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Morphological identification of Ilyonectria liriodendri 
and its interaction with plant growth-promoting 

bacteria in grapevine rootstocks
Liliane Martins de Brito1, Flávio Zanette2, Luiz Antonio Biasi2, 

Murilo Dalla Costa3,  João Frederico Mangrich dos Passos4

Abstract - In order to analyze the pathogenicity and antagonism between grapevine rootstocks and 
soil microorganisms, plant growth-promoting bacteria with antibiotic effect were selected from the 
phytopathogen Ilyonectria liriodendri, 2T-VSC-101 isolated monosporic, in in vitro antibiosis tests. 
The bacterial access that produced the largest zone of inhibition was used in the seedling biotization 
of the grapevine rootstocks P1103, IBBT481 and VR039-16. From the interaction between isolates 
of plant growth-promoting bacteria and Ilyonectria liriodendri isolate resulted in three bacterial 
isolates with control of the mycelial growth of the phytopathogen, all of the Burkholderia gender. 
However, the highest control bacterium, Burkholderia catarinensis sp. nov. isolated POA 89, was 
found to be detrimental to the in vitro development of rootstocks, causing them to die. The cultivation 
through culture medium modified with sand was adequate for the in vitro growth of the rootstocks 
and appropriate for the observation of the black foot disease’s characteristic symptoms. From the ex 
vitro cultures with the IBBT481 rootstock and the microorganisms, there were results in favorable 
effects to the plants inoculated with the bacterium in combination with the phytopathogen. It also 
demonstrated the difficulty of acclimatization and growth of this access in a greenhouse.
Index terms: Micropropagation, acclimatization, Burkholderia catarinensis sp. nov., Ilyonectria 
liriodendri.

Identificação morfológica de Ilyonectria liriodendri e sua interação 
com bactérias promotoras de crescimento de plantas 

em porta enxertos de videira
Resumo - Com a finalidade de analisar a patogenicidade e o antagonismo entre porta-enxertos 
de videiras e microorganismos de solo, procedeu-se à seleção de bactérias promotoras de 
crescimento de plantas com efeito antibiótico ao fitopatógeno Ilyonectria liriodendri, isolado 
monospórico 2T-VSC-101, em testes de antibiose in vitro. O acesso bacteriano que produziu a 
maior zona de inibição foi utilizado na biotização de mudas dos porta-enxertos de videira P1103, 
IBBT481 e VR039-16. Da interação entre isolados de bactérias promotoras de crescimento de 
plantas e o fungo causador da doença-pé-preto-da-videira, resultaram, três isolados bacterianos 
com controle sobre o crescimento micelial do fitopatógeno, todos do gênero Burkholderia sp. 
Entretanto, a bactéria de maior controle, Burkholderia catarinensis sp. nov. isolado POA 89, 
mostrou-se prejudicial ao desenvolvimento in vitro dos porta-enxertos, causando-lhes a morte. 
O cultivo com meio de cultura modificado com pedrisco mostrou-se adequado ao crescimento 
in vitro dos porta-enxertos e apropriado à observação dos sintomas característicos da doença 
pé-preto. Das culturas ex vitro com o porta-enxerto IBBT481 e os microorganismos, resultaram 
efeitos favoráveis às plantas inoculadas com a bactéria em combinação com o fitopatógeno. 
Também demonstrou a dificuldade de aclimatização e de crescimento desse acesso em casa de 
vegetação.
Termos para indexação: Micropropagação, aclimatização, Burkholderia catarinensis sp. nov., 
Ilyonectria liriodendri.
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Introduction

The incidence of trunk fungal diseases has 
increased significantly in different areas of grapevine 
production worldwide, particularly in nurseries and 
new vineyards (ALANIZ et al., 2007; AGUSTÍ-
BRISACH and ARMENGOL, 2013). This fact triggered 
a renewed interest in research on resistant rootstocks, 
on these diseases and their causative agents. Among 
the phytopathologies, there is the black foot disease of 
the vine, caused by fungi related to anamorphs of the 
Cylindrocarpon type, such as the Ilyonectria gender 
(CHAVERRI et al., 2011; CABRAL et al. 2012; AGUSTÍ-
BRISACH et al., 2014). Among Ilyonectria species, I. 
liriodendri (Halleen, Rego & Crous) Chaverri & Salgado 
(RUSSI et al., 2010) is one of the main threats to vines, 
observed in vineyards in France, Portugal, South Africa 
(REGO et al., 2000; HALLEEN et al., 2006), Spain 
(ALANIZ et al., 2009), Iran (MOHAMMADI et al., 2009) 
and New Zealand (PATROSE et al., 2014). This species 
has also been described as a pathogen that causes black 
foot disease of the vine in Brazil by Russi et al. (2010). 
Plants affected by the plant pathogen show necrotic 
lesions in the roots, with a reduction in root biomass, 
besides other symptoms that include vigor reduction, 
internodes shortening, sparse foliage and small leaves 
with chlorosis and necrosis between the veins, often 
leading to the plants to die (ALANIZ et al., 2007; PETIT 
et al., 2011; AGUSTÍ-BRISACH and ARMENGOL, 
2013). The characteristic black coloration of the affected 
plants is due to the necrosis of the wood tissue that 
develops from the base of the rootstock (FONTAINE et 
al., 2016). Currently, many wine-growing regions have 
restricted the use of pesticides in vines, not only because 
of detectable chemical residues, but also because they 
cause the emergence and establishment of strains of 
resistant pathogenic microorganisms (ALANIZ et al., 
2011). Staley et al. (2014) describe that the wide-scale 
application of agrochemicals has become increasingly 
scrutinized in recent years for possible contributions to 
human health risks, including potentially carcinogenic 
effects and prolonging the survival of agriculturally 
associated zoonotic pathogens. As a result, legislation 
in most countries is becoming more severe, leading 
to an increasing need for alternative techniques to 
chemical management (SENGUPTA and GUNRI, 
2015; GRIMALT and DEHOUCK, 2016) and it will 
depend on suitable varieties that present qualitative 
characteristics in the production of grape and wine. 
Therefore, cultivars considered traditional or recently 
introduced, such as Paulsen 1103 (V. berlandieri x V. 
rupestris) and VR039-16 (V. vinifera × V. rotundifolia), 
besides others in experimental phase, such as the 
rootstock IBBT481 (V. labrusca ‘Isabel’ x V. rotundifolia 
‘Bontiful’) (REINHART, 2013), have present potential 

characteristics for viticulture, especially in the control 
of the  root system diseases, such as the phytopathogen 
Fusarium oxysporum f sp. herbemonitis (RANA et 
al., 2017). One strategy to obtain those seedlings is 
the tissue cultivation in vitro or micropropagation 
(BETTONI et al., 2015). Another possibility is the use 
of microorganisms beneficial to the crop. Plant growth-
promoting bacteria (PGPB) may be an alternative, 
since they are able to colonize, survive and multiply in 
microhabitats associated with the root surface (AHMAD 
et al., 2008; SANTOYO et al., 2016). These interactions 
promote the vegetative development of the grapevines, 
either directly, producing plant hormones, or indirectly, 
altering the microbial balance in the rhizosphere and 
disfavoring phytopathogens by antibiosis or induction 
of systemic plant resistance (COMPANT et al., 
2010; GLICK, 2012; MONCADA et al., 2015). The 
beneficial effects can be observed in plants propagated 
in vitro and ex vitro mainly by increasing leaf area, 
plant height, stem diameter, number of leaves and dry 
biomass. They are also useful in reducing the time of 
acclimatization, the greater survival of seedlings, the 
control of diseases and the increase of productivity. They 
can be used in micropropagated plants, incorporated 
into the culture medium or planting substrate, in 
treatments of cuttings and roots (MARIANO et al., 
2004; GLICK, 2012). Studies on the effects of simple 
and combined inoculation between microorganisms on 
seedling production are being carried out, mainly those 
of agronomic interest (ADESEMOYE and KLOEPPER, 
2009). Micropropagation methods in pathogenicity and 
bioassay tests become necessary and require studies 
(NOWAK, 1998; GOSAL et al., 2010; ORLIKOWSKA 
et al., 2017), since these techniques must, on the one 
hand, favor the proper vegetative development of the 
plants and, on the other hand, externalize the interactions 
between microorganisms and tested genotypes. In order 
to evaluate the development of micropropagated P1103, 
VR039-16 and IBBT481 rootstocks in in vitro growth 
environments, for further pathogenicity and antagonism 
tests, simple and combined inoculation experiments 
were performed with plant growth promoting bacteria 
and the phytopathogen causing the black foot disease 
of the grapevine during  the micropropagation and 
acclimatization of those plants.

Material and methods

In vitro antibiosis tests
The isolates of the phytopathogen were recovered 

from trunk tissue fragments and roots of three years old 
grapevine (rootstock cv. VR043-43), which presented 
characteristic lesions of the disease. Segments, after 
asepsis, were transferred to PDA medium (Potato, 
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Dextrose, Agar) with 1.000 mg L-1 rifampicin and 
incubated at 25 ± 1 °C. After 10 days, when the structures 
were observed with conidia, a suspension was obtained 
by scraping the surface of the mycelium. One drop of this 
portion was streaked on agar/water medium containing 
plate to dilute the conidia and obtain the isolated 
monosporic. After 48 hours, the germinated spores were 
removed from the plate with the aid of a stylet, under 
a microscope and in a laminar flow chamber, peeled 
into the PDA medium and incubated at 25 ± 1 °C for 
20 days until the mycelial growth reaches the edges of 
the Petri dish (GARRIDO et al., 2004). Subsequently, 
the isolates of the fungus were characterized according 
to: the colony (color, appearance, diameter and reverse 
in PDA); the conidiophores (characterization); conidia 
(type, size, presence of scar, septation, coloration and 
shape); chlamydospores (presence, color and diameter); 
and sporulation. The identification was carried out 
with the aid of the identification keys for the species 
of Brayford (1987), Samuels and Brayford (1990), 
Brayford (1993) and Alaniz et al. (2007). In the antibiosis 
experiments the isolated monosporic 2T-VSC-101 
identified as Ilyonectria liriodendri was used. Twelve 
isolates of PGPB, selected according to availability in 
the germplasm bank of the Biotechnology Laboratory 
of the Company of Agricultural Research and Rural 
Extension of Santa Catarina (EPAGRI) Lages – SC, 
were inoculated in King-B liquid medium (KING and 
KING, 1954), using 100 µL suspension of the bacteria 
per test tube containing 10 mL of the liquid medium. 
Four test tubes, at 28 ±1 °C, per bacterium were used and 
agitated to provide aeration and environment suitable for 
growth until reaching 150 x 106 bacterial cells per mL 
of medium by the nephelometric scale of MC Farland – 
NEFELOBAC (LENNETTE et al., 1985). The bacterial 
isolates were tested in PDA medium, placing a 0.5 cm 
agar disc with abundant growth of the pathogenic fungus 
in the center of the plaque, and at the extremities, four 
bacterial streaks. After 10 days of incubation, the reduction 
of mycelial growth was measured. The experiment was 
carried out in a completely randomized design with six 
replications; phytopathogenic: Ilyonectria liriodendri; 
antagonists: Rohnella sp. (isolated POA 9), Burkholderia 
sp. ( isolated POA 75, 89, 187, 208, 195, 245 e 253), 
Pseudomonas sp. ( isolated POA 108), Leclercia sp. ( 
isolated POA 209 e 210) e Ewingela sp. ( isolated POA 
242). Subsequently, a triplicate was performed with the 
bacteria that showed inhibitory effect. The bacterial 
isolate that produced the largest zone of inhibition was 
stored in liquid medium King-B at -5 °C. The mean 
radius (MR, cm) of the pathogen colonies paired with 
the endophytic isolate and the relative inhibition (RI, %) 
were measured and calculated (SHIOMI et al., 2008). 
The data were submitted to analysis of variance by the 
F test, at the 5% probability level, using the program 

Assistat Software version 7.7 (SILVA and AZEVEDO, 
2016); when necessary, the Box-Cox transformation was 
applied to the variables (OSBORNE, 2010). The means 
were compared by the Tukey test, at 5% probability.

In vitro antagonism and pathogenicity tests
Nodal segments of the rootstocks P1103 (V. 

berlandieri x V. rupestris), VR039-16 (V. rotundifolia 
x V. vinifera) and IBBT481 (V. labrusca ‘Isabel’ x V. 
rotundifolia ‘Bontiful’) were submitted to disinfestation 
with ethanol (70%) and sodium hypochlorite (1.5%) 
(BETTONI et al., 2015), subsequently established and 
multiplied, in Murashige and Skoog culture medium 
- MS (MURASHIGE and SKOOG, 1962), with half 
the concentration of salts, free of growth regulators, 
solidified with 7 g L-1 de agar (Merck®); the pH adjusted 
to 5.8 before autoclaving at 121 ºC, for 20 minutes. The 
explants were maintained in growth chambers for 40 
days and after this period were sub cultivated  in 240 
mL flasks with MS culture medium with half the salt 
concentration, solidified with agar (MSA/2) or with sand 
(MSS/2) > 1.4 mm, autoclaved at 120 °C for 60 minutes. 
When they reached 4 cm and 4 leaves, the grapevine 
rootstocks plants were inoculated with the isolate of 
PGPB Burkholderia catarinensis sp. nov. isolated POA 
89 (BACH et al., 2017), isolated that presented greater 
antibiosis action in vitro. Two milliliters of the suspension 
were used with approximately 150 x 106 of the bacterium 
per mL of the liquid medium King-B, directly in the 
growth medium (LENNETTE et al., 1985). The other 
plants constituted the control treatment and received 2 
mL of the solution without the bacterium, to simulate the 
equal growth conditions. The pathogen was inserted after 
7 days of inoculation of the bacterium, placing a 0.5 cm 
agar disc with abundant growth of the fungus at the base 
of the seedling. The biotization of the growth medium 
with the bacteria and the inoculation of the pathogenic 
fungus were made in laminar flow chamber. The plants 
remained at 25 °C with photoperiod of 16 h. After 30 
days, the presence or absence of symptoms of black foot 
disease and damage to the seedlings were evaluated. 
The lesions in the roots of the seedlings were evaluated 
according to the percentage (%) of darkened roots visible 
in the growth medium in vitro. The foliar damages were 
measured according to the percentage (%) of the changes 
in leaf color and necrosis, with the aid of the AutoCAD 
2014 program (MORAES et al., 2013). The experiment 
was carried out in a completely randomized design, with 
10 replicates and one plant per experimental unit. The 
data were submitted to analysis of variance and the means 
were compared by the F test, at the 5% probability level, 
using the software Assistat Software version 7.7 (SILVA 
and AZEVEDO, 2016); when necessary, the Box-Cox 
transformation was applied to the variables (OSBORNE, 
2010). The means were compared by the Tukey test, at 
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5% probability.

Tests of antagonism and pathogenicity ex vitro

In this study, seedlings from the in vitro 
propagation of the IBBT481 rootstock were used. 
Inoculations with the PGPB were performed at the 
beginning of acclimatization, at which time the 
seedlings were transplanted to trays with commercial 
substrates Tecnomax® and and washed sand, in the 
ratio of 2 volumes of the substrate to 1 of washed sand 
(2:1/v:v), plus 2 mL of the solution of the liquid medium 
King-B (KING and KING, 1954) with the bacterium 
Burkholderia catarinensis sp. nov. isolated POA 89. 
The other plants constituted the control treatment and 
received, next to the substrate, 2 mL of the solution of 
the liquid medium King-B, to simulate the equal growth 
conditions. The trays were protected with plastic against 
moisture loss and transferred to the plant growth room, 
at 25 °C. After 38 days, with the progressive opening of 
the tray lining, the seedlings were transplanted to 550 
mL pots with the same commercial substrate and washed 
sand mixture, at which time the pathogen Ilyonectria 
liriodendri, isolated monosporic 2T-VSC-101, was 
inoculated with suspension corrected for 1 x 106 spores 
cm-3 (ALANIZ et al., 2011). For this procedure, the 
roots of the seedlings were pruned, washed in running 
water and placed in the spore solution with macro and 
microconidia obtained from the scraping of the mycelium 
of PDA cultures, for an hour. The control treatments were 
immersed in distilled water for the same period. After 
inoculation, the seedlings were watered daily with 20 mL 
of distilled water and, ten days after the first transplant, 
were irrigated with 10 mL of Long-Ashton nutrient 
solution (RESH, 1997). After 90 days of ex vitro growth, 
the plants were analyzed according to the interaction 
between the rootstock interaction, between inoculation 
of PGPB and/or pathogenic fungus, for the vegetative 
growth variables: height of the main stem (cm) and 
total dry biomass (g). The treatments were arranged in 
a completely randomized experimental design, with 10 
replicates and one plant per experimental unit. The data 
were submitted to analysis of variance and the means 
were compared by the F test, at the 5% probability level, 
using the software Assistat Software version 7.7 (SILVA 
and AZEVEDO, 2016); when necessary, the Box-Cox 
transformation was applied to the variables (OSBORNE, 
2010). The means were compared by the Tukey test, at 
5% probability.

Results and Discussion

Four isolated monosporic were obtained from the 
recovery of fungus causing the black foot on grapevine 
rootstock 043-43 with lesions characteristic of the 
disease, identified by 1D-VSC-005, 2T-VSC-101, 
3C-VSC-194 and 4I-VSC-314. Of these, the isolated 
monosporic 2T-VSC-101, used in the studies of antibiosis 
and antagonism, presented morphological and cultural 
patterns characteristic of the anamorph species 
Ilyonectria liriodendri. The colony presented aerial 
mycelium, flaky to the mat, with coloration that varied 
from white to yellow or light brown after 20 days of 
incubation under fluorescent light at 25 ºC, reaching 
approximately 57.8 mm in diameter. The margins of the 
colonies were whole, slightly lobulated (FIGURE 1C). 
The daily growth rate (mm) at 5 °C of (0.23) 0.40 (0.49) 
and at 10 °C of (0.50) 0.75 (0.87). The reverse of the 
plaques was ocher to orange in PDA (FIGURE 1D). The 
fungus culture formed isolated or united conidiophores 
in the form of sporodochia. In the end, it was possible to 
observe macro or microconidia. The rarer microconidia 
were hyaline, elliptic to oval, measuring (7.3) 9.0 (13.1) 
μm in length and (1.4) 2.5 (5.1) μm wide, with a lateral 
thread. The macroconidia had one to three septa and 
were more abundant (FIGURE 1A). They were hyaline, 
cylindrical to slightly curved with rounded ends, with a 
slight narrowing at the base, with basal wire. The 
macroconidia with a septum presented a length of (10.0) 
15.8 (18.9) μm and a width of (2.0) 3.4 (4.8) μm; with 
two septa presented a length of (12.0) 23.1 (29.2) μm and 
a width of (3.3) 5.0 (6.8) μm; and with three septa 
presented a length of (22.4) 30.9 (33.5) μm and a width 
of (3.8) 5.4 (7.0) μm. The sporulation of the isolate 
showed 11.3 a 5.4 × 106 conidia per mL. There was a 
discrete presence of resistance spores or chlamydospores. 
These were medium brown, formed singly or in short 
chains, ellipsoids, measuring 8.5 – 20 x 9.0 - 16.5 μm. 
Chlamydospores were intercalary or terminal in the 
mycelium, singly or occasionally in chains. The growth 
rates of the 2T-VSC-101 isolate at 5 and 10 °C and its 
sporulation were very similar to the means indicated by 
Alaniz et al. (2007) and Mohammadi et al. (2009). These 
authors reported that these characters are among the 
most important for the phenotypic differentiation 
between species, previously accepted as the main causal 
agents of the black foot (CABRAL et al., 2012), I. 
liriodendri and I. macrodidyma. However, the presence 
of resistance spores was lower than those obtained by 
Agustí-Brisach and Armengol (2013) under the 
conditions of phytopathogen cultivation.  In vitro 
antibiosis tests among the twelve isolates of plant 
growth-promoting bacteria (PGPB) and the fungus 
causing the black foot disease of the vine resulted in 
three bacterial isolates with control over the mycelial 
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growth of the species Ilyonectria liriodendri isolated 
monosporic 2T-VSC-101 (ILY), all from of the genre 
Burkholderia sp. The POA isolates 75, 89 and 245 
reduced mycelial growth around 2.0 cm and obtained 
significant inhibitory effects in relation to the 
phytopathogen, however the bacterium Burkholderia 
catarinensis sp. nov. isolated POA 89 (BACH et al., 
2017) exercised greater control (TABLE 1). This 
bacterium originates from grasslands soils from Lages 
(SC) and is characterized by producing siderophore, by 
depriving organisms of the absorption of iron, and for 
producing the auxin indoleacetic acid (AIA) and for not 
producing phosphate (PASSOS et al., 2014) as well as 
for having an inhibitory control on the mean mycelial 
growth of the phytopathogen of 42.69% (FIGURE 1D, 
TABLE 1). Similar inhibitory effects were obtained by 
Shiomi et al. (2008), who observed a strong antagonistic 
action in vitro of Bacillus subtilis and B. lentimorbus 
against the fungus Rhizoctonia solani. The authors 
reported that both Bacillus isolates reduced the mean 
mycelial growth of 6.33 cm from the control treatment to 
3.23 cm, a control of 48.9% on the pathogen causing 
numerous plant diseases. The effect of in vitro inoculation 
with the isolated monosporic 2T-VSC-101 of the 
pathogenic fungus in micropropagated plants of the 
grapevine rootstocks P1103, VR039-16 and IBBT481 
was negative on the health of the plants in the different 
treatments. In the treatments with Ilyonectria liriodendri 
was possible to observe leaf and rootstock damage after 
30 days of in vitro growth. These seedlings presented 
similar reactions to the insertion of the microorganism 
(-BAC+ILY) in growth environments solidified with 
agar (MSA/2) or sand (MSS/2) on changes in color and 
necrosis on leaves, but at different intensity and damage 
to root system (FIGURE 2). The foliar damages ranged 
from 10.90% to 12.64% between rootstocks and 
micropropagation environments when inoculated with 
the phytopathogen, presenting no significant differences. 
However, root damage was greater in the vines of P1103, 
VR039-16 and IBBT481 which were grown in modified 
growth medium with sand (MSS/2). In these growing 
environments, the rootstocks showed average damages 
of 80.09%. This result was 2.6 times higher in the roots 
than in plants growing in medium solidified with agar 
(MSA/2), whose mean damage was reduced to around 
29.90% (FIGURE 2). This fact may be related to the 
trophic relationships of the fungi in their environment of 
existence. In a nutrient-rich environment, the fungus 
may become saprophytic, preferring to feed on the 
growth medium instead of infecting the host plant 
(THOMMA, 2003; BERG and SMALLA, 2009). On the 
contrary, the in vitro growth environment modified with 
sand, more aerated and/or with less access to the nutrients, 
facilitates the infection of the seedlings by the 
phytopathogen and, later, the development of the 

characteristic symptoms of the disease, in which is 
verified the darkening of the roots, which gives it the 
name black foot (FIGURE 3 A2, B2). On the other hand, 
the use of the Burkholderia catarinensis sp. nov. isolated 
POA 89 by combination with grapevine rootstocks and 
phytopathogen Ilyonectria liriodendri isolated 
2T-VSC-101 (+BAC-ILY; +BAC+ILY), caused a rapid 
darkening of leaf blade and root system, leaf fall and 
later death of micropropagated plants after 30 days of 
inoculation (FIGURE 3C). The leaf and root system 
damages were higher than the non-inoculated treatments 
(-BAC-ILY; -BAC+ILY) in the different in vitro growth 
environments, masking the effects of the pathogenic 
fungus and antibiosis or indicating that, in the study 
conditions, it was inhibitory or pathogenic to plants 
(FIGURE 2). This result can be related to many factors 
such as competition, synergism or phytotoxic bacterial 
exudates for growing plants (BAIS et al., 2006; GAIERO 
et al., 2013), circumstance that still needs to be 
investigated. Contrary to the tests of antagonism and 
pathogenicity in vitro, the ex vitro inoculation of the 
IBBT481 grapevine rootstock with the isolated POA 89 
did not result in vegetative damage or plant deaths. The 
results showed a favorable effect on the plants inoculated 
with the bacterium in combination with the phytopathogen 
Ilyonectria liriodendri, isolated monosporic 2T-VSC-101 
(+BAC+ILY). These grapevines had a height of 6.67 cm 
and 0.13 g of total dry biomass, superior results compared 
to non-biotiplated plants or inoculated with one of the 
microorganisms alone (TABLE 2). Inoculation with the 
phytopathogen potentiated the effect of the bacterium on 
synergistic effect (LAMICHHANE and VENTURI, 
2015). However, the failure to observe the characteristic 
symptoms of black foot disease in the treatments with 
the phytopathogen (-BAC+ILY) may be related to the 
insufficient period of 90 days of incubation and/or the 
absence of stress to trigger the symptoms. Alaniz et al. 
(2009) and Pathrose et al. (2014) observed that in many 
cases the presence of the black foot cause on rootstocks 
is not expressed by external symptoms. They state that 
the asymptomatic presence of these pathogens can be 
explained by the fact that these fungi are able to survive 
as saprophytes, endophytes or as latent pathogens until 
the plant is exposed to a stress condition. The absence of 
this circumstance can be observed by the discrete 
presence of resistance spores, or chlamydospores, 
produced by the phytopathogen during the 
characterization of the isolated monosporic 2T-VSC-101. 
These more resistant structures indicate adverse 
conditions because they are produced in aggressive 
environments, such as low temperatures, unfavorable pH 
and nutrient deficiency (SUN et al., 2019). Moreover, 
Cabral et al. (2012) detected variation in the virulence 
among isolates of pathogenic fungi related to the black 
foot disease of the vine, reporting that the phytopathogen 
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Ilyonectria liriodendri was less virulent among the 
species studied. The results may also be associated to 
IBBT481 plants, which presented difficulties in 
acclimatization and ex vitro establishment. In their 
studies, REINHART (2013) demonstrated that the hybrid 
IBBT481 showed the lowest percentage of survival 
(42.11%) and explants with shoots (60%), values 
considered low compared to the other hybrids tested. 
Regarding to the studies, only the treatment with 
Ilyonectria liriodendri without the growth promoting 
bacterium (-BAC+ILY), inoculated in micropropagated 

plants of the grapevine rootstocks P1103, VR039-16 and 
IBBT481 in growth medium modified with sand 
(MSS/2), allowed the recovery of the isolated monosporic 
inoculated of the phytopathogen, required by the Koch 
postulate. Nevertheless, although preliminary, in vitro 
studies indicate the possibility of interaction analysis in 
less time (30 days), the same for evaluation in an ex vitro 
environment (greater than 90 days), allowing to observe 
its use in the disease observation in different pathogen-
host systems, in subsequent testing for the treatment of 
plants in a greenhouse and in the field.

Figure 1- (A) Microconidia and septate macroconidia of the fungus Ilyonectria liriodendri isolated monosporic 
2T-VSC-101 (5 μm) and (B) germination of a phytopathogenic conidia. (C) Monosporic colonies of the Cylindrocarpon-
type anamorphs 2T-VSC-101 and 4I-VSC-314. (D) Inhibition of the mycelial growth of phytopathogen Ilyonectria 
liriodendri isolated monosporic 2T-VSC-101 in relation to the development of PGPB POA 75 and POA 89 in the 
study on in vitro antagonism.
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Figure 2- Foliar and root system damages (%) of grapevine rootstocks P1103, VR039-16 and IBBT481 
micropropagated in MS media, with half the salt concentration and solidified with agar (MSA/2) or pebbles (MSS/2), 
resulting from the interaction of the growth bacterium Burkholderia catarinensis sp. nov. isolated POA 89 (BAC) and 
the pathogenic fungus Ilyonectria liriodendri isolated monosporic 2T-VSC-101 (ILY), at 30 days after inoculation in 
vitro of the microorganisms (n = 10).
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Figure 3 -  (A, B) In vitro pathogenicity tests between grapevine rootstocks and the pathogenic fungus Ilyonectria 
liriodendri (ILY), isolated monosporic 2T-VSC-101. (A1, B1) P1103 in MSA/2 growth medium with + ILY; (A2, B2) 
P1103 in growth medium MSS/2 with + ILY and (A3, B3) in MSS/2 growth medium without -ILY. (C) Rootstock 
VR039-16 in growth medium MSS/2 in growth of bacteria POA 89 without the phythopathogen (+ BAC-ILY) (left) 
and without bacteria, without phytopathogen (-BAC-ILY) (right).
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Table 1 – Isolates of plant growth-promoting bacteria antagonists to the pathogenic fungus Ilyonectria liriodendri, 
isolated monosporic 2T-VSC-101.

Identification (1) Bacterium POA 89 / ILY

PGPB
Siderophore Phosphate AIA

Source
MR(2) RI Control

(mm) (mm) ug.mL-1 (cm) (%) (-) / (+)
Control -------- -------- -------- -------- 6.02 0 a --------
POA 9. Rohnella sp. 11.33 0 77.48 Organic fruit farm soil 5.58 7.31 a (-) absent

POA 75. Burkholderia sp. 15.67 0 7.23 Native pasture soil 4.22 29.90 b (+) being

POA 89. Burkholderia sp. 17.71 0 15.56 Native pasture soil 3.45 42.69 c (+) being

POA 108. Pseudomonas sp. 3.55 0 28.77 Organic fruit farm soil 6.02 0.33 a (-) absent

POA 187. Burkholderia sp. 30.48 0 6.46 Convencional fruit fram soil 5.87 2.49 a (-) absent

POA 208. Burkholderia sp. 24.66 4.19 10.39 Convencional fruit fram soil 5.70 5.32 a (-) absent

POA 195. Burkholderia sp. 15.32 4.63 7.17 Convencional fruit fram soil 5.95 1.16 a (-) absent

POA 209. Leclercia sp. 3.15 0 22.54 Convencional fruit fram soil 6.02 0.33 a (-) absent

POA 210. Leclercia sp. 0 0 23.70 Convencional fruit fram soil 6.02 0.33 a (-) absent

POA 242. Ewingela sp. 3.70 0 8.69 Convencional fruit fram soil 5.85 2.82 a (-) absent

POA 245. Burkholderia sp. 2.27 0 9.68 Convencional fruit fram soil 4.08 32.23 b (+) being

POA 253. Burkholderia sp. 16.98 0 6.46 Convencional fruit fram soil 5.72 4.98 a (-) absent

p <0.0001

F ----------------------------------------------- 35.2514**

CV(%) 6.72

(1) Analyzes issued by the Agricultural Research and Rural Extension Company of Santa Catarina (EPAGRI) from Lages, 2016. (2) Different 
letters show significant differences according to the Tukey test (p≤0.005) for each of the analyzed variables. Relative inhibition, where: RI 
(%) = ((AR-MR)/AR) x 100, being: AR = average radius of the pathogen colony in the control treatment; MR = mean radius of the pathogen 
colony paired with the endophytic isolate.

Table 2 – Vegetative growth of the IBBT481 micropropagated grapevine rootstock, due to the interaction of the 
bacterium Burkholderia catarinensis sp. nov. isolated POA 89 (BAC) and the pathogenic fungus Ilyonectria liriodendri 
isolated monosporic 2T-VSC-101 (ILY), at 90 days after inoculation and acclimatization (n = 10).

Variable/ Height (cm)(1) Total dry biomass (g)
Treatment - ILY +ILY - ILY +ILY

- BAC 6.43 a A 5.55
      b 
A

0.09 a A 0.08   b A

+ BAC 5.61 a B 6.67 a   A 0.11 a A 0.13 a   A
Mean 6.07 0.10

p 0.0071 0.0267
CV (%) 17.17 26.37

(1) Main stem height (cm), total dry biomass (g). Means followed by the same lowercase letter in the column and upper case in the row do not 
differ according to Tukey test (p≤0.005) for each of the analyzed variables.
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