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Studies on efficient use of the plant growth regulator can make this technology possible for leveraging 
oat yield in Brazil. This study aims to define the optimal dose growth regulator in oat, which allows 
plant lodging at most 5%. Establishing equations describe the yield indicators behavior and by using 
the optimal growth regulator dose for lodging, simulate the expression of these indicators regardless of 
reduced, high and very high conditions of nitrogen fertilization and favorable and unfavorable 
cultivation year. The study was conducted in 2013, 2014 and 2015, in carrying out two experiments, one 
to quantify the biomass yield and another aiming at estimating grain yield and lodging. The 
experimental design was a randomized block with four replications, following factorial scheme 4 x 3 to 
growth regulator doses (0, 200, 400 and 600 mL ha

-1
) and N-fertilizer rates (30, 90 and 150 kg ha

-1
), 

respectively. The use of 495 mL ha
-1

 growth regulator trinexapac-ethyl active principle is shown efficient 
at the reduction of oat plant lodging, regardless of the agricultural year condition and N-fertilizer rate. In 
the expression of grain yield and harvest index, quadratic behavior is obtained, however with 
decreasing linearity on the biomass yield and straw by increasing the growth regulator dose. The 
optimal dose of growth regulator in reducing oat lodging does not affect grain yield, but it reduces 
biological yield via biomass straw with elevation on the harvest index. 
 
Key words: Avena sativa, biomass, straw, harvest index, multiple linear regression 

 
 
INTRODUCTION 
 
Oats have been shaping up as an important cultivation 
species in Brazil, either as coverage and soil protection 
or as human and animal consumption, for  the  plant  and 

grains high nutritional and functional value.The search for 
healthy foods rich in protein and fiber has increased the 
demand  for oats in the national market (Hawerroth et al., 
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2015; Silva et al., 2015).  

High oats yield is associated with the cultivars 
performance, management technologies, favorable 
climate and soil (Fontaneli et al., 2012; Silva et al., 2015). 
Within the technologies management, nitrogen 
fertilization has significant effect in increasing yield 
(Costa et al., 2013; Mantai et al., 2015). In wheat (Flores 
et al., 2012) and oat (Mantai et al., 2015), increasing the 
dose and the right time of N-fertilizer application with the 
favorable growing conditions promote significant increase 
in grain yield. However, in unfavorable years, the nitrogen 
use efficiency may be compromised, reducing yield and 
increasing production costs (Benin et al., 2012; Silva et 
al., 2015). Flores et al. (2012) and Silva et al. (2015) also 
point out that the increase of nitrogen together with 
favorable climatic conditions increase the plant´s 
vegetative growth of the plant, facilitating the lodging 
occurrence. 

The lodging is a complex phenomenon in which the 
plant loses its vertical position, leans and falls on the soil, 
resulting in recurved plants or even stems breakage, 
directly affecting the yield and the grains quality, besides 
bringing difficulties in harvesting (Silva et al., 2015; 
Hawerroth et al., 2015). Its expression depends on 
genetic factors, inter-related with external factors, such 
as wind, rainfall, soil, plant density and handling 
techniques, being the oats, a highly sensitive specie to 
lodging (Silveira et al., 2011; Silva et al., 2015). The 
lodging affects the morphological structure of the plant 
and the earlier it occurs, the greater the reduction in yield 
and grain quality (Trevizan et al., 2015). To minimize the 
lodging occurrence, there have been evaluated the use of 
growth regulators, as trinexapac-ethyl in crops such as 
soybeans (Souza et al., 2013), rice (Arf et al., 2012), 
wheat (Schwerz et al., 2015) and crotalaria (Kappes et 
al., 2011). The trinexapac-ethyl acts by reducing cell 
elongation in the vegetative stage and obstructing the 
gibberellic acid biosynthesis, plant hormone responsible 
for growth (Heckman et al., 2002; Kaspary et al., 2015). 
The growth regulators have been used to make the 
plants architecture more adapted and efficient at the use 
of natural resources and agricultural inputs, and to 
ensure high yield with quality (Souza et al., 2013; 
Hawerroth et al., 2015).  

The biomass yield is related to the photosynthesis and 
respiration processes during the oats´ vegetative and 
reproductive phase (Demétrio et al., 2012). The relation 
between grain yield and biomass yield allows the 
determination of the harvest index, important parameter 
to define the efficiency with which the plant converts its 
photoassimilated   into   straw   and  grains  (Silva  et  al.,  

 
 
 
 
2012). Expression of these traits is influenced by 
genotype, cultivation techniques, water availability, 
nutrients and climatic conditions (Mantai et al., 2015). 
Thus, studies of use efficiency of the growth regulator on 
the expression of lodging and its impact on yield 
indicators can enable the use of this technology for the 
yield oats in Brazil. 

The aim of the study was to define the optimal dose 
growth regulator in oat, which allows plant lodging at 
most 5%. To establish equations describing the yield 
indicators behavior and by using the optimal dose growth 
regulator for lodging, to simulate the expression of these 
indicators independent of reduced, high and very high 
conditions of nitrogen fertilization along with both 
favorable and unfavorable cultivation year. 
 
 
MATERIALS AND METHODS 
 
The study was developed in the field during the agricultural years 
2013, 2014 and 2015, in Augusto Pestana city, RS State, Brazil 
(28°26'30'' South latitude and 54°00'58'' West longitude). The 
experimental soil of the area is classified as Distrofic Red Latosol 
Typical, which its U.S. equivalent is Rhodic Hapludox (USDA, 
2014), and the climate of the region, according to Köppen 
classification, is ‘Cfa type’, with hot summer without a dry season. 
In the study, ten days before sowing, soil analysis was performed 
and it was identified the following chemical characteristics of the 
local: pH = 6.2; P = 33.9 mg dm-3; K =200 mg dm-3; Organic Matter 
= 3.0%; Al= 0.0 cmolc dm-3; Ca = 6.5 cmolc dm-3 and Mg = 2.5 cmolc 
dm-3. In the years of study, the sowing was carried out on the 
vegetation cover of reduced C/N relation (soybean/oat system), 
between the dates of May 15th to June 30th, with seeder-fertilizer for 
composition of 5 rows of 5 m in length and row spacing of 0.20 m, 
forming the experimental unit of 5 m2. At the oats sowing time 60 
and 50 kg ha-1 of P2O5 and K2O, were applied, respectively, based 
on levels of P and K in the soil and nitrogen base with 10 kg ha-1 
and rest in order to contemplate the doses proposed as coverage at 
the stage of fourth leave expanded, with nitrogen available as urea. 
The seeds were submitted to germination and vigor tests in the 
laboratory in order to correct the desired density of 300 viable 
seeds m-2 for carrying out two experiments in each cultivation year. 
During the study execution, tebuconazole fungicide applications, 
trademark FOLICUR® CE were made at the dosage of 0.75 L ha-1. 
Moreover, the weeds control was carried out with metsulfuron-
methyl herbicide, trademark ALLY® C, at a dose of 4 g ha-1 and 
additional weeding whenever necessary. The growth regulator 
(Trinexapac-ethyl) was applied by spraying at constant pressure of 
30 pol-2, by compressed CO2, with flat fan nozzle at the stage 
between the 1st and 2nd stem nodes oats visible. 

In the study, two experiments were conducted, one to quantify 
the total biomass yield and another to estimate grain yield and 
lodging. In both experiments the experimental design was 
randomized blocks with four repetitions, following factorial scheme 
4 x 3 the sources of variation of the growth regulator doses (0, 200, 
400 and 600 mL ha-1) and N-fertilizer rates (urea source) (30, 90 
and  150  kg ha-1), respectively, totaling  96 experimental  units. The   
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harvest of experiments to estimate the biomass and grain yield 
occurred manually by cutting three central rows of each plot, stage 
near the harvesting point (120 days), with grain moisture around 
15%. The plots directed to grain harvest were threshed with a 
stationary harvester and directed the laboratory to correct grain 
moisture to 13%, and weighing to estimate grain yield per hectare 
(GY, kg ha-1). The plots for biomass analysis were directed to 
forced-air oven at a temperature 65°C, until it reached constant 
weight to the biomass yield estimation per hectare (BY, kg ha-1). 
From these determinations, the straw yield was estimated (SY, kg 

ha-1) by subtraction       and the harvest index (HI, kg kg-1) by 
division      . The lodging was estimated visually and expressed 
in percentage, having considered the angle formed in the vertical 
position of the plants culm in relation to the ground and the area of 
lodged plants. For this estimate it was used the methodology 
suggested by Moes and Stobbe (1991), modified, with the lodging 
(LODG) defined by the equation: LODG% = I x LODG x 2; where: 
(I) reflects the plants inclination degree, ranging from 0 to 5 (0, 
absence of inclination and 5, all plants completely lodged); LODG 
represents the area with lodged plants in the plot, which ranges 
from 0 to 10, where 0 corresponds to the absence of lodged plants 
in the plot and 10 to lodged plants over the whole plot, regardless of 
their inclination. Therefore, this equation considered the incidence 
and severity of plants lodging. 

To meet the homogeneity and normality assumptions via Bartlett 
tests, analysis of variance were performed for detection of the main 
effects and interaction. Through the regression, equations were 
obtained that describe the lodging behavior, grain yield, biomass 
yield, straw yield and harvest index. It was proceeded the 

adjustment of the linear equation (Y=        ) considering the 
possibility of plant lodging of at most 5%, value added to the 
parameter "Y" of the equation, to estimate the optimal dose growth 

regulator, obtained by x               ]. Finally, the simulation 
of oat yield indicators was performed using the optimal dose of 
growth regulator by lodging, in the fertilization conditions with 
nitrogen and the cultivation year. The average grain yield values 
per crop year along with the maximum temperature and rainfall 
information in the oat crop cycle, were used to classify the years as 
favorable, intermediate and unfavorable. For all the determinations 
the computational program GENES was employed (Cruz, 2013) 
was used. 

 
 
RESULTS AND DISCUSSION 

 
In Figure 1, of the moment of N-fertilizer application in 
2014, the averages of maximum temperature showed 
more elevated (±27°C) in relation to 2013 and 2015. The 
nitrogen topdressing applied in 2014 was followed by 
rainfall volume higher than 50 mm, volume also observed 
near to the grain harvest. These facts justify the lower 
yield obtained this year (Table 1), by the loss of the 
nutrient by leaching and losses by excessive rainfall in 
the maturation, characterizing unfavorable year (UY). In 
2015, the maximum temperature next to the N-fertilizer 
application was the smallest (±12°C) compared to the 
other years. At the time of N-fertilizer application, the soil 
presented with conditions of adequate moisture by the 
rainfall accumulation from the previous days (Figure 1). 
On the other hand, the high rainfall volume during the 
culture cycle afforded periods of lowest insolation, 
possibly causing lower  photosynthesis  efficiency  by  the  
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plant. Thus, the weather conditions with the grain yield 
average of Table 1, justifies a reasonable yield, 
characterizing as an intermediate year (IY) of cultivation. 
In 2013, the maximum temperature obtained at the time 
of N-fertilizer application was around 20°C and N-fertilizer 
application occurred in favorable conditions of soil 
moisture (Figure 1). In this condition, although the total 
volume of rainfall has been further reduced (Table 1), 
proper distribution of rainfall throughout the cycle (Figure 
1) was decisive in the highest grain yield, more than 4 t 
ha

-1
, characterizing favorable year (FY) of cultivation. 

Rainfall has been the main weather variable that affects 
agricultural productivity, although temperature, light and 
sunlight are also important (Battisti et al., 2013). Stress 
caused by lack or excess of water adversely affects the 
wheat and oats´ development (Benin et al., 2012; Mantai 
et al., 2015). Arenhardt et al. (2015) highlight that the 
rainfall defines the favorable and unfavorable year 
condition to the wheat cultivation. 

In the analysis of the sources of variation year, N-
fertilizer rate and growth regulator dose, differences 
between the main effects and interaction were observed 
(data not shown). Therefore, in the Tables 2, 3, 4 and 5, 
the decomposition of these interactions are illustrated in 
the distinct fertilization conditions with N-fertilizer and 
favorable year (FY), intermediate (IY) and unfavorable 
(UY) of cultivation. In Table 2, the reduced N-fertilizer 
rate (30 kg ha

-1
) showed the largest plants lodging in 

2014 (UY), independent of growth regulator dose. In the 
high nitrogen rate (90 kg ha

-1
), high lodging was also 

observed in 2014, in the presence of the regulator doses. 
This same trend was also observed at the highest N-
fertilizer rate (150 kg ha

-1
). In high and higher N-fertilizer 

rates, the absence of regulator use indicated higher plant 
lodging in the most favorable cultivation year. Moreover, 
the point of 400 mL ha

-1
 indicated the lowest average 

lodging, similar to the highest dose of the product (600 
mL ha

-1
), which suggests the optimal dose adjustment at 

this concentration range. In generally, trend of reduction 
in the lodging was observed with increasing growth 
regulator dose, regardless of the year condition and N-
fertilizer. Studies performed on wheat (Chavarria et al., 
2015; Schwerz et al., 2015), rice (Arf et al., 2012), 
crotalaria (Kappes et al., 2011) and oats (Hawerroth et 
al., 2015; Kaspary et al., 2015) point out that regardless 
of N-fertilizer, the increasing of the growth regulator 
doses decreases the plant height and consequently the 
lodging. Hawerroth et al. (2015) still claim that the 
regulator use is effective when administered in favorable 
oat cultivation years. 

In the estimation of the optimal dose of growth 
regulator for lodging expression (Table 3), the tested 
regression equations identified linear trend, regardless of 
year and N-fertilizer rate. For this estimate, the possibility 
of plant lodging was taken into consideration at most 5%, 
value added to the parameter "Y" of each equation.  
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Figure 1. Precipitation and maximum temperature during the oat cycle. Application of N-fertilizer and 
Trinexapac-ethyl 

 
 
 

Regardless of the cultivation year condition, the growth 
regulator doses averages obtained for the different N-
fertilizer rates remained between 460 and 523 mL ha

-1
. In 

general, regardless of year and N-fertilizer, the optimal 
dose of growth regulator proved to be adjusted to 495 mL 
ha

-1
, concentration that would theoretically nullify the oat 

plants lodging. 
In wheat (Pagliosa et al., 2013; Trevizan et al., 2015) 

and rice (Arf et al., 2012; Alvarez et al., 2014) observed 
reduction in plant lodging with the use dose of 400 mL ha

-

1
 of regulator. In crotalaria (Kappes et al., 2011) and 

soybean (Souza et al., 2013) the efficient reduction of the 
lodging was obtained with the dose application of 500 mL 
ha

-1
 of regulator. Kaspary et al. (2015) and Guerreiro and 

Oliveira (2012), studying the growth regulator effects on 
grain yield and quality of oat seeds, claim that the dose of 
500 mL ha

-1
 reduced the plant height by 60% and, 

consequently, altering the expression of plants lodging. 
In Table 4, the analysis of grain yield behavior (GY), 

regardless of year and N-fertilizer rate, the two-degree 
equation was adequate. In this equation, the including of 
the optimal dose of growth regulator for lodging (Table 3),  
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Table 1. Temperature and precipitation data in the months and years of oat cultivation and average grain yield. 
 

Year Month 
Temperature (°C)  Precipitation (mm)    ̅ 

(kg ha
-1

) 
Class 

Minimum Maximum Average  Average* Occurred 

2015 

May 10.5 22.7 16.6  149 100 

3404 IY 

June 07.9 18.4 13.1  162 191 

July 08.3 19.2 13.7  135 200 

August 09.3 20.4 14.8  138 223 

September 09.5 23.7 16.6  167 046 

October 12.2 25.1 18.6  156 211 

Total - - -  909 973 
          

2014 

May 11.1 24.5 17.8  149 020 

2841 UY 

June 09.3 19.7 14.5  162 059 

July 07.4 17.5 12.4  135 176 

August 12.9 23.4 18.1  138 061 

September 12.0 23.0 17.5  167 194 

October 15.0 25.5 20.2  156 286 

Total - - -  909 798 
          

2013 

May 10.0 22.6 16.3  149 108 

4163 FY 

June 08.9 20.0 14.5  162 086 

July 07.0 20.6 13.8  135 097 

August 06.6 19.8 13.2  138 163 

September 09.6 21.0 15.3  167 119 

October 13.2 27.1 20.2  156 138 

Total - - -  909 712 
 

*= Average rainfall obtained in the months from May to October 1982 to 2007; FY= Favorable year; UY= Unfavorable year; IY= Intermediate 

year;    ̅= average grain yield; Class= classification of the year. 
 
 
 

Table 2. Averages oat plant lodging by year and N-fertilizer rate in response to the use of growth regulator. 
 

N-coverage (kg ha
-1

) Year 
Growth regulator dose (mL ha

-1
) 

0 200 400 600 

 LODG (%) 

30 

2015 (IY) 28
b
 08

c
 02

b
 01

b
 

2014 (UY) 48
a
 38

a
 22

a
 21

a
 

2013 (FY) 22
b
 17

b
 03

b
 02

b
 

 ̅    33 21 09 08 

      

90 

2015 (IY) 61
b
 35

b
 05

b
 02

b
 

2014 (UY) 62
b
 68

a
 35

a
 33

a
 

2013 (FY) 82
a
 27

b
 03

b
 01

b
 

 ̅    68 43 14 12 

      

150 

2015 (IY) 87
a
 51

a
 10

b
 03

b
 

2014 (UY) 58
b
 57

a
 38

a
 33

a
 

2013 (FY) 83
a
 32

b
 05

b
 05

b
 

 ̅     76 46 18 14 

 ̅         59 36 14 12 
 

Averages followed by different letters are statistically different group by Scott-Knott test at 5% error probability;  ̅ = 
average obtained lodging in the three years of study;  ̅       = overall average. 
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Table 3. Estimate the optimal dose of growth regulator by year and N-fertilizer rate of the predictability maximum lodging of 5%. 
 

N-coverage (kg ha
-1

) Year 
Equation 

          
R² P (bx) YE (%) Optimal dose (mL ha

-1
) 

30 

2015 (IY)              0.80 * 

(5) 

 410 

2014 (UY)              0.92 *  495 

2013 (FY)              0.89 *  475 

 ̅         460 

       

90 

2015 (IY)              0.91 * 

(5) 

 500 

2014 (UY)              0.82 *  510 

2013 (FY)              0.93 *  490 

 ̅         500 

       

150 

2015 (IY)              0.93 * 

(5) 

 525 

2014 (UY)              0.89 *  520 

2013 (FY)              0.94 *  525 

 ̅          523 

 ̅              495 
 

P(bx)= parameter that measures the line slope; R²= determination coefficient; * = Significant at 5% error probability by t test.; ( ) = considering the 

possibility the maximum lodging of 5%;  ̅ = average obtained in the three years of study;  ̅       = overall average; YE = estimated value; Optimal dose 
= dose regulator that allows maximum lodging of 5%. 

 
 
 
indicates grain yield expectation greater than 3000 kg ha

-

1
, except for the year 2012 (UY) in the reduced dose of N-

fertilizer (30 kg ha
-1

).
 
In the average of the years for the 

reduced of N-fertilizer condition, the optimal dose of 
growth regulator was 460 mL ha

-1
, with grain yield 

expectation in 3490 kg ha
-1

. In high rate (90 kg ha
-1

) and 
highest (150 kg ha

-1
)
 
of N-fertilizer, regardless of the 

agricultural year condition, little change was obtained in 
the regulator dose, ranging from 500 and 520 mL ha

-1
, 

with grain yield expectation of 3544 and 3900 kg ha
-1

, 
respectively. In the low and highest dose of nitrogen rate 
the variation of the growth regulator dose was between 
460 and 520 mL ha

-1
, respectively. On the general 

average, regardless of year and N-fertilizer rate, the use 
of 495 mL ha

-1
 of growth regulator brings a grain yield 

expectation of 3645 kg ha
-1

. 
In Table 4, in the analysis of biological yield (BY), 

regardless of year and N-fertilizer rate, the linear 
equations proved adjusted, indicating that the increasing 
of growth regulator dose causes a reduction in the total 
biomass. The inclusion of the optimum dose of growth 
regulator obtained for the lodging (Table 3), in the 
equation that describes the behavior of biological yield, 
indicated high expression values and, with strong 
dependence of the cultivation year, condition most 
favored in 2013 (FY). In the years’ average, the supply of 
30 kg ha

-1
 of N-fertilizer with use of the optimal dose 

regulator (460 mL ha
-1

) showed biological yield of 7725kg 
ha

-1
. The nitrogen  in  high  rate  (90 kg ha

-1
)
  
and  highest 

(150 kg ha
-1

), indicate biological yield of approximately 
9000 kg ha

-1
, in the adjusted rates of 500 and 520 mL ha

-

1
 of regulator, respectively, regardless of agricultural year 

condition. On the general average, the use of 495 mL ha
-

1
 of growth regulator indicated biological yield of 8570 kg 

ha
-1

. 
Effects of trinexapac-ethyl on the biological yield and 

grain vary according to the species, the genotype within 
the species and concentration used (Arf et al., 2012; 
Silva et al., 2015). The growth regulators use in the bean 
crop (Bernardes et al., 2010) and rice (Alvarez et al., 
2014), contributed to control the excessive vegetative 
growth, without causing changes in grain yield. In maize, 
the regulator use causes increase in width and decreases 
the leaves length without effect on yield components 
(Zagonel and Ferreira, 2013). Researching the use of 
growth regulator on wheat, in different nitrogen rates, 
Zagonel et al. (2002) observed that even in higher 
nitrogen rates, the regulator use provided decrease in 
plant height, without effect on stem diameter and mass of 
dried plants. These authors highlight that in adverse 
conditions by weather, the plant lodging can be avoided 
with the regulator use. These results differ from those 
obtained by Espindula et al. (2010) who reported wheat 
yield reductions with the use of trinexapac-ethyl. In oats, 
Guerreiro and Oliveira (2012) note that the use of 
trinexapac-ethyl causes reduction in plant height and 
negatively affects the grain yield. Result contrary to that 
obtained  by  Kaspary  et  al.  (2015)  who  claim  that the  
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Table 4. Regression equation to estimate grain yield (GY) and biological yield (BY) in oat using the optimal dose of growth regulator. 
 

N-coverage (kg ha
-1

) Year Equation R² P (cx²) Optimal dose (mL ha
-1

) YE (kg ha
-1

) 

                   

30 

2015 (IY)                       0.88 * 410 3580 

2014 (UY)                       0.86 * 495 2760 

2013 (FY)                       0.96 * 475 4140 

 ̅   -                       0.90 * 460 3490 

       

90 

2015 (IY)                       0.90 * 500 3831 

2014 (UY)                       0.99 * 510 3295 

2013 (FY)                       0.91 * 490 3508 

 ̅   -                       0.93 * 500 3544 

       

150 

2015 (IY)                       0.95 * 525 3882 

2014 (UY)                       0.83 * 520 3483 

2013 (FY)                       0.95 * 525 4375 

 ̅    -                       0.91 * 520 3900 

 ̅        -                       0.91 * 495 3645 

  
        

    
       

30 

2015 (IY)            0.86 * 410 7157 

2014 (UY)            0.71 * 495 6840 

2013 (FY)             0.94 * 475 9180 

 ̅   -            0.84 * 460 7725 

       

90 

2015 (IY)            0.99 * 500 9083 

2014 (UY)            0.97 * 510 8385 

2013 (FY)             0.98 * 490 9557 

 ̅   -             0.98 * 500 9000 

       

150 

2015 (IY)            0.95 * 525 8402 

2014 (UY)            0.98 * 520 7846 

2013 (FY)             0.85 * 525 10700 

 ̅    -             0.93 * 520 8982 

 ̅        -             0.92 * 495 8570 
 

P(cx²)= parameter that measures the slope of the line; R²= determination coefficient; * = Significant at 5% error probability by t test.;  ̅ = average 

obtained in the three years of study;  ̅       = overall average; YE = estimated value; Optimal dose = dose regulator that allows maximum lodging of 
5%. 

 
 
 
growth regulator use generates increase in grain yield, 
but with reduced physiological seed quality. According to 
Rodrigues et al. (2003), the effect of growth regulator is 
dependent on the dose, environmental conditions and 
nutrition and plant health culture. 

In Table 5, the behavior of straw yield (SY), regardless 
of year and N-fertilizer rate, decreasing linear trend is 
observed, similar to that obtained in biological yield 
(Table 4). It highlighted that the effects of reducing the 
biological productivity (Table 4) by the use of the 
regulator are fully achieved  by  reducing  the  straw  yield 

(Table 5) and not by changes in grain yield. In average 
years, the reduction of N-fertilizer condition (30 kg ha

-1
), 

with use of the optimal dose regulator showed expected 
straw yield of 4510 kg ha

-1
. In high (90 kg ha

-1
)
 
and 

highest doses (150 kg ha
-1

)
 
of N-fertilizer, regardless of 

the agricultural year condition, the use of optimal dose 
regulator under these conditions indicates straw yield 
expectation of 5290 and 5160 kg ha

-1
, respectively. On 

the general average, the optimal dose of regulator, 
regardless of year and N-fertilizer dose (495 mL ha

-1
) 

scales an  expectation  of  straw yield of 4987 kg ha
-1

. For  
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Table 5. Regression equation to estimate straw yield (SY) and harvest index (HI) in oat using the optimal dose of growth regulator. 
 

N-coverage (kg ha
-1

) Year Equation R² P (bx) Optimal dose (mL ha
-1

) YE (kg ha
-1

) 

              

30 

2015 (IY)            0.81 * 410 3770 

2014 (UY)            0.94 * 495 4102 

2013 (FY)            0.98 * 475 5065 

 ̅   -            0.91 * 460 4510 

       

90 

2015 (IY)            0.86 * 500 5303 

2014 (UY)            0.93 * 510 5100 

2013 (FY)            0.99 * 490 5470 

 ̅   -            0.93 * 500 5290 

       

150 

2015 (IY)            0.90 * 525 4827 

2014 (UY)            0.93 * 520 4363 

2013 (FY)            0.78 * 525 6303 

 ̅    -            0.87 * 520 5160 

 ̅        -            0.90 * 495 4987 

       

                   

30 

2015 (IY)                            0.98 * 410 0.51 

2014 (UY)                           0.99 * 495 0.41 

2013 (FY)                           0.97 * 475 0.38 

 ̅   -                           0.98 * 460 0.43 

       

90 

2015 (IY)                           0.94 * 500 0.42 

2014 (UY)                           0.99 * 510 0.39 

2013 (FY)                           0.99 * 490 0.32 

 ̅   -                           0.97 * 500 0.38 

       

150 

2015 (IY)                           0.99 * 525 0.43 

2014 (UY)                           0.93 * 520 0.48 

2013 (FY)                           0.91 * 525 0.40 

 ̅    -                           0.94 * 520 0.44 

 ̅        -                           0.96 * 495 0.42 
 

P(bx)= parameter that measures the slope of the line; R²= determination coefficient; * = Significant at 5% error probability by t test.;  ̅ = average 
obtained in the three years of study;  ̅       = overall average; YE = estimated value; Optimal dose = dose regulator that allows maximum lodging of 
5%. 

 
 
 
Mantai et al. (2015), the oats straw on the soil is essential 
for preserving and improving the physical, chemical and 
biological attributes, as well as help protect against 
erosion as well as reduce soil loss water by evaporation. 
Silva et al. (2012) also commented on the straw layer 
ability to control weeds on the soil surface. Hawerroth et 
al. (2015) stated that the use of trinexapac-ethyl growth 
regulator in oats is responsible for the reduction of 
vegetative growth, thereby decreasing the straw volume. 

On analysis of the harvest  index  (Table 5),  regardless  

of year and N-fertilizer dose, the two-degree equation 
was adequate. In this equation, at the inclusion of the 
optimal dose of growth regulator (Table 3) showed lower 
harvest index in 2013 (FY). In fact, the grain yield 
reached stability based on the quadratic behavior, which 
in biological yield, mainly via straw, the linear behavior 
promotes steady growth, reducing the harvest index. 
Thus, in oats, observed high harvest index reflected in 
greater efficiency, though occasionally, as in favorable 
condition, greater use is obtained via straw yield.  



 
 
 
 
 
Schaedler et al. (2009) studying the genetic variability of 
the physiological parameters of oat yield, observed 
harvest index between 0.33 and 0.45. The results found 
by these authors are in line with those obtained in this 
study which revealed that with the use of optimal dose 
regulator dedicated the lodging plants at most 5%, 
ranging from 0.38 to 0.44, regardless of the agricultural 
year condition and N-fertilizer rate. Mantai et al. (2015) 
and Silva et al. (2012) highlighted that the sowing 
density, nitrogen fertilization and the favorable weather 
conditions are the main factors which affect the harvest 
index expression of the cereals. In oats, Mantai et al. 
(2015) point out that the reduction in harvest index in 
favorable year does not express the efficiency obtained 
for the grains elaboration, because the increase in grain 
yield does not follow the same way as the expression of 
biological yield, causing reduction of the harvest index by 
higher volume of biomass via straw. In wheat, with 
regulator application, Zagonel and Fernandes (2007) 
observed decrease in harvest index with increasing 
nitrogen rate. Trevisan et al. (2015) pointed out that the 
growth regulator application increase the harvest index 
by reducing the biomass straw.  

On average, Table 4 revealed the zero regulator dose 
(y=a), and the grain yield estimate of 3762 kg ha

-1
, as 

similar to those obtained using the optimal dose (495 mL 
ha

-1
), with 3645 kg ha

-1
. On the other hand, there was 

significant reduction of the biological yield estimate from 
zero to the optimal dose, with 10246

 
to 8570 kg ha

-1
, 

respectively. This behavior is better understood by the 
general average estimate of straw yield (Table 5), which 
showed significant reduction in the zero point to the use 
of optimal dose, from 6464 to 4987 kg ha

-1
, confirming 

that the reduction of biological yield occurs at the 
expense of straw yield and not by grain yield. This fact 
also justifies the increase of expression in the estimate of 
the harvest index (Table 5) at the zero dose to optimal 
dose regulator from 0.35 to 0.42, respectively, because 
the grains relation versus straw by the harvest index is 
obtained by the division between grain yield by the 
biological yield (grain + straw). Therefore, a reduction of 
the biological yield without changing the grain yield 
promotes natural increase of the harvest index. The 
results presented by the growth regulators used in other 
species, corroborate with the ones obtained in oat, 
indicating that the use of trinexapac-ethyl efficiently 
reduces the plant lodging without losses in grain yield; 
however it reduces biological yield at the expense of 
biomass straw, consequently promoting an increase on 
the harvest index.  
 
 
Conclusions 
 
The use of 495 mL ha

-1
 of the growth regulator of 

trinexapac-ethyl active principle  shows  to be  efficient  in  
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reducing the oat plant lodging, regardless of the 
agricultural year condition and N-fertilizer rate. In the 
expression of grain yield and harvest index, quadratic 
behavior is obtained, however, with decreasing linearity 
on the biomass and straw yield at higher doses the 
growth regulator. The growth regulator optimal dose in 
reducing oat lodging does not affect grain yield, but it 
reduces biological yield via biomass straw with elevation 
on the harvest index. 
 
 
CONFLICT OF INTERESTS 
 
The authors have not declared any conflict of interests. 
 
 

ACKNOWLEDGEMENTS 
 
The authors are grateful to CNPq, FAPERGS, CAPES 
and UNIJUÍ for the resources contributed towards 
development of this research and to the Scholarship for 
Scientific and Technological Initiation and Research 
Productivity. 
 
 
REFERENCES 

 
Alvarez RCF, Crusciol CAC, Nascente AS (2014). Produtividade de 

arroz de terras altas em função de reguladores de crescimento. Rev. 
Ceres 61(1):042-049. 

Arenhardt EG, Silva JAGda, Gewehr E, Oliveira ACde, Binelo MO, 
Valdiero AC, Gzergorczick ME, Lima ARC (2015). The nitrogen 
supply in wheat cultivation dependent on weather conditions and 
succession system in southern Brazil. Afr. J. Agric. Res. 10(48):4322-
4330. 

Arf O, Nascimento Vdo, Rodrigues RAF, Alvarez RdeCF, Gitti DC, Sá 
MEde (2012). Uso de etil-trinexapac em cultivares de arroz de terras 
altas. Pesqui. Agropecu. Trop. 42(2):150-158. 

Battisti R, Sentelhas PC, Pilau FG, Wollmann CA (2013). Eficiência 
climática para as culturas da soja e do trigo no estado do Rio Grande 
do Sul em diferentes datas de semeadura. Ciênc. Rural 43(3):390-
396. 

Benin G, Bornhofen E, Beche E, Pagliosa ES, Silva CLS, Pinnow C 
(2012). Agronomic performance of wheat cultivars in response to 
nitrogen fertilization levels. Acta Sci. Agron. 34(3): 275-283. 

Bernardes TG, Silveira PMda, Mesquita MAM (2010). Produtividade do 
feijoeiro irrigado devido a reguladores de crescimento e culturas 
antecessoras de cobertura. Bragantia 69(2):371-375. 

Chavarria G, Rosa WPda, Hoffmann L, Durigon MR (2015). Regulador 
de crescimento em plantas de trigo: reflexos sobre o 
desenvolvimento vegetativo, rendimento e qualidade de grãos. Rev. 
Ceres 62(6):583-588. 

Costa L, Zucareli C, Riede CR (2013). Parcelamento da adubação 
nitrogenada no desempenho produtivo de genótipos de trigo. Rev. 
Cient. Agron. 44(2):215-224. 

Cruz CD (2013). GENES: a software package for analysis in 
experimental statistics and quantitative genetics. Acta Scient. Agron. 
35(3):271-276.  

Espindula MC, Rocha VS, Souza MA, Grossi JAS, Souza LT (2010). 
Doses e formas de aplicação de nitrogênio no desenvolvimento e 
produção da cultura do trigo. Ciênc. Agrotecnol. 34(6):1404-1411. 

Flores RA, Urquiaga SS, Alves BJR, Collier LS, Morais RF, Prado RM 
(2012). Adubação nitrogenada e idade de corte na produção de 
matéria     seca    do     capim-elefante     no    C errado.   AGRIAMBI.  



 
804          Afr. J. Agric. Res. 
 
 
 

16(12):1282-1288. 
Fontaneli RS, Santos HP, Fontaneli RS, Lampert EA (2012). 

Rendimento de grãos de aveia branca em sistemas de produção 
com integração lavoura-pecuária, sob plantio direto. Agrária 7:790-
796. 

Guerreiro MG, Oliveira NC (2012). Produtividade de grãos de aveia 
branca submetida a doses de trinexapac-ethyl. Agrária 7:27-36. 

Hawerroth MC, Silva JAG, Souza CA, Oliveira AC, Luche HS, Zimmer 
CM, Hawerroth FJ, Schiavo J, Sponchiado JC (2015). Redução do 
acamamento em aveia-branca com uso do regulador de crescimento 
etil-trinexapac. Pesqui. Agropecu. Bras. 50(2):115-125.   

Heckman NL, Elthon TE, Horst GL, Gaussoin RE (2002). Influence of 
Trinexapac-Ethyl on respiration of isolated wheat mitochondria. 
Agron. Crop Sci. 42(2):423-442.  

Kappes C, Arf O, Arf MV, Gitti DC, Alcalde AM (2011). Uso de 
reguladores de crescimento no desenvolvimento e produção de 
crotalária. Pesqui. Agropecu. Trop. 41(4):508-518. 

Kaspary TE, Lamego FP, Bellé C, Kulczynski SM, Pittol D (2015). 
Regulador de crescimento na produtividade e qualidade de sementes 
de aveia-branca. Planta Daninha 33(4):739-750.  

Mantai RD, Silva JAGda, Arenhardt EG, Heck TG, Sausen ATZR, 
Krüger CAMB, Cardoso AM, Goi Neto CJ, Krysczun DK (2015). The 
effect of nitrogen dose on the yield indicators of oats. Afr. J. Agric. 
Res. 10(39):3773-3781.  

Moes J, Stobbe EH (1991). Barley treated with ethephon: I. yield 
components and net grain yield. Agron. J. 83(1):86-90.  

 Pagliosa EE, Benin G, Biezus E, Beche E, Silva CL, Marchese JA, 
Martin TN (2013). Trinexapac-Ethyl e adubação nitrogenada na 
cultura do trigo. Planta Daninha 31(3):623-630.  

Schaedler CE, Fleck NG, Ferreira FB, Lazaroto CA, Rizzardi MA 
(2009). Características morfológicas em plantas de cultivares de 
aveia como indicadoras do potencial competitivo com plantas 
daninhas. Ciênc. Rural 39(5):1313-1319.  

Schwerz F, Caron BO, Schmidt D, Oliveira DM, Elli EF, Eloy E, 
Rockenbach AP (2015). Growth retardant and nitrogen levels in 
wheat agronomic characteristics. Científica 43(2):93-100.  

Silva JAGda, Arenhardt EG, Krüger CAMB, Lucchese OA, Metz M, 
Marolli A (2015). A expressão dos componentes de produtividade do 
trigo pela classe tecnológica e aproveitamento do nitrogênio. 
AGRIAMBI. 19(1):27-33.  

Silveira CP, Oliveira DAB, Silva EM, Monteiro FA (2011). Two years of 
nitrogen and sulfur fertilizations in a signal grass pasture under 
degradation: changes in the root system. Rev. Bras. Zootec. 
40(6):1195-1203.  

Souza CA, Figueiredo BP, Coelho CMM, Casa RT, Sangoi L (2013). 
Plant architecture and productivity of soybean affected by plant 
growth retardants. Biosci. J. 29(3):634-643. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
Trevizan K, Gregoleti E, Hoffmann AF (2015). Trinexapac-etil diminui o 

acamamento e aumenta produtividade do cultivar de trigo TBIO 
Pioneiro. Rev. Agron. Med. Vet. 02(3):28-52. 

Zagonel J, Fernandes EC (2007). Doses e épocas de aplicação de 
redutor de crescimento afetando cultivares de trigo em duas doses 
de nitrogênio. Planta Daninha 25(2):331-339.  

Zagonel J, Ferreira C (2013). Doses e épocas de aplicação de 
regulador de crescimento em híbridos de milho. Planta Daninha 
31(2):395-402.  

Zagonel J, Venancio WS, Kunz RP, Tanamati H (2002). Doses de 
nitrogênio e densidades de plantas com e sem um regulador de 
crescimento afetando o trigo, cultivar or-1. Ciênc. Rural 32(1):25-29.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 


