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Abstract 
 
Nitrogen is a nutrient that most limits the development, biomass yield and protein composition of Poaceae. The N losses can be 
reduced by synchronizing fertilizer additions with plant uptake requirements. The objective of this study was to investigate the 
effect of N topdressing at different rates and times on grain yield and industrial quality of two white oat cultivars. The experiment 
was carried out under field conditions, from July to November of 2014, in a factorial design 2 x 3 x 4, with four replications. Two oat 
cultivars (URS Guria and URS Brava) combined with nitrogen topdressing were applied under three management systems: (i) semi-
late, (ii) late and (iii) semi-late plus late, described as a growth stages (GS) GS31 (first node visible) and GS45 (booting) or split N on 
GS31 plus GS45 and N rates (0, 30, 60 and 90 kg ha

-1
) with urea as a source. White oat cultivars responded differently to nitrogen 

fertilization. The URS Brava cultivar showed higher hectoliter weight (HW) and crude protein in the grains (CP) and URS Guria 
higher number of spikelets per panicle (NSP) and plant lodging (LOD). Application of at least part of the N at the first detectable 
node played important role on grain yield and yield components. Splitting N fertilization in two applications, 50% at the beginning 
of stem elongation and 50% at booting, favored higher yield and protein content of the grains. The increase in N rates up to 90 kg 
ha

-1
 did not promote grain yield, but it provided increases in grain thickness and protein content in white oats cultivars, increasing 

the nutritional (more protein), industrial quality (more flakes per ton of the grains) and grain yield leading to more profit to farmer.  
 
Keywords: Avena sativa, Grain yield, Protein, N sidedressing, Grain Sieve. 
Abbreviations: ANOVA_analyses of variance, GS_growth stages, N_nitrogen, OM_organic matter, SOV_source of variation. 
 
 
Introduction 
 
Oats are grown in the South, Southeast and Midwest regions 
of Brazil (CONAB, 2019). They are important winter species, 
mainly to produce grains and dry mass, favoring the no-
tillage system (Webster and Wood, 2011). Oats grains are 
intended either for human consumption (and for such 
purpose, they are a functional food) or as animal feed, 
provided in rations or mixed with hay, silage and fodder 
(Oliveira et al., 2011). Agricultural research has sought for 
oats genotypes with high potential for grain production and 
technological standard highly tuned to the requirements by 
the flakes industry (Hartwig et al., 2007). Nitrogen (N) is the 
nutrient that most limits the development, biomass yield 
and protein composition of Poaceae (Jones et al., 2014). This 
limitation occurs because there is great demand for split 
application of this nutrient in synthetic form (Lin et al., 
2013). N is difficult to manage in tropical and subtropical 
regions, as a result of the large number of reactions and high 
instability in the soil (Ernani, 2016). The increase in the 
utilization of N can be obtained by split application in order 
to improve its efficiency (Ayadi et al., 2016). In white oats, 
split N application can increase the number of grains per 
panicle and the number of panicles per area. In order to 
favor the expression of yield components, Maral et al. (2013) 

suggested that N should be made available to white oats 
plants at sowing and at early tillering plant stage to 
stimulate tillering and to encourage panicle size preferably, 
when the plant has 5 to 6 leaves (early plant stem 
elongation). At such a moments, the plant responds with a 
large number of spikelets per panicle and consolidates the 
number of grains per panicle. A management strategy 
previously studied in other crops is N application at the 
reproductive stage of the crop, with the aim of increasing 
the grain quality. As N uptake depends on the growth rate of 
tissues, strategies to increase biomass before anthesis may 
represent a mechanism to increase the protein content of 
grains without restriction to grain yield (Finnan et al., 2019). 
Several studies have related N availability to increase protein 
and grain quality of wheat (Stefen et al., 2014; Rial-Lovera et 
al., 2016), maize (Nelson et al., 2009) and rice (Mingotte et 
al., 2015). For human diets, there is a preference for low-fat 
and protein-rich and fiber-rich grains, especially β-glucans 
related to reduction of cholesterol and blood sugar and 
weight loss (Hooda et al., 2010). Such an increase in protein 
content can be obtained by means of split topdressing 
application in later phenological stages of the crop. Research 
results about the effect of different N rates on grain yield 
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and grain quality in white oat are inconsistent and there are 
few studies on semi-late (stem elongation stage) and late 
(booting stage) N application and their relationship with 
industrial quality. Thus, the objective of this work was to 
check the effect of different rates of semi-late and late 
topdressing nitrogen fertilization on production and 
industrial quality of grains in two white oats cultivars. 
 
Results  
 
Plant morphology, grain yield and yield components 
 
The cultivars significantly (P<0.05) affected the lodging index 
and number of spikelets per panicle. There were no 
differences for the plant height, grain yield and number of 
grains per spikelets (Supplementary Table 1). For stages of N 
application, there was a significant effect on most of the 
tested traits except for the number of grains per spikelet. 
The N rate did not affect the plant morphology, grain yield 
and yield components (Supplementary Table 1). In this 
study, the interaction of cultivar × stage affected only on 
plant height and lodging, while the cultivar × rate interaction 
did not have significant effects. The cultivar × stage × rate 
interactions showed significant results on plant lodging 
(Supplementary Table 1). N rates and the interaction with 
cultivar and stage of N application were effective on a 
smaller number of traits, such as plant height and grain yield 
(Supplementary Table 1). In this way, it should be 
emphasized that these variables are dependent on the 
comparison between the two cultivars, stages and rates of 
topdressing N application. For plant height, the oat plants 
responded significantly to nitrogen fertilization in different 
stages (Table 2). The greater plant heights occurred, when N 
was applied at first node detectable stages and N split at first 
node detectable and booting (Table 2). The plant lodging, 
was observed at pre-harvest stage in both cultivars of white 
oat, but it was more pronounced in URS Guria, with 62% of 
lodging, while URS Brava had 41% (Table 3). The both 
cultivars showed greater plant height combined with its 
panicle weight (Table 3), because such treatments showed 
considerable plant height (~1.20 and 1.22 m) and grain yield 
(3,111 and 3,222 kg ha

-1
 for URS Guria and URS Brava, 

respectively) in response to N application (Table 3). The N 
application at booting stage resulted in plants with lower 
height and less lodging (Table 2). Also, in relation to lodging, 
differences were only found between N rates in URS Guria, 
with N fertilizer split in the first node detectable + booting, 
and URS Brava at all N on booting (Figure 1a). The responses 
to the rates were linear and distinct. The lodging pattern was 
inconsistent, whereas sometimes lodging was increased and 
sometimes decreased. This difference may be related to the 
proportions, in which lodging was occurred. In URS Guria, 
split N application split in the first node detectable + booting 
has led to an increase by 0.19% of lodging per kg ha

-1
 of 

applied N because of the increased rate of N (Figure 1a). In 
contrast, in URS Brava, the application of increasing rates of 
N, only at the booting stage, resulted in lower plant lodging 
(Table 2 and Figure 1a). The best results of oat grain yield 
were found with the application of N in first detectable 
stages and N split at first node detectable + booting, which 
resulted in 3,339 and 3,459 kg ha

-1
 of grains, respectively 

(Table 2). Given the findings, N application during the 
elongation of the first internode, either total or split, was 
fundamental for the expression of high grain yield in these 
cultivars, increasing grain production by 24%, compared with 

the application only in the later booting stage (Table 2). This 
fact is possibly related to the greatest number of spikelets 
per panicle (Table 2), which is also observed in this study and 
discussed below. Grain yield of oats did not respond to 
different rates of topdressing nitrogen fertilization 
(Supplementary Table 1). This shows that the large part of 
the N extracted and used by the plant was possibly derived 
from the remains of the soybean crop and the mineralization 
of soil organic matter (Table 1, OM = 4.5%). This value is 
medium to high. Under these conditions, lower N rates are 
sufficient to obtain satisfactory grain yield. Increasing the N 
rate did not have any effect on thousand-grain weight (Table 
2). This fact may have occurred because of the higher 
number of grains per panicle (Table 2), which would increase 
the competition for photoassimilates in the panicle and 
consequently reduce the uniform mass of grains. The 
cultivar URS Guria had a higher number of spikelets per 
panicle than URS Brava (Supplementary Table 1). The 
adjustment of these components is directly linked to genetic 
control, which leads to a match between them depending on 
the treatment they receive. In relation to the stages, the 
application of all N topdressing on first detectable node 
stage or its N split at first detectable node + booting resulted 
in a greater number of spikelets per panicle (Table 2),  
emphasizing the importance of N availability in the initial 
stages, where the yield component is defined. The number 
of grains per spikelet was not influenced by the cultivars, N 
rates and neither by time of application of the fertilizer; the 
average value was 1.73 grains per spikelet (Supplementary 
Table 1).  
 
Grain quality 
 
There were no differences for thousand grain weight and 
percentage of grains with transversal diameter higher than 
two millimeters (grain sieve index, G>2) (Supplementary 
Table 1). The N application at different stages did not affect 
the hectoliter weight and the grain sieve index. In relation to 
N levels, the effect was significant only for grain sieve index 
(Supplementary Table 1). In this study, the cultivar × stage × 
rate interactions showed significant results for grain sieve 
index (Supplementary Table 1). 
This fact may have occurred because of the higher number 
of grains per panicle (Table 2), which would increase the 
competition for photoassimilates in the panicle and 
consequently reduce the uniform mass of grains. However, 
thousand-grain weight may be influenced by the stage, 
where N is supplied to the plant, where maximum response 
was obtained with N made available late (booting) (Table 2). 
The proportions of split nitrogen fertilization did not affect 
hectoliter weight (Supplementary material 1). Still, hectoliter 
weight showed differenced only among cultivars, where the 
cultivar URS Brava showed the highest average 
(Supplementary Table 1). This industrial quality parameter 
has a complex character, which is mainly conditioned by 
genetic factors, characterizing variation between genotype 
responses. The grain sieve index (G>2) showed the effect of 
the N rate in use (Supplementary Table 1), and the data 
were adjusted to the linear function (Figure 1b). However, 
these effects were observed for URS Guria cultivar, only due 
to N application at stage 31. A similar trend was found for 
the protein content of the grains for URS Brava cultivar, only 
when N applied at stage 31 (Figure 2c). This fact is 
supported, since the largest rates of N keeps photosynthetic 
activity over a longer time, which may have resulted in 
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greater accumulation of reserves in grains, leading to greater 
size. The cultivars had a significant effect on hectoliter 
weight and protein content into grains (Supplementary 
Table 1). Application of N rate at several stages significantly 
affected the grain sieve index and crude protein 
(Supplementary Table 1). In this study, the stage × rate 
interaction showed significant effects for crude protein 
(Supplementary Table 1). The cultivar × stage × rate 
interactions showed significant results for grain sieve index 
and crude protein (Supplementary Table 1). N rates and the 
interaction with cultivar and stage of N application were 
effective on protein content into grains (Supplementary 
material 1). In this way, it should be emphasized that these 
variables are indicative that the genetic potential of oat 
genotypes was not limited by N application, as observed on 
tables 2 and 3. There was a single effect of cultivar and rate, 
double effect of rate versus stage and triple effect on the 
protein content into grains, indicating an interaction 
between the cultivars, stages and rates of N application 
(Supplementary Table 1). The average crude protein content 
was 12.4% (Supplementary Table 1), where cultivar URS 
Brava showed 13%; it was higher than that of URS Guria, 
whose CP content was 11.9% (Table 3). The maximum 
contents of protein in the grain were found with the 
application of N in a single application during booting (Figure 
2b). The high protein content with the application of N in 
these stages is possibly due to the availability of N in stages 
closer to grain filling (booting), allowing larger quantities of 
protein to be synthesized. A large part of the N used to 
synthesize proteins in the grain is absorbed prior to 
flowering. Therefore, it can be inferred that the quantity of 
N stored in plant tissues at the time of flowering is what 
defines the protein contents into grains. The simple effect of 
N rates had a positive influence on the protein content of 
the grains, because it fits to a growing linear function (Figure 
2a). However, when the different rates were evaluated at 
different stages, they significantly influenced the protein 
content quadratically and only when N is made available in a 
single rate at booting, with maximum point of 13.6% of CP, 
achieved with the estimate of 65.3 kg N ha

-1
 (Figure 2b). For 

crude protein, the interaction of cultivar × stage × rate, only 
showed a significant regression for cultivar URS Brava, with 
nitrogen fertilization in the first detectable node stage (stage 
31; Figure 2c). The function was fitted linearly, resulting in 
an increase of protein content as a function of N rate. These 
results allow making relevant inferences regarding the 
management of N to improve the nutritional quality of white 
oat grains, contributing to the growing demand for research 
in the area of plant management. Also, the Brazilian Oat 
Production Guidelines must take into consideration that 
there is still no knowledge of field experimental results 
addressing late N topdressing fertilization in the southern 
region. Therefore, these results are unprecedented and 
point to new insight on nitrogen fertilization (topdressing) in 
oats. Based on these results, it can be inferred that the 
nutritional quality of white oats grains, about protein 
content, increases with the availability of N, but it depends 
on the time of availability of nutrients to the plant and the 
cultivar being used. 
 
Discussion 
 
The positive relationship was observed between N and plant 
height, especially at stages that plant uses N for internode 

elongation. There are reports that N topdressing from 60- 
120 kg ha

-1
 (Irfan et al., 2016) or at 30-90 kg ha

-1
 of N 

(Hawerroth et al., 2015) under high N fertilization lead to 
highest plant height. 
According to the technical recommendations for oats (2014), 
cultivar URS Guria is classified as susceptible and URS Brava 
as moderately susceptible, illustrating the findings. We 
observed that N application also interferes the lodging, with 
significant differences between times of application. This 
phenomenon was observed for the treatments with N 
applied at stages first detectable node and first detectable 
node + booting of both cultivars. In a recent study, Espindula 
et al. (2010) found differences between cultivars, stages and 
nitrogen rates in wheat plants, where the cultivar BRS 210 
showed no lodging in any of the forms of application and 
nitrogen rates. On the other hand, the split application 
promoted greater lodging than the single-rate application in 
cultivar TBIO Pioneiro. This shows that the supply of N to 
white oats plants plays important role in stage next to first 
visible node because yield potential is being established. 
Production components are determined sequentially during 
crop development, and the beginning of elongation (Zadoks 
stages 31 to 33) are crucial to define the number of 
spikelets, the number of grains during the milk development 
period (Zadoks stages 60 to 75) and the size of grains 
between anthesis and physiological maturity (Zadoks stages 
69 to 89 (Maral et al., 2013). These results corroborate with 
those of Mundstock and Bredmeyer (2001), who with their 
findings, concluded that oats plants require high availability 
of N at the beginning of the cycle, with visible effects on 
grain yield. In China, Ning et al. (2012) evaluated a hybrid of 
corn kept with nitrogen levels at 150 and 300 kg ha

-1
, applied 

in the form of urea twice (one third was used as fertilizer 
and two thirds were applied in the pre-tasseling stage). The 
authors found no significant differences in grain yield in the 
treatment they used. The studies conducted with white oats 
indicate a trend for increase of productivity as the N rate 
increased, as observed by Kolchinski and Schuch (2003) and 
Finnan et al. (2019). However, it should be emphasized that 
the results indicate the response of plants to nitrogen 
depends on environmental conditions and genotype tested. 
Similar data were found by Stefen et al. (2014). They 
reported an increase in thousand-grain weight with 
application of N (30 kg ha

-1
) at the reproductive stage of the 

wheat cultivar Mirante. Benin et al. (2012) evaluated the 
effect of rates and time of nitrogen application on maize and 
found significance only for time of N application. They 
associated the higher values with the supply of the nutrient, 
especially in treatments that involved topdressing 
application, because of the higher leaf content of N in these 
treatments. Thousand-grain weight is an important 
parameter because higher grain yields can be achieved from 
the same number of embryos, only with the increase in 
reserves accumulated in the grain depends on up or bottom 
position of oat panicle (Mut et al., 2018). Uarrota et al. 
(2017a), studied 21 white oat cultivars, with and without 
application of fungicide and found differences between URS 
Guria and URS Brava for important industrial traits, like 
thousand grain weight, sieve grain index and hectoliter 
weight. According to Schulz et al. (2013) grain production in 
different wheat genotypes depends on the adjustment of 
yield components, number of tillers per plant, number of 
grains per spike and grain weight.   
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Table 1. Chemical properties of the soil used in the experiment. Lages, 2014 growing season.  
Mehlich 

Soil depth pH  (%) (mg.dm
-3

) (mg.dm
-3

) Sortive complex (cmol.dm
-3

) V% 

(cm) H2O OM P K Ca Mg Al H+Al SB CTC 
 

20 5.6 4.5 5.7 159 4.04 3.66 0.00 6.90 5.6 8.11 54.01 
PH= potential hydrogenionic; OM= organic matter; P= phosphorus, K= potassium; Ca2+= calcium; Mg2+ = magnesium; Al3+ = aluminum; H + Al= potential acidity; SB= sum of bases; CTC = cation 
exchange capacity; V%= base saturation. 

 
(a) A x B x C interaction (b) A x B x C interaction 

  
Fig 1. Lodging (a) and grain sieve index (G>2) (b) of white oats cultivars URS Guria and URS Brava grown under four nitrogen rates, 
applied in a single or split rate at two plant stages. 2014 growing season. * and **, significant at P<0.05 and P<0.01 by the F-test, 
respectively; ns- non-significant (P>0.05). 
 
 
 
Table 2. Means of lodging (LOD), grain yield (GY), thousand-grain weight (TGW) and number of spikelets per panicle (NSP) of white 
oats cultivars URS Guria and URS Brava, grown under four nitrogen rates, applied in a single or split rate a two plant stages. 
Lages/SC, 2014 season. 

Stage 
LOD GY TGW NSP 
(%) (kg ha-1) (g) (nº) 

First node 62.9 a 3339.0 a 30.9 ab 30.5 a 
Boot 34.4 b 2623.3 b 31.2 a 27.5 b 
Split first node+Boot 57.5 a 3459.9 a 29.9 b 31.3 a 

Mean 51.6 3117.9 30.6 29.7 
Boot - Booting; first node - first node detectable. 
Means followed by different letters, in the column, differ statistically among themselves by Duncan’s test (P<0.05). 
 
 

Table 3. Means of hectoliter weight (HW), number of spikelets per panicle (NSP), crude protein in the grains (CP), plant height (H) 
and lodging (LOD) of white oat cultivars URS Guria and URS Brava, grown under four nitrogen rates, applied in a single or split rate 
at two plant stages. 2014 growing season. 

Cultivar Growth stage 
HW NSP CP 
(kg hl

-1
) (nº) (%) 

URS Guria 
first node 42.9 

ns
 32.6 

ns
 11.7 

ns
 

Boot 44.0 29.9 12.2 
first node+boot 42.9 31.8 11.8 

URS Brava 
first node 47.0 ns 28.4 ns 12.1 ns 
Boot 48.1 25.1 13.4 
first node+boot 49.2 30.9 13.5 

 Guria  43.2 b 31.4 a 11.9 b 

 Brava  48.1 a 28.1 b 13.0 a 

  URS Guria URS Brava 
 

 
Plant height 
---------- (m) --------- 

 
first node A 1.20 ab A 1.23 b 
Boot A 1.18 b A 1.17 c 
first node+boot B 1.22 a A 1.26 a 

 mean ns 1.20 1.22 

  URS Guria URS Brava 
 

 
Lodging index 
---------- (%) --------- 

 
first node A 63.2 ab A 62.2 a 
Boot A 57.1 b B 11.7 c 
first node+boot A 65.7 a B 49.2 b 

 mean A 62. 0 B 41.0 
Boot - Booting; first node - first node detectable. Means followed by different lower letters, in the column, and uppercase letters, in the row, differ statistically among themselves by Duncan’s test 
(P<0.05). 
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(a) Rate effect (b) B x C interaction 

  
(c) A x B x C interaction  

 

 

Fig 2. Grain protein of white oats cultivars URS Guria and URS Brava grown under four nitrogen rates applied in a single or split rate 
at two plant stages: (a) N rate single effect; (b) Single effects of plant stages and (c) N rate, stage and cultivar interactions. 2014 
growing season. * and **, P<0.05 and P<0.01 significance by the F-test, respectively; ns- non-significant (P>0.05). 
 
 
Similar results were found by Teixeira Filho et al. (2007) 
when they evaluated the effect of nitrogen fertilization on 
the agronomic performance of wheat cultivars. These 
authors found that hectoliter weight was not significantly 
affected by the N rates tested (0; 20; 30; 40; 50 and 60 kg ha

-

1
), applied at sowing and at the end of tillering. Hectoliter 

weight is an important parameter in the marketing of oat 
grains and it is closely related to the proportion of caryopsis 
and bark (dehulling index). According to Finnan et al. (2019) 
the hectoliter weight value may increase, if N is applied at 
30-32 plant stage. Also, according to Tavares et al. (2014), 
hectoliter weight trait varies strongly according to 
environmental conditions, a fact which may explain the lack 
of response of cultivars to rates and application times of N in 
the plant. Wanser and Mundstock (2007) characterized the 
period of critical development for N supplementation at 
topdressing of barley based on the expression of grain yield 
components. They concluded that the treatment where N 
was applied at the beginning of the cycle (emission of the 
third leaf) stimulated plants to increase the number of 
spikelets per spike. This observation justifies the result found 
with the smallest number of spikelets per spike (Table 2) by 
postponing topdress nitrogen fertilization, i.e., only at 

booting. Teixeira Filho et al. (2007), studied 0, 30, 60, 90 and 
120 kg N ha

-1
, in the form of urea applied as topdressing in 

four wheat cultivars. They found that there was no response 
to increasing rates of N on the number of grains per spikelet 
and grain per spike. Güler (2011) studied oat genotypes 
submitted to N levels associated with irrigation and conclude 
a major effect of N on grain β-glucan content. Based on 
these and ours results, it can be inferred that the nutritional 
quality of white oats grain and protein content, increases 
with the availability of N, but it depends to late nitrogen 
applications, in a dependent manner of cultivar, stage and N 
levels. 
 
Materials and Methods 
 
Experimental area 
 
The experiment was conducted under field conditions in soil 
classified as Inceptisol, located at the experimental farm of 
the Santa Catarina State University-UDESC. The UDESC are 
located at Lages-SC, Brazil (930m above sea level, latitude 
27º48'58" S and longitude 50°19'34" W). The climate of the  
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municipality, according to the Köppen scale, is Cfb - humid, 
subtropical, mesothermal, with the cool summers in winter 
and spring. There are severe and frequent frosts, with no dry 
season, with an average annual temperature of 15.7ºC and 
average yearly rainfall in the region of 1,556 mm (Wrege et 
al., 2012). The experimental area has been cultivated under 
no-tillage system, and the previous crop was soybean. The 
soil was collected at the depth of 0.20m layer, and the 
results of the chemical analysis are shown in Table 1. 
 
Plant materials, treatments, conduction of study and 
experimental design 
 
The study was developed between July 4th and December 
12th, 2014. The mechanized seeding of white oats was 
performed using 350 viable seeds.m

-2
. The experiment was 

carried out in a randomized block, split-plot design, with four 
replications. The treatments consisted of a combination of 
factors. The main plots were white oat cultivars (URS Guria 
and URS Brava. These two cultivars were chosen because (i) 
URS-Guria, was previously characterized as medium 
industrial quality (Silveira et al., 2016) and (ii) URS-Brava 
being new cultivar and potentially contrasting high quality). 
The sub-plot were three management strategies of N 
application (first detectable node-semi-late; booting-late 
and split N at first detectable node-semi-late + booting-late, 
described by Zadoks as stages 31, 45, 31+45) and sub-sub-
plot were the N topdressing rates (absence of N, 30, 60 and 
90 kg ha

-1
). The N was spread in the form of urea. Each 

experimental sub-sub-plot were composed of 5 rows with 5 
meters in length, spacing between rows 0.2m resulting in a 
total area of 5 square meters. In each plot, each external 
row was discarded on both sides and 0.50 m was discarded 
from each end, resulting in 2.4 m

2
 of useful area per plot. 

Base fertilization consisted of the application of 400 kg ha
-1

 
of the 5-20-10 (N-P2O5-K2O) a commercial NPK formulation 
applied into each row at sowing date. All other white oats 
managements were as usually applied in conventional 
cultivation as soon as they were necessary, according to 
Brazilian technical recommendations for the oat crop 
(CTBPA, 2014).  
 
Traits measured 
 
When the plants reached physiological maturity, we 
evaluated the: (i) plant height (cm) by measures from the 
stem base (close to the soil level) until the panicle end (most 
apical spikelet). On this day, (ii) the plant lodging was 
assessed by visual estimation as a percentage, based on the 
angle formed in the vertical position of the stem, compared 
to the ground and the area of lodged plants, as described by 
Hawerroth et al. (2015). After that, 10 plants were harvested 
from the central row of each plot for visual evaluating: (iii) 
the number of spikelets per panicle and (iv) the number of 
grains per spikelet. The grain harvest was performed with a 
mechanized form using a plot combine. It occurred when 
90% of the panicles had grains whose color was typical of 
harvest maturity. After harvest the grains were stored in a 
cold chamber (7 ºC/60% relative humidity-RH) for 10 days 
until the further analyses started. The following evaluations 
were performed as our previous work (Uarrota et al., 
2017b): (v) degree of moisture, determined by the oven 
method at 105 ºC for 24 hours; (vi) grain yield: determined 
on the basis of the production of the each plot, by correcting 
the water content by moisture presented in each plot at the 

default value of 13%; (vii) thousand-grain weight: 
determined by counting the number of grains present in a 
sample of 5g; (viii) hectoliter weight: measured from a 
sample of grains, which was inserted into a tube with known 
volume of 0.25L (Dalle Molle hectoliter weight balance, type 
40); after that, such grain weight was measured; (ix) 
dehulling rate: determined by weighing 2g of grains (glumes 
+ caryopsis) which were individually and manually dehulled 
and weighed again, thus determining caryopsis weight; (x) 
percentage of grains with transversal diameter higher than 
two millimeters (grain sieve index, G>2): determined by 
weighing and later sifting a sample of 250 g of grains, in a 
rectangular sieve whose holes were 2mm x 20mm; then, the 
sample was weighed again. (xi) Total protein content was 
determined from the total nitrogen content in the sample, 
where protein percentage is equal to nitrogen content x 
6.25. Nitrogen concentration was determined using the 
Kjeldahl method, described by Prazeres and Coelho (2016).  
 

Statistical analysis 
 
The data were subjected to analysis of variance by the F-test 
and, when significant variations were detected, the means 
were compared by Duncan’s test at 5% probability of error. 
For the traits presented as percentage, the data were 
transformed by (x+0.5)

1/2
 with the aim of normalizing the 

distribution of errors. For the quantitative factors, 
adjustment of regression was performed. Among the tested 
functions for data adjustment, a choice was made for 
models whose components of the equation were significant 
at 5% probability. 
 

Conclusion 
 
Oats cultivars, N levels and stages affect the plant height, 
lodging, thickness and protein content of the grains. Semi-
late N application increases plant height and its lodging 
indices, but it is important for highest yield components and 
grain yield. Split topdressing fertilization in two applications 
of N, like 50% at the beginning of stem elongation and 50% 
at booting, favored higher yield, higher industrial quality and 
higher protein content into grains. Only late N application 
(booting stage) increases grain protein but decrease grain 
yield. The increase in N rates up to 90 kg ha

-1
 provided 

increased thickness and protein content of the grains in 
white oats cultivars, thus increasing nutritional and 
industrial quality and showing to be a potential management 
practice, even if it has not increased grain yield. The results 
showed more protein per g of grain are important to 
consumer; more flakes per ton of grains are important to 
industry and the increase on grain yield lead to more profit 
to farmer. 
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