. PESQUISA E INOVACAO NAS CIENCIAS QUE | \
- ALIMENTAM O MUNDO Ty

EDITORA
ARTEMIS

2022




- PESQUISA E INOVACAO NAS CIENCIAS QUE | |
~ ALIMENTAM O MUNDO

EDITORA
ARTEMIS

2022




2022 by Editora Artemis
Copyright © Editora Artemis
Copyright do Texto © 2022 Os autores
Copyright da Edicdo © 2022 Editora Artemis

®@ O conteldo deste livro esta licenciado sob uma Licenca de Atribuicdo Creative Commons
Atribuigdo-Ndo-Comercial NdoDerivativos 4.0 Internacional (CC BY-NC-ND 4.0). Direitos para
S esta edi¢do cedidos a Editora Artemis pelos autores. Permitido o download da obra e o

compartilhamento, desde que sejam atribuidos créditos aos autores, e sem a possibilidade de altera-la de nenhuma
forma ou utiliza-la para fins comerciais.

A responsabilidade pelo contelddo dos artigos e seus dados, em sua forma, correcdo e confiabilidade é exclusiva
dos autores. A Editora Artemis, em seu compromisso de manter e aperfeicoar a qualidade e confiabilidade dos
trabalhos que publica, conduz a avaliagdo cega pelos pares de todos manuscritos publicados, com base em critérios
de neutralidade e imparcialidade académica.

Editora Chefe Prof2 Dr2 Antonella Carvalho de Oliveira

Editora Executiva  M.2 Viviane Carvalho Mocellin

Diregdo de Arte M.2 Bruna Bejarano
Diagramagdo Elisangela Abreu
Organizador Prof. Dr. Eduardo Eugénio Spers

Imagem da Capa Shutterstock
Bibliotecaria Janaina Ramos — CRB-8/9166

Conselho Editorial

Prof.2 Dr.2 Ada Esther Portero Ricol, Universidad Tecnoldgica de La Habana “José Antonio Echeverria”, Cuba
Prof. Dr. Adalberto de Paula Paranhos, Universidade Federal de Uberlandia

Prof.2 Dr.2 Amanda Ramalho de Freitas Brito, Universidade Federal da Paraiba

Prof.2 Dr.2 Ana Clara Monteverde, Universidad de Buenos Aires, Argentina

Prof.2 Dr.2 Ana Julia Viamonte, Instituto Superior de Engenharia do Porto (ISEP), Portugal

Prof. Dr. Angel Mujica Sanchez, Universidad Nacional del Altiplano, Peru

Prof.2 Dr.2 Angela Ester Mallmann Centenaro, Universidade do Estado de Mato Grosso

Prof.2 Dr.2 Begofia Blandon Gonzalez, Universidad de Sevilla, Espanha

Prof.2 Dr.2 Carmen Pimentel, Universidade Federal Rural do Rio de Janeiro

Prof.2 Dr.2 Catarina Castro, Universidade Nova de Lisboa, Portugal

Prof.2 Dr.2 Cirila Cervera Delgado, Universidad de Guanajuato, México

Prof.2 Dr.2 Claudia Padovesi Fonseca, Universidade de Brasilia-DF

Prof.2 Dr.2 Cldudia Neves, Universidade Aberta de Portugal

Prof. Dr. Cleberton Correia Santos, Universidade Federal da Grande Dourados

Prof. Dr. David Garcia-Martul, Universidad Rey Juan Carlos de Madrid, Espanha

Prof.2 Dr.2 Deuzimar Costa Serra, Universidade Estadual do Maranhio

Prof.2 Dr.2 Dina Maria Martins Ferreira, Universidade Estadual do Ceara

Prof.2 Dr.2 Eduarda Maria Rocha Teles de Castro Coelho, Universidade de Tras-os-Montes e Alto Douro, Portugal
Prof. Dr. Eduardo Eugénio Spers, Universidade de Sdo Paulo

Prof. Dr. Eloi Martins Senhoras, Universidade Federal de Roraima, Brasil

EDITORA Editora Artemis
ARTEMIS Curitiba-PR Brasil

www.editoraartemis.com.br
e-mail:publicar@editoraartemis.com.br



https://orcid.org/0000-0002-1475-6277
http://lattes.cnpq.br/9172103976395213
http://lattes.cnpq.br/9172103976395213
http://lattes.cnpq.br/1208086522665870
https://orcid.org/0000-0003-2651-5996
https://orcid.org/0000-0002-9845-5390
https://orcid.org/0000-0002-7013-8780
http://lattes.cnpq.br/0250232822609557
https://orcid.org/0000-0003-1025-5675
http://lattes.cnpq.br/2877747717021833
https://novaresearch.unl.pt/en/persons/catarina-castro
https://orcid.org/0000-0001-8036-838X
https://orcid.org/0000-0001-7915-3496
https://orcid.org/0000-0001-7915-3496
https://www2.uab.pt/departamentos/DEED/detaildocente.php?doc=107
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4343894D0
https://orcid.org/0000-0002-0160-9374
http://lattes.cnpq.br/9349562924350573
https://orcid.org/0000-0003-2585-497X
https://orcid.org/0000-0002-5985-8875
http://lattes.cnpq.br/7800954800978254
http://www.editoraartemis.com.br/

Prof.2 Dr.2 Elvira Laura Hernandez Carballido, Universidad Auténoma del Estado de Hidalgo, México

Prof.2 Dr.2 Emilas Darlene Carmen Lebus, Universidad Nacional del Nordeste/ Universidad Tecnoldgica Nacional, Argentina
Prof.2 Dr.2 Erla Mariela Morales Morgado, Universidad de Salamanca, Espanha

Prof. Dr. Ernesto Cristina, Universidad de la Republica, Uruguay

Prof. Dr. Ernesto Ramirez-Briones, Universidad de Guadalajara, México

Prof. Dr. Gabriel Diaz Cobos, Universitat de Barcelona, Espanha

Prof.? Dr.? Gabriela Gongalves, Instituto Superior de Engenharia do Porto (ISEP), Portugal

Prof. Dr. Geoffroy Roger Pointer Malpass, Universidade Federal do Tridangulo Mineiro, Brasil

Prof.2 Dr.2 Gladys Esther Leoz, Universidad Nacional de San Luis, Argentina

Prof.2 Dr.2 Gldria Beatriz Alvarez, Universidad de Buenos Aires, Argentina

Prof. Dr. Gongalo Poeta Fernandes, Instituto Politécnido da Guarda, Portugal

Prof. Dr. Gustavo Adolfo Juarez, Universidad Nacional de Catamarca, Argentina

Prof.2 Dr.2 lara Lucia Tescarollo Dias, Universidade Sdo Francisco, Brasil

Prof.2 Dr.2 Isabel del Rosario Chiyon Carrasco, Universidad de Piura, Peru

Prof.2 Dr.2 Isabel Yohena, Universidad de Buenos Aires, Argentina

Prof. Dr. lvan Amaro, Universidade do Estado do Rio de Janeiro, Brasil

Prof. Dr. lvdn Ramon Sanchez Soto, Universidad del Bio-Bio, Chile

Prof.2 Dr.2 Ivania Maria Carneiro Vieira, Universidade Federal do Amazonas, Brasil

Prof. Me. Javier Antonio Albornoz, University of Miami and Miami Dade College, Estados Unidos

Prof. Dr. Jesus Montero Martinez, Universidad de Castilla - La Mancha, Espanha

Prof. Dr. Jodo Manuel Pereira Ramalho Serrano, Universidade de Evora, Portugal

Prof. D
Prof. Dr. José Cortez Godinez, Universidad Auténoma de Baja California, México
Prof. D
Prof. D
Prof. Dr. Juan Diego Parra Valencia, Instituto Tecnoldgico Metropolitano de Medellin, Colémbia

=

. Joaquim Julio Almeida Junior, UniFIMES - Centro Universitario de Mineiros, Brasil

=

. Juan Carlos Cancino Diaz, Instituto Politécnico Nacional, México

=

. Juan Carlos Mosquera Feijoo, Universidad Politécnica de Madrid, Espanha

Prof. Dr. Juan Manuel Sdnchez-Yafiez, Universidad Michoacana de San Nicolds de Hidalgo, México
Prof. Dr. Julio César Ribeiro, Universidade Federal Rural do Rio de Janeiro, Brasil

Prof. Dr.
Prof.2 Dr.2 Livia do Carmo, Universidade Federal de Goias, Brasil

=

=

Leinig Antonio Perazolli, Universidade Estadual Paulista (UNESP), Brasil

Prof.2 Dr.2 Luciane Spanhol Bordignon, Universidade de Passo Fundo, Brasil

Prof. Dr. Luis Fernando Gonzalez Beltran, Universidad Nacional Auténoma de México, México
Prof. Dr. Luis Vicente Amador Mufioz, Universidad Pablo de Olavide, Espanha

Prof.2 Dr.2 Macarena Esteban Ibafiez, Universidad Pablo de Olavide, Espanha

Prof. Dr. Manuel Ramiro Rodriguez, Universidad Santiago de Compostela, Espanha

Prof.2 Dr.2 Marcia de Souza Luz Freitas, Universidade Federal de Itajuba, Brasil

Prof. Dr. Marcos Augusto de Lima Nobre, Universidade Estadual Paulista (UNESP), Brasil
Prof. Dr. Marcos Vinicius Meiado, Universidade Federal de Sergipe, Brasil

Prof.2 Dr.2 Mar Garrido Roman, Universidad de Granada, Espanha

Prof.2 Dr.2 Margarida Marcia Fernandes Lima, Universidade Federal de Ouro Preto, Brasil
Prof.2 Dr.2 Maria Aparecida José de Oliveira, Universidade Federal da Bahia, Brasil

Prof.2 Dr.2 Maria Carmen Pastor, Universitat Jaume I, Espanha

Prof.2 Dr.2 Maria do Céu Caetano, Universidade Nova de Lisboa, Portugal

Prof.2 Dr.2 Maria do Socorro Saraiva Pinheiro, Universidade Federal do Maranhdo, Brasil
Prof.2 Dr.2 Maria Lucia Pato, Instituto Politécnico de Viseu, Portugal

Editora Artemis

Curitiba-PR Brasil
www.editoraartemis.com.br
e-mail:publicar@editoraartemis.com.br



http://132.248.160.2:8991/pdf_f1501/000000049.pdf
https://orcid.org/0000-0002-9456-8742
https://orcid.org/0000-0001-5447-8251
https://orcid.org/0000-0002-1131-7199
https://orcid.org/0000-0002-1428-2542
https://orcid.org/0000-0003-1602-419X
https://orcid.org/0000-0002-3584-5498
http://lattes.cnpq.br/4326102798287137
https://orcid.org/0000-0003-0965-7087
https://orcid.org/0000-0002-1948-4100
https://orcid.org/0000-0003-1278-0369
https://drive.google.com/file/d/1G7lHLsXjBfKRPq3d25SzCBelWRrCHU2m/view
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://udep.edu.pe/perfil/isabel-chiyon/
https://orcid.org/0000-0003-2047-9680
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4771023P2
https://orcid.org/0000-0002-1564-3397
http://lattes.cnpq.br/1719336988574799
https://www.imdb.com/name/nm9018102/
https://orcid.org/0000-0002-0309-3367
https://orcid.org/0000-0001-5178-8158
http://lattes.cnpq.br/0756867367167560
https://orcid.org/0000-0002-6112-6112
https://orcid.org/0000-0002-3708-7010
https://orcid.org/0000-0003-3292-2176
http://scienti.colciencias.gov.co:8081/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001237730
http://scienti.colciencias.gov.co:8081/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001237730
https://orcid.org/0000-0002-1086-7180
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4481542Z5
http://lattes.cnpq.br/3822723627284619
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4130908A0&tokenCaptchar=03AHaCkAZATBRA7Jh_MlyMSAKLQluufjZD1uOSUW0ViDRjW3nwPleRXF6vyHxfESBGHcrDeKqw3BuugNe1-YUwIqDzC3ZtDdmRevpEvuoJmAxmsOZFOLnCiVwVED8oKj2iO29sB-DZJwCVYbYezAEClKJI35N4Q3CQjPFhDk_WpuRTh9XqWhtM3jvASOupuw24OwCI1sOD7r1ArrV8EBzuk-s16qFxrfU2OON_s47HGCW2tTpQyTnFqVt1dxi5xiE_PIx0HfGmLWAMxa0QECTXXoiP2O3b_0d4iBKpjAbXvQQB-ZuYOBsoAelhScNmU_w25OBBH_TnsaQ_YsF5Z_byS0WFhVFBefOONNLL38zu8p-DB_jccJZQvhxaQE-MTjMQbRtpA2H5XY8gp2s_Rf1-7ZS9ZUXN3CP8Fw
https://orcid.org/0000-0002-3492-1145
http://orcid.org/0000-0003-2203-3236
https://orcid.org/0000-0002-2246-4784
https://orcid.org/0000-0003-1516-7869
http://lattes.cnpq.br/2282358535990348
http://lattes.cnpq.br/7201928600704530
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4744415U9
https://orcid.org/0000-0002-1454-2471
http://lattes.cnpq.br/1795077420118200
http://lattes.cnpq.br/5730359043017612
https://orcid.org/0000-0001-9909-3646
https://www.cienciavitae.pt/pt/201A-4926-CC70
http://lattes.cnpq.br/1100319102837718
https://orcid.org/0000-0002-2286-4155
http://www.editoraartemis.com.br/

Prof.2 Dr.2 Maritza Gonzalez Moreno, Universidad Tecnoldgica de La Habana, Cuba

Prof.2 Dr.2 Mauriceia Silva de Paula Vieira, Universidade Federal de Lavras, Brasil

Prof.2 Dr.2 Odara Horta Boscolo, Universidade Federal Fluminense, Brasil

Prof. Dr. Osbaldo Turpo-Gebera, Universidad Nacional de San Agustin de Arequipa, Peru

Prof.2 Dr.2 Patricia Vasconcelos Almeida, Universidade Federal de Lavras, Brasil

Prof.2 Dr.2 Paula Arcoverde Cavalcanti, Universidade do Estado da Bahia, Brasil

Prof. Dr. Rodrigo Marques de Almeida Guerra, Universidade Federal do Par3, Brasil

Prof. Dr. Saulo Cerqueira de Aguiar Soares, Universidade Federal do Piaui, Brasil

Prof. Dr. Sergio Bitencourt Aratjo Barros, Universidade Federal do Piaui, Brasil

Prof. Dr. Sérgio Luiz do Amaral Moretti, Universidade Federal de Uberlandia, Brasil

Prof.2 Dr.2 Silvia Inés del Valle Navarro, Universidad Nacional de Catamarca, Argentina

Prof.2 Dr.2 Solange Kazumi Sakata, Instituto de Pesquisas Energéticas e Nucleares. Universidade de Sdo Paulo (USP), Brasil
Prof.2 Dr.2 Teresa Cardoso, Universidade Aberta de Portugal

Prof.2 Dr.2 Teresa Monteiro Seixas, Universidade do Porto, Portugal

Prof. Dr. Valter Machado da Fonseca, Universidade Federal de Vigosa, Brasil

Prof.2 Dr.2 Vanessa Bordin Viera, Universidade Federal de Campina Grande, Brasil

Prof.2 Dr.2 Vera Lucia Vasilévski dos Santos Araujo, Universidade Tecnoldgica Federal do Parana, Brasil
Prof. Dr. Wilson Noé Garcés Aguilar, Corporacion Universitaria Autonoma del Cauca, Coldmbia

Dados Internacionais de Catalogacdo na Publicagao (CIP)

A277 Agrarias: pesquisa e inovagao nas ciéncias que
alimentam o mundo - Vol. VIII / Organizador
Eduardo Eugénio Spers. — Curitiba-PR: Artemis,
2022.

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader
Modo de acesso: World Wide Web

Inclui bibliografia

ISBN 978-65-87396-68-2

DOI 10.37572/EdArt_260822682

1. Ciéncias agrarias. 2. Pesquisa. 3. Agronegdcio. 4.
Agroecologia. |. Spers, Eduardo Eugénio (Organizador).
1. Titulo.

CDD 630
Elaborado por Bibliotecaria Janaina Ramos — CRB-8/9166

EDITORA Editora Artemis

ARTEMIS Curitiba-PR Brasil
www.editoraartemis.com.br
e-mail:publicar@editoraartemis.com.br



https://orcid.org/0000-0002-3994-037X
http://lattes.cnpq.br/5162301829062052
http://lattes.cnpq.br/6656933554814005
https://orcid.org/0000-0003-2199-561X
http://lattes.cnpq.br/3405645093765294
http://lattes.cnpq.br/7808313507417916
http://lattes.cnpq.br/8010434422032876
http://lattes.cnpq.br/0955565337333241
http://lattes.cnpq.br/4639320486261004
http://lattes.cnpq.br/1686957518540720
https://drive.google.com/file/d/1vlbt552OjbEjMt9cSrV04_nUqTZ86pWp/view
http://lattes.cnpq.br/7715634436402530
https://orcid.org/0000-0002-7918-2358
https://orcid.org/0000-0002-0043-6926
http://lattes.cnpq.br/7825092605305826
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://lattes.cnpq.br/6470095241359182
https://scienti.minciencias.gov.co/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001389538
http://www.editoraartemis.com.br/

APRESENTACAO

As Ciéncias Agrarias sdo um campo de estudo multidisciplinar por exceléncia, e
um dos mais proficuos em termos de pesquisas e aprimoramento técnico. A demanda
mundial por alimentos e a crescente degradacdo ambiental impulsionam a busca
constante por solugdes sustentaveis de producédo e por medidas visando a preservacao
e recuperacao dos recursos naturais.

A obra Agrarias: Pesquisa e Inovacao nas Ciéncias que Alimentam o Mundo
compila pesquisas atuais e extremamente relevantes, apresentadas em linguagem
cientifica de facil entendimento. Na coletanea, o leitor encontrara textos que tratam dos
sistemas produtivos em seus diversos aspectos, além de estudos que exploram diferentes
perspectivas ou abordagens sobre a planta, o meio ambiente, o animal, o homem e a
sociedade no ambiente rural.

E uma obra que fornece dados, informacées e resultados de pesquisas tanto para
pesquisadores e atuantes nas diversas areas das Ciéncias Agrarias, como para o leitor
que tenha a curiosidade de entender e expandir seus conhecimentos.

Este Volume VIl traz 26 artigos de estudiosos de diversos paises, divididos em
quatro eixos tematicos: Cultura e Sociedade no Contexto Rural; Producdo Sustentavel;
Producéo Vegetal e Solos e Aquacultura, Produgéo Animal e Veterinaria.

Desejo a todos uma proveitosa leitura!

Eduardo Eugénio Spers
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ABSTRACT: One of the modern problems
of winemaking is the lag in the formation of
the phenolic complex of berries in relation
to the accumulation of sugars during the
ripening of grapes. This leads to a distortion
of the established organoleptic styles of
red wines. It seems promising to influence
the metabolism of grapes in the direction
of increasing the synthesis of secondary
metabolites through the use of foliar
dressings. The precursors of the formation
of phenolic compounds in the plant cell
amino acids. We studied the effect of foliar
fertilizers based on a complex of amino
acids (“Siamino Pro 500), introduced at the
beginning of grape ripening, on the phenolic
compounds in grape berries of 4 cultivars
from the South Coast zone of the Crimea.
Using HPLC, it was revealed that at a similar
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level of sugar accumulation (in the range
183-218 g L), the content of anthocyanins
complex in the skins of the experimental
grapes of ‘Merlot’ and ‘Shiraz’ was 71% and
12% higher than in the control (a < 0.05);
in ‘Cabernet Sauvignon’ and ‘Sangiovese’
it was 17% and 45% less. Experimental
processing of ‘Merlot’ and ‘Shiraz’ grapes
led to an increase in the content of
monoglucosides of delphinidin, cyanidin,
formed from predecessors, by an average
of 1.7 times. In ‘Cabernet Sauvignon’ and
‘Sangiovese’, the treatment stimulated the
conversion of anthocyanins, increasing the
proportion of monoglucosides of malvidin
by 1.2 and 1.4 times.

KEYWORDS: Phenolic compounds.
Phenolic maturity. Complex of amino acids.
Berry skin. Seeds.

OEFEITODOTRATAMENTOVEGETATIVO

DE UVAS COM PREPARAGAO A BASE

DE AMINOACIDOS NO COMPLEXO
FENOLICO DE BAGAS

RESUMO: Um dos problemas modernos
da vinificagdo é o atraso na formagéo
do complexo fendlico das bagas em
relacdo ao acumulo de aclcares durante
0 amadurecimento das uvas. Isto leva a
uma distorcdo dos estilos organolépticos
estabelecidos de vinhos tintos. Parece
promissor influenciar o metabolismo das
uvas no sentido de aumentar a sintese de
metabolitos secundarios através do uso
de coberturas foliares. Os precursores
da formagdo de compostos fendlicos
nos aminoacidos das células vegetais.
Estudamos o efeito de fertilizantes foliares
a base de um complexo de aminoacidos
(“Siamino Pro 500), introduzido no inicio
do amadurecimento da uva, sobre os
compostos fendlicos em bagas de uva
de 4 cultivares da zona da costa sul da
Crimeia. Usando HPLC , foi revelado que
em um nivel semelhante de acumulo de
acucar (na faixa de 183-218 g L-1), o teor de
complexo antocianinas nas cascas das uvas
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experimentais ‘Merlot’ e ‘Shiraz’ foi de 71% e 12 % maior que no controle (a < 0,05), em
‘Cabernet Sauvignon’ e ‘Sangiovese’ foi 17% e 45% menor O processamento experimental
das uvas ‘Merlot’ e ‘Shiraz’ levou a um aumento no teor de monoglicosideos de delfinidina,
cianidina, formada a partir de antecessores, em média 1.7 vezes Em ‘Cabernet Sauvignon’ e
‘Sangiovese’, o tratamento estimulou a conversao de antocianinas, aumentando a proporgao
de monoglicosideos de malvidina em 1.2 e 1.4 vezes.

PALAVRAS-CHAVE: Compostos fendlicos. Maturidade fendlica. Complexo de
aminoacidos. Casca de baga. Sementes.

1INTRODUCTION

One of the modern problems of winemaking associated with climate change in
the direction of increasing ambient temperature is the lag in formation of berry phenolic
complex relative to accumulation of sugars during grape ripening. Consequently, research
on grapevine genetic diversity has intensified toward finding varieties characterized by
early synthesis of anthocyanins in ontogeny under various abiotic environmental factors
(Teixeira et al., 2013; Pastore et al, 2017; Garcia et al. 2018); and cross breeding and genetic
studies based on creating new genotypes with high climatic plasticity and berry component
composition potential for high quality wines (Risovannaya et al., 2017; Ostroukhova
et al,, 2019, Davis et al, 2012; Adjeva et al, 2015). Studies are underway to modify the
anthocyanin pathway using regulatory and structural genes (Boss et al. 1996, Ananga, et
al. 2013). The impact on grape metabolism in the direction of increasing the synthesis of
secondary metabolites through agronomic practices seems promising (Zhao et al, 2005).
It is known that the biosynthesis of phenolic compounds is based on a combination of
acetate-malonate and shikimate reactions, with the bulk of phenolic compounds coming
from hydroxycinnamic acids, which are formed from phenylalanine and tyrosine (Heldt
and Piechulla, 2011). Current studies indicate a positive effect of biostimulants on the
intensification of biosynthesis processes, increased resistance to stress and increased
pigment content in berries due to stimulation of the phenylalanine pathway. The positive
effect of the combined application of nitrogen and potassium fertilizers on the synthesis of
polyphenols and the improvement of berry color characteristics in grapes was established
(Delgado, 2006). Considering that most of the amino acids in the plant are capable of
transformation from one form to another through amination and reamination reactions,
treatment of plants with preparations containing amino acids can intensify the synthesis
of secondary metabolites, in particular phenolic substances.

The research is devoted to evaluation of the influence of amino acid preparation
application at the phenological phase of vegetation “the beginning of berry ripening” the
final of ripening stages on formation of phenolic complex of berries and phenolic maturity

of the crop.
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2 MATERIALS AND METHODS
21 PROCEDURE AND CONDITIONS OF THE EXPERIMENT

Experimental studies were carried out during 2020 on grape ‘Cabernet-Sauvignon’,
‘Merlot’, ‘Shiraz’ and ‘Sangiovese’ from mountain-valley zone of viticulture of Crimea.
Planting scheme was 3.0 x 1.5 m. Bushes shape was a cordon on a middle trunk. Vertical
shoot positioned trellising system was used. Single foliar treatment with a preparation
based on a complex of amino acids (600 g L-1) “Seamino Siamino Pro 500" at the rate of
1 kg ha-1 was carried out on the experimental plot (1 ha for each cultivar). The preparation
was applied in at the phenological phase of vegetation “the beginning of berry ripening”.

System of agricultural actions without “Sieamino Pro 500” application served as a control.

2.2 SAMPLE PREPARATION AND CHEMICAL ANALYSIS OF GRAPES

Grape samples from control and experimental plots were taken during the
commercial harvesting period (September 10, 2020). Healthy bunches were sampled
diagonally of plots, from the shady, sunny, upper, middle and lower parts of bushes. The
total weight of each sample was 20 kg. Technological assessment of grapes was carried
out according to parameters: of mass concentration of sugars, (Compendium, 2017) and
phenolic maturity.

The phenolic maturity of grapes was assessed using the Glories method, based
on the determining the potential amount of anthocyanins in the grape berry (ApH1,0),
concentration of easily extractable anthocyanins in the winemaking conditions (ApH3,2),
proportion of easily extractable anthocyanins from their potential amount (Ea= ApH3,2
x 100/ApH1,0), the proportion of seed tannins (Mp) (Glories, 1998; Rajha, 2017;). The
method makes it possible to assess the potential of the present proanthocyanidins and
anthocyanins, as well as their ability to be extracted from grapes during processing and
further technological operations (Rajha, 2017).

2.3 PHENOLIC COMPLEX ANALYSIS BY HPLC METHOD

The quantitative and qualitative composition of the polyphenol complex in the
studied samples was determined by HPLC using the AgilentTechnologies system (model
1100) with a diode-matrix detector. A Zorbax SBC18 chromatographic column was
used for the separation of substances; chromatograms were recorded at the following
wavelengths: 280 nm for gallic acid, (+)-D-catechin, (-)-epicatechin and procyanidins,
313 nm for hydroxycinnamic acids derivatives, 371 nm for quercetin and 525 nm for

anthocyanins. The substances were identified by comparing their spectral characteristics
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in terms of retention time with similar characteristics of the standards. Gallic acid, caffeic
acid, (+)-D-catechin, malvidin 3-O-glucoside chloride, quercetin dihydrate, isoquercitrin
(FlukaChemie AG, Switzerland), (-)-epicatechin, syringic acid (SigmaAldrich, Switzerland)

were used as standards.

2.4 STATISTICAL ANALYSIS OF THE DATA

Allchemical analyses were performed in triplicate. The entries were mathematically
processed with the help of statistical software package SPSS Statistics 17.0. Arithmetic
mean value, variance of a single result and standard deviation (SD) were determined.
Significance of the difference of indicators in grapes of control and experimental batches
was estimated by U-test. The predetermined probability of an erroneous result (a) was
less than 0.05.

3 RESULTS AND DISCUSSION

The application of dressing under experimental conditions had no significant
effect on the accumulation of sugars in berries, which allowed us to evaluate the effect of
the studied treatment on the phenolic complex of grapes at parity content of sugars in the
experimental and control batches of grapes.

From the perspective of wine quality, an important characteristic of berry phenolic
complex is, on the one hand, the level of accumulation and extraction of skin anthocyanins;
on the other hand, the degree of polymerization and extraction of seed polyphenols
(Ribereau-Gayon, et al., 2006; Ren et al., 2017).

Monomeric and dimeric phenolic components of flavonoid and non-flavonoid
structure were identified in the skin of the experimental and control lots of grapes using
HPLC analysis (Table 1). The content of the components in the control lots of grapes
ranged from 1630.6 + 97.8 mg kg-1 of skin (‘Merlot’) to 6868.0 + 549.4 mg kg-1 (‘Cabernet
Sauvignon’). The vegetative treatment of grapes with amino acid based preparation had
ambiguous effect on the components content in berry skin: in ‘Merlot’ and ‘Shiraz’ grapes
their concentration was increased (by 67% and 3% respectively), in ‘Cabernet Sauvignon’
and ‘Sangiovese’ - it decreased by 23% and 50%.

The proportion of anthocyanins among identified components in the skins of
control lots of grapes ranged from 54% (‘Cabernet Sauvignon’) to 83% (‘Merlot’) and
increased by 2%-6% under the influence of vegetative treatment of grapes. At the same
time, the mass concentration of anthocyanins complex in the skin of the experimental

batches of ‘Cabernet Sauvignon’ and ‘Sangiovese’ grapes was 17% and 45% lower than in
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the control lots, amounting to 3065.8 + 122.6 and 1206.3 + 78.4 mg kg-1. In contrast, the
content of anthocyanins complex in ‘Merlot’ and ‘Shiraz’ grapes under the influence of its
treatment with ‘Siamino Pro 500’ increased by 71% and 12%, reaching 2306.0 + 161.4 and
2598.5 + 90.9 mg kg-1, respectively.

Table 1. The content (arithmetic mean value’, mg kg”) of phenolic compounds in the skin of berries.

Phenolic ‘Cabernet Sauvignon’ ‘Merlot’ ‘Sangiovese’ ‘Shiraz’

compounds control experiment  control  experiment control experiment Control experiment

Hydroxybenzoic

and 871 405 19.8 251 206 184 499 68.6
hydroxycinnamic
acids
Flavonols 912 119.3 26.9 429 98 30 49.3 52.3
Flavan-3-ols 20459 14629 165.5 2084 4815 166.3 1095.6 935.4
Procyanidins 9411 5102 74.0 484 1787 227 3085 266.2
Anthocyanins:
delphinidin-3-O- 54 1729 106.8 199.3 380.2 116.3 173.8 126.0
B-D-glucoside
cyanidin-3-0-f- 2 4 18.2 15.4 223 300.3 99.3 297 81.2
D-glucoside
petunidin-3-0-p- 545, 1311 966 1717 3776 167.2 1934 3757
D-glucoside
peonidin-3-0-g- 40 4 718 53.3 897 205.6 1241 154.8 155.8
D-glucoside
malvidin-3-0-- 154, 3 1567.4 6057 121.8 919.8 6833 994.9 916.9
D-glucoside
delphinidin-3-0-
B-D-glucoside-6-  75.8 426 16.8 340 06 14 325 1477
O-acetate
cyanidin-3-0-B-
D-glucoside-6-  22.9 10.3 47 71 11 06 126 521
O-acetate
petunidin-3-0-B-
D-glucoside-6-  105.4 50.9 24.3 46.0 13 37 531 1969
O-acetate
peonidin-3-0-B-
D-glucoside-6- 3.4 11 0.0 34 11 17 6.6 27
O-acetate
malvidin-3-0-B-D-
glucoside-6-O-  601.2 716.8 204.4 3317 61 23 2971 363.0
acetate
petunidin-3-0-B-
D-glucoside-6- 523 159 17.0 141 6.2 04 354 411
O-p-coumarate
malvidin-3-O-
B-D-Gg_lg?g?lde— 4209 266.9 199.4 175.0 124 61 3315 139.4
coumarate
Total
) 37028 3065.8 1344.4 23061 2212.3 1206.3 2315.4 25085
anthocyanins:
Total phenolic ;004 5198.8 1630.6 27209 2902.9 14165 38187 39210

components
'SD-values were lower than 9% for all assays.
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Siamino Pro 500 treatment in ‘Merlot’ grapes stimulated biosynthesis of
anthocyanins from precursors quercetin and myricetin (Teixeira et al., 2013; Mattioli et
al, 2020), as evidenced by 1.9 and 1.5-fold increases (a < 0.05) in monoglucosides of
delphinidin, cyanidin, and their derivatives acylated by acetic acid or by p-coumaric acid,
and by interconversion of anthocyanins, as indicated by an average 1.7-fold increase
in monoglucosides of malvidin, peonidin, petunidin and their derivatives. The increase
in the content of the anthocyanin complex in the experimental lots of ‘Shiraz’ grapes
was due to the increased formation of monoglucosides of delphinidin, cyanidin and their
derivatives (1.6-fold) and monoglucosides of petunidin (2.2-fold), at the same time there
was a 13% decrease in the content of monoglucosides of malvidin relative to control.
Considering that the final metabolites of the chain of transformation of anthocyanin
compounds of Vitis vinifera use cursives for scientific name are malvidin-3-O-3-D-
glucoside and its derivatives (Narduzzi et al., 2015), the presented data suggest that the
anthocyanin complex accumulated in the experimental batches of ‘Shiraz’ grapes is in
the stage of active interconversion of components. In ‘Cabernet Sauvignon’ grapes the
vegetative treatment did not lead to the intensification of biosynthesis of anthocyanins
from precursors: on the contrary, the content of monoglucosides of delphinidin, cyanidin
and their derivatives in experimental lots was 2 and 3.6 times lower than in control. At
the same time, the use of top dressing stimulated mutual transformation of anthocyans,
as evidenced by the increased proportion of monoglucosides of malvidin (from 68%
in the control batches to 83% - in the experimental), while the proportion of all other
components of the anthocyanin complex decreased. Similar effect was exerted by
the treatment on the formation of anthocyanin complex of ‘Sangiovese’ grape skins.
At the same time, in both control and experimental batches, a low proportion of
monoglucosides of malvidin (42% and 57 %, respectively) with relatively high proportions
of monoglucosides of cyanidin, peonidin, petunidin, which indicates incomplete
processes of mutual transformation of components and/or variety-specific features of
the ‘Sangiovese’ anthocyanin complex.

The observed effect of vegetative grape treatment on the content and component
composition of anthocyanins complex of berry skin was reflected in a significant (a <
0.05) increase in the concentration of easily extractable anthocyanins in ‘Sangiovese’ and
‘Shiraz’ by 24 % and 47 % relative to control (Table 2).
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Table 2. Indicators of phenolic maturity of grapes from experimental and control lots (1).

Cultivar Option Ao Ao Ea, % Mp, %
mg L" mg L"

‘Cabernet Sauvignon’ control 1150+67 602+24 52+1 23+1
‘Cabernet Sauvignon’ experiment 110455 604+24 55+2 2141
‘Merlot’ control 1293+71 65120 501 24+2
‘Merlot’ experiment 103141 618+21 60+3 201
‘Sangiovese’ control 1190436 343+14 29+2 212
‘Sangiovese’ experiment 841+42 425+17 50+3 14+2
‘Shiraz’ control 1468+66 528+26 36+2 232
‘Shiraz’ experiment 137769 776+29 56+2 30+3

" arithmetic mean value +SD; Amo— potential amount of anthocyanins in the grape berry; ApH3,2_ concentration of
easily extractable anthocyanins in the winemaking conditions; Ea — proportion of easily extractable anthocyanins from
their potential amount; Mp - the proportion of seed tannins

The grapes of the experimental batches of all cultivars were characterized by a
higher proportion of easily extractable anthocyanins from their potential amount (Ea),
reflecting the proportion of easily extractable anthocyanins in the anthocyanin complex.
In the experimental grapes ‘Sangiovese’ and ‘Shiraz’ the increase of Ea index was 20-21%,
in the grapes ‘Cabernet Sauvignon’ and ‘Merlot’ - 3-10%. Thus, treatment of grapes with
“Siamino Pro 500” promoted formation of anthocyanin complex, and at the same level of
accumulation of sugars the grapes of experimental batches were characterized by better
indicators of “phenolic maturity”.

Regarding the other phenolic components of grape skins, it should be noted (Table
1) that in the experimental batches of grapes of all varieties the mass concentration of
flavan-3-ols and procyanidins decreased by 2% (‘Sangiovese’) - 93% (‘Shiraz’) and 14%
(‘Shiraz’) - 72% (‘Sangiovese’) respectively.

Phenolic complex of seeds changed under the influence of vegetative treatment of
grapes (Table 3). The content of phenolic components in the seeds of the control lots varied
from 513.3 + 401 mg kg-1 (‘Sangiovese’) to 22991+137.9 mg kg-1 (‘Shiraz’ in the seeds of
experimental lots - less by 12% (‘Cabernet Sauvignon’) to 38% (‘Sangiovese’) relative to the
control values. The phenolic complex of the seeds of the control and experimental lots of
‘Sangiovese’ grapes differed by a high proportion of hydroxybenzoic and hydroxycinnamic
acids - 21%, and procyanidins and flavan-3-ols accounted for 74% in the experimental lots
and 76% in the control. In all other cases, the proportion of procyanidins and flavan-3-ols
in the phenolic complex of seeds of control and experimental lots of grapes was 91-96%.
A simultaneous reduction in the content of flavan-3-ols (by 3 - 27%) and procyanidins (by

15 - 45%) in the seeds of ‘Merlot’, ‘Sangiovese’ and ‘Shiraz’ grapes was observed under
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the effect of vegetative treatment. In the seeds of ‘Cabernet Sauvignon’ grapes of the
experimental lots, the content of flavan-3-ols decreased by 50% relative to control, while

the concentration of procyanidins increased by 60%.

Table 3. The content (arithmetic mean value', mg kg”) of phenolic compounds in the seeds.

‘Cabernet ‘ s . . s (Qhiray’
Phenolic Sauvignon’ Merlot Sangiovese Shiraz

compounds . i . .
control experiment control experiment control experiment control experiment

Hydroxybenzoic
and

a 421 779 737 375 110.0 66.7 79.8 390
hydroxycinnamic
acids
Flavonols 46 9.0 17 24 11.9 25 18.5 36.5
Flavan-3-ols 7544 37338 2821 2071 69.5 58.0 7327 7091
Procyanidins 3547 5685 479.0 4057 3217 774 1358.8 10926
Anthocyanins: 15 2.0 14 27 0.37 14 9.2 71
Total phenolic ¢ 1031.2 837.9 655.4 513.4 216.0 2199.0 1884.2

compounds
'SD-values were lower than 9% for all assays.

The data presented, on the one side indicate that the applied treatment did not
stimulate the biosynthesis of procyanidins and flavan-3-ols in grape seeds and grape skins.
On the other side, vegetative treatment of grapes promoted oxidative polymerization of
components with the formation of high-molecular-weight tannins, which led to a decrease
in easily extractable monomeric and dimeric flavonoids.

The analysis of grapes according to the Glories method (Glories and Vivas,
1998). Table 2 showed a decrease (01<0.05) in the extractable polyphenols of seeds
in the experimental lots of ‘Cabernet Sauvignon’, ‘Merlot’, ‘Sangiovese’ by 2-7%, which
indicates a higher degree of technological maturity of their phenolic complex compared
to control. In ‘Shiraz’ grapes the share of extractable seed polyphenols in the experimental
lots was 7% higher than in the control. This indicates incomplete processes of oxidative

polymerization and condensation of seed polyphenols.

4 CONCLUSIONS

Thus, the treatment of grapes with the preparation “Siamino Pro 500” in the cvs.
‘Cabernet Sauvignon’, ‘Merlot’, ‘Sangiovese’, ‘Shiraz’ at the beginning of berry ripening
stimulated the formation of monoglucosides of delphinidin, cyanidin from precursors (1.7
times on average) and/or transformation of anthocyanins, increasing the proportion of
monoglucosides of malvidin in anthocyanins complex by 1.2-1.4 times. At the same time,

application of amino-acid-based fertilizer under the experimental conditions had no effect
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onthebiosynthesis of procyanidins and flavan-3-olsin berry seeds and skin, butit apparently
promoted their oxidative polymerization, which reduced the content of procyanidins by
14-72%, flavan-3-ols - by 2-93%. The effect of vegetative treatment of grapes phenolic
complex of berries was the improvement of yield phenolic maturity indicators at a close
level of sugars accumulation: the share of extractable seed polyphenols decreased, and

easily extractable anthocyans - increased by 3-21%.
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