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Abstract 
Grain of 30 winter wheat cultivars was screened for the content of seven flavonoids (apigenin, 
kaempferol, luteolin, naringenin, quercetin, rutin, vitexin). In total, 90 samples were analyzed, 
belonging to three combinations: the control, samples inoculated with Fusarium culmorum, and 
samples inoculated with Fusarium culmorum and protected with fungicides (Prosaro, Topsin M). 
Analyzed flavonoids were detected in all tested samples. The highest concentrations were rec-
orded for quercetin (512.9 mg/kg) and luteolin (458.4 mg/kg). Concentration of all compounds 
was the highest in the inoculated samples, while in the control and in the inoculated samples 
treated with fungicides their contents were significantly lower and similar, as confirmed by the 
statistical analysis conducted by multivariate methods. In most cases, significant correlations 
were obtained between individual flavonoids. Such correlations were observed for all flavonoids 
in samples covering all the three variants and almost all flavonoids in the inoculated samples. The 
lowest number of correlations was recorded for samples treated with fungicides. 
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Thiophanate Methyl 

 
 

1. Introduction 
Secondary metabolites of plants are extremely important compounds from the biological point of view, although 
they are not essential for their survival. They are formed in the course of distinct biochemical processes. They 
are species-specific and are formed only in certain cells, tissues or organs [1].  

Some of the most important members of this group of compounds are flavonoids, belonging to the class of 
phenolics. They are found in cereals either as free molecules (aglycons), or in combination with sugar radicals 
forming glycosides [2]. Flavonoids are considered to be derivatives of benzo-γ-pyrone. They are composed of 
two benzene rings bonded with three carbon atoms, and they have two aromatic rings, A and B, forming a hete-
rocyclic system (Figure 1). To date, approximately 800 different flavonoids have been identified. They differ in 
the number and position of hydroxyl groups in both rings, oxidation state of the carbon bonding, type of the 
glycoside bond, and the occurrence of dimeric systems. One of the most important properties of phenolic com-
pounds is their antioxidant action [3], which is closely linked to their chemical structure. Most of them are in the 
form of O-glycosides, the sugar radical of which is composed of one to five molecules of simple sugars. Some 
flavonoids are also found in the form of C-glycosides [2]. The mode of action of these compounds depends on 
the number of hydroxyl groups and their mutual position in the aromatic ring. Flavonoids are a group of sub-
stances whose biological effect on humans is connected first of all with blood vessels and the circulatory system, 
although some of them have a more extensive systemic effect. Such flavonoids as apigenin, luteolin and kaemp-
ferol directly influence vasodilation. Studies have demonstrated that these flavonoids cause concentration-de- 
pendent relaxation responses in concentrated arterial rings [4]. These compounds also exhibit advantageous 
properties by sealing blood vessels, having an anti-inflammatory effect [5]. 

Through the application of state-of-the-art instrumental methods it is possible to separate and identify indi-
vidual flavonoids (following their isolation from the plant material). The most frequently applied separation 
methods include high performance liquid chromatography (HPLC) and ultra-performance liquid chromatogra-
phy (UPLC). These metabolites are detected in the eluent from chromatographic columns using UV/VIS and 
fluorescent spectrophotometers and mass spectrometry detectors [6].  

Wheat samples have been found to contain such flavonoids as anthocyanins, flavones and flavanones, i.e. 
cyanidin 3-galactoside [7], cyanidin 3-glucoside [7], cyanidin 3-rutinoside [8], peonidin 3-glucoside [8], petuni-
din 3-rutinoside [8], apigenin glycosides [9], tricin [9], luteolin glucoside [10], naringenin [5], etc.  

 

 
 

Flavonoid subclass C ring unsaturation C ring functional group 
Flavanol none 3-hydroxy 
Flavanones none 4-Oxo 
Flavones 2-3 double bond 4-Oxo 
Flavonols 2-3 double bond 3-Hydroxy, 4-Oxo 
Anthocyanidins 1-2, 3-4 double bonds 3-Hydroxy 
Isoflavones* 2-3 double bond 4-Oxo 
*In case of Isoflavones B ring is in position 3 of the C ring   

Figure 1. Chemical structure of flavonoids.                                                     
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Fusarium head blight is one of the most important cereal diseases. It causes considerable losses in plant 
breeding and results in the formation of toxic secondary metabolites-mycotoxins. Fungicides are used to reduce 
its intensity and limit its consequences. It was found that under field conditions fungicides containing triazoles 
(e.g. prothioconazole) or benzimidazole (e.g. thiophanate methyl) effectively controlled a Fusarium head blight 
epidemic [11] [12]. On the other hand, some fungicides (e.g. strobilurin) were ineffective in Fusarium head 
blight control and even stimulated mycotoxin production [13].  

The aim of this study was to determine whether analyzed winter wheat grain samples contain analyzed flavo-
noids (apigenin, kaempferol, luteolin, naringenin, quercetin, rutin, vitexin) and at what concentrations, as well as 
what interrelations may be observed between them. Another aim was to investigate the effect of environmental 
conditions in these cultures by analyzing the control with no interference, samples inoculated with the fungus 
Fusarium culmorum and those inoculated with Fusarium culmorum with the simultaneous application of fungi-
cide protection. 

2. Material and Methods 
2.1. Field Experiments 
Thirty cultivars of winter wheat (Triticum aestivum L.) were evaluated. The cultivars are listed in the Polish Na-
tional List of the Research Centre for Cultivar Testing (COBORU) and were added to the list between 1998 
(“Mewa”) and 2009 (“Belenus”) [14]. The cultivars differed in their morphological characters, resistance to dis-
eases and pedigree. 

The field experiment was established as a split-plot design. Wheat cultivars were sown on 1 m2 plots. Three 
main treatments were included: the non-fungicide treated control (C), chemical control of Fusarium head blight 
(incited by inoculation) with fungicides (F), and head inoculations (I). For treatments F and I, the same set of 
Fusarium culmorum isolates was applied as described below.  

Fusarium head blight (FHB) was controlled with two fungicides: Prosaro 250 EC (Bayer CropScience), which 
is a combination of two active ingredients, tebuconazole (125 g/l) and prothioconazole (125 g/l); and Topsin M 
(Sumi Agro), whose active ingredient is thiophanate methyl (500 g/l). Both fungicides are recommended for 
FHB control. Prothioconazole and tebuconazole showed superior efficacy in reducing Fusarium head blight dis-
ease severity and toxin contamination [11] [15]. Thiophanate methyl, e.g. registered in Germany as DON-Q 
fungicide (Nisso Chemical Europe GmbH.), was highly effective in preventing grain contamination with myco-
toxins [12]. Prosaro was applied at the heading stage (BBCH 55 - 59) and Topsin M after flowering at stages 
BBCH 69 - 71 of wheat. Tebuconazole and thiophanate methyl are the most effective in FHB/DON reduction 
when applied at stages BBCH 61 - 71 [16] [17]. Prothioconazole is a systemic fungicide and has preventive 
properties [17]. As at the flowering stage, wheat was inoculated with F. culmorum (described below), Prosaro 
was applied before the flowering stage (BBCH 59 - 60) and Topsin M at the watery ripe stage (BBCH 71). 

Three Fusarium culmorum isolates producing deoxynivalenol (DON) (KF846, ZFR112) and nivalenol (NIV) 
(KF350) were applied for inoculum production [18]. Isolates were incubated with autoclaved wheat grain in 
glass flasks for about 4 weeks and next exposed to near UV light (“black light” 350 nm) under a 16-h photoperiod 
for 3 weeks at 15˚C. The mycelium-colonized grain was air dried and stored in a refrigerator at 4˚C until usage.  

On the day of inoculation, grain with Fusarium mycelium was suspended in tap water for 2 h and then filtered 
to obtain a conidial suspension. The suspensions from each of the three isolates were adjusted to 5 × 105 spores/ 
ml with the aid of a hemocytometer. Equal volumes of the suspensions were mixed. 

Wheat heads were sprayed with a spore suspension at anthesis at a rate of 100 ml∙m−2. Inoculations were per-
formed individually on each plot at the beginning of anthesis and repeated about 3 days later at full anthesis. At 
this stage, wheat is most sensitive to Fusarium infection. Inoculations were carried out in the evenings, when 
relative air humidity was high. Fusarium head blight was evaluated to check the effectiveness of inoculations. 
After ripening, 50 randomly selected heads were harvested manually from each plot and threshed with a labora-
tory thresher at a low wind speed to prevent loss of low-weight infected kernels. Kernel damage with Fusarium 
was assessed visually. 

2.2. Flavonoid Analysis 
2.2.1. Chemicals and Reagents 
Methanol and acetonitrile were HPLC grade (Sigma-Aldrich, St. Louis, MO, USA); diethyl ether, formic acid, 
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hydrochloric acid, and sodium hydroxide were purchased from POCH S.A. (Gliwice, Poland); deionized water 
was prepared using a Millipore Milli-Q system (Millipore, MA, USA). The standards of vitexin, rutin, quercetin, 
luteolin, apigenin, naringenin and kaempferol were purchased from Sigma-Aldrich (St. Louis, MO, USA). These 
reference compounds were dissolved in methanol and filtered through a 0.22-μm membrane filter prior to injec-
tion into the UPLC system. 

2.2.2. Phenolic Compound Extraction 
Phenolic compounds were determined following basic and then acid hydrolysis. A sample of 0.2 g of ground 
grain was placed into a culture tube and subjected to base hydrolysis using 1 mL of H2O and 4 mL of 2 M 
NaOH followed by acid hydrolysis-3 mL of 6 M HCl at 95˚C. Phenolic acids after each hydrolysis step were ex-
tracted from the inorganic phase using dieter ether. Extracts were evaporated to dryness in a gentle stream of a 
high purity nitrogen using a RapidVap Evaporator (Labconco, Kansas, MO, USA). The extracts were stored at 
−25˚C until analysis. 

2.2.3. UPLC Analysis 
Contents of phenolic compounds were analyzed using an Acquity H class UPLC system equipped with a Waters 
Acquity PDA detector (Waters, USA). Chromatographic separation was performed on a Acquity UPLC HSS T3 
C18 column (150 mm × 2.1 mm, particle size 1.8 μm) (Waters, Ireland). The eluents were: A, water 0.1% formic 
acid; B, acetonitrile 0.1% formic acid (v/v). The gradient program was as follows: flow 0.4 mL/min 5% B (2 
min), 5% - 16% B (5 min), 16% B (3 min), 16% - 20% B (7 min), 20% - 28% B (11 min) flow 0.45 mL/min, 28% 
(1 min), 28% - 60% B (3 min) flow 5.0 mL/min, 60% - 95% B (1 min), 65% B (1 min), 95% - 5% B (0.1 min) 
flow 0.4 mL/min, 5% B (1.9 min). 

Measurements of phenolic compound concentrations were performed using an external standard at wave-
lengths λ = 320 (vitexin, rutin, quercetin, luteolin, apigenin, kaempferol) and λ = 280 (naringenin). Compounds 
were identified based on a comparison of retention times of the examined peak with that of the standard and by 
adding a specific amount of the standard to the tested sample and repeated analyses. Retention times for phenol-
ic compounds were as follows: vitexin 18.32 min, rutin 19.13 min, quercetin 29.68 min, luteolin 29.98 min, na-
ringenin 31.53 min, apigenin 31.79 min and kaempferol 31.89 min. The limit of detection was 1 mg/kg. 

2.3. Statistical Analysis 
The statistical analysis was performed using Microsoft Excel 2010/XLSTAT-Pro (Version 2014.4.08, Addinsoft, 
Inc., Brooklyn, NY, USA).  

Differences between the three experimental variants for seven flavonoids were compared using the Kruskal- 
Wallis one-way analysis of variance (XLSTAT procedure: Comparison of k samples—Kruskal-Wallis, Fried-
man, ...). The Kruskal-Wallis test was selected because most of the variables did not follow a normal distribution. 
Multiple pairwise comparisons were performed using the Steel-Dwass-Critchlow-Fligner method (XLSTAT 
procedure: Comparison of k samples—Kruskal-Wallis, Friedman, ...) [19]. 

The relationships between flavonoid concentrations for grouped values of all variants and separately for indi-
vidual variant (C, F, I) values were investigated by Pearson correlation tests (XLSTAT procedure: Correlation 
tests). Prior to analysis, data which did not follow a normal distribution were log10 transformed to normalize re-
sidual distributions. 

Multivariate data analysis methods were applied to the data on flavonoid concentrations. Discriminant analy-
sis (XLSTAT procedure: Discriminant analysis DA) was used to evaluate the ability to measure amounts of 
seven flavonoids (predictors) to discriminate between three variants of grain samples of winter wheat (C, F, I) 
(grouping variable). Principal component analysis (XLSTAT procedure: Principal Component Analysis PCA) 
was used to show how the different samples are distributed with respect to the main variation described in the 
first two components and how variables influence the construction of the two components. PCA results also re-
vealed associations among variables measured by the angle between variable vectors. 

3. Results and Discussion 
Symptoms of Fusarium head blight were observed on inoculated plots as well as inoculated and fungicide 
sprayed plots. No FHB was found on the control plots. Average FHB severity on inoculated plots was 30.0% 
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and kernel damage proportion was 41.4%. FHB severity on protected plots was reduced twice and amounted to 
16.0%. Likewise, Fusarium kernel damage was reduced more than twice and amounted to 22.4%. 

Analysis of phenolic contents is at present one of the most essential analyses indicating the content of meta-
bolites in cereals. So far, phenolic acids have been the most frequently analyzed chemical compounds from this 
group, and several studies have been published on this subject [1] [2] [5] [6]. Analysis of flavonoid contents in 
wheat grain is much less known. Abdel-Aal et al. (2006) when analyzing selected anthocyanidin derivatives in 
wheat grain reported their mean concentrations as cyanidin 3-glucoside 28.14 mg/kg, peonidin 3-glucoside 0.81 
mg/kg and cyanidin 3-galactoside 0.98 mg/kg [7]. In our research, we focused on 3 flavones (apigenin, luteolin, 
vitexin) and 4 flavanones (naringenin, kaempferol, rutin, quercetin) [2]. The analytical method developed and 
applied in this study, using rapid liquid chromatography (Ultra Performance Liquid Chromatography-UPLC), 
proved to be effective and made possible accurate qualitative and quantitative separation of these compounds, as 
indicated by the presented chromatograms (Figure 2(a), Figure 2(b)). 

The results are given in Table 1. Concentrations of individual compounds varied widely. The highest concen-
tration of flavonoids was found for inoculated samples (on average e.g. luteolin 458.4 mg/kg, quercetin 512.9 
mg/kg). It was significantly lower for the control (mean 7.1 mg/kg and 6.9 mg/kg, respectively) and unexpectedly 
also for fungicide-treated samples (mean e.g. luteolin 9.9 mg/kg, quercetin 4.8 mg/kg). This was confirmed by 
the Kruskal-Wallis test, which showed significant differences between variant I of the experiment and variants C 
and F. Only for naringenin and vitexin were differences of low significance (p < 0.05) observed between va-
riants C and F. The data were next analyzed using the discriminant analysis, which confirmed previous observa-
tions and indicated joint clustering of samples belonging to variants F and C (Figure 3). The Wilks’ lambda 
value of 0.061 showed significance of the discriminant function at p < 0.0001. The model explained 93.9% of 
the variation in the grouping variable, i.e. whether a sample belongs to group C, F or I. The discriminatory pow-
er distinguishing samples into three groups was 80.0% for group C, 83.3% for group F, and 96.7% for group I. 

All flavonoids significantly contributed to the discriminatory power of the model (Table 2). However, the 
highest contribution was found for apigenin, quercetin and luteolin, as shown by the low values of Wilks’ 
lambdas. 

Another question in the research was to clarify the behavior of individual flavonoids in the grain. The answer 
was provided by means of the principal component analysis (Figure 4). Vectors of variables (flavonoids) were  

 

  

 
 

(a) 

  

 
 

 
(b) 

Figure 2. (a) Chromatogram of flavonoid standards: vitexin (1), rutin (2), quercetin (3), luteolin (4), naringenin (5), apigenin 
(6), kaempferol (7). (b) Chromatogram of inoculated winter wheat sample with indicated flavonoids.                              
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Figure 3. Discriminant analysis plot of three variants of grain samples of 30 winter wheat 
cultivars using concentration (log mg/kg) of seven flavonoids (Table 1). The first and 
second discriminant axes account for 97.75% and 2.25% of discriminant power, respec-
tively. 95% probability ellipses are indicated for each variant. C = control samples, F = Fu-
sarium-inoculated and fungicide-treated samples, I = Fusarium-inoculated samples.              

 

 
Figure 4. Principal component analysis (PCA) biplot of the concentration of seven flavo-
noids (Table 1) in 90 grain samples of 30 winter wheat cultivars. Blue circles-control samples; 
green circles-Fusarium-inoculated and fungicide treated samples; red circles-Fusarium- 
inoculated samples.                                                               
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Table 1. Concentrations of seven flavonoids (mg/kg) in grain of 30 winter wheat cultivars in three variants of the experiment.                    

Variant Apigenin Kaempferol Luteolin Naringenin Quercetin Rutin Vitexin 

C 

Mean 
Range 

SD 
SE 

2.512 a 
0.111 - 5.104 

1.286 
0.239 

6.009 a 
0.265 - 13.780 

3.692 
0.686 

7.117 a 
0.895 - 26.965 

6.225 
1.156 

7.115 a* 
0.306 - 22.890 

6.640 
1.233 

6.958 a 
1.339 - 24.648 

5.224 
0.970 

13.764 a 
0.009 - 60.069 

13.390 
2.486 

6.481 a* 
0.278 - 31.494 

6.241 
1.159 

F 

Mean 
Range 

SD 
SE 

2.016 a 
0.718 - 2.842 

0.475 
0.088 

6.231 a 
3.231 - 9.413 

1.213 
0.225 

9.861 a 
2.450 - 27.937 

7.273 
1.350 

11.217 b* 
1.085 - 19.001 

4.830 
0.897 

4.840 a 
2.072 - 9.790 

1.989 
0.369 

9.939 a 
0.081 - 26.740 

6.746 
1.253 

9.127 b* 
3.295 - 23.759 

4.421 
0.821 

I 

Mean 
Range 

SD 
SE 

104.565 b 
5.515 - 240.203 

58.527 
10.868 

124.739 b 
5.687 - 447.042 

137.619 
25.555 

458.407 b 
26.411 - 4087.294 

747.517 
138.810 

127.787 c 
6.686 - 550.306 

126.995 
23.582 

512.934 b 
26.660 - 4876.605 

911.207 
169.207 

332.444 b 
16.486 - 1858.279 

424.116 
78.756 

148.256 c 
5.900 - 626.405 

178.506 
33.148 

C—control plots, I—Fusarium-inoculated plots, F—Fusarium-inoculated plots controlled with fungicides. Values within the same column followed by differ-
ent letters are significantly different at the level of probability <0.0001 or *<0.05. 

 
Table 2. Values of partial Wilks’ lambda for analyzed flavonoids.                                                                 

Variable Partial Wilks’ Lambda F p-value Tolerance 

Apigenin 0.159 229.359 <0.0001 0.083 

Quercetin 0.209 164.243 <0.0001 0.184 

Luteolin 0.216 157.454 <0.0001 0.166 

Kaempferol 0.390 68.095 <0.0001 0.052 

Naringenin 0.403 64.571 <0.0001 0.165 

Vitexin 0.422 59.584 <0.0001 0.064 

Rutin 0.461 50.813 <0.0001 0.382 

 
located at small distances from one another, which results from a strong correlation between them. This indi-
cates a similar mechanism of the formation of the individual flavonoids. The greatest distance was observed for 
rutin, having the smallest effect on the value of component 1 (PCA1), while its effect was greatest on the value 
of PCA2.  

Similarity in the mechanism of flavonoid formation was studied using correlation tests of log transformed va-
riables (Table 3). In most cases in the relationship between individual flavonoids significant correlations were 
found at the significance level of p < 0.001. This correlation level was observed for all flavonoids in samples 
covering all the three variants and almost all flavonoids in the inoculated samples. The lowest number of corre-
lations was recorded for samples treated with fungicides, which suggests that its application resulted in disturbed 
flavonoid biosynthesis. This has not been reported previously. To a lesser extent it was also observed for the 
control. The data show that the largest amounts of these metabolites were detected in inoculated samples. Their 
contents were markedly lower in the control and in samples inoculated with Fusarium culmorum treated with 
the fungicides. The effect on I + F samples is surprisingly strong and indicates a similar course of biosynthesis 
as in the control. This may be explained by the significant effect of fungicide active substances, not only on the 
controlled pathogen but also on physiological (biochemical) processes in plants. The effect of e.g. prothiocona-
zole, a component of Prosaro, on delayed leaf senescence and extension of the green leaf area duration is well 
known [20]. Hypothetically, we may assume the effect of fungicides on the process of pathogen recognition by 
plants, which is an important element in pathogenesis and triggers defense mechanisms [21]. 

This effect was analyzed in 30 winter wheat cultivars, commonly cultivated in the temperate climate zone, as 
shown by the results of total concentrations of analyzed flavonoids, presented in Figure 5. We observed consi-
derable variation indicating that e.g. cultivars “Akteur”, “Mewa” and “Markiza” are characterized by the highest 
concentration of flavonoids. In turn, such cultivars as “Jenga”, “Alcazar” or “Anthus” have the lowest contents.  
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Table 3. Correlations between concentrations (mg/kg) of seven flavonoids for the control (C), inoculated samples (I), in-
oculated and fungicide treated samples (F), and all samples (C, I, F) of grain of 30 winter wheat cultivars. Values were log 
transformed.                                                                                                    

Flavonoids  Apigenin Kaempferol Luteolin Naringenin Quercetin Rutin 

Kaempferol 

All (n = 90) 
C (n = 30) 

I + F (n = 30) 
I (N = 30) 

0.903 
0.704 
0.859 
0.814 

     

Luteolin 

All (n = 90) 
C (n = 30) 

I + F (n = 30) 
I (N = 30) 

0.874 
0.365* 
0.000 
0.447* 

0.871 
0.694 
0.000 
0.705 

    

Naringenin 

All (n = 90) 
C (n = 30) 

I + F (n = 30) 
I (N = 30) 

0.865 
0.605 
0.248 
0.916 

0.898 
0.745 
0.280 
0.891 

0.822 
0.558 
0.246 
0.555 

   

Quercetin 

All (n = 90) 
C (n = 30) 

I + F (n = 30) 
I (N = 30) 

0.892 
0.316 
0.310 

0.484** 

0.794 
0.156 
0.403* 
0.488** 

0.828 
0.184 

−0.359 
0.391* 

0.741 
0.062 

−0.066 
0.502** 

  

Rutin 

All (n = 90) 
C (n = 30) 

I + F (n = 30) 
I (N = 30) 

0.780 
0.297 
0.126 
0.654 

0.727 
0.272 
0.103 
0.646 

0.717 
0.419* 
0.035 
0.184 

0.679 
0.070 
0.273 
0.647 

0.704 
0.016 
0.309 
0.272 

 

Vitexin 

All (n = 90) 
C (n = 30) 

I + F (n = 30) 
I (N = 30) 

0.862 
0.657 
0.103 
0.805 

0.962 
0.900 
0.176 
0.986 

0.871 
0.731 
0.384* 
0.730 

0.888 
0.724 
0.157 
0.893 

0.752 
0.083 
0.043 

0.486** 

0.712 
0.277 
0.286 
0.613 

Values in bold are different from 0 at the level of probability <0.001 or **<0.01 or *<0.05. 
 

 
Figure 5. Total concentrations of seven flavonoids (mg/kg) in grain of 30 wheat cultivars for three experimental variants.              
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These cultivars differ in pedigree and belong to different quality groups (“Akteur”, “Alcazar”—A; “Anthus”, 
“Jenga”, “Mewa”—B; “Markiza”—C) [14]. According to the COBORU data, cv. “Akteur’ and “Jenga” exhibit 
the highest resistance to necrotrophic leaf and head diseases, while it is lowest in cv. “Alcazar”. The highest re-
sistance to Fusarium head blight and toxin accumulation based on observations collected over several years by 
the authors of this study (Góral, Perkowski—unpublished data) was found for cv. “Akteur” and “Jenga”, while 
the highest susceptibility was found in cv. “Alcazar”, “Anthus” and “Markiza”. This shows that there is no di-
rect relationship between the contents of flavonoids and response of individual cultivars to spike infection by F. 
culmorum. Another explanation may be provided by the fact that the defense mechanisms cause low production 
of flavonoids, e.g. the resistant cv. Jenga with the lowest contents of these compounds. 

4. Conclusions 
In conclusion, based on three analyzed experimental variants, we may state that the strong attack of Fusarium 
culmorum accompanied by the weak defense reactions of the studied plant causes the formation of considerable 
amounts of flavonoids. On the other hand, we have observed (not reported previously in the available literature) 
a great effect of fungicides on concentrations of flavonoid metabolites, being similar to that in the control. This 
indicates a highly effective action of fungicides in the case of plant stress.  

The results presented in this study constitute great progress in our understanding of the influence of environ-
mental conditions on the mechanism of flavonoid formation and their mutual interactions. 
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