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Abstract

This study aims to evaluate chemical and biological management alternatives to enhance the grain yield of
wheat crops, based on the evaluation of the crop's productivity components. The experiment was
conducted in 2022, under field conditions, at Escola Fazenda of UNIJUI (Regional University of
Northwestern Rio Grande do Sul), located in the municipality of Augusto Pestana, Brazil. The
experimental design used was randomized blocks with an 8 x 9 factorial scheme, with eight wheat
cultivars (TBIO Audaz, TBIO Ponteiro, TBIO Trunfo, TBIO Toruk, TBIO Astro, ORS Madrepérola,
ORS Agile and BRS Belajoia) and nine management protocols, arranged in two repetitions. At full
physiological maturity, the following agronomic traits were measured: number of grains on the cob; cob
grain weight; thousand grain weight; and grain yield. Analysis of variance took place to detect the effects
of cultivar, management protocols and their interaction on the analyzed variables. The Duncan test was
used to compare treatment means, at 5% probability. The use of BOMBARDEIRO as a reinforcement to
the chemical fungicide promoted an increase in the thousand grain weight. The highest values for grain
yield were obtained with the protocols BIOASIS+BIOEQUILIBRIO+BIOFREE, BIOTRIO and
ORKESTRA SC, for the genotypes TBIO Toruk, TBIO Ponteiro and TBIO Trunfo. The use of biological
management in wheat crops enhances nutrient absorption and acts synergistically with chemical
fungicides, contributing to increased productivity and sustainable management.

Keywords: Triticum aestivum; microorganisms; sustainable agriculture.

ALTERNATIVAS DE MANEJO QUIMICO E BIOLOGICO PARA AUMENTAR O
RENDIMENTO DE GRAOS DA CULTURA DE TRIGO
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Resumo

Este estudo teve como objetivo avaliar alternativas de manejo quimico e biolégico para aumentar a
produtividade de grdos da cultura do trigo, a partir da avaliagdo dos componentes de produtividade da
cultura. O experimento foi conduzido em 2022, em condicbes de campo, na Escola Fazenda da UNIJUI
(Universidade Regional do Noroeste do Rio Grande do Sul), localizada no municipio de Augusto Pestana,
Brasil. O delineamento experimental utilizado foi o de blocos casualizados em esquema fatorial 8 x 9, com
oito cultivares de trigo (TBIO Audaz, TBIO Ponteiro, TBIO Trunfo, TBIO Toruk, TBIO Astro, ORS
Madrepérola, ORS Agile e BRS Belajoia) e nove protocolos de manejo, dispostos em duas repeticdes. Na
maturidade fisiolégica completa, foram mensurados os seguintes caracteres agronémicos: nimero de
gréos na espiga; peso de graos da espiga; peso de mil gros; e produtividade de gréos. Foi realizada anélise
de variancia para detectar os efeitos da cultivar, dos protocolos de manejo e de sua interacao sobre as
varidveis analisadas. O teste de Duncan foi utilizado para comparar médias de tratamentos, a 5% de
probabilidade. A utilizacdo do BOMBARDEIRO como refor¢o ao fungicida quimico promoveu aumento
na massa de mil grdos. Os maiores valores de produtividade de gréos foram obtidos com os protocolos
BIOASIS+BIOEQUILIBRIO+BIOFREE, BIOTRIO e ORKESTRA SC, para os gen6tipos TBIO Toruk,
TBIO Ponteiro e TBIO Trunfo. O uso do manejo bioldgico nas lavouras de trigo aumenta a absorcéo de
nutrientes e atua em sinergia com os fungicidas quimicos, contribuindo para 0 aumento da produtividade e
0 manejo sustentavel.

Palavras-Chave: Triticum aestivum; microrganismos; agricultura sustentavel.

Introduction

Several factors such as climatic conditions, insect pests and diseases are involved in reducing the
productive potential of crops (Skendzic et al., 2021). Diseases that affect wheat crops can result in
significant losses, responsible for 10 to 50% (on average) of wheat productivity losses worldwide
(Ristaino et al., 2021). The crop has widespread global importance (Khalid et al., 2023), having a high
yield potential, so that the expression of this potential has often not been achieved in the production
systems in which the crop participates.

The diseases affect the structure of the leaves, reducing the effectiveness of uptake and use of solar
radiation in the affected areas (Ristaino et al., 2021). In this context, a wide complex of pathogens can
affect wheat crops, with emphasis on the fungi: Puccinia triticina (leaf rust) (Bolton et al., 2008),
Blumeria graminis f.sp. tritici (powdery mildew) (Zeng et al.,, 2010), Bipolaris sorokiniana
(helmintosporiosis) (Gupta et al., 2017), Pyrenophora tritici-repentis (yellow spot) (Kariyawasam et al.,
2021), and Fusarium graminearum (telomorph Gibberela zeae), which causes wheat head blight
(Moonjely et al., 2023).
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Currently, there are several management strategies to control diseases in wheat, based on the use of

tolerant cultivars, application of fungicides and biological control (Khan et al., 2023). Due to the rapid
evolution of pathogens, the genetic tolerance of wheat cultivars ends up losing efficiency over the years
(Santos et al., 2017; Wulff, Krattinger, 2022), where the use of chemical control has become the most
rapid and efficient control (May et al., 2020).

Integrated disease management (IDM) can be used (Ons et al., 2020), being defined as a mix of
strategies for disease control, taking into account the productivity, profitability and health of the crop
(FAO, 2020). Biological control consists of the use of living organisms that act against a specific pathogen
via parasitism, antibiosis or competition for nutrients (Stenberg et al., 2021), inducing systemic resistance
that strengthens the mechanical and physical vigor of the cell wall, in addition to altering the biochemical
and physiological activity of the host (Naeem et al., 2015). This study aims to evaluate chemical and
biological management alternatives to enhance the grain yield of wheat crops, based on the evaluation of

the crop's productivity components.

Material And Methods

The experiment was conducted in 2022, under field conditions, at Escola Fazenda of UNIJUI
(Regional University of Northwestern Rio Grande do Sul), located in the municipality of Augusto Pestana
— Rio Grande do Sul — RS (28°31°01”S, 53°59°32”W, 390 meters above sea level). The soil in the
experimental area is classified as a Typical Dystroferric Red Oxisol. The region's climate is type Cfa
(humid subtropical), according to the Kdeppen climate classification, with rainfall well distributed
throughout the year.

The experimental design used was randomized blocks with an 8 x 9 factorial scheme, with eight wheat
cultivars (TBIO Audaz, TBIO Ponteiro, TBIO Trunfo, TBIO Toruk, TBIO Astro, ORS Madrepérola,

ORS Agile and BRS Belajoia) and nine management protocols (Table 1), arranged in two repetitions.
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Table 1. Management protocols, commercial name, concentration, dose and technical name of the

products used in the study.

Protocol Commercial product Concentration Dose (mL ha™)
P1 BIOASIS® S.. S..
P2 BIOEQUILIBRIOY S.. S..
P3 BIOFREE® 1x10° CFUmL™ 500
P4 BIOASIS + BIOEQUILIBRIO + ] ]
BIOFREE
P5 BIOTRIO®Y 1x10° CFUmL™ 200
P6 ORKESTRA sC® o 1679 %1'1 +3339 L* . 350
P7  ORKESTRASC+BOMBARDEIRO® [i'-?ilf,gx\ﬁlk/é I}.'%Xlo 350 + 300
pg  ORKESTRASL ¥ S Do RO * ©4+01+0003%gL?  350+300+200

P9 Check® - -

P1: Protocol 1; P2: Protocol 2; P3: Protocol 3; P4: Protocol 4; P5: Protocol 5; P6: Protocol 6; P7: Protocol 7; P8: Protocol 8; P9:
Protocol 9; CFU: colony forming units; VE: viable endospores; ¥S. I.; @S, I.; ®Pseudomonas fluorescens (CCTB03) +
Azospirillum brasilense (AbV6); “B. plumilus (CCTBO5) + B. subtilis (CCTB04) + B. amyloliquefaciens (CCTBO9);
OFluxapyroxad+Pyraclostrobin; ©B. subtilis (CCTB04) + B. velezensis (CCTB09) + B. plumilus (CCTBO5); Indoleacetic
Acid; ®Check without application.

The experimental units were composed of five lines 1.5 m wide and 3 m long, totaling 4.5 m?. Sowing
was performed in the first half of June, using a sowing density of 400 seeds m™, with a spacing of 0.18 cm
between rows. The base fertilizer used was 250 kg ha™ of the formula 10-20-20 (N- nitrogen; P-
phosphorus; K- potassium). The applications of the management protocols took place with a diaphragm
backpack sprayer, pressurized with CO,, with a maximum pressure of 70 psi (4.8 bar) and an opening of
2.1 liters min™, using an application bar with four nozzles equipped with spraying suitable for fungicide
application. The control of invasive plants and insect pests took place preventively. The harvest took place
when the plants reached the stage of physiological maturity, with 10 plants being collected per
experimental unit, which were taken to a forced air greenhouse to correct humidity. The variables
measured were: cob length (CL, cm); cob weight (CW, g); number of grains on the cob (NGC, no.); cob
grain weight (CGW, g); thousand grain weight (TGW, g) and; grain yield (GY, kg ha™). To assist in
understanding the results found, data on mean air temperature (Tmean, °C), maximum air temperature
(Tmax, °C), minimum air temperature (Tmin, °C) and precipitation (Prec, mm) were obtained for the
wheat cultivation cycle (Nasa Power, 2022).

The data obtained were subjected to the assumptions of the statistical model, where the values of
additivity, independence of errors, homogeneity and normality of residual variances were verified, using
the Shapiro-Wilk and Bartlett tests. Analysis of variance took place to detect the effects of cultivar,

management protocols and their interaction on the analyzed variables. The Duncan test was used to
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compare treatment means, at 5% probability. The analyzes were performed using the R software (R Core

Team, 2022).

Results And Discussion

Climate information for the year 2022 is represented in the meteorological figure (Figure 1), where it
is possible to identify the natural decline in temperature as the year passes from the hot season to the cold
season. Considering the wheat cultivation cycle, which comprised the months of June to October, the
lowest temperatures are observed in the months of June and August, with average temperatures close to
12.37°C in June and 13.47°C in August. The highest mean temperatures occurred in the months of October
(24.68°C) and July (22.07°C). According to Silva et al. (2018), the ideal temperature for adequate growth
and development of wheat is 20°C, varying between 15 and 20°C during tillering, and may vary between
20 and 25°C for the other stages of the crop.

Figure 1. Mean air temperature (°C), maximum air temperature (°C), minimum air temperature (°C) and

precipitation (mm) for the wheat growing cycle, Augusto Pestana — RS, 2022.

Sowing and crop establishment coincided with the period of highest precipitation volumes, with an
accumulation of more than 400 mm during the month of June. The water requirement during the crop
cycle is around 430 mm (Zheng et al., 2022). For the month of September, which coincided with the

sprouting and anthesis stages, the volume of precipitation was low, close to 100 mm, only increasing again
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in October, which ended up promoting few conditions for the emergence and progression of cob disease-

causing pathogens. Studies by Reis et al. (2023), show that the temperature range between 20°C and 30°C
resulted in the highest intensities of fusarium head blight, with the peak at 25°C in interaction with a
wetness period of 50 h. The pressure from cob diseases increases mainly during anthesis, when the
anthers, the preferred structures for infection, are exposed.

The results of the analysis of variance (Table 2) show that the effects of cultivars, application protocols
and the interaction between these factors significantly changed the variables studied. The values found for
the coefficients of variation had a range between 5.87 and 11.29%, being considered of low to medium
magnitude according to the classification of Gomez (2000), a situation in which the average of the
observations can be used to better explain the data set. This suggests differences in the way in which wheat

genotypes express their agronomic traits through changes in management.

Table 2. Analysis of variance (ANOVA) considering eight wheat cultivars (C) and nine management

protocols (P).
MS
SV DF —cr CW _ CGW NGC TGW __ GY

Block 7277 ose4 ooss oM 2208 1223727
Protocol 8 0971* 0063*  0030x (D7 1527 95570
C x P Bioasis 7 1016~ 0137% 0037 027 geo1x 7335003
C x P Bioequilibrio 7 1207%  0308*  009gx o008 22647 11542781
C x P Biofree 7 1573 0172 o057+ H028 17414 14353502
g_x P_Blofree+B|otr|o+ 7 1856% 0.187* 0.064* 49.391 27.504 1953518.9
10asIS

C x P Biotrio 7 2005  0156*  00sox o142 12795 18273446
C x P Orkestra 7 1242¢ o146 0053+ 000 g5 11408422
C x P Orkestra + Bombardeiro 7 2.056* 0.234* 0.054* 44',‘?65 11',}74 715216.9*

CxP Orkestra + Bombardeiro g geox gog1x  gopax 11130 7610%  goss84.0

+ Stimutrop

C x P Check 7 2200+ 0236+ o073+ or0%9 10106 11256018
Residue 71 0205 0041 0013 12215 5172 2183941
TOTAL 143 0906 0108 0034 31415 9365 6818457
CV (%) . 587 1061 1114 907 84 1129

SV: source of variation; MS: mean square; CL: cob length; CW: cob weight; CGW: cob grain weight; NGC: number of grains on
the cob; TGW: thousand grain weight; GY: grain yield; CV: coefficient of variation; *: significant at 5% probability using the F

test.
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Considering the influence of the interaction between wheat cultivars and management protocols on the

cob length variable, the BRS Belajoia genotype fell into the superiority group for all management
protocols used in the experiment (Figure 2). On the other hand, the TBIO Audaz genotype presented the
lowest cob length values, with the exception of the protocols with application of BIOASIS, BIOFREE
and ORKESTRA SC. This suggests that this genotype is highly dependent on phytosanitary management.
When using the application of BIOASIS (P1) and BIOEQUILIBRIO (P2), separately, the cultivar TBIO
Trunfo did not differ statistically from the best genotype, while the genotypes ORS Agile and ORS
Madrepérola presented the lowest cob length values, considering the P1 protocol. For the management
protocol with application of BIOFREE (P3), all genotypes were statistically different from the BRS
Belajoia genotype.

Figure 2. Averages for the variable cob length (CL, cm) considering eight cultivars and nine management
protocols. P1: BIOASIS; P2: BIOEQUILIBRIO; P3: BIOFREE; P4.
BIOASIS+BIOEQUILIBRIO+BIOFREE; P5: BIOTRIO; P6: ORKESTRA SC; P7: ORKESTRA
SC+BOMBARDEIRO; P8: ORKESTRA SC+BOMBARDEIRO+STIMUTROP; P9: Check.
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For the application of BIOFREE+BIOTRIO+BIOASIS (P4), TBIO Ponteiro and TBIO Trunfo also
fell into the superiority group. Considering the isolated application of BIOTRIO (P5), the TBIO Trunfo
genotype had a higher cob length than BRS Belajoia. Some biological antagonists can survive in plant
leaves, allowing foliar applications against pathogens (Ons et al., 2020). In this case, B. subtilis is a
rhizobacteria that has been widely tested for its production of antibiotics that affect the cell wall of
pathogens (Olmedo et al., 2022), being tested in foliar applications together with tebuconazole to promote
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synergy in disease control (Gu et al., 2023). Similar behavior was observed for the application of

ORKESTRA SC (P6), application of ORKESTRA SC+BOMBARDEIRO (P7) and application of
ORKESTRA SC+BOMBARDEIRO+STIMUTROP (P8), with the exception of the control without
application (P9), where the cultivar ORS Modrepérola fell into the superiority group.

For the variable cob weight (Figure 3), when using the P1 protocol, the genotypes ORS Madrepérola
and TBIO Audaz fell into the superiority group, but did not differ statistically from the genotypes BRS
Belajoia and TBIO Trunfo. Considering the P2 protocol, again the ORS Madrepérola genotype showed
superior performance, with TBIO Audaz and TBIO Astro obtaining the lowest cob weight values. When
using protocol P3, only TBIO Audaz performed worse than the others, with the same scenario for
protocols P4 and P5, where the genotypes with superior performance were TBIO Ponteiro and TBIO
Trunfo, respectively. When co-inoculated, bacteria from different genera or species can communicate via
chemical mediators and promote synergism for traits of agronomic interest in plants (Fagotti et al., 2019).
The highest values of cob weight were found when using protocols P6 (ORKESTRA SC) and P7
(ORKESTRA SC+BOMBARDEIRO), where the genotypes that showed superiority were TBIO Trunfo
and BRS Belajoia. Considering the control without application (P9), the highest values for the variable

were obtained for ORS Madrepérola and BRS Belajoia.

Figure 3. Averages for the variable cob weight (CW, g) considering eight cultivars and nine management
protocols. P1: BIOASIS; p2: BIOEQUILIBRIO; P3: BIOFREE; P4.
BIOASIS+BIOEQUILIBRIO+BIOFREE; P5: BIOTRIO; P6: ORKESTRA SC; P7: ORKESTRA
SC+BOMBARDEIRO; P8: ORKESTRA SC+BOMBARDEIRO+STIMUTROP; P9: Check.
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When evaluating the results for the number of grains on the cob (Figure 4), in general, the TBIO Astro

genotype demonstrated below average performance in comparison to the other genotypes used. The
increase in nutrients can promote an increase in wheat grain productivity, presenting positive changes in
the wheat production components, particularly in the number of fertile tillers and grains on the cob (Yan et
al., 2020). In this context, bacteria of the genus Azospirillum affect the rate and length of root hairs,
increasing the development of lateral roots that increase the area of the root system (Fukami et al., 2018),
resulting in a greater supply of nutrients to plants. TBIO Audaz and ORS Madrepérola were superior
when applying the P1 protocol, not statistically different from TBIO Trunfo and BRS Belajoia. For
protocol P2, a grouping of genotypes that do not statistically differ from each other is observed, where
ORS Madrepérola and BRS Belajoia obtained superiority, and it can be inferred that the use of
BIOEQUILIBRIO has synergistic potential in the management of fungal diseases. The BRS Belajoia
genotype fell into the superiority group when all remaining protocols were used, together with TBIO
Trunfo and ORS Madrepérola.

Figure 4. Averages for the variable number of grains on the cob (NGC, no.) considering eight cultivars
and nine management protocols. P1: BIOASIS; P2: BIOEQUILIBRIO; P3: BIOFREE; P4:
BIOASIS+BIOEQUILIBRIO+BIOFREE; P5: BIOTRIO; P6: ORKESTRA SC; P7: ORKESTRA
SC+BOMBARDEIRO; P8: ORKESTRA SC+BOMBARDEIRO+STIMUTROP; P9: Check.

60

40.TabcAB

38.1abAB
41.8abAB

38.4abA
39.2abcAB

3T 4abA
38.2abAB

L
3

e
=]

Protocols

Number of grains on the cob
BEIFRE3IRT

[
(=]

BRS BELAJOIA ORS AGILE ORS MADREPEROLA TBIO ASTRO TBID AUDAZ TBIO PONTEIRO TBID TORUK TEIO TRUNFO
Genotypes
povelug =0.0010, CV = .07 %

The results obtained for cob grain weight (Figure 5) were in line with the values for number of grains
on the cob, where the same genotypes that showed superior performance for NGC were also superior for
CGW. An exception identified was the TBIO Toruk genotype, which showed superiority when using
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protocols P4 (BIOFREE+BIOTRIO+BIOASIS), P5 (BIOTRIO) and P6 (ORKESTRA SC). BRS
Belajoia was again the genotype with the greatest superiority for most treatments.

Figure 5. Averages for the variable cob grain weight (CGW, g) considering eight cultivars and nine
management  protocols. P1: BIOASIS; P2: BIOEQUILIBRIO; P3: BIOFREE; P4:
BIOASIS+BIOEQUILIBRIO+BIOFREE; P5: BIOTRIO; P6: ORKESTRA SC; P7: ORKESTRA
SC+BOMBARDEIRO; P8: ORKESTRA SC+BOMBARDEIRO+STIMUTROP; P9: Check.
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Considering the influence of management protocols on the thousand-grain weight (Figure 6), one of
the primary components of wheat crop yield, it is identified that the averages found for protocols P1
(BIOASIS), P6 (ORKESTRA SC), P8 (ORKESTRA SC+BOMBARDEIRO+STIMUTROP) and P8
(control without application) were statistically equal. For protocol P2, the ORS Madrepérola and ORS
Agile genotypes demonstrated superiority, not statistically different from TBIO Ponteiro, TBIO Toruk and
TBIO Trunfo. The use of fungicides can modify the abundance of native microbiological communities
(Meena et al., 2020), a situation in which the application of B. subtilis together with the fungicide, which
can act in different modes of action, results in the reduction of foliar diseases, increasing productivity and
maintaining the quantities of microorganisms in the soil (Guimardes et al., 2021).

Colloquium Agrariae, v. 21, Jan-Dez, 2025, p. 1-16, e255084



11
Figure 6. Averages for the variable thousand grain weight (TGW, g) considering eight cultivars and nine

management  protocols. P1: BIOASIS; P2: BIOEQUILIBRIO; P3: BIOFREE; P4:
BIOASIS+BIOEQUILIBRIO+BIOFREE; P5: BIOTRIO; P6: ORKESTRA SC; P7: ORKESTRA
SC+BOMBARDEIRO; P8: ORKESTRA SC+BOMBARDEIRO+STIMUTROP; P9: Check.
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For protocol P3, only TBIO Audaz performed worse than the others did, as it is a genotype with wide
use in areas destined for wheat farming, becoming dependent on applications of chemical fungicides.
Considering the P4 protocol, the ORS Agile genotype again demonstrated superiority, together with TBIO
Toruk, where only TBIO Audaz performed worse than the average of the other genotypes. When applied
BOMBARDEIRO as a reinforcement to the chemical fungicide (P7), the group of superior genotypes was
formed by TBIO Trunfo, TBIO Astro and ORS Agile.

For the grain yield variable (Figure 7), considering the interaction between cultivars and management
protocols, it is observed that, despite obtaining superior performance for the variables discussed
previously, the genotypes BRS Belajoia and ORS Madrepérola did not fit into the group of superiority.
The TBIO Audaz genotype presented the lowest grain yield potential. When using the P1 protocol, TBIO
Toruk obtained a higher grain yield than the others, with the lowest values being found for ORS Agile. For
protocol P2, the TBIO Astro genotype was superior, not statistically different from TBIO Trunfo, TBIO
Ponteiro and TBIO Toruk. Considering the P3 management protocol, the TBIO Astro genotype obtained
the highest grain yield, followed by TBIO Trunfo, TBIO Ponteiro and TBIO Toruk, with the latter
genotype also falling into the group of superior genotypes for the P4 protocols, together with TBIO
Ponteiro, P5, together with TBIO Trunfo, P6, P8 and P9. For protocol P7 (ORKESTRA
SC+BOMBARDEIRO), the genotypes TBIO Trunfo and TBIO Astro were superior.
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Figure 7. Averages for the grain yield variable (GY, kg ha™) considering eight cultivars and nine

management  protocols. P1: BIOASIS; P2: BIOEQUILIBRIO; P3: BIOFREE; P4:
BIOASIS+BIOEQUILIBRIO+BIOFREE; P5: BIOTRIO; P6: ORKESTRA SC; P7: ORKESTRA
SC+BOMBARDEIRO; P8: ORKESTRA SC+BOMBARDEIRO+STIMUTROP; P9: Check.
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When the genotypes are evaluated separately for grain yield, it is observed that TBIO Toruk was
superior to all the others, obtaining a grain yield greater than 5000 kg ha, followed by TBIO Trunfo,
TBIO Astro and TBIO Ponteiro. TBIO Audaz was the genotype with the lowest grain yield. The
genotypes BRS Belajoia, ORS Agile and ORS Madrepérola were intermediate to the others, with grain
yields close to 3900 kg ha™.

Conclusions

The management protocols changed the variables cob length, cob weight, number of grains on the cob
and cob grain weight to a greater extent.

The use of BOMBARDEIRO as a reinforcement to the chemical fungicide promoted an increase in
the thousand grain weight.

The highest values for grain yield were obtained with the protocols
BIOASIS+BIOEQUILIBRIO+BIOFREE, BIOTRIO and ORKESTRA SC, for the genotypes TBIO
Toruk, TBIO Ponteiro and TBIO Trunfo.

The use of biological management in wheat crops enhances nutrient absorption and acts

synergistically with chemical fungicides, contributing to increased productivity and sustainable

Colloquium Agrariae, v. 21, Jan-Dez, 2025, p. 1-16, e255084



13
management. Further studies to clarify the potential of these associations in crops sown at the same time as

wheat, such as white oats and barley, are important.
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