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The management of nitrogen fertilization in agriculture is one of the most important factors for 
obtaining high yields. The objective of this study was to evaluate nitrogen sources and managements 
on the 
of Rio Grande do Sul. The experimental design was a randomized block with four replications, in a 
factorial 2 x 5two N sources in side
N application managem
DAE + 
urease inhibitor yielded higher 
remaining parameters. The N management enable higher 
with more late applications of nitrogen, however, not influencing the agronomic parameters. The 
absence of N application brings in fewer ears per square meter, number of grains per ears, plant 
height, dry matter, 
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INTRODUCTION 
 
Wheat (Triticumaestivum L.) is a major source of protein and 
calories for the world population, and its global demand is 
expected to grow 44% until 2027 (Meade et al
the major cereal producers, is the European Union as world's 
largest producer of wheat, approximately 142.9 million tons, 
followed by China, India and the United States with a 
production of 122, 92.4 and 57.9 million tons, respectively 
(USDA, 2014). In Brazil, the wheat crop has great economic 
and social importance, Brazilian wheat production is about 5.5
million tons per year, well below the annual demand, which is 
approximately 10.7 million tons (CONAB, 2016).However, 
soil conditions, climate and topography favorable to the 
cultivation of wheat, can make Brazil a country with great 
potential for expansion of this culture, with the prospect of 
providing self-sufficiency in domestic production (Filho 
2010).  
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ABSTRACT 

The management of nitrogen fertilization in agriculture is one of the most important factors for 
obtaining high yields. The objective of this study was to evaluate nitrogen sources and managements 
on the agronomic performance in wheat crop (Triticumaestivum) in no
of Rio Grande do Sul. The experimental design was a randomized block with four replications, in a 
factorial 2 x 5two N sources in side dressing (conventional urea, 
N application managements: Control (without N inside dressing);½ 30 DAE + ½ flowering;
DAE + ⅓ flowering;⅓ 30 DAE + ⅓ stem elongation + ⅓ flowering andtotal dose 30 DAE. Urea with 
urease inhibitor yielded higher percentage of total proteinof the grains, however, did not affect the 
remaining parameters. The N management enable higher percentage of total protein
with more late applications of nitrogen, however, not influencing the agronomic parameters. The 
absence of N application brings in fewer ears per square meter, number of grains per ears, plant 
height, dry matter, percentage of total proteinand grain yield. 

This is an open access article distributed under the Creative Commons Att
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Nitrogen (N) is the soil nutrient most limiting to plant growth, 
mainly grasses, second only to water availability (
al., 2013; Kutman et al., 2011). The management of nitrogen 
fertilization in agriculture is one of the most important factors 
for obtaining high yields (Snyder 
approximately 30-50% of the yield increase of crops 
worldwide (Erisman et al., 2008).
nitrogen fertilizer due to its high nitrogen content (460 g N kg
1), lower transport costs and hi
2006; Heffer and Prud'homme, 2011; Soares 
However, its use has been associated, the high losses of 
nitrogen through volatilization of ammonia (NH
Cobeña et al., 2012), denitrification, lixiviation, espe
when applied in harsh conditions, such as low humidity and 
high temperature soil (Ercoli et al
The best way to reduce N losses by NH
incorporation of fertilizer into the soil mechanically or by 
irrigation or rain water, however in some situations the 
incorporation is not possible,as in areas cultivated with 
conservation tillage (Cantarella, 2007).  
effectiveness of the applied fertilizer and also brings 
environmental and health pro
Zhou and Butterbach-Bahl, 2014).
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obtaining high yields. The objective of this study was to evaluate nitrogen sources and managements 
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Nitrogen (N) is the soil nutrient most limiting to plant growth, 
mainly grasses, second only to water availability (Kawakami et 

., 2011). The management of nitrogen 
fertilization in agriculture is one of the most important factors 

Snyder et al., 2009 ), it contributes 
50% of the yield increase of crops 

., 2008). Urea is the most widely used 
nitrogen fertilizer due to its high nitrogen content (460 g N kg-

), lower transport costs and high solubility (Glibert et al., 
2006; Heffer and Prud'homme, 2011; Soares et al., 2012). 
However, its use has been associated, the high losses of 
nitrogen through volatilization of ammonia (NH3) (Sanz 

., 2012), denitrification, lixiviation, especially 
when applied in harsh conditions, such as low humidity and 

et al., 2012; Tasca et al., 2011). 
The best way to reduce N losses by NH3 volatilization is the 
incorporation of fertilizer into the soil mechanically or by 

igation or rain water, however in some situations the 
incorporation is not possible,as in areas cultivated with 
conservation tillage (Cantarella, 2007).   This reduces the 
effectiveness of the applied fertilizer and also brings 
environmental and health problems (Bodirsky et al., 2014; 

Bahl, 2014). 
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The use of fertilizers more "efficient" is one of the strategies to 
reduce losses, fertilizer imports and, maximize production 
(Tilman et al., 2011).  These include polymer coating treated 
with urea and urease inhibitors (Turner et al., 2010;Sanz-
Cobeña et al., 2012; Halvorson et al., 2014).  By preventing 
rapid hydrolysis,inhibitors increase the chances of N be 
absorbed by plants. Among the products tested as an inhibitor 
of urease, the NBPT (N- (n-butyl) thiophosphorictriamide) is 
what has achieved the best results (Beyrouty et al., 1988; 
Watson, 2000), increasing N use efficiency and crop 
productivity, it is effective at low concentrations (Cantarella et 
al., 2008). Traditionally, annual crops at sowing receive only a 
fraction of the total dose of N that need, and the remainder is 
applied to the side-dressing, during periods of peak demand 
(Filho et al., 2011). However, studies on the response of plant 
parameters and productivity of wheat grains with N sources of 
slow-release in side-dressing are scarce or insufficient, and 
should be studied in specific environmental conditions due to 
the complex dynamics of N in soil. Thus, the hypothesis 
underlying this work is that these N sources with slow release 
improve the efficiency of utilization of nitrogen by culture 
positive impact on the plant parameters and the final grain 
yield. Therefore, the objective of this work was to evaluate the 
efficiency of different managements and nitrogen sources with 
and without urease inhibitor in side-dressing on wheat 
agronomic performance in no tillage system in Southern 
Brazil. 
 

MATERIAL AND METHODS 
 
The experiment was conducted under field conditions in 2013, 
in the experimental area in the municipality of Ajuricaba, in 
the northwest part of the state of Rio Grande do Sul, in 
southern Brazil, whose coordinates are 28°14’S and 53°42’ W, 
at an altitude of 430 meters. The soil is classified as 
RhodicHapludox soil, or sandy clay loam soil in the Brazilian 
System of Soil Classification (EMBRAPA, 2013)with texture 
clayey. The climate according to Koppen classification, it is 
subtropical with wet spring, with average annual temperature 
of 18,1 ºC and annual rainfall of 1.900 mm. Precipitation 
occurred during the experiment are shown in Figure 1. The 
chemical characteristics of the soil of the experimental area at 
the depths from 0.0 to 0.20m were determined before the 
experiment was set up, according to methodology proposed by 
RAIJ & QUAGGIO (1983) and presented the following 
results:17,8mg dm 3 P (mehlich); 4.0% organic matter; 6,55 
pH (H2O);263,6 mgdm-3 K; 10,3cmol dm-3Ca; 3,6cmol dm-3 

Mg; 2,1cmol dm-3 H+Al; 14,6 cmol dm-3 effective CTCand 
87% saturation by bases. The experimental area had been 
conducted for 15 years under no-till system being occupied 
previously with soybean. The experimental plot measured 3 x 
3 meters, being considered as a useful area of each plot the 8 
centerlines, despising 0.5 m end,totaled 2.72 m2. 
 
The experimental design was a randomized block in a factorial 
2 x 5, with 4 replications, in which were two urea sources in 
side-dressing(conventional urea and urea with urease inhibitor 
– Super N®), being applied 80kg ha N-1 as a fixed dose, in five 
of N application managements, as follows: M1- 0 kg ha-

1(without Nin side-dressing);M2- ½30 days after emergence 

(DAE)+½flowering;M3- ⅔30 DAE + ⅓ flowering;M4- ⅓ 30 
DAE + ⅓ stem elongation + ⅓ flowering;M5- total dose DAE. 
Before sowing the experiment, the area was desiccated with 
the herbicide Paraquat (400 g ha-1 active ingredient) + 
Diuron(200g ha-1active ingredient). The seeds were treated 
with the fungicide mechanically Triadimenol (45g active 
ingredient100 kg-1seed) and the insecticide Imidacloprid (42g 
active ingredient100 kg-1seed). The wheat crop base fertilizer 
was mechanically held the day before sowing, distributed to 
haul with solid distributor with double disc for all treatments 
constantly, used a mineral commercial fertilizer NPK Yara 
Mila®, in the formulation 16-16-16, with dosage 200 kg ha-1, 
totalized 32 kg ha-1 N, P205 and K2Oat sowing. The wheat 
sowing was held June 16, 2013, spaced between 0.17 m line 
directly with mechanized seeder 16 lines, at a depth of 
approximately 2 to 2.5 cm, set at approximately 160 kg ha-1 of 
seed, aiming at a density of about 320 plants per square 
meter.The genotype used was the Quartz OR / Biotrigo 
Genetics, medium cycle, classified as “wheat bread”. 
 
The N applications were made manually, the haul distributed 
across the plot área.The first application was held on 
14.07.2013; the second application, the treatments with 
application in stem elongation, held on 16.08.2013 and the 
third application, the treatments with application at the 
beginning of flowering made on 09.15.2013. The following 
assessments were made: a) dry matter: it was evaluated by 
cutting the plants at the time of the soil surface in full bloom, 
in three rows of 0.5m length, using 0.26 m2, after collection the 
samples were placed in paper bags and dried in an oven at a 
temperature of 60 to 70 ° C until constant weight; b) plant 
height: was selected ten plants randomly within the useful area 
of the plot, measuring from ground level to the wheat spike 
apex; c) number of ears per square meter: determined by 
counting the earsof four main lines per one meter long; d) 
number of grains per ears: determined by the random 
collection of ten spikes in the useful area, performing the 
manual threshing and then the mean grain count; e) grain yield: 
determined from the useful area of manual harvesting the plot 
and later track with stationary beater attached to tractor power 
outlet, then proceeding to clean manually by wind induction. 
Following held the weigh grain with precision scales, 
determination of moisture and weight of the correction to 13%; 
f)1,000 grains weight: was determined with the score of 6 sub 
sample of 100 grains weighed on a precision scale; g) test 
weight (TW) and;h) percentage of total protein:used grain 
analyzer Infratec™ 1241 of brand FOSS. Data were submitted 
to analysis of variance (ANOVA), and the means were 
compared by Tukey test, 5% probability. Statistical procedures 
were carried out in Genes (Cruz, 2013) and SAS (SAS, 2013) 
softwares. 
 

RESULTS AND DISCUSSIONS 
 
For two sources of N there was no significant difference for 
the variables number of ears per square meter, number of 
grains per ear, plant height, dry matter, grain yield and TW. 
This lack of response may be associated will even distribution 
of rainfall during the experiment, which may have contributed 
to lower losses of N, mainly by volatilization of ammonia 
(NH3) the comparison of N sources.  
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Figure 1. Rainfall during the wheat crop cycle. 1N: 1st application of nitrogen; 2N: 2nd application of nitrogen; 3rd  
nitrogen application. SO:sowing; EM:plant emergence; SE: stem elongation; FLO:flowering; HA: harvest 

 

 
 

Figure 2. Protein content in grain according to different sources of N in wheat side-dressing 
Conventional urea and Urea with urease inhibitor 

 
Table 1 - number of ears per square meter, number of grains per ears and 1,000 grains weight of wheat,  

submitted to N application managements 
 

Managements Application Numberofears / m2 Numberofgrains/ears 1,000 grains weight 

(number) (g) 
M1 –Control (without N) 257,25 b* 37,90 b 36,37 a 
M2 - ½ 30 DAE + ½ PF 307,37 a 42,02a 37,29 a 
M3 - ⅔ 30 DAE + ⅓ PF 311,62 a 42,31 a 36,15 a 
M4 - ⅓ 30 DAE + ⅓ SE + ⅓ PF 301,87 a 40,96 ab 37,06 a 
M5 –Total dose 30 DAE 298,87 a 40,64 ab 36,79 a 
Average 295,4 40,77 36,73 
CV (%) 6,93 5,37 2,46 

*Average followed by the same letter in the column, do not differ, a 5% probability by Tukey test. 30 DAE: 30 days after 
emergence, PF: pre-flowering, SE: stem elongation. 

 

Table 2. Plant height (PH), dry matter (DM) of wheat subjected to N application managements 
 

Management Application PH DM 

(cm) (kg ha-1) 
M1 –Control (without N) 84,57 b* 10390,29 b 
M2 - ½ 30 DAE + ½ PF 96,00 a 11410,59 ab 
M3 - ⅔ 30 DAE + ⅓ PF 96,11 a 11854,56 ab 
M4 - ⅓ 30 DAE + ⅓ SE + ⅓ PF 94,67 a 12173,67 a 
M5 –Total dose 30 DAE 95,14 a 12816,94 a 
Average 93,3 11729,21 
CV (%) 2.03 9,01 

* Average followed by the same letter in the column, do not differ, a 5% 
probability by Tukey test. 30 DAE: 30 days after emergence, PF: pre-flowering, 
SE: stem elongation. 



 
 
 
 
 
 
 
 
 
 
 
 
 
Studying nitrogen fertilizers with slow release and 
conventional in wheat crop, Theago et al.,(2014) and Filho et 
al.,(2011) found no significant difference for the same 
variables in this study, the authors explain that the high rainfall 
could affect the efficiency of N, along with wheat genotype, 
climate and management. As for the percentage of total 
protein, was no significant difference between the N sources 
with a greater accumulation trend (0.47%) in the treatment of 
urea with urease inhibitor (Figure 2). These data corroborate 
the Zaman et al. (2010), who also concluded that urea with 
urease inhibitor increases the grain protein content in relation 
to the common urea. This increase in wheat grains of protein 
content can be explained by the fact that nitrogen is the main 
component of the protein building block (Zaman et al., 2010). 
A high protein content wheat grain is important in milling and 
baking quality of wheat, resulting in greater economic 
return.Proper management of how to apply, wherein the certain 
amount of N and the right growth phase can help optimize the 
protein content, avoiding adverse effects on agricultural 
production and the environment. The environmental conditions 
are very important in determining the magnitude of the loss of 
NH3 volatilization after application of urea.  
 
However, Cazetta et al., (2008) reported that by quantifying 
the N content grains, multiplied by 5.7 (conversion factor) 
obtains a value corresponding to protein content, as a 
percentage. Therefore, Prando et al., (2012) found no 
differences in N content of wheat grain with conventional urea 
and urea with urease inhibitor, both sources showed the same 
response. For the authors this lack of response may be 
associated with the occurrence of a period of 18 days without 
rain after side-dressing, this period without rainfall after 
nitrogen fertilization favors the loss of nitrogen through 
volatilization and hydrolysis of the urea on the surface. Even 
the increased efficiency of fertilizer (urea with urease 
inhibitor) depend on the occurrence of enough rainfall to 
incorporate them into the soil, and recommended that they 
present good efficiency up to seven days without rain after 
application. For the number of ears per square meter, there was 
a significant difference, and the treatment 0 kg ha-1 N showed 
an average reduction of 15.6% compared with the average of 
other treatments which were applied 80 kg ha-1 of nitrogen in 
side-dressing. As for the management of nitrogen there was no 
statistical difference (Table 1). Second, Bredemeier and 
Mundstock (2001) studied different management and N 
application times in wheat crop  (Without N, 3rd leaf, 5th leaf, 
7th leaf, booting, emergency + 7th leaf, 3rd leaf + 7th leaf and 5t 
leaf + 7th leaf), also observed a lower number of ears per 

 
 
 
 
 
 
 
 
 
 
 
 
 
square meter when it was not applied nitrogen in side-dressing. 
Nitrogen fertilization in side-dressing is very important in 
determining the number of tillers per plant and ears per plant 
(Costa et al., 2013). According with Mundstock and 
Bredemeier (2001), N absorbed in plant growth early stage 
promotes tillering and a higher percentage of survival of tillers. 

As for the number of grains per ears (Table 1) shows that the 
average of the treatments with N application that was 9.17% 
higher than the control (without N). When comparing the 
different N management there was no significant difference 
between them. The lack of response to the number of grains 
per ears with N installment were also observed by Costa et al., 
(2013), however, they stressed that the greatest value was in 
the installment with ½ 20 DAEand ½ at booting orpre-bloom. 
There was no significant difference between treatments for the 
variable weight of a thousand grains (Table 1).  
 
Coelho et al., (1998) studied N management strategies in 
wheat crop (Total dose to 20 DAE; ½ to 20 + ½ to 40 DAE; 
1/3to 20 + 2/3 to 40 DAE and 2/3 to 20 + 1/3 to 40 DAE, 
andwithout N), thus observed similar results to this study about 
the weight of a thousand grains,no significant difference in the 
installment of N. According to Costa et al., (2013), the mass of 
1000 grains is a measure that shows strong genetic control, but 
is also affected by temperature and humidity conditions during 
the ripening phase in the field. The managements N application 
do not interfere with plant height, unlike the control (without 
N), which was lower than the other treatments (Table 2). It is 
observed that there is an average increase of 10.9 cm in plant 
height with application of 80 kg ha-1 in comparison with the 
witness, which shows the importance of N for vegetative 
growth of wheat plants. In this same line of study N 
installment in side-dressing wheat crop, Cunha et al., (2013) 
also report that management parceled in side-dressing did not 
affect plant height of genotypes CD 105, IPR 130 and LD 052 
114. Already Silva et al., (2008) performing a similar 
experiment in the Cerrado, found regarding the application of 
the time, there was a higher plant height in treatment: 100% N 
at sowing, 1/3 N at sowing + 2/3 N to 15 DAE and 1/3 N at 
sowing + 2/3 N 30 DAE.On the other hand, Yano et al., (2005) 
concluded that for plant height, is the more advance 
application of N, the greater the development of the wheat 
plant. 
 
Thus, Coelho et al., (1998) explain that in cereals, application 
of high nitrogen levels in the initial period increases the 
production of phytohormones promoters of the growth and 
development responsible for division processes and cellular 
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Table 3 – Grain yield, test weight (TW)and percentage of total percentage of total protein (PPT) of wheat 
 grain subjected to N application managements 

 

Managements Application Grainyield TW PPT 

(kg ha-1) (kg 100 L-1) (%) 
M1 –Control (without N) 3580,14 b* 79,80 a 10,77 c 
M2 - ½ 30 DAE + ½ PF 4819,46 a 80,60 a 13,34 a 
M3 - ⅔ 30 DAE +⅓ PF 4751,54 a 80,19 a 13,01 a 
M4 - ⅓ 30 DAE + ⅓ SE + ⅓ PF 4574,18 a 80,45 a 12,97 a 
M5 –Total dose 30 DAE 4779,18 a 80,40 a 11,60 b 
Average 4500,9 80,29 12,34 
CV (%) 5,77 0.85 3,49 

* Average followed by the same letter in the column, do not differ, a 5% probability by Tukey test. 
30 DAE: 30 days after emergence, PF: pre-flowering, SE: stem elongation. 



expansion, increasing stem elongation and consequently, the 
plant height. In the dry matter (Table 2),e was a significant 
difference for N management, but the M4 and M5 were 
statistically higher than the control (without N), an increase of 
14.6 and 18.9%. As Da Ros et al., (2003) observed that the 
time of N application, considering the same dose did not affect 
the production of dry matter, but found only variations 
between the doses applied (zero, 30 and 90kg ha-1 N), 
regardless of times. These results are generally expected since 
nitrogen contributes to vegetative growth, acting in the rates of 
initiation and leaf expansion, the final size of the leaves and 
stem elongation (Schröder et al., 2000). For grain yield Table 
3, there was no significant response regarding the N 
management, except for the control (without N) that was 
statistically different from the other treatments.Compared to 
the average of treatments, there was a 24% reduction in grain 
yield without N application in wheat. Even with no significant 
difference between treatments with management of N, it is 
observed that the M2 with application of 40 kg ha-1 N at 30 
days after emergence and 40 kg ha-1 N in pre-flowering, the 
highest grain yield was observed, with an increase of 2.5% 
(117.2 kg ha-1) than the average for the other treatments with 
application N. This highlights the need for greater 
concentration of N in the early stages, since there was a trend 
of increases in grain yield with this anticipation of nitrogen 
(Table 3). 
 
This may be associated with the critical period definition of 
income components that take place at this stage, which are: 
number of ears per plant, ears per plant, spikelets per spike, 
grains per spikelets and grains per square meter, which have 
high correlation with the grain yield (Bredemeiere 
andMundstock et al., 2001; Benin et al., 2012). The 
managements of N did not influence the test weight (TW) 
(Table 3) these results being similar to those observed by Yano 
et al., (2005). Regarding the protein variable (Table 3), there 
was a significant difference to the managements, where M2, 
M3 and M4, were statistically superior to M1 and M5, which 
had the lowest protein content. It can be observed that when 
the N application was performed at a later time, higher values 
were obtained protein percentage, on average 1.5% compared 
with the application of the dose at 30 DAE. On the other hand, 
the absence of N application results in slightly lower values 
give the percentage of decrease of 0.83 and 2.33% protein 
compared to the total applied at 30 DAE and the average of 
treatments that were split, respectively (Table 3).These results 
are similar to Yano et al., (2005), noting that the late 
application of nitrogen held at booting provided an increased 
production of proteins in grains for the application of nitrogen 
held in the tillering and seeding, a fact confirmed by Cuniberti 
(1996). 
 
Conclusion 
 
Urea with urease inhibitor yielded higher percentage of total 
protein, however, did not affect the remaining parameters. The 
N management enable higher percentage of total protein in 
wheat grains with more late applications of nitrogen, however, 
not influencing the agronomic parameters. The absence of N 
application brings in fewer ears per square meter, number of 

grains per ears, plant height, dry matter, percentage of total 
protein and grain yield. 
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