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EXTRATO DA ALGA Ascophyllum nodosum COMO CONTROLE ALTERNATIVO DA
PODRIDAO MOLE EM FRUTOS DE MORANGUEIRO POS-COLHEITA

RESUMO

A conservacdo dos alimentos é fator impactante na aparéncia e qualidade de frutas
e hortalicas. Doencas pos-colheita como a podriddo mole, causada pelo fungo Rhizopus
stolonifer em frutos do morangueiro deixam o produto menos atrativo e aplicacdo de
agrotoxicos para o controle do patégeno pode acarretar toxicidade aos consumidores e meio
ambiente. Nesse contexto, a aplicagdo de biofertilizantes como o extrato da alga Ascophyllum
nodosum pode ser utilizado como possivel ferramenta para o manejo de doencas pos-
colheita.Nesse sentido, objetivo deste trabalho foi avaliar o potencial do produto comercial a
base de extrato da alga de A. nodosum na inibicdo do patdgeno R. stolonifer, bem como,
verificar o uso do produto como ferramenta para 0 manejo p6s-colheita da podriddo mole em
frutos morangueiro. Foi utilizado um produto comercial a base de extrato da alga A.nodosum,
onde testes realizados in vitro avaliaram a influéncia do extrato no crescimento micelial do
patogeno. Para tanto, o produto foi adicionado em diferentes concentragdes em meio Batata-
dextose-agar (BDA) e em seguida inoculados com um disco de R. stolonifer, o crescimento
micelial do fitopatdgeno foi medido diariamente. Em frutos orgéanicos de morangueiro, a
concentracdo de 40 mL.L™ do extrato de algas foi aplicado por imersdo durante 5 minutos e
24h depois os mesmos foram inoculados com o patdgeno via aspersdo (concentracdo 1 x 10°
esporos mL.L™) e via disco de micélio contendo. Esses frutos foram acondicionados sob
temperatura de 25°C durante 72h e avaliados quanto incidéncia da doenca. O produto a base
de extrato e algas reduziu o crescimento do patdgeno in vitro a partir da concentracdo 5 mL.L"
! inibindo totalmente em 40 mL.L™. A inoculacdo via aspersdo de esporos ndo se mostrou
eficiente nos ensaios realizados. Nos frutos inoculados via disco de micélio houve reducao de
22,3 % de incidéncia da doenca. Os resultados desse trabalho sugerem que o produto a base
de extrato de algas marinhas possui potencial para ser utilizado no manejo da podriddo mole e
conseqlientemente aumentar a vida de prateleira de frutos de morangueiro.

Palavras-chave: Biofertilizante.  Sustentabilidade. =~ Morango. Seguranca alimentar.
Bioestimulante.



Ascophyllum nodosum EXTRACT AS ALTERNATIVE CONTROL OF SOFT ROT IN
POSTHARVEST IN STRAWBERRY FRUIT

ABSTRACT

The conservation of food is a striking factor in the appearance and quality of fruits
and vegetables. Post-harvest diseases such as soft rot caused by the fungus Rhizopus
stolonifer in strawberry fruits make the product less attractive and the application of
agrochemicals to control the pathogen can lead to toxicity to consumers and the environment.
In this context, the application of biofertilizers as seaweed extract of the Ascophyllum
nodosum can be used as a possible tool for the management of post-harvest diseases. In this
sense, the objective of this work was to evaluate the potential of the commercial product
based on A. nodosum seaweed extract in the inhibition of the R. stolonifer pathogen, as well
as to verify the use of the product as a tool for post-harvest handling of soft rot on strawberry
fruits. A commercial product based on extract of the seaweed Ascophyllum nodosum was
used, where in vitro tests evaluated the influence of the extract on the mycelial growth of the
pathogen. For this, the product was added in different concentrations in Potato-Dextose-Agar
medium (PDA) and then inoculated by pathogen R. stolonifer, the mycelial growth was
measured daily. In organic strawberry fruits, was applied by immersion during 5 minutes the
seaweed extract in 40 ml.L™" concentration and 24 h later the fruits were inoculated with the
pathogen by spraying (concentration 1 x 10° spores.mL™) and by R. stolonifer disk mycelium.
The fruits were conditioned in temperature around 25 °C during 72 h and evaluated the
disease incidence. The product based on seaweed extract reduced the pathogen growth in vitro
from the concentration 5 ml.L™ and inhibited totallyin 40 mL.L™. Inoculation by spray of
spores was not efficient in the assays. In fruits inoculated by mycelial disk there was a
reduction of 22.3% of incidence disease. The results of this work suggest that the product
based on seaweed extract has potential soft rot management and consequently increase the
shelf life of strawberry fruits.

Keywords: Biofertilizer. Sustainability. Strawberry. Food safety. Biostimulant.
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CAPITULO 01

1 INTRODUCAO

A fruticultura estd entre os principais geradores de renda, emprego e de
desenvolvimento rural no agronegocio brasileiro, principalmente no sul do Estado de Minas
Gerais. Além disso, a demanda mundial por frutas e hortalicas vem crescendo devido a
conscientizacdo da populacdo acerca da importdncia de uma alimentacdo saudavel.
Entretanto, um dos principais entraves na produgédo e comercializagdo desses produtos sdo as
expressivas perdas pos-colheita, principalmente nos paises em desenvolvimento como o
Brasil (IBRAF, 2015; FISCHER et al. 2007; 2011; GALLI et al. 2012; HENZ et al. 2008;
PEARSON; GOHEEN, 1990).

Entre as frutas com destaque na producéo brasileira encontra-se 0 morango importante
para 0 mercado regional sendo seu plantio e comercializagdo atividades comuns entre
pequenos produtores. Na pos-colheita algumas doencas tém causado grandes prejuizos nessa
cultura, principalmente a podriddo mole, cujo agente causal é fungo Rhizopus stolonifer
(AGRIQS, 2005).

O uso de agrotoxicos na pds-colheita torna-se um problema devido aos residuos
quimicos presentes nos frutos tornando o produto menos atrativo para o consumidor. A
exposicdo dos animais e meio ambiente a toxicidade proveniente dos defensivos agricolas
acarreta restricdes cada vez maiores ao mercado internacional atual. Uma das alternativas
sustentaveis € a utilizacdo de agentes bidticos ou abioticos que podem atuar de alguma forma
como ferramenta para o controle dessas doencas (AMORIM, 2016).

O extrato da alga Ascophyllum nodosum pode ser utilizado como bioestimulante em
diversos cultivares, pois € rico em nutrientes proporcionando acumulo de fitoalexinas,
aumento da massa e produtividade dos frutos, bem como mudancas benéficas na composicéo
dos tecidos das plantas como inducéo da resisténcia a agentes patogénicos (BENINCA, 2008).

Neste contexto, o trabalho proposto utilizou produto comercial a base de extrato da
alga A. nodosum para avaliar a inibicdo do fungo R. stolonifer, comumente encontrado nos
frutos do morangueiro causando a podriddo mole, verificando o potencial do produto como

ferramenta para 0 manejo dessa doenca aumentando a vida de prateleira do fruto.



12

2 REFERENCIAL TEORICO

2.1 Fruticultura

A fruticultura hoje estd entre os principais geradores de renda, emprego e de
desenvolvimento rural do agronegdcio brasileiro, os indices de produtividade e os resultados
comerciais obtidos nas Ultimas safras sdo fatores que demonstram ndo apenas a vitalidade
como também o potencial desse segmento produtivo (IBRAF — Instituto Brasileiro de Frutas).

O Brasil detém em seu territério uma variedade de cultivares frutiferas submetidas a
diversas situacdes climaticas, o que o torna o terceiro maior produtor de frutas do mundo,
caminhando apenas atras da China e da India. O Instituto Brasileiro de Geografia e Estatistica
(IBGE) estima que a producdo de 2017 possa ter atingido 44 milhdes de toneladas. A
relevancia da comercializacdo das frutas no pais € tdo significativa que apresenta o Brasil
como principal produtor e exportador mundial de laranja e suco de laranja concentrado
congelado (SCOGNAMIGLIO, 2017; CNA, 2017).

Além disso, a demanda mundial por frutas e hortalicas vem crescendo
significativamente nos ultimos anos, em virtude, principalmente, da conscientizacdo da
populacdo acerca da importancia de uma alimentacao saudavel. Um dos principais entraves na
producdo e comercializacdo desses produtos sdo as expressivas perdas pds-colheita que se
constitui uma realidade no mundo, principalmente nos paises em desenvolvimento, como o
Brasil (FISCHER et al. 2007; 2011; GALLI et al. 2012; HENZ et al. 2008; PEARSON;
GOHEEN, 1990).

A FAO (Food and Agriculture Organization, USA) apresentou uma alarmante
situacdo na producdo de alimentos: anualmente, cerca de um terco da producdo mundial de
alimentos para consumo humano € perdida ou desperdicada, sendo que 45% deste montante é
referente a frutas, verduras, tubérculos e raizes devido ao manuseio inadequado ao longa da
cadeia produtiva (2014; 2017).

De acordo com Soares e colaboradores da Empresa Brasileira de Pesquisa
Agropecuaria (EMBRAPA) a producdo de frutas frescas no Brasil era de aproximadamente
17,7 milhdes de toneladas/ano entre 1997 e 2000, com perda estimada de 30% (BRASIL,
2014).

O desperdicio durante a cadeia produtiva das frutas pode influenciar em nimeros nos
produtos disponiveis para vendas, bem como, na qualidade dos frutos que chegam para o

consumidor. Pesquisas indicam que 50% das perdas ocorrem no manuseio e transporte, 30%
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durante sua comercializacdo e 20% sobre as escolhas no campo e consumo parcial no pais
(BRASIL, 2014).

Para que o fruticultor possa atender a realidade do mercado brasileiro e a busca do
consumidor por produtos de qualidade, o0 mesmo deve investir em melhores técnicas de
manejo, colheita, pos-colheita, transporte, logistica e armazenamento. A diversidade das
frutas oferecidas ao publico d& ao Brasil futuro promissor na atividade econdmica (CNA,
2017).

2.2 Morango

Morangueiro denominado cientificamente como Fragaria x ananassa Duch é uma
planta pertencente a familia Rosaceae sendo a familia boténica com maior nimero de frutas.
A planta ¢ um hibrido natural proveniente das especies Fragaria chiloensis e Fragaria
virginiana, estas Chilena e Americana respectivamente crescidas em solo Europeu
(CELEGARIO, 2009; ANTUNES, 2011).

O morango é um pseudofruto,classificado como ndo climatérico, resultante de uma
flor com receptaculos florais que se torna a porcdo consumida e os frutos verdadeiros
denominados aquénio sdo conhecidos como ‘“semente do morango”; (ANTUNES, 2011).A

Figura 01 apresenta a morfologia da flor do morangueiro e do morango.

Figura 1- Morfologia do morango.
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O plantio do morango pode ser realizado por dispersdo de sementes com
melhoramento genético, porém é usualmente realizado o plantio pela técnica de propagacgéo
vegetativa por meio de estoldes. EstolGes sdo ramificacdes que podem originar raizes, folhas e
dar origem a nova planta, a matriz pode emitir de 100 a 600 estoloes (ANTUNES, 2011).

As areas destinadas a cultivares de morango possuem ligeira inclinacdo, boa drenagem
e incidéncia solar. A presenca de calcio, matéria organica, nitrogénio, fésforo e potassio nos
canteiros favorece o crescimento do morango cuja faixa de pH ideal é 5,5 — 6,0 (ANTUNES,
2011).

O plantio realizado entre os meses de marco e julho e a colheita é realizada ap6s 60-80
dias dependendo do clima estendendo pelos meses de dezembro e janeiro. A colheita
realizada pela manh& evita deterioragdo da fruta, sendo esse manual onde os frutos s&o
classificados conforme tamanho e grau de maturacdo. Deve-se resfria-los imediatamente a
cerca de 5 °C para que ocorra declinio da taxa de respiracdo, diminuindo o processo de

decomposicao e aumentando o periodo de conservacdo para 7 dias (ANTUNES, 2011).

2.2.1 Morangos no Brasil

Morangos séo frutos de alta aceitabilidade comercial no Brasil e no mundo, pois sdo
consumidos em sua integridade e possuem aparéncia, sabor e aroma agradaveis (MAZARO et
al., 2008).

O Brasil ndo se encontra entre 0s maiores produtores mundiais de morango, entretanto
incentiva o plantio do fruto por diferentes regides e tipos de climas, uma vez que, fatores
como temperatura e exposicdo a luminosidade exercem influéncia no crescimento,
desenvolvimento e producdo do morangueiro (GUIMARAES et al., 2014).

Pesquisadores da Empresa de Pesquisa Agropecuaria de Minas Gerais (EPAMIG)
destacam o cultivo do morango como cultura promissora, uma vez que, o Brasil produz
estimadas 100 mil toneladas/ano tendo como maior produtor do pais o Estado de Minas
Gerais. Investimentos em producdo organica podem aumentar os teores de nutrientes dos
frutos, bem como a demanda disponivel para comercializacdo (DIAS, 2011).

Com producdo destinada ao mercado interno, sendo 70% destinada ao consumo in
natura e 30% ao processamento. Minas Gerais € lider em capacidade produtiva no pais com
cerca 40 mil toneladas/ano, seguidos do Rio Grande do Sul, Parana e S&o Paulo
(GUIMARAES et al., 2014; SILVA, 2015).
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De facil adaptagdo ao clima ameno e baixa exigéncia quanto ao frio, 0 morango é um
cultivar bastante produtivo. Apresenta qualidade organoléptica, contudo ha dificuldade em
conservagao pés-colheita, devida sua textura. O fruto apresenta alta atividade de agua o que
acarreta sensibilidade as principais doencas que acometem o morangueiro (SILVA, 2015).

A alta perecibilidade do fruto, caracteristica natural da espécie, pode ser
potencializada por doencgas pés-colheita; fazendo com que os produtores e comerciantes
invistam em tecnologias de manejo a fim de melhorar a produtividade, qualidade e tempo de
prateleira do produto (DONAZZOLO et al., 2003).

O desenvolvimento de técnicas para melhoria da colheita, transporte e armazenamento
de frutos do morangueiro por longos periodos sdo importantes, pois 0S mesmos apresentam
elevada taxa respiratoria e atividade metabdlica sendo suscetiveis a patdgenos. As perdas
podem alcancar 20 a 40% da producdo em poucos dias (OLIVEIRA et al., 1979;
DONAZZOLO et al., 2003; MALGARIM, 2006).

Submissdo dos frutos as analises fisico-quimicas é relevante para obtencdo de
informacgdes do comportamento de cultivares em uma determinada regido possibilitando o

acompanhamento da qualidade do produto consumido (SILVA, 2015).

2.3 Rhizopus stolonifer

Ressalta-se que dentre os fatores que influenciam as perdas pos-colheita esta a
ocorréncia de doencas. Na pds-colheita de morangos pode-se citar a podriddo mole, cujo
agente causal € o fungo Rhizopus stolonifer que acometem os frutos trazendo grandes
prejuizos na fase comercializacdo (AGRIOS, 2005).

Pertencente ao Reino Fungi, Filo Zygomicota, Classe Zygomicetes, Ordem Mucolares,
Familia Mucolaceae, Género Rhizopus apresenta-se a espécie Rhizopus stolonifer
(MIYAOKA, 2012).A podriddao mole é consequéncia da colonizacéo dos tecidos do fruto pelo
fungo na cadeia produtiva na fase de armazenamento e transporte, periodo de estddio mais
avancado de maturacdo, visto que a doenca é esporadicamente observada no campo
(OLIVEIRA, 2007).

O R. stolonifer invade os tecidos através de injdrias acometidas aos frutos durante as
etapas de colheita e transporte permitem a entrada dos esporos do fungo que na presenca da
polpa aquosa e em temperatura proxima a 20°C proliferam exponencialmente, apodrecendo de
forma acelerada frutos inteiros (AGRIOS, 2005).
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A hifa presente na estrutura do fungo produz enzimas pectinoliticas capazes de
degradar a lamela média do tecido, porém ndo produz cutinases, dessa forma sé consegue
adentrar o tecido hospedeiro através de aberturas ja existentes. Assim, as injdrias devem ser
evitadas a fim de proteger o fruto do patégeno (OLIVEIRA, 2007).

Doenca denominada, podriddo mole, é caracterizada por lesdes aquosas irregulares
que expandem rapidamente, apresentando micélio branco por toda superficie e na sequéncia
esporangios negros como apresentado na Figura 02. A contaminagédo pelo fungo R. stolonifer
resulta em colapso dos tecidos que acarreta odor desagradavel devido a exposicdo e
colonizacdo de leveduras e bactérias (OLIVEIRA, 2007).

Presente em varios ambientes, R.stolonifer, é facilmente encontrado no solo, estufas
frutiferas e no ar onde seus esporos sdo dispersos. Altas temperaturas e umidade relativa do ar
acima de 75% beneficiam a proliferacdo rapida do fungo que produz elevada quantidade de
micélio e esporos, responsaveis pela contaminacao pos-colheita do fruto (OLIVEIRA, 2007).

Significativa para a economia, a doenca causada pelo fungo R. stolonifer pode
ocasionar perda de toda producdo. Em periodo chuvoso ha queda das flores dificultando a
polinizacéo e/ou producdo do gréo de polen, sob precipitacdo ocorre ineficacia da polinizacdo
e acréscimo do nimero de frutos contaminados o que compromete a producdo (BOMFIM,
2010).

Figura 2 - Fotografia ilustrando morango contaminado por Rhizopus stolonifer apresentando
micélio branco em A e esporangios negros em B e micélio branco e esporangios negros em C.

A B C

Fonte: Préprio autor, 2018.

Esse patdgeno possui esporos resistentes que proporcionam a sua sobrevivéncia por

vasto periodo em solos, caixas, contéineres e locais com alta umidade onde podem
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rapidamente se dispersar e causar podriddo mole em outros frutos aceleradamente
(OLIVEIRA, 2007).

Prevencdo e controle do R. stolonifer decorre através da higienizacdo dos frutos,
caixas, locais de armazenamento e embalagens. Evitar o choque dos frutos para que nao
ocorra ferimentos dos mesmos nas etapas de colheita, transporte, lavagem, classificacdo e
embalagem dado que esses ferimentos proporcionam a entrada do fungo causador da podriddo
mole e de outras doencas pos-colheita (OLIVEIRA, 2007).

2.4 Ascophyllum nodosum

Membro do Reino Plantae, da ordem Fucales e familia Fucaceae se destaca a alga
marinha Ascophyllum nodosum (TEIXEIRA, 2015).

De aparéncia marrom e naturalmente encontrada em mares articos, a alga A.nodosum é
fonte de macro e micronutrientes como N, P, K, Ca, Mg, S, B, Fe, Mn, Cu e Zn e amino&cidos
como alanina, acido aspartico e glutdmico, glicina, isoleucina, leucina, lisina, metionina,
fenilalanina, prolina, tirosina, triptofano e valina. Constituintes os quais viabilizam a
precocidade germinativa de sementes, conduzem ao aumento do crescimento, elevada
resisténcia, bem como ao incremento da produtividade dos cultivares (CARVALHO, 2014).

Fatores como temperaturas negativas, exposicao a intempeéries e crescimento total em
imersdo em agua salgada podem ter proporcionado ao A. nodosum, macroalga do norte do
oceano Atlantico,a sintese de compostos “anti-estress” que promovem beneficio a planta
como aumento da resisténcia a doencas e capacidade de protecdo a demais plantas.Por
apresentarem acao semelhante aos hormonios vegetais tem sido empregado em folhas, solo e
frutos para beneficio da agricultura organica (RODRIGUES, 2008).

Liquido viscoso marrom escuro com odor marinho, de pH entre 7,8 a 8,2 e
solubilidade em agua sdo caracteristicas dos produtos comerciais nomeados como extrato de
algas a base de A. nodosum. No entanto, a quantidade e diversidade de constituintes dos
produtos podem ser em funcdo do local e época de coleta da alga, método ao qual foi
submetida extracdo e adicdo de demais produtos (CARVALHO, 2014).

Estudos relacionados a utilizacdo do extrato de alga vém sendo amplamente discutidos
pois 0 mesmo envolve promoc¢do de crescimento vegetal no uso da alimentacdo animal e
humana (CARVALHO, 2014). A Tabela 02 indica o uso da alga marinha A. nodosum em

diferentes culturas por diversos autores.
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Tabela 1 - Uso da alga marinha Ascophyllum nodosum na agricultura como bioestimulante por
diversos autores em diferentes frutos e hortaligas.

Cultura/espécie botanica Forma de Aplicagéo Referéncia (Autor / Ano)
Alface e Couve Flor Extrato Abetz; Young. (1983).
Uvas de mesa Suspensdo concentrada; Colapietra, Alexander,
Extrato (2006); Frioni et al. (2018).
Espinafre Extrato Fan et al. (2014).
Pinheiro Extrato MacDonald et al. (2012).
Alfafa Extrato Khan et al. (2012).
Repolho Extrato Lola-Luz et al. (2013).
Videiras Extrato Albuquerque et al. (2014).
Cajueiro Extrato Garcia et al. (2014).
Tomateiro Extrato Ali et al. (2015); Goifii et al.
(2018); Stasio et al. (2018).
Espinafre Extrato Xu; Leskovar, (2015).
Soja Extrato Martynenko et al. (2016).
Milho Extrato Ertani et al. (2018).
Manga Extrato Melo et al. (2018).

Fonte: Adaptado de Dias (2019).

Extratos de algas composto por A.nodosum quando introduzidos em cultivares de
frutas proporciona aumento da resisténcia aos ataques microbioldgicos, apresentando frutos
de qualidade, bem como rendimento (PAIVA, 2013).

Pesquisadores relatam que a utilizacdo de A.nodosum em sementes de cevada foi
determinante para 0 aumento da germinacdo, em razdo da inducdo da atividade da amilase
independente da giberelina. A giberelina induz a germinacdo, pois promove a sintese de
enzimas responsaveis pela transformacdo de amido em acucares, disponibilizando a energia,
aumentando assim, o potencial germinativo(CARVALHO, 2014).

Em sementes de feijdo foi verificado apds imersdo do cereal em extrato de A.nodosum
na concentracéo de 0,8 mL.L™ por 5, 10, 15 e 20 minutos e utilizando testemunha com agua
no mesmo intervalo de tempo que o vigor de sementes do feijdo ‘Alvorada’ é aumentado apos
a imersdo em solucdo contendo extrato de A.nodosum por 15 minutos (CARVALHO, 2014).

Apos a aplicagdo do extrato de A.nodosum em folhas de alface foi possivel verificar

aumento no teor de vitamina C, indicando beneficio nutricional. A adigdo as demais hortalicas
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apresentou incrementos nos teores de macronutrientes, como 9,52 % de Nitrogénio, Fésforo
50 % e Potéssio 5,68 %. Tangerinas submetidas a acdo dessa mesma alga durante 3 anos,
apresentaram 30 % de elevacdo em producdo de frutos (CARVALHO, 2014; KHAN et al.,
2009).

Experimentos em couve submetidos a aplicacdo de A. nodosum em doses de 3,8 mL.L"
! apresentaram efeitos satisfatorios no desenvolvimento inicial e, posteriormente, na
produtividade das plantas que apresentaram um aumento do nimero de folhas e da massa seca
da parte aérea. A utilizacdo do bioestimulante em cebolas nas dosagens de 3 e 4 mL.L™,
aumentou a massa fresca e seca dos bulbos das hortalicas.

O mesmo ocorreu também espécies de batata ‘Agata’ quando pulverizadas com 1
mL.ha™ do extrato de algas 50 dias apés do plantio onde as plantas apresentaram maior
produtividade, quando avaliadas no inicio da emissdo dos tubérculos, com acréscimos de
15,78; 12,31 e 36,13% no numero de tubérculos, matéria fresca e diametro de tubérculos
(CARVALHO, 2014).

Cafeeiros ‘Catuai 144’ quando cultivados em condi¢des climaticas de cerrado
apresentaram acrescimo na produtividade de 37 a 70% do numero de sacas, na primeira e
segunda safra, apés a aplicacdo do extrato de A. nodosum. O extrato foi aplicado via irrigacdo
por gotejamento e pulverizagdo que variavam nas doses utilizadas (0,5; 1,0; 2,0 e 4,0 mL.ha™)
iniciadas na pré-floracdo (CARVALHO, 2014).

2.5 Qualidade dos alimentos e meio ambiente

O uso de agrotoxicos na poés-colheita torna-se um problema devido aos residuos
deixados nos frutos, hortalicas e cereais 0s que tornam produtos menos atrativo para 0S
consumidores devido a toxicidade para os seres humanos, ao meio ambiente e animais
(AGRIQS, 2005).

A sociedade atual tem revelado uma nova postura frente a qualidade de alimentos,
priorizando a reducdo no uso de agrotéxicos e, consequentemente, 0 consumo de alimentos
com menos residuos destes produtos. Preocupados com 0s riscos a satude promovidos pelos
agrotoxicos, somado a resisténcia de patdgenos a fungicidas, o0 mercado internacional atual de
frutas tem reduzido a tolerancia de residuos dos mesmos, dessa forma, a retirada de alguns
produtos do mercado, tém levado ao aumento das pesquisas envolvendo a utilizacdo de

agentes alternativos para o controle de doencas de p6s-colheita (CIA et al., 2007).
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Neste contexto, novos métodos tém sido testados e avaliados para uso em pos-colheita.
Uma das alternativas € a utilizacdo de agentes bidticos que podem atuar como agentes de
controle biolégico e/ou indutores de resisténcia. O controle bioldgico de doengas de plantas
pode ser definido como “o controle de um micro-organismo através da acao direta de outro
micro-organismo” sendo que esses agentes retinem caracteristicas favoraveis a sua utilizagao,
como a adaptacdo ao meio, e principalmente pelo baixo impacto ambiental (AMORIM, 2016).

Por outro lado, a resisténcia induzida envolve a ativacdo de mecanismos de resisténcia
latentes nas plantas em resposta ao tratamento com agentes bidticos ou abioticos. Essa
resposta, a qual pode incluir, por exemplo, o acimulo de proteinas relacionadas a patogénese
e fitoalexinas, protege a planta contra infeccGes subsequentes contra diferentes patdégenos. A
resisténcia induzida, apesar de ndo evitar a doenca reduz sua intensidade entre 20 e 85%, além
de possuir amplo espectro e longa duracdo (WALTERS; FOUNTAINE, 2009).

Eliciadores s&o micro-organismos capazes induzir a resisténcia do sistema de defesa,
proporcionando acumulo de compostos fendlicos, fitoalexinas e proteinas. Dentre essas, a
fitoalexina, substancia a qual o A. nodosum estimula a producdo, possui propriedades
antimicrobiana, sendo produzida apds a planta passar por situacfes de estresse e/ou na
tentativa de ataque invasor. Ja as peroxidases existentes no organismo vegetal também podem
proporcionar essa barreira a atividade dos agentes patogénicos (BENINCA, 2008).

Produtos comerciais cuja base € extrato de algas, comumente apresentam em sua
composicdo algas provenientes de aguas salgadas, como A. nodosum. Essa espécie se
enquadra no grupo das algas marrons, sendo o segundo mais abundante na natureza e seu
habitat sdo os litorais do hemisfério norte (CARVALHO, 2014; KHAN et al., 2009).

A aplicacdo de produtos quimicos entra em desuso, pois implica alto custo e exposicdo
as contaminacdes ambientais, enquanto o uso de produtos a base de algas pode ser aplicado
como biofertilizante e estimulantes do sistema de defesa das plantas (NESI, 2013). Sendo
fonte de matéria organica os bioestimulantes sdo definidos como "materiais, aléem de
fertilizantes, que promovem o crescimento das plantas quando aplicados em pequenas
quantidades” e também sdo chamados de "intensificadores metabdlicos” (KHAN, 2009).

Bioestimulante pode ser definido como a mistura de dois ou mais reguladores vegetais
ou outras substancias como aminoéacidos, nutrientes e vitaminas, estimulando a capacidade do
desenvolvimento radicular, promovendo a absorcdo de agua e nutrientes pelas raizes, podendo
apresentar melhoras, também, no equilibrio hormonal da planta e seu crescimento (DIAS et
al., 2012).
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Permitido no Brasil e regulamentado pela Instru¢cdo Normativa de 18 de dezembro de
2008 do MAPA os extratos de algas sdo classificados como biofertilizantes e/ou aditivos e
subproduto para alimentos de uso animal sendo comercializado em extrato seco ou liquido
(SILVA, 2011; CARVALHO, 2013).
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CAPITULO 02

Ascophyllum nodosum ALGAE EXTRACT AS ALTERNATIVE CONTROL OF SOFT-
ROT IN POST-HARVEST OF STRAWBERRY

ABSTRACT

The objective of this work was to evaluate the potential of the commercial product based on extract of the alga
Ascophyllum nodosum (AN) in the inhibition of the pathogen Rhizopus stolonifer (RS) in strawberries.We used a
commercial product based on seaweed extract, where in vitro testswe evaluated the influence of the extract on
the mycelial growth of the pathogen. Thus, the potato-dextrose-agar medium received different concentrations of
the extract and was then spiked with a RS disk. Organic strawberry fruits received the concentration of 40 mL.L"
! algae extract by immersion for 5 minutes; 24h later, weinoculated the selected strawberries with the pathogen
via spraying (concentration 1 x 10° spores mL.L™) and via mycelial disk. After 72 h of incubation, we evaluated
the fruits on the incidence of the disease. The product reduced fungal growth from the 5 mL.L™ concentration
and completely inhibited at 40 mL.L™.Spray inoculation was not efficient. In the fruits inoculated via mycelial
disk there was a reduction of 22.3% in incidence of the disease. The results of this work suggest that AN
possesses potential to be used in the management of soft rot and increase the shelf life of strawberries.

Keywords: Biofertilizer. Sustainability. Strawberry. Food safety. Biostimulant.
INTRODUCTION

Fruit production is among the main generators of income, employment and rural development in
Brazilian agribusiness, mainly in the south of the State of Minas Gerais. In addition, world demand for
fruits and vegetables has been growing because of the population's awareness of the importance of
healthy eating. However, one of the main obstacles in the production and marketing of these products
is the significant post-harvest losses, especially in developing countries such as Brazil*#**°.
According to the FAO®’ 1.3 billion tons of food is wasted or lost along productive chains representing
30% of the total produced annually on the planet. In Latin America between a quarter and a third of
the production of food for human consumption is lost or wasted, 40 to 50% of this amount refers to
hortifrutis. Besides, among the factors that influence post-harvest losses are the occurrence of diseases.
Among the fruits with prominence in the Brazilian production is the important strawberry for the
regional market of the south of Minas Gerais, Brazil being its planting and commercialization
activities common among small producers®.

Brazil is not among the world's largest producers of strawberries, however, it encourages the planting
of the fruit by different regions and types of climates, since factors such as temperature and exposure
to light influence the growth, development and production of the strawberry?®.

In post-harvest, some diseases have caused great damages in this crop, mainly soft rot, whose causal
agent is the fungus Rhizopus stolonifer. The pathogen dominates the interior of the fruit through holes
that arise during the harvest and transport stages that allow the entry of fungi spores rapidly decaying
whole fruits®.

The use of agrochemicals in the post-harvesting becomes a problem due to the chemical residues
present in the fruits making the product less attractive to the consumer. The exposure of animals and
the environment to the toxicity from agricultural pesticides leads to increasing restrictions on the
current international market. One of the sustainable alternatives is the use of biotic or abiotic agents
that may act in some way as a tool for the control of these diseases™.

The extract of Ascophyllum nodosum can be used as a biostimulant in several cultivars because it is
rich in nutrients providing phytoalexins accumulation, increase fruit mass and productivity, as well as
beneficial changes in the composition of plant tissues as induction of resistance to pathogens ***2.

In this context, the proposed work used a commercial product based on A. nodosum extract to evaluate
the inhibition of R. stolonifer fungus, commonly found in strawberry fruits causing "soft rot",
verifying the potential of the product as a tool for the management of this disease by increasing the
shelf life of the fruit.
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MATERIAL AND METHODS
Obtaining and maintaining the pathogen isolate

The isolate of Rhizopus stolonifer used was obtained from the fungi collection from Phytopathology
and Nematology Department, located in “Luiz de Queiroz” School of Agriculture - USP; the
microorganism was maintained in potato-dextrose-agar medium (PDA) in order to provide conditions
for the good development of the fungus.

Evaluation of algae extract on mycelial pathogen growth

We used a commercial product as source of the extract of A. nodosum, this being a LS (Liquid
Suspension) formulation with 100% concentration of seaweed extract and brown coloration.

Then, we prepared BDA culture medium that was autoclaved. At 38 °C, the preparation received
different dosages of the algae extract corresponding to the concentrations of 5, 10, 20 and 40 mL.L-1
of the product in distilled water. These concentrations were related to the 5 treatments proposed to
verify fungal inhibition. The control consisted of a treatment composed only of BDA medium.

After 24 h of preparation of the Petri dishes with the 5 treatments proposed, on the solid-state media
we added a culture medium disc of 0.5 cm in diameter containing the mycelium of the phytopathogen
R. stolonifer.

The plates were conditioned in a BOD chamber at controlled temperature at 25 °C and 12h light/dark
photoperiod. We performed the evaluation of mycelial growth every 24 hours, using a mean between
two measurements (cm), diametrically opposite the colony, using a digital caliper, until the mycelium
of one of the plates reached the edge of the Petri dishes.

The experiment was carried out in a randomized complete block design (DBC) containing 5 treatments
and 10 replicates, each Petri dish represented by a repetition.

The data obtained in the evaluation of mycelial growth were submitted to analysis of variance
(p<0.05) and the means were compared using the F test using the software SISVAR™. From the
significance of the treatments, we performed the regression analysis of the variables also using
SISVAR.

In vivo assay to evaluate the potential effect of algae extract on post-harvest control in
strawberries

From the results obtained in the experiments, we applied the best treatment proposed by linear
regression to the strawberry fruits to evaluate the post-harvest control against soft-rot.

With the farmers from the southern region of Minas Gerais, from the cities of Estiva and Cambui, we
obtained strawberries from the cultivars Camarosa and Oso Grande, both organic and therefore
cultivated without agrochemical applications.

We selected the fruits with similar characteristics of size and maturation for hygiene with Sodium
Hypochlorite 0.5% and then washed the fruits in distilled water, in order to remove the excess from
the sanitizer and then dispose them at room temperature for drying.

The treatments were performed according to the previous test using a concentration of the product
based on algal extract at 40 mL L™. After 24 h, we inoculated the fruits by adding a 0.5 cm diameter
culture medium disc containing the fungal mycelium R. stolonifer.

Then, we pack the fruits in plastic boxes and inside of them we add pieces of cotton moistened with
distilled water, being immediately closed hermetically.

The assay was installed in a randomized block design. The treatment included 9 replicates, composed
of a box containing 03 strawberries as experimental unit, totaling 27 strawberries per treatment;
adding 54 strawberries in the experimental material.

We maintained the fruits in a BOD chamber at 25°C throughout the experiment period and the
incidence of the disease was evaluated in the fruits every 24h.
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In vitro and in vivo treatments in the absence and presence of sanitizing agent

In order to verify the in vitro efficiency of the algae extract in the inhibition of R. stolonifer, after the
addition of the sanitizer commercially known as Sanitary Water 2.5%, we intalled an experiment with
three treatments. Thus, we submitted the pathogen to the BDA culture medium, to the BDA culture
medium plus 40 mL.L™ algae extract and to the BDA culture medium plus algal extract 40 mL.L™ plus
bleach at 0, 5%.

The experiment was installed by adding 0.5 cm diameter disks of the R. stolonifer fungus in Petri
dishes, which were then subjected to the evaluation of mycelial growth, as previously described.

We also verified the interference of the addition of 0.5% Sodium Hypochlorite to the in vivo
experiment from three proposed treatments, the fruits being separated and sanitized (T2) and not
sanitized (T3) for immersion in a solution prepared with 40 mL L™ of algae extract.In this way, we
also select only sanitized fruits and washed in distilled water, this being the treatment control (T1).
After 24 h the inoculation of the pathogen was carried out by the addition of a 0.5 cm diameter
medium disk containing the mycelium of the pathogen, as previously described.

Finally, we pack the fruits in plastic boxes with no moistened cotton. We evaluate the incidence of the
disease in the fruits every 24 h and they remained in a BOD chamber, at 25 °C, for the entire test
period equivalent to 72 hours.

The experiment contained three treatments, identified by T1, T2 and T3, with nine replicates. Three
strawberries, totaling 81 evaluated strawberries, formed being each experimental unit. The design was
randomized blocks (DRB).

Statistical treatment

The variables mycelial growth (mm) and disease incidence (%) obtained in the measurements of all
treatments were submitted to the F test. Those that had significant results at 5% probability had their
means compared by the Scott-Knott test, also considering p < 0.05. All analyzes were made by the
SISVAR program *,

Physical-chemical tests on strawberry fruits submitted to treatment with extract of the
alga A. nodosum

Physical-chemical tests were carried out with the purpose of verifying changes in the physical-
chemical characteristics of strawberry fruits after 24 hours of exposure of strawberries to the treatment
with seaweed extract. For this, we used healthy, freshly harvested strawberry fruits whose non-
application of pesticide was guaranteed by the regional supplier. We sanitized the selected fruits with
0.5% Sodium Hypochlorite for 1 minute and then washed the strawberries under running water to
remove excess product and allowed to dry at room temperature. For addition of the seaweed extract,
we submerged the fruits in the product in the concentration of 40 mL.L™ during 05 minutes.

The proposed trials for the fruits were soluble solids, pH, titratable acidity, total sugars, total solids,
color and firmness.

We determined the color of the bark and pulp by the Minolta CR-400 colorimeter with expression of
the results in the L, C and H system, where L represents luminosity, C represents chromaticity and H
(Hue), the color angle at two points in the equatorial region of the fruits, before and after removal of
the bark. Still, we calculated the firmness in the strawberries from the use of Stable Micro Systems
TA.XT Express Texturometer operated by ExtraLab Brasil; we used a 2 mm tip and the measurements
were made at two opposite points in the equatorial region of the fruits.

The soluble solids content (SST) was determined from the pulp of the processed fruit obtained by the
centrifugation of five fruits per repetition, using a manual refractometer, where the data were obtained
in °Brix. We also measured the hydrogenation potential in MS Tecnopon bench pH meter by
immersing the electrode in beaker containing the processed fruit pulp obtained by the centrifugation of
five fruits per repetition.

For the titratable acidity, we used the samples previously prepared for pH determination and added
NaOH (0.2 N) for titration until reaching pH 8.1. The result was expressed as g/100 g Citric Acid.The
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total solids content (ST) was expressed in g / 100 g and the measurement was obtained by weighing
5.00 g of the processed fresh fruit in a porcelain dish subjected to 105 ° C in a drying oven. After 6 h
of incubation we transferred the capsule to desiccator, cooled to room temperature and weighed; this
procedure was carried out until the capsule and the dried fruit showed constant weight.

The determination of total sugars was performed by the Lane-Eyon titration method. The methodology
is based on the heat titration of the reducing sugar with complexed copper reagent, the result being
expressed in g/100g.

The methodologies used are in agreement with the bibliography entitled "Physical and Chemical
Methods for Food Analysis 1V". The Adolfo Institute published the book electronically in 2008.
Besides, the experiments was carried out in partnership with Iberpharm Laboratories of Brazil LTDA
and the Laboratory of Bromatology of the Federal Institute of Teaching, Science and Technology from
South of Minas Gerais - Campus Machado.

We carried out the tests using two treatments: T1 - Control and T3 - composed of sanitized
strawberries added with 40 mL.L™ algae extract, containing 32 strawberries per treatment.

All variables were submitted to statistical analysis using the F test in the analysis of variance using the
statistical program SISVAR™,

RESULTS AND DISCUSSION

Evaluating the mean values of the mycelial growth of the fungus R. stolonifer, submitted to the
treatment with the A. nodosum product, we found differences between the proposed treatments.
Following the experiment, it was possible to observe the growth of the pathogen on days 01 and 02,
where we detected that in the treatment without algae extract, the mycelium of the pathogen reached
the borders of Petri dishes on the second day. In addition, in the other plates with presence of the
product, the fungal mycelium did not reach the edges of the plaque in the same period.

The regression graph (Figure 1) shows that there is inhibition of the growth of the pathogen already in
the first dose used of 5 mL.L™; the reductions of the mycelial diameter are increasing and reach the
value of 49.6% in the dose of 20 mL.L™.

In the treatment of 40 mL.L™ of algal extract, the inhibition of the growth of the pathogen was 100%
whose dosage is the same found when considering the linear regression model y = ax + b.

Figure 1. The daily means of the mycelial diameter of Rhizopus stolonifer obtained in the evaluations until the
pathogen reached the border of the Petri dish of the control treatment on days 1 and 2 submitted to the respective
treatments 0, 5, 10, 20 and 40 mL.L™ of product to the base extract of the seaweed Ascophyllum nodosum.
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Figure 2. Means of the mycelial growth diameter of the fungus Rhizopus stolonifer, in mm, as a function of
dosages of Ascophyllum nodosum extract at 0, 5, 10, 20 and 40 mL.L-" on day 2 of the assay.
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The results obtained in vitro indicate the possibility of an in vivo application using the A. nodosum
extract to control soft rot in strawberry fruits. Similar responses were obtained by Silva'* evaluated the
product in the post-harvest control of anthracnose in young finger peppers (Capsicum baccatum L.),
and observed a 50% reduction in fungal incidence at a dose of 100 mL.L™.

This inhibitory effect of algal extract on pathogens may occur due to the presence of substances
produced by marine macroalgae as a defense mechanism, since they develop in an environment of
extreme conditions such as salinity, temperature and competition *.

Seaweed extracts have shown an effect on the growth of a wide range of phytopathogenic fungi
16171819 cosoveanu™®, showed reductions in the mean diameter of the colonies of the fungi Fusarium
roseum, F. oxysporum, Alternaria alternata, A. dauci, A. longipes, Trichoderma viride, Botrytis
cinerea, Aspergillus niger and Penicillium expansum. These diferences ranging from 50% to 90%,
when in the presence of extracts of the macroalgae Alaria esculenta, Fucus veiculosos, Fucus sp. and
Eklonia maxima, all available commercially.

Peres™, obtained results that confirm those observed in these trials, since the authors observed a
suppressive effect of the alcoholic extract of A. nodosum seaweed on the growth of the fungus
Colletotrichum lagenarium. However, the extract had no significant effect on growth inhibition of the
fungus Aspergillus flavus. In Monilinia fructicola, A. nodosum extract presented contrasting responses
to those observed in these trials. The product induced mycelial growth of the fungus and this increase
was proportional to the increase of the doses of the extract applied %.

After quantification of the extract dosage of A. nodosum algae required inhibiting R. stolonifer fungus,
the most appropriate treatment proposed by linear regression was applied to strawberry fruits to
evaluate post-harvest control against soft rot.

Strawberries treated with algal extract at 40 mL.L™ and inoculated with opatogen by means of
mycelial disc remained without incidence of the disease after 24, 48 and 72 hours of inoculation.

It was verified the possibility of the algae extract to have its efficiency impaired by the sanitization of
the fruits carried out by the addition of sodium hypochlorite. In this way an experiment was installed
containing the following treatments: Treatment 1 (T1) - Sanitized strawberry; Treatment 2 (T2) -
Strawberry sanitized and treated with Algae Extract, Treatment 3 (T3) - Strawberry only treated with
algae extract.
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Evaluating the fruits affected or not by soft-rot and whether or not submitted to the product based on
A. nodosum and the sanitizer, it was possible to find differences between treatments as shown in Table
1.

Table 1. Averages of incidence rates of soft-rot on strawberry fruits submitted or not to sanitization and, treated
or not with the extract product of the alga and Ascophyllum nodosum on the third day of evaluation.

Treatments Incidence (%)
T3 - Strawbarry + 40 mL.L™ seaweed extract 77.74a
T2 - Strawbarry + Sanitary water + 40 mL.L™" alga 96.28a
T1 - Strawbarry + Sanitary water 100.00b

Source: Prepared by the author

In Figure 3A it is possible to observe the behavior of the pathogen in Treatment 2 (T2) after 72h of
inoculation, with incidence of 96.28% of the disease. In Figure 3B, it is possible to observe the
strawberry fruits representative of Treatment 3 that resisted the action of the pathogen causing soft-rot
accounting for 77.74% of incidence; we also observed that the amount of mycelium of the pathogen in
Treatment 2 is lower than in Treatment3, where the predominance of black sporangia.

Figure 3. (A) Strawberries sanitized and immersed in Ascophyllum nodosum extract, inoculated with disc
containing the Rhizopus stolonifer pathogen 72 hours after inoculation and incubation at 25° without Treatment 2
(T2).(B) Strawberries immersed in the extract of Ascophyllum nodosum at 72 h after inoculation with mycelial
disk of the Rhizopus stolonifer and pathogen incubated at 25°C in Treatment 3 (T3).

Source: Prepared by the author



32

The graph represented by Figure 4 indicates the amount of healthy and contaminated strawberries on
the third day of the experiment, day corresponding to the incidence of 100% of the fruits of T1
treatment "Witness".

Figure 4. Quantity of strawberries contaminated in Treatment T1 - Strawberry + Sanitary Water, Treatment T2 -

Strawberry + Sanitary Water + 40 mL.L-1 Algae and Treatment T3 - Strawberry + 40 mL.L-1 Algae, after 72
hours of incubation at 25 °C.
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The results presented in Table 2 where the treatments of the in vivo experiment T2 and T3 do not
differ statistically, corroborate with the results of the in vitro test of mycelial growth in culture
medium where the extract of algae was able to reduce the growth of R. stolinifer.

In the in vitro assay with sodium hypochlorite, a product used as a sanitizer in strawberry fruits, we
did not observe growth of the pathogen on plaques where A. nodosum algae extract was present,
regardless of the addition or not of the sanitizer, according to Table 2.

To verify if there was a change in pH after the addition of the seaweed extract, it was measured in
medium containing only PDA and medium containing PDA added with the algae extract. The measure
obtained for the BDA was 5.66 and for the other means the values were between 7.28 - 7.57 according
to Table 2.

The addition of the A. alodosum-based algae extract provided an increase in the pH of the medium,
which changed from the acid scale to the basic one, remaining very close to the ideal pH for
maintenance of the algae extract at pH between 7,8 a 8.2*2This basic stability was sufficient to inhibit
growth of the pathogen preferring growth at acidic pH.

For Fernandes®! in experiments aimed at controlling soft rot in tomatoes, the presence of the fungus in
the fruits can be justified by the fact that they have high sugar content and pH between 4.2 and 5.8
which neglects the growth of bacteria that do not whether lactic, so fungal growth prevails.
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Table 2. Averages of fungus incidence data in in vitro tests to verify the influence of bleach.

Treatments Incidence (%) pH

T3 - PDA + 40 mL.L™* Seaweed 0.00a 7.28
T2 -PDA + 40 mL.L"Alga + Sanitary

water 0.00a 7.57

T1-PDA 100.00b 5.66

Means followed by the same letter did not differ statistically by the Scott-Knott test (p<0.05). Source: Prepared by the author

The physical-chemical analyzes for soluble solids, pH, titratable acidity, total sugars, total solids, color
and firmness did not present significant differences between the in vivo T1 and T3 treatments to which
the strawberries were submitted. Therefore, the treatment with the product based on the seaweed
extract does not interfere in the physical-chemical characteristics of the fruits, according to Table 3.

Table 3. Mean values of the physical-chemical variables Firmness and Color for the strawberry fruits submitted
to the treatment with the product with Ascophyllum nodosum extract at the concentration of 40 mL.L-1 and
Witness at the concentration of 0 mL.L-1 of the seaweed extract.

Treatments Firmness (g) Color (Hue) Luminosity (L*)
Control (T1) 92.77 a 0.56a 32.09 a
Strawberry
+ 40 mL L Seaweed (T3) 97.57 a 0.50 a 31.12a

Means followed by the same letter do not differ statistically by the F test (p < 0.05). Source: Prepared by the author

Rezende? when submitting guava fruits to the volatile compounds produced by Saccharomyces
cerevisiae to control anthracnose, obtained satisfactory results in the physico-chemical quality.
Parameters such as color, soluble solids content, firmness and pH were not interfered after treatment
with volatile compounds. For the authors, no significant differences were observed between the
control treatment and the others on the three days of evaluation of the guavas, concluding that addition
of the compounds did not interfere in the sensorial quality of the fruits.

Table 4 presents the variables acidity, sugars, pH, solids solids and total solids, where the total soluble
solids (TSS) content does not differ between treatments T1 and T3. For the pH parameter, the range is
between 3.34 and 3.48, which is common among strawberry species such as Camino Real, San
Andreas and Camarosa. Still, according to MusaZ, the pH of the strawberry varies between 3 and 3,9.
The results for ° Brix obtained by Silva® in strawberry varieties such as San Andreas, Camarosa and
Camino Real presented respectively higher TSS contents, with 7.58 ° Brix; Camarosa presented 7.08 °
Brix and the lowest content was found in the cultivar Camino Real with 6.58 ° Brix. The results
obtained in the present study were on average 6.75 for T1 and 6.83 for T3 within the range presented
in the literature.

Silva®, when studying TSS in strawberry fruits, concluded that the plants submitted to irrigation with
the extract of A. nodosum showed an increase of the parameter in the fruits. It is understood that the
fruit immersed in the extract based on A. nodosum in the presented treatment contributed to the
increase of the SST content of 6.75 for T1 compared to 6.83 found for the strawberry added of the
algae extract.
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Table 4. Means of physicochemical variables Acidity, Sugars, pH and Brix for the strawberries of T1 Treatment
representing control and Treatment T3 with addition of Ascophyllum nodosum seaweed extract at the
concentration of 40 mL.L™.

Treatments Acidity * Suggars** pH TS** TSS***
Control (T1) 1.19a 4.29a 3.34a 9.84a 6.75a
Strawberry
+ 40 mL L Seaweed (T3) 1.19a 412 a 3.48a 10.10a 6.83a

*(9/100g Citric acid) **(g/100g) ***(°Brix). Averages followed by the same letter do not differ statistically by the F test (p
< 0,05). Source: Prepared by the author

The fruits of the strawberry treated with the seaweed A. nodosum presented post-harvest profiles as pH
above 3.30 and acidity above 0.80 g/100 g of Citric Acid, which allows us to attest to the potential of
the use of algae A. nodosum for treatment of post-harvest strawberries.

CONCLUSION

The extract-based product of the seaweed Ascophyllum nodosum inhibits the mycelial growth of the
pathogen Rhizoupus stolonifer as its concentration is increased. The concentration of the product for
total phytopathogen inhibition is 40 mL L™

The extract of algae reduces the incidence of soft rot in strawberry fruits when treated at the
concentration of 40 mL L™ and inoculated by means of disk of medium containing phytopathogen
mycelium without elevation of relative humidity and under temperature of 25°C.

The treatment of the strawberry fruits with algae extract does not alter the physical-chemical
characteristics of the same indicating potential as a tool for post-harvest handling against soft-rot.
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