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Abstract
Silicon applied in the soil is an alternative for wheat disease management, but there is no information about its effects on 
wheat technological quality. For this purpose, we collected wheat grains from plants of two cultivars differentially suscepti-
ble to diseases, grown in soil amended or not with silicon, and treated or not treated with fungicide. The results showed that 
greater severity of tan spot (Pyrenophora tritici-repentis) and Fusarium head blight (Fusarium graminearum species complex) 
compromised the grain quality and negatively altered wheat flour color, gluten levels, and the alveograph and farinograph 
parameters. Silicon fertilization had little effect on the wheat technological quality under lower disease intensity, but under 
higher disease intensity, it reduced the damage caused by pathogens, directly or indirectly influencing the flour yield, grain 
falling number, gluten strength, dough tenacity and tenacity/extensibility ratio, and elasticity index. The results of this study 
show for the first time the effect of silicon fertilization on wheat technological quality as a feasible alternative for inclusion 
in integrated disease management of wheat to maintain flour quality despite biotic stress.
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Introduction

Wheat (Triticum aestivum L.) is cultivated widely and is the 
world’s most consumed cereal (FAO 2020; Li et al. 2015). 
In Brazil, tan spot, caused by Pyrenophora tritici-repentis 
(Died.), and Fusarium head blight (FHB), caused by the 
Fusarium graminearum species complex, are among the 
main diseases affecting wheat (Joris et al. 2022).

Pyrenophora tritici-repentis affects leaves and spikes and, 
during the attack, produces toxins that compromise the pho-
tosynthetic machinery due to the disruption of photosystems 
and photooxidation of chlorophyll (Pandelova et al. 2012). 
As a result, the disease reduces the number of grains and 
their quality, due to shriveling and lower specific weight, 
causing yield losses of up to 48% (Rees and Platz 1983; 
Ronis et al. 2009). The Fusarium graminearum species 
complex causes premature senescence of the entire spike 
or a portion of it, which leads to the formation of shriveled 
grains, resulting in yield losses of up to 50%. It also causes 
a risk of contamination by a wide assortment of mycotoxins, 
the most common being deoxynivalenol (Haidukowski et al. 
2005; McMullen et al. 2012).

Genetic factors, environment, and crop management affect 
the physical (size and shape) and compositional properties of 
wheat grains, influencing the milling yield and technological 
quality of flour. Depending on the flour-use requirements, the 
physical and compositional properties of the grains must sat-
isfy various minimum requirements. In particular, shriveled 
grains are undesirable because they are associated with low 
flour yield (Gooding and Davies 1997; Nuttall et al. 2017). 
Wheat flour quality depends on the respective levels of sev-
eral components, including starch, gluten and nongluten 
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proteins, lipids, non-starch carbohydrates, and minerals 
(Graybosch et al. 1996), which interact during the mixing 
and baking processes. Furthermore, several flour parameters 
are also impaired by the pathosystems affecting wheat as well 
as the management strategies adopted (Matzen et al. 2019). 
The measures adopted to control wheat disease need to be 
effective in controlling the pathogens while also maintaining 
the grain technological quality.

For tan spot and FHB, despite the use of healthy seeds, crop 
rotation, and tillage (when applicable) to reduce pathogen inoc-
ulum, the main strategies used for the management of these 
diseases are the choice of resistant cultivars and application of 
fungicides. Since only cultivars with moderate resistance to 
FHB and tan spot are available to wheat growers, fungicidal 
treatments are employed to counteract the disease symptoms 
and improve the grain-filling process and thus to maintain the 
flour quality (Berdugo et al. 2012; Blandino and Reyneri 2009; 
Fleitas et al. 2018; Rodrigo et al. 2015). However, application 
of fungicides for disease management increases costs, and their 
efficacy can be extremely variable, often insufficient to con-
trol some pathogens, such as F. graminearum (D’Angelo et al. 
2014). Furthermore, there is the risk of grain contamination 
by the fungicide (Da Luz et al. 2017).

An increasingly common strategy is to enhance the 
defense of plants against pathogens. In this sense, soil fer-
tilization with calcium silicate, a source of soluble silicon 
(Si), is one of the most studied and has shown effectiveness 
in reducing several wheat diseases (review by Rodrigues 
et al. 2015; Debona et al. 2017; Coskun et al. 2019; Dal-
lagnol et al. 2020). In wheat, a three-year field experiment 
showed that Si amendment reduced tan spot and FHB sever-
ity, increasing the grain yield by up to 1000 kg/ha (Pazdiora 
et al. 2021; 2023), but the authors only superficially men-
tioned the grain quality.

Many other studies have investigated the effects of fer-
tilization, especially with nitrogen, and application of fun-
gicides on the management of diseases and their relation to 
wheat flour quality (Castro et al. 2018; Dimmock and Good-
ing 2002; Fleitas et al. 2018; Matzen et al. 2019; Ruske et al. 
2003). However, to the best of our knowledge, no previous 
study has investigated the effect of Si on different parameters 
of wheat technological quality. Since Si application is a new 
alternative for management of wheat diseases, it is neces-
sary to learn the impact of this element on wheat quality. 
The hypothesis of this study was that increasing the supply 
of Si to wheat plants would reduce the disease intensities, 
increasing the technological quality of grains.

The objective of this study was thus to evaluate the effect 
of calcium silicate fertilization (Si source) on leaf and spike 
disease and on technological quality (physicochemical and 
rheological analyses) of wheat grains. For this, we compared 
calcium silicate fertilization to limestone fertilization for two 
wheat cultivars with different levels of resistance to leaf and 

spike diseases. All treatments were complemented with one or 
two applications of fungicide on the aerial part of the plants.

Material and methods

Study site, agronomy, and treatments

Two field experiments (2016 and 2017 crop seasons) were 
conducted at the Palma Agriculture Center (31° 48′ 06.4″ S, 
52° 30′ 18.6″ W), belonging to Federal University of Pelotas. 
The wheat cultivars used were “TBIO Toruk” (Biotrigo®) 
and “TBIO Sossego” (Biotrigo®), with contrasting disease 
resistance, the former being more susceptible to tan spot and 
FHB than the latter (Joris et al. 2022).

The physicochemical characteristics of the soil were pre-
viously described by Pazdiora et al. (2021). The concen-
tration of available Si (extracted with 0.01 M  CaCl2) was 
8.0 mg.dm−3. Calcium silicate (Agrosilício®, Agronelli 
Insumos Agrícolas, Uberaba, Brazil), composed of 10.5% 
silicon, 25.0% calcium, and 6.0% magnesium, was the 
source of Si and was applied at a rate of 4.0 t  ha−1  year−1. 
Extra-fine limestone (Dagoberto Barcellos, Caçapava do Sul, 
Brazil), composed of 26.5% calcium and 15.0% magnesium, 
was applied at a rate of 3.3 t  ha−1  year−1 in the control treat-
ments to standardize the soil pH and the amount of calcium 
and magnesium supplied to the plants in the calcium sili-
cate treatment. In both seasons, calcium silicate (+ Si) or 
limestone (− Si) was incorporated in the soil by harrowing 
30 days before sowing. Soil and plant tissue concentration of 
Si were determined according to Korndorfer et al. (2004). In 
2016, the soil concentrations of calcium  (Ca2+) were 4.6 and 
4.4 cmolc.dm−3 and of Si were 14 and 8 mg.dm−3, respec-
tively, for + Si and − Si treatments. The Si concentrations 
in leaves and spikes, respectively, were 14.2 and 6.7 g  kg−1 
for + Si and 11.8 and 5.8 g  kg−1 for − Si. In 2017, the soil 
concentrations of  Ca2+ were 6.6 and 5.6 cmolc.dm−3, and the 
concentrations of Si were 18 and 8 mg.dm−3, respectively, 
for + Si and − Si treatments. The Si concentrations in leaves 
and spikes, respectively, were 24.7 and 8.6 g  kg−1 for + Si 
and 13.4 and 5.9 g  kg−1 for -Si (Pazdiora et al. 2021).

Plots measuring 10.5  m2 were sown with a seed drill 
(Semeato SHP model; 9 rows, 0.17 m row spacing) at a den-
sity of 300 seeds.m−2. At the time of sowing, 300 kg  ha−1 of 
chemical fertilizer (5–20-20: nitrogen, phosphorus, potas-
sium) was applied. Total nitrogen (granular urea, N, 45%) 
input was 100 kg N  ha−1  yr−1, and 15% of the total N was 
applied as basal fertilizer and the remainder (85%) as top 
dressing at the phenological stages of tillering and stem 
elongation (Zadoks growth stages (GS) 25 and 37). Iodosul-
furon-methyl-sodium (Hussar®; Bayer, 100 g c.p.  ha−1) and 
imidacloprid beta-cyfluthrin (Connect®; Bayer, 500 mL c.p. 
 ha−1) were used to control weeds and insects, respectively, 
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as necessary to ensure that these factors would not influ-
ence the outcome of the experiment. The fungicide premix 
Fox® (Bayer, 0.5 c.p.  ha−1), consisting of prothioconazole 
(150 g.L−1; triazolinthione) + trifloxystrobin (175 g.L−1; 
strobilurin), was applied at the stem elongation stage (GS32/
GS33) (one-spray treatment) or at both the stem elongation 
and flowering stages (GS60) (two-spray treatments). The 
fungicide was applied using  CO2 pressure, with a four-tip 
nozzle (TTJ60 11,002; Teejet®), delivering 200 L  ha−1.

Disease assessment occurred from seedling emergence 
to harvest. The main diseases during the crop cycle were 
tan spot and FHB. The assessment of tan spot severity was 
conducted from tillering (GS30) to early dough (GS83), 
and when applicable, the area under disease progress curve 
(AUDPC) was determined as described by Pazdiora et al. 
(2018). The severity of FHB was determined at the early 
dough stage according to the scale proposed by Stack and 
McMullen (2011).

Experimental design

The experimental design was a three-way (2 × 2 × 2) factorial 
scheme in a random block with four replicates. The factors 
were two silicon treatment (plants not supplied (− Si) or sup-
plied (+ Si) with silicon source), two wheat cultivars (TBIO 
Toruk and TBIO Sossego), and two fungicide treatments 
(one or two fungicide applications). The experiment was 
conducted in the 2016 and 2017 crop seasons.

Grain harvesting and measurement of moisture

Wheat was hand harvested and threshed in a mechanical 
grain thresher (EDA, model TR. PARCELA) as described 
in Pazdiora et al (2021). The grain moisture content of a rep-
resentative subsample was measured with a moisture tester 
(Gehaka Agri G600).

Wheat technological quality

The wheat quality was evaluated by physicochemical and 
rheological analyses. The tests performed according to 
AACC (2010) were hectoliter weight (HW) (Dalle Molle 
scale, Brazil—Method 55–10.01) with results expressed in 
kg  hL−1; grain falling number (GFN), which is an indirect 
measure of alpha-amylase activity (Falling Number System, 
Perten, Sweden—Method 56–81.03); flour yield (FY) after 
grain tempering to 14% moisture for 16–24 h followed by 
milling (Brabender Quadrumat Senior experimental mill, 
Germany—Method 26–10.02); gluten index (GI), wet glu-
ten (WG), and dry gluten (DG) (Glutomatic System, Perten, 
Sweden—Method 38–12.02); alveography and its param-
eter tenacity (P) or maximum pressure, dough extensibil-
ity (L), tenacity/extensibility ratio (P/L), swelling index 

(G), dough strength (W) or dough deformation energy, and 
elasticity index (Ie) (Chopin Alveograph, France—Method 
54–30.02); and farinography, using a 50 g bowl, consider-
ing the parameters: water absorption (WA), dough develop-
ment time (DDT), dough mixing stability (STB), and mixture 
tolerance index (MTI) (Brabender Farinograph, Germany 
-Method 54–21.02). The other parameters tested were thou-
sand kernel weight (TKW) (as described by Shuey and Gilles 
1972) and wheat flour color, carried out with a colorimeter 
(using  D65 illuminant, Ø 50 mm measurement area, and 10º 
viewing angle), with results expressed in the CIEL*a*b* 
system, considering the parameter lightness (L*; 0: dark, 
100: white), chromaticity coordinates: a*(− 60: green, + 60: 
red) and b* (− 60: blue, + 60: yellow), chroma (C*) or color 
intensity, and hue (h*) or color tonality (CR-410 Chroma 
Meter, Minolta, Japan).

Data analysis

The data from the two experiments (2016 and 2017 crop sea-
sons) were analyzed separately because the year was a signif-
icant factor. All statistical analyses were conducted using R 
version 4.1.1 (R Development Core Team 2021) and various 
packages, such as FactoMineR and lavaan (Lê et al. 2008; 
Rosseel 2012). First, aiming to avoid redundancy, we sub-
jected the data set to principal component analysis (PCA) to 
select dependent variables correlated (> 0.70) with the first 
two principal components (PC1 and PC2) (inertia > 70%). 
The selected variables were subjected to analysis of variance 
(ANOVA) of a three-way factorial design. Bartlett’s test was 
applied and q-q plots were produced for checking data nor-
mality. When applicable, transformations were performed 
to meet the assumptions of the ANOVA using the Box-Cox 
function. Finally, when silicon effects were significant, we 
performed pathway analysis (mediation analysis to test the 
direct and indirect effects). To verify the effect of diseases on 
wheat technological quality, we calculated Pearson’s linear 
correlation coefficients for all variables with each disease 
severity in each crop season.

Results

Intensity of diseases versus wheat technological 
quality

The main diseases occurring during both crop seasons were 
tan spot and FHB, and the highest severity was recorded 
in − Si plants of the cultivar TBIO Toruk treated with fungi-
cide only at stem elongation (Fig. 1). In 2016, FHB severity 
reached 8.7% while the tan spot severity reached 7.5% at 
the end of the crop season. In 2017, the diseases occurred 
in much higher severity, reaching 16.6% for FHB, while the 
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tan spot occurred since the stem elongation stage, resulting 
in an AUDPC of 1675 at the end of the crop cycle. FHB 
was reduced mainly by fungicide treatment at flowering and 
by genetic resistance (TBIO Sossego), but silicon amend-
ment in the soil improved the fungicidal and genetic control 
(Fig. 1a, b). For tan spot, the effect of Si was more evident, 
reducing disease severity in both cultivars, regardless of 
crop season (Fig. 1c, d). The greatest tan spot reduction was 
obtained by fungicidal treatment in both cultivars on plants 
supplied with Si.

FHB and tan spot affected several wheat technological 
quality parameters. The Pearson correlation analysis indi-
cated that in 2016, the main variables positively affected by 
both diseases were GI, Ie, and DDT, while negative correla-
tion was observed with HW and W (Fig. 2). In 2017, almost 
all wheat technological quality parameters were affected, 
mainly by tan spot, but FHB also affected several quality 
parameters (Fig. 2). Tan spot and FHB had negative cor-
relations with HW, P, P/L, GFN, a*, WA, and WG, while 
positive correlations were observed with G, b*, C*, h*, and 
GI (Fig. 2). For tan spot, negative correlations also occurred 
with Ie, DG, and GFN (Fig. 2).

Treatments and wheat technological quality

The PCA indicated that several variables were highly inter-
correlated, showing redundancy, which allowed us to reduce 
the number of variables analyzed (supplementary informa-
tion). The selected variables included the results of some of 
the grain quality tests (TKW, FY, GFN), wheat flour color 
(L*), and alveograph parameters (W, P, P/L, G, and Ie). In 

the 2017 crop season, TKW and G were not selected by PCA, 
but we included these data in the graphs to allow comparison 
between years. Variables not selected are reported in the 
supplementary information.

The cultivar and the two fungicide applications had sig-
nificant effects (P < 0.05) for TKW, FY, and GFN (Table S1; 
Fig. 3a–f). In both crop seasons, TKW and FY were higher 
on TBIO Toruk and for plants with two fungicide applica-
tion, while GFN was higher on TBIO Sossego. However, in 
2017, besides cultivar, the number of fungicide applications, 
the silicon supply (+ Si) in the soil, and some factor inter-
action were also significant (P < 0.05) (Table S1). Silicon 
application resulted in higher TKW and FY, especially in 
TBIO Toruk plants treated with fungicide at stem elonga-
tion (Fig. 3b, d). For GFN, in + Si plants, an increase in the 
value occurred for TBIO Toruk with two fungicide applica-
tions, but a reduction was recorded in TBIO Sossego plants, 
regardless of fungicide application.

The flour color parameter L* was affected mainly by the 
cultivar in both crop seasons and to a lesser extent, by fun-
gicide treatment and silicon application or their interactions 
(Table S1). In general, the flour of TBIO Toruk was lighter 
(higher L* value) than that of TBIO Sossego (Fig. 3g, h). 
Silicon application only increased the L* value of TBIO 
Sossego plants in 2016 (Fig. 3g), yielding whiter flour. In 
general, two fungicide sprays increased L*, especially in − Si 
plants, regardless of cultivar.

With regards to the alveograph parameters, cultivar and 
fungicide treatments were the most influential in both crop 
seasons, but several factor interactions were also significant, 
especially in 2017 (Table S1). The values of W, G, and Ie 

Fig. 1  a–d Relative disease 
severity reductions by silicon 
and fungicide application on 
wheat cultivars TBIO Toruk 
and TBIO Sossego grown in 
soil amended with extra-fine 
limestone (− Si) or calcium 
silicate (+ Si) and treated with 
fungicide at the stem elongation 
stage (se) or at stem elongation 
and flowering stages (se + f) 
in the 2016 and 2017 crop 
seasons. The relative disease 
reduction was calculated based 
on the higher disease severity 
or AUDPC, which occurred on 
the − Si plants of TBIO Toruk 
treated with fungicide at stem 
elongation
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were higher for TBIO Toruk, while P and P/L were higher 
for TBIO Sossego (Fig. 4a–j).

Silicon supply affected W (reduced) (Fig. 4a), P (reduced) 
(Fig. 4c), G (reduced) (Fig. 4g), and P/L (increased) (Fig. 4e) 
in 2016 for the cultivar TBIO Sossego. In the 2017 crop 
season, silicon supply reduced W (Fig. 4b), P (Fig. 4d), and 
Ie (Fig. 4j) and increased G (Fig. 4h), especially in plants 
of TBIO Toruk treated with fungicide at stem elongation, 
in comparison to − Si plants. In this same crop season, an 
increase in P (Fig. 4d) due to silicon supply was recorded 
on TBIO Sossego plants treated with two fungicide sprays.

Two fungicide applications significantly altered some 
parameters (W, P, P/L, G, and Ie), but its effects were 
dependent on interaction with cultivar or silicon amend-
ment in the soil (Fig. 4a–j). In 2016, + Si plants of TBIO 
Sossego with two fungicide applications had reductions of 
P/L (Fig. 4e) and Ie (Fig. 4i), compared to one fungicide 
application. For TBIO Toruk, two fungicide applications 
reduced the Ie value regardless of silicon supply. In the 
2017 season, two fungicide applications on TBIO Sossego 
plants increased W (Fig. 4b), P (Fig. 4d), P/L (Fig. 4f), 
and Ie (Fig. 4j), regardless of Si supply, while G (Fig. 4h) 
was lower compared to one fungicide application. For + Si 
TBIO Toruk plants, two fungicide applications increased 

P, P/L, and Ie but reduced G, compared to one fungicide 
spray; while on − Si plants with two fungicide applications, 
reduction of W, P, and Ie occurred in comparison with one 
application.

In the 2016 crop season, through path analysis, we did 
not observe an indirect effect of tan spot reduction by sili-
con on the P/L (P = 0.476) and G (P = 0.521) values. On the 
other hand, in the 2017 crop season, there was an indirect 
effect of tan spot reduction by silicon on FY (P = 0.008), 
GFN (P = 0.00), and P (P = 0.00).

Discussion

The disease management measures employed during a crop 
cycle can alter some parameters of wheat technological 
quality. Indeed, the employment of different cultivars with 
varying susceptibility to diseases is a source of variation, 
but the effect on flour quality parameters is also dependent 
on the management used in the field, such as nutrient status 
of the plant and fungicide application (Hasniza et al. 2014). 
In this context, Si has emerged as a mineral element that 
reduces severity of several diseases in wheat, such as blast, 
FHB, powdery mildew, tan spot, and spot blotch (Dorneles 

Fig. 2  Correlation analyses for Fusarium head blight (FHB) and tan 
spot with thousand kernel weight (TKW); hectoliter weight (HW); 
flour yield (FY); grain falling number (GFN); wheat flour color 
parameters: lightness (L*), chromaticity coordinates (a* and b*), 
chroma (C*), and hue (h*); gluten parameters: gluten index (GI), 
wet gluten (WG), and dry gluten (DG); alveograph parameters: glu-
ten strength (W), tenacity (P), tenacity/extensibility ratio (P/L ratio), 

swelling index (G), and elasticity index (Ie); and farinograph param-
eters: water absorption (WA), dough development time (DDT), dough 
stability (STB), mixing tolerance index (MTI) for two wheat cultivars 
(TBIO Toruk and TBIO Sossego) under two soil amendments (− Si: 
extra-fine limestone or + Si: calcium silicate), and two fungicide treat-
ments (one or two sprays)
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et al. 2018; Dallagnol et al. 2020; Pazdiora et al. 2021; Rod-
rigues et al. 2015), indicating its effectiveness as a strategy 
to manage diseases in the field. However, for Si fertiliza-
tion to be feasible, wheat technological quality also needs to 
be preserved alongside disease control. This study showed 
that silicon has little effect on wheat technological quality 
under low stress, but under high biotic stress, Si alleviated 
the damage caused by pathogens, keeping the flour quality 
parameters near the expected values for each cultivar. Dif-
ferences in technological quality among wheat cultivars and 
fungicide treatments have been reported previously (Fleitas 
et al. 2018; Nuttall et al. 2017; Wang et al. 2004), but our 

study is the first to report the effects of silicon on flour qual-
ity parameters.

The weather conditions and the monocropping system in 
the field where the experiment was conducted were more 
favorable to disease development in 2017 compared to 2016 
(Pazdiora et al. 2021), resulting in higher FHB and tan spot 
severities. Pearson’s correlation analysis clearly showed that 
the increase in the severity of FHB and tan spot resulted in 
a high degree of damage to grain quality and flour param-
eters. In the 2016 crop season, the main disease affect-
ing wheat technological quality was FHB, while in 2017, 
although FHB occurred in higher severity than in 2016, tan 

Fig. 3  Thousand kernel weight 
(TKW) (a and b), flour yield 
(FY) (c and d), grain falling 
number (GFN) (e and f), and 
lightness (L*: 100 white; 0 
black) (g and h) of grains of 
wheat cultivars TBIO Toruk 
and TBIO Sossego grown in 
soil amended with extra-fine 
limestone (− Si) or calcium 
silicate (+ Si) and treated with 
fungicide at the stem elongation 
stage (se) or at stem elongation 
and flowering stages (se + f) in 
the 2016 and 2017 crop seasons. 
The error bars represent the 
standard deviation of the means
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spot generated a larger effect on some parameters of both 
grains and flour. In the case of FHB, disease reduction was 
achieved with fungicide spraying at flowering and by plant-
ing the cultivar TBIO Sossego, which was slightly more 

resistant than TBIO Toruk. With regards to tan spot, cultivar 
and fungicide application were important, but silicon had a 
greater impact in reducing the disease intensity.

Fig. 4  Alveograph parameters: 
gluten strength (W) (a and b), 
tenacity (P) (c and d), tenacity/
extensibility ratio (P/L) (e and 
f), swelling index (G) (g and 
h), and elasticity index (Ie) (i 
and j), from grains of wheat 
cultivars TBIO Toruk and TBIO 
Sossego grown in soil amended 
with extra-fine limestone (− Si) 
or calcium silicate (+ Si) and 
treated with fungicide at the 
stem elongation stage (se) or at 
stem elongation and flowering 
stages (se + f) in 2016 and 2017 
crop seasons. The error bars 
represent the standard deviation 
of the means
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The fungicide and silicon treatments had little influence 
on wheat technological quality under low disease pressure 
(2016 crop season), but under high disease pressure (2017 
crop season), the effect was larger, due to a reduction in 
damage caused by the diseases. For instance, the effect of 
silicon was greater on tan spot than on FHB, which impacted 
grain quality during 2017. These results agree with the find-
ings of other studies, in which Si’s effect on tan spot control 
was demonstrated (Dorneles et al. 2017, 2018; Pazdiora 
et al. 2018, 2021; 2023).

Furthermore, spraying twice with fungicide during both 
crop seasons resulted in increased values of TKW, FY, and 
GFN. These results are comparable with the single-spray 
effect on the same parameters, due to the delay of senescence 
of the flag leaves (Dimmock and Gooding 2002; Ruske et al. 
2003). GFN is a parameter associated with the level of alpha-
amylase enzyme activity in a sample of grain or flour. It is 
affected by cultivar choice based on genetic background, fer-
tilizers, and crop management (Kindred et al. 2005; Mares 
and Mrva 2008). In our study, GFN was mainly affected by 
the cultivar, where the TBIO Sossego plants had higher values 
than those of the TBIO Toruk cultivar. Moreover, a tendency 
towards lower values of GFN on + Si plants treated with fun-
gicide at stem elongation was observed for the 2017 season 
but was still above the minimum values (GFN > 200 s).

Regarding flour color, light white flour is more desir-
able for many products. Typical white flour color values 
are + 92.5 of whiteness (L*) (Wheat Marketing Center 
2008). In our study, flour color was related to the culti-
var. The flour of TBIO Sossego exhibited lower lightness 
and a tendency to be reddish and yellowish compared to 
TBIO Toruk. However, the high incidence of disease in 
2017 changed the saturation and intensity of the flour color, 
increasing the lightness and the yellow tendency, mainly for 
TBIO Toruk. Also, some differences were found when sili-
con and fungicide were applied. For example, the tendency 
to increase L* was recorded in both crop seasons due to 
silicon and fungicide application.

The alveograph simulates the dough behavior dur-
ing fermentation, measuring mainly gluten strength (W) 
and dough viscoelastic properties (P, L). The parameters 
obtained by this method (P, P/L ratio, G, W, and Ie) were 
affected by the diseases, with tan spot having the great-
est impact. Changes in the parameters affected negatively 
by the disease, such as W, P, and P/L ratio, allowed easy 
detection of the effects of fungicide and silicon applica-
tion. Two fungicide sprays affected all the parameters under 
high disease pressure, but under low disease pressure, this 
mainly affected the P/L ratio, G, and Ie. In this context, 
Fleitas et al. (2018) also reported leaf disease reduction 
by fungicides and observed changes in some alveograph 
parameters as observed in the current study. In the case 
of silicon, the effect was mainly observed on plants of the 

cultivar TBIO Toruk (more susceptible) treated with only 
one fungicide spray, with a tendency for reduction on the 
alveograph parameters, except for G. In the case of low 
disease pressure (2016), some effects of silicon, generally 
with lower values, were also observed in the cultivar TBIO 
Sossego, such as the values of W, P/L, and G.

In conclusion, the two wheat diseases analyzed, FHB 
and tan spot, impaired the grain quality and negatively 
altered the wheat flour color, gluten level, and alveograph 
and farinograph parameters. Silicon fertilization had little 
effect on the wheat technological quality under low biotic 
stress, but under high biotic stress (tan spot and FHB), 
it ameliorated the damage caused by the diseases, main-
taining the wheat technological quality near the expected 
levels for each cultivar, especially in conjugation with two 
fungicide applications. Thus, the results of previous stud-
ies showing the positive effect of silicon in reducing wheat 
diseases (Dallagnol et al. 2020; Pazdiora et al. 2021; 2023) 
along with our results demonstrate that silicon fertiliza-
tion contributes to maintain wheat technological quality, 
suggesting that its application is a viable strategy for inte-
grated disease management of wheat.
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