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Rahnella aquatilis Ra39 – a bacterial antagonist against fire blight  
(Erwinia amylovora) 

Abstract 

The epiphytic bacterial strain Rahnella aquatilis Ra39 was shown to reduce fire blight symptoms in field 
trials during 1998, 1999 and 2000. The isolate was investigated on its mode of action against Erwinia 
amylovora, the causal agent of the disease. The interaction between the populations of the fire blight 
pathogen E. amylovora strain Ea7/74 and R. aquatilis Ra39 was studied in vitro. In experiments with co-
cultures, a direct inhibition of Ea 7/74 by Ra39 in vitro was observed at a sucrose concentration of 0.2% 
but not at a concentration of 2%. Therefore competition for sucrose might be involved in the mode of 
action of R. aquatilis Ra39 against fire blight. Furthermore it could be shown that the lipopolysaccharide 
of R. aquatilis Ra39 is able to inhibit the multiplication of Xanthomonas campestris pv. begoniae, the 
causal agent of the Oil Spot Disease of Begonia tuberhybrida in leaves of its host plant. From the 
observations on this model system it was concluded that induced resistance may also play a role in 
antagonism of R. aquatilis Ra39 against E. amylovora. 
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Introduction 

The epiphytic bacterial strain Rahnella aquatilis Ra39, which has shown a significant reduction of fire 
blight symptoms in field trials during 1998, 1999 and 2000 (Wesche 1998; Laux et al. 1999; Laux and 
Zeller 2000), was investigated on its mechanism against Erwinia amylovora, the causal agent of the 
disease. No information on the mode of action of R. aquatilis against fire blight is available until now. 

Mechanisms of bacterial antagonists against the fire blight pathogen include antibiosis (Vanneste et al. 
1992), competition for nutrients and sites (Wilson and Lindow 1993; Wright and Beer 1997) and induced 
resistance. Antagonism against fire blight has been described mainly for strains of the species Pantoea 
agglomerans, Pseudomonas fluorescens and Bacillus subtilis. While for the majority of P. agglomerans 
strains antibiosis has been assumed as the principle mode of action against fire blight (Vanneste et al. 
1992) this was not found for P. fluorescens which was suggested to inhibit E. amylovora by colonization 
of the nectaries (Wilson and Lindow 1993). Also for B. subtilis, which is producing bacteriocins with 
activity against a wide range of bacteria (Klaenhammer 1988), no bactericide activity against E. 
amylovora has been described until now. 

In this study we report evidence that induced resistance is involved in the mode of action of R. aquatilis 
strain Ra39 against E. amylovora strain Ea 7/74. 

Materials and methods 

Agar diffusion tests were done on Miller-Schroth (MS), nutrient-sucrose (NS) and glucose-asparagine 
(GA)-medium. Co-culturing of bacterial antagonists and Ea7/74 was carried out in buffered nutrient-
sucrose (NS)-medium. The sucrose concentration was varied between 2% and 0.2 %. Liquid cultures 
were shaken constantly at 250 rpm. For experiments with co-cultures, spontaneous mutants of Ea7/74 
and the antagonistic strains Ra39 and R1 resistant against 100 ppm streptomycin (Sm) or rifampicin (Rf), 
respectively, were used. Plate counts of mixed cultures of Ea 7/74Sm and Ra39Rf were done on solid 
NS-medium containing 100 ppm streptomycin or rifampicin respectively. 

Bacterial strains and culture media: The bacterial strains used in this study are listed in Table 1.  
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Tab. 1 Bacterial strains 

Strain Isolated from Source or reference 
Erwinia amylovora Ea7/74 Cotoneaster sp. Zeller and Meyer 1975  
Rahnella aquatilis Ra39 Malus domestica Steinbrenner 1991 
Xanthomonas campestris pv. 
begoniae Xcb 525 

Begonia sp. Collection of phytopathogenic bacteria 
Göttingen (GSPB)  

Lipopolysaccharides (LPS) were extracted by the phenol-water method (Westphal and Jann 1965). The 
aqueous LPS solution was dialysed against demineralised water (12000 Da; Serva) until reaching a 
conductivity below 50 µS and lyophilised. 

Results  

Field experiments: The bacterial strains Ra39 and R1 were shown to reduce fire blight symptoms in field 
trials in Egypt and Germany during 1998, 1999 and 2000. The efficacy of both isolates varied between 
39 and 53% or 45 and 58%, respectively (Table 2).  
 

Tab. 2 Efficacy of Rahnella aquatilis Ra39 and Pseudomonas spec. R1 against fire blight 

Antagonistic strain Efficacy % 
Rahnella aquatilis Ra39 39-53 
Pseudomonas spec. R1 45-58 
Standard (Plantomycin) 68-80 

 

Agar diffusion test:In the agar diffusion test the antagonistic strain Pseudomonas spec. R1 caused the 
formation of inhibition zones. There was no difference in antibiotic activity between MS- and GA-
medium. In contrast, R. aquatilis Ra39 did not show any antibiotic activity in this test (Figure 1). 
 

 
Fig. 1 In vitro test of strain Ra39 in comparison to strain PsR1 on two different media 
 

Multiplication of Ea 7/74 and Ra39 in pure and co-culture: When Ra39 was grown in co-culture together 
with Ea7/74 in NS-medium containing 2% sucrose, no inhibitory effect of the antagonist on the pathogen 
was observed. The same experiment in NS-medium containing 0.2% sucrose revealed a growth 
depression of Ea7/74. Beginning from the third day after inoculation when the concentration was 100 
fold lower, the difference increased to 103 cfu per ml at the fourth and fifth day after inoculation 
(Figure 2). 
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Fig. 2 Influence of Ra39Rf on the growth of Ea7/74Sm co-cultured in NS-medium 
 

Effect of R. aquatilis on multiplication of Xanthomonas campestris pv. begoniae Xcb525 in planta: 
Multiplication of Xcb 525 in planta was determined by dilution plating on selective medium. After 
infiltration of leaves from Begonia tuberhybrida with a cell suspension, cell fragments or 
lipopolysaccharide (LPS) of Ra39 multiplication of Xcb was suppressed in comparison to the water 
treated control (data not shown). 

Discussion 

The strain R. aquatilis Ra39 never showed any antibiosis in the agar diffusion test independent of the 
amino acid composition of the medium in this system. In experiments with co-cultures, a direct inhibition 
of Ea 7/74 by Ra39 in vitro was observed at a sucrose concentration of 0.2% but not at a concentration of 
2%. In contrast, the strain R1 caused a direct inhibition of Ea7/74 independent of the sucrose 
concentration. Therefore, competition for sucrose might be involved in the mode of action of R. aquatilis 
Ra39 against fire blight. Until now, this mechanism has not been demonstrated for antagonistic bacteria 
of E. amylovora. Because the strain Pseudomonas R1 caused a direct inhibition of Ea7/74 in the agar 
diffusion test and in co-culture with the pathogen, we assume an antibiotic effect against the pathogen for 
this strain. For many P. agglomerans strains the inhibition of bactericide activity by the presence of 
amino acids in the medium has been described (Wodzinski et al. 1994). Therefore, amino acid 
composition of the plant tissue was suggested to affect the efficacy of P. agglomerans strains in 
preventing fire blight symptoms. In contrast, the antibiotic activity of the strains R. aquatilis Ra39 and 
Pseudomonas spec. R1 was not dependent on the amino acid composition of the medium. While 
Pseudomonas spec. R1 expressed antibiotic activity on all media tested, R. aquatilis Ra39 never showed 
this effect. Despite these results it cannot be excluded that specific substrates, only available at the flower 
surface of fire blight host plants, are stimulating a direct inhibition of the pathogen by this strain. The 
result that LPS of Ra39 suppressed the multiplication of X.s campestris pv. begoniae in planta indicates 
that induced resistance might be a mechanism of Ra39 against Ea7/74.  
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