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ABSTRACT. Analysis of the relationship of oat grain chemical 

components with productivity can yield information that determines crop 

production strategies. The market values high protein grain, but 

production and other nutritional components may be affected in the 

effort to increase protein levels. The objective of this study was to 

determine how the dynamics of the components of oat grain chemical 

composition relate to productivity when adding nitrogen to the soil, in 

order to develop nutrient management strategies that can combine 

productivity with grain quality.  The study was conducted from 2011 to 

2016 in Augusto Pestana, Brazil, in a randomized block design with four 

replications in a 4x2 factorial design for nitrogen rates (0, 30, 60 and 120 

kg.ha
-1

) and standard biotype oat cultivars used on a commercial scale 

(Barbarasul and Brisasul) in two succession systems soybean/oat and 

corn/oat, totaling 64 experimental units. The nitrogen doses were applied 

at the phenological stage of expanded fourth leaf using urea. The 

increase of nitrogen fertilization for topdressing promoted increase of the 

total protein of oat grains and reduction of the total fiber in both 

soybean/oat and corn/oat systems. Higher levels of grain protein due to 

nitrogen fertilization reduced grain production, regardless of the 

cropping system. 
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INTRODUCTION 
 
White oat (Avena sativa) is a cereal of excellent nutritional value, used in the 

processing of numerous food products (Weber et al., 2002; Silveira et al., 2016). It has high 

protein grain and adequate levels of carbohydrate and lipid content, with a high proportion 
of dietary fiber, especially β-glucan, related to cholesterol reduction, which is helpful to 
prevent diabetes, obesity and cancer (Crestani et al., 2012; Silveira et al., 2016). These 

qualities have attracted the interest of food industries in this cereal due to its various 
benefits for human health (Daou and Zhang, 2012; Redaelli et al., 2015). 

In the commercialization process, it is necessary that the oat grains are produced by 
cultivars of high productivity and meeting the demands of the industry, such as a high 
proportion of grains larger than 2mm and the highest value of caryopsis in relation to the 

husk, a condition directly linked to management technologies in the promotion of physical 
and chemical modifications linked to the quality of caryopsis (Marolli et al., 2017; Aseeva 
and Melnichuk, 2018). Among the management technologies, the highlight is nitrogen 

fertilization, an essential element in the development and elaboration of oat grains (Mantai, 
2019). Nitrogen directly participates in the biosynthesis of numerous organic compounds, 

altering the expression of indicators of grain yield and industrial and chemical quality (Lima 
et al., 2017; Obour et al., 2018). According to Ma et al. (2012), the crop can respond 
positively to nitrogen fertilization, in terms of plant growth; however, it can limit the use of 

high nitrogen rates for grain yield. The amount of nitrogen required for optimal productivity 
and responses to nitrogen additions are highly dependent on the cultivar, environmental 
conditions, soil type and cultivation history (Frosberg and Reeves, 1995). 

The application of nitrogen fertilization, although it is often necessary to increase 
grain yield, can also reduce the physical and chemical quality of the grains (Mohr et al., 
2012). According to Humphreys et al. (1994), the nitrogen fertilizer applied in the 

initialization stage (Zadoks 40-43) tends to increase the protein content, however, the β-
glucan content does not respond significantly to the additional nitrogen. Therefore, in the 

most efficient management of nitrogen there is a need to know the dynamics of use by oats. 
Contribution and relationship analysis of the chemical quality components of oat grains 
with productivity by nitrogen stimulation can generate more efficient management 

information that benefits productivity with the elaboration of grains with high nutritional 
potential. 

The objective of this study was to measure and interpret the contribution and 

relationship dynamics of the components of oat grain chemical quality with grain and 
industry productivity by providing additional nitrogen to the soil, as part of nutrient 

management strategies that promote combining productivity with quality. 

MATERIAL AND METHODS 
 
The trials were carried out in the field, from 2011 to 2016, in the municipality of 

Augusto Pestana, RS, geographically located at 28°26'30'' S latitude and 54°00'58'' W 
longitude. The soil of the experimental area was classified as Typical Dystroferric Red 

Latosol (Oxisol) and the climate of the region, according to Köppen classification, type Cfa, 
with hot summer without dry season. The area of installation of the experiments is 
characterized by direct seeding for twenty years, characterizing a consolidated system. In 
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the summer period the area is occupied with soybean and corn, reflecting in the two main 
cultural precedents of winter crops. In the implementation of the trial, about ten days before 
each sowing, a soil analysis was performed, identifying on average the following chemical 

characteristics of the site: pH = 6.3; P = 34.1 mg.dm
-3

; K = 231 mg.dm
-3

; OM = 3.2 %; Al = 
0 cmolc.dm

-3
; Ca = 6.6 cmolc.dm

-3
 and Mg = 2.9 cmolc.dm

-3
. 

Sowing was carried out between the first and second week of June with a seeder-

fertilizer. Each plot consisted of 5 lines with 5 meters in length and 0.20 m line spacing, 
corresponding to an experimental unit of 5 m

2
. The population density was 400 viable seeds 

per square meter. The seeds of the selected genotypes were submitted to the germination 

and vigor test in the laboratory to correct the plant density to compose the desired 
population. In the experiments, 60 and 50 kg.ha

-1
 of P2O5 and K2O were applied at sowing 

based on soil P and K contents for 3 t.ha
-1

 grain yield expectation, respectively, and N at 
sowing, with 10 kg.ha

-1
 (except for the standard experimental unit), with the remainder 

applied for topdressing to cover the proposed N-fertilizer doses at the indicated 

phenological stage of the expanded fourth leaf, occurred approximately 35 days after the 
emergency, using urea source. During the study, 0.75 L.ha

-1
 fungicide tebuconazole was 

applied and weed control with metsulfuron-methyl herbicide at a dose of 2.4 g.ha
-1

 and 

additional weeding when necessary. 
The experimental design was a randomized complete block with four replications, 

in a 4 x 2 factorial scheme in the sources of variation doses of N-fertilizer (0, 30, 60 and 
120 kg.ha

-1
) with urea source and standard biotype oat cultivars used on a commercial scale 

(Barbarasul and Brisasul), respectively, in soybean / oat and corn / oat succession system, 

totaling 64 experimental units. The analyzed cultivars represent the standard biotype of 
commercial interest, with shorter stature and cycle and higher caryopsis ratio in relation to 
grain husk. Grain yield estimation (GY, kg.ha

-1
) was obtained by manually cutting the three 

central lines of each plot during the harvest maturity period (grain moisture close to 22%). 
Afterwards, the plants were tracked in a stationary harvester and the grains were directed to 
the laboratory for moisture correction to 13%. The estimate of industrial grain yield (IY, 

kg.ha
-1

) was obtained by the product of grain yield with the number of grains greater than 2 
mm and the husking index (IY = GY x NG> 2mm x HI). The number of grains larger than 

two millimeters (NG> 2mm, n) was obtained by the random count of one hundred grains, 
which are placed in a 2mm mesh sieve and counted those above this dimension. The 
husking index (HI, g g

-1
) was determined by the ratio between the caryopsis mass of 50 

grains greater than 2 mm and its grain mass. In the determination of the variables related to 
the chemical composition of grains, a sample of 300 unshelled grains was taken from each 
plot, in which total protein (TP, g kg

-1
), total fiber (TF, g.kg

-1
), starch (ST, g.kg

-1
), neutral 

detergent fiber (NDF, g.kg
-1

), ashes (ASH, g.kg
-1

) and energy (EN, MJ.kg
-1

) with the 
spectrometer were analyzed. The near infrared reflectance spectrometer (NIRS) is a Perten 

Diode Array DA7200 model. It is noteworthy that during the experiments, the information 
of air temperature (

o
C) and rainfall (mm) throughout the cycle for analysis and classification 

of agricultural years were obtained by the Total Automatic Station installed 500 meters 

from the experiment. 
Relative contribution analysis of the effect of nitrogen was measured based on the 

Mahalanobis distance. Relative contribution was evaluated by the Singh method based on 

.jS statistics. So: 
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in which: 
2

ii 'D : Mahalanobis distance between treatments i and i’; 

ψ : residual variance and covariance matrix; 
 

 n21
' d   ...   d   dδ  , being ji'ijj YYd  ; 

 

ijY : mean of the n
th

 dose in relation to the j
th

 character; 

ω : element of the j
th

 row and j
th

 column of the inverse of residual variance and 

covariance matrix. 
The total of the distances involving all treatment pairs is given by, 
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 


i i' m 1j

.j
2
m

2
ii' SDD  (Eq. 2) 

 

where the percentages of .jS make up the measure of the relative importance of the 

variable j. 

In the correlation analysis, the joint effect of the sources of variation of agricultural 
and cultivar years was considered, since according to Krüger et al. (2012), the inclusion of 
sources of variation in the correlation model is an effective way of knowing with greater 

fidelity the strength of these relationships. Afterwards, path analysis was performed to 
detect direct and indirect effects of variables on grain yield and industry by decomposition 
of phenotypic correlation, which includes simultaneously parts attributed to genetic and 

environmental effects. The main variables considered were grain yield (GY, kg.ha
-1

) and 
industry productivity (IY, kg.ha

-1
). Since Y (grain yield and industry) is the main variable, 

Xn is the result of the joint action of other explanatory variables (components of chemical 
grain quality), obtained by the model: 

 

εXβ...XβXβY nn2211   (Eq. 3) 
 

where X1, X2, ..., Xn are explanatory variables and Y is the main (or dependent) variable. 
Considering, 

yζ̂

YY
y


  (Eq. 4) 
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  (Eq. 5) 

εζ̂

ε
u 

 

(Eq. 6) 
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there is, 

upxp...xpxpy εnn2211   (Eq. 9) 

Through this model, the direct and indirect effects of the explanatory variables on 
the main variable were obtained. The trail coefficients were estimated from the system of 

equations YX'β̂XX'  , 
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Therefore, 

                

ij

n

1j

jiij rppr 


    (Eq. 13) 

with: 

ijr : correlation between the main variable (y) and the i
th

 explanatory variable; 

ip : measure of the direct effect of variable i on the main variable; 

ijjrp : measure of indirect effect of variable i via variable j on the main variable. 

 
The coefficient of determination of the path diagram is given by: 

nyn2y21y2 rp...rprpR²   (Eq. 14) 

  
and the residual effect is estimated by: 
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R²1p̂ε   (Eq. 15) 

  

Relative contribution and correlation and path analyses were performed using 

the computer program GENES (Quantitative Genetics and Experimental Statistics, 

version 2015.5.0). 

RESULTS 
 

Table 1 presents information on rainfall, air temperature, and oat grain yield in 

the soybean / oat and corn / oat cropping systems from 2011 to 2016. 2011 showed 

well-distributed rainfall during the growing season, especially in the moments prior to 

nitrogen application, providing adequate soil moisture for urea solubilization (Figure 

1A). Maximum, minimum and average air temperatures remained stable throughout the 

cycle. In 2013, there was a uniform distribution of rainfall between the months of 

cultivation, with accumulated values below the historical average. The timing of N-

fertilizer fertilization was also marked by adequate soil moisture due to rainfall in 

previous days, favoring the nutrient utilization by the plant. This year, air temperatures 

were milder, reducing possible nitrogen losses from volatilization (Figure 1C). Yields 

above 3 t.ha
-1

 of grains were observed in both fast N-residual (soybean / oat) and slow 

N-residual (corn / oat) systems. These conditions categorize the years 2011 and 2013 as 

favorable (FY) to oat grain yield. 

In 2012 (Table 1), reduced rainfall was observed at the time of nitrogen 

application, together with high temperatures, a fact that possibly caused the 

volatilization of the nutrient. At the end of the cycle, the occurrence of high volume 

rainfall made it difficult to harvest. In 2014, the first days of the cycle were marked by a 

significant volume of rainfall above the historical average, along with high 

temperatures, a condition that can affect photosynthesis efficiency and consequent 

shoot formation and root growth. At the time of fertilization, although the soil presented 

satisfactory humidity, the air temperature was high, a condition that may have 

contributed to nitrogen volatilization, reducing nutrient absorption. These conditions 

justify the classification of the years 2012 and 2014 as unfavorable (UY) to oat grain 

yield. 

In 2015 (Table 1), accumulated rainfall showed a volume close to the observed 

average of 25 years. The air temperature and soil moisture conditions were adequate for 

nitrogen absorption, but a drought period was observed after fertilization, which may 

have affected crop development (Figure 1E). High temperatures occurred during 

anthesis, at which time the development of the reproductive system is particularly 

sensitive to thermal and water stress. In 2016, reduced rainfall was observed during the 

grain filling period, with heavy rainfall occurring in the final phase of the cycle, which 

may have negative effects on grain quality. Under these agricultural conditions, the low 

C / N (soybean / oat) ratio system, possibly due to the higher N-residual intake, favored 

grain yield higher than 3 t.ha
-1

, a fact not found in the high C / N ratio system. N (corn / 

oat). These facts classify the years 2015 and 2016 as intermediates (IY) to oat grain 

yield. 
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Table 1. Average values of temperature and rainfall in months of cultivation and average grain yield of 
oats in succession systems. 

 

Year Month 

Temperature (°C)  Rainfall (mm) 
GYXS 

(kg.ha
-1

) 

GYXC 

(kg.ha
-1

) 
Class 

Min Max Av  
25 years 

average* 
Occurred 

2011 

June 07.9 18.4 13.1  136 191 

3686 a 3122 a FY 

July 08.3 19.2 13.7  134 201 
August 09.3 20.4 14.8  122 234 
September 09.5 23.7 16.6  165 46 
October 12.2 25.0 18.6  236 211 

Total - - -  793 983 

2012 

June 08.8 22.0 15.4  136 57 

2378 c 1984 c UY 

July 06.4 19.7 13.0  134 180 
August 12.9 23.4 18.1  122 61 
September 12.0 23.0 17.5  165 195 
October 15.0 25.5 20.2  236 287 

Total - - -  793 780 

2013 

June 08.9 20.0 14.5  136 74 

3731 a 3269 a FY 

July 07.0 20.6 13.8  134 103 
August 06.6 19.8 13.2  122 169 

September 09.6 21.0 15.3  165 123 
October 13.2 27.1 20.2  236 144 

Total - - -  793 613 

2014 

June 09.2 20.7 16.1  136 412 

2181 d 1765 d UY 

July 09.7 21.8 15.7  134 144 
August 08.8 23.7 16.2  122 78 
September 13.3 23.5 18.4  165 275 
October 16.0 27.7 21.8  236 231 

Total - - -  793 1140 

2015 

June 09.7 21.1 15.4  136 228 

3451 b 2732 b IY 

July 10.2 18.7 14.4  134 212 
August 13.4 24.6 19.0  122 87 
September 12.4 19.6 16.0  165 127 
October 16.1 24.8 20.4  236 162 

Total - - -  793 816 

2016 

June 04.7 19.3 12.0  136 12 

3335 b  2782 b IY 

July 08.2 21.2 14.7  134 81 

August 09.4 22.5 15.9  122 169 
September 08.4 23.8 16.1  165 56 
October 13.2 26.8 20.0  236 326 

Total - - -  793 644 

Min = minimum; Max = maximum; Av = average; GYXS = average grain yield of soybean / oat system; GYXC = average grain yield of 

the corn / oat system; * = Average rainfall obtained from May to October 1989 to 2016; Means followed by the same letter in the column 

do not differ from each other in the probability of 5% error by Scott & Knott's test; IY = intermediate year; FY = favorable year; UY = 

unfavorable year. 

 
Cereals such as oat and wheat have high sensitivity to weather conditions, so that when 

satisfactory and properly managed, crop yields are high, otherwise crop frustrations may occur, 

commensurate with the duration and intensity of adverse conditions (Castro et al., 2012; 

Arenhardt et al., 2015). Research indicates that an environment favorable to winter grain 

cultivation requires well-distributed rainfall throughout the cycle and in small volumes, and with 

lower air temperatures from germination to grain filling (Leonard and Martinelli, 2005; Marolli 

et al., 2017). Meteorological factors have a significant effect on the expression of oat yield 

potential, being air temperature and rainfall the most affecting grain yield and quality (Silva et 

al., 2016; Silva et al., 2020). Peltonen-Sainioet et al. (2017) showed that high rainfall at the end 
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of the crop cycle has a negative impact on oat productivity. In addition, it can affect quality by 

reducing hectolitic mass and giving dark color to grains, an undesirable condition for the food 

industry (Marolli et al., 2018; Silva et al., 2020). In addition, excessive rainfall coupled with 

high humidity and air temperature hinder plant development, as well as favoring the emergence 

of diseases, causing reduced yield and poor grain quality (Penning de Vries et al., 1989; Castro 

et al., 2012). Therefore, more nitrogen-adjusted technological propositions along with crop 

weather information is decisive in the pursuit of sustainable agriculture (Prando et al., 2013; 

Aseeva and Melnichuk, 2018). 

 

 
Figure 1. Meteorological data of temperature and rainfall in the years of cultivation. 

 
In Table 2, of the mean values and relative contribution by the effect of nitrogen on soy 

/ oat system, the indicators of chemical grain quality showed effective change in the vast 

majority of variables, except for total protein and energy. It is noteworthy that the total fiber 

shows reduced expression with increasing nitrogen dose, unlike protein and starch that show 

elevation. In the corn / oat system, the effect of nitrogen also changed most of the analyzed 

variables, mainly neutral detergent fiber, protein, starch and total fiber, with lower participation 

of ashes and energy. There is a tendency of increase of total protein and starch and reduction of 

total fiber by nitrogen increase, a condition also verified in the soybean / oat system. 
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Table 2. Mean values and relative contribution of nitrogen to oat grain industrial quality indicators in 

cropping systems. 

 

Variables 
N dose (kg.ha-1)  Relative contribution 

0 30 60 120  S.j S.j (%) 

 (2011+2012+2013+2014+2015+2016) 

 soybean / oat system 

GY 2437 3091 3531 3449  - - 

IY 989 1297 1492 1424  - - 

TP 101 104 107 113  00.14 04.25 

TF 130 127 126 124  08.55 19.50 

ST 431 433 435 437  21.29 42.60 

NDF 331 311 314 315  03.52 10.38 

ASH 41 37 33 37  07.90 18.31 

em 12.1 12.2 11.8 12.0  03.76 04.96 

 corn / oat system 

GY 1628 2462 3017 3328  - - 

IY 644 953 1255 1344  - - 

TP 91 94 97 106  10.25 21.43 

TF 132 130 128 126  05.28 11.04 

ST 427 430 431 436  05.82 12.16 

NDF 337 319 369 317  20.12 42.06 

ASH 40 38 35 38  04.29 08.96 

EN 12.0 12.1 11.8 12.0  02.08 04.35 

GY = grain yield (kg.ha-1); IY = industrial yield (kg.ha-1); TP = total protein (g.kg-1); TF = total fiber (g.kg-1); ST = starch (g.kg -1); NDF = 

neutral detergent fiber (g.kg-1); ASH = ashes (g.kg-1); EN = energy (MJ.kg-1). 

 
Oat stands out for its high carbohydrate content, with starch being the main constituent, 

ranging from 40-60%. Important polysaccharides of non-starch origin include β-glucans, which 

are divided into soluble and insoluble polysaccharides, respectively. Among the basic cereals, 

oat has the highest protein content, ranging from 15-20% and their content increases from the 

interior of the grain to the periphery (Englyst et al., 1989; Tang et al., 2018). The expression of 

chemical constituents in oat grains depends directly on genetic, meteorological and management 

effects (Gutkoski and Pedó, 2000). According to the literature, nitrogen application significantly 

increases protein content in oat grains with decreased total fiber (Kumar et al., 2001; Rawat and 

Agrawal, 2010). Sharma et al. (2018) state that increasing nitrogen levels reduce fiber content 

due to the greater role of nitrogen in the elaboration of protein synthesis. 

Table 3 shows the soybean / oat correlation and path of grain and industry yield on 

indicators of chemical quality in nitrogen use, grain yield with total protein shows a negative 

correlation in all conditions of nutrient use, mainly by direct grain yield and indirect by starch 

content. The negative correlation between grain yield and ashes was observed at 30 kg.ha
-1

 and 

60 kg.ha
-1

 nitrogen doses, due to the negative indirect effect via total protein. In the analysis of 

the industry productivity with the indicators of the chemical quality, it was observed negative 

correlation of the industry yield with the total protein, mainly by the direct effect via the industry 

yield. It is noteworthy that at 60 kg.ha
-1

 nitrogen, there is a large negative indirect contribution 

by total fiber, starch, neutral detergent fiber and energy. Industry yield is positively correlated 

with total fiber under the conditions of 30 kg.ha
-1

 and 60 kg.ha
-1

 nitrogen, with direct 

contribution via industry yield, and indirect via starch and energy. Industry yield is negatively 

correlated with starch, especially at intermediate doses of nitrogen supply, highlighting the large 

direct effect via industry yield, and indirect effect via energy. 

The industrial yield was also positively correlated with neutral detergent fiber under the 

conditions of 30 kg.ha
-1

 and 60 kg.ha
-1

 nitrogen, mainly due to the positive indirect effect via 

total fiber, starch and energy (Table 3). It is noteworthy that the extreme conditions of nitrogen 
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use (0 kg.ha
-1

 and 120 kg.ha
-1

) show negative relationship, mainly via energy in the absence and 

direct negative by industrial yield in the high dose. The correlation between industry yield and 

energy is negative under nitrogen use conditions, mainly via direct through industry yield, and 

indirect via total fiber and starch under conditions of 30 kg.ha
-1

 and 60 kg.ha
-1

 of nitrogen and, 

indirect via total protein at the highest dose of nitrogen. Under these conditions, it is noteworthy 

that high doses of nitrogen increase the protein content of oat grain, but reflect on the reduction 

of grain and industry yield. Distinctly, high nitrogen doses reduce the oat grain fiber content, but 

increase the industry yield. 
 

 

Table 3. Correlation and path of grain nutritional quality indicators on oat grain and industry yield in 

nitrogen use in the soybean / oat system. 

 

VAR EF 
Doses of N (kg.ha-1) 

EF 
Doses of N (kg.ha-1) 

0 30 60 120 0 30 60 120 

 (2011+2012+2013+2014+2015+2016) 

TP 

r (GYxTP) -0.92* -0.69* -0.47* -0.63* r (IYxTP) -0.60* -0.61* -0.66* -0.30 
D: GY -0.90 -0.72 -0.99 -0.06 D: IY -0.47 -0.35 -0.46 -0.95 

ID: TF -0.02 -0.24 -0.11 -0.02 ID: TF -0.02 -0.07 -0.41 -0.01 
ID: ST -0.07 -0.29 -0.20 -0.30 ID: ST -0.20 -0.48 -0.37 -0.17 

ID: NDF -0.13 -0.03 -0.17 -0.12 ID: NDF -0.01 -0.26 -0.25 -0.56 
ID: ASH -0.05 -0.03 -0.56 -0.14 ID: ASH -0.25 -0.66 -0.38 -0.00 

ID: EM -0.15 -0.13 -0.12 -0.11 ID: EN -0.37 -0.11 -0.50 -0.03 

TF 

r (GYxTF) -0.54* -0.14 -0.30 -0.36 r (IYxTF) -0.21 -0.37* -0.67* -0.16 
D: GY -0.04 -0.65 -0.19 -0.48 D: IY -0.04 -0.45 -0.47 -0.19 

ID: TP -0.46 -0.26 -0.92 -0.00 ID: TP -0.24 -0.08 -0.39 -0.03 
ID: ST -0.05 -0.50 -0.05 -0.19 ID: ST -0.14 -0.83 -0.22 -0.11 

ID: NDF -0.42 -0.07 -0.12 -0.05 ID: NDF -0.03 -0.34 -0.17 -0.23 
ID: ASH -0.11 -0.05 -0.36 -0.15 ID: ASH -0.56 -0.93 -0.18 -0.00 

ID: EN -0.38 -0.25 -0.01 -0.15 ID: EN -0.95 -0.42 -0.37 -0.04 

ST 

r (GYxST) -0.10 -0.13 -0.26 -0.49* r (IYxST) -0.65* -0.65* -0.61* -0.22 
D: GY -0.17 -0.54 -0.10 -0.40 D: IY -0.54 -0.92 -0.45 -0.23 

ID: TP -0.34 -0.39 -0.89 -0.04 ID: TP -0.18 -0.12 -0.39 -0.71 
ID: TF -0.01 -0.60 -0.09 -0.23 ID: TF -0.01 -0.28 -0.23 -0.09 

ID: NDF -0.14 -0.06 -0.19 -0.13 ID: NDF -0.01 -0.33 -0.28 -0.60 
ID: ASH -0.08 -0.04 -0.99 -0.22 ID: ASH -0.40 -0.84 -0.51 -0.01 

ID: EN -0.13 -0.24 -0.02 -0.00 ID: EN -0.33 -0.40 -0.52 -0.00 

NDF 

r (GYxNDF) -0.32* -0.02 -0.23 -0.72* r (IYxNDF) -0.37* -0.30* -0.65* -0.50* 
D: GY -0.43 -0.07 -0.20 -0.20 D: IY -0.04 -0.34 -0.28 -0.94 

ID: TP -0.28 -0.34 -0.95 -0.03 ID: TP -0.14 -0.11 -0.41 -0.57 
ID: TF -0.04 -0.64 -0.11 -0.12 ID: TF -0.04 -0.45 -0.28 -0.05 

ID: ST -0.06 -0.51 -0.10 -0.26 ID: ST -0.17 -0.85 -0.45 -0.14 
ID: ASH -0.11 -0.05 -0.97 -0.11 ID: ASH -0.53 -0.96 -0.49 -0.00 

ID: EN -0.38 -0.26 -0.02 -0.06 ID: EN -0.95 -0.42 -0.53 -0.02 

ASH 

r (GYxASH) -0.53* -0.48* -0.53* -0.30 r (IYxASH) -0.25 -0.23 -0.29 -0.22 
D: GY -0.13 -0.05 -0.15 -0.22 D: IY -0.64 -0.99 -0.55 -0.01 

ID: TP -0.35 -0.52 -0.74 -0.03 ID: TP -0.18 -0.15 -0.32 -0.59 
ID: TF -0.04 -0.52 -0.05 -0.33 ID: TF -0.04 -0.34 -0.13 -0.13 

ID: ST -0.11 -0.61 -0.14 -0.39 ID: ST -0.33 -0.67 -0.38 -0.22 
ID: NDF -0.35 -0.07 -0.17 -0.09 ID: NDF -0.03 -0.32 -0.22 -0.45 

ID: EN -0.33 -0.15 -0.02 -0.05 ID: EN -0.83 -0.22 -0.45 -0.01 

EN 

r (GYxEN) -0.45* -0.02 -0.18 -0.54* r (IYxEN) -0.35* -0.33* -0.67* -0.40* 
D: GY -0.38 -0.26 -0.03 -0.22 D: IY -0.97 -0.42 -0.54 -0.06 

ID: TP -0.34 -0.35 -0.99 -0.03 ID: TP -0.18 -0.11 -0.43 -0.47 
ID: TF -0.04 -0.64 -0.13 -0.33 ID: TF -0.04 -0.45 -0.32 -0.13 

ID: ST -0.06 -0.51 -0.10 -0.00 ID: ST -0.18 -0.85 -0.43 -0.00 
ID: NDF -0.42 -0.07 -0.19 -0.05 ID: NDF -0.03 -0.34 -0.28 -0.26 

ID: CZ -0.11 -0.05 -0.98 -0.05 ID: CZ -0.55 -0.96 -0.50 -0.00 

 Value of k 4.9e-2 4.5e-2 5.4e-2 4.9e-2 Value of k 4.3e-2 5.1e-2 4.9e-2 4.9e-2 
 R² 0.89 0.66 0.72 0.67 R² 0.82 0.45 0.62 0.85 

 
In Table 4, of the correlation and path in corn / oat system of grain and industry yield on 

indicators of chemical grain quality in nitrogen use, the correlation of grain yield with total 

protein was negative in all conditions, mainly via direct grain yield. The positive correlation of 

grain yield with total fiber was also observed, however, its direct and indirect effects do not 

maintain a pattern by fertilization conditions, showing the complexity of action of the variables 

by nutrient use. In the correlation analysis of industry yield with chemical quality components, 
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the negative correction between industry yield and total protein is verified, mainly by the 

negative direct effect of industry yield. The correlation between industrial yield and total fiber 

content was positive from 60 kg.ha
-1

 nitrogen. The industrial yield showed a positive 

relationship with the ashes, only at the dose 0 kg.ha
-1

 and 30 kg.ha
-1

, however, from a higher 

nutrient availability (60 kg.ha
-1

) the correlation was negative. The correlation between industrial 

yield and energy was significant at intermediate nutrient doses. In corn / oat system (Table 4), 

significant correlations of industrial yield with chemical quality components showed an 

instability of direct and indirect effects given by nitrogen fertilization conditions, evidencing the 

complexity of nutrient action on these system variables.  Under these conditions, high nitrogen 

doses increased the protein content of oat grains, reducing grain and industry yield. On the other 

hand, high nitrogen doses reduce grain fiber content, increasing grain and industry yield. 
 

 
 

 

 

 
 

 

 

 
 

 

Table 4. Correlation and path of grain nutritional quality indicators on grain and industry yield in nitrogen 

use in the corn / oat system. 

 

VAR EF 
Doses of N (kg.ha-1) 

EF 
Doses of N (kg.ha-1) 

0 30 60 120 0 30 60 120 

 (2011+2012+2013+2014+2015+2016) 

TP 

r (GYxTP) -0.87* -0.58* -0.44* -0.62* r (IYxTP) -0.47* -0.42* -0.89* -0.41* 

D: GY -0.71 -0.69 -0.98 -0.37 D: IY -0.88 -0.13 -0.62 -0.99 
ID: TF -0.20 -0.03 -0.16 -0.00 ID: TF -0.04 -0.17 -0.08 -0.00 

ID: ST -0.08 -0.37 -0.41 -0.04 ID: ST -0.27 -0.16 -0.09 -0.04 
ID: NDF -0.44 -0.09 -0.12 -0.07 ID: NDF -0.31 -0.11 -0.23 -0.29 

ID: ASH -0.04 -0.13 -0.10 -0.29 ID: ASH -0.02 -0.16 -0.16 -0.01 
ID: EM -0.36 -0.07 -0.51 -0.65 ID: EN -0.39 -0.01 -0.13 -0.24 

TF 

r (GYxTF) -0.67* -0.45* -0.40* -0.47* r (IYxTF) -0.05 -0.26 -0.71* -0.40* 

D: GY -0.27 -0.21 -0.07 -0.27 D: IY -0.05 -0.98 -0.09 -0.18 
ID: TP -0.54 -0.09 -0.83 -0.01 ID: TP -0.65 -0.04 -0.52 -0.02 

ID: ST -0.08 -0.35 -0.23 -0.05 ID: ST -0.28 -0.12 -0.05 -0.05 
ID: NDF -0.64 -0.12 -0.03 -0.05 ID: NDF -0.46 -0.28 -0.07 -0.24 

ID: ASH -0.03 -0.58 -0.02 -0.47 ID: ASH -0.01 -0.51 -0.03 -0.03 
ID: EN -0.45 -0.48 -0.32 -0.18 ID: EN -0.49 -0.60 -0.08 -0.09 

ST 

r (GYxST) -0.48* -0.03 -0.26 -0.18 r (IYxST) -0.56* -0.19 -0.68* -0.26 

D: GY -0.16 -0.47 -0.60 -0.08 D: IY -0.56 -0.20 -0.13 -0.08 
ID: TP -0.34 -0.55 -0.72 -0.25 ID: TP -0.41 -0.11 -0.45 -0.73 

ID: TF -0.13 -0.11 -0.03 -0.17 ID: TF -0.02 -0.66 -0.03 -0.11 
ID: NDF -0.33 -0.11 -0.18 -0.11 ID: NDF -0.23 -0.25 -0.40 -0.50 

ID: ASH -0.02 -0.21 -0.14 -0.56 ID: ASH -0.01 -0.25 -0.28 -0.03 
ID: EN -0.18 -0.20 -0.66 -0.51 ID: EN -0.20 -0.28 -0.17 -0.25 

NDF 

r (GYxNDF) -0.52* -0.14 -0.07 -0.22 r (IYxNDF) -0.18 -0.24 -0.10 -0.48* 

D: GY -0.67 -0.14 -0.25 -0.13 D: IY -0.47 -0.33 -0.55 -0.59 
ID: TP -0.46 -0.23 -0.40 -0.21 ID: TP -0.56 -0.04 -0.25 -0.60 

ID: TF -0.26 -0.16 -0.01 -0.11 ID: TF -0.05 -1.01 -0.01 -0.07 
ID: ST -0.08 -0.36 -0.43 -0.07 ID: ST -0.27 -0.16 -0.09 -0.07 

ID: ASH -0.02 -0.43 -0.11 -0.47 ID: ASH -0.01 -0.51 -0.21 -0.03 
ID: EN -0.45 -0.42 -0.43 -0.57 ID: EN -0.48 -0.60 -0.11 -0.28 

ASH 

r (GYxASH) -0.55* -0.71* -0.28 -0.13 r (IYxASH) -0.46* -0.42* -0.53* -0.34 

D: GY -0.11 -0.56 -0.16 -0.59 D: IY -0.03 -0.67 -0.30 -0.04 
ID: TP -0.53 -0.17 -0.52 -0.18 ID: TP -0.65 -0.03 -0.33 -0.53 

ID: TF -0.07 -0.13 -0.01 -0.22 ID: TF -0.01 -0.85 -0.01 -0.14 
ID: ST -0.03 -0.18 -0.55 -0.08 ID: ST -0.10 -0.07 -0.12 -0.08 

ID: NDF -0.15 -0.11 -0.18 -0.10 ID: NDF -0.10 -0.25 -0.39 -0.47 
ID: EN -0.18 -0.26 -0.60 -0.27 ID: EN -0.20 -0.37 -0.15 -0.13 

EN 

r (GYxEN) -0.67* -0.15 -0.23 -0.83* r (IYxEN) -0.13 -0.40* -0.75* -0.07 

D: GY -0.46 -0.52 -0.67 -0.88 D: IY -0.52 -0.73 -0.17 -0.44 
ID: TP -0.55 -0.09 -0.77 -0.27 ID: TP -0.68 -0.02 -0.49 -0.79 

ID: TF -0.26 -0.14 -0.03 -0.06 ID: TF -0.05 -0.88 -0.04 -0.04 
ID: ST -0.06 -0.18 -0.60 -0.05 ID: ST -0.22 -0.08 -0.13 -0.05 

ID: NDF -0.65 -0.11 -0.16 -0.08 ID: NDF -0.45 -0.27 -0.35 -0.38 
ID: CZ -0.04 -0.28 -0.14 -0.18 ID: CZ -0.01 -0.33 -0.27 -0.01 

 Value of k 4.9e-2 5.2e-2 6.4e-2 5.6e-2 Value of k 4.6e-2 4.3e-2 5.4 e-2 6.2e-2 

 R² 0.78 0.88 0.68 0.86 R² 0.90 0.49 0.94 0.87 

VAR = variable; EF = effect; GY = grain yield (kg.ha-1); IY = industrial yield (kg.ha-1); TP = total protein (g.kg-1); TF = total fiber     

(g.kg-1); ST = starch (g.kg -1); NDF = neutral detergent fiber (g.kg-1); ASH = ashes (g.kg-1); EN = energy (MJ.kg-1); r = correlation value; 

D = direct contribution; ID = indirect contribution; R² = coefficient of determination; k = linearization coefficient; * = Significant at 5% 

probability of error, respectively, by F test. 
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Increased nitrogen fertilization has a positive response to protein concentration in oat 

grains (Sterna et al., 2016; Yan et al., 2017), however, research shows a negative correlation 

between grain yield and total protein (Martinez et al., 2010; Hawerroth et al., 2015). According 

to Kelling and Fixen (1992), when the need for nitrogen for plant growth and grain production is 

satisfied, nutrient addition is then used to increase protein concentration in the grain, which 

explains the high protein content in the soybean / oat system compared to the corn / oat system. 

Research by Sterna et al. (2016) showed that the use of nitrogen has no significant influence on 

fiber content, but it increases the amount of starch. However, Sharma et al. (2018) by evaluating 

the effect of nitrogen on yield and quality of oat cultivars, determined a decreasing effect of 

crude fiber content by increasing nitrogen, a fact also observed in our study. 

CONCLUSIONS 
 
The increase of nitrogen fertilization for topdressing promoted increase of the total 

protein of oat grains and reduction of the total fiber in the soybean / oat and corn / oat 

system. Higher levels of grain protein by nitrogen fertilization implies reduction of grain 
and industry yield, regardless of the cropping system. 
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