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ABSTRACT: The properly measurement of gas emissions and nutrient availability to crops using 

technologies such as polymer-coated urea are required to monitored the possible nitrogen (N) fertilizer 
pollution in the environment. This study aimed to evaluate N loss through ammonia volatilization from 
polymer-coated and conventional urea in maize field trials under two different environments. The study was 
carried out in Chapadão do Sul and Selvíria State of Mato Grosso do Sul evaluating the first and second harvest 
of maize plants. Nitrogen fertilizers were applied as polymer-coated, conventional urea and control plots were 
used as reference to evaluate N loss through volatilization (3, 6, 9, 12, and 15 days after fertilizer application).  
The peak of ammonia volatilization was observed during the first three days after fertilizer application 
corresponding up to 44% of total N supplied. Polymer-coated urea had promising results showing less ammonia 
volatilization during the first crop. However, the same result was not observed for second crop. 
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INTRODUCTION 

 
Brazil stands out in maize production being 

the third largest producer worldwide. In 2016, 33% 
of the total area cultivated with maize was observed 
during first season (spring - summer), widely known 
as summer maize. Despite the tropical climate 
conditions, soybean is early cultivated using no 
tillage system with harvest season between January 
and May (summer season). In order to harvest a 
second crop, farmers in South America cultivate 
maize after soybean cultivation. This crop rotation is 
called second crop system (KANEKO et al., 2016). 
Currently, second crop system corresponds up to 
67% of cultivated area of maize in Brazil. Second 
crop system has been adopted in several tropical 
regions worldwide especially in Asia and Africa 
providing high quality food to alleviate human 
malnourishment. 

Nitrogen (N) is a key factor driving the crop 
yield in second crop system. Agriculture practice 
regarding N application needs improvements to 
avoid excess of N loss through leaching and 
volatilization (SHI et al., 2010; SUN et al., 2015; 
KE et al., 2017). These processes has been involved 
in global warming, and excessive delivery of nitrous 
oxide and ammonia from synthetic N fertilizer to the 

environment (RAVINSHANKARA et al., 2009; 
RAYMOND et al., 2016). Properly measurement 
methods to quantify the exactly amount of ammonia 
have been released from synthetic N sources are 
need (ADEWOPO et al., 2014).  

 Urea is the main N fertilizer used 
worldwide (PAN et al., 2016). Application of urea 
tropical soils (soil with acidic reactions) results in a 
massive loss of N through volatilization (CHIEN et 
al., 2009; NASH et al., 2015). 

Several techniques have been development 
to increase the efficiency of N fertilizer application 
to crops growing in tropical environments. Coated 
urea with polymers is a great example to how 
decrease N loss through ammonia volatilization 
(SOARES et al., 2012). However, several studies 
show controversial results regarding the efficiency 
of coated urea with polymers application in crops 
(PEREIRA et al., 2009; NASCIMENTO et al., 
2013; ZAVASCHI et al., 2014; SUN et al., 2015). 
Therefore, further studies are needed to quantify N 
loss through ammonia volatilization in different 
environments in order to recommend the optimal N 
fertilizer management. Properly management of N 
sources in agriculture can promote sustainable crop 
production with less environmental contamination.  
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This study aimed to evaluate the ammonia 
volatilization to estimate the N loss from polymer-
coated and conventional urea in maize crop field 
under no-till system in tropical soils and 
environments. 

 
MATERIAL AND METHODS 
 

Location and characterization of the study areas 
The experiments were conducted in 

Chapadão do Sul and Selvíria, State of Mato Grosso 

do Sul, Brazil. In Chapadão do Sul, the experiment 
was carried out at 18°41’33’’ latitude south and 
52°40’45” longitude west at 810 m of elevation 
altitude (a high elevation mountain range). In 
Selvíria, the experiment was located at 20º 22’ 
latitude south and 51º 22’ longitude west at 335 
meters of elevation (a low-elevation mountain 
range). The soil of both experiment sites is 
classified as Oxissol (SANTOS et al., 2013). The 
chemical properties of both soil environments are 
summarized in Table 1. 

 
Table 1. Soil chemical properties from experiment sites (0 – 0.20 m). 

Area O.M 
 
Total 
N 

pH 
(CaCl2) 

P 
(Resin) 

S K Ca 
 
Mg 
 

 
H+Al 
 

 ----g dm-3---  ------mg dm-3------- -----------mmolc dm-3---------------------- 

1 28 2.03 5.2 33 6 1.7 38 9 23 

2 18 1.04 5.1 10 8 2.8 25 13 21 

3 31 1.96 4.7 39 23 2.3 34 11 48 

4 28 1.65 4.9 58 14 7.0 31 21 50 
1 Chapadão do Sul – “first harvest” maize; 2Selvíria – “first harvest” maize; 3 Chapadão do Sul – “second harvest” maize; 4 Selvíria – 
“second harvest” maize..* Abbreviations: O.M. – organic matter, P – phosphorus, S – sulfur, K – potassium, Ca – calcium, Mg – 
magnesium, H + Al - potential acidity, N – nitrogen.  Methods of extraction: O.M – sodium dichromate; pH- CaCl2; P – Resin; S – 
ammonium acetate; K – Melich 1 ; Ca and Mg – KCl 1 N, H+Al – SMP;  total mineral N  – Kjeldhal. 

 
Selvíria shows an annual average 

precipitation around 1.300 mm, average annual 
temperature is 23.5 ºC, and relative air humidity is 
between 70 and 80%. In Chapadão do Sul, annual 
average precipitation is 1.500 mm, average annual 
temperature is 21 ºC, and relative air humidity is 
between 50 and 70%. Maximum and minimum 
temperature for Chapadão do Sul and Selvíria are 
compiled in Figure 1 and precipitation during the 

monitoring period for N loss through volatilization 
are summarized in Table 2. For both environment 
sites, the experiments were installed in two different 
time periods: first and second crop maize. In 
Selvíria, the experiments were carried out with 
“central pivot” sprinkler irrigation, while in 
Chapadão do Sul, there was no irrigation. 

 

 

 
Figure 1. Maximum and minimum temperature for Chapadão do Sul and Selvíria (the state of Mato Grosso do 

Sul – Brazil), 2011/12 harvest. 
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Maize was sown using a no-till system after 
soybean (Glycine max L.) and maize rotation in the 
spring - summer and maize and millet in autumn – 
winter. Millet (Pennisetum glaucum (L.) R. Br.) is 
the antecedent crop for the first crop maize 
experiments. Soybean was the antecedent crop for 
the second crop maize experiment. Sowing date for 
Chapadão do Sul and Selvíria took place in 

10/28/2011 and 11/11/2011 for “first harvest” 
maize, while the “second harvest” maize crop in 
Chapadão do Sul and Selvíria, the sowing took 
place on 02/21/2012 and 04/05/2012, respectively. 
For all experiments the maize were sowed with 0.45 
m row spacing and N fertilizer topdressing between 
the crop rows. 

 
Table 2. Last precipitation before nitrogen fertilizer application and precipitation during the monitoring period 

for N loss through volatilization, Chapadão do Sul and Selvíria (state of Mato Grosso do Sul – 
Brazil), 2011/12 harvest. 

Location 
 
 

Last precipitation Nitrogen fertilizer Precipitation 

Pre-fertilizer 
period 

Data Monitoring period 

Chapadão 
do Sul 

first maize crop 
14 Nov 2011 
(25 mm) 

21 Nov 2011 

21 Nov 2011 (21 mm) 

27 Nov 2011 (02 mm) 

06 Dec 2011 (03 mm) 

second maize 
crop 

18 Mar 2012 
(16 mm) 

22 Mar 2012 

22 Mar 2012 (22 mm) 

25 Mar 2012 (20 mm) 

26 Mar 2012 (13 mm) 

31 Mar 2012 (05 mm) 

Selvíria 

first maize crop 
01 Dec 2011 
(7 mm) 

05 Dec 2011 

06 Dec 2011 (23 mm) 

07 Dec 2011 (17 mm) 

14 Dec 2011 (21 mm) 

second maize 
crop 

22 Apr 2012 
(14 mm) 

26 Apr 2012 

27 Apr 2012 (18 mm) 

30 Apr 2012 (11 mm) 

01 May 2012 (07 mm) 
*Referring to rain and irrigation. 

 
Description of experimental conditions and 

experiment setup 
The treatments were consisted of two N 

sources: polymer-coated and conventional urea. An 
additional plot receiving no N fertilization was set 
as a control treatment (without N). Nitrogen loss 
through volatilization was measured 3, 6, 9, 12 and 
15 days after fertilizer was applied as well as the 
total accumulated loss throughout the period. The 
experiment used a completely randomized block 
design with 5 replications. A soluble ionic polymer 
was used to coat the urea (commercial name 
Policote®). The N rate used was 135 kg ha-1 applied 
to the soil surface during phonological maize stage 
at V5. Nitrogen fertilizer was applied on 11/21/2011 
in Chapadão do Sul and 12/05/2011 in Selvíria for 
the first crop and on 03/22/2012 in Chapadão do Sul 
and 04/26/2012 in Selvíria for the second crop.  
 

Determination of ammonia volatilization  

Ammonia volatilization was quantified 
using a semi-open collector as described by 
NOMMIK (1973) and adapted by Lara Cabezas et 
al. (1999). The semi-open collector were 
constructed from transparent PVC; measured 35 cm 
tall and 15 cm in diameter, and accommodated two 
3-cm-thick disk-shaped pieces of polyurethane foam 
impregnated with phosphoric acid solution (50 mL 
L-1) + glycerin (40 mL L-1). First, the ammonia 
collectors were installed on the soil at a depth of 20 
cm to capture the ammonia volatilization from 
fertilizer. The second piece of foam was placed 15 
cm above the first in order to prevent ammonia 
contamination from outside atmosphere. Experiment 
results from Jantalia et al. (2012) comparing the 
semi-open collector method with 15N equilibrium 
technique show that semi-open collector is 
appropriate method to measure ammonia 
volatilization from fertilizers.  

Transparent PVC hat with 2 cm between the 
lowest part of the hat and the collector were placed 
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to protect the collectors from rain. The collector was 
fixed in the soil by means of 3-mm-thick steel 
stakes as illustrated in Figure 2. The collectors were 
installed on rigid PVC bases 15 cm in diameter and 
11 cm in height that were located between maize 
spacing rows. The positions of the collectors were 
periodically changed according to monitoring period 
as described by Cantarella et al. (2008). 

The samples were collected from the semi-
open collectors in different monitoring time for 
ammonia quantification. The foams located at the 
top of the collector were discarded. Foam located in 
the center of collectors (figure 2) collected and used 
for analysis. The foam disks were stored in plastic 
bags and refrigerated to a temperature of less than 5 
ºC for later quantification of volatized N.  

 
 

 
Figure 2. Semi-open static collector with absorber wrapped floam and its respective PVC bases use to quantify 

ammonia volatilization in maize crop field. 
 

Ammonia extraction retained in the foam 
disks was carried out by saturating the disks with 
400 mL of 1.0 mol L-1 of KCl solution for 24 hours 
in order to completely remove the ammoniacal 
nitrogen retained. An aliquot of the extract was 
distilled with 10 mL of 5.0 mol L-1 of NaOH 
solution. The distillate was collected in an 
Erlenmeyer flask with 10 mL of boric acid solution 
containing an indicator. Afterwards, the solution 
was titrated with 0.05 mol L-1 hydrochloric acid 
(Kjedahl method).  The results obtained after 
correcting for the background sample were 
expressed in kg ha-1 of volatized N.  
 
Statistical Analysis  

In all of the data sets considered, the 
normality of the data was analyzed using the 
Anderson-Darling test and verifying the 
homoscedasticity of the data with the variation 
equation test (or the Levenn test). The data 
underwent variation analysis with significant levels 
of 5% (p ≤ 0.05) probability by the F test. When 
they were significant, the averages underwent the 
Tukey test at the 5% de probability level of error 

using Sisvar statistical analysis software 
(FERREIRA, 2011). 

 
RESULTS  

Ammonia volatilization dynamic in maize 
crop field was similar in different environment 
(Chapadão do Sul and Selvíria) as shown in Figure 
3. The volatilization peak was observed after 3 days 
after coated or conventional urea supply. Ammonia 
volatilization decreased after 9 days of N fertilizer 
application on the maize crop (Figure 3). Similar 
results were found for all experiments and both 
environments tested. 

There was significantly less N loss by 
volatilization in Chapadão do Sul in control plots 
(without N supply) at 3, 6 and 9 days after N 
fertilization. Interestingly, significant difference (p ≤ 
0.05) was not found for N loss by volatilization 
between polymer-coated and conventional urea at 3, 
6, 9, 12 and 15 days after N application. However, 
the total estimated N loss by volatilization 
accumulated for urea was approximately 34 kg N 
ha-1 (25% of N applied to the soil), and for coated 
urea, the N loss by volatilization was approximately 
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26 kg N ha-1 (19% of N applied to the soil). These 
results suggest that polymer-coated urea has a 

positive effect on reducing N loss by volatilization 
under field conditions. 

 

 
Figure 3. Ammonia volatilization dynamic after N fertilizer supply to the maize crop. A) first maize crop 

grown in Chapadão do Sul; B) first maize grown in Selvíria; C) second maize crop grown in 
Chapadão do Sul; D) second maize crop grown in Selvíria, State of Mato Grosso do Sul, Brazil. 

 
Nitrogen loss by volatilization at the period 

of 3 days after fertilizer application was greater (p ≤ 
0.05) for urea than for polymer-coated urea for first 
maize crop in Selviria (Table 3). For conventional 
urea source, N loss during the first 3 days was 54 kg 
N ha-1, while for polymer-coated urea was observed 
approximately 39 kg N ha-1. No difference of N loss 
by volatilization was observed after 3 days due to 
incorporation of N into the soil by the rain. The total 
accumulated N loss by volatilization for Selvíria 
(Table 3) showed the same tendency for the first 3 
days after fertilizer application. Conventional urea 
showed values of 60 kg ha-1 (44% of N applied to 
the soil) while polymer-coated urea showed values 
around 42 kg ha-1 (31% of N applied to the soil).  

For second maize crop grown in Chapadão 
do Sul (Table 3), no effect of polymer-coated and 
conventional urea on N loss by volatilization was 
observed.  A similar result was also observed for 
total accumulated N losses by volatilization during 
the monitored period. The average values for N 
losses by volatilization were 52 and 57 kg N ha-1 for 
polymer-coated and conventional urea, respectively. 

Nitrogen loss by volatilization at 3 and 9 
days after fertilizer application was similar for 
polymer-coated and conventional urea for second 
maize crop in Selvíria (Table 3). Similar results was 
observed for total N loss accumulated throughout 
the period, which was approximately 27.5 kg N ha-1 
representing 20% of total N applied into soils. 
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Table 3. Nitrogen loss by ammonia volatilization after fertilizer application to first and second maize crops 
grown in Chapadão do Sul and Selvíria, State of Mato Grosso do Sul, Brazil. 

N Source 

N loss by ammonia volatilization  (kg ha-1) 

3 6 9 12 15 
TOTAL 

Days after application 

 
First maize crop in Chapadão do Sul 

Control (without N) 1.07 b 0.74 b 0.42 b 1.18 0.31 3.72 c 

Urea 24.50 a 4.38 a 3.45 a 1.29 0.76 33.85 a 

Coated urea 19.47 a 3.84 a 0.73 a b 0.85 0.75 26.18 b 

 
First maize crop in Selvíria  

Control (without N) 0.89 c 1.18 0.93 0.28 0.11 3.38 c 

Urea 54.43 a 2.91 0.72 1.21 0.54 59.80 a 

Coated urea 38.72 b 2.00 1.21 0.18 0.32 42.43 b 

 
Second maize crop in Chapadão do Sul 

Control (without N) 2.20 b 0.06 b 0.01 b 1.47 0.05 3.79 b 

Urea 36.30 a 6.55 a 7.43 a 0.96 0.79 52.03 a 

Coated urea 41.17 a 6.72 a 7.17 a 1.96 0.59 57.61 a 

 
Second maize crop in Selvíria 

Control (without N) 0.06 b 0.10 b 0.00 b 0.13 0.01 0.30 b 

Urea 26.42 a 0.58 b 0.37 a 0.04 0.00 27.41 a 

Coated urea 25.21 a 1.31 a 0.34 a 0.18 0.43 27.47 a 

CV(%) 
First maize crop in Chapadão do Sul1 

13.39 13.92 34.82 56.6 19.8 10.12 

CV(%) 
First maize crop in Selvíria1 

9.94 24.17 16.44 27.60 27.40 8.11 

CV (%) 
Second maize crop in Chapadão do Sul1 

23.02 42.89 60.99 37.5 30.50 23.47 

CV (%) 
Second maize crop in Selvíria1 

20.14 13.71 9.34 33.30 29.10 15.63 

Averages followed by the same letter in the column are within 5% of each other by the Tukey probability test. 1Data transformed 
with √x + 0.5. 

 
DISCUSSION 
 

Experiment results from Nash et al. (2015) 
indicate that not more than 2% of N will be lost by 
volatilization if the fertilizer is applied immediately 
before rain with a volume high enough for N 
incorporation into soil. Interestingly, for both 
environments in this study, there was good rain 
precipitation after fertilizer application. The rain 
precipitation was around 21 mm for first maize crop 
and 22 mm for second maize crop on the same day 
that fertilizer was applied in Chapadão do Sul. Rain 
precipitation values for Selviria was approximately 
23 mm for first maize crop and 18 mm for second 
maize crop on the same day after fertilizer 
application (Table 2).  

Similar results for volatilization peak were 
also verified by Cantarella et al. (2008) in the state 
of São Paulo in Brazil. The authors observed that 
ammonia volatilization was higher during the 
second day after fertilizer application. Therefore, 
some studies show the highest ammonia 
volatilization starts after 20 hours urea application. 
Jantalia et al. (2012) observed ammonia 
volatilization peak at 7 days after urea fertilizer 
application. The authors found ammonia 
volatilization peak at 42 days after application for 
polymer-coated urea. It is important to note that the 
polymer used in this case had controlled release, 
unlike the product used in this study (which was 
soluble anionic urea). In addition, similar results 
were shown by Pereira et al. (2009), in which the N 
losses by ammonia volatilization were higher for 
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urea than for polymer-coated urea and urea coated 
with a urease inhibitor.  

Lara Cabezas et al. (2008) also measured N 
loss by ammonia volatilization from Brazilian soils. 
The authors found much higher levels of ammonia 
volatilization than those found in this study. 
Approximately 77% of total N applied as urea 
fertilizer, the authors observed a decrease of 38% 
and 8% from urea mixed with ammonium sulfate 
and pure ammonium sulfate, respectively.  

Several studies shown decreases in N loss 
by volatilization with coated urea as reported by 
Francisco et al. (2011), Jantalia et al. (2012), Xu et 
al. (2013), Nash et al. (2015), Pan et al. (2016) and 
Ke et al. (2017). These results suggest the promising 
potential effect of fertilize technology on more 
sustainable agriculture.  

It is interesting to note that soil humidity in 
the layers of the soil that are closer to the surface 
can directly influence total volatized N (MARTINS 
et al., 2015). In this study, there was a significant 
precipitation day before fertilizer was applied (Table 
2), in all the experiments. This indicates the 
possibility of significant losses as seen in this study. 

Atmosphere temperature is one factor 
affecting the ammonia volatilization from urea 
fertilizers (LIU et al., 2011). There is a strong 
positive relationship between atmospheric 
temperature and ammonia volatilization from urea. 
In this study, the less ammonia volatilization in 
maize second crop in comparison to the first crop is 
because the atmospheric temperature was lower 
during the urea fertilizer application (Figure 1). 

No difference was observed regarding 
ammonia volatilization between urea a urea coated 

in during the maize second crop. The humidity, 
temperature and precipitation were sufficient to 
generate significant loss. However, the pH of the 
soil (Table 1) for the second harvest was lower than 
in the areas in which first harvest maize was grown, 
which could minimize this loss (LIU et al., 2011; 
XU et al., 2013). 
 
CONCLUSIONS 
 

There was a volatilization peak within the 
first three days after nitrogen-based fertilizer was 
applied, reaching levels of up to 44% of total N.  

Polymer-coated urea had promising results, 
reducing the ammonia volatilization in maize first 
crop, but the same results was not found for maize 
second crop. Further studies are needed in order to 
better understand the ammonia volatilization using 
polymer-coated urea under different environment 
conditions. 
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RESUMO: A necessidade de mensurar adequadamente a emissão de gases e também o fornecimento 

de nutrientes às culturas por tecnologias como o revestimento da ureia com polímeros são necessários para 
monitar a possível poluição de fertilizantes nitrogenados no ambiente. Assim, o objetivo desse trabalho foi 
determinar as perdas de nitrogênio (N) por volatilização pela ureia convencional e ureia revestida com 
polímero, em duas épocas de cultivo do milho (Zea mays L.), em duas regiões do cerrado brasileiro. Os 
trabalhos foram desenvolvidos em Chapadão do Sul e Selvíria, Mato Grosso do Sul - Brasil, na cultura do 
milho “primeira safra” e “segunda safra”, respectivamente. Os tratamentos foram constituídos pela ureia e ureia 
revestida por polímero aplicada em cobertura além de um tratamento controle (sem N) em função de épocas de 
monitoramento das perdas de N por volatilização (3, 6, 9, 12 e 15 dias após a adubação) com 5 repetições. Foi 
mensurado as perdas de N por volatilização nas respectivas épocas e o total acumulado no período. O pico de 
volatilização ocorreu durante os três primeiros dias, atingindo patamares de até 44% do total de N fornecido. O 
revestimento da ureia com polímeros apresentou resultados promissores, diminuindo as perdas de N-NH3 por 
volatilização no milho “primeira safra”. Todavia, os resultados obtidos no milho “segunda safra” não permitem 
generalizar tais benefícios.  
 

PALAVRAS-CHAVE: Perdas de N. Uso eficiente de fertilizantes. Cerrado. Polímero.  Sistema plantio 
direto. 
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