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Stellingen behorende bij het proefschrift van Wouter G. van Doorn. 

1. De vatverstopping in de stengels van snijrozen, voor zover deze wordt veroorzaakt door 
bacteriën, berust op een fysisch mechanisme (dit proefschrift). 

2. In afgesneden rozestengels ontstaat tijdens droge bewaring ook een belemmering voor de 
wateropname. Deze vatverstopping wordt niet veroorzaakt door iets dat er in zit, maar door 
iets dat er niet meer in zit (dit proefschrift). 

3. De conclusie van Marousky dat de vatverstopping in snijrozen berust op een fysiologische 
reactie van de stengel, is niet juist. 

Marousky, F.J., 1971. Inhibition of vascular blockage and increased moisture 
retention in cut roses induced by pH, 8-hydroxyquinoline citrate, and sucrose. 
J. Amer. Soc. Hort Sei. 96:38-41. 

De conclusie dat de lage gevoeligheid van het anjerras 'Chinera' voor ethyleen het gevolg 
is van een lagere affiniteit van de ethyleenreceptor, is niet terecht 

Wu, M.J., L Zacarias and M.S. Reid, 1991. Variation in the senescence of 
carnation (Dianthus caryophyllus L) cultivars. II. Comparison of sensitivity to 
exogenous ethylene and of ethylene binding. Sei. Hort 48:109-116. 

De conclusie van de onderzoekers uit de groep van Thompson, dat de toegenomen ionenlek 
van cellen tijdens de veroudering het gevolg is van veranderingen in de samenstelling van 
de membranen, is onjuist 

Fobel, M., D.V. Lynch and J.E. Thompson, 1987. Membrane deterioration in 
senescing carnation flowers. Coordinated effects of phospholipid degradation, and 
the activity of membranous lipoxygenase. Plant Physiol. 85:204-211. 

6. De uitspraak van Higinbotham, dat actiepotentialen in planten alleen voorkomen in 
soorten met zgn. motor-activiteit, berust op een verkeerde interpretatie van de door hem 
gerefereerde literatuur. 

Higinbotham, Al, 1973. Eectropotentials of plant cells. Annu. Rev. Plant Physiol. 
24:25-46. 

1. De verwelking van planten, die optreedt als de bodem met water wordt verzadigd, is het 
gevolg van de verlaging van de permeabiliteit van het wortelstelsel voor water. De oorzaak 
van deze verlaging is nog geheel onduidelijk. 

Kozlowski, T.T., 1984. Flooding and Plant Growth. Academie Press, Orlando FL 
356 pp. ISBN 0-12-4241204 



De commissie Brandt is nog steeds actueel met de volgende constatering: 

"De toename van de wereldbevolking verzwaart de taak voor het zorgen van voedsel, 
werk, onderdak, onderwijs en gezondheidszorg, en het verzachten van de armoede. De 
conclusie dringt zich op dat een wereld met IS miljard mensen (rond 2010) kan worden 
verscheurd door ernstige economische, sociale en politieke conflicten. Of dit spookbeeld 
kan worden verdreven hangt in sterke mate af van wat nu wordt ondernomen om de 
omvang van de wereldbevolking te stabiliseren". 

Report of the Independent Commission on Internationa Development Issues. 
Nederlandse vertaling: Het Brandt Rapport een Overievingsprogramma. 
Staatsuitgeverij, 's-Gravennage, 1980. ISBN 90-12-02976-7 

9. De demografische en politieke ontwikkelingen in het Midden-Oosten en Noord-Afrika, de 
frustratie van de locale bevolking jegens het Westen, en de sterk toenemende wapenver-
kopen aan deze regio, zouden tot een militaire confrontatie tussen de islamitische en de 
westerse landen kunnen leiden. 

10. De nederlandse en de europese landbouwpolitiek hebben geleid tot excessen in de behande­
ling van dieren, heeft het milieu ernstige schade berokkend, en de belastingbetaler veel 
geld gekost 

11. De invoering van een mineralenboekhouding gaat uit van de naïeve veronderstelling dat de 
boeren niet inventief zijn. 

12. Het verdrag van Schengen is een grensgeval. 
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VOORWOORD 

Dit proefschrift is de weerslag van onderzoek dat werd verricht binnen de Directie (later Dienst) 

Landbouwkundig Onderzoek (DLO) van het Ministerie van Landbouw, Natuurbeheer en Visserij, aanvankelijk 

in het toenmalige Sprenger Instituut, dat in 1989 is opgegaan in het Instituut voor Agrotechnologisch Onderzoek 

(ATO-DLO). 

Het idee om aan dit onderwerp te werken is afkomstig van drs. O.L. Staden, destijds afdelingshoofd op het 

Sprenger Instituut, die me vervolgens de vrijheid gaf het werk zelf in te vullen. Zijn enthousiasme heeft 

bijgedragen aan de eerste resultaten. Nadat 'het Sprenger' opging in het ATO heeft de instituutsleiding me 

opnieuw de vrijheid gegeven om het onderzoek naar eigen goeddunken af te ronden, waarvoor ik bijzonder 

dankbaar ben. 

Ik wil graag iedereen die heeft meegeholpen aan de totstandkoming van dit proefschrift van harte bedanken. 

Als eerste heeft Yke de Witte een heel belangrijke bijdrage geleverd. Zonder zijn inspanningen op micro­

biologisch gebied was er van het eerste deel van dit proefschrift weinig terecht gekomen. Zijn enthousiasme voor 

dit onderzoek, zelfs als de materie nogal weerbarstig bleek, was stimulerend. 

Els Otma, Paul Struijlaart en Harmannus Harkema hebben als assistenten een belangrijke rol gespeeld in de 

laatste fase van het onderzoek. Rob Kruizen is door financiering van buiten gedurende een halfjaar bij het werk 

betrokken geweest. Het electronen-microscopisch onderzoek werd uitgevoerd in samenwerking met TFDL-DLO: 

Anke Clerkx, Felix Thiel en Bram Boekestein. 

Dr. Peter van de Pol (Vakgroep Tuinbouwplantenteelt, Landbouwuniversiteit Wageningen) wil ik bedanken 

omdat hij een aantal van zijn studenten de mogelijkheid heeft gegeven in dit onderzoek mee te werken, voor zijn 

toestemming om materiaal uit zijn kassen te betrekken, en vanwege de opkweek van de enige echte Cara mia 

struiken in Nederland. Prof. D. Côme van de Université Pierre et Marie Curie in Parijs heeft eveneens 

bijgedragen door een aantal studenten enthousiast te maken voor een stage in Nederland. 

De volgende studenten hebben aan het rozenprojekt meegewerkt Henriette Buis, Katrien Hemmes, Ewald 

de Koning, René Perik, Frank Jonkhart, Vincent van der Kraan, Dennis Laverman, Geert Groenewegen, Benoît 

Lemont, en Véronique Suiro. 

Bij het camera-ready maken van het manuscript hebben Rianne Maasen, Diana Oomen, Annie Bourquin, en 

Rinus Seijnaeve meegeholpen. 

Tenslotte wil ik prof. dr. J. Bruinsma van harte dankzeggen dat hij wil optreden als promotor. De discussies 

die ik met hem mocht voeren hebben het niveau en de leesbaarheid van dit proefschrift niet onaanzienlijk 

verbeterd. 
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Chapter 1 

CHAPTER 1 

INTRODUCTION 

The cut rose flower is an important crop in the Netherlands. In 1992 the production value, as 

determined by the auction clock, was Dil 833 million, more than for any other horticultural crop 

(Anonymous, 1992a and b; 1993). More than 90% of the production value of cut rose flowers is 

exported. The main importing country is Germany, followed (by a wide margin) by the other major 

countries in the EC, Switzerland, Sweden aria Austria. Among 274 interviewed German retail florists, 

39% mentioned that the vase life of roses imported from Holland was too short, while 38% of the 

florists indicated that the flowers showed bending of the stem just below the flower head. When 

compared to roses from Germany and Israel, the Dutch roses, in the opinion of the interviewed florists, 

showed more stem bending (Stroeken and Dierikx, 1990). In Holland 200 randomly selected retail 

florists, interviewed by telephone, also considered the quality of cut roses to be a problem (De Wit, 

1990). 

The two main factors affecting quality are the inadequate uptake of water, resulting in precocious 

wilting and stem bending (Durkin and Kuc, 1966), and infection of the flower head with the fungus 

Botrytis cinerea (Pie and de Leeuw, 1991). In a few cultivars the rate of flower opening is important. 

It may occur too rapidly, in cultivars such as Cocktail, or too slowly (if at all) in cultivars such as 

Madelon. Bud opening in cut Madelon roses was improved by inclusion of sucrose in the vase water 

and by cutting at a more advanced stage of development. The rate of opening was correlated, with the 

level of corolla starch (Van Doorn et al., 1991). Poor bud opening may in some cultivars also relate 

to inadequate uptake of water, resulting in wilting already prior to opening (Zieslin et al., 1978). 

The present thesis is confined to the water relations of cut flowering rose stems. It has been 

established by early workers that a water deficit often develops within 2-3 days of vase life (Durkin 

and Kuc, 1966; Marousky, 1969). Unsevered rose flowers had a longevity of 8-23 days, depending on 

the cultivar, whereas the cut flowers placed in water had a longevity of only 3.5-7 days. In cut stems 

an occlusion developed in the xylem prior to the development of the water deficit (Durkin and Kuc, 

1966; Mayak et al., 1974). 

11 



Vascular occlusion 

The stem of flowering roses contains 15-25 vascular bundles, depending on the position along the 

stem. The bundles are in close juxtaposition forming a vascular ring (Fig. 1A). In general, the 

conduction of water in vascular plants occurs in three groups of elements: fibers, tracheids, and vessels. 

Fibers are less than 2 mm long and have a diameter of less than 50 urn. Tracheids are generally shorter 

than fibers and are less than 50 urn wide (Esau, 1960). Vessels consist of a number of members that 

are open at the upper and lower sides, except at the ends where the members are open at one side only. 

The length of vessel members varies from about 0.2 to more than 1 mm, and their diameter from less 

than 50 |im to more than 200 um. The vessel length varies in one plant and between species, from less 

than a cm to over 10 m (Zimmermann, 1983). The xylem in rose stems also contains vessels, tracheids 

and fibers, the majority of the elements being vessels. As the water transport rate in conduits depends 

on the fourth power of diameter most water transport will occur in the wide vessels (Zimmermann, 

1983). Water flow from conduit to conduit (Fig. IB) is through pits which contain a (physical) 

membrane consisting of the primary wall. During development this primary wall has undergone several 

biochemical changes and mainly consists of a network of cellulose microfibrils (O'Brien and Thimann, 

1969; Butterfield and Meylan, 1982). The pit membrane contains pores (Fig. IB) the diameter of which 

depends on the plant species and has been found to vary from 60 to 840 nm (Stamm and Wagner, 

1961). Such small pores may easily become occluded by material of a molecular size similar to the 

pore diameter. Van-Alfen et al. (1983) found that the pores in the xylem pit membranes of alfalfa 

(Medicago satiya^ L.) petioles became occluded by molecules having a diameter of 200 to 800 nm. 

After uptake of only 150 picomoles of 2 x 103 kD dextran molecules the water flow in alfalfa petioles 

was greatly reduced (Van Alfen and Allard-Tumer, 1979). 

The nature of the occlusion found in stems of cut roses has not yet been elucidated. The literature 

suggests that there are several possible causes: a) micro-organisms, b) physiological responses to 

cutting, c) entrance of air at the cut end and cavitation in the xylem conduits (Aarts, 1957; Gilman and 

Steponkus, 1972; Durkin, 1980; Dixon et al. 1988). 

A. Micro-organisms 

Ultrastructural investigations in cut roses placed in water led to the conclusion that the region close 

to the cut surface contained bacteria (Lineberger and Steponkus, 1976). More distant from the cut 

surface, a substance was found which failed to react with nuclear stains. This material also did not react 

with stains for tannin or suberin, but showed a positive reaction with periodic acid-Schiff's stain and 

- 12 



Chapter I 

n^Dima 

1 4 mm 

* f l f <L".-^ 
2 100 pm 

ft ft 

4 '/"•> 

B 

Fig . 1. Transverse section through vascular bundles in a stem of a cut rose flower, v = xylem vessel; bar = 1 mm (A), 

and a schematic representation of the flow of water through conduits, pits and pit membranes (B). 1 : stem 

segment, 2: xylem vessels, 3: pits in a xylem vessel wall, 4: pit with pores. Sizes are indicated with bars. 

ruthenium red, indicating it to be a carbohydrate (Burdett, 1970; Lineberger and Steponkus, 1976). 

When microbial growth was suppressed, using 8- hydroxyquinoline sulphate as an antimicrobial agent, 

these amorphous plugs were not observed (Burdett, 1970). 

Inclusion of vase-water bacteria in the vase solution of cut Sonia roses at 10' colony-forming units 

(cfu) ml"1 resulted in immediate wilting and bending of the stem (Van Doorn et al. 1986; De Witte and 

Van Doorn, 1988; Put and Jansen 1989), indicating that bacteria may be responsible for the observed 

symptoms during vase life. De Witte and Van Doorn 0988) used several bacterial strains, isolated from 

the vase water of cut Sonia roses, and found no reduction of water uptake at 105 cfu ml'1 and a strong 

reduction at 107 cfu ml'1, with all the bacterial strains. Some fungi known to cause wilting disease have 

been found to elicit the production of gum-like vascular plugs (Duniway, 1973; Hall and Busch, 1971; 
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Vascular occlusion 

VanderMolen et al., 1983). Even the culture filtrate of a pathogenic fungus caused vascular blockage 

and ethylene had the same effect (VanderMolen et al., 1983). 

The above results indicate that micro-organisms may be important in the vascular blockage of cut 

roses. The role of bacteria as compared to fungi and yeasts, however, is not known. The mechanism 

of action of the micro-organisms has also not been established. 

B. Physiological response of the stem 

Several authors suggested that the occlusion in cut stems is part of a defense-mechanism inherent 

to the plant material (Aarts, 1957; Fujino and Reid, 1983; Marousky, 1969, 1971; VanderMolen et al., 

1983). Cutting gives rise to a complex wound-reaction which involves ethylene synthesis and the 

activation of peroxidases and phenylammonia-lyase (Yang and Pratt, 1978). These enzymes seem 

mainly involved in the biosynthesis of monomers for lignin and other substances deposited in the cell 

walls and possibly in the vessel lumen (Rhodes and Wooltorton, 1978; Cline and Neely, 1983). Some 

authors noted the presence of amorphous plugs in the xylem, and suggested that these were due to the 

wound-reaction (Parups and Molnar, 1972). Tyloses are also known to be related to occlusion of xylem 

vessels (Zimmermann, 1983). Tyloses are outgrowths of paratracheal parenchyma cells which form a 

balloon-like structure in the vessel lumen. Although Parups and Molnar (1972) report absence of 

tyloses in cut flowering stems of Forever Yours roses, and Lineberger and Steponkus (1976) were not 

able to demonstrate tyloses in cut stems of Red American Beauty roses, it cannot be excluded that 

tylose formation occurs in other rose cultivars. 

C. Occlusion due to exposure to air 

Renner (1911) and Stocking (1948) observed that shoots of some plants which were cut in air, then 

allowed to wilt in air and subsequently placed in water, rapidly regained turgor. Shoots of other 

species, however, did not regain turgor when placed in water and showed a low rate of water uptake. 

Scholander et al. (1955,1957) exposed liana stems to air and found aspiration of the air into the stem 

but no inhibition of water uptake. Stems of grapevine, however, showed inhibited water uptake after 

prolonged exposure to air, which was probably due to a layer of material exuded at the cut surface. 

When stems of chrysanthemums and roses were held in air and then placed in water a reduction 

in the rate of water uptake was found (Durkin, 1979, 1980). This was attributed to the presence of air 
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Chapter 1 

bubbles (emboli) in the water-conducting elements opened by the cutting. The role of aspired air in 

vascular blockage has, however, not been fully addressed. It is known neither how much air is taken 

up after cutting, nor where the air resides, and whether water is able to bypass the emboli. 

The theory of water cohesion to explain the ascent of sap in plants implies the existence of negative 

pressures in the xylem (Dixon, 1914). The negative pressures in cells were measured by early workers 

to be up to 20 MPa (Renner, 1911). Estimates using the pressure-chamber technique also indicated 

negative pressures as high as 20 MPa in some species (Scholander et al., 1965). 

An objection against the cohesion theory is the possibility of cavitations in the xylem, i.e. the 

filling of the conduits with gas, causing a disruption of the water column continuity. In intact plants 

cavitation may occur spontaneously; the water column is thought to break because of a nucleus which 

gives rise to water vapour. The latter will immediately fill the lumen of the conduit, but the water 

vapour will be rapidly replaced by air diffusing into the lumen from the cell walls. Cavitation may also 

occur in xylem conduits which are adjacent to a conduit already filled with an embolus, when the gas 

is pulled through the pit membrane (Zimmermann, 1983). Although Stocking (1945) and Preston 

(1961) suggested that such cavitations would not occur before negative pressures reached -3.0 MPa, 

the measurements of cavitations using an acoustic detection technique revealed that they already 

occurred at -0.5 MPa in some plant species (Milburn and Johnson, 1966; Milburn, 1973a,b; Milbum 

and McLaughlin, 1974). The use of ultrasonic acoustic emissions to measure cavitations has been 

furthered by the groups of Sperry and Tyree (Tyree and Sperry, 1989). 

Dixon et al. (1988) studied the acoustic emissions in cut Samantha roses. Stems were fully hydrated 

and then allowed to dehydrate in air. The flowers and leaves were removed in these measurements. 

Acoustic emissions were observed to start at a water potential of about -2.0 MPa. Eighty percent of 

the hydraulic conductance (measured using a gravitational suction head of 1 m of water) had been lost 

before cavitation began. The authors nevertheless suggested that the shelf life of cut Samantha roses 

would be reduced because of the cavitations. When stems are placed in water after exposure to air the 

cavitated conduits may become filled again as shown in isolated vascular bundles (Milburn and 

McLaughlin, 1974) and in wild-grapevine stems (Sperry et al., 1987). The role of cavitations in 

vascular blockage, therefore, is as yet unclear. 
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Vascular occlusion 

Outline of the thesis. 

It follows from the above discussion that the development of micro-organisms in the vase water 

or in the stem, a response of the stem to cutting, and exposure to air, including the resulting 

cavitations, all may contribute to the vascular occlusion occurring in stems of cut rose flowers. 

This thesis discusses the ultrastructure of the xylem at the cut surface and inside the stem of 

flowers placed in water, examining the presence of occluding material in the water-conducting elements 

and the possible role of bacteria, fungi and yeasts, and extracellular slime produced by micro-organisms 

(Chapter 2). The relationship between the vascular occlusion and the number of bacteria associated with 

the stems is described in Chapter 3. The role of physiological processes related to cutting has been 

examined by inhibition of wound-ethylene production, by blocking the activity of phenol-oxidases, by 

examination of the plugging material (including tyloses) in the xylem lumen, and by excluding 

microbial growth (Chapter 3). The mechanism by which bacteria induce occlusion in the xylem was 

investigated by inclusion of a suspension of bacteria in the vase solution, at 20°C and at 1°C (Chapter 

4). 

The uptake of air into the stem after cutting and its effect on water uptake when the stems are 

subsequently placed in water is described in Chapter 5. The variability between rose cultivars in the 

velocity of occlusion development during exposure to air has been assessed, and a preliminary 

investigation was started as to the possible reasons for the differences between the cultivars (Chapter 

6). The localization of the blockage after exposing the flowering stems to air is described for Sonia and 

Cara mia roses, and the possibility of water flow in the xylem wall pathway after exposure to air is 

discussed (Chapter 7). Subsequently, the penetration of water into the lumen of the xylem elements 

opened by cutting is described as related to the vascular occlusion (Chapter 8). Finally, the kinetics by 

which the water-conducting elements cavitate when the stems of some cultivars are held in air was 

investigated (Chapter 9). A general discussion summarizes the findings and draws some conclusions 

(Chapter 10). 

Throughout the following chapters the trade names of the rose cultivars will be used. The officially 

registered cultivarname is often different from the trade name. When the two names differ the cultivar 

- 16 



Table 1. Trade names and registered cultivar names of the cultivars mentioned. 

Chapter 1 

Trade name Cultivar name 

Better Times 

Bettina 

Capella 

Cara mia 

Chantilly Lace 

Cocktail 

Forever Yours 

Frisco 

Golden Phantasy 

Ilona 

Jack Frost 

Jacqueline 

Lavande 

Madelon 

Mercedes 

Motrea 

Polka 

Prima Donna 

Privé 

Red American Beauty 

Royalty 

Samantha 

Sonia 

Town Crier 

'Better Times' 

'Mepal' 

'Meiriloca' 

'Cara Mia' 

'Chantilly Lace' 

'Meitakilor' 

'Forever Yours' 

'Korflapei' 

'Golden Phantasy' 

'Varlon' 

'Jack Frost' 

'Jacqueline' 

'Lavande' 

'Ruimeva' 

'Merko' 

'Motrea' 

'Meidia' 

'Tobone' 

'Lifirane' 

'Red American Beauty' 

'Hilroy' 

'Jacanth-PL' 

'Sweet Promise' 

'Town Crier' 

name is not well-known. According to international convention the trade names are neither placed 

between quotation marks nor indicated as cv. For example, Sonia (trade name) is equivalent to cv. 

Sweet Promise (which may be written as 'Sweet Promise'). The trade names and the registered cultivar 
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Vascular occlusion 

names of the cultivais mentioned in this thesis are given in Table 1 (T.M. Boerma, CPRO, Wageningen 

and R. Rader from E.G. Hill Company, Richmond, IN, USA, pers. comm. 1993). 
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CHAPTER 2 

MICRO-ORGANISMS AT THE CUT SURFACE AND IN XYLEM VESSELS 

OF CUT FLOWERING ROSE STEMS PLACED IN WATER 

Summary 

Stems of cut Sonia rose flowers {Rosa hybrida L.) were placed in water at 20°C to study the 

development of micro-organisms at the cut surface and in the xylem vessels. The cut surface became 

covered with bacteria within 2 d. The bacteria were accompanied by an amorphous substance which 

was apparently bacterial slime. After 7 d many fungal hyphae were also found at the cut surface. Inside 

the xylem vessels the bacteria were often clustered at the pits. After 4 d most of the vessels that had 

been opened by cutting contained bacteria. Only a few xylem elements, located several centimeters 

from the cut surface, contained an amorphous substance. A few fungal hyphae were observed inside 

the vessels. No yeasts were found, either at the cut surface or inside the xylem. 

Pseudomonas species accounted for more than 70% of the total bacterial population of cut surface 

and the xylem conduits, and Enterobacter species (mainly E. agglomérons) for less than 10%. 

Acinetobacter, Aeromonas, Alcaligenes, Bacillus, Citrobacter and Flavobacterium species were 

occasionally observed. 

Cryo-SEM allowed observation of a layer of extracellular polysaccharides that covered colonies 

of the bacterium Pseudomonas aeruginosa, growing on agar substrate. The layer was not found when 

using conventional preparation techniques and scanning electron microscopy. It disappeared partially 

as a result of glutaraldehyde fixation, but mainly during alcohol dehydration and critical point drying. 

When using cryo-SEM for the study of stems, the bacterial slime was more abundant than after 

conventional preparation. The ultramilling method resulted in smooth cross-sectioning of the xylem 

walls, and indicated that bacteria did not degrade the xylem walls. 
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INTRODUCTION 

Aarts (1957) suggested that micro-organisms may be a cause of the vascular blockage in stems of 

cut flowers. Rasmussen and Carpenter (1974), however, made scanning electron microscope (SEM) 

photographs of the xylem of cut Forever Yours roses which had been held in water and found that only 

a few vessels contained visible occlusions. Even when the stems were placed in a 2% sucrose solution 

(without an antibacterial or antifungal compound) few bacteria and fungi were observed. Rasmussen 

and Carpenter (1974) therefore questioned the concept of vascular blockage in stems. We used SEM 

techniques to re-evaluate the presence and the spatial distribution of micro-organisms in stems of cut 

rose flowers, and investigated the species composition of the bacteria at the cut surface and inside the 

xylem. 

The bacteria in the vase water of cut roses all produce slime when grown on agar (De Witte and 

Van Doom, 1988). This bacterial slime mainly consists of polysaccharides, and is therefore often 

abbreviated as EPS (extracellular polysaccharides). It may also contain proteins as well as DNA and 

RNA (Eagon, 1962; Pier et al. 1978). In bacterial colonies that are grown on an agar substrate, the 

slime is present mainly as a layer on top of the colonies (Sutherland, 1977). The layer that covers 

bacterial colonies growing on agar apparently has a high water content as it shrinks considerably when 

the colonies are exposed to dry air. Since cryo-SEM allows observation of materials with a high water 

content, the slime layer of bacterial colonies and the role of bacterial slime in vascular occlusion were 

investigated by using cryo-techniques for observations on the xylem conduits. 

MATERIALS AND METHODS 

Plant material 

Flowering shoots of Sonia roses (Rosa hybrida L.) with a stem length of about 40 cm were 

obtained from commercial growers or by growing rooted stems in a nutrient solution (De Stigter, 

1980). Commercially-grown shoots were held dry during transportation for at most 2 h, after which 

stems were reçut under water and individually placed in the vase solution (tap water). 

Rooted shoots were cut under water and immediately individually placed in tap water. Vases were 
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of glass, and were washed, not sterilized prior to the experiments. Experiments were at 20°C, 60% RH, 

and a photon flux (PAR) of 15 umol nr2 s ' from fluorescent tubes, for 12 h per day. 

Scanning electron microscopy of stems 

The basal 9-10 mm of the stems were cut off and prepared for conventional SEM or cryo-SEM. 

For conventional SEM stem segments were fixed overnight in 3% glutaraldehyde (in cacodylate buffer 

0.1 M; pH 7.2), washed twice in the buffer, and dehydrated through a graded series of ethanol/water 

(10 to 100% v/v) leaving the specimens 10 min in each solution. After freezing in liquid nitrogen the 

stems were freeze-fractured longitudinally and the fractured segments were placed in 100% ethanol. 

The specimens were subsequently critical point dried, mounted on a brass stub using carbon cement 

and silver paint (Demetron, Hanau, FRG), sputtered with gold, and examined using a JEOL 35 C 

scanning electron microscope at 293 K and 15 kV accelerating voltage. 

For cryo-SEM, a 9-10 mm segment was cut from the basal end of the stem, mounted on a brass 

stub using Tissue-Tek (Miles Laboratories, Elkhart, IN) and immersed in nitrogen slush (about 60 K), 

using a Hexland CT1000/CP2000 cryo-system. The samples were placed in liquid nitrogen and milled 

with a Reichert-Jung Polycut E microtome equipped with a cryostage (about 100 K) and an ultramilling 

device. During milling cooled nitrogen gas (about 120K) was blown on the milling device and the 

specimen surface, to prevent contamination with water particles. The milled samples were transferred 

to liquid nitrogen under a continuous flow of nitrogen gas, placed in the Hexland cryo-system where 

they were etched (8 min at 20 Pa and 190 K), and sputtered with gold (2 min at 6.5 Pa and 100 K). 

The specimens were then transferred under vacuum to a Philips SEM 535 equipped with cold stage 

(120 K) and examined at 15 kV accelerating voltage. During etching, sputtering, and examination, the 

temperature of the anticontaminator was held at 90 K. 

Scanning electron microscopy of bacterial colonies 

A pure culture of Pseudomonas aeruginosa, originating from the vase water of cut roses, was 

grown on Plate Count Agar (Oxoid) at 30°C for 48 h. The colonies were cut from the agar substrate, 

mounted on brass stubs as described above and cryofixated in nitrogen slush in an Emscope SP 2000 

cryostage. The samples were etched for 8 min at 190 K and gold-sputtered at 27 Pa and 100 K prior 

to examination in a JEOL 35C scanning electron microscope equipped with a cold stage (100 K), in 

which the vacuum was held at 0.13 mPa. The accelerating voltage was 15 kV. 
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Fig. 1. Cut surface of a freshly cut stem of a Sonia rose. Transverse section. Bar = 100 um. 

Fig. 2 . Cut surface of a Sonia rose stem held in water for 2 d. Bar = 100 um. 

Fig. 3 . Detail of the cut surface of a Sonia rose stem held in water for 2 d. Bar = 10 urn. 

Fig. 4 . Wall of a xylem vessel in a Sonia rose stem, showing bacteria at the pit membranes, in a stem held in water 

for 2 d. Longitudinal section. Bar = 10 um. 

Fig. 5. Wall of a xylem vessel in a Sonia rose stem, containing bacteria and an amorphous substance, in a stem held 

in water for 2 d. Bar = 10 urn. 

Fig. 6. Bacteria in a xylem vessel of a Sonia rose stem held in water for 2 d. Longitudinal section. Bar = 10 urn. 

Bacterial colonies were also chemically fixated as described above, using an alcohol series. A third 

series of colonies was fixed overnight in 3% glutaraldehyde as described, then rinsed with distilled 

water, mounted on stubs, prepared for cryo-SEM as described above, and examined in the JEOL cryo-

SEM. 

Identification of bacteria 

Flowering stems were placed in water in vases which were either sterilized or not before adding 

tap water. After various periods stems were randomly selected and the basal 5 cm of the stem were 

cut with standard sterile equipment. The bark was removed and the segment was cut into 1-2 mm parts 

using standard sterile equipment. The parts were placed in sterile bags and weighed. A sterile 0.85% 

NaCI solution was added, the weight of the added solution being ten times the fresh weigth of the 

stems. The bacteria were removed from the stem parts using a Colworth Stomacher-400 for one min. 

Bacteria were grown on selective media as described by De Witte and Van Doom (1988). 

For each determination of the species composition 80 isolated bacterial colonies growing on Plate 

Count Agar (Oxoid) were randomly selected, and characterized with the ENTEROTUBE and the 

OXI/FERM systems (Oberhofer, 1979). Additional tests were made according to the descriptions given 

in Bergey's Manual (Buchanan and Gibbons, 1974). 

24-



Chapter 2 

-25 



Vascular occlusion 

10. 

11. 12. 

- 2 6 -



Chapter 2 

Fig. 7. Bacteria embedded in an amorphous substance, in a xylem vessel of a Sonia rose stem held in water for 4 d. 

Longitudinal section. Bar = 10 \un. 

Fig. 8. Detail of the surface structure of a colony of Pseudomonas aeruginosa, grown on agar, after glutalaldehyde 

fixation, alcohol dehydration, and critical point drying, observed with conventional SEM. Bar = 1 |im. 

Fig. 9. As figure 8, but without chemical fixation, examined using cryo-SEM. Bar = 1 um. 

Fig. 10. Individual bacteria adhering to a vessel wall in a Sonia rose stem, observed without chemical fixation, using 

cryo-SEM. Bar = 10 \un. 

Fig. 11. Accumulation of bacteria in a xylem vessel of a Sonia rose stem, observed without chemical fixation, using 

cryo-SEM. Bar = 10 urn. 

Fig. 12. Longitudinal section of a wall of a xylem vessel in a Sonia rose stem held in water for 4 d, using cryo-

ultramilling cross-sectioning and examination in cryo-SEM. Bar = 10 [ün. 

RESULTS 

Development of a microbial population at the cut surface 

Transverse sections of freshly-cut rose stems showed no micro-organisms (Fig. 1). When stems 

were held in water for 2 d, a layer of micro-organisms was present on the cut surface, both on the 

phloem and on the xylem, but not on the central pith tissue (Fig. 2). This layer consisted of bacteria 

embedded in a layer containing granular material and thin filaments (Fig. 3). A few fungal hyphae were 

observed in some of the stem samples after 4 d of vase life (not shown). 

When stems were held in water for 7 d most of the xylem vessels at the cut surface were covered 

with a layer of bacteria and a matrix substance. Fungi were present on the xylem and after more than 

7 d of vase life fungal hyphae occasionally entered the xylem. Throughout the vase life no yeasts were 

observed at the cut surface. 
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Development of a microbial population inside xylem vessels 

Xylem vessels of freshly cut rose stems contained numerous pits, generally elliptical but sometimes 

having a round shape. Their diameter was about 5 um. Bacteria or fungi were not observed in xylem 

conduits of freshly cut stems, nor any other material. Two days after the onset of vase life, some 

bacteria were present in the conduits. These bacteria were mainly localized close to the pits (Fig. 4). 

An amorphous substance was often associated with the bacterial cells (Fig. 5). Within 4 d most of the 

vessels which were opened by cutting contained bacteria. Some were filled with bacterial cells (Fig. 

6), others contained both bacteria and amorphous substance (Fig. 7). The relative amount of bacterial 

cells decreased from the stem base towards the flower head. A few vessels, several centimetres from 

the cut surface, contained the amorphous substance only. Throughout vase life no yeast cells were 

observed inside the xylem. Fungal hyphae were only occasionally found inside the xylem, after more 

than 7 d vase life. 

Cryo-SEM and cryo-ultramilling 

Using conventional SEM the slime on bacterial colonies disappeared (Fig. 8), but with the cryo-

SEM method the slime was still present after fixation (Fig. 9). Using only glutaraldehyde fixation 

followed by cryo-SEM the slime layer was also present (results not shown). In cryo-SEM observations 

of the cut surface and of the xylem interior of rose stems held in water the bacteria were found to be 

surrounded by slime (Fig. 10) and also adhered together rather than forming a loose stucture (Fig. 11). 

Cryo-ultramilling techniques showed no visible degradation of the xylem cell walls (Fig. 12). 

Identification of bacteria associated with the stems 

The bacteria found in stems and at the cut surface of rose stems placed in water are listed in Table 

1. No difference was found between the flora from the basal 0.1 cm, which included the cut surface, 

and the flora from inside the xylem (next 4.9 cm). Pseudomonas spp. accounted for more than 70% 

of the total population, and their frequency increased from about 74% on day 1 to about 83% on day 

7 (Table 2). 

Enterobacter species (mainly E. agglomerans) decreased from 8% on day 1 to 0% on day 7 (Table 

2). Up to 20% of the bacteria could not be identified as they belonged to poorly defined genera. Of 

these genera about one-third was oxidase-positive and two-thirds oxidase-negative. 
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Table 1. Composition of the bacterial flora in the basal 5 cm stem segment of cut Sonia rose flowers placed in tap water 

for 7 d. 

Aeromonas sp. 

Acinetobacter sp. 

Alcaligenes sp. 

A. faecalis 

Bacillus sp. 

Citrobacter sp. 

C. freundii 

Enterobacter sp. 

E. agglomérons 

Flavobacterium sp. 

Pseudomonas sp. 

P. aeruginosa 

P. cepacia 

P. fluorescens 

P. maltophilia 

P. menaocina 

P. pikettii 

P. putida 

P. stutzen 

P. vesicularis 

In repeat experiments Pseudomonas spp. always predominated and Enterobacter spp. were always 

found, while genera such as Acinetobacter, Aeromonas, Alcaligenes, Bacillus, Citrobacter (mainly C. 

freundii) and Flavobacterium were occasionally observed. 

Table 2. Frequency of Enterobacter spp. and Pseudomonas spp. in the basal 5 cm of Sonia roses placed in tap water for 

1-7 d. The remaining species were Citrobacter (0-3%) or belonged to poorly defined genera (16-20%). 

Day 

1 

4 

7 

Enterobacter spp. (%) 

8 

4 

0 

Pseudomonas spp. (%) 

74 

78 

83 
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DISCUSSION 

Within 2 d after the rose stems had been placed in water, most of the xylem elements at the cut 

surface were covered with a layer of bacteria embedded in a matrix substance, which most probably 

was bacterial slime. In the xylem interior bacteria were mainly found close to the cut end. The bacteria 

were apparently unable to pass through the pits, and therefore remained localized in the conduits that 

had been opened by cutting. These results agree with the SEM study of Put and Clerkx (1988) in 

which rose stems were placed in diluted pure cultures of bacteria, fungi, and yeasts. Also in this study 

the micro-organisms remained confined to the xylem elements close to the cut surface. 

The abundant development, starting within 2 d, of a population of bacteria both at the cut surface 

and inside the vessels, correlated with the development of a blockage to water uptake, which occurs 

within 2-3 d after the onset of vase life (Durkin and Kuc, 1966; De Stigter, 1980). In their SEM study 

on stems of cut rose flowers, Rasmussen and Carpenter (1974) found only a few vessels which were 

visibly filled with occluding material and concluded that vascular blockage could not be the cause of 

the observed reduction of water uptake in cut rose flowers. These authors, however, paid little attention 

to the development of a population of micro-organisms at the cut surface. Furthermore, they did not 

take into account the possibility of blockage of the pores in the pits by macromolecular matter, such 

as bacterial slime. 

The layer found on the cut surface and the presence of occluding material inside the xylem may 

both contribute to the restriction of water-uptake. Their relative contribution, however, is not evident 

from our results. Although a layer of jelly was observed on the cut surface after 11 days of vase life, 

it may not fully explain the blockage to water uptake. As to the situation inside the stem, the opposite 

reasoning may apply: the fact that only few vessels were observed to be massively blocked by bacteria 

does not prove that there was no blockage to uptake of water. Even if no visible occlusion occurs, 

macromolecules of bacterial origin may block the pores in the pits, and reduce the rate of water uptake 

(Van Alfen et al., 1983; De Stigter and Broekhuysen 1986). 

Several authors noted an amorphous substance in xylem vessels of cut rose flowers. Vessels with 

amorphous plugs were observed several centimetres from the cut surface (Lineberger and Steponkus, 

1976). We found that many vessels close to the cut surface contained both bacteria and an amorphous 
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substance. Several centimetres away from the cut end a few vessels contained the amorphous substance 

only. The amorphous plugs in the xylem were reported to stain with ruthenium red, indicating the 

presence of pectinaceous compounds (Burdett, 1970; Parups and Molnar, 1972). We found that the 

slime covering colonies of bacteria that were isolated from vase water, the cut surface, or the xylem 

interior, also stained with ruthenium red (unpublished results). We therefore assume that the amorphous 

substance in the xylem vessels was a fraction of the slime that was able to pass the pores in the pits. 

When using cryo-SEM, in contrast with conventional SEM, colonies of Pseudomonas aeruginosa, 

isolated from rose stems, were found to be covered with a layer of amorphous material. Alcohol 

dehydration removed most of the water in the slime layer, but apparently also dissolved most of the 

dry matter constituent. When using cryo-SEM for examination of the micro-organisms in stems of cut 

rose flowers, the bacteria inside the xylem were generally associated with amorphous material, which 

was more abundant and less dehydrated than after conventional SEM. The latter method, however, did 

not result in the disappearance of all of the dry matter constituent. The ultra-milling technique showed 

no apparent degradation of the cell walls in the xylem. This is evidence against the hypothesis of 

Burdett (1970) that bacteria cause blockage by degrading the xylem walls. 

As no yeast cells were observed on the cut surface or inside the xylem, our results indicate that 

yeasts play no role in vascular blockage of cut rose flowers that are placed in water. The presence of 

a population of fungi on the cut surface started after the development of vascular blockage. We 

therefore assume that fungi are not a primary cause of the blockage either. 

On day 6 of vase life, De Witte and Van Doom (1988) found that five Pseudomonas spp. and one 

Alcaligenes sp. belonged to the predominant strains in vase water of cut Sonia roses. The composition 

of the bacterial flora at the cut end and inside the xylem of cut Sonia roses (Tables 1 and 2) was 

similar to that found in vase water. During vase life the decline in the frequency of Enterobacter sp. 

and the increase of Pseudomonas spp. may depend on the relatively more demanding growth require­

ments of the former group whereas Pseudomonas spp. can rapidly multiply in tap water containing only 

trace amounts of a single organic compound (Van der Kooy et al., 1982a,b; Konings and Veldkamp 

1980). With time, the flow of sap from the phloem may decline and the contents of cut cells as a 

source of nutrition may become depleted. As in repeat experiments Pseudomonas and Enterobacter spp. 

were always found, there was apparently no great variety in the bacterial flora at the cut surface and 
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in the xylem. Genera other than Pseudomonas and Enterobacter were only occasionally found, in any 

combination, and these may therefore represent chance contaminants. As their frequency in the total 

population was low, these contaminants were apparently unable to compete with the Pseudomonas and 

Enterobacter species. 

It is concluded that a population of bacteria, mainly Pseudomonas, at the cut surface and inside the 

xylem vessels preceeds vascular occlusion. The blockage may partially be due to the copious slime 

produced by the bacteria. No evidence was found for a role of fungi and yeasts in the occlusion. 
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CHAPTER 3 

ROLE OF BACTERIA AND STEM-INDUCED RESPONSES IN VASCULAR 

BLOCKAGE OF CUT FLOWERING ROSE STEMS PLACED IN WATER 

Summary 

When cut flowers of five rose varieties (Sonia, Ilona, Motrea, Jack Frost and Mercedes) were held 

in water for 7 days, the lowest hydraulic conductance was found in the basal 5 cm stem segment. After 

artificially blocking about two thirds of the xylem in cut Sonia roses, the uptake of water by the stem 

was not reduced, indicating that vascular occlusion involves a majority of the xylem conduits. Hydrau­

lic conductance was related to the number of bacteria inside the lowermost 5 cm stem segment and at 

the cut surface, but was only significantly lowered when the number of bacteria exceeded 106 cfu per 

gram fresh weight. Bacteriostatic chemicals (AgN03, benzalkone, HQC, DICA) inhibited growth of 

bacteria and prevented the decrease of hydraulic conductance. The effect of AgN03 (also an anti-

ethylene agent) on hydraulic conductance was related to the number of bacteria associated with the 

stems. HQC inhibited production of ethylene by the cut surface of rose stems, but had the same effect 

on hydraulic conductance as DICA and benzalkone, which stimulated ethylene production with respect 

to controls. The data indicate that vascular blockage was due neither to ethylene production by the cut 

surface nor to other physiological processes occurring after cutting of the xylem. When stems of four 

cultivais (Sonia, Ilona, Polka, and Frisco) were held in a sodium hypochlorite solution and placed in 

sterile water a high number of bacteria was found associated with the stems even when the number of 

bacteria in the water was below the detection limit. Inclusion of hydroxyquinoline citrate (HQC) in the 

water limited the number of bacteria in the stems. HQC prevented vascular blockage by reducing the 

number of bacteria in the stems and not, as suggested in the literature, by preventing a stem-induced 

response leading to the occlusion. 

It is concluded that vascular blockage in these experiments was mainly due to the presence of 

bacteria, and their extracellular slime, in the xylem conduits and at the cut surface, and not related to 

a physiological reaction by the stem. 

35 



Vascular occlusion 

INTRODUCTION 

The previous chapter showed that bacteria, mainly from the genus Pseudomonas, and their EPS 

accumulate at the cut surface and inside the xylem vessels of flowering rose stems placed in water. It 

was concluded that the bacteria may play a role in vascular blockage in the stems, whereas fungi 

developed too slowly and yeasts were not observed. 

A role of bacteria in vascular blockage has also been inferred from the positive effect of 

bacteriostatic chemicals on water relations of flowers (Aarts, 1957) and the negative effect of aqueous 

suspensions of bacteria (Van Doorn et al., 1986). Cutting generally gives rise to the production of 

wound-ethylene (Yang and Pratt, 1978), and in Ricinus communis exogenous ethylene induced vascular 

blockage (VanderMolen et al., 1983). 

Some authors noted the presence of amorphous plugs in vessels of cut rose flowers, at about 15-30 

cm from the cut surface. These plugs did not show staining reactions typical for bacterial cells, but 

were found to be mainly carbohydrate in nature (Burdett, 1970; Lineberger and Steponkus, 1976). 

Formation of such vascular plugs could possibly be induced by ethylene, produced either by the cut 

surface or by bacteria. Zagory and Reid (1986) found that some bacteria from flower vase water 

produce ethylene. 

Blockage of water flow might also be due to an impermeable layer which may become deposited 

as a response to cutting. Enhanced extracellular deposition of lignin and suberin has been reported in 

various tissues after cutting (Rhodes and Wooltorton, 1978). Within two days after cutting an increased 

amount of suberin was found at the cut surface of geranium stems, and some suberin plugs were 

present in xylem vessels (Cline and Neely, 1983). The biosynthesis of monomers for lignin and suberin 

is generally enhanced after cutting, and oxidative enzymes are involved in the polymerization processes 

(Rhodes and Wooltorton, 1978). Ethylene is known to play a role in the induction of these stress 

enzymes (Yang and Pratt, 1978). Some authors suggested that this phenomenon may also be important 

in the vascular blockage of cut roses (Durkin and Kuc, 1966; Buys, 1969). 

Although the literature often refers to a role for physiological processes in vascular blockage of cut 

roses, the evidence supporting this concept is scarce. The most direct evidence for a role of 

physiological processes in the xylem blockage of cut rose flowers was given by Marousky (1969, 

1971). Cut Better Times rose stems were placed in 3-5% chlorine bleach (sodium hypochlorite) and 

then in sterile water. After two days no bacteria were found in the vase water. Nevertheless, when 
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hydroxyquinoline citrate (HQC) was added to the vase water, hydraulic conductance of stem segments 

was higher than in controls. Stems that were held in a buffer at pH 3.0 also had higher hydraulic 

conductance than stems held in a buffer at pH 6.0. As no bacteria were present in the water, a bacterial 

effect was thought to be excluded. It was therefore inferred that the differences between the treatments 

indicated a physiological blockage in the stems. 

In the present experiments the effect of aspired air was excluded. We investigated the localization 

of the blockage in the stems and the possible role of stem-induced processes and of bacteria. 

MATERIALS AND METHODS 

Plants 

Sonia, Polka and Frisco roses {Rosa hybrida L.) were obtained from a commercial grower or 

(Sonia, Ilona, Jack Frost, Mercedes and Motrea) from the greenhouse of the Dept. of Horticulture, 

Agricultural University, Wageningen. When obtained from a commercial grower, the stems were kept 

dry in a refrigerated room (5°C) for some hours, before transport to the laboratory. When obtained 

from the university greenhouse, the stems were only held dry for about 30 min. In the laboratory, 

leaves were removed until the uppermost five remained. About 5 cm was cut from the basal end of 

stems, in air. Water uptake into these stems was as in stems of which more than 25 cm was reçut under 

water. The possible effect of aspired air was therefore excluded in the present experiments. 

The flowering stems were held in about 200 ml vase solutions at 20°C, 50% RH and a photon flux 

(PAR) of 15 |imol m"2 s"1 at leaf level from 7 a.m. to 7 p.m. Photon flux was measured with a Li-cor 

(Lincoln, Nebraska) quantum meter, mounted on a Li-cor model 1600 steady state porometer. 

All experiments were repeated at least two times. 

Artificial blockage of the stem 

A razor blade was introduced into about one third or two thirds of the horizontal stem area. The 

efficiency of the occlusion was checked by placing stems in a 1% aqueous acid fuchsin solution. The 

stem was cut at various distances above the razor blade. The stained area was determined with a 

microscope. Peeling off the bark also showed the xylem area stained by the dye. 

The rate of water uptake per unit fresh weight of the flowering stems was determined by daily 

weighing of the vases and the flowering stems. 
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Rate of water flow in the xylem 

The rate of water flow in stems of rose flowers was determined with the heat pulse method 

described by Schurer et al. (1979) and Schurer (1986). The output in mV was proportional to the rate 

of water uptake in the rose stems. 

After introduction of a razor blade into the xylem, the flow rate was measured at about 10 cm 

above the site of insertion of the blade. 

Hydraulic conductance of stem segments 

Stems were cut under water into segments of 5 cm length, which were inserted into tygon tubes 

to which 130 cm head pressure of water (13 kPa) was connected. The water used for conductance 

measurements was replenished daily and was checked for concentration of bacteria (lower than 102 cfu 

per ml) at the end of the day. The flow direction of water in the stem segments was as in the intact 

stem. Water flowing through the segments was collected in plastic tubes. The plastic lids of the tubes 

had a hole in the middle and could therefore be snapped onto the segments. The tubes were connected 

to the segments after two hours of equilibration. The flow rate was then determined by weighing the 

tubes after thirty minutes. Six stem segments were used for each treatment. When the conductance was 

measured in stem sections at various positions from the base (0-5, 5-10, 10-15, 15-20, 20-25 cm), six 

sections were measured at each position. 

Bacteria 

Solutions were regularly tested for the numbers of bacteria. Water samples were diluted and placed 

on Plate Count Agar (Oxoid, Basingstoke, Hants., U.K.) using the spiral plate machine model C (Spiral 

Plate System, Cincinatti, Ohio). Petri dishes were kept at 30°C for 48 hours before enumeration. 

The number of bacteria was also determined in stem segments. These were surface-sterilized with 

95% ethanol and cut into 0.5 cm parts using standard sterile equipment. The stem parts were placed 

in sterilized bags and weighed. A sterile 0.85% NaCl solution was added; the weight of the added 

solution was ten times the fresh weight of stems. The bacteria were removed from the stem parts using 

a Colworth Stomacher-400 (Sharpe and Jackson, 1972) for one minute. Preliminary experiments had 

shown that recovery of bacteria by the Stomacher method was as good as by grinding the tissue (results 

not shown). Samples of the solution were then placed on Plate Count Agar and numbers of cfu were 

enumerated as described above. A 5 cm stem segment was used for each determination of the number 

of bacteria, and measurements were replicated once. 
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Chemicals 

Various concentrations of HQC (La Quinoléine, Oissel, France), benzalkone, i.e. n-alkyl dimethyl-

benzyl ammonium chloride (Merck), and DICA (BDH) were tested. Some stems were pulse-treated 

with 4mM AgN03 (Analar) for 40 min, or (for 4 h) with the anionic silver thiosulfate complex (STS), 

prepared by adding 0.2 mM AgN03 to 1.2 mM sodium thiosulfate (Merck). After the pulse-treatment 

the stems were placed in water. All solutions were renewed daily, unless otherwise indicated. 

Ethylene measurements 

Fresh rose stems were cut into 2-3 mm segments, which were immersed in water. Solutions 

contained HQC (250 g l"1), benzalkone (1000 mg l"1), DICA (250 mg l"1), or no chemical. Solutions 

were renewed daily. Some segments were treated with 4mM AgN03 for 40 min and then transferred 

to water. After various periods of time nine stem segments were taken out of the solution, weighed and 

placed in a 10 ml hypodermic syringe. Syringes were kept in the dark at 20°C for 1 hour, and the gas 

phase (10 ml) was injected into an Intersmat GC-120 gas Chromatograph, equipped with a flame 

ionization detector. 

Vessel length 

The length of the longest vessels was measured according to the method of Peresse (1974). In 

short, low pressure (0.01 MPa) was exerted at the lower stem end, using the Scholander pressure 

chamber. A 5 cm tygon tube filled with water was attached to the upper stem end. The upper end was 

repeatedly reçut until a flow of gas bubbles through the water was observed. 

pH of the solution 

The pH was determined with a Philips PW 9410 meter. Since solutions were renewed daily, pH 

changes remained small during the course of the experiments. 

Use of sterile water and sterile bottles, inclusion of HQC 

After arrival of the cut flowering stems from a commercial grower, the stems were reçut with a 

non-sterile knife and placed in sterilized bottles containing sterilized water. Experiments on the effect 

of HQC were according to the methods described by Marousky (1971). In short, glass bottles 

(containing 150 ml water) were autoclaved for 20 min at 120°C. Sucrose (30 g 1') was added before 

autoclaving, and HQC (200 mg l"1, la Quinoléine, Oissel, France) was included after autoclaving. The 
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basal 5 cm of stems was removed and stems were placed in 3% sodium hypochlorite (commercial 

bleach) solution for 5 min. Stems were placed with the lower 15 cm immersed in the hypochlorite 

solution, and were then placed in autoclaved bottles with the lower 7 cm immersed. A cotton plug was 

placed on the bottle opening to reduce the entry of bacteria from the surrounding air. 

RESULTS 

Water uptake after artificial blockage 

The razor blade method for blocking water uptake was tested by placing stems in a 1% aqueous 

fuchsin solution. After one day, the xylem area above the razor blade that remained unstained was 38 

± 5% and 64 ± 5% (n=6), when the cut covered about one third or two thirds of the stem area, 

respectively. Vascular bundles that had been cut by the razor blade did not contain the dye. After one 

week of dye uptake, the area above the blade became more stained especially at the margins of the area 

that was previously unstained and particularly towards the flower head, but still most vascular bundles 

above the blade contained no dye. 

Mechanical blockage of up to two thirds of all xylem vessels by the razor blade did not affect 

water uptake (Fig. 1), neither under conditions that are standard for vase-life evaluation of cut flowers, 

where bent neck and vascular blockage in cut roses are often observed, nor under conditions in which 

the rate of water uptake was doubled, i.e at higher temperatures and a higher photon flux. In these 

expermiments, a bacteriostatic compound (250 mg l"1 HQC) was added to the vase solution and 

solutions were renewed daily. After seven days the number of bacteria in the stems was below the 

detection limit (data not shown). 

Flow rate in the xylem 

After mechanical blockage of two thirds of the horizontal stem area (using a razor blade), the rate 

of water flow in the blocked vessels was zero, but the rate of water flow in the remaining open vessels 

had increased (Fig. 2). The flow rate remained high when HQC was present in the solution, but 

decreased to a low level without HQC (Fig. 2). 

When cut roses were held in water without HQC and without artificial xylem blockage by a razor 
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