
 

 
 

 

 
Plants 2023, 12, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/plants 

Article,  

Benzothiadiazole affects grape polyphenol metabolism and 

wine quality in two Greek cultivars: Effects during ripening 

period over two years. 

Dimitrios- Evangelos Miliordos1,2,3,*, Anastasios Alatzas2, Nikolaos Kontoudakis1,4 , Marianne Unlubayir3, Poly-

defkis Hatzopoulos2, Arnaud Lanoue3* and Yorgos Kotseridis1 

1 Laboratory of Oenology and Alcoholic Beverage Drinks, Department of Food Science and Human Nutrition, 

Agricultural University of Athens, 75 Iera Odos, 11855 Athens, Greece 
2 Molecular Biology Laboratory, Department of Biotechnology, Agricultural University of Athens, 75 Iera 

Odos, 11855 Athens, Greece 
3 EA 2106 Biomolécules et Biotechnologie Végétales, UFR des Sciences Pharmaceutiques, Université de Tours, 

31 Av. Monge, F37200 Tours, France 
4 Department of Agricultural Biotechnology and Oenology, International Hellenic University, 1st km Dra-

ma-Mikrochori, 66100 Drama, Greece 

 

* Correspondence: dim.miliordos@gmail.com (D.E.M); arnaud.lanoue@univ-tours.fr (A.L.) 

  

Citation:  Miliordos, D.E.; Alatzas, 

A.; Kontoudakis, N.; Unlubayir, M.; 

Hatzopoulos, P.; Lanoue, A.; 

Kotseridis, Y.. 

Academic Editor: Firstname Last-

name 

Received: date 

Revised: date 

Accepted: date 

Published: date 

 

Copyright: ©  2023 by the authors. 

Submitted for possible open access 

publication under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/license

s/by/4.0/). 



Plants 2023, 12, x FOR PEER REVIEW 2 of 9 
 

 

Table S1: Date of biostimulant applications and samplind dates during 2019 and 2020 vintages. 

Biostimulant Application 

 Mouhtaro Savvatiano 

 2019 2020 2019 2020 

1st application 16th July 17th July 16th  August 21th August 

2nd application 23nd July 24th July  23st August 27th August 

3rd application 30th July 31st August 30th August 4th September 

Sampling dates 

1st Sampling 

(Veraison) 30th July 31st August 30th August 4th September 

2nd Sampling 

(Mid Veraison) 15th August 18th August 10th September 15th September 

3rd Sampling 

(Harvest) 3th September 8th September 29th September 24th September 
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Figure S1. Total concentrations of amino acids (a), anthocyanins diOH (b), stilbenoids (c), fla-

van-3-ols (d), flavonols (e) and phenolic acids (f) in Savvatiano berries at Veraison (1st sampling) 

stage in 2019 and 2020 treated with benzothiadiazole. Control (grey), low concentration of benzo-

thiadiazole (light green), and high concentration of benzothiadiazole (dark green). Error bars rep-

resent the standard deviations. Different letters indicate significant differences. No significant dif-

ference (ns) was found between values with the same letters (one-way ANOVA, p-value > 0.05). 
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Figure S2. Total concentrations of amino acids (a), anthocyanins diOH (b), stilbenoids (c), fla-

van-3-ols (d), flavonols (e) and phenolic acids (f) in Savvatiano berries at Mid Veraison (2nd Sam-

pling) stage in 2019 and 2020 treated with benzothiadiazole. Control (grey), low concentration of 

benzothiadiazole (light green), and high concentration of benzothiadiazole (dark green). Error 

bars represent the standard deviations. Different letters indicate significant differences. No signif-

icant difference (ns) was found between values with the same letters (one-way ANOVA, p-value > 

0.05). 
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Figure S3. Total concentrations of amino acids (a), anthocyanins diOH (b), stilbenoids (c), fla-

van-3-ols (d), flavonols (e) and phenolic acids (f) in Mouhtaro berries at Veraison (1st sampling) 

stage in 2019 and 2020 treated with benzothiadiazole: control (grey), low concentration of benzo-

thiadiazole (pale orange), and high concentration of benzothiadiazole (dark orange). Error bars 

represent the standard deviations. Different letters indicate significant differences. No significant 

difference (ns) was found between values with the same letters (one-way ANOVA, p-value > 0.05). 
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Figure S4. Total concentrations of amino acids (a), anthocyanins diOH (b), stilbenoids (c), fla-

van-3-ols (d), flavonols (e) and phenolic acids (f) in Mouhtaro berries at Mid Veraison (2nd sam-

pling) stage in 2019 and 2020 treated with benzothiadiazole: control (grey), low concentration of 

benzothiadiazole (pale orange), and high concentration of benzothiadiazole (dark orange). Error 

bars represent the standard deviations. Different letters indicate significant differences. No signif-

icant difference (ns) was found between values with the same letters (one-way ANOVA, p-value > 

0.05). 
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Figure S5. Concentrations of Piceid in Mouhtaro berries in three sampling dates, 2019 and 2020 

treated with benzothiadiazole: control (grey), low concentration of benzothiadiazole (pale orange), 

and high concentration of benzothiadiazole (dark orange). Error bars represent the standard devi-

ations. Different letters indicate significant differences. No significant difference (ns) was found 

between values with the same letters (one-way ANOVA. p-value > 0.05). 
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Figure S6. Expression level of genes involved in phenylpropanoid pathway: VviFLS (a), VviLAR1 

(b) and VviANR (c) in Mouhtaro and Savvatiano during two growing seasons (2019 and 2020). 

Vertical bars represent the standard deviation and asterisks indicate the statistically significant 

differences (Student’s t-test. p–value < 0.05). The three sampling points (veraison; middle veraison. 

and harvest) are indicated under each graph. 
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