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Abstract

Protection activity of antagonistic fungi and bacteria were tested on the stored
grapevine canes. The canes studied were first dipped in the microbiological mate-
rial and then inoculated with conidial suspension of three strains of Phomopsis
viticola. The effectiveness of tested microorganisms was estimated on the basis of
number of successful infection and P. viticola reisolation from grapevine canes pro-
tected by them. After Trichoderma spp. were used, the most protective activity was
found because the number of successful infection obtained, was significantly lower
than in other combinations of the experiment.
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Introduction

The study on the grapevine diseases conducted in recent years in Poland, found
out that Phomopsis viticola Sacc., the new pathogen in our conditions is widespread
on the plantations and nurseries of this plant (Machowicz-Stefaniak and
Kuropatwa 1993, Krél — unpublished). The isolates of this fungus were obtained
both from the canes with disease symptoms and asymptomatic ones (Kuropatwa
1994, Krdl - unpublished). The ability of the pathogen mycelium to symptomless
growth into grapevine canes was found by other researchers who indicated the
possibility of slow move of P. viticola hyphal into interior cortical tissue (Pine 1958,
Machowicz-Stefaniak and Kuropatwa 1993, Mostert et al. 2000). The fact of isola-
tion of P. viticola from apparently healthy canes which may be used for vegetative
reproduction, show the possibility of widespread of pathogen with cuttings on the
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new plantations. In order to reduce the inoculum potential and carry over of the
disease, the chemical treatment of planting materials is commonly used (Hewitt
and Pearson 1988, Simon 1993, Scheper et al. 1997). In Polish conditions the pro-
tection of dormant canes is based mainly on the chemical treatments against Botry-
tis cinerea Pers. Big harmfulness of grapevine bark necrosis caused by P. viticola
(Hewitt and Pearson 1988, Simon 1993, Scheper et al. 1997) resulted in the stud-
ies on alternative protection methods of stored canes. The isolation of the antago-
nistic microorganisms from grapevine phyllosphere, which effectively limited the
growth and development of P. viticola both in vitro and in vivo (Krél in press a, b)
gave rise to the study on their abilities to biological control of canes.

Material and methods

Grapevine canes of cv. ‘Iza’ obtained from a nursery in Motych and cvs ‘RF-16’,
‘Prim’, ‘Agat Donskij’ from a nursery in Warsaw were studied. From these canes
the isolates of P. viticola were obtained occasionally and antagonistic fungi from the
genus Gliocladium spp. and Trichoderma spp. were isolated from a low frequency
(Krél — unpublished). Out of antagonistic microorganisms: T. viride Persoon ex
S.F., strain kindly provided by Belorussian Research Institute of Plant Protection,
Minsk, T. harzianum Rifai 417, T. koningii Oud. 1333, G. catenulatum Gilman et
Abbott 1440, G. fimbriatum Gilman et Abbott 1372, Bacillus sp. 1 and Pseudomonas
fluorescens 28a were tested and for comparison: Euparen 50 WP (dichlofluanid).
Three strains of P. viticola were used in these studies.

Preparation of antagonistic microorganisms and pathogen inoculum

Antagonistic fungi and P. viticola strains used in the experiment were grown on
PDA (bioMérieux) medium for 15 days, at temperature 20°C in the dark. The bac-
teria strains originated from 48-hour-old cultures which were grown on NA me-
dium supplemented with 1 g of glucose per litre. The suspension of fungi
contained 10 of spores in 1 ml and hyphal fragments. The concentration of bacte-
ria cells in the suspension was adjusted by a serial dilution plating method to 108
cfu per 1 ml. Moreover, 2% solution of Euparen 50 WP was prepared. The canes of
each cultivar studied were cut into 10 cm long pieces and for each combination of
experiment 30 grafts were used (10 grafts in three replicates). Next, the grafts
were soaked in the suspension of each of the antagonistic microorganisms and in
the solution of fungicide for half an hour. After 4 h the canes were dipped for half
an hour in the suspension of each from three strains of the pathogen. The plant
material prepared in this way was placed into individual containers and stored in a
cellar with access of light, in temperature 0-10°C and relative humidity 60-80% or
were clamped in peat. For each strain of P. viticola and each variety of grapevine the
eight experimental combinations, e.g. seven antagonistic microorganisms and
Euparen 50 WP, eight combinations of negative control and positive control were
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taken into consideration. The total number of studied grafts was 120 for one mi-
croorganism (4 cultivars X 30 canes) and 270 for one cultivar (7 microorganisms,
Euparen 50 WP, positive control x 30 canes). The negative control was made of
the grapevine canes dipped in a suspension of each antagonistic microorganism
and Euparen 50 WP. Positive control constituted the canes which were dipped in a
suspension of each strain of P. viticola.

Evaluation of microorganism ability to protect canes from Phomopsis viticola

The efficiency of the tested microorganisms was estimated on the basis of num-
ber of successful infection, e.g. presence of necrosis and pathogen’s picnidia and
reisolation of P. viticola cultures from the canes protected by them after four
months of storage. To this end, the plant material was tested in the laboratory us-
ing an artificial culture method (Machowicz-Stefaniak and Kuropatwa 1993). For
each combination of experiment 100 fragments (50 from exterior and internal tis-
sues each) were used. Petri dishes containing the studied material were kept at
20°C, without light until fungi sporulation. Bacteria colonies were separated on
the basis of KOH method (Suslow et al. 1982) into the gram-positive and gram-ne-
gative. Gram-positive isolates formed spores and morphologically like strain used
in the experiment were recognized as Bacillus sp. Gram-negative bacteria were ad-
ditionally incubated on King f medium and the strains producing fluorescent pig-
ment were recognized as P. fluorescens used in the experiment. The results obtained
were statistically analysed using the analysis of variance and Tukey’s HSD test.

Results

The results indicated that none of the antagonistic microorganisms studied
caused disease symptoms on grapevine canes.

Each of the studied microorganisms protected grapevine canes from P. viticola
infection in a different degree.

Trichoderma viride, T. koningii and T. harzianum were the most active in canes pro-
tection. Number of successful infection was five, eight and eight, respectively, and
these numbers were significantly lower than in other treatments (Table 1).

Using Gliocladium spp., bacteria and Euparen 50 WP for cane treatment resulted
in significantly lower number of infected tissues (Table 1). Besides, the highest
number of successful infection was found on ‘RF-16’ cultivar and the lowest on
‘Agat Donskij’ one (Table 1).

Mycological analysis showed that from canes protected by Trichoderma spp. cul-
tures of the pathogen were reisolated only from the exterior tissue and with
siginificantly the lowest frequency (Table 2).

After soaking of grapevine shoots in microorganisms suspensions of other than
Trichoderma spp. cultures of P. viticola were reisolated both from the exterior and
the internal tissue and with higher frequency as compared to Trichoderma spp.
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Table 1

Number of successful infections caused by Phomopsis viticola on the canes
protected by antagonistic microorganisms (mean for three strains of P. viticola)

. . Number of successful infections Total
Microorganism used "
0 canes protection gat“, ‘Iza’ ‘Prim’ ‘RE-16’ number %
Donskij
Trichoderma harzianum 1 2 2 3 8a 6.7
Trichoderma koningii 1 1 2 4 8a 6.7
Trichoderma viride 0 1 1 3 5a 4.2
Gliocladium catenulatum 4 7 7 8 26 b 21.7
Gliocladium fimbriatum 9 12 11 17 49d 40.8
Bacillus sp. 14 15 9 18 56 e 46.7
Pseudomonas fluorescens 10 11 12 15 48d 40.0
Euparen 50 WP 8 9 12 13 42 ¢ 35.0
Positive control 23 26 26 27 102 85.0
Total
number 70 84 82 108
% 25.9 31.1 30.3 40

Means differ significantly if they are not marked with the same letter.

LSD, , = 3.85.

Moreover, after time of storage, the species of microorganisms used to soak the
canes were reisolated from the canes treated by them. Isolates of Trichoderma spp.
were obtained most frequently (Table 2). The cultures of Gliocladium spp. were re-

Table 2

Results of reisolation of Phomopsis viticola from canes protected by antagonistic
microorganisms (mean for three strains of P. viticola and four cultivars studied)

Microorganism used
to canes protection

Number of isolates

Phomopsis viticola

microorganisms used
to protection

exterior tissue| interial tissue total exterior tissue | interial tissue
Trichoderma harzianum 19 0 19b 113 196
Trichoderma koningii 18 0 18 b 138 189
Trichoderma viride 7 0 7a 108 0
Gliocladium catenulatum 18 8 26 ¢ 77 41
Gliocladium fimbriatum 19 29 48 d 50 132
Bacillus sp. 32 17 49d 138 0
Pseudomonas fluorescens 40 6 46d 111 0
Euparen 50 WP 11 19 30c - -
Positive control 122 60 182 e - -

Means differ significantly if they are not marked with the same letter.

LSD,, = 6.98.
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isolated less frequently than Trichoderma spp. and they originated both from the ex-
terior and the internal tissue of canes (Table 2). Moreover, the cultures of Bacillus
sp. and P. fluorescens used in the experiment were reisolated from the exterior tis-
sue of the stored canes (Table 2).

Out of the associated fungi species Alternaria alternata (Fr.) Keissler and
Saccharomyces spp. were obtained most frequently. Isolates of Cladosporium
cladosporioides (Fres.) de Vries, Epicoccum purpurascens Ehrenberg, Phoma negriana
Thiimen were obtained occasionally.

Discussion

A remarkable ability of Trichoderma spp. to limit the infection of stored canes by
P. viticola manifested the possibility of using these fungi species to protect grape-
vine canes assignet for vegetative reproduction. On the other hand the majority of
experiments conducted on limiting phyllosphere microorganisms especially con-
cerns the introduction of Trichoderma spp. and Gliocladium spp. (Papavizas 1985,
Lacicowa 1989, Machowicz-Stefaniak 1998, Fokkema 1993). Satisfactory protec-
tion of canes both clamped in peat and stored in the cellar makes it possible to sup-
pose that high humidity and peat acidity in the first manner of storage and the
presence of the daylight in the second one have a beneficial influence on the
growth of these antagonistic microorganisms, which is in agreement with the re-
sults of other authors (Fokkema 1993, Lacicowa 1989, Machowicz-Stefaniak
1998). The ability of these fungi to produce chlamydospores has a big importance
for the growth and survival of Trichoderma spp. on the plant organs. It was found
that Trichoderma populations did not decrease even in unfavourable environmental
conditions, for example in response to lasting drought (Papavizas 1985, Lacicowa
1989). This suggest that dipping the canes not only into a suspension of
thin-walled spores, which may rapidly decay, but also in a suspension of hyphal
fragments with chlamydospores is justified.

The overgrowth of the interior tissue of protected canes with hyphal of
Trichoderma spp. and reisolation of these fungi from the stored canes of grapevine
justify the use of Trichoderma spp. in controlling grapevine against P. viticola. Be-
sides, our research showed small susceptibility of Trichoderma spp. to some fungi-
cides representing different chemical groups (Machowicz-Stefaniak et al. 1998).
These results supported the findings of other authors who showed considerable
tolerance of Trichoderma spp. to a broad spectrum of fungicides (Papavizas 1985,
Lacicowa 1989). On the other hand the propagative units of pathogen which are
weakened by fungicides are easy destroyed by Trichoderma spp., which gives the
possibility of using these antagonistic fungi in the integrated control (Lacicowa
1989, Cohen et al. 1996). Commonly reisolation of Trichoderma spp. from grape-
vine canes with small participation of associated fungi species, probably result
from the ability to inhibit pathogen by competition, mycoparasitism and by the
production of diffusible substances toxic to other fungi (Papavizas 1985, Cohen et
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al. 1996, Machowicz-Stefaniak 1998). It seems that less effective protective activ-
ity of Gliocladium spp. and bacteria as compared to Trichoderma spp. which is shown
in the present study, probably results from weaker colonization of protected canes
by these microorganisms. During the slow growth of Gliocladium spp. and bacteria,
the pathogen probably penetrates into the cane tissue before this antagonist is able
to demonstrate full biotic properties (Fokkema 1993).

Summary

Abilities of some antagonistic fungi and bacteria species to limit the infection of
stored grapevine canes by Phomopsis viticola were studied. Propagation canes were
first dipped in the suspension of tested microorganisms and then inoculated with
P. viticola. The grapevine canes prepared in this way were bound into loose bunches
and stored in the cellar or were clamped in peat. It appeared that each studied mi-
croorganism protected in different degree the grapevine canes from P. viticola infec-
tion. Trichoderma spp. proved most protective as the number of successful in-
fections was significantly lower than in other combinations of experiment.
Moreover, from canes protected by Trichoderma spp. significantly lower number of
P. viticola cultures were reisolated than after the use of Gliocladium spp., bacteria
and Euparen 50 WP.

Streszczenie

ZASTOSOWANIE TRICHODERMA SPP. I INNYCH MIKRO_ORGANIZMOW
W OCHRONIE £OZ WINOROSLI PRZED PORAZENIEM
PRZEZ PHOMORPSIS VITICOLA

W pracy przebadano uzdolnienia wybranych gatunkéw grzybow i bakterii anta-
gonistycznych do ograniczenia infekcji Phomopsis viticola na przechowywanej lozie
winoroéli. Material rozmnozeniowy najpierw zanurzano w zawiesinie badanych
mikroorganizmoéw, a nastepnie inokulowano P. viticola. Lozy przygotowane w ten
sposob wigzano w luzne wigzki i przechowywano w piwnicy lub kopcowano w tor-
fie. Okazalo sig, ze kazdy z badanych mikroorganizméw w ré6znym stopniu chronit
tozy winorodli przed infekcja P. viticola. Najlepsze wtasciwosci ochronne stwier-
dzono po zastosowaniu Trichoderma spp., bowiem liczba udanych infekcji byla
istotnie mniejsza niz w pozostalych kombinacjach do$§wiadczenia. Ponadto z pe-
déw chronionych przez tych antagonistéw reizolowano istotnie mniej kultur pato-
genu niz po zastosowaniu Gliocladium spp., bakterii i Euparenu 50 WP.
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