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Abstract

A\\ Macrothi“k Journal of Agricultural Studies

The timing of nitrogen application in oats improves the efficiency of use of the nutrient,
expressing the yield and industrial quality of grains. The objective of the study is to indicate
the appropriate timing of nitrogen supply on the yield and industrial quality of oat grains,
considering the use of low and high dose of nitrogen at sowing and favorable and unfavorable
years for cereal growing in soybean/oat system. The experiment was conducted in the years
2016, 2017 and 2018, in Augusto Pestana, RS, Brazil. The experimental design was a
randomized block with four replications in a 2 x 4 factorial, for two doses of nitrogen at
sowing (5 and 25 kg ha'), changing the top dressing dose by the total supplied of 70 kg ha™,
in the expectation grain yield of 4000 kg ha, with time of supply at 0, 10, 30 and 60 days
after emergence. In an unfavorable and intermediate year for the growing of oats, it is
necessary to increase the dose of the nutrient at sowing in order to favor greater amplitude of
the time of application in top dressing. In a favorable year, whether low or high, this range of
application is guaranteed. Regardless of the reduced and high dose of nitrogen at sowing, the
greatest expression of grain and industry yield occurs with the nutrient applied at 30 and 35
days after emergence in an unfavorable year, 35 days in an intermediate year and 40 to 45
days in a favorable year, respectively.

Keywords: Avena sativa, rainfall, regression, sustainability, temperature
1. Introduction

In the globalized market, the use of strategies aimed at increasing the yield and quality of oat
grains is decisive. Therefore, the potential of oat yield is associated with the genetic
characteristics of the cultivars and their interaction with meteorological conditions and
management technologies. Among the management technologies, the dose and timing of
nitrogen application are fundamental to increase grain yield and quality (Ma et al., 2017;
Marolli et al., 2018).

The definition of the nitrogen dose in oats depends on the organic matter content of the soil, the
previous crop and the grain yield expectations (Mantai et al., 2016; Silva et al., 2016). On the
other hand, the most propitious moment for top dressing fertilization falls only on the
phenology of the plant linked to the period of greatest nutrient deficiency in the formation of
production components (Bredemeier et al., 2013; Mantai et al., 2015). The technical
indications of oats in Brazil recommend as the fertilization time between the beginning of the
tillering (stage V3) and the beginning of the elongation (stage V6), interval around 30 to 60
days after emergence, characterizing the period of greatest demand (Arenhardt et al., 2015;
Marolli et al., 2017).

The period between the beginning of the tillering and the elongation shows a great gap in the
decision of the appropriate moment of nitrogen application. In this way, the greater efficiency of
nitrogen use by the time of supply in top dressing can be better defined in the interval of greatest
demand, considering conditions of low and high dose of nitrogen at sowing and different
meteorological conditions for agricultural years favorable and unfavorable to oat growing.

The objective of the study is to indicate the appropriate timing of nitrogen supply on the yield
and industrial quality of oat grains, considering the use of low and high dose of nitrogen at
sowing and favorable and unfavorable years for cereal growing in soybean/oat system.
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2. Materials and Methods
2.1 Crop Area Description

The experiment was conducted in the field, in the agricultural years of 2016, 2017 and 2018, in
Augusto Pestana, RS, Brazil (28 ° 26’30’ °S and 54 °© 0’ 58’ W and 400 m altitude). The soil in
the experimental area is classified as an Oxisol and the region's climate, according to the
K&ppen classification, is of the Cfa type, with hot summer without a dry season. The air
temperature (°C) and rainfall (mm) information for the analysis of the meteorological
conditions of the agricultural year were obtained by the Total Automatic Station installed 500
m from the experiment.

Twenty days before sowing, soil analysis was carried out, determining the following
chemical characteristics of the soybean/oat system: (pH = 6.2; P = 33.9 mg dm; K = 200 mg
dm3; OM = 3.0%; Al = 0 cmolc dm3; Ca = 6.5 cmolc dm™ and Mg = 2.5 cmolc dm™,
Sowing was carried out in the third week of June with a seeder-fertilizer in the composition
of the plot with 5 lines of 5 m in length and spacing between lines of 0.20 m, forming the
experimental unit of 5 m2. The population density used was 400 viable seeds m. During the
execution of the study, applications of tebuconazole fungicide at a dosage of 0.75 L ha™ were
performed. Weed control was performed with metsulfuron-methyl herbicide at a dose of 4 g
hal. At sowing, 45 and 30 kg ha™ of P.Os and K20 were applied, respectively, based on the
levels of P and K in the soil with the expectation of grain yield of 4 t ha™.

2.2 Experimental Design

The experiment was conducted in a randomized block design with four replicationsina 2 x 4
factorial scheme, for two doses of nitrogen at sowing (5 and 25 kg ha), changing the top
dressing dose by the total supplied of 70 kg ha, in the expectation of grain yield of 4000 kg
hat, with the provision of top dressing in four application times (0, 10, 30 and 60 days after
emergence), totaling 32 experimental units in the soybean/oat succession system.

In the study, variables related to yield and industrial quality of oat grains were evaluated. Grain
yield (GY, kg ha) was obtained by cutting three central lines of each plot during the harvest
maturity period, grain moisture close to 22%. They were tracked with a stationary harvester
and directed to the laboratory to correct grain moisture to 13%. The hectoliter mass (HM, kg
hit) was obtained from the grain sample from each plot, directed to the equipment with a
known volume of 250 cm= the mass obtained in this volume was converted to kg hl™.
Industrial yield (1Y, kg ha') was obtained by the product of grain yield with the number of
grains greater than 2 mm and the husking index (1Y = GY x NG> 2mm x HI). The number of
grains larger than two millimeters (NG> 2mm, n) was obtained by randomly counting one
hundred grains, which are placed in a 2 mm mesh sieve and those above this dimension are
counted. From the grains larger than 2 mm, a sample of 50 grains is taken, which are weighed
on a precision scale to obtain the grain mass from grains larger than 2 mm. Then, these grains
are dehusked for weighing the caryopsis mass. In this way, the husking index (HI, g g*) was
obtained by the ratio between the mass of the caryopsis and the mass of grains.

2.3 Statistical Model

When meeting the assumptions of homogeneity and normality via the Bartlett test, analysis of
variance was performed to detect the significance of the main and interaction effects. Based on
this information, the test of comparison of means by Scott and Knott was carried out at the level
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of 0.05 probability of error. Afterwards, the quadratic equation (Equation 1) was adjusted to the
estimate of the ideal time of supply of the nutrient in top dressing (Equation 2) in the different
fertilization doses at sowing and top dressing to the expectation of 4000 kg ha* of grains.
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A\ MacrOthI“k ISSN 2166-0379

Y = by + b,x + b, x> (1)

Time = - —= )

3. Results and Discussion

In 2018 (Figure 1A), the average maximum temperature close to the application of nitrogen
was the lowest of approximately 15 <C in relation to the other years. At the time of nitrogen
application, the soil presented adequate humidity conditions due to the accumulation of rain
from the previous days. The high volume of rainfall during the cycle provided periods of less
sunshine, which reduces the efficiency of photosynthesis by the plant. The average grain
yield presented in Table 1, justifies a reasonable yield, characterizing as an intermediate year
(1Y) for the growing of oats. In 2017 (Figure 1B), when nitrogen was applied, the maximum
temperature averages were higher around 24 <C compared to 2016 and 2018. The nitrogen
applied in top dressing at 30 days after emergence, was followed by a rainfall volume greater
than 50 mm, a volume also observed close to the grain harvest, a condition that favors greater
nitrogen losses through leaching and losses due to excess rain in the maturation,
characterizing the year 2017 as unfavorable (UY) to growing. In the 2016 agricultural year
(Figure 1C), the average maximum temperature obtained at the time of nitrogen application
was around 20 <C. The application of nitrogen occurred in favorable conditions of soil
moisture due to rains that occurred in days prior to fertilization. In this condition, according
to Table 1, although the total rainfall volume was the lowest, the adequate distribution of
rainfall throughout the cycle was decisive in the higher grain yield, with an average yield of
around 4000 kg hat, characterizing a favorable year (FY) for growing.

Rainfall stands out as one of the main factors responsible for variations in agricultural yield.
Prior knowledge of rainfall conditions can indicate ways of management that ensure the
success of the activity (Arenhardt et al., 2015; Scremin et al., 2017).
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Figure 1. Data of rainfall and maximum daily temperature in the oat crop and the positioning
of nitrogen supply times throughout the cycle

N1o - Application of nitrogen 10 days after emergence; Nso - Application of nitrogen 30 days
after emergence; Neo - Application of nitrogen 60 days after emergence; DAE - Days after the
emergency; IY - Intermediate year; UY - Unfavorable year; FY - Favorable year. Data
obtained from the weather station located at the Regional Institute for Rural
Development/IRDeR/UNIJU T 2016, 2017 and 2018

In winter cereals, rainfall without large volumes favors adequate soil moisture and is well
distributed throughout the growing cycle, characterizes meteorological conditions favorable
to the management of nitrogen to the greatest expression of yield (Marolli et al., 2018; Silva
et al., 2020). In addition to rainfall, the air temperature also acts with a strong effect on the
dynamics of nitrogen utilization and expression of yield. Temperature acts as a catalyst for
biological processes, which is why plants require a minimum and maximum temperature for
normal physiological activities (Tonin et al., 2014; Marolli et al., 2017). In cereals such as
oats and wheat, the milder temperatures and radiation quality favor tillering and filling of
grains, with direct effects on productivity (Arenhardt et al., 2015; Trautmann et al., 2020). In
nitrogen management, the occurrence of high volume and/or intensity of rainfall, right after
fertilization, reduces the plant's efficiency due to the lack of oxygenation and generates the
loss of the nutrient by leaching (Ercoli et al., 2013; Scremin et al., 2017). The same authors
also report that high temperatures reduce the efficiency of fertilization due to losses by
volatilization.
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The results obtained by the analysis of variance show significant differences between the
nitrogen doses in the sowing with the time of supply in top dressing, as well as the presence
of interaction, in each year of growing (not shown). Therefore, the averages and regression
analyzes are presented unfolding the effects of this interaction. In Table 1, of averages, in the
intermediate year of growing (2018), the lowest dose of nitrogen at sowing indicates the need
for anticipation of supply, however, the highest dose allows to extend the moment of
application, not differentiating the points of 10 and 30 days after the emergence. In the
unfavorable year for growing (2017), the need to increase the nitrogen dose at sowing with an
appropriate time at the points of 10 and 30 days after emergence is highlighted. In the
favorable year (2016), the low and high doses of nitrogen at sowing show points of maximum
expression of grain yield at 10 and 30 days after emergence. In addition, with the possibility
of extending the moment of application to the point of 60 days after emergence at the highest
dose of nitrogen at sowing. In general, regardless of the condition of the agricultural year, the
time of application of nitrogen at points 10 and 30 days show the most expressive results of
grain yield, in a low and high dose of the nutrient at sowing.

A\\ Macrothi“k Journal of Agricultural Studies

Table 1. Averages of grain and industry yield and hectoliter mass of oats by the time of
nitrogen supply at sowing/top dressing in the soybean/oat system

Year N Dose Sowing N[)Drgggiggp N Time Top Dressing (days)
(kg ha™®) (kg hah) 0 10 30 60
Grain yield (kg ha)
2018 5 65 2916 Ba 3900 Aa 3822 Ab 3658 Bb
() 25 45 3063 Ba 4085 Aa 4090 Aa 3851 Ba
2017 5 65 2249 Bb 2664 Ab 2702 Ab 2331 Bb
(UY) 25 45 2451 Ba 3001 Aa 2900 Aa 2798 Ba
2016 5 65 3562 Cb 4190 Aa 4096 Aa 3830 Ba
(FY) 25 45 3892 Ba 4131 Aa 4179 Aa 4098 Aa
Average 5 65 2909 Ba 3585 Aa 3540 Aa 3273 Bb
25 45 3135 Ca 3739 Aa 3723 Aa 3582 Ba
Hectoliter mass (kg ha™?)
2018 5 65 47 Bb 54 Aa 53 Aa 51 Ba
(1Y) 25 45 51 Ba 55 Aa 55 Aa 51 Ba
2017 5 65 46 Ba 50 Aa 51 Aa 46 Ba
(UY) 25 45 45 Ba 50 Aa 51 Aa 45 Ba
2016 5 65 52 Bb 55 Aa 55 Aa 51 Bb
(FY) 25 45 56 Aa 56 Aa 56 Aa 55 Aa
5 65 48 Ba 53 Aa 53 Aa 49 Ba
Average 25 45 51Ba 54 Aa 54 Aa 50 Ba
Industrial yield (kg ha?)
2018 5 65 965 Ch 1549 Aa 1510 Ab 1252 Bb
(1Y) 25 45 1237 Ca 1651 Ba 1835 Aa 1471 Ba
2017 5 65 710 Cb 1265 Ab 1363 Ab 1080 Ba
(UY) 25 45 1031 Ba 1407 Aa 1554 Aa 1193 Ba
2016 5 65 1710 Bb 2081 Ab 2002 Ab 1920 Ab
(FY) 25 45 2011 Ba 2348 Aa 2290 Aa 2242 Aa
Average 5 65 1632 Ch 1632 Aa 1625 Ab 1417 Bb
25 45 1426 Ca 1802 Aa 1893 Aa 1635 Ba

The total dose of 70 kg ha is considered for the expectation of 4000 kg ha* of grains. Means
followed by the same lowercase letters in the column and uppercase letters in the horizontal do
not differ statistically from each other at p < 0.05 by the Tuckey test. IY - Intermediate year;
UY - Unfavorable year; FY - Favorable year

In Table 1, in the analysis of the hectoliter mass, in an unfavorable (2017) and intermediate
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year (2018) to the growing, the best time of nitrogen application is at the points of 10 and 30
days after emergence, either in low and high dose of the nutrient at sowing. In a favorable
year (2016), the reduced dose of nitrogen at sowing shows greater expression of the variable
also at the points of 10 and 30 days after emergence. It is noteworthy that the increase in
nutrient at sowing provides a range of application in top dressing that goes from the absence
to the point of 60 days after emergence in the greatest expression of the hectoliter mass.
Regardless of the condition of the agricultural year, the nitrogen supply period at 10 and 30
days after emergence promotes maximum expression of the hectolitric mass in a low and high
dose of nitrogen at sowing. In Table 1, from the analysis of averages of the industrial yield of
oat grains (cariopse yield), the intermediate year (2018) shows the point of 10 and 30 days
after emergence as the most expressive in reduced dose of nitrogen at sowing, however, the
increase in the nutrient dose shows the need for more punctual supply at 30 days after the
emergence. In the unfavorable year of growing (2017) the high nitrogen condition at sowing
shows the most expressive results when provided at 10 and 30 days after emergence. In the
favorable year (2016), the highest dose of nitrogen at sowing also shows promising results of
industrial yield with the time of supply at 10, 30 and 60 days after emergence. In this variable,
the favorable and unfavorable year of growing qualify the highest dose of the nutrient with
the greatest range of application, unlike the intermediate year. In general, the reduced dose of
nitrogen at sowing requires an advance of supply at 10 days after emergence, however, the
elevation of the nutrient promotes amplitude of application at 10 and 30 days after emergence.
These results indicate that the use of the highest dose of nitrogen at sowing extends the
supply period, making it possible to combine the management of fertilization with the most
suitable conditions of climate and soil with the expression of grain and industry yield.

In Table 2, of the regression equation in the soybean/oat system, the variables grain yield,
hectoliter mass and industrial yield show significant quadratic behavior, regardless of the
condition of the agricultural year and nitrogen dose at sowing. From these equations, the
optimum point for the timing of nitrogen in top dressing was defined under the different
growing conditions. In the intermediate year (2018), the maximum expression of grain yield
was obtained at 35 days after emergence, regardless of the nutrient dose at sowing. The
equations established in the doses of 5 and 25 kg ha™ at sowing show expected yield at the
ideal time with 4041 and 4296 kg ha, respectively. Still in 2018 for the hectoliter mass,
regardless of the dose provided at sowing, the ideal application time for top dressing was
around 45 days after emergence of oat seedlings, with the optimum dose providing an
opportunity to reach 55 kg hl™! in both conditions. The ideal time for nitrogen fertilization in
top dressing showed an optimum point equal to that indicated for grain yield, with 35 days
after emergence, regardless of the dose provided at sowing, allowing for a low and high dose
of nutrient at sowing to obtain 1614 and 1872 kg ha* of industrial yield, respectively.
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Table 2. Regression and estimation of the ideal nitrogen supply time for grain, industry and
hectoliter mass of oats in the soybean/oat system

Equation P - ldeal Times N Top Dressing Ye
¥ = bni bj_.t’ + b:.t" (ban) R (dayS) (kg ha-l)
2018 (1Y)
N-Sowing (5 kg ha™)
GY = 3108 + 51.87x — 0.7200x> * 0.68 35 4041
HM = 48.40 + 0.36x — 0.0054x> * 0.64 45 55
Y = 1072 + 33.69x — 0.5200%? * 073 35 1614
N-Sowing (25 kg ha™)
GY = 3247 + 59.01x — 0.8300x> * 075 35 4296
HM =51.61 + 0.28x — 0.0048x° * 0.88 44 55
Y =1273.70 + 36.70x — 0.5600x> * 0.96 35 1872
2017 (UY)
N-Sowing (5 kg ha)
GY = 2308 + 30.01x — 0.5000x> * 088 30 2758
HM = 46.42 + 0.34x — 0.0058x? * 096 40 51
IY = 789.55 + 38.96x — 0.5700x? * 0.87 35 1455
N-Sowing (25 kg ha™)
GY =2570.40 + 24.87x — 0.3300x> * 0.58 30 3020
HM = 45.76 + 0.35x — 0.0061x? * .88 39 51
IY = 1066.30 + 32.87x — 0.5100x° *  0.96 35 1592
2016 (FY)
N-Sowing (5 kg ha)
GY = 3685.10 + 33.60x — 0.5300x> *  0.67 40 4181
HM = 52.42 + 0.3x — 0.0042x> * 0.93 45 54
IY = 1789.10+ 17.55x — 0.2605x° * 057 45 2051
N-Sowing (25 kg ha™)
GY =3957.20 + 18.67x — 0.3000x* * 0.70 40 4224
HM = 55.96 + 0.02x — 0.0005x° * 099 45 56
Y =2081.80 + 16.17x —0.2300x> *  0.60 45 2344

R=2= coefficient of determination; P - Parameter that measures the slope of the line by the
probability of T at 0.05 error; N-time - Adjusted ideal time (days after emergence); N-Sowing
- Dose of nitrogen applied at sowing; YE - Variable estimated for the ideal season; * -
significant at p < 0.05 by the F test; GY - Grain yield (kg ha); HM - Hectoliter mass (kg hl);
1Y - Industrial yield (kg hal); 1Y - Intermediate year; UY - Unfavorable year; FY - Favorable
year

In the unfavorable year (2017), the highest grain yield was obtained 30 days after emergence,
regardless of the nutrient dose at sowing. The equations established in the low and high
nitrogen dose at sowing indicate yield at the ideal time with 2758 and 3020 kg ha®,
respectively. For the hectoliter mass, regardless of the dose provided at sowing, the ideal time
to apply the nutrient in top dressing was around 40 days after emergence, with an estimated
value of 51 kg hl* in both conditions. The ideal time for the supply of nitrogen in top
dressing has an optimum point 35 days after emergence, regardless of the dose provided at
sowing, allowing for a low and high dose of the nutrient at sowing to reach 1455 and 1592 kg
ha!, respectively, of industrial yield.

In the favorable year (2016), promising results for grain yield were obtained 40 days after
emergence, regardless of the nitrogen dose at sowing. The equations established at doses of 5
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and 25 kg ha! at sowing point to an expected yield of 4181 and 4224 kg ha, respectively. In
the same year, for the hectoliter mass, regardless of the dose provided at sowing, the ideal
time for application in top dressing was at 45 days after emergence, obtaining the value of 54
and 56 kg hl?, in both conditions. The ideal time of nitrogen application in top dressing
showed an optimum point at 45 days after emergence, regardless of low and high dose of
nutrient at sowing, with promising results of 2051 and 2344 kg ha, respectively, of industrial
yield.

The use of management practices, such as the adjustment of nitrogen doses and the ideal time
of supply can contribute to improve the efficiency of use to increase yield and quality of
grains in cereals, reducing nutrient losses to the environment (Val€&io et al., 2009; Silva et al.,
2016; Arenhardt et al., 2017). In wheat, Ercoli et al. (2013) found higher nitrogen efficiency
with the application of 30 kg ha of the nutrient at the time of sowing and the remainder of
the total top dressing dose. In canola, Kaefer et al. (2015) observed an increase in the
efficiency of nitrogen utilization in the preparation of grains by parceling, with one third at
sowing and two thirds at top dressing (40 and 80 kg ha) applied at the fourth true leaf stage.
Due to the supply of nitrogen in top dressing, Mantai et al. (2015) state that the maximum
efficiency of nitrogen fertilization in oats is obtained with the total dose supplied from 70 to
90 kg ha'* of nitrogen, this variation being dependent on the condition of the agricultural year
and the time of fertilization. Silva et al. (2015) observed changes in the efficiency of nitrogen
use in wheat by the type of residual cover of high and reduced carbon/nitrogen ratio, with an
optimum dose of 78 and 114 kg ha* of nitrogen in succession systems soybean/wheat and
corn/ wheat, respectively. Scremin et al. (2017) analyzed the efficiency of nitrogen use in the
yield of oat grains in systems of high and reduced N-residual release, with an adjusted dose
of nitrogen at maximum yield of grains with 80 kg ha® and 100 kg ha, respectively. De
Mamann et al. (2019), studying nitrogen doses in wheat, observed the maximum technical
efficiency of use of the nutrient in grain yield with the dose of 100 kg ha™, applied in the
phenological stage of the third expanded leaf. In this same study, the use of nonlinear effects
of temperature and rainfall were used for simulation by artificial intelligence, indicating an
optimal dose with 93 kg ha*. Trindade et al. (2006) found in the wheat crop, a reduction in
the hectoliter mass with the increase of fertilizer doses in top dressing with the cultivars
EMBRAPA 22 and EMBRAPA 42. In beans, Scherer et al. (2015) analyzed the effects of
different nitrogen doses and application times. Among the results obtained, the application of
nitrogen in top dressing positively influenced the crop, and the total dose of 60 kg ha? of
nitrogen applied at 30 days after emergence and half dose of 120 kg ha* in parcels at 15 and
30 days after the emergence showed the best results.

From the emergence to the emission of the sixth leaf is the time when oat plants demand
more nitrogen (Mantai et al., 2016). If applied in the initial stages, it favors the maximum
number of spikelets and grains in the inflorescence, when applied in the final stages, it can
enhance the number of stems per area (Teixeira Filho et al., 2010). In wheat, Arenhardt et al.
(2015) verify that the period between the beginning of the tillering and the elongation shows
a large interval in the decision of the appropriate moment of application, necessitating besides
the most favorable conditions of soil moisture, other elements in dimensioning the dose and
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the most adjusted time of nutrient supply. According to these authors, in years favorable to
growing, the timing of fertilization with N-fertilizer was adjusted around 45 days after
emergence and in unfavorable years at 35 days. Costa et al. (2013) observed that nitrogen
fertilization favored the yield of wheat grains when applied in parcels 20 days after
emergence and beginning of the ear. Martins et al. (2014) found that the increase in the mass
of wheat grains is normally associated with an availability of nitrogen during the flowering
phase and the beginning of grain filling. On the other hand, grains with greater mass do not
necessarily guarantee greater yield per area. Prando et al. (2012) reported that the supply of
nitrogen fertilizer at different times of application in top dressing affected the yield of wheat
grains, but not the hectoliter mass. Still, in wheat, Trautmann et al. (2020) analyzed the
efficiency of nitrogen use in different supply conditions. In the soybean/wheat system, the
forms of nutrient supply did not change in grain yield. On the other hand, in the corn/wheat
system, the more restrictive nitrogen conditions were more dependent on nutrient supply in
the early stages of development. For Kolchinski & Schuch (2003) the industrial quality of oat
grains depends on several factors, which may be related to soil conditions, climate,
management, such as the dose and timing of nitrogen application, sowing time, cultivar or
test employed to assess physiological quality.

The results presented in this study show that the definition of the nitrogen dose in the sowing
with the appropriate time of application in top dressing are important strategies in the
optimization of the nutrient to the yield and quality of grains with reduction of environmental
impacts. Therefore, it is an innovative proposal for nitrogen management in oat crop, which
seeks to add fertilizer recommendation criteria involving biological and environmental
indicators, in the perspective of a more sustainable management of the nutrient.

4. Conclusion

In an unfavorable and intermediate year for the growing of oats, it is necessary to increase the
dose of the nutrient at sowing in order to favor a greater amplitude of the time of application
in top dressing. In a favorable year, whether high or low, this range of application is
guaranteed.

Regardless of the high and reduced dose of nitrogen at sowing, the greatest expression of grain
and industry yield occurs with the nutrient applied at 30 and 35 days after emergence in an
unfavorable year, 35 days in an intermediate year and 40 to 45 days in a favorable year ,
respectively.
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