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Plant Growth Promoting Bacteria (PGPB) have been an area of interest for the agricultural industry for 
some time.  The direct application of PGPB has been shown to have beneficial effects upon botanical 
systems from root elongation to the delay of senesce [1].  These phenomena occur when PGPB colonize 
the rhizosphere where they initiate plant growth processes by synthesizing auxins, stimulating plant 
growth and tissue differentiation.  In return, the plant produces 1-aminocyclopropane-carbocylic acid 
(ACC), a precursor to ethylene, which the bacteria can use as a nitrogen source.  The catabolism of ACC 
by the bacteria is through the production and use of an ACC-deaminase enzyme.  This interaction has 
the beneficial side effect, for the plant, of inhibiting the production of ethylene, a signaling molecule that 
stimulates an enzyme cascade that results in senescence.   
  
Rhodococcus rhodochrous DAP 96253, a soil dwelling bacteria, has been shown to delay fruit ripening 
as well as inhibit the growth of select fungi [2, 3].  Based upon these known interactions with eukaryotic 
systems, R. rhodochrous was investigated for its potential to delay the senescence of cut carnations.  
Initially, examination of the R. rhodochrous genome did not show the presence of an ACC deaminase 
homologous to any published ACC deaminase gene, thereby indicating the possible presence of a unique 
enzyme structure with unique activity.  With the lack of an ACC-deaminase within the genome, an 
experiment was undertaken to determine if R. rhodochrous could grow in liquid media and on solid 
media where ACC was the only nitrogen source where growth would indicating the presence of an 
active ACC-deaminase enzyme.  The results of the experiment were positive with strong growth in both 
media types.  The R. rhodochrous ACC-deaminase enzyme was tested for activity with an assay that 
uses ACC as the substrate and measures the production of free ammonia.  The results showed higher 
activity levels than those of the Pseudomonas fluorescense, a well-characterized PGPB, that has an 
active ACC-deaminase enzyme 
 
Subsequently, after the examination of just the bacterial metabolism, induced R. rhodochrous cells, 
produced in 30L fed batch fermentation runs, were added to a minimal media along with cut carnations.  
Over time, the carnations exposed to R. rhodochrous showed a significant delay in senescence and petal 
drop compared to the unexposed controls (fig. 1).  To further understand the relationship between R. 
rhodochrous and the plant, adherence was examined using scanning electron microscopy. All of the 
samples showed an extremely high level of adherence of the R. rhodochrous cells to the bottom open 
vascular area of the carnation’s stem but not to the exterior (fig 2).  At higher concentrations the R. 
rhodochrous was seen to occlude the vasculature of the stems resulting in deleterious effects on the 
carnations (fig. 2).  Additionally, R. rhodochrous that adhered to plant tissue was analyzed using a 
Baclite live/dead staining kit and imaged using scanning laser confocal microscopy (fig. 3).  These 
images showed a very large and still viable population of R. rhodochrous adhered to the vasculature of 
the carnations at the end of the experiment.  These results indicate that R. rhodochrous can extend the 
life of cut flowers compared to the traditional cut flower maintenance practices.    
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Figure 1.  Control and Experimental carnations from left to right.  The first two carnations were not 
exposed to R. rhodochrous.  The last carnation was in solution with R. rhodochrous and shows less 
browning of the petals and wilting.   
	  

	  	  	  	  	  	  	  	  	   	  
Figure 2.  R. rhodochrous adhered to carnation stem vasculature.  Left, SEM image from initial 
investigation into R. rhodochrous adherence to carnation stems.  Right, adherence of R. rhodochrous 
blocking the vasculature of a carnation after being in a solution with too high of a bacterial 
concentration.    
	  

	  
Figure 3.  Confocal image of carnation stem with R. rhodochrous adhered to surface.  A Baclite 
live/dead stain kit was used where live populations of bacteria fluoresce green and dead fluoresce red.    


