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Abstract

The efficacy of antagonistic microorganisms Bacillus polymyxa S-13 and Tricho-
derma viride (Z 17) against Helminthosporium solani (B 12) and Rhizoctonia solani (B 7)
on potato was tested in a pot experiment. Both microorganisms were able to in-
hibit development of silver scurf and black scurf symptoms on potato tubers.
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Introduction

Potato yield in Poland is not adequate to its cultivation area (the third largest in
Europe). Kapsa (2000) claims that one of the reasons is poor plant protection
against diseases. Among major pathogens of potatoes are Phytophthora infestans
(Mont.) de Bary, Helminthosporium solani Dur. et Mont. and Rhizoctonia solani Kühn.
The diseases of stored tubers they cause deteriorate tuber consumption value and
their seed quality.

Diseases caused by H. solani and R. solani can be controlled mainly chemically.
However, the residues in plants and environment and the risk of pathogens’ grow-
ing resistant to the treatment bring about the need to search for new protection
methods.

The aim of the work was to test suitability of Bacillus polymyxa Prażmowski S-13
and Trichoderma viride Pers. ex Gray to protect potato tubers against infection by H.
solani and contamination with sclerotia of R. solani.
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Materials and method

The experiment was carried out in 2001–2003 on ‘Beata’ tubers (medium late
cultivar). Before planting the health status of seed-tubers was estimated, basing on
average degree of infestation by H. solani and contamination by R. solani sclerotia.

Antagonistic microorganisms: B. polymyxa S-13 (isolate from Research Institute
of Pomology and Floriculture in Skierniewice) and T. viride (Z 17) – isolated from
soil adhering to potato tubers during storage, and pathogens: H. solani (B 12) and
R. solani (B 7) – obtained from potato tubers with diseases symptoms, were intro-
duced into the substrate, in which potatoes were cultivated.

To prepare the inoculum 14-day-old fungi cultures on potato dextrose agar
(PDA) were mixed with sterile quartz sand (fungal culture from one Petri dish + 5
g of sand) and introduced into the mixture of soil, sand and wheat bran (1:1:1).
The inoculum was incubated for three weeks. Then it was introduced into the sub-
strate (2/3 of proper brown soil + 1/3 of Sphagnum peat) placed in 5-litre sleeves of
black plastic sheet. The soil analysis (Regional Chemical-Agricultural Station in
Cracow) proved high level of P2O5 (22 mg per 100 g of soil), high level of MgO
(10.4 mg per 100 g of soil) and low of K2O (12.5 mg per 100 g of soil). Lacking
components were replenished in accordance with general agricultural require-
ments for the plant. 4 l of substrate (soil + peat) contained 0.5 l of inoculum.

The bacterium inoculum was introduced into the substrate in the form of water
suspension (3.8 ×108 cfu = live bacteria cells in 1 ml). The concentration was de-
termined in a spectrophotometer ( = 630 nm) after a series of dilutions and dish
screening on NAS (Difco Nutrient Agar + 5% saccharose) (Kocwowa 1977), and
then expressed as percentage according to Szmal and Lipiec (1988) formula.

For the suspension refreshed bacteria cultures were implanted alternately with
solidified NAS and incubated for 48 h at 23°C. The cultures were poured with 10
ml of sterile distilled water and 10 min later shaken on a Vortex shaker. Then, 2 ml
suspension portions were evenly distributed on NAS in Petri dishes (ø 10 cm), and
incubated again, for 48 h. Afterwards, the Petri dishes with developed bacterial
sward were poured with 5 ml of sterile distilled water. After 10 min bacteria were
washed out into flasks containing 190 ml of sterile distilled water. Each flask was
filled with bacteria from two dishes. The content of each flask was introduced into
a separate sleeve with substrate.

The experiment was established in the third decade of April and was conducted
in greenhouse till potato sprouting. Afterwards it was continued in the field.

Four days after the substrate was inoculated with antagonistic organisms – T.
viride (Z 17) and B. polymyxa S-13, the pathogens H. solani (B 12) and R. solani (B 7)
were introduced. After the next four days potato tubers (washed and disinfected)
were planted into the substrate. The experiment was carried out in four replica-
tions (five sleeves each) in the following seven combinations:

1) T. viride + H. solani,
2) T. viride + R. solani,
3) B. polymyxa + H. solani,
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4) B. polymyxa + R. solani,
5) H. solani,
6) R. solani,
7) control – potatoes planted in uninoculated substrate.
Vegetation season of 2001 was colder in comparison to 2002 year. Average

month temperature was for April: I decade – 9.3°C, II decade – 5.4°C and III decade
– 10°C; for May: I decade – 15.5°C, II decade – 14.6°C and III decade – 15.1°C; for
June: I decade – 13.7°C, II decade – 15.4°C and III decade – 16.7°C; for July: I decade
– 18.9°C, II decade – 20.9°C and III decade – 19.9°C; for August: I decade – 20.2°C,
II decade – 20.5°C and III decade – 18.3°C and for September: I decade – 13.8°C, II
decade – 12°C and III decade – 10.8°C. In April 2001 precipitation was high (129
mm), in May and June – lower (67 and 80 mm, respectively) and again higher in
July (161 mm) up to September (113 mm). The year 2002 had temperatures: May:
I decade – 17.8°C, II decade – 16.3°C, III decade – 17.2°C; June: I decade – 15.2°C, II
decade – 19.8°C, III decade – 18.8°C; July: I decade – 20.7°C, II decade – 20.8°C, III
decade – 19.7°C; August: I decade – 20.7°C, II decade – 19.5°C, III decade – 20.1°C.
In April and May of 2002 year the precipitation was lower in relation to the long
term average (respectively: –11 and –4, i.e. 40 mm and 69 mm). The increase of
precipitation occurred in June (97 mm) and till the end of vegetation season in Sep-
tember (74 mm) was higher in comparison to the long term average.

Tuber infestation was analysed in October (after the experiment was completed
in the third decade of September) and in April after six months of storage. Both the
mean degree of infection and the percentage of infected tubers were evaluated ac-
cording to the methodology developed in the former Potato Research Institute
(Metodyka... 1985).

The results were subjected to variance analysis.

Results

Seed-tubers used for the experiment showed no black scurf or silver scurf
symptoms.

The introduction of antagonists, T. viride (Z 17) and B. polymyxa S-13, reduced
tuber infection by H. solani (B 12), as compared to control (Table 1).

The differences in mean values for all analysed random variables at = 0.05
were statistically significant (Table 2). No infestation by P. infestans occurred.

Storage period had a significant effect on tuber infestation. In April the number
of tubers with silver scurf symptoms increased (Table 1). There was an interaction
between the date of analysis and the experimental combination. The year of experi-
ment had no significant effect, despite the weather difference.

The antagonistic microorganisms in the substrate caused statistically signifi-
cant reduction of scab infection of tubers (Table 3), no matter what the species
was. Regardless of the experimental combination, tuber contamination with R.
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solani was highly dependent on storage period. Disease symptoms were signifi-
cantly more numerous after the storage.

The analysis of variance showed that the differences in mean values for all ran-
dom variables at significance level = 0.05 were of statistical significance (Table 4).
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Table 1
Effect of the applied antagonistic microorganisms on tuber infection

by Helminthosporium solani

Year Combination
October April

average degree
of infection

tubers infected
(%)

average degree
of infection

tubers infected
(%)

2001/02 T.v. + H.s. 1.63 32 3.2 83

B.p. + H.s. 1.8 40 3.9 97

H.s. 6.2 100 7.3 100

absolute control 0.0 0.0 0.0 0.0

2002/03 T.v. + H.s. 1.7 32 3.5 87

B.p. + H.s. 2.0 47 3.9 93

H.s. 5.7 100 6.6 100

absolute control 0.0 0.0 0.0 0.0

Mean of years T.v. + H.s. 1.67 32 3.35 85

B.p. + H.s. 1.9 43.5 3.9 95

H.s. 5.95 100 6.95 100

absolute control 0.0 0.0 0.0 0.0

B.p. – Bacillus polymyxa S-13, H.s. – Helminthosporium solani (B 12), T.v. – Trichoderma viride (Z 17).
All plants were healthy in absolute control – value 0.0.

Table 2
Comparison of infection degrees and percentages of tubers infected

by Helminthosporium solani

Year Criterion
of comparison

Infection degree Percent of infected tubers

Fischer’s test level Fischer’s test level

2001/02 T 54.3 0.0 49.4 0.0

C 137.6 0.0 24.9 0.0

T × C 4.6 0.0 12.4 0.0

2002/03 T 56.2 0.0 64.5 0.0

C 83.8 0.0 33.8 0.0

T × C 0.4 0.6 16.4 0.0

C – combination, T – time of analysis.



Discussion

The antagonistic microorganisms B. polymyxa S-13 and T. viride (Z 17) effectively
reduced the tuber infection by H. solani and contamination by R. solani sclerotia.
However, the positive effect was pronounced mainly directly after harvest.

The antagonism of T. viride to R. solani was used for protection of lettuce and
radish (Fravel 1988, Gibson et al. 1999, Kleczkowski et al. 1996). Also T. ha-
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Table 3
Effect of the applied antagonistic microorganisms on tuber contamination

with sclerotia of Rhizoctonia solani

Year Combination

October April

average degree
of contamination

tubers
contaminated

(%)

average degree
of contamination

tubers
contaminated

(%)

2001/02 T.v. + R.s. 2.5 62 4.3 95
B.p. + R.s. 2.65 62 4.5 95
R.s. 6.7 100 8.0 100
absolute control 0.0 0.0 0.0 0.0

2002/03 T.v. + R.s. 2.8 71 4.0 88
B.p. + R.s. 2.85 70 4.4 90
R.s. 6.4 100 7.5 100
absolute control 0.0 0.0 0.0 0.0

Mean of years T.v. + R.s. 2.65 66.5 4.15 91.5
B.p. + R.s. 2.75 66 4.45 92.5
R.s. 6.55 100 7.75 100
absolute control 0.0 0.0 0.0 0.0

B.p. – Bacillus polymyxa S-13, R.s. – Rhizoctonia solani (B 7), T.v. – Trichoderma viride (Z 17).

Table 4
Comparison of contamination degrees and percentages of tubers contaminated

by Rhizoctonia solani

Year Criterion
of comparison

Contamination degree Percent of tubers contaminated

Fischer’s test level Fischer’s test level

2001/02 T 54.8 0.0 56.5 0.0

C 107.4 0.0 23.6 0.0

T × C 3.4 0.05 14.2 0.0

2002/03 T 43.5 0.0 9.5 0.0

C 99 0.0 11.1 0.0

T × C 0.8 0.5 2.4 0.1

C – combination, T – time of analysis.



matum (Bonord.) Bain. isolated from suppressive soil proved high efficiency in
protecting radish against R. solani (Cook and Baker 1983). Trichoderma spp. be-
long to most expansive soil colonisers as well as most effective microorganisms
of antagonistic activity. Their activity is based mainly on production of antibiotic
substances and mycoparasitism (Łacicowa and Pięta 1985, 1990). They can also
produce exo- and endoglucanases so as to degrade pathogen cell wall (Dahm et
al. 1997, Singh et al. 1999).

Among bacteria, the genus Bacillus belongs to highly efficient antagonists, most
often isolated from plant soil environment (Święcicka and Hauschild 1996). The
mechanism of B. polymyxa action consists, among other things, of inhibiting fungal
spore germination, mycelium destruction and production of antibiotics
(Orlikowski et al. 1995). Isolate B. polymyxa S-13 inhibited the growth of necroses
on hippeastrum and narcissus after inoculation with Phoma narcissi (Aderh.)
Boerema, de Gruyter et Noordel (Saniewska et al. 1993). Introduction of the strain
into soil considerably inhibited the development of phytophthorosis on gerbera
(Pacyna 2001), and weekly application of the bacteria cultures and its metabolites
fully protected snapdragon against infection by Puccinia antirrhini Diet. et Holw.
(Saniewska 2000).

It may be assumed that both the antagonists in question are more effective in
short term plant production (horticultural plants mentioned above) than in long
term potato storage investigated in the work.

Summary

The aim of the work was to assess the efficiacy of B. polymyxa S-13 and T. viride
for protecting potato tubers against H. solani and R. solani. Pot experiments were
performed in 2001–2003 on tubers of medium late potato cultivar ‘Beata’.

Both microorganisms applied effectively inhibited the growth of silver scurf
and scab on the tubers of potato cultivar under investigation, yet tuber contamina-
tion with R. solani was significantly higher after storage.

There was no significant effect of weather in the experiment years on results of
biological control.

Streszczenie

BIOLOGICZNA OCHRONA ZIEMNIAKA PRZED HELMINTHOSPORIUM
SOLANI I RHIZOCTONIA SOLANI

Celem pracy była ocena możliwości zastosowania Bacillus polymyxa S-13 i Tricho-
derma viride (Z 17) do ochrony bulw ziemniaka przed Helminthosporium solani (B 12)
i Rhizoctonia solani (B 7). Badania prowadzono w latach 2001–2003 na bulwach
średnio późnej odmiany ‘Beata’.
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Obydwa mikroorganizmy skutecznie ograniczały rozwój parcha srebrzystego i
ospowatości na bulwach badanej odmiany ziemniaka, ale zanieczyszczenie bulw
sklerotami R. solani było istotnie większe po okresie przechowywania.

Przebieg pogody w latach doświadczeń nie miał istotnego wpływu na wyniki
biologicznej ochrony.
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