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Resumo

Espécies de Meloidogyne produzem massas de ovos que contém nutrientes que podem servir
de substrato para alimentacéo de microrganismos da rizosfera. Neste trabalho foram isolados
fungos e bactérias que colonizam massas de ovos de M. paranaensis presentes em raiz de
cafeeiro e avaliados os efeitos toxicos de suas emissdes volateis em juvenis de segundo
estagio (J) de M. incognita. Entre os fungos encontrados, 67% corresponderam ao género
Fusarium, sendo que 52% corresponderam a espécie F. oxysporum. Entre as bactérias foram
encontrados 7 géneros diferentes, predominando o género Pseudomonas. Todos os isolados de
F. oxysporum e F. solani causaram até 100% da imobilidade em testes in vitro e reduziram
significativamente a infectividade e reproducéo de M. incognita in vivo. Alguns isolados
bacterianos causaram imobilidade e mortalidade dos J. de M. incognita e reduziram em até
99% a sua infectividade e reproducdo em tomateiros quando os J» foram expostos aos
vapores. A agua que foi exposta aos vapores emitidos pelos isolados fungicos e bacterianos
causou toxicidade aos J e reduziu a infectividade e reproducdo de M. incognita, quando
inoculados em tomateiro. Os compostos volateis emitidos pelos isolados fungicos e
bacterianos foram identificados por cromatografia gasosa acoplada a espectrometria de
massas (GC-MS) e agrupados em 8 classes principais, como ésteres, alcoois, fendis, aldeidos,
cetonas, écidos carboxilicos, compostos sulfurados e sesquiterpenos. Na dgua que foi exposta
vapores dos isolados fungicos e bacterianos foram identificadas, pela primeira vez, moléculas
de diversos grupos quimicos. O nimero de moléculas encontradas na agua téxica foi menor
do que nos vapores emitidos pelos fungos e as bactérias. Dentre os compostos identificados
encontraram-se compostos ja relatados com alta atividade nematicida. Portanto, os fungos e
bactérias encontrados nas massas de ovos de M. paranaensis causam antagonismo a M.
incognita pelos voléteis emitidos.

Palavras-chave: Nematoide de galhas, controle, fitonematoides, tomateiro, cromatografia
gasosa



Abstract

Meloidogyne species produce egg masses containing nutrients which may serve as feeding
substrate for rhizospheric microorganisms. In the present work we isolated fungi and bacteria
form Meloidogyne paranaensis egg masses. Amongst the fungi isolated 67% belonged to the
Fusarium genus and within those 52% of the isolates were of the F. oxysporum species and
were found seven different genera of bacteria, predominating Pseudomonas genus. Isolates
from F. oxysporum and F. solani causing up to 100% immobility in in vitro tests and reduced
M. incognita infectivity and reproduction in tomato when J, were exposed to fungal volatiles.
Also, bacteria isolates reducing 99% infectivity and reproduction when exposed to bacterial
vapors, compared to the control. Water exposed to vapors by fungi and bacteria and mixed to
the J» suspension caused toxicity in M. incognita J» and reduced infectivity and reproduction
of nematodes inoculated in tomato, when compared to the control. Using gas
chromatography-mass spectrometry technique (GC-MYS), the volatile compounds produced by
fungi and bacteria were identified and gathered in 8 main categories: esters, alcohols, phenols,
aldehydes, ketones, carboxylic acids, sulfur compounds and sesquiterpenes. For the first time,
molecules from various chemical groups were identified in the water exposed to the volatiles
from fungi and bacteria isolates. Within these molecules, various have been already reported
as having high nematicidal activity, therefore, fungi and bacteria from M. paranaensis egg
masses, produce volatile compounds with antagonistic activity to M. incognita.

Key words: Root-knot nematode, control, nematodes, tomato, gas chromatography
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PRIMEIRA PARTE

1. INTRODUCAO

Dentre os principais fatores que limitam o processo produtivo da cultura do café a nivel
nacional destacam-se os nematoides de galhas. Os nematoides do género Meloidogyne,
principamente M incognita e M. paranaensis, causam queda na producdo, inviabilizando
economicamente a lavoura, além de obrigar o uso de mudas enxertadas que sdo de maior
custo (LOPES et a., 2008; CAMPOS; VILLAIN 2005; SALGADO; CARNEIRO; PINHO,
2011, CARNEIRO; CARNEIRO; ABRANTES, 1996; CAMPOS;, SIVAPALAN;
GNANAPRAGASAM, 1990).

O estudo sobre o antagonismo dos voléteis emitidos por fungos e bactérias com
fitonematoides tem sido enfatizado na Ultima década (CAMPOS; PINHO; FREIRE, 2010).
Por exemplo, isolados de Fusarium oxysporum emitem compostos organicos voléteis (COVs)
toxicos a fitonematoides (HALLMANN; SIKORA, 1994; FREIRE et a., 2012). Além dos

fungos, isolados bacterianos tém atividade nematicida por emissdes voléteis (GU et a., 2007).

A producdo de ovos em grande quantidade constitui fator importante para a proliferacéo
de Meloidogyne, no entanto, fungos e bactérias podem conviver e nutrir-se das massas de
ovos (KOK; PAPERT; KOK-A-HIN, 2001; COSTA et a., 2015; HALLMANN; SIKORA,
1994). A microflora da matriz gelatinosa dos nematoides das galhas foi, por muito tempo,
ignorada como um fator que pudesse influenciar o parasitismo dos nematoides (KOK;
PAPERT; KOK-A-HIN, 2001). A partir dos estudos de Kok, Papert e Kok-a-Hin (2001), as
avaliactes dos efeitos danosos aos fitonematoi des pel os compostos organicos volateis (COV's)
emitidos por fungos e bactérias residentes das massas de ovos foram intensificadas (GU et al.,
2007; COSTA et a., 2015). As massas de ovos de Meloidogyne spp contém uma substancia
gelatinosa que pode propiciar o crescimento ou inibigdo de alguns microrganismos (ORION
et a., 2001), podendo emitir volateis que podem ser antagbnicos ao proprio nematoide
produtor da massa de ovos (FREIRE et al., 2012; COSTA et d., 2015).

Ainda s80 poucos 0s patossistemas em que se estudou a incidéncia de bactérias e fungos
em massas de ovos (KOK; PAPERT; KOK-A-HIN, 2001; SILVA; SOUZA; CUTRIM, 2002;

COSTA et al., 2015), e ndo se conhece sobre a microflora e o0 antagonismo de moléculas
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volateis emitidas por fungos e bactérias residentes em massas de ovos de M. paranaensis,
importante patdgeno do cafeeiro, além disso, séo poucas as informacgdes sobre as moléculas
emitidas pelos fungos e bactérias residentes nas massas de ovos deste patdgeno que podem ser

dissolvidas em &gua tornando-a toxica para os nematoides

Neste trabalho, buscou-se isolar fungos e bactérias presentes em massas de ovos de M.
paranaensis e estudar os efeitos toxicos in vitro e in vivo dos fungos e bactérias de ocorréncia
majoritaria nas massas de ovos de M. paranaens's, avaliar a toxicidade em M. incognita da
agua quando exposta as emissdes voléteis, além de identificar através de cromatografia gasosa

acoplada a espectrometria de massas (GC-MS) os COV's nos vapores produzidos e retidos em

agua.
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Abstract

Mel oi dogyne species produce egg masses containing nutrients which may serve as feeding
substrate from rhizospheric fungi. In the present study we isolated fungi form Meloidogyne
paranaensis egg masses from coffee crops. Amongst the fungi isolated 67% belonged to the
Fusarium genus and within those 52% of the isolates were of the F. oxysporum species.
Isolates from F. oxysporum and F. solani causing up to 100% immobility in vitro tests and
significantly reduced M. incognita infectivity and reproduction in tomato when J were
exposed to fungal volatiles and. Water exposed to the volatile compounds produced by fungi
and mixed to the J suspension caused toxicity in M. incognita J» and reduced infectivity and
reproduction of nematodes inoculated in tomato, when compared to the control. Using gas
chromatography-mass spectrometry technique (GC-MYS), the volatile compounds produced by
F. oxysporum and F. solani were identified and gathered in seven main categories. esters,
alcohols, phenols, aldehydes, ketones, carboxylic acids and sesquiterpenes, making up a total
of 36 molecules. For the first time, 17 molecules from various chemical groups were
identified in the water exposed to the volatiles from F. oxysporum and F. solani. A lower
number of molecules were detected in the toxic water when compared with the vapors
produced by fungi. Within these molecules various have been already reported as having high
nematicidal activity. Therefore, F. oxysporum and F. solani fungi from M. paranaensis egg
masses, produce volatile compounds with antagonistic activity to M. incognita.

Keywor ds: Root-knot nematodes, control, plant parasitic nematodes, tomato.
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Introduction

Meloidogyne incognita and M. paranaensis are the most harmful nematodes in coffee
plantations, decimating many Arabic coffee (Coffee arabica) crops in Brazil. Symptoms of
parasitism by M. paranaensis include severe damages to the root’s integrity, surface scaling
with corkwood appearance, root debarking, radicular fissures and cracks and necrotic lesions.
However, with no galls, as it happens in other typical root-knot nematodes interactions. The
aerial portion may show chlorosis, shedding, growth reduction and plant decease that may
occur in extensive areas (Lopes et al. 2008; Campos & Villain 2005; Salgado et a. 2011,
Carneiro et al. 1996).

A large-scale production of eggs constitutes one important factor to aid Meloidogyne
proliferation, however, fungi and bacteria may coexist and nourish on egg masses (Kok et al.
2001; Costa et al. 2015; Hallmann & Sikora 1994). The microflorain the gelatinous matrix of
egg masses from root-knot nematodes was, for a long time, ignored as an element that may
influence nematode’s parasitism (Kok et al. 2001). From the studies of Kok et al. (2001),
evaluations of the damaging effects to plant parasitic nematode by volatile organic
compounds (VOC) produced by resident fungi and bacteria in the egg masses increased (Gu
et a. 2007; Costa et a. 2015). Egg masses of Meloidogyne spp. contain a gelatinous substance
that may promote growth or inhibition of some microorganisms (Orion et a. 2001), which
may produce volatile compounds that may be antagonistic towards the nematode that
produces the egg masses (Freire et a. 2012; Costa et al. 2015).

On the other side, resident microorganisms form the Meloidogyne egg masses may inhibit
the growth of organisms responsible for the biologic control of nematodes, like fungi that
parasite eggs and female nematodes, thus reducing the natural biologic control (Kerry 1984;
Kerry & Evans 1996; Freire et al. 2012). Microflora in egg masses from M. paranaensis, a

key plant pathogen in coffee crops, is till unknown as well as the antagonism of volatile
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molecules produced by resident fungi from the egg masses. The toxicity of water after being
exposed to volatile emissions from fungi in the eggs masses is also unknown.

In thiswork we isolated fungi from M. paranaensis egg masses from coffee crops, studied
the in vitro and in vivo toxic effects of the commonly fungi of major occurrence (Fusarium
oxysporum and F. solani) in M. paranaensis egg masses, evaluated the toxicity of water after
being exposed to fungal volatiles to M. incognita and identified VOC from gaseous emissions

and from the toxic water using gas chromatography-mass spectrometry (GC-MS) technique.

Materials and Methods
Sampling, isolation and identification of fungi from egg masses and coffee tissues.

Samples were obtained in coffee crops planted with Catuai variety and showing natura
incidence of M. paranaensis, in the county of Piumhi (Minas Gerais), Brazil. Roots showing
symptoms of scaling were collected from sites where plants exhibited pronounced decline and
dead, as well as from sites where the presence of nematodes was suspected but showing no
evident symptoms in the plants. Egg masses were obtained from infected tissues and from
small segments of corticous root tissues. Fungi were isolated from the egg masses and from
the corticous roots.

In order to obtain the fungal suspension, 20 M. paranaensis egg masses and portions of
corticous tissues were detached from roots. Two egg masses and two corticous segments were
dissected in sterile saline solution (8,5 g NaCl L), using sterilized concavity slides. Then, all
the content was inoculated, separately, in Petri dishes containing PDA medium (Dextrose: 20
g LY Agar: 15 g L; Potato infusion: 4 g L) and 50 mg L chloramphenicol. Ten petri
dishes were prepared for each sample (two egg masses/plate and two fragments of corticous

tissue). Plates were incubated at 25°C in the darkness. After fungal growth the number of
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isolates was counted. Isolates that were recognized as different by means of visua
observation were transferred into Malt Agar medium (Malt Extract: 20 g L; Agar: 20g L™).

The identification of fungi species was achieved based on the morphology of conidia,
hyphae and conidiophores, with the aid of classification keys from the Mycology sector at the
Federal University of Lavras (UFLA). Isolates were preserved according to the method
Castellani until were used in the experiments and later included in the mycological collection
from the Phytopathology Department at UFLA (MG), Brazil.

After verifying the dominant occurrence of the genus Fusarium spp., it was decided to
study its volatile compounds in detail. In order to proceed with in vitro and in vivo tests a
preliminary evaluation of J mobility and mortality was performed after the juveniles being
exposed to the fungal VOC. Then, 13 isolates which caused higher in vitro toxicity were

selected for a detailed evaluation.

Acquisition of second stage juveniles (J2) of M. incognita

Second stage juvenile nematodes of M. incognita, which also infects coffee plants, were
used for in vitro and in vivo experiments due to the accessibility to the inoculum. The
inoculum was obtained from M. incognita populations reproduced in tomato plants (Solanum
lycopersicum L., cv. Santa Clara), in pots filled with Multiplant© substrate and then growth in
greenhouse. A suspension of M. incognita eggs was obtained according Hussey and Barker
(1973). Tomato roots were carefully washed in tap water in order to remove soil residues,
sliced in pieces of approximately 1 to 2 cm and milled in blender with a solution of NaOCI
0.5% for about 20 seconds. The mixture of eggs and roots in suspension was poured through a
0.074 mm sieve (200 mesh) attached to another sieve with 0.025 mm (500 mesh), where the

eggs were retained. Eggs were counted with the aid of Peters slides and a light microscope.
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Then, eggs were incubated in hatching chamber at 28 °C. Second stage juvenile nematodes

which ecloded during the second and third days of incubation were used in the experiments.

Immobility and mortality of M. incognita J2 due to fungal VOC

Nematicidal activity of VOC produced by 11 isolates of F. oxysporum and 2 isolates of F.
solani obtained from M. paranaensis egg masses was evaluated according to the methodol ogy
proposed Fernando et a. (2005), with modifications. A portion of each fungal isolate was
transferred into Y ES medium (Y east extract: 20 g L%; Sucrose: 150 g L1; MgS04.7H20 0,5 g
L% Agar: 20 g L) and placed in one compartment of a split plastic Petri dish. In the second
compartment a sterilized rounded plastic vessel was used. Plates were sealed with film PVC
in order to prevent the scape of volatile compounds and then plates were incubated at 25 °C in
the darkness. Once the fungal isolate reached 4.5 cm in diameter, the cover of the plastic plate
was perforated with the aid of a hot stylet. Then, with the aid of a syringe (Figure 1), 1 mL of
agueous suspension containing 100 M. incognita J» was injected into the internal plastic
vessel through the previously prepared perforation. The perforation was immediately sealed
with adhesive tape after removal of the syringe, in order to avoid losing VOC produced
during the first days of fungal growth. As a control treatment, the same quantity of YES
medium was added in one compartment of the plate without adding any fungal isolate and 100
J were added into the next compartment. Five replicates were prepared for each fungal
isolate, as well as for the control trestment. Plates were incubated at 25 °C for 72 hoursin the
darkness. Then, the content of each plastic vessel was transferred into ELISA plates to
calculate the number of immobile (immobility) and mobile J with the aid of a microscope
with an inverted objective. Plates were set at 25 °C for 24 hours and then J» that remained

immobile were counted and considered as dead (mortality).
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Figure 1. Method used to study the volatile organic compounds (VOC) produced by isolates
of Fusarium oxysporum and F. solani in split Petri plates sealed with plastic film. A) Plastic
vessel for the test organism (suspension of Meloidogyne incognita second stage juveniles - Jb)
placed in the compartment before sealing the plates, B) culture of Fusarium spp producing
VOC in a closed environment and C) syringe used to inject the test organism (Jo) into the
sealed plastic container.

After verifying the occurrence of toxicity by VOC produced by F. oxysporum and F. solani
against M. incognita J, it was decided to study the contamination of water and consequently

its toxicity against the J,, once water is always present in agricultural soils.

Immobility and mortality of M. incognita J2in water exposed to fungal VOC

Each F. oxysporum and F. solani isolate was growth in YES medium in one of the
compartments of the split Petri plate. A sterilized plastic vessel was placed in the neighboring
compartment. Plates were sealed with film of PVC to prevent leakage of volatiles before
being incubated at 25 °C in the darkness. Once the fungal isolate reached 4.5 cm in diameter,
the cover of the plastic plate was perforated with the aid of a hot stylet. Then, with the aid of a
syringe 1 mL of sterilized water was injected into the internal plastic vessel through the
previously prepared perforation (Figure 1). The perforation was immediately sealed with
adhesive tape after removing the syringe, in order to avoid losing VOC produced during the
first days of fungal growth. As control treatment the same quantity of YES medium was

added in one of the split plate compartments without fungus and 1 mL distilled water in the
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other compartment, as previously described. Five replicates were prepared for each isolate
and for the control.

Plates were incubated at 25 °C in the darkness for five days. After this period of exposition
to the VOC, the toxicity of water against M. incognita J» was evaluated. To that, water
exposed to the VOC plus 1 mL of a suspension containing 100 M. incognita J were
transferred to a 2 mL volume plastic tube. The tube was closed and incubated for 24 hours at
25°C in the darkness. Then, the tube was opened and the J» were transferred into ELISA
plates. Mobile and immobile (mobility) J» were counted with the aid of a microscope with an
inverted objective. Finally, plates were set without sealing at 25 °C for 24 hours. Then, J» that

remained immobile were evaluated and considered as dead (mortality).

I nfectivity and reproduction of M. incognita after exposition to VOC or in water exposed
to VOC from F. oxysporum and F. solani

In plastic trays with cells of 75 cm? filled with artificial substrate, 2 to 4 tomato seeds (S
lycopersicum L. from the Santa Clara group) were planted. After germination only one plant
per cell was preserved. Once seedlings had produced 3 to 4 pairs of leaves they were
transplanted to 300 mL plastic cups containing artificial substrate and were fertilized
according recommendations for tomato crops. Ten days after transplantation, 800 J, that were
exposed for 72 hours to the volatile compounds or in suspension in the water exposed for five
days to the volatiles produced by F. oxysporum and F. solani, were inoculated in each
seedling by distributing the suspension in four holes made in the substrate surrounding the
stem of the plants and at a radia distance of 2 cm. Five replicates were prepared for each
isolate of F. oxysporum or F. solani as well as for the control. After inoculation, seedlings
were held for 30 days in greenhouse with irrigation and fertilization. After 30 days the weight

of the radicular system was evaluated and the number of galls and eggs were determined.
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Characterization of volatile molecules produced by fungal isolates or retained in water
exposed to volatiles from these fungi by means of SPME GC-M S

The VOC produced by the isolate F12 of F. solani and by the isolates F36 and F63 of F.
oxysporum were identified in the vapors and in the water exposed to the vapors. These
isolates caused high mortality rates of M. incognita J. in previous tests. To proceed with gas
chromatography analysis, the selected isolates were transferred to YES medium in 20 ml
Supelco® tubes. Isolates developed for 5 days before proceeding with the gas
chromatography analysis. As a control treatment, YES medium without any fungal isolate
was transferred to Supelco® tube. Sample and control treatments were prepared in 3
replicates.

To analyze the VOC produced by the isolate F12 of F. solani and isolates F36 and F63 of
F. oxysporum that were retained in water, a similar procedure to the previously described
essay for immobility and mortality of M. incognita J in suspension in water exposed to the
fungal VOC, was performed with a modification. The modification consisted in that, five days
after inoculation, the water was transferred to 20 mL Supelco® tubes and as control, a
Supelco ® tube wasfilled only with water exposed to Y ES culture medium.

The technique of Solid-phase Microextraction (SPME) in headspace mode (Valente,
Augusto 2000) was used to extract the VOC, using the following parameters. 2 cm
(Supleco®) fiber assembly DVB/CAR/PDMS  Divinylbenzene/ Carboxen/
Polydimethylsiloxane); extraction temperature of 55 °C, extraction time of 35 minutes and
desorption time in the GC injector of 1 minute. To separate and identify the VOC a Gas
Chromatographer coupled to a Mass Spectrometer GC-MS QP 2010 Ultra (Shimadzu, Japan)
supplied with an automatic injector for liquids and gases AOC-5000 (Shimadzu, Japan) and

column HP-5 (5% Phenyl-95% dimethylpolyisiloxane) with 30 m x 0.25 mm x 0.25 pm, was
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used. The injector’s temperature was of 250 °C, the interphase was set at 240 °C and the ionic
source of the detector was at 200 °C. The injector was operated in the splitless mode. Helium
grade 5.0 was used as the carrier gas and its flow rate was of 1.0 mL min?. The GC
temperature was programmed from 40 °C until 160 °C at 3°C min' and then until 240 °C at 10
°C min. To verify if the compounds were produced only by the fungi isolates the control
(culture medium without isolates) and the samples’ chromatograms were overlapped and only
peaks exclusively produced from the sample were selected for identification. The
identification of VOC was achieved by comparative analysis of the mass spectra and the
retention indices. Mass spectra of each chromatogram peak was obtained with the aid of the
software Automated Mass Spectral Deconvolution and Identification System (AMDIS) v.
2.63 and were compared to the spectra from the NIST library using the software Mass
Spectral Search Program v. 1.7 (NIST, Washington - DC, USA), considering only peaks
where the similarity between spectra were higher than 80%. The experimental retention
indices (Rl Exp.) were obtained by injecting a homologous series of akanes and comparing

them with the retention indices in the literature (RI Lit.) (Adams 2007; NIST 2017).

Statistical analysis

All essays were organized under a completely random design with five replicates per
treatment. Results were previously submitted to a normality test (Shapiro -Wilk) and the
homogeneity of the error variance (Bartlett). Once these conditions were satisfied an F test
was applied, by means of a variance analysis (ANOVA). When the F tests were significant (P
< 0.05), means were compared by the Tukey test (P < 0.05). The essays with fungal VOC in

vitro and in vivo were repeated two times.

Results
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I solation and identification of fungi from M. paranaensis egg masses and coffee tissues
A total of 48 fungal isolates were obtained from the M. paranaensis egg masses and coffee
corticous root tissues. Both sample areas, that is, with severe symptoms of M. paranaensis
incidence and with not evident symptoms, showed qualitatively the same species and genera
of fungi in the egg masses and corticous tissues. Thus, all the species and genera observed
were gathered in Table 1. From all the isolates obtained, 67% of them belonged to the genus
Fusarium such as F. solani, F. oxysporum and F. semitectum, whit 52% corresponding to F.
oxysporum. Amongst the other fungi observed, 23% of the isolates were identified as
Paecilomyces lilacinus and 10% belonging to various species and genera such as Penicillium

sp., Drechslera sp., Epicoccum sp., Sordaria fimicola and Aspergillus ochraceus (Table 1).

Immobility and mortality of M. incognita J2 due to fungal VOC

M. incognita J exposed to the volatiles produced by isolates of F. oxysporum showed
100% of immobility (P<0.001), while volatile emissions produced by isolates of F. solani
caused immobility of J varying from 40% to 70%. Thus, immobility of the J» exposed to
VOC produced by F. oxysporum was higher when compared to that produced by emissions
from F. solani. Immobility caused by VOC from F. solani isolate F12 was similar (P > 0.05)
to the control. However, all other fungal isolates caused higher immobility rates (P<0.001)
when compared with the control. Mortality, thought, was always lower when compared to
immobility for any given isolate, varying from 5% to 11% (P >0.05), similar to the control

(Figure 2).

Immobility and mortality of M. incognita J2in water exposed to fungal VOC
Second stage juveniles of M. incognita that were in suspension in water exposed to

volatiles produced by isolates of F. oxysporum showed immobility (P <0.001) significantly
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higher than the control. Isolate F42 showed lower immobility (P<0.001) than other isolates,
but still higher than the control (P>0.05). The isolates of F. solani caused low immobility,
varying from 17% to 41%, however, was aways higher when compared with the control, with
the exception of isolate F15, that was similar to control. Mortality caused by any of the
isolates was always lower than immobility, varying from 5% to 14%, without difference

when compared with the control (Figure 3).

I nfectivity and reproduction of M. incognita after exposition to fungal VOC

Infectivity and reproduction of M. incognita in tomato after exposing J to volatile
compounds produced by isolates F. oxysporum and F. solani, expressed as number of galls
and eggs, were significantly reduced when compared to the control. The reduction in number
of galls and eggs varied from 44% to 94% and 56% to 86%, respectively, when compared
with the control. Isolates F12 of F. solani and F16 and F42 of F. oxysporum caused the lowest
reductions in the number of galls when compared to other isolates. The reduction in the
number of eggs was slighter when J, were exposed to VOC from isolates F10 and F20 of F.

oxysporum, when compared to other isolates (Figure 4).

Infectivity and reproduction of M. incognita when J2 were suspended in water exposed
tofungal VOC

Infectivity and reproduction of J were expressed as number of galls and eggs,
respectively. The reduction in the number of galls varied from 11% to 57%, while the number
of eggs varied from 20% to 38%, when compared with the control. Highest reduction in the
number of eggs and galls was observed while evaluating VOC from isolate F52 of F.

oxysporum in water. Isolates F15 of F. solani and F63 of F. oxysporum aso reduced
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prominently the number of galls, but not the number of eggs, when compared with the
control. Isolates F10 and F43 of F. oxysporum also reduced significantly the number of galls,
but only isolate F10 reduced the number of eggs (Figure 5).

In a general manner, volatiles retained in water after exposition to the VOC from fungal
isolates resulted in lower reduction of J» infectivity and reproduction in tomato plants when

compared to J exposed to vapors (Figures 4 and 5).

Characterization of volatile molecules produced by fungal isolates or retained in water
exposed to volatiles from these fungi by means of SPME GC-MS

A total of 36 volatile compound produced by isolates of F. oxysporum and F. solani were
identified (Table 2). With the exception of 2,4,5-Trimethyl-1,3-dioxolane all compounds were
identified in main categories for the vapors produced by the fungal isolates. Thus, these
occurred in larger numbers when compared with those molecules retained in water, and
comprehended 7 groups: esters (ethyl acetate, 2-methylpropyl acetate, 3-methylbutyl acetate,
2-methylbutyl acetate, ethyl 3-(methylthio)butanoate, ethyl hexanoate, hexyl acetate, ethyl 2-
hexenoate, ethyl octanoate, ethyl benzoylacetate, phenethyl acetate, ethyl 3-
acetoxyhexanoate), alcohol and phenols (ethanol, 2-methylpropanol, 3-methyl-1-butanol, 2-
methyl-1-butanol, 2,3-butanediol, hexanol, 2-heptanol, 3-methylthio propanol, p-ethyl-
anisole, octanol, phenethyl alcohol, nonanol), aldehydes (hexanal, 2-heptenal, 2-octenal),
ketones (2-heptanone), carboxylic acids (acetic acid, 2-methyl-propanoic acid, 2-
methylbuthanoic acid), sesquiterpenes (a-cedrene, a-bergamotene, oxygenated sesguiterpene,
b-acorenol). Amongst the compounds retained in water exposed to the vapors produced by
fungal isolates, 17 molecules were identified, thus, occurring in fewer numbers when
compared with those identified in the vapors, constituting 4 groups:. esters (ethyl acetate, 2-

methylpropyl acetate, 2-methylbutyl acetate, ethyl 3-(methylthio)butanoate, hexyl acetate,
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ethyl 2-hexenoate, phenethyl acetate, ethyl 3-acetoxyhexanoate ), alcohols and phenols
(ethanol 2-methylpropanol, 3-methyl-1-butanol, 2-methyl-1-butanol, phenethyl alcohoal,
hexanol), sesquiterpenes (a-bergamotene, oxygenated sesquiterpene, b-acorenol) and 2,4,5-

trimethyl-1,3-dioxolane.

The compounds 3-methylbutyl acetate, 2-methylbutyl acetate, ethyl hexanoate, ethyl
octanoate, ethyl benzoylacetate, phenethyl acetate, 2,3-butanediol, 2-heptanol, 3-methyl thio
propanol, p-ethyl-anisole, octanol, nonanol, hexanal, 2-heptenal, 2-octenal, 2-heptanone,
acetic acid, 2-methyl-propanoic acid, 2-methylbuthanoic acid and a-cedrene were not detected
in the water exposed to fungal volatiles. From the 36 identified molecules in fungal emissions,
17 were found in emissions from F. solani and 28 in emissions from F. oxysporum. It is
remarkable the occurrence of aldehydes in the emissions from F. solani and their absence in
emissions from F. oxysporum. Also ketones, sesquiterpenes, 2,4,5-trimethyl-1,3-dioxolane, 3-
methylbutyl acetate, ethyl 3-(methylthio)butanoate, ethyl hexanoate, hexyl acetate, ethyl 2-
hexenoate, ethyl octanoate, ethyl benzoylacetate, ethyl 3-acetoxyhexanoate, ethanol, 2,3-
butanediol, 22-heptanol, p-ethyl-anisole and 2-methyl-propanoic acid were absent in

emissions from F. solani but detected in emissions from F. oxysporum.

Discussion

Fungal species found in M. paranaensis egg masses and coffee corticous tissues in the
present work were previously observed in different plant hosts (Gu et al. 2007; Costa et al.
2015). Fungal species such as Paecilomyces lilacinus, Fusarium spp, Aspergillus spp,
Drechdera sp may parasite eggs and females of plant parasitic nematodes, reducing
populations of these nematodes (Atkins et al. 2005; Kiewnick & Sikora 2006; Hallmann &
Sikora 2008; Eapen et a. 2005). Aspergillus spp and Fusarium spp produce substances that

promote disintegration of the vitelline layer and the chitin in nematode’s eggs, causing its
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disintegration in vitro (Eapen et al. 2005) and therefore increasing penetration of opportunistic
fungi such as Fusarium spp, Paecilomyces sp, Penicillium sp (Rodriguez-Kabana & Morgan-

Jones 1988).

The genus Fusarium represented by the main species in this work, F. oxysporum and F.
solani, produce toxic substances in vitro against nematodes in liqguid medium and its
associated with plant roots. Endophytic isolates of F. oxysporum reduce disease severity
caused by plant parasitic nematodes such as Radopholus similis in banana (Musa spp), M.
incognita in tomato (Solanum lycopersicum), M. graminicola in rice (Oryza sativa) (Eapen et

al. 2005; Niere 2001; Martinuz et al. 2013; Le 2006).

Egg masses of Meloidogyne spp. contains a gelatinous enveloping substance that may
serve as protection against predators and soil microorganisms, but may also serve as a rich
carbohydrate source for nourishment that may promote growth or inhibition of some
microorganisms in this substrate (Orion et a. 2001). In the present work, various fungal
species have benefited of the substrate produced by M. paranaensis and grew on it (Table 1).
However, emissions from fungal cultures in the egg masses may hold nematicidal activity
such as the intermediary metabolic products, peptides or toxic proteins, as well as
extracellular hydrolytic enzymes (Anke & Sterner 1997; Griffits et a. 2001; Luo et a. 2006).
Also molecules with small carbon chains, volatiles, have been reported as toxic against
nematodes (Campos et a. 2010). In the present work, high immobility of M. incognita was
observed when J, were exposed to volatiles from F. oxysporum and F. solani isolated from M.
paranaensis egg masses from coffee crops. These compounds have been reported in volatile
emissions from other fungal isolates besides F. oxysporum and F. solani (Freire et al. 2012;
Riga et al. 2008). However, it is remarkable the great reduction of M. incognita J infectivity

and reproduction in tomato plants after exposition to the volatiles from F. oxysporum and F.
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solani verified in the present work. Barros et al. (2014) reported reduction in the number of
galls per gram of tomato root up to 79% and up to 96% in the number of eggs when J. were
exposed to VOC from diverse plants. Freire et a. (2012) confirmed that exposition of M.
incognita J» to VOC produced by the fungus F. oxysporum (isolate 21), reduced infectivity of

the nematode in tomato, when compared to control.

Reduction of infectivity and reproduction of M. incognita % in tomato plants when
suspended in water exposed to volatile emissions from some isolates of F. oxysporum and
reduction of infectivity from some isolates of F. solani, reveals the toxicity of the molecules
dissolved in water. In the soil, volatile molecules travel through the empty porous, reaching
nematodes in aqueous suspension which may be distant from the source producing volatiles.
Previous research confirmed that water becomes toxic to nematodes due to emissions form the
fungus Muscodor albus (Grimme et al. 2007). Molecular characterization of nematode
antagonist compounds originated from plants and microorganisms is very important, once
these natural compounds may be used as an alternative to control nematodes and due to its
potential as substitutes for highly toxic chemical nematicides, besides its importance due to
their natural role in the interactions between fungi and plant parasitic nematodes (Dong et al.

2001; Abdelnabby et al. 2011; Jardim et al. 2017; Estupifian-Lopez et a. 2017).

In the present work, the majority of 36 volatile molecules originated from emissions of F.
oxysporum and F. solani and characterized by CG-MS were previously reported as showing
fungicidal or nematicidal effects, as for example: ethyl acetate (Fialho et al. 2010, 2012), 2-
methylpropy! acetate (Basseto et al. 2012), ethanol (Fialho et al. 2010, 2012; Basseto et a.
2012, Silva et a. 2017), 3-methyl-1-butanol (Grimme et al. 2007; Fialho et al. 2010, 2012;
Arrebola et a. 2010; Xu et a. 2015), 2-methyl-1-butanol (Fialho et a. 2010, 2012; Basseto et

al. 2012), phenethyl acohol (Grimme et al. 2007; Fiaho et al. 2010, 2012), 2-octanal (Gu et
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al. 2007), 2-heptanone (Basseto et al. 2012; Arrebola et al. 2010; Xu et al. 2015), acetic acid
(Arrebola et a. 2010); 2-methyl-propanoic acid (Basseto et al. 2012); 2-methylbuthanoic acid

(Basseto et al. 2012).

The 17 molecules retained in the water exposed to emissions of volatiles from
F. oxysporum and F. solani which showed toxicity against M. incognita, were characterized
by gas chromatography for the first time in this work. Toxicity of water exposed to volatile
emissions from Muscodor albus was confirmed by Grimme et a. (2007), however, the
molecules were not identified. Due to the characterization by GC-MS of the vapors and
retained in water emitted by F. oxysporum and F. solani, it was possible to verify a lower
number of molecules detected in the water exposed from F. oxysporum and F. solani. This
difference can be explained by the difference in vapor pressure and by the solubility of the
compounds in water. In addition, when water was exposed to the volatiles of the fungus on
the split plate, only a small amount of these molecules dissolve in the water, while another
portion of these molecules remains in the vapor phase and are lost at the moment the split
plate is opened for transferred water.

To conclude, egg masses of M. paranaensis from coffee crops have a diversified
fungal flora, although, with preponderance of F. oxysporum and F. solani fungi. Their volatile
emissions results in reduction of the infectivity and reproduction of M. incognita J2 in tomato
plants, besides causing immobility in vitro and making water toxic after an exposition period.
Also, the majority of the molecules characterized in the volatile emissions from these fungi

showed toxicity against plant parasitic nematodes.
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Table 1: Identification of fungal isolates obtained from Meloidogyne paranaensis egg masses

and from corticous root tissues collected in two coffee areas in the municipality of Piumhi,

MG, Brasil.
No. Code* Identification No. Code I dentification
1 F2  Fusarium solani 25 F34 Fusarium oxysporum
2 F4  Fusarium solani 26 F35 Fusarium oxysporum
3 F5  Fusarium oxysporum 27 F36  Fusarium oxysporum
4 F6  Fusarium oxysporum 28 F37 Fusarium semitectum
5 F7 | Fusarium oxysporum 29 F38 Paecilomyceslilacinus
6 F8 | Fusarium solani 30 F39 Paecilomyceslilacinus
7 F9 Paecilomyceslilacinus 31 F42  Fusarium oxysporum
8 F10 Fusarium oxysporum 32 F43 Fusarium oxysporum
9 F12 Fusarium solani 33 F45 Fusarium oxysporum
10 F13 Paecilomyceslilacinus 34 F46  Paecilomyceslilacinus
11 F14 Drechderasp 35 F48 Paecilomyceslilacinus
12 F15 Fusarium solani 36 F49 Fusarium oxysporum
13 F16  Fusarium oxysporum 37 F50 Fusarium oxysporum
14 F18 Paecilomyceslilacinus 38 F51  Fusarium oxysporum
15 F20 Fusariumoxysporum 39 F52 Fusarium oxysporum
16 F22 Paecilomyceslilacinus 40 F53  Aspergillus ochraceus
17 F23 Fusarium oxysporum 41 F54  Fusarium oxysporum
18 F25 Paecilomyceslilacinus 42  F55  Fusarium oxysporum



19

20

21

22

23

24

*code refers to the collection where the fungi are deposited.

F26

F27

F28

F30

F31

F33

Penicillium sp
Sordaria fimicola
Paecilomyces lilacinus
Fusarium solani
Paecilomyces lilacinus

Fusarium oxysporum

43

44

45

46

47

48

F56

F57

F58

F62

F63

F64

Fusarium oxysporum
Fusarium oxysporum
Fusarium oxysporum
Epicoccum sp

Fusarium oxysporum

Fusarium oxysporum
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Table 2: Volatile organic compounds identified by SPME-GC-MS in vapors produced by Fusarium oxysporumand F. solani or retained in water.

Fusarium solani

Fusarium

Fusarium

isolate F12 oxysporum isolate | oxysporum isolate
F36 63

Compound* Rl EXPY | RI Literature? | Similarity | Vapors | Retained | Vapors | Retained | Vapors | Retained

(%)™ in water in water in water
Esters
ethyl acetate 606 606 20 \ \ % vV v vV
2-methylpropyl acetate 766 767 90 % % % v v
3-methylbutyl acetate 871 875 88 %
2-methylbutyl acetate 874 881 88 v % % % v %
ethyl 3-(methylthio)butanoate 935 X 80 % %
ethyl hexanoate 1002 997 20 v
hexyl acetate 1011 1007 95 v %
ethyl 2-hexenoate 1040 1038 93 Y v
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ethyl octanoate
ethyl benzoylacetate
phenethyl acetate

ethyl 3-acetoxyhexanoate

Alcohol and phenols
ethanol
2-methylpropanol
3-methyl-1-butanol
2-methyl-1-butanol
2,3-butanediol
Hexanol

2-heptanol
3-methylthio propanol

p-ethyl-anisole

1188

1234

1247

1260

619

731

737

803

868

902

984

1105

1196

1257

1266

622

730

734

811

863

894

978

1104

91

90

96

89

98

92

93

93

94

86

81

90

90

'A%

'A%

'A%

'A%

vV

'A%

‘'A%

vV

vV

‘'A%

'A%

'A%

'A%

A%

'A%

'A%
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octanol
phenethyl alcohol

nonanol

Aldehydes
hexanal
2-heptenal

2-octenal

Ketones

2-heptanone

Carboxylic acids
acetic acid

2-methyl-propanoic acid

1067

1108

1166

799

958

1054

890

633

791

1063

1110

1165

801

947

1049

889

600

790

90

97

90

96

81

90

92

90

96

'A%




2-methylbuthanoic acid 890 873 90 %

Sesquiter penos

a-cedrene 1412 1410 90 v

a-bergamotene 1434 1432 88 v % v v
oxygenated sesquiter pene 1611 X X v v v
b-acor enol 1641 1636 20 v v

Others

2,4,5-Trimethyl-1,3-dioxolane 720 732 90 v %

V- Compounds found in the samples

X - Compounds identified by Gas Chromatography

y — Calculated retention indices by injecting a homologous series of alkanes.

Z - Literature retention indices according to the literature (RP Adams, Identification of Essential Oil Components by Gas Chromatography /
Mass Spectrometry, 4th Ed, Allured Publishing Corp., Carol Stream, 2007) (http: //webbook.nist.go /chemistry /)
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Figure 2: Percentage of immobility and mortality of Meloidogyne incognita second stage
juveniles due to the exposition to volatile organic compounds produced by isolates of
Fusarium oxysporum and Fusarium solani obtained from M. paranaensis egg masses. Means
followed by the same letter are not statistically different by the Tukey test (p<0.05). T = YES
medium without fungal growth (control).
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Figure 3: Percentage of immobility and mortality of Meloidogyne incognita second stage
juveniles suspended in water exposed to volatile organic compounds produced by isolates of
Fusarium oxysporum and Fusarium solani obtained from M. paranaensis egg masses. Means
followed by the same letter are not statistically different by the Tukey test (p<0.05). T=
control.
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Figure 4. Infectivity (A) and reproduction (B) of Meloidogyne incognita in tomato after
second stage juveniles in tomato after exposition to organic volatile compounds produced by
isolates of Fusarium oxysporum and Fusarium solani obtained from M. paranaensis egg
masses. Means followed by the same letter are not statistically different by the Tukey test
(p<0.05). T= contral.
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Figure 5: Infectivity (A) and reproduction (B) of Meloidogyne incognita second stage
juveniles suspended in water exposed to volatile organic compounds produced by isolates of
Fusarium oxysporum and Fusarium solani obtained from M. paranaensis egg masses, in
tomato. Means followed by the same letter are not statistically different by the Tukey test
(p<0.05). T= control.
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Resumo

As massas de ovos produzidas por Meloidogyne contém nutrientes que podem servir de
substrato para crescimento de bactérias da rizosfera. Neste trabalho foi estudada a presenca de
bactérias em massas de ovos de M. paranaensis e os efeitos toxicos de suas emissdes volateis
em juvenis de segundo estégio (J) de M. incognita. Entre as bactérias identificadas foram
encontrados sete géneros diferentes predominando o género Pseudomonas. Os isolados
bacterianos causaram imobilidade e mortalidade dos J,, tanto nos J» expostos diretamente aos
voléteis quanto nos J em suspensdo na agua previamente exposta aos mesmos volateis. A
infectividade e reproducéo dos J, de M. incognita em tomateiros foram reduzidas em até 99%
apoOs a exposicdo dos J aos voléteis emitidos pelos isolados bacterianos. Os compostos
voléteis emitidos pelas bactérias foram identificados por cromatografia gasosa acoplada a
espectrometria de massas (GC-MS) e agrupados em seis classes principais como ésteres,
acoois, cetonas, &cidos carboxilicos, compostos sulfurados e outros compostos totalizando 16
moléculas. Na &gua que foi exposta aos vapores dos isolados de Bacillus sp e Pseudomonas
sp, foram identificadas pela primeira vez 2-etil-hexanol, dissulfeto de dimetila e trissulfeto de
dimetila. Dentre esses grupos encontraram-se compostos ja reportados com alta atividade
nematicida. Portanto, os compostos voléateis emitidos por bactérias das massas de ovos de M.

paranaensis causam efeito toxicos aos J» de M. incognita.

Palavr as-chave: Nematoide de galhas, cromatografia gasosa, controle, nematoides parasitas

de plantas, tomateiro.
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Introducéo

O Brasil é 0o maior produtor de café e o segundo maior consumidor do mundo. A éarea
plantada de café ardbica em Minas Gerais representa, aproximadamente, 68% da area total
plantada no pais (13). Dentre os fatores limitantes de producéo de café no Brasil destacam-se
0os nematoides de gahas que ndo s6 causam queda na producdo, inviabilizando
economicamente a lavoura, como também demandam o uso de mudas enxertadas que sdo de
maior custo. Os nematoides danosos ao cafeeiro tém extensa distribuicdo nas regides cafeeiras
e trés das espécies de Meloidogyne que ocorrem nos cafezais tém destaque devido aos
prejuizos que causam, sendo estas M. exigua, M. incognita e M. paranaensis (6, 9, 10, 12).
Em Minas Gerais ocorrem nematoides danosos a cafei cultura e com grande disseminacdo nas
regides produtoras. Atualmente, M paranaensis encontra-se distribuido nos municipios de
Serrado Salitre, Patrocinio, Piumhi e Coqueiral (11) e no sul de Minas (33).

Os sintomas do parasitismo por M. paranaensis incluem danos drésticos na integridade das
raizes, como escamacOes superficiais com aspecto de cortica, descascamento, rachaduras e
lesbes necrdticas. No entanto, ndo ocorrem galhas tipicas comuns aos nematoides de galhas.
Na parte aérea ocorrem clorose, desfolhamento, reducdo no crescimento chegando a morte de
plantas em extensas &reas (7, 9, 27, 32).

A producéo de ovos em grande quantidade é o principal fator para a proliferacdo de
Meloidogyne. Por outro lado, fungos e bactérias podem conviver e nutrirem-se das massas de
ovos e reduzindo a viabilidade dos ovos produzidos e, consequentemente,, queda da
densidade populacional do nematoide (14, 22, 25). A microflora da matriz gelatinosa dos
nematoides das galhas foi, por muito tempo, ignorada como um fator que pudesse influenciar
0 parasitismo dos nematoides (25). A partir dos estudos de Kok et a. (25) foram

desenvolvidas pesquisas com fungos e bactérias residentes de massas de ovos causando



toxicidade a nematoides parasitas de plantas pelos compostos voléteis ou ndo voléteis (14,
21).

Ainda sdo poucos os patossistemas em que a incidéncia de bactérias e fungos em massas
de ovos foi estudada (14, 25, 35). Também, ndo se conhece o antagonismo de moléculas
volateis emitidas por bactérias residentes de massas de ovos de M. paranaensis, importante
patdgeno do cafeeiro, além das poucas informacdes sobre as moléculas voléteis que podem
ser dissolvidas em agua, tornando-a toxica para 0s nematoides.

Neste trabal ho, buscou-se isolar bactérias presentes em massas de ovos de M. paranaensis,
estudar os efeitos toxicos in vitro e in vivo das bactérias de ocorréncia majoritéria nestas
massas de ovos, avaliar a toxicidade em M. incognita da agua quando exposta aos voléteis,
além de identificar os COVs emitidos pelas bactérias e agueles retidos em &gua por

cromatografia gasosa acoplada a espectrometria de massas (GC-MS).

Material e métodos
Amostragem, isolamento e identificagdo de bactérias de massas de ovos de M.
paranaensis e de tecidos corticosos do cafeeir o

Amostras de raizes apresentando descamacgdo foram obtidas em cafezal, cultivar Catuai,
com incidéncia de M. paranaensis em Piumhi (MG), tanto de locais com plantas em declinio
pronunciado e mortas, bem como de locais com presenca do nematoide, porém, sem declinio
evidente das plantas. Massas de ovos de M. paranaensis foram obtidas dos tecidos infectados
como também dos pequenos segmentos de tecidos corticosos.

As massas de ovos foram observadas no microscopio esteroscopio. Vinte delas foram
selecionadas quando apresentavam sintomas indicativos de parasitismo microbioldgico
(escurecimento), conforme recomendagdo de Stirling & Mankau (36) e usadas para obtencéo

das suspensdes microbianas. Para isso, duas massas de ovos e as porgdes de fragmentos do
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tecido corticoso foram lavadas trés vezes em solucdo salina estéril (8,5 g. NaCl L1) e
dissecadas. Aliquotas de 0,1 ml dessas suspensdes foram usadas para proceder a diluicéo
seriada plagueando-as em meio TSA “trypic soy agar” (digerido pancreéatico de caseina: 15,0
g L; digerido papainico de soja: 5 g L; Cloreto de sodio: 5 g L™L; Agar: 15 g L™) com 50
mg L do fungicida ciclohexamida. Para cada diluicdo foram feitas trés repeticoes. Seis dias
apos, foram estimados todos os isolados bacterianos formados. Por observagédo visual, os
isolados com morfologias diferentes foram transferidos para outras placas com meio TSA. Os
isolados foram preservados em agua mineral esterilizada a 4 °C até 0 uso nos ensaios

posteriores.

Obtencao de juvenis de segundo estadio (J2) de M. incognita

Para os ensaios in vitro e in vivo foram usados J de M. incognita que também parasita o
cafeeiro, pela facilidade de obtencéo de indculo. O indculo foi obtido de populacbes de M.
incognita multiplicadas em plantas de tomateiro (Solanum lycopersicum L cultivar do grupo
Santa Clara), em vasos com substrato Multiplant© mantidas em casa de vegetagdo. A
suspensdo de ovos de M. incognita foi obtida conforme Hussey & Barker (24). Assim, raizes
de tomateiro foram lavadas cuidadosamente em &gua corrente para retirar restos de substratos
ou solo, picadas em pedacos de aproximadamente 1 a 2 cm e trituradas em liquidificador com
solucdo de NaOCI 0,5% por cerca de 20 segundos. A suspensdo de ovos e raizes foi vertida
em uma peneira de 0,074 mm de abertura (200 mesh), acoplada a outra de 0,025 mm (500
mesh), ficando os ovos retidos nesta Ultima. A contagem dos ovos foi realizada em camara de
Peters em microscopio de luz. Parte dos ovos obtidos foi incubado em cdmara de eclosdo a 28
°C. Os X, eclodidos no segundo e no terceiro dia apds a montagem da camara foram utilizados

NOoS ensai os.
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Imobilidade e mortalidade de J> de M. incognita por COV's bacterianos

Para a avaliagdo da atividade nematicida dos COV's emitidos pelos isolados bacterianos
obtidos das massas de ovos de M. paranaensis, foram repicadas as bactérias da cultura
estoque, para 0 meio TSA colocado em um dos compartimentos da placa de Petri bipartida.
No compartimento contiguo foi colocado um recipiente pléstico arredondado e esterilizado e
nele adicionado 1 mL com 100 J> de M. incognita (Figura 1). As placas foram vedadas com
filme de PVC para prevenir o escape de voléteis e incubadas a 28 °C no escuro por 24 horas.
Como controle, a mesma quantidade de meio TSA foi adicionada em um dos compartimentos
da placa sem a bactéria e os J. adicionados no compartimento contiguo no recipiente pléastico.
O contelido de cada recipiente plastico foi transferido para placa ELISA e a seguir, foi
realizada a contagem dos J, méveis e iméveis (imobilidade) em microscépio de luz invertida.
As placas foram deixadas a 28°C por 24 horas e, logo apos, 0s J que ainda continuaram

imoveis foram avaliados e caracterizados como mortos (mortalidade).

Mortalidade de J2 de M. incognita em suspensdo na agua anteriormente exposta aos
COVs bacterianos

Cada isolado bacteriano obtido foi repicado para 0 meio TSA em um dos compartimentos
da placa de Petri bipartida. No outro compartimento foi colocado um recipiente pléstico
esterilizado e adicionado 1 mL de &gua. As placas foram vedadas com filme de PVC para
prevenir o escape de volateis e incubadas a 25 °C no escuro por 24 horas. Como controle, a
mesma quantidade de meio TSA foi adicionada em um dos compartimentos da placa sem a
presenca da bactéria e no outro compartimento foi adicionado 1 mL de &gua como descrito
anteriormente. Foram feitas cinco repeticdes para cada espécie bacteriana, bem como, para o
controle. Ap6s o periodo de exposicdo aos COVs, a &gua que foi exposta aos voléteis

bacterianos foi recolhida para andlise da toxicidade em J> de M. incognita. Para isso, em um
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microtubo pléastico de 2 mL de volume foi colocada a agua exposta aos COV s e adicionado
ImL de suspensdo aguosa contendo 100 J» de M. incognita. O tubo foi fechado e os J, em
suspensdo aquosa foram incubados por 24 horas a 25°C no escuro. A seguir, o tubo foi aberto
e dele foram transferidos os J» em suspensdo para a placa ELISA. Os J, foram moveis e
imoveis contados em microscopio de luz invertida. A seguir, as placas ap0s exposicdo a agua
possivelmente contaminada pelos COVs contendo os nematoides foram deixadas sem
vedacdo a 25°C por 24 horas. Apos este periodo, 0s J que ainda permaneceram imoveis
foram avaliados e caracterizados como mortos (mortalidade). Apenas a mortalidade foi

avaliada pois elatem maior expressado da toxicidade.

Teste in vivo sobre infectividade e reproducéo de M. incognita apés exposicao aos COVs
OU na suspensao na agua exposta aos volateis dos isolados bacterianos

Em bandegjas com células de 75 cm?, preenchidas com substrato artificial Multiplant®,
foram colocadas 2 a 4 sementes de tomateiro (S. lycopersicum L. cultivar Santa Clara) para
germinar. Quando as mudas alcangaram 3 a 4 pares de folhas definitivas, foram transplantadas
para copos plastico de 300 ml contendo substrato artificial Multiplant® e fertilizadas de
acordo com a recomendacdo para a cultura. Dez dias apos o transplantio, 800 J» expostos por
24 horas aos volateis ou suspensos na dgua exposta aos COV s bacterianos, foram inoculados
em cada muda distribuindo a suspenséo em quatro perfuractes feitas no substrato a 2 cm ao
redor do caule da muda. Foram realizadas cinco repeticdes por isolado bacteriano asssm como
para o0 controle. ApGs a inoculacdo, as mudas foram mantidas por 30 dias em casa de
vegetacdo com irrigagdes frequentes e as adubacOes necesséarias. Ao final dos 30 dias foi
pesado o sistema radicular e calculado o nimero de galhas e nimero de ovos por grama de

raiz.
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Caracterizacdo das moléculas emitidas pelos isolados bacterianos ou retidos em agua
exposta aos volateis desses or ganismos atravésde GC-M S

Foram caracterizadas as moléculas emitidas pelas bactérias Bacillus sp (BO1) e de
Pseudomonas sp (B12 e B44) nos vapores e na agua que a eles foi exposta, pois esses isolados
apresentaram alta imobilidade e mortalidade nos J» de M. incognita. Para as andlises em
cromatografia gasosa, 0s isolados selecionados foram transferidos para meio de cultura TSA
em tubo Supelco® de 20 mL. Ap6s 24 horas de crescimento bacteriano foram realizadas as
andlises por GC-MS. Como controle, utilizou-se 0 meio de cultura TSA sem isolado
bacteriano, foi inserido no tubo Supelco®. As amostras e controles foram preparados em trés
replicatas.

Para as analises dos COV's emitidos pelos isolados de Bacillus sp (B01) e de Pseudomonas
sp (B12 e B44) que foram retidos na égua, foi realizado o procedimento similar ao ensaio da
mortalidade de % de M. incognita em suspensdo na agua exposta por 24 horas anteriormente
descrita. A modificacdo foi que, apds 24 horas de incubagdo no escuro, a agua foi transferida
para tubos Supelco® de 20 mL, e como controle, o tubo Supelco® recebeu apenas &gua
exposta ao meio de cultura TSA.

As andlises cromatogréficas foram realizadas na Central de Andlise e Prospeccéo Quimica
(CAPQ/UFLA). Para a extracdo dos COVs foi empregada a microextracdo em fase solida
(SPME) no modo headspace (38) e foram adotados os seguintes parémetros. fibra
DVB/CAR/PDMS (Divinilbenzeno, Carboxen, Polidimetilsiloxano) de 2 cm (SUPELCO);
temperatura de extracdo de 55 °C, tempo de extracdo de 35 minutos e tempo de dessor¢éo no
injetor do GC de 1 minuto. Para a separacdo e identificagdo dos COVs foi usado um
cromatdgrafo a gas acoplado a um espectrdmetro de massas GC-MS QP 2010 Ultra
(Shimadzu, Japan) equipado com injetor automético para liquidos e gases AOC-5000

(Shimadzu, Japan) e coluna HP-5 (5% fenil-95% dimetilisiloxano) de dimensdes 30 m x 0,25
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mm x 0,25 um. A temperatura do injetor foi de 250 °C, da interface de 240 °C e da fonte de
ions do detector de 200 °C. O injetor foi operado no modo splitless e como gas de arraste foi
usado He grau 5.0 a 1,0 mL min. A programacdo da temperatura do forno do GC foi de 40
°C até 160 °C a 3°C min'! e entdo até 240 °C al10 °C min. Para verificar que compostos sio
produzidos apenas pelos isolados bacterianos, os cromatogramas do controle (meio de cultura
sem isolados) e das amostras foram sobrepostos e apenas picos produzidos exclusivamente
pela amostra foram selecionados para a etapa de identificaggo. A identificacdo dos COV s foi
realizada por analise comparagdo dos espectros de massas e dos indices de retencdo. Os
espectros de massas de cada pico do cromatograma foram extraidos através do programa
Automated Mass Spectral Deconvolution and Identification System (AMDIS) v. 2.63 e foram
comparados aos espectros da biblioteca NIST pelo programa Mass Spectral Search Program
v. 1.7 (29), sendo considerados somente picos em que a similaridade entre os espectros foi
maior que 80%. Os indices de retencdo experimentais (Rl Exp.) foram obtidos através da
injecdo de uma série homdloga de alcanos e comparados aos indices de retencdo da literatura

(RI Lit.) (2, 29).

Andlises estatisticas

Todos os ensaios foram organizados em delineamento inteiramente casualizados com cinco
repeticbes por tratamento. Os resultados foram previamente submetidos a testes de
normalidade (Shapiro -Wilk) e da homogeneidade de variancia dos erros (Bartlett). Uma vez
atendidos a esses pressupostos, aplicou-se o teste F, por meio da andlise de variancia
(ANOVA). Quando os testes de F foram significativos (P <0,05) procedeu-se a comparagao
entre médias pelo teste de Tukey (P <0,05). Os ensaios com COV's bacterianos in vitro e in

vivo foram realizados duas vezes com resultados semel hantes.



Resultados
| solamento eidentificacdo das bactérias

Foram obtidos 49 isolados bacterianos das massas de ovos de M. paranaensis e de tecidos
corticosos de cafeeiro. Foram identificados 13 isolados bacterianos pelo sequenciamento do
gene ribossomal 16S no Laboratério de Biogquimica Fitopatolgica do Instituto Bioldgico de
S8o Paulo, destes, 7 pertencem ao género Pseudomonas. Os dados obtidos no processo de
identificacdo sugerem a proximidade de algumas espécies. Assim, um dos treze isolados foi
identificado como Bacillus cereus ou thuringiens's, devido a impossibilidade de distinguir as
duas espécies com base no gene 16S. Espécies de outros géneros também foram identificados
como Rhizobium pusense, Chryseobacterium gallinarum, Leclercia adecarboxilata,
Senotrophomonas maltophilia e Acinetobacter oleivorans (Tabela 1). As duas areas
amostradas no campo ndo demostraram diferencas qualitativas quanto as espécies
identificadas. Para prosseguir com os testes in vitro e in vivo foi realizada uma avaliacéo
preliminar com base nos dados sobre imaobilidade e mortalidade de J» na presenca dos COV's

bacterianos e ent&o, selecionados 23 isolados para prosseguir nas avaliagOes detalhadas a

Sseguir.

Imobilidade e mortalidade de J2 de M. incognita pelos COV's bacterianos

Os X de M. incognita expostos aos COV's emitidos pelos vinte e trés isolados bacterianos,
apresentaram imobilidade e mortalidade variaveis, porém, todas foram significativamente
maiores (P<0,001) comparados ao controle. A imobilidade variou de 74% a 100% e
mortalidade de 32% a 90%. Em grande nimero de isolados (vinte e dois) a imobilidade foi
maior de 90% enquanto a mortalidade na maioria dos isolados ficou entre 45% e 65% (Figura

2).
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Mortalidade de J2 de M. incognita em suspensdes na agua exposta aos COV's bacterianos

Os J de M. incognita que foram suspensos na agua exposta aos voléteis emitidos pelos
vinte e trés isolados bacterianos, apresentando mortalidades (P<0,001) varidveis. Excetuando
os isolados B15, B20 e B24, os COV de todos os outros isolados bacterianos promoveram a
mortalidade dos J quando comparados ao controle (P<0,01), variando de 22% a 42%. Por
outro lado, os isolados que apresentaram mortalidade acima de 35% em J quando expostas

aos COVsforam B10, B11, B30, B32, B35 e B38 (Figura 3).

Infectividade e reproducéo de M. incognita a partir de J2 expostos aos COV's bacterianos

A infectividade e a reproducdo de todos os isolados bacterianos expressas em nimero de
gahas e ovos, foram significativamente reduzidas comparadas ao controle. A reducéo do
nimero de galhas variou entre 32% a 96%, enquanto a reducdo no nimero de ovos variou de
8% a 97% quando comparado ao controle. Os COV s dos isolados B24 e B29 de Pseudomonas
sp foram os que causaram maior reducdo no nimero de galhas (87% e 88%)e ovos (93% e
97%). Além disso, o isolado Stenotrophomonas maltophilia (B40) também causou elevada
reducdo no nimero de ovos (90%), no entanto, a reducéo no nimero de galhas (35%) nao foi
t&o pronunciada. Por outro lado, o isolado B04 foi 0 que mais reduziu o nimero de galhas, no
entanto, ficou no segundo grupo de isolados que mais reduziram o nimero de ovos (Figura

4).

I nfectividade e reproducédo de M. incognita a partir de J2 em suspensdes na dgua exposta
aos COVs bacterianos

A infectividade e reproducdo dos J. expressas em numero de galhas e ovos,
respetivamente, foram na maioria dos isolados bacterianos reduzida significativamente

guando comparados ao controle. A reducdo do nimero de galhas variou de 13% a 66%
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enguanto o nimero de ovos variou entre 8% a 75% quando comparados ao controle. Os
COVs dos isolados B09, B10, B38, B40 (S maltophilia) e B41 (P. taiwanensis) que
dissolveram na &gua, foram os que mais reduziram o numero de galhas (maior a 53%) e ovos
(maior a 60%). No entanto, os COVs dos isolados B20 e B24, B29 (Pseudomonas sp.),
reduziram também o nimero de ovos (67%, 69% e 67%, respectivamente), porém, a reducéo
do numero de galhas (41%, 34% e 30% respectivamente) ndo foi tdo pronunciada. Por outro
lado, o isolado B30 foi um dos que mais reduziu o nimero de gahas (56%) e ficou no

segundo grupo de isolados que mais reduziram o nimero de ovos (51%) (Figura5).

Caracterizacdo das moléculas volateis emitidos pelos isolados bacterianos e na agua
exposta aos COVs através da cromatogr afia gasosa GC-M S

Nas andlises por CG-MS foram identificados 16 compostos voléteis, os quais foram
emitidos pelos isolados bacterianos. As moléculas foram identificadas e divididas em 6
classes. ésteres (3metiltiobutanoato de etila e 3-hidroxy butanoato de etila), acoois (2-metil-
1-butanol, 2-etil-hexanol), cetonas (2-undecanona e 2-tridecanona) &cidos carboxilicos (&cido
acético, acido 2-metil-propandico, é&cido butanoico, &acido 3-metilbutandico, éacido 2-
metilbutandico), sulfurados (dissulfeto de dimetila, trissulfeto de dimetila, tetrassulfeto de
dimetila) e outras. Quatorze moléculas foram encontradas nos vapores e trés na agua exposta
aos COV's nas emissdes dos trés isolados estudados (B01, B12 e B44). Maior nimero de
moléculas (cinco) encontradas nas emissdes de BOl e pertencem a classe dos acidos
carboxilicos, enquanto no isolado B44, o maior nimero (trés) pertencem a classe dos
compostos sulfurados. Foram identificados trés compostos retidos na agua exposta aos
isolados bacterianos. 2-etil-hexanol e dois compostos sulfurados (dissulfeto de dimetila e

trissulfeto de dimetila) (Tabela 2).
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Discussao

Estudos realizados no local de infeccdo de Meloidogyne e de suas massas de ovos tém
investigado aincidéncia e efeitos de fungos e bactérias ndo fitopatogénicos que usam a matriz
gelatinosa como residéncia (14, 25). No entanto, isolados bacterianos presentes em massas de
ovos de M. paranaensis como Pseudomonas sp, B. cereus/thuringiensis, Rhizobium pusense,
Chryseobacterium gallinarum, Leclercia adecarboxilata, S. maltophilia e Acinetobacter
oleivorans encontrados neste trabalho tém sido relatadas como agentes no controle biol 6gico
de nematoide parasitas de plantas (23, 30, 39). Por exemplo, Bacillus spp inibem o
crescimento de grande numero de patdgenos de plantas por antagonismo, produzem
antibi 6ticos e pela producéo de enzimas degradam os polimeros estruturais de fungos, além de
emissdes de voléteis antifingicos (3). Gu et al., (21) observaram que 149 isolados de
bactérias tiveram mais de 20% de atividade nematicida contra Panagrellus redivivus, e
Bursaphelenchus xylophilus, destacando a espécie S. maltophilia que também foi encontrada
em massas de ovos de M. paranaensis neste trabalho. Uma outra forma de acdo de
rizobactérias como P. putida e P. fluorescens é a influéncia direta na migracdo dos
nematoides infectivos através daraiz (15).

Neste trabalho, a alta imobilidade e mortalidade de J» de M. incognita introduzido na
camara de gas formada nas placas de Petri, demostram os efeitos nematicidas e
nematostaticos dos COV's emitidos pelas culturas bacterianas. A imobilidade e mortalidade de
J de M. incognita e de outros nematoi des tém sido observados apds a exposi¢do dos COV's de
plantas e de microrganismos como fungos e bactérias (8). Abdelnabby et a (1) demostraram
gue a mobilidade de J> de M. incognita cessou apds exposi¢ao por 24 horas a B. thuringiensis.
A exposicdo aos compostos voléteis de Bacillus sp isolados de massas de ovos de M.
paranaensis neste trabalho, mostraram alta imobilidade dos J» expostos e a consequente baixa

infectividade e reproducdo de M. incognita, esse resultado concorda com Dhawan et al. (16),
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gue demostraram imobilidade completa de M. incognita apds exposi¢ao aos volateis emitidos
por B. thuringiensis durante 24 horas, bem como a mortalidade de juvenis expostos a voléateis
de B. cereus (28). Também a alta imobilidade e mortalidade dos J. de M. incognita quando
expostos aos COV s de Pseudomonas sp neste trabalho concorda com os resultados a cancados
por Siddiqui et al., (34) nos quais isolados de Pseudomonas causaram inibicdo na eclosdo e na
penetracdo de M. incognita em plantas de ervilha (Pisum sativum).

A infectividade e a reprodutibilidade de M. incognita a partir de J expostos aos COV's
bacterianos e a agua exposta aos COV s das diferentes bactérias isoladas de massas de ovos de
M. paranaensis foram significativamente reduzidas comparadas ao controle, comprovando o
efeito nematostético e nematicida j& avaliada pela imobilidade e mortalidade neste trabal ho.
Grimme et a (20) observaram que agua exposta aos COV's do fungo M. albus tornou-se
toxica a M. incognita ap6s uma semana de exposicdo. Terra et a. (37) observaram
imobilidade de 100% em J» de M. incognita misturado a &gua exposta aos COV's do isolado
21 de F. oxysporum de massas de ovos de M. exigua do cafeeiro. Costa et a (14) estudando
massas de ovos de M. exigua encontraram bactérias emissoras de COVs téxicos a M.
incognita.

A maioria das moléculas emitidas pelos isolados bacterianos e identificados por GC/MS
neste trabalho foram agrupados em ésteres, dcoois, fendis, adeidos, cetonas, &acidos
carboxilicos e sulfurados também foram encontrados por Abdelnabby et al, (1) nas emisstes
de COVs emitidos por B. simplex, B. subtilis, Serratia marcescens e Sreptomyces
maltophilia, destacando-se a alta atividade nematicida do 2-undecanone e dimethyl disulfide
também encontrados nas emissdes de bactérias isoladas de massas de ovos de M. paranaensis.

Algumas das moléculas identificadas neste trabalho, tém relatos de efeitos nematicidas,
como: 2-metil-1-butanol (4, 18, 19), 2-undecanona (3, 5, 17, 21, 23, 30, 31, 39), 2-tridecanona

(3, 17, 26, 31, 39), acido acético (3); acido 2-metil-propandico (4); acido 3-metilbutandico
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(4); &cido 2-metilbutandico (4); dissulfeto de dimetila (5, 21, 23, 30, 39) e trissulfeto de
dimetila (17).

Existem na literatura exemplos de aplicacdo de moléculas. 2-metil-1-butanol, também
encontrada em emissdes de Saccharomyces cerevisiae, demostrou alto efeito nematicida
contra M. javanica e também efeito fungicida contra Guignardia citricarpa (18,19). Vapores
de dissulfeto de dimetila causaram 100% de mortalidade dos nematoides Bursaphelenchus
xylophilus e Panagrellus redivivus (21). Moléculas 2-undecanona e dissulfeto de dimetila
produzidos pela bactéria Bacillus megaterium mostraram ata atividade nematicida em J, e
ovos de M. incognita (23). Xu et a. (39) obtiveram uma alta atividade nematicida com
dissulfeto de dimetila contra Caenorhabditis elegans e Meloidogyne incognita. Popova et al.
(30) demostraram que 2-undecanone e dissulfeto de dimetila produzidos pelas bactérias
Pseudomonas chlororaphis 449 e Serratia proteamaculans 94, tiveram efeitos nematicidas

contra Caenor habditis elegans.

Séo diversas as bactérias que ocorrem nas massas de ovos de M. paranaensis no cafeeiro.
Os COVs emitidos tanto na fase de vapor como retidos na agua exposta a eles, causaram
imobilidade, mortalidade dos J, além de perdas na infectividade e reproducdo de M.
incognita em tomateiro. Maior nimero de moléculas foi sempre constatado na fase de vapor

comparado aos retidos em agua.
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Figura 1. Técnica para o estudo dos compostos organicos voléateis em placas bipartidas,
emitidos pelos isolados bacterianos seguido do fechamento com filme plastico. A)
Compartimento da placa de Petri com o recipiente plastico para receber o organismo teste
(suspencéo de juvenis de segundo estégio (J2) de Meloidogyne incognita), B) Compartimento

da placa de Petri contendo a fonte de COV s (isolados bacterianos).



61

Tabela 1: identificagdo dos isolados bacterianos obtidos de massas de ovos de Meloidogyne
paranaensis e de tecidos corticosos de raiz coletados em duas areas cafeeiras da mesma

propriedade na cidade de Piumhi, MG, Brasil.

No. Caodigo* I dentificacdo pelo sequenciamento do gene
ribossomal 16S
1 01 Bacillus cereus/thuringiensis
2 11 Pseudomonas sp.
3 12 Pseudomonas sp.
4 15 Rhizobium pusense
5 24 Pseudomonas sp.
6 29 Pseudomonas sp.
7 31 Chryseobacterium gallinarum
8 32 Leclercia adecarboxilata
9 39 Pseudomonas monteilii
10 40 Senotrophomonas maltophilia
11 41 Pseudomonas taiwanensis
12 44 Pseudomonas sp.
13 47 Acinetobacter oleivorans

*Cabdigo referente a colegdo onde os fungos estdo depositados.
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Tabela 2: Compostos organicos volateis identificados por SPME-GC-M S em vapores ou retidos em agua nas emissdes volateis de Bacillus sp e

Pseudomonas sp.
Bacillus sp Pseudomonas sp | Pseudomonas sp
isolado BO1 isolado B12 isolado B44
Composto* IREXP IR Tedrico” Match | Vapor Retido Vapor Retido Vapor Retido
em agua em agua em agua

Esteres

3metiltiobutanoato de etila 935 X 80 \%

3-hidroxy butanoato de etila 937 X 88 \Y;

Alcoois e fendis

2-metil-1-butanol 737 734 93 \Y; \Y; \

2-etil-hexanol 1029 1029 91 Vv Y,

Cetonas

2-undecanona 1285 1293 93 Y

2-tridecanona 1491 1495 92 Y

Acidos carboxilicos

acido acético 633 600 90 \Y;

&cido 2-metil-propandico 791 790 96 %

acido butandico 816 821 87 \Y;

acido 3-metilbutandico 865 858 801 \Y;




acido 2-metilbutandico 890 873 90

Sulfurados

Dissulfeto de dimetila 737 738 92 \%
trissulfeto de dimetila 968 968 88 \Y;
tetrassulfeto de dimetila 1207 1211 95 \Y
Outros

dioxido de carbono X X 94 \Y;

ndo identificado 1084 X Y, Y,

V- compostos presentes nas amostras

*- Compostos identificados por Cromatografia Gasosa
Y- indices de retencao tedricas de acordo com aliteratura (RP Adams, |dentificagdo dos componentes do 6leo essencial por Cromatografia Gasosa/ Espectrometria de Massa,

42Ed., Allured Publishing Corp., Carol Stream, 2007.) (http://webbook.nist.gov/ quimica/)
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Figura 2: Porcentagem da imobilidade e da mortalidade de juvenis de segundo estdgio de
Meloidogyne incognita pela exposicdo aos compostos organicos volateis produzidos por diferentes
isolados bacterianos obtidos de massas de ovos de M. paranaensis. Médias seguidas de mesma letra

ndo diferem entre si pelo teste de Tukey (p<0,05). T = controle
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Figura 3: Porcentagem da mortalidade de juvenis de segundo estdgio de Meloidogyne
incognita em suspensdes na agua exposta aos compostos organicos volateis produzidos por
diferentes isolados bacterianos obtidos de massas de ovos de M. paranaensis. Médias
seguidas de mesma letra ndo diferem entre si pelo teste de Tukey (p<0,05). T = controle.
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Figura 4: Infectividade (A) e reproducdo (B) de juvenis de segundo estagio de Meloidogyne
incognita pela exposi¢ao aos compostos organicos volateis produzidos por diferentes colbnias
bacterianas obtidas de massas de ovos de M. paranaensis. Médias seguidas de mesma letra
ndo diferem entre si pelo teste de Tukey (p<0,05). T= controle.
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Figura 5: Infectividade (A) e (B) de juvenis de segundo estégio de Meloidogyne incognita em
suspensdo na égua exposta aos compostos organicos volaeis produzidos por diferentes colénias
bacterianas obtidas de massas de ovos de M. paranaensis. Médias seguidas de mesma letra ndo

diferem entre s pelo teste de Tukey (p<0,05). T = controle.
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Apéndice A: Porcentagem da imobilidade, mortalidade e redugcdo da infectividade e
reproducdo de juvenis de segundo estagio de Meloidogyne incognita pela exposicdo aos
compostos organicos voléateis produzidos por diferentes isolados bacterianos obtidos de
massas de ovos de M. paranaensis, quando comparado ao controle.

Isolados | Imobilidade Mortalidade Reducdodegalhasg! Reducédodeovosg?
bacterianos (%) (%) deraiz (%) deraiz (%)
Controle 3a 1l4a Og Oi

BO1 %c 49c 77b 84b
BO4 95c 58d 9% a 88 b
B05 95c 32b 68 c 82b
B09 95d 64 e 73c 52e
B10 99d 65e 43e 8h

B11 100d 73f 60d 7lc
B12 100d 63 e 61d 7lc
B15 100d 41c 53e 229
B20 100d 64 e 71lc 279
B24 100 d 57d 88 a 93 a
B29 100d 74 f 87a 97a
B30 74D 69 e 32f 35f

B3l 100d 42c 52e 56d
B32 97d N0g 50e 67cC
B33 100 d 51c 32f 189
B35 100d 66 e 33f 249
B38 99d 69 e 37f 58d
B39 98d 6le 38f 68 c
B40 99d 62 e 35f 0a
B41 99d 849 42e 61d
B44 100d 55d 58 e 85b
B47 99d 56d 82b 84b
B49 98 d 66 e 43 e 48 e

M édias seguidas de mesma letra ndo diferem entre si pelo teste de Tukey (p<0,05).
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Apéndice B: Porcentagem da mortalidade e reducéo da infectividade e reproducdo de juvenis
de segundo estéagio de Meloidogyne incognita em suspensdes na agua exposta aos compostos
organicos voléteis produzidos por diferentes isolados bacterianos obtidos de massas de ovos
de M. paranaensis, quando comparado ao controle

| solados . Reducdo degalhasg Reducdo de ovosg?
bacterianos Mortalidade (%) 1%eraizg(%) k d(éraiz(%) ’

Controle 13a Oc Oe
BO1 26b Oc Oe
B0O4 23b 13¢c 13d
B0O5 27b 2c 15d
B09 33c 53 a 62 a
B10 37d 66 a 73a
B11 42 d 35b 36¢C
B12 32c 1llc Oe
B15 19a 30b 45Db
B20 19a 41b 67 a
B24 2la 34b 69 a
B29 22b 30b 67 a
B30 36d 56 a 51b
B31 25b 1lc 12d
B32 40d 2¢C 8d
B33 32c Oc 13d
B35 40d 12¢ 32c
B38 35d 65a 68 a
B39 33c 36b 3lc
B40 3lc 60 a 75 a
B41 29¢c 53 a 60 a
B44 3lc 38b 49 Db
B47 3lc 5¢ 24c
B49 26b 36b 35c

M édias seguidas de mesma letra ndo diferem entre si pelo teste de Tukey (p<0,05).



