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ABSTRACT - The suitable management of nitrogen (N) fertilization can increase barley grain yield, since it is the nutrient
required in greater quantity. In this sense, the source and timing of nitrogen application are relevant factors. The objective was
to evaluate the effects of N sources and splitting on the performance of barley. The experiment was carried out under a clayey
Cambisol (550 g kg™), in Curitibanos, Santa Catarina. Factorial randomized blocks were used: three mineral sources of N: urea
(45% N); urea with urease inhibitor-NBPT (45% of N) and nitrate (30% of N), associated with two nitrogen splitting
fertilization: i) split of the rate of N in two seasons: beginning of tillering and full tillering and ii) single application at full
tillering. 100 kg ha™* of N were applied. There was no interaction between the factors and there was no effect of treatments for
plant height, ear length, grains per ear, ears per m2 and mass of a thousand grains. Yield was influenced by the N source, where
nitrate exceeded the yield from amidic sources by 16%. The splitting of N in two times did not present advantages over the
single application. Urea with NBPT was not viable in relation to readily soluble forms of N, with the highest yield obtained
with a nitric source.
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EPOCAS DE APLICACAO E FONTES DE NITROGENIO
INTERFEREM NA PRODUTIVIDADE DA CEVADA?

RESUMO - O manejo adequado da adubagdo nitrogenada pode propiciar maior rendimento de gréos de cevada, visto que é o
nutriente requerido em maior quantidade. Nesse sentido, a fonte e a época de aplicagdo de nitrogénio (N) sdo fatores
relevantes. Diante do exposto, objetivou-se com o presente trabalho avaliar o efeito de fontes de N e o parcelamento das doses
no desempenho da cevada. O experimento foi conduzido sob um Cambissolo Héplico Argiloso (550 g kg™), no municipio de
Curitibanos, Santa Catarina. O delineamento foi de blocos ao acaso em esquema fatorial: sendo trés fontes minerais de N: ureia
(45% de N); ureia com inibidor de urease-NBPT (45% de N) e nitrato (30% de N), associados a duas épocas de adubagdo
nitrogenada: i) parcelamento da dose de N em duas épocas: inicio do perfilhamento e perfilhamento pleno e ii) aplicagdo
integral da dose em perfilhamento pleno. Foram aplicados 100 kg ha™ de N. N&o houve interacao entre os fatores e n&o houve
efeito dos tratamentos para altura de planta, comprimento de espiga, gréos por espiga, espigas por m? e massa de mil grdos. A
produtividade foi influenciada pela fonte de N, onde o nitrato superou em 16% o rendimento oriundo das fontes amidicas. A
aplicacdo de N parcelada em duas etapas ndo apresentou vantagens em relacéo a aplicacdo Unica. A ureia com NBPT ndo se
mostrou viavel em relagdo as formas de N prontamente solGveis, sendo o maior rendimento obtido com a fonte nitrica.
Palavras-chave: fertilizantes de eficiéncia aprimorada, Hordeum vulgare L., NBPT, nitrato.

INTRODUCTION

Barley (Hordeum vulgare L.) is one of the few
options for grain crops during the cold season for southern
Brazil. However, its cropping can be an important income
source for the farmer, in addition to composing crop
rotation systems in succession to maize, soybeans and
beans. In the 2019 crop-season, 118,800 ha of barley were
cultivated in Brazil, with an estimated production of
429,100 tons, obtained in its entirety in the southern region
of the country, whose mean yield was 3,612 kg ha™
(CONAB, 2020). Part of the barley production is intended
to be malting, and another part directed to feed production.

For the next few years, incentives are expected to grow
barley and other winter cereals in order to reduce
dependence on maize in the manufacture of feed for pigs
and poultry (SEAPDR, 2019). Thus, fertility management
practices that favor crop vyield and grain quality
(WAMSER and MUNDSTOCK, 2007) should be sought,
aiming at greater efficiency of fertilizer use (MUURINEN
et al., 2006).

With regard to the nutritional aspect, nitrogen (N)
is the nutrient required in greater quantity by barley
(MUURINEN et al., 2006). It is estimated that, for each
ton of grain produced, nearly 23.1 kg of N are extracted
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and that, of this amount, 15.6 kg are exported
(SBCS/NEPAR, 2019). Nitrogen plays vital functions for
the plant, with structural function in amino acids and
proteins, glycol and lipoproteins, vitamins, in addition to
acting in the constitution of all the enzymes and activating
countless of them (MALAVOLTA et al., 1997). Efficient
fertilization with N is crucial for economic barley
production. Excess of N increases susceptibility to
diseases, pests and lodging, which reduces yield, in
addition to increasing the production cost and the
likelihood for contaminating the water table (ALLEY et
al., 2019). However, N deficiency results in low yields and
reduced profits compared to proper fertilization.

Although urea is a widely used N source, the use
of enhanced efficiency fertilizers (EEFs), which aim to
reduce N losses, has grown substantially in recent years.
N-butyl tiophosphoric triamide (NBPT) is the most used
urease inhibitor for reducing urea hydrolysis, mitigating N
losses (FORRESTAL et al., 2016). However, Ribeiro et al.
(2020) verified that the EEFs, including NBPT applied to
barley, were not effective in reducing N-NH; compared to
conventional urea. There are still few studies evaluating
the viability of N sources, combined with times of
application in barley farming in southern Brazil, and it is
necessary to understand whether EEFs are advantageous in
relation to the readily soluble N sources, especially in the
cropping of winter cereals, under strict winter conditions.

In addition, the timing of nitrogen fertilization is
fundamental to achieve higher yields and increase the N
use efficiency (ALLEY et al., 2019). According to
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Wamser and Mundstock (2007), the period of greatest
response to N fertilization is between the emission of the
third and ninth leaf of the main stem. In this period, the
beginning and end of tillering are considered the most
critical stages for the application of N, due to the higher
requirement of N for the formation of yield components,
number of stems per area, and number of grains per ear.

In this sense, the hypothesis of this work is that
using the urease inhibitor NBPT can increase barley yield
in relation to readily soluble N forms and that its use, due
to the slower release of N, is equivalent to a splitting use
of conventional urea or nitrate. The objective was to
evaluate the effect of N sources and its application timing
as topdressing in barley yield and yield components in
subtropical climate conditions.

MATERIALS AND METHODS

The experiment was conducted at the
Experimental Agricultural Farm of the Federal University
of Santa Catarina (Universidade Federal de Santa
Catarina, UFSC), Curitibanos Campus (27°16°26.55” S,
50°30°14.41” W), located at an altitude of 1,050 m. The
soil of the area is a typical HAPLIC CAMBISOL with a
clayey texture (550 g kg™ clay) (SANTOS et al., 2013) and
the climate, according to the Kdppen’s, is of the Cfb
type (ALVARES et al., 2013). The mean annual rainfall
and temperature values are 1,500 mm and 15°C,
respectively. Data on rainfall and on the mean air
temperature during the experiment are shown in Figure 1.
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FIGURE 1 - Mean air temperature and daily rainfall during the experiment period in 2014. The arrows indicate the date of
sowing, nitrogen fertilization at the beginning of tillering (N-1P) and nitrogen fertilization at full tillering (N-PP).

In the period prior to the implementation of the
experiment, the area was cultivated under no-tillage
system for 4 years, with the black oats/maize rotation. The
chemical characterization of the soil in the 0.0-0.20 m
layer presented the following results: pH (caci) = 6.6;

53,61 g dl’n-3 of MO; 10.7 mg dm'3 of P (Mehlich-1);
0.13cmol.dm™®  of K" eniicna);  7-98 cmol, dm™  of
Ca™ i 10 wy 3.91cmol.dm® of Mg™ ke 10 wy
0 cmol, dm™® of Al «cl 10 m), and effective CTC of

12.02 cmol, dm’.
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The experimental design was randomized blocks,
in a 3 x 2 factorial scheme, namely: three mineral sources
of N (urea with 45% N; nitrate with 30% N; urea with
NBPT urease inhibitor with 45% N), combined with two
application times: i) splitting the N dose in two periods:
beginning of tillering (IP) and full tillering (PP) and ii) full
application of N in crop PP, totaling 100 kg ha™ of N in all
the treatments. 50 + 50 kg ha™ of N were applied for the
splitting, at the beginning of tillering and at full tillering.

Barley was sown on July 25", 2014. The cultivar
used was BRS Elis, characterized by being an early cycle
cultivar, resistant to lodging and with high productive
potential. The density used was 290 seeds per m? in
spacing between lines of 17 cm. The basic fertilization for
phosphorus (P) and potassium (K) was carried out with
200 kgha® of the 00-20-20 formulate. The N
corresponding to the application scheduled for the
beginning of tillering was carried out on August 10",
while the application at full tillering occurred on
August 25", The crop-related treatments followed
technical recommendations for barley farming, by means
of regular monitoring.

The evaluations were divided in two stages. The
first at the flowering stage, where the plant height (AP)
morphological character was measured; and the second, in
the physiological maturation stage, where the vyield
components were evaluated, namely: number of ears per
m?2 (NEM), length of the ear (CE), number of grains per
ear (NGE) and the mass of a thousand grains (MMG). For
AP, ten representative plants were selected within each
parcel, disregarding three border lines and 1 m between
the beginning and the end of each experimental unit. The
measurements were performed using a ruler.

The NEM variable was measured by the
individual ear count in 2 linear meters, while CE and NGE
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were measured by selecting 15 ears, where CE was
determined with a ruler, and NGE through the individual
ear count of the grains per ear unit. MMG was calculated
by counting 350 grains, which were weighed with a semi-
analytical scale and the results extrapolated to one
thousand grains. Yield was determined by calculating the
mass of grains harvested in the useful area and the grains
from the evaluations of the yield components. The results
were corrected for a moisture content of 13% and
extrapolated to kg per hectare.

The data were submitted to the test of normality
of the errors and homoscedasticity of the variances, in
order to check the basic assumptions of variance analysis
(Anova). Then, the results were subjected to Anova, with
the effect of the interaction being tested (p < 0.05) and the
means compared by the Tukey test (p < 0.05). The data
obtained were subjected to Pearson's simple correlation
analysis. Statistical analyses were performed using the
Sisvar software, version 5.6 (FERREIRA, 2019).

RESULTS AND DISCUSSION

For N sources and application timing, no
significant interaction or significant correlations (p > 0.05)
were verified in the analyzed variables. The yield
components showed mean values of 19.8 spikelets per ear,
11.8 grains per ear, ear length of 7.6 cm, 614 ears per m*
and 327 g for a thousand grain mass (Table 1). The mean
height of the plants was 63.7 cm, which represents the
dwarf size characterized by the holding company.
However, it was below the mean height of 74 cm,
characteristic of the BRS Elis cultivar (MINELLA et
al., 2009). There was no single effect of the application
timing for barley yield; but the N source did have an effect
(Figure 2).

TABLE 1 - Yield components of barley after application of nitrogen (N) as top dressing, with different sources and application
timing, where IP represents the beginning of tillering and PP, full tillering.

N SOUrces Timing Spikelets per  Grains per Ear length (cm) Height of the Earszper I\t/rl%sjsg;g
ears ear plants (cm) m .

grains (Q)

Nitrate N-1P+N-PP 18.7™ 10.8™ 7.2™ 62.5"™ 657" 320.3™

N-PP 19.8 11.6 7.9 65.3 550 326.5

Urea N-1P+N-PP 19.5 11.3 7.5 63.0 555 332.8

N-PP 19.4 11.8 7.4 63.1 543 339.0

N-1P+N-PP 19.6 13.2 7.5 64.8 654 310.8

Urea/NBPT N-PP 22.1 12.1 7.8 63.6 723 335.0

CV(%) 8.94 10.18 4.13 2.55 21.88 10.96

"™ = not significant by the Tukey test (p < 0.05).

The high content of organic matter in the soil
(MOS), combined with the other chemical characteristics
of the soil, may have favored that no differences were
found between the fertilization timing for the evaluated
parameters. According to Wamser and Mundstock (2007),
under high soil N supply, the phenological stages for N
fertilization have less importance in grain yield. As before
the implementation of the experiment, the chemical
characterization of the area revealed MOS contents of

53.6 gdm™®, which is an attribute indicating high N
availability, it is suggested that there was a contribution of
mineralized N for crop development, hiding the effects of
the treatments. If we consider an N mineralization rate of
3% per year, and based on the MOS contents of the area
under study, we would have a release of 161 kg ha™ of N
per year, which would be released gradually and part could
be absorbed by the crops (SCHONINGER et al., 2018).

Sci. Agrar. Parana., Marechal Candido Rondon, v. 19, n. 3, jul./sep., p. 264-269, 2020



Does nitrogen application...

Ruffing et al. (1980) observed that approximately
33 kg ha™ of N were absorbed by the barley from the soil
organic N mineralization. Nyborg et al. (1999), after
conducting a field study in 92 locations, reported that
when the nitrate (NO3) levels in the soil (0-60 cm) were
greater than 88 kg ha™, the application of mineral sources
had no effect on crop yield. Nevertheless, Fontoura et al.
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(2017), upon developing N recommendation system for
barley in the Center-South region of the state of Parana,
observed that higher N doses are needed at low levels of
MOS. These studies reveal the contribution of the organic
and mineral N of the soil to partially and fully supply the
demand for N by the plant.

I 50% N-IP + 50% de N-PP
100% N at PP
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FIGURE 2 - Barley vyield according to different nitrogen (N) sources and application seasons, where N-IP represents
application of N at the beginning of tillering and N-PP means application of N at full tillering of the crop. NBPT represents
urea + urease inhibitor N-(n-butyl) thiophosphoric triamide. *Different letters within each season and for each source indicate
significant differences between the N sources, according to the Tukey test (p < 0.05).

Another factor that may have contributed to the
lack of response to the application timing of N are the
climatic conditions of the experiment, with low
rainfall (Figure 1), combined with the clayey texture of the
soil, since these factors reduce N losses by leaching. In the
same climate and soil conditions as the present study,
however, with maize crops, Ribeiro et al. (2018) observed
that splitting nitrogen fertilization, with 2/3 of the dose
applied before sowing, associated with the subsequent
application of fertilizer at the time of sowing, tends to be
viable only in drought conditions. According to
SBCS/NEPAR (2019) in crops under a no-tillage system
and low probability of N losses by leaching, nitrogen
fertilization as topdressing in barley can be performed
from pre-sowing to tillering.

Nitrogen supply via nitrate resulted in the highest
yield values (p <0.05), and its use promoted a 16%
increase in yield in relation to the amidic forms of
N (Figure 2). In a study by Malhi et al. (1988) in a
greenhouse, barley plants also produced more when
fertilized with N-NO;" compared to N-NH,", with this
effect being enhanced when the pH of the soil was
below 6.0. The same authors observed a reduction in pH
due to ammonium and attributed the results obtained to the
acidification caused by the ammoniacal source. When
absorbing NH,*, protons are released and a consequent
acidification of the rhizospheric soil takes place; when
absorbing NO;’, the plant removes protons from the

solution. This phenomenon occurs due to the maintenance
of the cytoplasm internal electrical neutrality
(PRADO, 2008).

These changes in the rhizospheric environment
due to the N form can cause changes in the level of acidity,
availability of nutrients, and it can consequently influence
root development and yield of the crop. Furthermore, it is
necessary to point out that the N absorbed in the form of
NO;™ can be stored in the vacuole or metabolized, while
the N absorbed as NH,* must be completely metabolized,
not being accumulated by the plant because it is toxic in
high concentrations (PRADO, 2008).

Although the plant absorbs ammonium and
nitrate, absorption in the nitric form is predominant; and
this helps to explain the greater efficiency of this source in
raising barley yield (Figure 2). In addition, nitrate is the
most abundant form of N in the soil, due to the conditions
of good drainage and aeration that favor the nitrification
processes (SOARES et al., 2016). Another reasonable
reason for the higher yield of barley with the use of a nitric
source can be due to the lower N loss of the soil system.
Amidic sources are subjected to losses due to ammonia
volatilization when applied in the soil surface in no-tilage
system, being enhanced in certain environmental
conditions; resulting in losses of up to 43% of the applied
N (MINATO et al., 2019), so that using the nitric source
may have favored greater N availability for the crop. Thus,
the conditions of low soil moisture during the
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experimental period may have favored the N losses by
volatilization, even if small, or even reduced the
nitrification rates.

On the other hand, the occurrence of NOj
leaching can also reduce the efficiency of fertilization, a
fact that possibly did not occur in this study, since there
were low rainfall in the days close to nitrogen fertilization
(Figure 1). The NOj3 losses due to leaching are more
accentuated in conditions of high rainfall and in sandy
soils, since water is the main carrier for the NO3 ion be
leached to deep layers, distant from the root system
(THORUP-KRISTENSEN et al, 2009), a situation
different from the one found in this study.

Using the NBPT urease inhibitor did not have
advantages over conventional urea. Under the same
experimental conditions, also in barley cropping, Ribeiro
et al. (2020) observed the efficiency of NBPT in delaying
the hydrolysis of urea in the first 6 days after fertilization;
however, after this period, the release of NH,* and NO3™ by
this source was similar to conventional urea, which
resulted in similar losses by NHj;. However, the authors
verified that NBPT is efficient in reducing the emission of
nitrous oxide (N,O) in high moisture conditions of the soil.
In a review by Cantarella et al. (2018), it was observed that
the yield gain through the use of NBPT is in the order of
6.0%, which can vary from -0.8 to 10.2%, depending on
the cultivated species.

According to Cantarella et al. (2018), although
the acceptance of farmers for fertilizers containing urease
inhibitors is growing, some limitations, such as the short
period of effective inhibition and limited useful life, must
be addressed by the research. The authors point out that,
although urease inhibitors significantly reduce NH;
volatilization losses, they do not completely eliminate
them. In situations where the potential losses are high, the
use of urea applied in the soil surface, even with urease
inhibitors, can result in considerable N losses, without
showing higher efficiency than conventional urea in crop
yield. The vyield of 2,510 kgha’ obtained in the
experiment was close to the mean yield of 2,606 kg ha™
obtained in the 2014 crop-season for the southern region
(CONAB, 2015). Thus, only with the use of fertilizer in
the nitric form (2,759 kg ha™) was it possible to surpass
the yield obtained in the Brazilian southern region.

The efficiency of N fertilization as topdressing
depends, among other factors, on the climatic conditions
and on the type of soil, as well as on the ability of the
plants to extract nutrients during growing (NEUMANN et
al., 2009). Given the importance of barley as an income
source in the cold season of the year, the adoption of
strategies that optimize grain yield in highly efficient
production systems are essential. It is suggested that future
studies, in addition to yield, consider the effects of
nitrogen fertilizers on the dynamics of N in the soil-plant-
atmosphere system considering N losses by leaching,
ammonia volatilization and N,O emission, in addition to
the N uptake by the crops. Although the use of the nitric
source provides fewer losses due to ammonia
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volatilization, this form of N is more subjected to N losses
by leaching and denitrification.

CONCLUSIONS

Under subtropical climate conditions, in a clayey
soil with high organic matter contents, applying N with
urease inhibitor (NBPT), was not efficient for increasing
barley yield in relation to conventional urea.

Using N in the nitric form yielded a 16% increase
in barley yield in comparison to the amidic forms of
nitrogen.

Splitting nitrogen fertilization did not presented
advantages in relation to single application, regardless of
the source used.
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