate+urea);
ASUC-B/Cu (ammonium sulfate+urea coated with H3BO4 and
CuSO4); UC-Z (urea coated with zeolite). Averages followed by
same letter in a column do not differ statistically by the Tukey
test (p=0.05).
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copper sulfate resulted in a higher grain yield than of
the urea treatments;

4. The crude protein content in maize grain was
not influenced by the technologies of urea coating.
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