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Abstract

The supply of glutamic acid-based biostimulants may represent an innovative technology to
increase oat grain yield and quality. The objective of this study is to measure the effect of
different biostimulants based on concentrations of glutamic acid and nutrients and their
application on indicators of productivity and industrial and chemical quality of oat grains.
The study was conducted in 2016 and 2017 in a randomized block design with four
replications, considering 10 combinations of treatments for different application conditions
and types of glutamic acid-based biostimulants, which were: 1. Control; 2. Zinplex (seed) +
Biomol (grain filling); 3. Zinplex (seed) + Glutamin Extra (grain filling); 4. Zinplex (seed) +
Biomol (thinning); 5. Glutamin Extra (1% fungicide application) + Glutamin Extra (2™
fungicide application); 6. Biomol (1 fungicide application) + Biomol (2" fungicide
application); 7. Zinplex (seed) + Vorax (grain filling); 8. Vorax (1% fungicide application) +
Vorax (2" fungicide application); 9. Biomol (thinning) + Vorax (grain filling) and 10. Biomol
(thinning) + Glutamin Extra (grain filling). The foliar application of biostimulants with the
presence of glutamic acid and nutrients may have positive effects on variables related to
productivity and industrial and chemical quality of oat grains, however, depending on the
agricultural year conditions. The application of Glutamin Extra in the 1st and 2nd fungicide
application shows the best results in the vast majority of grain yield and quality variables, but
the costs involving only biostimulants do not guarantee economic viability.

Keywords: Avena sativa, glutamic acid, nutrients, modeling, sustainability
1. Introduction

Oat is one of the most widely grown cereals in southern Brazil, representing a multi-purpose
species (Hawerroth et al., 2015; Dornelles et al., 2018). Used in animal and human feed, it is
classified as functional food by doctors and nutritionists (Hawerroth et al., 2013; Mantai et
al., 2016a). Therefore, it has been increasingly used in the food industry, especially in the
form of flakes and flour, combined with numerous products (Mantai et al., 2016b; Scremin et
al., 2017).
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The expression of oat yield is associated with the genetic characteristics of each cultivar, the
weather conditions during growing and the management technologies of the species (Brezolin
et al., 2016; Romitti et al., 2016). Among management technologies, adequate nutrient supply
is critical in ensuring grain quality yield (Mantai et al., 2015; Marolli et al., 2018). In this
perspective, the sources of plant nutrients are obtained from the soil by the stored availability,
animal droppings, the decomposition of crop residues and the use of formulated fertilizers,
with the root canal being the main form of absorption (Pereira et al., 2013; Maluf et al.,
2015).
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During management, unfavorable environmental conditions are common, causing
unavailability of absorption of the elements. Fertilizer supply under these conditions shows
reduced efficiency with consequent loss of productivity, besides increased production costs
and generation of environmental contamination (Silva et al., 2015; Marolli et al., 2018). In
agriculture these restrictions usually occur when the air temperature is high and/or low soil
moisture due to a long period without rainfall (Arenhardt et al., 2015; Henrichsen et al.,
2018).

One possibility of improving the efficiency of nutrient utilization in agricultural crops is the
application of biostimulants (Carvalho & Zabot, 2012; Domingos et al., 2015). Biostimulants
are a mixture of growth regulators isolated and / or combined with other compounds, such as
amino acids, nutrients, vitamins and others, which seek to provide nutrition and help in
overcoming stress (Castro & Vieira, 2001; Kolling et al., 2016). These compounds modify
protein expression acting on defense mechanisms, enzyme activation and plant nutrition and
are generally provided considering the absorption route via leaf (Almeida et al., 2009; Olsen
et al., 2016).

An important amino acid for cellular metabolism is L-glutamic acid, which has an expressive
diversity of biological functions and represents the central precursor molecule of the other
amino acids of plant metabolism and plays a fundamental role in the synthesis of chlorophyli
on leaves (Forde & Lea, 2007; Carvalho et al., 2013). From this perspective, the possibility of
supplying biostimulants that have glutamic acid combined with nutrients in their composition
may represent a technology capable of improving the absorption efficiency of the elements
via leaf and withstanding environmental stresses, enabling improvement in the expression of
yield and quality indicators of oat grains, under favorable as well as unfavorable conditions
of growing.

The objective of this study is to measure the effect of different biostimulants based on
concentrations of glutamic acid and nutrients and their application on indicators of
productivity and industrial and chemical quality of oat grains.

2. Materials and Methods
2.1 Crop Area Description

The study was conducted in the agricultural years 2016 and 2017 in the municipality of
Augusto Pestana, RS, Brazil (28° 26’ 30” S latitude and 54° 00’ 58 W longitude). The soil
of the experimental area is classified as typical dystroferric Red Latosol (Oxisol) and the
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climate of the region by K&ppen classification of Cfa type, with hot summer without dry
season. For the study, ten days before sowing soil analysis was performed and the following
chemical characteristics of the site were identified: pH = 6.2; P = 33.9 mg dm™; K = 200 mg
dm™; OM = 3.0%; Al = 0 cmole dm™; Ca = 6.5 cmole dm™ and Mg = 2.5 cmole dm?.
Regardless of crop year, sowing was between the first and second fortnight of May, in
residual cover of low C/N ratio (soy / oat system).

2.2 Experimental Design

In the implementation a seeder-fertilizer was used in the composition of the plot with 5 rows
of 5 m in length and row spacing of 0.20 m, forming the experimental unit of 5 m% At sowing,
30 and 20 kg ha™ of P,Os and K,O were applied, respectively, based on soil P and K contents,
and nitrogen at sowing with 10 kg ha™ and the 40 kg ha™* remaining for topdressing, applied
at the phenological stage of the expanded fourth leaf to meet the expected grain yield
expectation of 3 t ha™, with nitrogen available as urea. The seeds were submitted to
germination and vigor tests in the laboratory to correct the desired density of 400 viable seeds
m?. During the study, tebuconazole fungicide was applied at a dosage of 0.75 L ha™. Weed
control was carried out with metsulfuron-methyl herbicide at a dose of 4 g ha™. The cultivar
used was URS Tarimba, which has an early cycle and a large size.

The experimental design was a randomized complete block with four replications with ten
treatments representing different concentrations of biostimulants in different application
times, which were: 1. Control; 2. Zinplex (seed) + Biomol (grain filling); 3. Zinplex (seed) +
Glutamin Extra (grain filling); 4. Zinplex (seed) + Biomol (thinning); 5. Glutamin Extra (1°*
fungicide application) + Glutamin Extra (2" fungicide application); 6. Biomol (1* fungicide
application) + Biomol (2" fungicide application); 7. Zinplex (seed) + Vorax (grain filling); 8.
Vorax (1% fungicide application) + Vorax (2™ fungicide application); 9. Biomol (thinning) +
Vorax (grain filling) and 10. Biomol (thinning) + Glutamin Extra (grain filling). Table 1
describes the chemical composition of the biostimulants used in the study and their
concentrations of glutamic acid. It is noteworthy that the first fungicide application was
performed in the phase near the panicle emission (80 days after emergence) and at the
beginning of grain filling (100 days after emergence).
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Table 1. Description of chemical composition of biostimulants tested in oat

Commercial name Chemical composition gL? (%)
Zinplex » Z-n 798 70
Acidifying agent - 1,5

N 98,4 8,0

P,0s 61,5 5,0

K20 12,3 1,0

Mg 6,15 0,5

S 12,3 1,0

Glutamin Extra B 6,15 0,5
Mn 18,45 15

Mo 0,12 0,0

Zn 6,15 0,5

Total Organic Carbon 67,7 55

L-Glutamic Acid - 3,0

Mn 1,3 0,1

BioMol » '\_/IO o 70
Acidifying agent - 8,0

L-Glutamic Acid - 10,0

N 50 4,0

Total Organic Carbon 225 18,0

\orax Seaweed Extract - 1,0
Amino Acid Glycine Betaine - 1,0

L-Glutamic Acid - 25,0

Source: Microqu mica, 2017
2.3 Indicators of Yield, Industrial Quality and Chemical Composition of Grains

In the study the indicators of yield, industrial quality and chemical composition of oat grains
were evaluated. For the yield indicators by the inflorescence analysis, 10 random panicles
were collected in each experimental plot to measure the following variables: Panicle Length
(PL, cm) using a ruler; Panicle Mass (PM, g) and Panicle Grain Mass (PGM, g) with
precision balance; Number of Spikelets per Panicle (NPP, No.) and Number of Grains in
Panicle (NGP, No.) by count; Panicle Harvest Index (PHI, g g™*) by dividing panicle grain
mass by panicle mass. For yield indicators by yield analysis per area, two experiments were
conducted, one to quantify the biomass yield rate and the other to estimate grain yield.
Biomass yield (BY, kg ha™*) was obtained by cutting the three central lines of each plot close
to the soil at the physiological maturity stage. The biomass samples were directed to a forced
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air oven at 65 <C until constant weight and converted to kg ha™. Grain Yield (GY, kg ha™)
was obtained by cutting the three central lines of each plot at the harvest maturity stage, grain
moisture around 22%. After the plants were tracked with a stationary harvester and the grains
directed to the laboratory for moisture correction to 13%. Straw yield (SY, kg ha™) was
obtained by subtracting grain yield from biomass yield and Harvest Index (HI, kg ha™) from
the ratio of grain yield to biomass yield. For industrial quality indicators, the following
variables were measured: Thousand Grain Mass (TGM, g) determined by counting 250 grains
and weighing on a precision balance, then multiplied by four; Hectoliter mass (HM, kg hl™)
obtained by the grain mass from a known cube of 250 cm3and converted to kg hl™; Number
of Grains larger than two millimeters (NG> 2 mm, n) by counting a hundred grains, which
are placed in a 2 mm mesh sieve and counted those above that size; Husking Index (HUI, g
kg™) obtained by the ratio between the caryopsis (CM, g) and grain mass (GM, g) from 50
grains larger than 2 mm; Industrial Yield (1Y, kg ha™) by the product of grain yield with the
number of grains larger than 2 mm divided by 100 and the husking index (IY = GY x (NG>
2mm / 100) x HUI). In the indicators of chemical quality of oat grains, there were evaluated:
Starch (ST, g kg™), Crude Protein (CP, g kg™), Total Fiber (TF, g kg™), Neutral Detergent
Fiber (NDF, g kg™), Ash (ASH g kg™) and Energy (EN, MJ kg™) by proximal NIRs infrared
spectrophotometry by Perten, Diode Array DA 7200. The study also evaluated the weather
conditions during the growing cycle, evaluating the air temperature (<C) and rainfall (mm) by
the Total Automatic Station installed 500 meters from the experiment.

An analysis of variance was performed to detect differences between treatment levels on the
expression of yield, industrial and chemical quality indicators of oat grains. Afterwards, the
comparison test of means by the Scott and Knott model at 5% probability of error and
multivariate statistics was performed to analyze the relative contribution of the effects of
biostimulants on the variable group of each indicator. In all analyzes, the computer program
Genes (Cruz, 2006) was used.

3. Results and Discussion

In Figure 1, about the weather conditions in the oat growing cycle, 2016 indicated a total
rainfall of 973 mm, similar to the historical average of the last 20 years (909 mm) and with
adequate rainfall distribution throughout the cycle. Nitrogen fertilization conditions were
adequate with soil moisture due to previous rainfall. The maximum temperature remained
milder in the growing season, which may have contributed to the increase of tillering
expression, component of greater contribution on the elaboration of grain yield by area. These
conditions provided grain yield that characterizes 2016 as favorable (FY) for oat growing. In
2017 (Figure 1), rainfall was irregularly distributed, with large rainfall at the end of the crop
cycle, causing unfavorable harvest conditions. In addition, the nitrogen supply was under
water restriction due to the long period of lack of rainfall since the implementation. The
maximum temperatures were raised during almost the whole growing cycle with tendency of
higher energy expenditure due to the higher respiration rate, therefore, the low yield obtained
characterizes the year 2017 as unfavorable year (UY) to the crop.
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Figure 1. Rainfall and maximum temperature in the oat cycle, A = Year 2016 and B = Year
2017

Rainfall stands out as one of the main factors responsible for variations in agricultural yield.
Prior knowledge of precipitation conditions may indicate management methods that ensure
the success of the activity (Arf et al., 2012; Arenhardt et al., 2015). In winter cereals,
however, rainfall without large volumes, which favors adequate soil moisture and well
distributed throughout the crop cycle, characterizes a favorable environment for nitrogen
management and greater expression of yield (Castro et al., 2012; Souza et al., 2013). In
addition to precipitation, air temperature also acts strongly on nitrogen utilization dynamics
and productivity expression. Temperature acts as a catalyst for biological processes, which is
why plants require a minimum and maximum temperature for normal physiological activities
(Tonin et al., 2014; Marolli et al., 2017). High temperatures promote reduced productivity
and reduced biomass accumulation due to lower net photosynthesis obtained due to increased
respiration rate, reducing nitrogen utilization efficiency (Arenhardt et al., 2015; Mantai et al.,
2016b). Nitrogen supply followed by excessive rainfall leads to leachate losses, and when
supplied with low soil moisture and high air temperature, cause volatilization losses.
Therefore, reducing productivity, generating environmental contamination and collaborating
on events related to global warming (Mandal et al., 2016; Arenhardt et al., 2017).

In the analysis of variance (not shown), in general, the effect of biostimulant treatments on oat
grain yield and quality indicators were dependent on the condition of the year of growing.
Therefore, the treatment effects on the indicators follow with the presentation of results by
agricultural year condition. In Table 2, averages in 2017, the expression of grain yield and
harvest index were not altered by the conditions of use of biostimulants. However, the
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biological and straw yields were modified, with better response in the use of treatments 2
(Zinplex in seed + Biomol in grain filling), 5 (Glutamin Extra along with 1% and 2™ fungicide
application), 6 (Biomol along with the 1st and 2nd fungicide application), 8 (Morax along with
the 1st and 2nd fungicide application) and 9 (Biomol in tillering + Vorax in grain filling).

Table 2. Analysis of average of oat yield indicators by conditions of biostimulants use

GY BY SY HI
Treatment (kg ha™) (kg ha™) (kg ha™) (kg kg™
2017 (UY)
1 949 a 6824 b 5875Db 0,14 a
2 1041 a 7851 a 6759 a 0,14 a
3 1057 a 7041 b 5984 b 0,15a
4 989 a 7171 b 6182 b 0,13 a
5 1139 a 7781 a 6642 a 0,14 a
6 1118 a 8096 a 6978 a 0,14 a
7 1133 a 6765 b 5731 b 0,15a
8 1070 a 7765 a 6695 a 0,13 a
9 946 a 7664 a 6717 a 0,12 a
10 990 a 7275 b 6284 b 0,13 a
2016 (FY)
1 2408 b 8406 b 5998 ¢ 0,28 a
2 2398 b 8475b 6077 c 0,28 a
3 2372 b 8023 ¢ 5651d 0,29 a
4 2196 c 9405 a 7209 a 0,23 ¢
5 2701 a 9410 a 6621 b 0,29 a
6 2619 a 8907 a 6288 ¢ 0,29 a
7 2413 Db 8004 ¢ 5591d 0,30 a
8 2633 a 8650 b 6016 ¢c 0,30 a
9 2403 b 9284 a 6880 a 0,26 b
10 2816 a 9355 a 6539 b 0,30 a

GY = grain yield; BY = biomass yield; SY = straw yield; HI = harvest index; T1 = Control;
T2 = Zinplex (seed) + Biomol (grain filling); T3 = Zinplex (seed) + Glutamin Extra (grain
filling); T4 = Zinplex (seed) + Biomol (thinning); T5 = Glutamin Extra along with the 1% and
2nd fungicide application; T6 = Biomol along with the 1st and 2nd fungicide application; T7
= Zinplex (seed) + Vorax (grain filling); T8 = Vorax along with the 1st and 2nd fungicide
application; T9 = Biomol (thinning) + Vorax (grain filling); T10 = Biomol (thinning) +
Glutamin Extra (grain filling).

In general, the supply of biostimulants from Glutamin Extra, Biomol and Vorax products
show better results in foliar application with the first and second fungicide application. In
2016, the highest yield of biomass and grains was obtained with treatments 5 (Glutamin Extra
along with the 1st and 2nd fungicide application), 6 (Biomol along with the 1st and 2nd
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fungicide application) and 10 (Biomol in the tillering + Glutamin Extra in Grain Filling).
Under these conditions the harvest indexes were also higher, showing that the increase of the
grain elaboration reduced the leaf and stem expression (straw yield). The results also
indicated the need for two application times, either in the first and second application of
fungicide with Glutamin Extra and Biomol or the combined action of Biomol with Glutamin
in the tillering and grain filling, respectively.

In Table 3, in 2017, the industrial quality indicators of oat grains highlighted treatments 5
(Glutamin Extra along with the 1st and 2™ fungicide application), 6 (Biomol along with the 1°*
and 2" fungicide application) and 7 (Zinplex on the seed + Vorax in grain filling) for the most
promising results in the expression of oat grain industrial yield. Although the other variables
showed no change, the absolute values obtained indicated more expressive mean values, a
condition that may have driven a cumulative effect on the expression of industrial grain yield.

Table 3. Analysis of averages of oat industrial quality indicators by conditions of
biostimulants use

Treatment GY TGM HM NG>2mm HUI Y
(kg ha™) 9) (kg hl ™) (n) (g kg™ (kg ha ™)
2017(UY)
1 949 a 28,1a 50 a 76 a 0,69b 498 ¢
2 1041 a 30,1a 49 a 79a 0,71b 584 b
3 1057 a 30,5a 50 a 76 a 0,75a 602 b
4 989 a 29,8a 49 a 76 a 0,77 a 579b
5 1139 a 28,6 a h2a 79a 0,76 a 684 a
6 1118 a 28,1a 52a 8la 0,74 a 670 a
7 1133 a 28,8a 50 a 79a 0,78 a 698 a
8 1070 a 28,5a 5la 74 a 0,76 a 602 b
9 946 a 29,6 a 5la 78 a 0,76 a 561 b
10 990 a 29,8 a 50 a 80 a 0,74 a 586 b
2016 (FY)
1 2408 b 25,3a 47 a 65b 0,70 a 1096 b
2 2398 b 24,7 a 44 a 63 b 0,61b 921b
3 2372 b 23,3a 41 a 70b 0,69 a 1146 b
4 2196 ¢ 22,5a 42 a 70b 0,71a 1091 b
5 2701 a 25,3a 45 a 78 a 0,69 a 1454 a
6 2619 a 228a 45 a 59 b 0,73 a 1128 b
7 2413 b 22,8a 43 a 78 a 0,73 a 1374 a
8 2633 a 25,1a 45 a 70b 0,73 a 1345 a
9 2403 b 243 a 45 a 67 b 0,69 a 1111 b
10 2816 a 23,7a 42 a 65b 0,68 a 1245 Db

GY = grain yield; TGM = housand grain mass; HM = hectolitre mass; NG> 2mm = number
of grains larger than two millimeters; HUI = husking index; 1Y = industrial yield; T1 =
Control; T2 = Zinplex (seed) + Biomol (grain filling); T3 = Zinplex (seed) + Glutamin Extra
(grain filling); T4 = Zinplex (seed) + Biomol (thinning); T5 = Glutamin Extra along with the
1% and 2" fungicide application; T6 = Biomol along with the 1% and 2" fungicide application;
T7 = Zinplex (seed) + Vorax (grain filling); T8 = Vorax along with the 1% and 2™ fungicide
application; T9 = Biomol (thinning) + Vorax (grain filling); T10 = Biomol (thinning) +
Glutamin Extra (grain filling).
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In 2016 (Table 3), the expression of grain yield along with the number of grains greater than
2mm and husking index was increased by treatments 5 (Glutamin Extra along with the 1st and
2nd fungicide application), promoting the expression of the highest industrial grain yield.
Although grain yield with treatment 7 (Zinplex + Vorax in grain filling) was statistically lower,
the other components of industrial quality were increased, especially the number of grains
greater than 2mm, also allowing to express the higher industrial yield. It is noteworthy that also
treatment 8 (Vorax along with the 1st and 2nd fungicide application) indicated higher industrial
yield, mainly due to the contribution of higher grain yield. In general, treatment 5 (Glutamin
Extra along with the 1st and 2nd fungicide application) was the only one that showed the most
expressive results considering all the analyzed variables and encouraging the application of
biostimulant in two applications with the control of leaf diseases.

In Table 4, of the variables of the chemical quality of oat grains, in 2017 no significant
differences were observed by the use of biostimulants.

Table 4. Analysis of averages of oat chemical quality indicators by conditions of
biostimulants use

ST TP TF NDF ASH EN
Treatment  gkg)  (gkg?)  (gkg?)  (gkg®)  (gkg®)  (MIkg)
2017 (UY)
1 421 a 116 a 123 a 334a 320a 116 a
2 427 a 116 a 122 a 332a 315a 11,8a
3 434 a 121 a 123 a 333 a 30,0a 11,8a
4 427 a 117 a 123 a 338a 32,2a 119a
5 420 a 116 a 120 a 332a 310a 116 a
6 424 a 117 a 125 a 339a 31,7a 119a
7 417 a 116 a 120 a 327 a 29,7 a 119a
8 415 a 116 a 120 a 330 a 30,2a 119a
9 414 a 116 a 121 a 341 a 29,2 a 11,8a
10 417 a 116 a 123 a 342 a 310a 11,8 a
2016 (FY)
1 445 b 118 b 125 b 304 c 36,2a 12,1 a
2 440 b 124 a 126 b 315b 34,2a 119a
3 458 a 118 b 130 b 317 b 40,7 a 119a
4 443 b 116 b 127 b 316 b 35,7a 119a
5 462 a 115b 135a 324 a 37,0a 11,8a
6 443 b 121 a 125 b 313 b 370a 120 a
7 456 a 110 c 127 b 300 ¢ 38,2 a 12,0a
8 445 b 115b 136 a 330 a 36,0 a 11,8a
9 442 b 115b 124 b 309 b 350a 120 a
10 461 a 115b 136 a 326 a 36,7 a 11,8a

ST = starch; TP = total protein; TF = total fiber; NDF = neutral detergent fiber; ASH = ash;
EN = energy; T1 = Control; T2 = Zinplex (seed) + Biomol (grain filling); T3 = Zinplex (seed)
+ Glutamin Extra (grain filling); T4 = Zinplex (seed) + Biomol (thinning); T5 = Glutamin
Extra along with the 1 and 2" fungicide application; T6 = Biomol along with the 1% and 2"
fungicide application; T7 = Zinplex (seed) + Vorax (grain filling); T8 = Vorax along with the
1% and 2" fungicide application; T9 = Biomol (thinning) + Vorax (grain filling); T10 =
Biomol (thinning) + Glutamin Extra (grain filling).
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In 2016 (Table 4), treatment 5 (Glutamin Extra along with the 1st and 2nd fungicide
application) showed greater expression on all variables, except for total protein. This
condition was also observed in treatment 10 (Biomol in the thinning + Glutamin Extra in the
grain filling). It is noteworthy that although these biostimulants reduce the protein content,
promote elevation of the total fiber, a molecule of great interest linked to the nutraceutical
properties of this species, especially in cholesterol reduction. In general, although statistical
differences have been detected, the existing variations are minimal, do not bring major
changes on the chemical quality of grains.

Table 5 presents the results of multivariate statistics by relative contribution analysis seeking
to understand the degree of contribution of the use of biostimulants in the alteration of the
variables of yield and industrial and chemical quality indicators of oat grains. In this
perspective, considering the yield indicators, the greatest action of biostimulants is on the
expression of straw yield, regardless of the favorable and unfavorable year conditions for oat
growing. In an unfavorable year the modification by the use of biostimulants by straw is
increased, however, in a favorable year, a greater contribution to the biomass and grain yield
is shown.

Table 5. Relative contribution analysis on oat yield, inflorescence, industrial and chemical
indicators by the conditions of biostimulants use

. 2017(UY) 2016 (FY)
Variables S %) Sj S(%)
Yield indicators
PG (kg ha™) 1,85 1,05 8898,76 12,96
PB (kg ha™) 0,01 0,01 25748,01 37,52
PP (kg ha™) 105,76 60,14 33704,59 49,11
IC (kg ha™) 68,23 38,80 265,62 0,38
Industrial Quality Indicators
PG (kg ha ™) 516,16 18,85 1298,92 47,71
MMG (g) 104,76 3,81 1,43 0,10
MH (kg ha ™) 137,01 5,00 169,43 6,22
NG>2mm (n) 167,32 6,11 214,2 7,86
ID (g kg™) 787,8 28,77 441,33 16,2
Pl (kg ha ™) 1024,35 37,42 597,34 21,93
Chemical Quality Indicators

AM (g kg™) 101,94 24,09 62,95 6,76
PT (g kg ™) 66,87 17,8 244.9 28,31
FT (g kg™) 12,68 5,99 356,55 38,31
FDN (g kg'l) 117,94 27,87 108,14 19,62
CZ (g kg™ 74,21 15,54 87,17 9,36
EN (MJ kg™ 49,43 8,68 70,88 7,61

GY = grain yield; BY = biomass yield; SY = straw vyield; HI = harvest index; TGM =
thousand grain mass; HM = hectolitre mass; NG> 2mm = number of grains larger than two
millimeters; HUI = husking index; I'Y = industrial yield; ST = starch; TP = total protein; TF =
total fiber; NDF = neutral detergent fiber; ASH = ash; EN = energy.

In the indicators of industrial quality (Table 5), the major contribution by the use of
biostimulants is in the expression of grain yield, husking index and industrial yield,
regardless of the favorable or unfavorable crop year. This condition shows a certain stability
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of these variables compared to the similarity of the results obtained in the years tested. In the
chemical quality indicators (Table 5), the major change contribution is on the expression of
total protein and neutral detergent fiber in both years of evaluation. It was also found that in
unfavorable year (2017) there is effective contribution of starch expression, however, in
favorable year (2016) this fact did not happen, directing a greater contribution to expression
of total fiber. These facts in some ways indicate that in the unfavorable condition the energy
accumulated via starch is more rapidly transformed, possibly used for other biological routes
and processes, into more restrictive growing conditions.

In general, considering all the analyzed variables of each indicator, treatment 5 of Glutamin
Extra biostimulant applied along with the first and second fungicide application showed the
best technical results. This product comprises the formulation involving the combination of
macro and micronutrients together with organic carbon and 3% concentration glutamic acid
(Table 1). Although it is the product with the lowest use of glutamic acid, the combination
with nutrients showed synergisms to bring more advantageous results. On the other hand,
although the technical efficiency has been proven, there is a strong dependence on the
agricultural year condition, not guaranteeing the effectiveness of the biostimulant action.
Moreover, considering the commercialization value of this product, of U$ 6.10 per liter, the
economic efficiency is not verified, that is, it is not feasible due to the small increases
obtained in grain yield, especially considering the other costs involved in the biostimulant
application process.

Biostimulants are a mixture of two or more plant regulators or plant regulators with other
biochemical substances, such as amino acids, vitamins and nutrients (Castro & Vieira, 2001,
Kolling et al., 2016). The use of biostimulant may be an alternative to assist plants in
overcoming abiotic stresses, as they act as hormonal and nutritional enhancement and
stimulate root system development (Oliveira et al., 2016; Galindo et al., 2019). These
products can be used in both seed treatment and sowing furrows and / or foliar sprays
contributing to improved soil physicochemical properties, plant uptake, translocation and
nutrient use, including increased resistance to abiotic stresses, and can be used at various
stages of plant development (Du Jardin, 2015; Ribeiro et al., 2017). The application of plant
regulators in the early stages of seedling development, as well as their use in seed treatment,
can stimulate root growth, acting to accelerate seedling recovery under unfavorable
conditions such as water deficit (Carvalho et al., 2013; Oliveira et al., 2016). The seed
treatment with micronutrients has the advantages of better application uniformity, good
utilization by the plant and, mainly, cost reduction (Luchese et al., 2004; Martins et al., 2016).
Micronutrient seed treatment has shown significant results, especially in regions that adopt
high levels of technology and crop management (Avila et al., 2006; Martins et al., 2016).
These products act in the degradation of seed reserve substances, in cell differentiation,
division and elongation assisting in germination (Castro & Vieira, 2001; Rezende et al.,
2017).

The use of biostimulants as an agronomic technique to improve the productivity of various
crops has grown in recent years (Binsfeld et al, 2014; Martins et al., 2016). The hormones
contained in biostimulants are signaling molecules, among them the use of algae of
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Ascophyllum nodosum species, having auxins, cytokines, gibberellins, abscisic acid and
compounds capable of stimulating the production of these hormones naturally (Martins et al.,
2016; Ribeiro et al., 2017). In this perspective, the use of plant growth regulators has
attracted increasing attention in agriculture as growing techniques evolve, especially in crops
of great economic importance (Binsfeld et al, 2014; Galindo et al., 2019). It is noteworthy
that a considerable portion of the more than 15 million metric tons of seaweed harvested
annually is used as a biostimulant in agriculture (Khan et al., 2009; Galindo et al., 2019). In
the European community, the use of commercial algae extract-based products via foliar or
soil application is frequent, including in organic agriculture (Mdyor et al., 2008; Ribeiro et al.,
2017). In Brazil, the use of seaweed extract is regulated by Decree 4,954 as a complexing
agent in fertilizer formulations for foliar application and fertigation (Brasil, 2004). This
category also includes L-glutamic acid, an amino acid that can be produced by the
fermentation of sugarcane molasses by the bacterium Corynebacterium glutamicum (Dreyer
et al., 2000; Roder et al., 2016).

\ MacrOthi“k Journal of Agricultural Studies

Glutamic acid represents a molecular compound that is a precursor of other amino acids and
that plays a role in plant metabolism (Guimar&es et al., 2015; Roder et al., 2016). Therefore,
commercial products involving the use of glutamic acid Glutamin rely on the presence of
organic and mineral acids. Studies carried out in several regions of Brazil suggest the
occurrence of deficiency or acute toxicity of various elements in the soil, being Mo, Co, Zn,
Cu, Mn and B the most frequent deficiency, especially in Cerrado soils (Sfredo & Oliveira,
2010; Binsfeld et al., 2014). Thus, biofertilizers are characterized as an alternative to
supplementation of these nutrients and can be applied via soil in the seed treatment, irrigation
systems or foliar spraying. When applied to seed treatment they are adhered to the seed to
minimize micronutrient deficiency problems during germination, development and grain
production processes (Nicchio et al., 2013; Martins et al., 2016). Among the most used
micronutrients in seed treatment are Co, Mo and Zn, and molybdenum plays an indispensable
role in the assimilation of nitrate absorbed by plants, thus any deficiency of the element can
compromise the metabolism of nitrogen, reducing the crop yield (Ferreira et al., 2007;
Binsfeld et al, 2014).

In studies by Carvalho et al. (2013) no positive results were observed in the development of
bean seedlings with the application of the amino acid L-glutamic acid via seed treatment. By
using these biostimulants via leaf, Pavezi et al. (2017) observed a greater number of pods and
root length. Still, Oliveira et al. (2017) concluded that the use of biostimulants in seed and
leaf treatment provided better development of cackrey plants. It is noteworthy that the
response of crops to treatment with biostimulants is dependent on environmental condition
and nutrient availability (Binsfeld et al., 2014; Kolling et al., 2016). However, the increased
use of biofertilizers is closely linked to advances in growing technologies and the promotion
of higher productivity with stability, aiming at mitigating the limiting factors of production
such as weather conditions, pests and diseases. Moreover, in the proposal to develop
agriculture that is less dependent on industrialized products, due to higher prices of
agrochemicals and more sustainable management, reducing environmental impacts (Aseri et
al., 2008; Perin et al., 2016).
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4. Conclusion

\\ Macrothi“k Journal of Agricultural Studies

1. The foliar application of biostimulants with the presence of glutamic acid and nutrients
may have positive effects on variables related to yield and industrial and chemical quality of
oat grains, however, depending on the agricultural year conditions.

2. The application of Glutamin Extra in the 1st and 2nd fungicide application shows the best
results in the vast majority of grain yield and quality variables, however, the costs involving
only biostimulants do not guarantee economic viability.
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