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AGRONOMY (AGRONOMIA)

ABSTRACT: Wheat is a crop that has high production; however, one of the limitations in planting is the presence of diseases, 
with the gibberella (Gibberella zeae) and yellow spot (Drechslera tritici-repentis) among them. Thus, the objective of this study 
was to evaluate the potential of fungicides based on strobilurins, silicon dioxide (SiO2) and B. subtilis in controlling these diseases 
in wheat. The used treatments for all the experiments were: T1-SiO2; T2-B. subtilis; T3- SiO2 + B. subtilis; T4- trifloxystrobin + 
prothioconazole/trifloxystrobin + tebuconazole; T5-Control. For the field experiment, conducted in two locations, evaluations of the 
incidence of gibberella and yellow spot severity, crop agronomic characteristics and polyphenoloxidase (PPO) and phenylalanine 
ammonia-lyase (PAL) activities were carried out. According to the obtained results, the fungicides based on strobilurins and SiO2 
reduced the severity of the yellow spot, increasing, on average, 10 g the weight of a thousand grains (WTG) and the activity of the 
PPO and PAL enzymes in both municipalities. Hence, SiO2 possibly activated the defense mechanisms of these plants disease 
severity.
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Avaliação de dióxido de silício e Bacillus subtilis no controle de doenças do trigo

RESUMO: A cultura do trigo apresenta elevada produção, no entanto, uma das limitações no plantio é a presença de doenças, 
dentre elas podemos citar a giberela (Gibberella zeae) e mancha-amarela (Drechslera tritici-repentis). Dessa forma o objetivo 
do trabalho foi avaliar o potencial de fungicidas a base de estrobilurinas, do dióxido de silício (SiO2) e de B. subtilis no controle 
dessas doenças no trigo. Os tratamentos utilizados para todos os experimentos foram: T1-SiO2; T2-B. subtilis; T3- SiO2 + 
B. subtilis; T4- trifloxistrobina + protioconazol/trifloxistrobina + tebuconazol; T5-Testemunha. Para o experimento de campo, 
realizado em duas localidades, foram realizadas avaliações da incidência da giberela e severidade mancha amarela, das 
características agronômicas da cultura e a atividade da polifenoloxidase (PPO) e fenilalanina amônia-liase (PAL). De acordo 
com os resultados obtidos o tratamento químico a base de estrobilurinas e o SiO2 reduziu em a severidade da mancha amarela, 
aumentou, em média 10 g a massa de mil grão (PMS) e elevou a atividade das enzimas PPO e PAL em ambos os municípios. 
Assim o SiO2 possivelmente ativou os mecanismos de defesa dessas plantas, e severidade das doenças. 

Palavras-chave: controle biológico; nutrição mineral; indução de resistência
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Introduction
The global production of wheat (Triticum aestivum L.) 

in the 2017/2018 harvest was of approximately 760 million 
tons. In Brazil, the states with the highest production were 
Rio Grande Sul, Santa Catarina and Paraná, with yield in the 
2017/2018 crop of 2,746, 2,696 and 2624 kg ha-1, respectively 
(Conab, 2018).

Despite the high global production, the wheat crop has 
some limitations. Among the most noticeable ones are the 
occurrence of diseases, such as gibberella (Gibberella zeae 
Schw) and yellow spot (Drechslera tritici- repentis [Died]) 
(Dorneles et al., 2019).

Gibberella can reduce wheat yield from 20% to 50%, 
in addition to the hectoliter (PH) weight reduction as well. 
However, one of the main problems related to gibberella 
is the contamination of the grains by mycotoxins, toxic 
metabolites produced by the fungus. The main mycotoxin 
is deoxyvalenol (DON), considered carcinogenic to humans 
(Prado, 2017). Yellow spot is a leaf disease that reduces the 
active photosynthetic area of   plants by the formation of 
necrosis and/or extensive chlorosis. Yield reduction can reach 
up to 48% (Moffat et al., 2014).

The main form of control of these diseases is chemical. In 
order not to have many harms for the producer, consumer and 
the environment, responsible use is necessary. Thus, mixtures 
of active principles and combinations with other control 
methods such as cultural and biological are used (Amorim et 
al., 2011).

Among the chemicals that protect the plant against 
pathogen attack are strobilurin-based systemic fungicides, 
which in addition to the fungitoxic action, can have positive 
physiological effects on plants (Phytus Institute, 2015). 
Another way to reduce the disease severity is to supply 
plants with silicon (Si). This element can act directly on the 
pathogen, reducing mycelial growth and spore germination 
(Elsherbiny & Taher, 2018) and can act on plant defense 
mechanisms (Bakhat et al., 2018). Biological control has also 
been successfully applied in controlling plant diseases by 
using antagonistic agents (Fira et al., 2018).

Thereby, the aim of this study was to evaluate the effect 
of foliar applications of silicon (Si), B. subtilis and strobilurins 
fungicides on the control of gibberella and yellow spot, as 
well as to quantify the activity of the enzymes related to 
plant defense, polyphenoloxidase (PPO) and phenylalanine 
ammonia-lyase (PAL).

Materials and Methods
In the trials, the TBIO Toruk wheat cultivar was used, sown 

under field conditions in the 2016/2017 agricultural year, in 
two locations, both having climate of the mesothermal Cfb 
type (humid subtropical climate), with fresh summers and no 
defined dry season, according to the Köppen classification. 
Two distinct experiments were conducted, with the first 
within a rural property in Virmond-PR, with 25°37’ S latitude, 

52°20’ W longitude and altitude of 713 meters. At this site, 
the wheat sowing took place on 06/06/2016. The second 
experiment was conducted within the experimental area from   
the Department of Agronomy of the State University of the 
Central West – UNICENTRO, located in Guarapuava-PR, with 
25°41’ S latitude, 51°38’ W longitude and approximately 
1120 meters of altitude, having the sowing been held on 
07/20/2016.

In Virmond municipality, the sowing density was 315 viable 
seeds m-2, equivalent to approximately 105 kg seeds ha-1, with 
row spacing of 0.17 m. 250 kg ha-1 of NPK from the 10-30-20 
commercial formula were used, according to soil analysis and 
crop requirement, distributed in the sowing furrow. Nitrogen 
fertilization was also performed in the tillering stage, with 130 
kg ha-1 of urea. In Guarapuava, the density was approximately 
of 360 viable seeds m2, using 120 kg of seeds ha-1, with a row 
spacing of 0.17 m. 300 kg ha -1 of NPK from the commercial 
formula 10-30-20 were used, just as previous experiment. 
Nitrogen fertilization was also similar to the experiment 
conducted in Virmond.

The experimental design was in randomized blocks (RBD), 
with five treatments and four replicates. Experimental units 
consisted of plots of 10 sowing lines 3 m long and 1.7 m wide. 
For harvesting purposes, 2 m of length by 1.10 m of width 
from each plot were considered as useful areas.

Used treatments in both experiments were: T1 - Silicon 
dioxide (98% SiO2 Agrisil®, 0.3 kg ha-1); T2 - Bacillus subtilis 
(Serenade®, QST 713 strain, at the 3 L p.c. ha-1 dose); T3 - SiO2 + 
B. subtilis; T4 - Mixture of trifloxystrobin + protioconazole and 
trifloxystronin + tebuconazole (Fox® and Nativo® at doses of 
0.5 L p.c. ha-1 and 0.7 L p.c. ha-1, respectively); T5 - control (no 
treatment applied). Treatments were sprayed with a manual 
backpack sprayer in the stages of tillering, elongation, booting 
and flowering of the crop.

In order to obtain the data on gibberella incidence and 
yellow spot severity, six weekly evaluations were performed 
from the crop tillering.

Gibberella incidence on the wheat ears was determined by 
counting 100 ears from the center of each plot. To determine 
the incidence percentage, the adapted equation proposed 
by Deuner et al. (2015): INC (%) = [NIL/ TNLE] * 100, where, 
INC – Incidence, NIL – Number of injured leaves/ears, TNLE – 
Total number of ears/leaves evaluated. The gibberella severity 
was determined by counting the number of spikelets infected 
by ear, totaling 30 ears from the center of each plot. These 
data were expressed as a percentage obtained from the mean 
number of gibberella-ridden spikelets as a function of the 
mean number of spikelets per ear, considering 100% of the 
total spikelets from the ears (Deuner et al., 2015). With these 
data on incidence and severity of gibberella, the disease index 
was determined by the formula: [(incidence x severity) / 100].

Severity of the yellow spot was determined by using the 
adapted diagrammatic scale of wheat septoriosis proposed by 
Azevedo (1997).

Evaluated agronomic characteristics were: weight of a 
thousand grain (g) (WTG), yield (kg ha-1) and hectoliter weight 
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(HW), all evaluated by using 250 mL of sample from each 
heavy plot (Melero et al., 2013).

For the biochemical analyzes, leaves of plants from the 
center of each plot (approximately 1 g) were collected in 
two moments. The first collection was 24 hours before the 
second application, performed at the crop elongation stage, 
in Virmond (First VC) and Guarapuava (First GC). The second 
collection was 24 hours after the fourth application of the 
treatments, at the crop flowering stage in Virmond (Second 
VC) and Guarapuava (Second GC).

Leaves were stored in aluminum foil, refrigerated on 
ice and then stored in a freezer at -20 °C until the extracts 
preparation for biochemical analysis. They were then weighed, 
macerated in a mortar with liquid nitrogen, and mechanically 
homogenized in 4 mL of 50 mM potassium phosphate buffer 
(pH 7) containing 0.1 mM EDTA and polyvinylpyrrolidone 
(PVP). This solution was transferred to a microtube and 
centrifuged at 15000 g for 40 min at 4 °C.

Enzymatic extract obtained from the centrifugation 
supernatant was stored in a freezer at -20 °C until biochemical 
analyzes were held. Protein content was determined by 
the method of Bradford (1976). Polyphenoloxidase activity 
(PPO E.C. 1.10.3.1) was determined by a catechol-using 
spectrophotometer, according to the methodology proposed 
by Duangmal & Apenten (1999), and phenylalanine ammonia-
lyase (FAL EC 4.3.1.5) was quantified by trans-cinnamic 
acid colorimetry, released by the phenylalanine substrate, 
according to the adapted method described by Umesha 
(2006).

The results obtained in all tests were subjected to analysis 
of variance by the F test and, when significant, they were also 
subjected to the mean comparison analysis by the Tukey and 
Scott-Knott tests at the 5% significance level. Analyzes were 
performed aided by the SISVAR software (Ferreira, 2011).

Results and Discussion
Regarding the gibberella, in Virmond municipality, the 

strobilurin-based chemical treatment showed lower disease 
index when compared to the control, although it did not 
had statistical difference with SiO2, B. subtilis, SiO2 + B. 
subtilis. These treatments reduced by 70%, 43.3% and 50% in 
comparison to the control, respectively. In Guarapuava, there 
was no statistical difference among treatments (Table 1).

On the other hand, for leaf spot (D. tritici-repentis), the 
lowest severity was obtained when using strobilurin-based 
chemical treatment followed by SiO2 + B. subtilis, SiO2 and B. 
subtilis which reduced by 69.6%, 66.4 %, 72.2% and 93.3% 
the disease severity in relation to the control in Virmont 
municipality (Figure 1A). In Guarapuava, the lowest severity 
was obtained in the SiO2 treatment, followed by B. subtilis, 
which did not differ from the chemical treatment. These 
treatments reduced the leaf spot severity by 83.5%, 82.1% 
and 85.8%, respectively. SiO2 + B. subtilis treatment showed 
a reduction in leaf spot severity in relation to the control; 
however, it was lower than the strobilurin-based chemical 

Table 1. Gibberella (Gibberella zeae Schw) index in wheat 
plants treated with silicon dioxide (SiO2); B. subtilis; SiO 2 + 
B. subtilis; trifloxystrobin + protioconazole/trifloxystronin 
+ tebuconazole (chemical treatment) and Control (no 
application) in Virmont-PR and Guarapuava-PR.

Same letters did not differ from each other by the Tukey test (p ≥ 0.05).

Figure 1. Severity of yellow spot (Drechslera tritici-repentis) 
in wheat plants grown in Virmond-PR (A) and Guarapuava-
PR (B) and treated with silicon dioxide (SiO2); B. subtilis; SiO2 
+ B. subtilis; trifloxystrobin + protioconazole/trifloxystronin 
+ tebuconazole (chemical treatment) and Control (no 
application). Same letters did not differ by Scott-Knott test (p 
≥ 0.05).

treatment (Figure 1B). The difference in disease occurrence 
between the two municipalities was due to environmental 
issues.

Strobilurin-based chemical control showed the best control 
of both diseases in wheat crop, regardless of the location. 
These results are possibly related to the mode of action of 
strobilurins, by inhibiting mitochondrial respiration. That way, 
there is a blockage in the electron transference between b 
cytochrome and c1cytochrome at Q site, interfering with the 
production of ATP and energy of the pathogen (Kanungo & 
Joshi, 2014; Matos et al., 2016)
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For both diseases in wheat plants, the treatment with 
SiO2 showed similar behavior to the chemical strubilurines-
based treatment. One of the evidences is the ability of Si in 
being deposited on the cell surface, at the subcuticular layer, 
in the cell wall and intracellular spaces, forming physical 
barriers that hinder the fungal pathogen entrance. Another 
possible assumption is that this element is related to the 
biosynthesis of phenolic compounds deposited in the cell 
wall. These substances have antimicrobial capacity that act 
directly on pathogens, preventing their development (Shalaby 
& Benjamin, 2015; Bakhat et al., 2018).

Wheat plants treated with B. subtilis also showed 
reduction in leaf spot and gibberella index, possibly due to the 
antagonistic action of B. subtilis exerted on the pathogens. 
This non-pathogenic microorganism has the ability to produce 
compounds with antimicrobial action called lipopeptides, 
which leads to destabilization of the pathogen cell membrane, 
causing intracellular content release. However, this compound 
may have heat sensitivity, thus not triggering this antifungal 
effect (Fira et al., 2018), and the B. subtilis strains may 
take a longer time to colonize (Comby et al., 2017), so, the 
phytopathogen control is not satisfactory.

Association between SiO2 + B. subtilis reduced the 
incidence of gibberella and the severity of yellow spot; 
however, it was still lower than SiO2 and B. subtilis treatments 
separately. This fact is possibly due to the ability of silicon in 
being deposited on the bacterial plasma membrane, causing 
changes in its cell morphology, cell wall distortion and 
deformation, antimicrobial effect and thus hindering bacilli 
biological control (Baig et al., 2018).

In Virmond municipality, severity of yellow spot was 
higher while it was lower in Guarapuava, probably due to 
environmental conditions, considering that the average 
precipitation there between July and December 2016 was 
17 nm, with maximum and minimum temperature of 22 
ºC and 10 ºC, respectively; while in Virmond, it was 15 mn, 
with maximum and minimum temperatures of 24 °C and 
10 °C (Simepar, 2016). These environmental conditions 
possibly explain the low indexes of gibberella and yellow 
spot in Guarapuava municipality, since for their development 
prolonged periods of rain (above 72 hours) and average 
temperature of 15 to 20 °C are necessary (Reis et al., 2001).

Another fact that can be pointed out is that the causal 
agent of this disease, D. tritici- repentis, is necrotrophic, which 
favors its survival in the crop remains, especially in regions 
that practice no-tillage (Prestes et al., 2002). However, at the 
experiment site, in Guarapuava, crop rotation is performed, 
which reduces the inoculum pressure and consequently the 
disease severity, while in Virmond the site it is a commercial 
property.

In relation to the agronomic characteristics, we observed 
that the strobilurin-based chemical treatment had higher 
weight of thousand grains of wheat, followed by SiO2 
treatments; B. subtylis and SiO2 + B. subtilis, with all of these 
treatments higher to control and being within the standard 
established in both locations (Table 2). WTG variation was 
from 32.2 to 39.6 g, which can be explained by the crop 
management (Gutkoski et al., 2008).

Concerning the yield, strobilurin-based chemical 
treatment increased by 17% when compared to control in 
Virmond municipality. In Guarapuava, there was no statistical 
difference between the treatments. Hectoliter weight of wheat 
crop, when chemically treated, increased by approximately 
10% in relation to the control in both municipalities (Table 
2). In Guarapuava, plants that received the treatments SiO2, 
B. subtilis and SiO2 + B. subtilis also showed an increase of 
approximately 5% when compared to the control (Table 2).

In general, the weight of thousand grains (WTG), yield 
(Y) and hectoliter weight (HW) were higher with strobilurin-
based chemical treatment. This active principle acts in 
reducing ethylene production, which slows leaf senescence, 
and in turn increase the period the plant remains with 
active photosynthesis, also called the ‘green effect’ (Fagan 
et al., 2010), which may explain the increase in yield and 
the hectoliter weight of the crop. However, treatments with 
SiO2, B. subtilis and Si + B. subtilis also increased the weight 
of thousand grains and hectoliter weight. These results are 
probably associated with the high concentration of chlorophyll 
provided by Si and the increased synthesis of the gibberillin 
plant hormone (GA) caused by Bacillus, thus leading to greater 
plant development (Maillard et al., 2018).

In the biochemical analysis, the verified results for PPO 
and the plants treated with SiO2 , in Virmond, increased the 
specific activity of this enzyme. In the first collection, SiO2 had 

Same letters on the row did not differ from each other by the Scott-Knott test (p ≥ 0.05).

Table 2. Weight of thousand grains (WTG) (g), yield (Y) (kg ha-1) and hectoliter weight (HW) of wheat crop obtained in the field 
for the municipalities of Virmond-PR and Guarapuava-PR 2016.
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higher enzyme activity, with 50% increase compared to the 
other treatments. In the second collection the treatments with 
SiO2, SiO2 + B. subtilis and chemical showed higher enzyme 
activity in relation to the other treatments, also not having 
statistical differences among themselves (Figure 2 A and C).

For Guarapuava, SiO2 + B. subtilis treatment showed higher 
enzymatic activity, with an increase of 400% in the first GC and 
600% in the second GC (Figure 2 B and D).  

The high PPO activity may contribute to the biochemical 
defenses of wheat against pathogens, because phenolic 
compounds are usually found in the plants and, with the 
activation of this enzyme, these compounds become highly 
toxic. This toxicity occurs by the PPO oxidation, which 
originates the quinones. These can inactivate the pectolytic 
enzymes produced by the pathogens, preventing their 
development in the plant (Shalaby & Benjamin, 2015).

In addition to PPO being involved in the synthesis of 
these secondary plant antimicrobial proteins/enzymes, it 
also plays a significant role in lignin biosynthesis. This enzyme 
acts as a complement to plant lignification, since quinones 
spontaneously bind to the cell wall, forming a phenolic barrier 
that helps control fungal diseases (Song et al., 2016).

Regarding PAL, we also observed an increase of its activity 
in plants treated with SiO2. In relation to the control, in 
Virmond, this enzyme presented an increase of 83% in the 
first VC, statistically differing from the other treatments. In 
the second collection, this treatment was the same as the 

chemical treatment (Figure 3 A and C). In Guarapuava, in 
the first collection, SiO2 and B. subtilis treatments showed 
higher enzymatic activity, while in the second collection the 
treatments that stood out were silicon and chemical (Figure 
3 B and D).

Increasing activity of PAL, provided by SiO2, is important 
for the deposition of lignin in the cell wall and for assisting 
in the cells resistance against pathogens. This enzyme is from 
the phenylpropanoid pathway that absorbs approximately 
30% to 40% of organic carbon and integrates them as part of 
lignin polymers. PAL starts this route and is responsible for the 
deamination of the amino acid L-phenylalanine that results 
in the transformation in trans-cinnamic acid and ammonia. 
Subsequently, there is the formation of monolignols used in 
lignin deposition (Zhang & Chang-Jun, 2015).

It is distinctive that the combination treatment of SiO2 + B. 
subtilis increased the activity of PAL and PPO; however, it was 
not sufficient to reduce the severity of yellow spot in wheat 
plants. This may be related to the absence of resistance signal 
transduction that should be transmitted in the plant, the 
sensitivity of the pathogen by quinones and/or the deposition 
of lignin (Oliveira et al., 2016).

Therefore, the treatment with SiO2 increased the activity 
of the enzymes PPO and PAL, which consequently contributed 
to the control of gibberella (G. zeae) and yellow spot (D. tritici-
repentis). Hence, it can be emphasized that this treatment 
activated the defense mechanisms of wheat plants that 

Figure 2. Specific activity of polyphenoloxidase enzyme (PPO) in wheat leaves treated with silicon dioxide (SiO2); B. subtilis; SiO2 
+ B. subtilis; trifloxystrobin + protioconazole/trifloxystronin + tebuconazole (chemical treatment) and Control (no application) 
on the first and second collections in Virmond-PR (first VC [A] and second VC [C]) and Guarapuava-PR (first GC (B) and second 
GC (D) Means followed by the same letter on the row do not differ from each other by the Scott-Knott test (p ≥ 0.05).
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interfered in the infectious process of these pathogens in 
leaves and ears, but did not contribute significantly to the 
agronomic characteristics of the crop.

However, fungicides also showed an increase in enzyme 
activity, as both fungicides have strobilurins in their 
composition, which in turn act directly on the pathogen, 
interfering with respiration and may have a positive effect 
on plant physiology, improving growth and metabolism, 
in addition to boosting the plant resistance to induction 
mechanisms of pathogens (Colombari et al., 2018).

Conclusions
Application of SiO2 does not affect the agronomic 

characteristics of wheat, but increases the activity of PPO and 
PAL enzymes, activating the defense mechanisms of wheat 
plants.
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