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Abstract: In greenhouse cultivation of stock (Matthiola incana), the main causative agent of its
death is the fungus Fusarium sp., especially in the early phenological stages, resulting in significant
losses during the first four weeks of cultivation. Therefore, the objective of this study was to evaluate
phytosanitary control techniques (chemical, biological, and antibiotics) to reduce Fusarium sp.
infection in stock (Matthiola incana) cultivation. The experiment was conducted in a randomized
block design with five treatments (control; chemical products; biological products, antibiotics, and
product combinations) and three replications. The chemical active ingredients used were aluminum
phosphite, iprodione, captan, and Hymexazol. Biological solutions included Trichoderma sp. and
Bacillus subtilis, while antibiotics used were Weed Pirocontrole, Kasugamicin, Polioxin B, Azoxystrobin,
and Kresoxym methyl. Additionally, product combinations were evaluated, such as Fosetyl aluminum,
Bacillus subtilis, Polioxin B, Hymexazol, and Azoxystrobin. Control efficacy was measured based onthe
severity of fungal growth in culture, while mortality represented the lossrate atthe end of the experiment.
The combined treatment of techniques was superior, with a mortality rate of 13.77%, compared to
the 63.00% recorded in the absolute control group. These results underscore the importance of an
integrated approach to Fusarium sp. control in stock cultivation, emphasizing the effectiveness of
combining different phytosanitary techniques to minimize losses and promote successful production.
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Resumo: No cultivo em casa de vegetagdo de aleli (Matthiola incana), o principal agente causador
da sua morte é o fungo Fusarium sp., principalmente nos estagios fenoldgicos iniciais, causando
sérias perdas durante as primeiras quatro semanas de cultivo. Assim, objetivou-se com este estudo
avaliar técnicas de controle fitossanitario (quimicos, biolégicos e antibiéticos) para reduzir ainfeccéo
causada por Fusarium sp. no cultivo de Aleli (Matthiola incana). O experimento foi conduzido em
delineamento de blocos casualizados com cinco tratamentos (controle; produtos quimicos; produtos
bioldgicos, antibidticos e combinac¢do de produtos) e trés repeticdes. Os principios ativos quimicos
utilizados foram o aluminio fosetil, iprodiona, captan e Hymexasol. As solugdes bioldgicas incluiram
Trichoderma sp. e Bacillus subtilis, enquanto os antibiéticos usados foram Pirocontrole de plantas
daninhas, Kasugamicina, Polioxina B, Azoxistrobina e Kresoxym methyl. Além disso, avaliou-se
a combinacdo de produtos, como Fosetyl aluminio, Bacillus subtilis, Polioxina B, Hymexasol e
Azoxistrobina. A eficacia do controle foi medida com base no grau de severidade do fungo em
cultura, enquanto a mortalidade representou a taxa de perdas ao final do experimento. O tratamento
combinadodastécnicasfoisuperior,comtaxade mortalidadede 13,77%,em comparacdocom63,00%
registrados no grupo de controle absoluto. Esses resultados destacam a importancia da abordagem
integrada para o controle de Fusarium sp. no cultivo de aleli, enfatizando a eficacia da combinacgéo
de diferentes técnicas fitossanitarias para minimizar as perdas e promover o sucesso da produgéo.

Palavras-chave: Matthiola incana. Aleli. Bacillus Subtilis. Trichoderma sp. Severidade.
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Control of wilt disease caused by Fusarium sp. in the cultivation of stocks (Matthiola incana)

INTRODUCTION

Flower exports in Ecuador represent revenue
of approximately 83 million dollars. The main
flowers exported to the main international markets
are mainly roses, with 10,991 tons and others
known as “summer flowers”, with 1,635 tons.
Within this last group, the stock Matthiola incana
(L.) W.T. Aiton represents 12% of total exports
(EXPOFLORES, 2023).

Considering Ecuador’s historical agricultural
potential, as indicated by the chronological
analysis proposed by Fernandez (2020), we can
see a promising technological advance in flower
production as an economic alternative. However,
economic losses caused by fungi is a factor to be
considered.

Infection with Fusarium sp. it is called fusariosis
(ALABOUVETTE etal., 1993), a phytopathological
disease that causes severe damage over time. This
damage has been driving research into its control
conventionally or through management practices, in
addition to promising studies of biological control
in several species cultivated by man (GOMES
FILHO et al., 2020).

Due to the attack by Fusarium sp., losses of stock
plants increase, making the crop more susceptible
to these infections. As these pathogens prevail, they
become more resistant to the technological control
(O’NEILL et al., 2004). Globally, these fungi represent
more than 15% of total sales losses each year, which
is economically significant (PAIVA ef al., 2022).

Knowledge of the epidemiology of the disease,
as well as control alternatives, has been of great
importance. This allowed access to available
technological resources to improve the quality of
crops, regenerate fields for sustainability and take
advantage of strategic opportunities to benefit the
country and increase the quality of life. Alternatives
for controlling Fusarium sp. in the cultivation
of stock (Matthiola incana) under greenhouse
conditions were obtained by Grigoletti Jinior (1993).

Due to the potential for diseases caused by
Fusarium sp., there is a significant threat to stock
cultivation, leading to the development of plant wilt
and death. Although chemical control is common,
it is expensive and has harmful impacts on the
environment, as verified in studies (GARCIA-
JARAMILLO et al., 2022).

INTRODUCAO

As exportagdes de flores no Equador representam
uma receita de, aproximadamente, 83 milhdes de dolares.
As flores exportadas para os mercados internacionais
mais importantes sdo, principalmente, rosas, com 10.991
toneladas, e outras conhecidas como “flores de verao”,
com 1.635 toneladas. Dentro deste ultimo grupo, o aleli
Matthiola incana (L.) W.T. Aiton representa 12% do total
das exportagdes (EXPOFLORES, 2023).

Considerando o potencial agricola historico do
Equador, conforme indicado pela andlise cronologica
proposta por Fernandez (2020), vislumbra-se um avango
tecnologico promissor na produgdo de flores como
alternativa econdmica. No entanto, perdas econémicas
causadas por fungos ¢ um fator a ser considerado.

A infecgdo por Fusarium sp. € chamada de fusariose
(ALABOUVETTE et al., 1993), doenga fitopatoldgica
que causa danos severos ao longo do tempo. Esses danos
vem impulsionando as pesquisas pelo seu controle de
modo convencional ou por meio de praticas de manejo,
além de estudos promissores de controle biolégico em
varias espécies cultivadas pelo homem (GOMES FILHO
et al., 2020).

Devido ao ataque de Fusarium sp., as perdas de
plantas de Aleli aumentam, tornando o cultivo mais
suscetivel a essas infecgdes. A medida que esses
patdgenos prevalecem, tornam-se mais resistentes aos
controles tecnologicos disponiveis para combaté-los
(O’NEILL et al., 2004). Globalmente, esses fungos
representam mais de 15% das perdas totais de vendas a
cada ano, o que ¢ economicamente significativo (PAIVA
et al., 2022).

O conhecimento da epidemiologia da doenga, bem
como as alternativas de controle, tem sido de grande
importancia. Isso permitiu o acesso aos recursos
tecnologicos disponiveis para melhorar a qualidade das
colheitas, regenerar os campos para a sustentabilidade
e aproveitar oportunidades estratégicas em beneficio do
pais e do aumento da qualidade de vida. Alternativas
para o controle de Fusarium sp. no cultivo de Aleli
(Matthiola incana) em condi¢des de estufa foram obtidas
por Grigoletti Junior (1993).

Devido ao potencial de doengas causadas pelo
Fusarium sp., existe uma ameaca significativa para o
cultivo de aleli, levando ao desenvolvimento de murcha
e morte das plantas. Embora o controle quimico seja
comum, ele ¢ dispendioso e tem impactos prejudiciais no
ambiente (GARCIA-JARAMILLO et al., 2022).
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The search for sustainable methods in
agriculture drives studies such as biological
control and the use of agrochemical molecules.
Recent research focused on Matthiola incana
production indicates promising preliminary
results, suggesting that these approaches are more
effective and eco-friendlier compared to traditional
chemical control. This scientific direction aims
to promote safer agricultural practices, reducing
environmental impact and contributing to the
sustainability of food production (ALBAN S.;
CAICEDO V., 2022).

The threats this disease poses are alarming.
Banana cultivation could lead to a collapse in
this sector, as it is a vascular infection that
spreads easily and is extremely difficult, or even
impossible, to control using traditional methods.
Therefore, the development of alternatives for the
control of Fusarium oxysporum f. sp. cubense race
4 (FOC R4) is being accelerated as highlighted
in the research carried out by Freddy Magdama
(2019).

Within this context, the objective of this study
was to evaluate various phytosanitary control
techniques (chemical, biological and antibiotics)
to reduce the infection caused by Fusarium sp. in
the cultivation of stock (Matthiola incana).

MATERIALS AND METHODS

Study location

This study was carried out at the experimental
center of the center for agricultural sciences and
natural resources (CAREN) of the Technical
University of Cotopaxi (UTC) and at the company
Floricola Gemmolles S.A., located at coordinates
X: 0772033; Y: 9904020, during the January to
August 2021, complementary studies were carried
out during January to May 2022. Under controlled
conditions in the laboratory and in a greenhouse
and field conditions, under the characteristics
of an average luminosity of 100 W m?; Average
annual precipitation of 500 to 1000 mm; Annual
temperature: minimum of 8 °C and maximum of
23 °C; Relative humidity 60%; average soil pH
6.5; Organic Matter 0.08 to 0.21 kg m~*; Wind 40
to 60 km h''; pH 8.0; Hardness < 40 ppm.

A busca por métodos sustentaveis na agricultura
impulsiona estudos com controle biolégico e
emprego de moléculas agroquimicas. Pesquisas
recentes focadas na produgdo de Matthiola incana
indicam promissores resultados preliminares,
sugerindo que essas abordagens sdo mais eficazes
e ecoamigaveis em comparagdo ao controle
quimico tradicional. Essa dire¢do cientifica
visa promover praticas agricolas mais seguras,
diminuindo o impacto ambiental e contribuindo
para a sustentabilidade da producdo de alimentos
(ALBAN S.; CAICEDO V., 2022).

As ameacas representadas por essa doenga sdo
alarmantes. No cultivo da banana pode ocorrer
um colapso nesse setor, uma vez que se trata de
uma infec¢do vascular que se propaga facilmente
e ¢ extremamente dificil, ou até impossivel, de
controlar por métodos tradicionais. Portanto, o
desenvolvimento de alternativas para o controle
de Fusarium oxysporum f. sp. cubense raca 4 (FOC
R4) esta sendo acelerado, conforme destacado na
pesquisa realizada por Freddy Magdama (2019).

Dentro desse contexto, objetivou-se com
este estudo avaliar diversas técnicas de controle
fitossanitario (quimicos, bioldgicos e antibidticos)
para reduzir a infec¢do causada por Fusarium sp.
no cultivo de Aleli (Matthiola incana).

MATERIAIS E METODOS

Local do estudo

Esse estudo foi realizado no Centro
Experimental do Centro de Ciéncias Agrarias e
Recursos Naturais (CAREN) da Universidade
Técnica de Cotopaxi (UTC) e na empresa Floricola
Gemmolles S.A., localizada nas coordenadas
X: 0772033; Y: 9904020, durante os meses de
janeiro a agosto de 2021, estudos complementares
foram realizados de janeiro a maio do ano 2022.
Em condi¢des controladas em laboratdério e em
casa de vegetacdo ¢ condi¢gdes de campo, sob as
carateristicas de luminosidade média de 100 W
m?; Precipitagdo média anual de 500 a 1000 mm;
Temperatura anual: minima de 8 °C e maxima de
23 °C; Umidade relativa média 60%; pH médio
do solo 6,5; Matéria Orgéanica 0,08 a 0,21 kg m;
Vento 40 a 60 km h''; pH 8,0; Dureza < 40 ppm.

Revista Agro@mbiente On-line, v. 18, 7848, 2024 3



Control of wilt disease caused by Fusarium sp. in the cultivation of stocks (Matthiola incana)

Laboratory Phase

In this phase, three analyzes were carried
out, at three times. The first consisted of
an analysis of the sandy loam soil sample
in the 0-20 cm layer, in the planting area
before applying the treatments, in order to
verify the prevalence of Fusarium sp.. The
second analysis took place at the experiment
establishment, involving soil samples and
samples from five plants that were taken
once the 10-week cultivation was installed.
The third analysis of the soil sample to check
Fusarium sp was carried out four weeks after
the experiment was installed, following the
same procedure as the second collection.

Once the culture was installed, the
monitoring results were evaluated and
recorded every eight days during the ten
weeks of the production cycle. Additionally,
samples of plant material were collected
and subjected to microscopic and molecular
analysis.

Pathogen Isolation and Characterization

In the laboratory, the collected samples
were isolated and purified three isolates of the
fungus Fusarium sp. (FUS1, FUS2 and FUS3).
Monosporic cultures were obtained (GONZALEZ
et al., 2012). These cultures were cultured in
petri dishes containing potato dextrose agar
(PDA) medium and incubated in the dark at 27
°C. Morphological characterization involved
checking the color of the colony, as well as
the presence of macroconidia, microconidia
and chlamydospores in a sample of 60 spores
(LESLIE et al., 2006).

For the molecular characterization of the
fungal pathogen, soil and stem samples were sent
to the Agrocalidad laboratory, where they were
analyzed using the PEE/FP/10 -Conventional
PCR method.

Fase de Laboratoério

Nessa fase, foram realizadas trés analises,
em trés épocas. A primeira consistiu em uma
analise da amostra de solo franco-arenoso na
camada de 0-20 cm, na area do plantio antes da
aplicagdo dos tratamentos, a fim de verificar a
prevaléncia de Fusarium sp.. A segunda analise
ocorreu no estabelecimento do experimento,
envolvendo amostras do solo e amostras de
cinco plantas que foram tomadas uma vez
instalado o cultivo e teve duragdo de 10
semanas. A terceira analise da amostra de solo
para verificar Fusarium sp foi realizada quatro
semanas depois de instalado o experimento,
seguindo o mesmo procedimento da segunda
coleta.

Uma vez instalada a cultura, o resultado do
monitoramento foi avaliado e registrado com
frequéncia de oito dias de intervalo durante
dez semanas do ciclo de produg¢ao. Além disso,
amostras de material vegetal foram coletadas e
submetidas a andlise microscopica e molecular.

Isolamento e Caracterizagdo do Patdégeno

Em laboratério, as amostras coletadas foram
isoladas e purificados trés isolados do fungo
Fusarium sp. (FUS1, FUS2 e FUS3). Foram
obtidos cultivos monospéricos (GONZALEZ
et al., 2012). Esses cultivos foram repicados
em placas de Petri contendo meio de agar papa
dextrose (PDA) ¢ incubados no escuro a 27
°C. A caracterizagdo morfologica envolveu a
verificagdo da coloragdo da coldonia, bem como
a presenga de macroconidios, microconidios
e clamidoésporos em amostra de 60 esporos
(LESLIE et al., 2006).

Para a caracterizagcdo molecular do patdégeno
fiangico, as amostras de solo ¢ caule foram
enviadas ao laboratério da Agrocalidad, onde
foram analisadas utilizando o método PEE/FP/10
-PCR Convencional.
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Field phase

Establishment and Conduct of the Experiment

The plant material used were stock seeds
(Matthiola incana) of the “All Double
White Beach” variety, originating in Japan.
Simultaneously with the beginning of the
laboratory phase, the field phase was carried
out, in this phase the establishment of the trial
began with pre-cultural and cultural activities
including land cleaning, plowing, leveling,
marking planting rows, irrigation, disinfection,
soil fertilization, receiving seedlings and
transplanting, fertigation, staking, weed
control, monitoring and sample collections.

Three soil samples were collected for
laboratory analysis, chosen randomly before
soil preparation, to check the presence of
Fusarium sp.. The treatments were then applied.
After 24h, another soil and plant sample were
collected per plot and sent to the laboratory to
determine the prevalence of Fusarium sp. in
cultivation. Once cultivation was established,
monitoring was carried out and recorded every
8 days over the 10 weeks of the production
cycle.

The sampling universe consisted of 100
plants, with ten plants being randomly
evaluated per plot. An additional soil sample
of five plants was collected in the fourth
week to determine Fusarium sp. in the lab.
The applications of phytosanitary measures
were carried out preventively and curatively
at 15-day intervals.

An experimental design of Randomized
Complete Blocks (DBC) was established with
three replications and five treatments. The
treatments were structured as follows:

1 - Chemical Control (TQI)

Fase de campo

Estabelecimento e Condugéo do Experimento

Sementes de aleli (Matthiola incana) da
variedade “All Double White Beach”, originarias
do Japdo, foram utilizadas como material vegetal.
Simultaneamente ao inicio da fase de laboratoério,
realizou-se a fase de campo, nesta fase do
estabelecimento do ensaio, comegou-se com
atividades pré-culturais e culturais, incluindo
limpeza do terreno, arac¢do, nivelamento,
marcacdo das fileiras de plantio, irrigacao,
desinfec¢do, adubacdo edafica, recebimento de
mudas e transplante, fertirrigagdo, tutoramento,
controle de ervas daninhas, monitoramento e
coleta de amostras.

Foram coletadas trés amostras de solo
para analises laboratoriais, sendo escolhidas
aleatoriamente antes do preparo do solo, para
verificar a presenca de Fusarium sp.. Na sequéncia,
aplicou-se os tratamentos. Apds 24 h, foi coletada
outra amostra do solo e das plantas, por parcela,
e enviada para o laboratério para determinar
a prevaléncia de Fusarium sp. no cultivo. Uma
vez estabelecido o cultivo, o monitoramento foi
realizado e registrado a cada 8 dias ao longo de 10
semanas do ciclo produtivo.

O universo de amostragem consistiu em 100
plantas, sendo avaliadas aleatoriamente dez plantas
por parcela. Uma amostra adicional de cinco
plantas com solo foi coletada na quarta semana
para determinar Fusarium sp. no laboratoério.
As aplicagdoes de medidas fitossanitarias foram
realizadas de forma preventiva e curativa com
intervalos de 15 dias.

Foi estabelecido um desenho experimental
de Blocos Completos ao Acaso (DBC) com trés
repeticoes e cinco tratamentos. Os tratamentos
foram, assim, estruturados:

Products Doses Application time

Fosetyl Aluminum (Soil)  4.0gL" Before transplant (dranch)
Iprodione 1.0cclL’ Week?2

Captan 10glL" Week 4

Fosetyl Aluminum 20glLT Week 6

Hymexasol 36% 10cclL’ Week8
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2 - Biological Control (TBI)

Products Doses Application time
Trichoderma sp (Soil) 10gL’ Before transplant (dranch)
Bacillus subtilis 20cc L’ Week?2

Trichoderma sp 1.0glL?! Week 4

Bacillus subtilis 20glL" Week 6

Trichoderma sp 1.0ccl' Week8

3 - Antibiotic Control (TAN)

Products Doses Application time
Pyrocontrol 1 tank Before transplant
Kasugamycin 0.8cclL' Week?2
Polyoxyn B 0.5cclL’ Week4
Azoxystrobin 0.5gL"! Week 6
Kresoxym methyl 0.5gL"! Week 8
4 - Combined treatment (TCB)
Products Doses Application time
Fosetyl Aluminum (Soil) 4.0 g L™ Chemical Before transplant (drench)
Bacillus subtilis 2.0cc L' Biological Week 2
Polyoxyn B 0.5cc L' Antibiotic Week 4
Elymexasol 36% 1.0cc L' Chemical Week 6
Azoxystrobin 0.5gL" Antibiotic Week 8

5 — Control: no phytosanitary applications for Fusarium sp.

The total area consisted of fifteen plots of
2.50 m x 0.40 m, separated by intermediate
plots of 4.50 m x 0.80 m, with a 0.50 m wide
path on each side to avoid edge effects or
contamination between test arecas with different
treatments.

Variables evaluated

The length and diameter of the floral stem,
number of leaves and the percentage of severity
of the fungus on the stock plants were evaluated,
according to Equation 1. The severity levels were:
level 1 or initial severity - healthy, grades 1 to 4
and level 2 or medium severity - grades 5 to 9 and
finally, the assessment of mortality.

% Severity =

Total of diseased plants

A area total consistiu em quinze parcelas de 2,50
m x 0,40 m, separadas por parcelas intermediarias
de 4,50 m x 0,80 m, com um caminho de 0,50 m de
largura em cada lado para evitar efeitos de borda
ou contaminac¢do entre as areas de ensaio com
diferentes tratamentos.

Variaveis avaliadas

Foram avaliados comprimento e diametro da
haste floral, nimero de folhas e percentagem de
severidade do fungo nas plantas de aleli, conforme
Equacdo 1. Os niveis de severidade foram: nivel 1
ou severidade inicial - saudavel, graus 1 a 4 e nivel
2 ou severidade média - graus 5 a 9) e, por fim, a
avaliagdo da mortalidade.

x100

Total of plants observed

(Eq. 1)
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Statistical analysis

Using the Microsoft Excel 2010
spreadsheet and InfoStat v 12.0 software,
the variables were analyzed using analysis
of variance and the F test. When a
statistically significant difference was
identified, mean tests were performed using
the multiple comparison method of Tukey
with a significance level of 5%.

RESULTS AND DISCUSSION

Morphological Characteristics of the Colony

Table and Figure 1 present the morphological
characteristics of F. oxysporum (FUS1, FUS2,
FUS3) isolated from stock stems with wilt
symptoms.

Anadlise estatistica

Utilizando a planilha de calculo Microsoft
Excel 2010 e o software InfoStat v 12.0, as
variaveis foram analisadas por meio da analise
de variancia e do teste F. Quando foi identificada
uma diferenca estatisticamente significativa,
foram realizados testes de médias utilizando o
método de comparagdes multiplas de Tukey com
um nivel de significdncia de 5%.

RESULTADOS E DISCUSSAO

Caracteristicas Morfolégicas da Col6nia

Na Tabela e Figura 1, sdo apresentadas as
caracteristicas morfoldogicas do F. oxysporum
(FUS1, FUS2, FUS3) isolados de caules de aleli
com sintomatologia de murcha.

Table 1 - Morphological characteristics of F. oxysporum (FUS1, FUS2, FUS3)
isolated from stock stem samples with wilt symptoms

Tabela 1 - Carateristicas Morfolégicas do F. oxysporum (FUS1, FUS2,
FUS3) isolado de amostras de caules de aleli com sintomas de murcha

Morphological Features

Description of the Colony

Color
Macroconidia
Microconidia
Chlamydospores

Length of Macroconidia (um) 53,8

Macroconidia width (um)

Length of Microconidia (um) 18,3

Length of Microconidia (um)

Mycelium initially white, changing to violet
Sickle-shaped

Oval, with 2 to 3 septa

Globose and lonely

Measurements were carried out with a 40X magnification lens on the microscope, using a

sample of 60 spores from each fungal structure.

As medicées foram realizadas com uma lente de aumento de 40X no microscdpio, usando
uma amostra de 60 esporas de cada estrutura do fungo.
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Figure 1 - Morphological characteristics of F. oxysporumFUS1, FUS2, FUS 3 isolated
from stock stem samples with wilt symptoms.

A and B. Cottony mycelium of the fungus, white and purple; C. Microconidia (length: 18.3 pm; width:
6.9 um); D. Macroconidia (length: 53.8 um; width: 8.1 um); E. Chlamydospores spherical in shape.
Figura 1 - Caracteristicas morfoldgicas do F. oxysporum FUS1, FUS2, FUS 3
isolados de amostras de caules de aleli com sintomas de murcha.

A e B. Micélio algodonoso do fungo, de cor branca e roxa; C. Microconidios (comprimento: 18,3 um;
largura: 6,9 um),; D. Macroconidios (comprimento: 53,8 um;, largura: 8,1 um),; E. Clamiddsporas de

forma esférica.
Molecular Characterization

Through molecular characterization,
the presence of Fusarium oxysporum was
demonstrated. This is the reason for the low
vegetative development of plants in the first
weeks of growth, due to the presence of the
pathogen in its initial inoculum state (Table 2).
According to the samples analyzed in the soil
and stem, the presence of Fusarium oxysporum
at the molecular level, as well as other non-
phytopathogenic fungi.

Regarding the length of the floral stem, it
was found that the greatest length during 10
weeks of evaluation occurred when using the
combined treatment, with values varying from
2.05to 49.86 cm. On the other hand, the shorter
length in most evaluation weeks was observed
when biological products were used (Figure 2).
The overall average varied from 1.75 to 43.99 cm
in length throughout the study period.

Caracterizagdo Molecular

Por meio da caracterizacdo molecular foi
demonstrada a presenca de Fusarium oxysporum.
Essa é a razdo para o baixo desenvolvimento
vegetativo das plantas nas primeiras semanas de
crescimento, devido a presen¢a do patégeno em
seu estado inicial de inoculo (Tabela 2). De acordo
com as amostras analisadas no solo e no caule, foi
identificada a presenca de Fusarium oxysporum
a nivel molecular, bem como outros fungos nao
fitopatogénicos.

Quanto ao comprimento da haste floral,
verificou-se que o maior comprimento durante as
10 semanas de avaliacdo ocorreu ao se empregar o
tratamento combinado, com valores variando de 2,05
a 49,86 cm. Por outro lado, o menor comprimento,
na maioria das semanas de avaliac¢do, foi observado
quando se empregou produtos bioldgicos (Figura
2). A média geral variou entre 1,75 ¢ 43,99 cm de
comprimento ao longo do periodo do estudo.
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Table 2 - Molecular Characterization of Fusarium sp. in stock plants at the initial stage
Tabela 2 - Caracterizagdo Molecular de Fusarium sp. em plantas da aleli no estagio inicial

Results
FP? COT? PI3 PCR Conv.?
FungFT* FungNFT®
20-0792  1609-3751-145957-1 Soil  PEETP110 Fusarium oxysporum  Cladasporium sp. Mucor sp
20-0798 1609-3766-609768-1 Soil  PEE/FP/10 Fusarium oxysporum  Mucor sp
20-0793  1609-3754-455395-1 Soil  PEUFP/10 Fusarium oxysporum  Cladosporium sp

21-0056  1611-7669-993670-1 R1 TFI  Stalk PEETP110 Fusarium oxysporum  Negative
21-0055 161 1-7666-633797-1 R1 TAB Stalk PEE/FP/10 Fusarium oxysporum  Negative

21-0052 611-7657-790627-1 R1 TQl Stalk PEUFP/10 Fusarium oxysporum  Negative

'FP - Laboratory Sample Code; ?COT - Identification of the sample in the field; PI - Isolated Part®; PCR Conv. -Conventional PCR method;
4FungFT - Phytopathogenic Fungi; S(FUNGNFT - Non-Phytopathogenic Fungi.
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Figure 2 - Average length of stock floral stems depending on the treatments studied, over ten week.
Figura 2 - Média de comprimento das hastes florais de aleli em funcdo dos tratamentos estudados, durante
dez semanas.

According to the results the overall average Conforme resultados, a média geral das hastes
of the stems ranged from 37 to 44 cm in variou entre 37 ¢ 44 cm de comprimento, com
length, with an inflorescence of 20 cm in the inflorescéncia de 20 cm, no estado fenolodgico de
phenological state of flowering in week 10. To florescimento na semana 10. Para o fechamento
complete the cycle and harvest, allow 12 weeks, do ciclo e colheita, prever-se 12 semanas, duas
two additional weeks to the period of the study. semanas adicionais ao periodo do estudo. Assim,
Thus, it is estimated that the final length of the estima-se que o comprimento final da haste floral
floral stem will reach 74 cm and 30 cm for the alcance 74 cm e 30 cm para inflorescéncia. Em
inflorescence. In stock, there is no knowledge aleli, ndo se tem conhecimento da existéncia
of the existence of new varieties with stems that de novas variedades com hastes que alcancam
reach 1 m in length and produce inflorescences 1 m de comprimento e produzam inflorescéncia
between 30 and 40 cm, with double flowers na faixa entre 30 e 40 cm, com flores duplas
(TORRES C.; JACOME M., 2012). (TORRES C.; JACOME M., 2012).
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Regarding the stem diameter, the TFI treatment
was 5.73 mm higher, while the TAB reached
4.78 mm (Figure 3). The diameter of the stock
is not part of the parameters established for its
classification as a cut flower (VERDEGUER et
al., 1999). Therefore, it is estimated that the
thickening of the diameter will reach 7 mm by
harvest (12 weeks), according to the genetics of
the crop.

The average number of true leaves obtained in
this study was higher in the antibiotic treatment
with 38 leaves, while the lowest value was
recorded in the combined treatment with 35
leaves (Figure 3).

Quanto ao didametro da haste, o tratamento
TFI, foi superior a 5,73 mm, enquanto o TAB
alcangou 4,78 mm (Figura 3). O didmetro
do Aleli ndo faz parte dos parametros
estabelecidos para sua classificagdo em flor
de corte (VERDEGUER et al., 1999). Portanto,
estima-se que o engrossamento do didmetro
alcance 7 mm até a colheita (12 semanas), de
acordo com a genética da cultura.

A média de folhas verdadeiras obtida nesse
estudo foi superior no tratamento antibiotico,
com 38 folhas, enquanto o valor mais baixo foi
registrado no tratamento combinado, com 35
folhas (Figura 3).

Legend [ tan [ van [ o0 [ e [ v

1 2 5 4 | 5

b 7 ] 4 10

4«,

Stem diameier (mm)

= u

Treatments

Figure 3 - Average diameter of the stock floral stem depending on the treatments studied, over ten weeks.
Figura 3 - Média do diametro da haste floral de aleli em fungdo dos tratamentos estudados, durante dez

semanas.

Stock has entire, lanceolate and obtuse
leaves, with a width varying between 5 and
8 cm, length between 20 and 30 cm, green
or greyish-green in color, with a very short
petiole and arranged on the stems in an
alternating manner (VERDEGUER et al. ,
1999). The results obtained (Figure 4) are
within the limits indicated above, highlighting
that the quantity of leaves on the floral stem
directly influences its quality (ALBAN S.;
CAICEDO V., 2022).

O Aleli apresenta folhas inteiras, lanceoladas,
obtusas, com largura variando entre 5 ¢ 8§ cm,
comprimento entre 20 e 30 cm, de cor verde
ou verde-acinzentado, com peciolo muito curto
e dispostas nos caules de forma alternada
(VERDEGUER et al., 1999). Na Figura 4,
verifica-se que os resultados estdo dentro dos
limites acima indicados, destacando-se que a
quantidade de folhas na haste floral influencia
diretamente em sua qualidade (ALBAN S.;
CAICEDO V., 2022).
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Figure 4 - Average number of stock leaves depending on the treatments studied, during ten weeks.
Figura 4 - Media de numero de folhas de aleli em funcdo dos tratamentos estudados, durante dez semanas.

For the study of severity, in the initial phase
(week 1) it was close to zero. It is assumed that
the transplanted plants were not infected by the
pathogen (Figure 5). From that week, the severity
appears and worsens as plants become infected
by the pathogen. At the end of the 10 weeks,
there was an overall average of 17% severity,
with average rates per week varying from 5 to
21% (Figure 6).

Para o estudo da severidade, na fase inicial
(semana 1), foi proximo de zero. Presume-se que
as plantas transplantadas ndo estavam infectadas
pelo patogeno (Figura 5). A partir dessa semana,
h4a surgimento e agravamento da severidade
conforme as plantas sdo infectadas pelo patéogeno.
Ao término das 10 semanas, verificou-se média
geral de 17% de severidade, com indices médios
por semana variando de 5 a 21% (Figura 6).

LEVEL 1

Healthy Degree 1

Degree 2

Degree 3 Degfee 4

Figure 5 - Severity scale for level 1 in week 1 of stock cultivation.
Figura 5 - Escala de severidade, para o nivel 1, na semana 1 de cultivo da alell.
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Figure 6 - Results of Initial Severity in the treatments studied.
Figura 6 - Resultados da Severidade Inicial nos tratamentos estudados.

Due to the action of the pathogen, the lower
infection value indicates better control over
the presence of Fusarium sp. This value was
recorded in the absolute control group, with
13% of plants infected in the initial state. The
highest value of 27% corresponds to antibiotic
treatment (Figure 6). The result observed in
the absolute control group is due to the natural
resistance of the plants in the initial phase.

To improve pest control, field and laboratory
research is carried out, allowing specific
monitoring systems to be established as well
as population indices to issue a warning or
signal predicting economic damage to a crop
by a given pest. Thus, signaling methodologies
are technical documents that regulate the
monitoring and decision-making for the
control of pests of economic importance,
which is aligned with the verification of the
phytosanitary status of the crop and its initial
control (SHARIFIAN et al., 2022).

Medium Severity is measured in five degrees
of infection and the damage caused by the
pathogen in most cases can be corrected with
appropriate measures. The overall average
of initial infection was 8.74%, with average
weekly rates ranging from 3.20% to 13.40%
(Figures 7 and 8).

Devido a a¢do do patéogeno, o valor mais baixo
de infecg¢do indica um melhor controle sobre a
presenca de Fusarium sp. Esse valor foi registrado
no grupo de controle absoluto, com 13% das plantas
infectadas no estado inicial. O valor mais alto, de
27%, corresponde ao tratamento com antibidtico
(Figura 6). O resultado observado no grupo de
controle absoluto se deve a resisténcia natural das
plantas na fase inicial.

Para melhorar o controle de pragas, sdo
realizadas pesquisas de campo e¢ laboratério que
permitem estabelecer sistemas de monitoramento
especificos, bem como indices populacionais para
emitir um aviso ou sinal de previsdo de danos
econdmicos a uma cultura por uma determinada
praga. Assim, as metodologias de sinalizacdo sdo
documentos técnicos que regulamentam o trabalho
de monitoramento e¢ tomada de decisdes para o
controle de pragas de importidncia econémica, o
que estd alinhado com a verificagdo do estado
fitossanitario da cultura e seu controle inicial
(SHARIFIAN et al., 2022).

Severidade Média é medida em cinco graus de
infec¢do, e os danos causados pelo patdégeno na
maioria dos casos podem ser corrigidos com as
medidas apropriadas. A média geral de infecgdo
inicial foi de 8,74%, com indices médios semanais
variando de 3,20% a 13,40% (Figuras 7 ¢ 8).
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Figura 7 - Escala de severidade, para o nivel 2, da alell.
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Figura 8 - Resultados de Severidade Nivel Médio da alel.

The lower infection value demonstrates better
control over the presence of Fusarium sp., and
this value was recorded in two treatments, the
combined and the antibiotic, with 10.33% of
plants infected in a moderate state each. The
highest value recorded is 20.00%, corresponding
to the absolute control treatment (Figure 6).

O valor mais baixo de infec¢do demonstra um
melhor controle sobre a presenca de Fusarium sp.,
e esse valor foi registrado em dois tratamentos, o
combinado e o antibidtico, com 10,33% de plantas
infectadas em estado moderado cada um. O valor
mais alto registrado ¢ de 20,00%, correspondente
ao tratamento de controle absoluto (Figura 6).
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The differences observed between the root
colonization pattern of a pathogenic strain and
that observed in a non-pathogenic strain appear to
be the frequency of dead apices and the intensity
of fungal colonization in the bark. When the
pathogen passed around the barrier formed by
the hypodermis, it always reached the xylem,
although this barrier and other defense reactions
induced at different levels always prevented the
non-pathogenic strain from reaching the stele.
These observations suggested that the main
differences between the two types of interactions,
between the plant and the pathogenic or non-
pathogenic strains, were quantitative and not
qualitative (AKAT, 2020), which is in complete
agreement with the fact that in the early stages
of the inoculum, the pathogen can be controlled,
and these data make it possible to preventively
treat its presence.

Mortality. The overall cycle average was
25.40% mortality. At the end of the experiment,
the combined treatment had the lowest average
with 13.77% mortality, while the absolute control
had 63.00% mortality (Figure 8).

As it is a select variety whose characteristic is
the production of 90% of double flowers, the loss
rate is significantly affected.

O’Neill et al., 2004, mention that the symptoms
of Fusarium sp include: “One-sided wilting that
progressed from the base upwards. The leaves
subsequently turned white, growth stunted, and
the plant died. The roots appeared healthy, but
the tissues vascular cells were dyed dark brown”,
which is in complete agreement with what is
shown in figure 5 regarding mortality and the
results obtained at the end of the experiment.

To determine the prevalence of Fusarium sp.,
it was necessary to collect untreated soil samples,
which were analyzed in Agrocalidad laboratories
in Tumbaco, Pichincha province, Ecuador.

According to the results obtained by the PEE/
FP/10 - Conventional PCR method, the presence
of Fusarium oxysporum was identified and
confirmed, in addition, non-phytopathogenic fungi
were found in the samples, such as Cladosporium
sp. and Mucor sp. (Table 6). These results indicate
the dispersion of the pathogen and its distribution
in the production area, thus representing a high
risk of initial infection.

As diferencas observadas entre o padrdo de
colonizac¢do da raiz de uma cepa patogénica e o
observado em uma cepa ndo patogénica parecem
ser a frequéncia de dpices mortos e a intensidade
da colonizagdo fungica na casca. Quando o
patéogeno passou ao redor da barreira formada
pela hipoderme, ele sempre chegou ao xilema,
embora essa barreira e outras rea¢des de defesa
induzidas em diferentes niveis sempre tenham
evitado que a cepa ndo patogénica chegasse a
estela. Essas observagdes sugeriram que as
principais diferengas entre os dois tipos de
interacdo, entre a planta ¢ as cepas patogénicas
ou ndo, eram quantitativas e ndo qualitativas
(AKAT, 2020), o que esta em total concordancia
com o fato de que, nas primeiras fases do indculo,
o patogeno pode ser controlado, e esses dados
permitem tratar preventivamente sua presenga.

Com relagdo a mortalidade, a média geral do
ciclo foi de 25,40%. Ao final do experimento, o
tratamento combinado teve a menor média com
13,77% de mortalidade, enquanto o controle
absoluto teve 63,00% de mortalidade (Figura 8).

Por se tratar de uma variedade select, cuja
caracteristica ¢ a produgdo de 90% de flores duplas,
o indice de perda afeta significativamente.

O’Neill ef al.(2004) mencionam que os sintomas
de Fusarium sp incluem: “Murcha unilateral que
progrediu da base para cima. As folhas posteriormente
embranqueceram, o crescimento atrofiou e a planta
morreu. As raizes pareciam saudaveis, mas os tecidos
vasculares estavam tingidos de marrom escuro”, o
que esta em total concorddncia com o exposto na
figura 5 sobre a mortalidade e os resultados obtidos
ao final do experimento.

Para determinar a prevaléncia de Fusarium
sp., foi necessario coletar amostras de solo néo
tratado, que foram analisadas nos laboratorios da
Agrocalidad em Tumbaco, provincia de Pichincha,
Equador.

De acordo com os resultados obtidos pelo
método PEE/FP/10 - PCR Convencional, a
presenca de Fusarium oxysporum foi identificada
e confirmada, além disso, foram encontrados
fungos ndo fitopatogénicos nas amostras, como
Cladosporium sp. e Mucor sp. (Tabela 6). Esses
resultados indicam a dispersdo do patéogeno e sua
distribuicdo na area de produgdo, representando,
assim, um alto risco de infec¢do inicial.

Revista Agro@mbiente On-line, v. 18, 7848, 2024 14



E. G. Guerra et al. (2024)

Legend . AR . TAN . TR . 1F1 . 101

1 2 4 & 4

3 | 7 ¥

o=

40-

0= |||
N I n IIII |I

Mortality (%)

it 1o

AECTAN T CTEL TQETAIETAN T TET TQE TARRTAR FRDOCTTT TQE TAIR TAN TECUIT TQL AR FAN TETIT g

TAIREAN TREOTIT OTQUTAR AN FRLOTTD TQN TAR AN THMTL QL FANCRAN PRIV TQE FARORAN MR M 10

Treatments

Figure 9 - Stock’s mortality results depending on treatments.
Figura 9 - Resultados de Mortalidade de aleli em fungdo dos tratamentos.

The fungus also survives in the soil as
a saprophyte or in plant remains, where it
remains viable for up to 10 years. When a
healthy plant grows in soil infested by the
fungus, contact with the roots induces the
germination of conidia, the spur germ tube
or mycelium penetrating directly through
the tip of the roots or entering them through
wounds or points of lateral root formation.
The mycelium advances intercellularly through
the cortex of the roots and, when it reaches
the xylem vessels, it enters through the ends.
The mycelium remains in the vessels and
moves mainly upwards, towards the stem and
crown of the plant (GARCIA-JARAMILLO
et al., 2022). According to the author, it is
important to determine the population index
of a pathogen whose prevalence characteristics
must be measured so that more effective control
measures can be taken.

O fungo também sobrevive no solo, como
saprofita ou em restos vegetais, onde permanece
viavel por até 10 anos. Quando uma planta
saudavel cresce em solo infestado pelo fungo,
o contato com as raizes induz a germinacdo
de conidios, o tubo germinativo da espora ou
o micélio penetra diretamente pela ponta das
raizes ou entra nelas através de feridas ou
pontos de formacgao de raizes laterais. O micélio
avanga intercelularmente pelo cortex das raizes
e, quando atinge os vasos do xilema, entra
pelas extremidades. O micélio permanece nos
vasos ¢ se move principalmente para cima, em
diregdo ao caule e a coroa da planta (GARCIA-
JARAMILLO et al., 2022). Conforme o autor, ¢
importante determinar o indice populacional de
um patdégeno cuja caracteristica de prevaléncia
deve ser medida para que agdes de controle mais
eficazes possam ser tomadas.
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Control of wilt disease caused by Fusarium sp. in the cultivation of stocks (Matthiola incana)

The research results highlight the significant
impact of Fusarium sp. in the cultivation of
stock, causing damage to the height of the
plants, number of leaves, size of the flowers
and worsening of the disease in the floral canes.
The most effective control method involves a
combined approach incorporating chemical,
biological, and antibiotic techniques. This
method drastically reduces the severity of
the disease and improves the quality of the
flowers. Moreover, it proves to be a viable and
sustainable option, showing a promising result
of 22 stems per square meter. These findings
support the use of this combined treatment as
an effective strategy for controlling Fusarium
sp. in the cultivation of stock.

In accordance with the methodology, in
the fifth week of the experiment, laboratory
results on the stock stems showed total infection
by Fusarium oxysporum and Fusarium sp.,
indicating a marked prevalence of the pathogen
both in the soil and in plant tissue.

CONCLUSIONS

The results of the study demonstrate that
Fusarium oxysporum and Fusarium sp. are a
significant pest in stock (Matthiola incana)
cultivation, negatively affecting plant height,
number of leaves, diameter, and quality of floral
stems;

Combined treatment, which involves chemical,
biological, and antibiotic techniques, is the most
effective method to reduce the severity of the
disease and improve the quality of flowers;

The combined treatment 1is the most
sustainable, with a production of 22 stems per
square meter.

Os resultados da pesquisa destacam o impacto
significativo do Fusarium sp. no cultivo de aleli,
causando danos a altura das plantas, quantidade
de folhas, tamanho das flores e agravamento da
doenga nas varas florais. O método de controle
mais eficaz envolve uma abordagem combinada
que incorpora técnicas quimicas, bioldgicas e
antibioticas. Este método reduz drasticamente
a severidade da doenga e aprimora a qualidade
das flores. Além disso, demonstra ser uma opgao
viavel e sustentavel, mostrando um resultado
promissor de 22 hastes por metro quadrado.
Essas descobertas respaldam a utilizagdo desse
tratamento combinado como wuma estratégia
efetiva para o controle do Fusarium sp. no cultivo
de aleli.

De acordo com o estabelecido na metodologia,
na quinta semana do experimento, os resultados
laboratoriais nos caules de aleli mostraram infecgao
total por Fusarium oxysporum ¢ Fusarium sp.,
indicando uma marcada prevaléncia do patéogeno
tanto no solo quanto no tecido vegetal.

CONCLUSOES

Os resultados do estudo demonstram que
Fusarium oxysporum e Fusarium sp. sdo uma
praga significativa no cultivo de aleli (Matthiola
incana), afetando negativamente a altura da planta,
o numero de folhas, o didmetro ¢ a qualidade das
hastes florais;

O tratamento combinado, que envolve técnicas
quimicas, biolégicas e antibioticas, ¢ o método
mais eficaz para reduzir a gravidade da doenga e
melhorar a qualidade das flores;

O tratamento combinado é o mais sustentavel,
com uma produgdo de 22 hastes por metro
quadrado.
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