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I. Abstract 

Longevity of vase life is a significant quality parameter in the cut flower 

industry. A number of factors have been postulated to influence longevity of 

vase life, and many of these involve disruption to water relations within the 

stem, particularly increased hydraulic resistance as a result of air embolisms, 

physical occlusions in the xylem vessels or bacterial interference. The purpose 

of this study was to the investigate the role of bacteria in disrupting hydraulic 

resistance in the stems of three important cut flower species. 

Xylem vessel length distributions of carnation, iris and chrysanthemum were 

determined, the maximum vessel length of each flower species being less than 

4, 1 and 6 em respectively. Stem sections longer than these vessel lengths were 

then used to determine the relationship between bacterial number and 

hydraulic resistance in various parts of the stem. Bacterial populations 

increased in all parts of the flower stem during the vase life period. The 

largest populations were found in the basal section of stems, particularly 

within 2 mm from the cut surface. The basal section was also the site of 

highest stem hydraulic resistance. However, only a very weak correlation 

existed between bacterial numbers in various parts of the stem and hydraulic 

resistance. Furthermore, bacterial cells were found to travel higher up the 

stem than the length of the longest vessels, indicating that the bacterial cells 

were unlikely to be the major cause of occlusions at intervessel pits. Xylem 

occlusion was more likely to be located at or close to the stem cut surface as 

removal of a 5 mm segment from the stem base resulted in significantly 

decreased hydraulic resistance. 

Positive correlations were obtained between stem hydraulic resistance and 

concentrations of a bacterial exudate, bacterial exopolysaccharide (EPS), which 

was found to be present primarily at the base of the stem. Bacterial 
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exopolysaccharides were also fotmd in xylem vessels further up the flower 

stem but distribution was generally restricted to a small number of vessels. In 

contrast, the bacterial EPS at the base of cut flower stems covered all cut 

vessels within 2-4 days of vase life. Bacterial EPS extracted from cultured 

bacterial cells was fotmd to significantly increase hydraulic resistance when 

attached to filter paper disks covering one end of a section of open tubing. The 

degree to which EPS caused increased hydraulic resistance was fotmd to be 

influenced by the substrate on which the bacteria were established suggesting 

that EPS composition influenced its capacity in induce hydraulic resistance. 

Non-EPS producing bacteria were found to have minimal effect on hydraulic 

resistance in the filtered tubing section, even when applied in greater bacterial 

cell concentrations than EPS producing bacteria. It was concluded that 

bacterial exopolysaccharides play an important role in the development of 

hydraulic resistance arotmd the stem cut surface, thus restricting water uptake 

and shortening cut flower vase life. The results of this study provide a basis 

for further research which may lead to substantial improvements in post­

harvest techniques for the cut-flower industry. 
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were used to produce solutions at 100%, 75%, 50% and 25% of the original 

concentration. One millilitre of each concentration was passed through a 

membrane filter paper (pore size 0.45 J..Lm, mixed cellulose ester type) and the 

hydraulic resistance of the filter was measured. The filter was attached to a 

piece of aluminium foil containing holes totally approximately 2 mm2 in area, 

which is larger than total vascular cross areas in the three flower species, for 

water to move through. 

Holes on the aluminium foil were prepared by penetrating the foil with a 

needle. Area of the hole was measured using the same equipment and 

technique as measurement of vessel diameter (Chapter 1, page 47). The area of 

one hole was approximately 0.23 mm2 therefore nine holes were made and 

distributed on the aluminium foil. 

Following hydraulic resistance determination, the filter was shaken for 3 

minutes, at maximum speed, in 1 mL distilled water using a vortex mixer to 

extract carbohydrate. Amount of carbohydrate in the resulting extract was 

measured using the validated anthrone carbohydrate assay. Three replicates 

of each bacterial source were conducted in the experiment. 

Carbohydrate contamination from the filter paper was accounted for by 

shaking a filter paper in 1 mL distilled water for 3 minutes at maximum speed 

using a vortex mixer and determining the carbohydrate in the solution. This 

value was subtracted from all carbohydrate values from filter extract. 

Carbohydrate contaminations from culture media could not be taken to 

account because surface properties of the culture media may change once 

bacteria were grown therefore carbohydrate determination of the washing off 

solution from a new culture media may not be a reliable reference. 
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B. Effect of bacterial cells and EPS plus cells 

The suspensions used in the first part of the experiment contained bacterial 

cells and EPS, and either may have contributed to changes in hydraulic 

resistance. In order to differentiate between the effect of bacterial cells and 

EPS, suspensions of the non-EPS producing species, Bacillus subtilis, were 

compared to mixed colony suspensions from flower stem extracts. Extract 

from a thirteen day old Chrysanthemum stem was used to produce a mixed 

colony suspension follow two days in culture. The extract was cultured on 

TSA and BMS media while B. subtilis was cultured only on TSA medium. The 

plates were then incubated at 25 oc for 48 hours. Suspensions were prepared 

as described in the first part of the experiment and both hydraulic resistance 

and carbohydrate concentrations were detected as described previously. 

Regression analysis of the results of hydraulic resistance and carbohydrate 

assays from each bacterial source was undertaken. 

7.3 Results 

A. Bacterial EPS and hydraulic resistance 

A strong positive correlation was found between concentration of 

carbohydrate produced by bacteria and hydraulic resistance (Figure 11). The 

correlation did not appear to vary between flower species, duration of vase life 

prior to isolation of bacteria and position on the flower stems. Bacteria 

extracted from an older stem did not produce more carbohydrate than bacteria 

extracted from a younger stem which were grown on the same medium. 

Regression equation of each bacterial source also revealed a close relationship 

between hydraulic resistance and carbohydrate produced by bacteria from 

· different flower species, vase life prior to extraction and position on the flower 
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In all measurements of bacterial cell numbers in this study the majority of 

bacteria were found in the basal stem section, and in particular within 0.2 em 

from the cut surface. This finding is consistent with previous studies (van 

Doorn et al, 1991; Put and Clerkx, 1988). Highest stem hydraulic resistance 

was also found in this section, indicating that bacteria may cause the vascular 

blockage around the stem cut surface. Further investigation in the precise 

location of blockage showed that the major vascular occlusion was located no 

further than 5 mm from stem cut surface. Moreover, results in the trial using 

stem sections shorter than the longest vessel length did not show a decreased 

value in hydraulic resistance, indicating that vascular blockage caused by 

bacteria may not have occurred at the pit pores but was more likely to be at 

the stem cut surface. However, the timing and magnitude of change in 

bacterial numbers and hydraulic resistance in basal stem section was not 

consistent with a strong relationship between cell number and stem hydraulic 

resistance. Moreover, high numbers of bacteria (greater than 6xl05 cfu/ g fresh 

weight) were recorded in upper stem sections while hydraulic resistance in 

these sections remained low throughout the duration of vase life. 

High hydraulic resistance measurements in basal sections and low values in 

upper stem sections were recorded for all three flower species in this study, 

indicating a common mechanism that was not specific to stem anatomical and 

physiological characteristics. The lack of correlation between bacterial 

numbers and stem hydraulic resistance suggested that the critical bacterial 

concentrations proposed by Zagory and Reid (1986) and Put and Jansen (1989) 

cannot be universally applied to explain the effect of bacteria on stem water 

relations. However the highest hydraulic resistance measurements in basal 

stem sections generally but not always occurred when bacterial numbers in 

excess of 107 cfu/ g fresh weight of stem were present. These bacterial numbers 

were higher than those reported in Rosa stems (de Witte and van Doorn, 1988), 

and other cut flowers (Zagory and Reid, 1986) but similar to the critical 

bacterial concentration proposed by de Witte and van Doorn (1988). Further 

evidence against the use of critical concentrations to predict disruption in stem 
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