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Use of Bacillus subtilis as biocontrol agent.
Il. Biological control of potato diseases
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Summary

Biological control of stem canker and black scurf of potatoes caused by Rbizoctonia solani and common
potato scab caused by Strepromyces scabies by different suppressive strains of Bucillus subtilis was
demonstrated in c'r:_thuuit: and field experiments from 1993-1997. Seed potatoes were treated with
different strains of Bacillus subrilis, formulated ro water-dispersible granules and were planted in
comparison with nontreated (control) and fungicide (Pencycuron, mlclufm—merhv” treated potatoes
in grefnhuust‘ or in field against natural seed- .]l'll‘j soil-borne infection. In addition, the influences of
different edaphic and other abiotic factors were tested, e. g, various soil rypes, different inoculum
densities, various application methods, and application rates. In the greenhouse, the disease severity of
R. solani (stem canker and black scurf) was reduced up ro 63 % by application of B. subtilis. The
decrease of common scab (8. scabies) disease severity ranged up to 70 % with different Baeillus strains.
In field trials, the occurrence of stem canker and black scurf was reduced up ro 50 %6 and the incidence
of common scab was decreased up to 67 % by use of this microbial antagonist. The bacterial trearment
showed similar control effects compared to different fungicides. Moreover, the plants appeared more
vigorous than nonrreared plants and the vields of potato tubers were higher (on average up 1o 16 %).
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Zusammenfassung

Die biologische Konirolle der Wurzeliier- bzw. Pockenkrankheir, verursache durch Rbizocronia solani
sowie des Karroffelschorfes r’SIT.Epmm_','fa; scabies) durch die .-’mwendung ;mmgunis{isch wirkender
Bacillus subrilis-Stimme wurde 1993-1997 in Gewidichshaus- und Freilandversuchen untersuche. Pflanz-
karroffeln wurden dazu mir verschiedenen Stimmen von Bacillus subrilis, die als w-.lsserdispergicrhaﬁ:
Granulate formuliert waren, behandelr. Diese wurden dann im Vergleich mit chemischen Mitteln
(Pencycuron, Tolclofos-methyl) sowie einer unbehandelten Kontrolle im Gewichshaus ader Freiland
ausgepflanzt, um zu testen, inwieweit eine Infektion durch samen- und bodenbiirtige Pathogene
verhindert werden kann. Auflerdem wurden die Einfliisse verschiedener edaphischer und anderer
abiorischer Fakioren, wie verschiedenartige Bodenarten, unterschiedliche Inokulumdichren und diffe-
renzierte Applikationsmethoden und Aufwandmengen, auf die Wirksamkeit von B. subrifis gepriifi. Im
Gewiichshaus wurde der Befall durch Rhbizactonia solani bis zu 63 % durch die Behandlung mit Bacillus
subrilis vermindert, wihrend der Karroftelschorfbefall bis zu 70 % reduziert war. Im Freiland erbrachie
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die Applikation von B. subrlis cine Befallsreduzierung bei R. solani bis zu 50 % und bei S. scabies bis zu
67 %. Im Vergleich der getesteren Varianten zeigten dabei chemische und biologische Mitrtel hnliche
Effekre bei der Rhizoctonia-Bekimpfung. Uberdies waren die biologisch behandelten Pflanzen wiichsiger,
erschienen vitaler und der Ertrag der Kartoffeln lag durchschnirdich um 16 % hiher.

Stichwarter: Biologische Bekamptung; Bacillus subrilis; Rhizoctonia solani; Strepromyces scabies; Erwinia
carotovora ssp. arreseptica; Pllanzenwachstumsforderung; Pflanzenstirkung: Karroffeln

1 Introduction

The use of many pesticides in plant production will be increasingly restricted, although an increase in
productivity, profitability and competitveness of agriculture will rake place. Numerous specific strains of
micro-organisms, capable of suppressing different plant diseases, have been identified, few biocontrol
agents however, have been commercialized, primarily due to their inconsistent performance. So, the
performance of an introduced strain often varies from site to site and year to year. The complexity of the
soil ecosystem makes biological control of roor pathogens, by introduced bacteria particularly, challeng-
ing. Many soil edaphic factors, including temperature, soil moisture, pH-value, and clay content,
contribute to the inconsistent performance of seed- or seedpiece-applied bacteria in the complex interac-
tion among host, pathogen, bacteria and soil environmenr (Pierson and WeLrer 1994). So, biological
control depends on the survival, the establishment and mainrenance of a threshold population of bacteria
on planting marerial or in soil and on irs interactions with the pathogen (WeLLER 1988).

One major problem in standardizing the effectiveness of biological agenrs is the variability in root
colonization by introduced bacteria. Bacillus species have been considered less effective as rhizosphere
colonist compared to fluorescent pseudomonads and, perhaps for this reason, most rescarch has been
concentrated on fluorescent Peendomonas species (K er al. 1997b). Considering the genetic diversity
within the genus Bacillus however, there is currently a growing list of reports of rhizosphere coloniza-
tion and roor disease control with Bacillus species introduced as seed inoculants. A cause of rhis
tendency is that Bacillus species, as a group, offer several advantages over fluorescent and other Gram-
negauve bacteria as seed inoculanss for protection against root pathogens, including longer shelf life,
because of their ability to form endospores and the broad-spectrum acrivities of their secondary
metabolites (Kiv et al. 1997a). Currendy, eight species of micro-organisms are registered by the U. S.
Environmental Prorection Agency for commercial use against soil-borne plant pathogens (Coox et al.
1996). These include two fungi (Gliacladium virens G-21 and Trichoderma harzianmm Rifai KRL-
AG2), three Gram-negative bacteria (Agrobacterium radiobacter K84, Psedomonas fluorescens EG1053
and Burkholderia cepacia type Wisconsin), and three Gram-positive bacteria (Bacillus subrilis GB03, B.
subrilis MBIGO0 and Strepramyces griseoviridis K61). In addition, more and more commercial biocontrol
products based on Baeillus subrilis enter the marke, e. g., Epic. Kodiak, Kodizk HB, Kodiak AT
(Gustafson, Inc., Dallas, TX, USA) or System 3 (Helena Chemical Co., Memphis, TN, USA) for use
against soil-borne crop discases (Fraver 1997, USDA-ARS, private communication).

The object of this study was to examine the effects of any formulations of our various strains of
Bacillus subtilis (Kreps et al. 1998) used alone or in combination influenced by manifold edaphic and
other factors on porato plants against different soil-borne potato diseases. An understanding of these
effects would allow for more appropriate formulation and improved use recommendarions for Baciflus
subtilis and could lead o more consistent field performance with this beneficial micro-organism.

2 Materials and methods
2.1 Preparation of bacteria

Various strains of bacteria were isolated from soil- and plant sa mples collected from fields in northern
and castern Germany or from commercial porting mixes used in greenhouses. These strains were
screened against different bacterial and fungal pathogens (Alternaria radicina, Botrytis cinerea, Erwinia
carotovera, Fusarium oxvsporunt, Fusarivem culmorum. Gaenmannsnivees sraminis. Phutanhehara ervntooea.






























