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Stem end blockage in cut Grevillea ‘Crimson Yul-lo’ inflorescences 17 

Abstract 18 

Grevillea ‘Crimson Yul-lo’ inflorescences have cut flower potential, but their vase life is short.  19 

End of vase life is characterised by early wilting.  The possibility of physiologically mediated 20 

stem end blockage was investigated.  Hydraulic conductance of 2 cm long stem end segments 21 

declined rapidly and remained lower throughout vase life than that of 2 cm long stem segments 22 

from immediately above.  Re-cutting daily to remove basal 2 cm stem ends increased solution 23 

uptake, delayed declines in inflorescence water potential and water content, and improved 24 

inflorescence vase life.  S-Carvone is a potential inhibitor of wound related suberin formation, 25 

via inhibition of phenylalanine ammonia-lyase, and vase solution treatments with S-carvone 26 

(0.318 and 0.636 mM) delayed the decline in hydraulic conductance of basal 2 cm long stem end 27 

segments and decreases in vase solution uptake and relative fresh weight of cut stems, and 28 

extended vase life.  Treatments with the catechol oxidase inhibitor 4-hexylresorcinol (2.5-10 29 

mM) also delayed stem end blockage.  These findings suggest that stem end blockage in cut G. 30 

‘Crimson Yul-lo’ stems is physiologically mediated. 31 

 32 
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 34 

1. Introduction 35 

There are over 300 Grevillea species (Proteaceae) (Joyce and Beal, 1999).  Some species and 36 

many hybrids with large colourful inflorescences have cut flower potential (Costin and Costin, 37 

1988; Joyce and Beal, 1999; Joyce, 2004; French et al., 2005).  However, their vase life is often 38 
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<1 week (Faragher, 1989; Joyce et al., 1996; Joyce and Beal, 1999; Joyce, 2004).  End of vase 39 

life is often associated with rapid wilting of the inflorescence (Joyce et al., 1996; He et al., 40 

2006). 41 

Blockage of water conducting xylem vessels contributes to the short vase life of most cut 42 

flowers (Mayak et al., 1974; Halevy and Mayak, 1981; van Doorn, 1997).  Stem blockage may 43 

be microbial and/or physiological.  Loubaud and van Doorn (2004) reported stem blockage in 44 

Viburnum opulus (cv. Roseum) and rose (Rosa x hybrida cv. Red One) due mainly to living 45 

bacteria and their decay products.  However, stem blockage in Astilbe x arendsii (cvs. Gult and 46 

Erica) was related mainly to wound induced physiological processes involving catechol oxidase 47 

and peroxidase.  Wound related deposition of lipid-phenolic complexes (e.g. suberin) has been 48 

identified as a possible cause of stem end blockage (Williamson et al., 2002). 49 

Formation of phenolic suberin compounds begins with synthesis of trans-cinnamic acid from 50 

phenylalanine, and is catalysed by phenylalanine ammonia-lyase (PAL) (Stafford 1974).  51 

Treatment with S-carvone delayed the increase of PAL activity and suberin formation in potato 52 

tubers (Oosterhaven et al. 1995a).  S-carvone supplied in the vase solution extended the vase life 53 

of cut Hakea francisiana (Proteaceae) (Williamson et al., 2002).  Treatment with 54 

4-hexylresorcinol (4-HR), an inhibitor of catechol oxidase which oxidizes phenolics (Dawley 55 

and Flurkey, 1993), delayed the wilting of chrysanthemum stems (van Doorn and Vaslier, 2002).  56 

As PAL and catechol oxidase are involved in wound reactions, stem end blockage may be a 57 

response to cutting. 58 

G. ‘Crimson Yul-lo’ [G. banksii (red form) × G. ‘Misty Pink’] has attractive bright red terminal 59 

inflorescences.  However, its vase life is short and early wilting of inflorescences may be due to 60 
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stem end blockage.  The present study investigates the hypothesis that physiological stem end 61 

blockage occurs in G. ‘Crimson Yul-lo’ flower stems during vase life and results in inflorescence 62 

wilting. 63 

 64 

2. Materials and methods 65 

2.1. Plant material 66 

G. ‘Crimson Yul-lo’ flowering stems were harvested when most florets on an inflorescence 67 

were at the commercial maturity stage of ‘mature flowers with style looped to length of perianth 68 

tube’ (Setyadjit et al., 2004).  They were harvested from 4 year old in-ground plants at a flower 69 

farm near Gatton (152
o
20′E, 27

o
33′S), Queensland, Australia.  Harvests were in the morning (ca. 70 

09:00 h) from May through June in Autumn 2005.  Harvested flowering stems were immediately 71 

stood upright into buckets partially filled with tap water.  They were kept in shade in the field 72 

until transported within 1 h of harvest to the postharvest laboratory at The University of 73 

Queensland, Gatton.  During transport, buckets containing stems were covered with a plastic 74 

film shroud to minimize moisture loss.  Upon arrival at the laboratory, the lowermost leaves 75 

from all stems were trimmed off.  The stem ends were re-cut under deionised water to give stem 76 

lengths of approximately 35 cm.  Thereafter, all stems with their single terminal inflorescence 77 

and 4-5 leaves were stood into plastic buckets containing deionised water. 78 

2.2. Experiment design and treatments 79 

Four experiments were conducted in a vase life evaluation room at 20±1
o
C, 60±10% relative 80 

humidity (R.H.) and 12 µmol m
-2 s-1

 light intensity (cool white fluorescent tubes) under a daily 81 
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light period of 12 h.  In each experiment, all stems were placed individually in 150 mL capacity 82 

glass vases containing an anti-microbial vase solution of 10 mg L
-1

 available chlorine provided 83 

as the sodium salt of dichloroisocyanuric acid (DICA) (Joyce et al., 2000; He et al. 2006).  That 84 

is, DICA was the base constituent in all treatment solutions and was the control vase solution.  85 

DICA is a stabilized chlorine formulation that maintains free chlorine availability under chlorine 86 

demand conditions.  A sheet of aluminium foil was used to cover the mouth of each vase to limit 87 

vase solution evaporation.  Vases with cut flowering stems were arranged on benches in a 88 

randomized complete block (RCB) design.  All solutions were freshly prepared at the beginning 89 

of the experiments and were not renewed in the course of the experiment. 90 

Experiment 1: Hydraulic conductance.  Each day during vase life evaluation, the basal 0-2 cm 91 

segment and the 2 cm segment immediately above this (denoted the 2-4 cm segment) was 92 

excised under deionised water, and hydraulic conductance was measured.  This destructive 93 

sampling was carried out on a new stem each day. 94 

Experiment 2: Re-cutting.  Cut flowering stems were either retained intact or the basal 2 cm 95 

from the stem ends was excised daily under water.  This was carried out on the same stems 96 

each day. 97 

Experiment 3: S-Carvone treatments.  Three concentrations of S-carvone (Sigma-Aldrich) 98 

were compared to the control vase solution; viz. 0, 0.032, 0.318 and 0.636 mM.  S-carvone has 99 

reported anti-microbial activity (Stammati, et al., 1999; Iacobellis et al., 2005).  However, 100 

efficacy against a range of plant pathogenic fungi and bacteria was at ≥1mM (Oosterhaven et al. 101 

1995b), which is above the concentrations used in the present experiments. 102 

Experiment 4: 4-HR treatments.  Three concentrations of 4-HR (Sigma) were compared to the 103 



 6 

control vase solution; viz. 0, 2.5, 5 and 10 mM. 104 

The effects of S-carvone (experiment 3) and 4-HR (experiment 4), as reported in the Results 105 

section, were confirmed in an experiment conducted later (July) in the 2005 flowering season. 106 

2.3. Measurements 107 

Hydraulic conductance.  Stems were removed from their vase solution and 2 cm long segments 108 

were excised under deionised water.  These segments were used to measure potential hydraulic 109 

conductance through the stems as described by Durkin (1979).  They were maintained under a 110 

pressure head of 100 cm of freshly prepared base vase (i.e. DICA) solution.  The eluant was 111 

collected overnight (ca.15 h). 112 

Water potential.  Water potentials of inflorescences from intact cut flowering stems were 113 

measured using a Scholander pressure chamber (Turner, 1988).  Individual inflorescences were 114 

sampled daily.  They were enclosed in a plastic bag immediately after excision.  The rachis was 115 

inserted into a rubber gland within the lid of the pressure chamber, and the sealed chamber was 116 

pressurised with industrial grade N2 at a rate of 0.03 MPa .s
-1

.  Water potential was recorded from 117 

the pressure gauge at the point where xylem fluid started to exude from the surface of the cut 118 

rachis. 119 

Vase solution uptake.  The weights of vases without their cut flowering stems were recorded daily 120 

during the vase life evaluation period using a balance.  Average daily vase solution uptake was 121 

calculated by the formula:  vase solution uptake rate (g stem
-1

 day
-1

) = (St-1-St);  where, St is the 122 

weight of vase solution (g) at t = day 1, 2, 3, etc., St-1 is the weight of vase solution (g) on the 123 

previous day. 124 

Relative fresh weight and water content.  The fresh weights (FW) of the cut flowering stems 125 
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were recorded daily during the vase period.  Relative fresh weight (RFW) of stems was 126 

calculated by the formula:  RFW (%) = (Wt/Wt=0) × 100; where, Wt is the weight of stem (g) at t 127 

= day 0, 1, 2, etc., and Wt=0 is the weight of the same stem (g) at t = day 0. 128 

Inflorescence dry weights (DW) were recorded after drying to constant weight in an oven for 129 

at least 96 h at 62
o
C.  Water content was calculated as:  (FW-DW)/DW (Jones et al., 1993).  130 

Water content was determined on days 0, 4 and 8 for 3 replicate detached inflorescences. 131 

Vase life.  The cut flowering stems were assessed daily for visual appeal during the vase life 132 

evaluation period.  Vase life was judged to have ended when 50% or more of florets on an 133 

inflorescence were deemed unattractive (Joyce et al., 2000).  Observations of specific visible 134 

indices of inflorescence deterioration were also recorded in experiment 4.  These indices were 135 

wilting of inflorescences, floret abscission, colour change from bright red to dull red, and 136 

browning of leaves. 137 

2.4. Statistical analyses 138 

Experiments typically involved 5−8 replicate cut flowering stems for each treatment (see 139 

individual Tables and Figs.).  Data were subjected to analysis of variance (ANOVA) using the 140 

General Linear Model program of Minitab
 
 Release 14. Means were compared by the least 141 

significance difference (LSD) test at the 0.05 probability level. 142 

 143 

3. Results  144 

3.1 Hydraulic conductance 145 

Hydraulic conductance of basal 2 cm long stem end segments from cut flowering stems 146 

declined rapidly during the first 2 days of the vase period (Fig. 1).  Thereafter, hydraulic 147 
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conductance fell more gradually until day 7.  In contrast, hydraulic conductance of the segment 148 

immediately above the basal segment (i.e. the 2-4 cm segment) decreased approximately 149 

linearly over the first 5 days.  Their hydraulic conductance was consistently higher throughout 150 

the vase life evaluation period than that of the basal 2 cm stem segments. 151 

3.2. Re-cutting 152 

Re-cutting stems daily by removal of the basal 2 cm from stem ends increased the vase 153 

solution uptake rate throughout the vase life evaluation period compared to not re-cutting 154 

(control) (Fig. 2A).  Re-cutting also maintained inflorescence water potential and water content 155 

over the first 4 days of the vase life evaluation period (Fig. 2B and 2C).  Thereafter, these indices 156 

all fell rapidly.  However, re-cutting reduced the relative degree of their decline.  Vase life of the 157 

flowering stems was prolonged by re-cutting (Table 1). 158 

3.3. S-Carvone 159 

Vase solution treatments with S-carvone at concentrations of 0.318 and 0.636 mM 160 

significantly reduced the degree of decline in hydraulic conductance of basal 2 cm long stem end 161 

segments (Fig. 3A) and delayed the fall in vase solution uptake rate compared with the control 162 

treatment (0 mM S-carvone) (Fig. 3B).  These higher S-carvone concentrations also maintained 163 

RFW for longer (Fig. 3B) and extended vase life of the flowering stems (Table 1).  There were 164 

no significant differences between either the control and the 0.032 mM S-carvone treatment or 165 

between the 0.318 and the 0.636 mM S-carvone treatments.  The beneficial effect of 0.318 mM 166 

S-carvone was confirmed in a further experiment, where vase life in S-carvone (plus DICA) was 167 

significantly longer (5.4 days) than in DICA alone solution (4.0 days; n = 8, P = 0.05). 168 

3.4. 4-Hexylresorcinol 169 
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Provision of 4-HR in the vase solution at concentrations ranging from 2.5 to 10.0 mM delayed 170 

the fall in hydraulic conductance of basal 2 cm long stem end segments compared with the 171 

control treatment (0 mM 4-HR) (Fig. 4A).  4-HR treatments increased vase solution uptake rate 172 

throughout the vase life evaluation period (Fig. 4B).  There were no significant differences 173 

between the control and the 2.5 mM 4-HR treatment from day 4 onwards.  Also, there were no 174 

significant differences between 5.0 and 10.0 mM 4-HR treatments during the vase period.  All 175 

4-HR treatments similarly maintained RFW for longer than the control (Fig. 4C).  However, they 176 

caused leaf browning and floret abscission, with the highest concentration causing the most 177 

serious phytotoxicity (data not shown).  Due to foliar and floral phytotoxicity, vase life of cut 178 

flowering stems was significantly extended only by the lowest (2.5 mM) 4-HR treatment (Table 179 

1).  The beneficial effect of this treatment was confirmed in a further experiment, where vase life 180 

in 2.5 mM HR (plus DICA) was significantly longer (5.0 days) than in DICA alone (4.0 days; n 181 

= 8, P = 0.05). 182 

 183 

4. Discussion 184 

Termination of vase life for many cut flowers is characterized by wilting.  Wilting is generally 185 

caused by an imbalance between water uptake by the flowering stems and water loss via 186 

transpiration from their leaves and/or other organs despite their stem being held in water 187 

continuously (Halevy and Mayak, 1981; van Doorn, 1997).  The relatively short vase life of G. 188 

‘Crimson Yul-lo’ cut flowering stems is often associated with early and rapid wilting of 189 

inflorescences (He et al., 2006).  Data obtained in the current study on stem segment hydraulic 190 

conductance, vase solution uptake in response to re-cutting daily and provision of two different 191 
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inhibitors of enzymes involved in wound induced reactions collectively suggest that 192 

inflorescence wilting is due to physiologically mediated stem end blockage. 193 

A decline in hydraulic conductance of the basal 0-2 cm stem end segments showed that an 194 

obstruction had occurred within the first 2 days of the vase life evaluation period.  Hydraulic 195 

conductance of the segment immediately above the basal statement was consistently higher 196 

throughout vase life.  Thus, blockage started at the base.  Similarly, van Doorn and Vaslier (2002) 197 

reported stem blockage was initially located in the basal 2 cm of cut chrysanthemum flowers 198 

(Dendranthema grandiflora cv. Vyking).  This blockage was a major factor causing severe leaf 199 

wilting.  Again, re-cutting daily by removal of the basal 2 cm from stem ends increased vase 200 

solution uptake by the chrysanthemum stems.  Similarly Williamson et al. (2002) found that 201 

re-cutting 1 cm from the base of the stem every day increased the vase life of Leptospermum 202 

polygalifolium foliage. 203 

Wound induced suberization and oxidative processes are associated with stem end blockage 204 

in cut flowers (Davies et al., 1981; Weiner and Liese, 1995; van Doorn and Cruz, 2000; 205 

Williamson et al., 2002; van Doorn and Vaslier, 2002; Loubaud and van Doorn, 2004).  Wound 206 

reactions impede the entry of micro-organisms into the open tissues of freshly cut surfaces and 207 

reduce water loss (Bucciarelli et al., 1998).  Enzymes such as PAL and catechol oxidase are 208 

involved in the biosynthesis of suberin and lignin (Negrel et al., 1993; Moehs et al., 1996).  209 

S-Carvone can delay the induction of PAL activity and suberin formation (Oosterhaven et al. 210 

1995a).  Provision of S-carvone in the vase solution (water) prolonged the vase life of cut Hakea 211 

francisiana (Proteaceae) (Williamson et al., 2002).  These authors observed, by transmission 212 

electron microscopy, that S-carvone treatment inhibited the early wounding response manifest 213 



 11 

as modification to stem xylem pit membranes.  Vase solution treatments for G. ‘Crimson Yul-lo’, 214 

also in the Proteaceae, with S-carvone (0.318 and 0.636 mM) delayed the fall in hydraulic 215 

conductance of basal 2 cm long stem end segments, maintained vase solution uptake rate and 216 

relative fresh weight for longer, and extended inflorescence vase life.  These findings suggest 217 

that wound related formation of phenolic compounds, such as suberin, is associated with stem 218 

end blockage in cut G. ‘Crimson Yul-lo’ flowering stems.  4-HR is a specific inhibitor of catechol 219 

oxidase (Dawley and Flurkey, 1993), an enzyme that oxidizes phenolic compounds with 220 

ortho-(1,2) and vicinal (3,4,5-trihydroxy) OH-groups (Mayer, 1987).  A short pulse of 4-HR (10 221 

mM, 5 h) delayed leaf wilting of chrysanthemum and bouvardia stems (van Doorn and Vaslier, 222 

2002; Vaslier and Doorn, 2003).  The presence of 4-HR in G. ‘Crimson Yul-lo’ vase solutions 223 

delayed the decline in hydraulic conductance of basal 2 cm long stem end segments, increased 224 

vase solution uptake rate and maintained RFW for longer.  Thus wound induced oxidative 225 

reactions of phenolic compounds are evidently involved in stem end blockage of cut G. 226 

‘Crimson Yul-lo’. 227 

DICA (10 mg L
-1

 available chlorine) was used as the base solution constituent to inhibit 228 

microbial growth in these experiments, but stabilized chorine formulations lose efficacy over 229 

time (Halevy and Mayak, 1981).  Nonetheless, the early decrease in stem section hydraulic 230 

conductivity during vase life in the presence of chlorine (Fig. 1), consistently positive effects of 231 

stem end cutting on vase solution uptake by flowering stems (Fig. 2) and the early positive 232 

effects of S-carvone and of 4-HR treatments on vase solution uptake and relative fresh weight in 233 

the presence of chlorine suggest that physiological blockage and not microbial blockage was the 234 

key limiting factor.  Although not reported in the literature, S-carvone could conceivably have 235 
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anti-microbial activity at the low concentrations used in the present study (see Materials and 236 

Methods).  However, the beneficial effects of 4-HR in addition to those of S-carvone in the 237 

presence of DICA in increasing hydraulic conductance, improving vase solution uptake and 238 

maintaining relative fresh weight for G. ‘Crimson Yul-lo’ cut flowering stems (Figs. 3 and 4) 239 

support a physiological inhibitor of wound response role for S-carvone. 240 

In summary, stem end blockage in cut ‘Crimson Yul-lo’ stems limits their vase life and is 241 

manifest as inflorescence wilting.  Stem end blockage is apparently due to physiological 242 

processes that involve phenolic synthesis and oxidation and possibly suberin formation to repair 243 

the wound sustained during cutting. 244 

 245 

Acknowledgments  246 

The authors thank Mr Ken Young of ‘Ebonybrook’ farm for donating the flowers used in this 247 

study. 248 

 249 

References 250 

Bucciarelli, B., Jung, H.G., Ostry, M.E., Anderson, N.A., Vance, C.P., 1998.  Wound response 251 

characteristics as related to phenylpropanoid enzyme activity and lignin deposition in 252 

resistant and susceptible Populus tremuloides inoculated with Entoleuca mammata 253 

(Gypoxylon mammatum).  Can. J. Bot. 76, 1282-1289. 254 

Costin, R., Costin, S., 1988.  Tropical Grevillea hybrids.  Aust. Plants 14, 335-341. 255 

Davies, F.S., Munoz, C.E., Sherman, W.B., 1981.  Opening and vase life extension of peach 256 

flowers on detached shoots with sucrose and ethanol.  J. Am. Soc. Hort. Sci. 106, 809-813. 257 



 13 

Dawley, R.M., Flurkey, W.H., 1993.  Differentiation of tyrosinase and laccase using 258 

4-hexylresorcinol, a tryosinase inhibitor.  Phytochemistry 33, 281-284. 259 

Durkin, D.J., 1979.  Some characteristics of water flow through isolated rose stem segments.  J. 260 

Am. Soc. Hort. Sci. 104, 860-863. 261 

Faragher, J.D., 1989.  A review of research on postharvest physiology and horticulture of 262 

Australian native flowers.  Acta Hortic. 261, 249-256. 263 

French, K., Major R., Hely K., 2005.  Use of native and exotic garden plants by suburban 264 

nectarivorous birds. Biol. Conservation 121, 545-559. 265 

Halevy, A.H., Mayak S., 1981.  Senescence and postharvest physiology of cut flowers.  Part II.  266 

Hortic. Rev. 3, 59-143. 267 

He, S.G., Joyce, D.C., Irving, D.E., 2006.  Competition for water between inflorescences and 268 

leaves of cut Grevillea ‘Crimson Yul-lo’.  J. Hort. Sci. Biotech. (Provisionally accepted). 269 

Iacobellis, N.S., Lo Cantore, P., Capasso, F., and Senatore, F., 2005.  Antibacterial activity of 270 

Cuminum cyminum L. and Carum carvi L. essential oils.  J. Agric. Food Chem. 53, 57-61. 271 

Jones, R.B., Faragher, J.D., van Doorn, W.G., 1993.  Water relations of cut flowering branches 272 

of Thryptomene calycina (Lindl.) Stapf. (Myrtaceae).  Postharvest Biol. Technol. 3, 57-67. 273 

Joyce, D.C., 2004.  A brief report on cut-flower grevillea in Israel.  Aust. Flower Industry 1, 274 

16-17. 275 

Joyce, D.C., Beal P. R., A.J. Shorter, 1996.  Vase life characteristics of selected Grevillea.  Aust. 276 

J. Exp. Agric. 36, 379-382. 277 

Joyce, D.C., Beal. P. R., 1999.  Cutflower characteristics of terminal flowering tropical Grevillea: 278 

a brief review.  Aust. J. Exp. Agric. 39, 781-794. 279 



 14 

Joyce, D.C., Meara, S.A., Hetherington, S. E., Jones, P. N., 2000.  Effects of cold storage on cut 280 

Grevillea ‘Sylvia’ inflorescences.  Postharvest Biol. Technol. 18, 49-56. 281 

Louband, M., van Doorn, W.G., 2004.  Wound-induced and bacteria-induced xylem blockage in 282 

rose, Astilbe, and Viburnum.  Postharvest Biol. Technol. 32, 281-288. 283 

Mayak, S., Halevy, A.H., Sagie, S., Bar-Josef, A., Bravdo, B., 1974.  The water balance of cut 284 

rose flowers.  Physiol. Plant. 32, 15-22. 285 

Mayer, A.M., 1987.  Phenoloxidases in plants - Recent progress.  Phytochemistry 26, 11-20. 286 

Moehs C.P., Allen, P.V., Friedman, M., Belknap, W.R., 1996.  Cloning and expression of 287 

transaldolase from potato.  Plant Molec. Biol. 32, 447-452. 288 

Negrel, J., Javelle, F., Paynot, M., 1993.  Wound-induced tyramine hydroxylcinnamoyl 289 

transferase from potato (Solanum tuberosum) tuber discs.  J. Plant Physiol. 142, 518-524. 290 

Oosterhaven, K., Hartmans, K.J., Scheffer, J.C., van der Plas, L.H.W., 1995a.  S-Carvone 291 

inhibits phenylalanine ammonia lyase (PAL) activity and suberization during wound healing 292 

of potato tubers.  J. Plant Physiol. 146, 288-294. 293 

Oosterhaven, K., Poolman, B., Smid, E.J., 1955b.  S-Carvone as a natural potato sprout 294 

inhibiting, fungistatic and bacteristatic compound.  Industrial Crops Prods. 4, 23-31. 295 

Setyadjit, Joyce, D.C., Irving, D.E., Simons, D.H., 2004.  Development and senescence of 296 

Grevillea ‘Sylvia’ inflorescences, flowers and flower parts.  Plant Growth Regul. 44, 297 

133-146. 298 

Stafford, H.A., 1974.  The metabolism of aromatic compounds.  Ann. Rev. Plant Physiol. 25, 299 

459-486. 300 

Stammati, A., Bonsi, P., Zucco, F., Moezelaar, R., Alakomi, H.-L., von Wright, A., 1999.  Toxicity 301 



 15 

of selected plant volatiles in microbial and mammalian short-term assays.  Food Chem. 302 

Toxicology 37, 813-823. 303 

Turner, N.C., 1988.  Measurement of plant water status by the pressure technique.  Irrig. Sci. 9, 304 

289-308. 305 

van Doorn, W.G., 1997.  Water relations of cut flowers.  Hortic. Rev. 18, 1-85. 306 

van Doorn, W.G., Cruz, P., 2000.  Evidence for a wounding-induced xylem occlusion in stems 307 

of cut chrysanthemum flowers.  Postharvest Biol. Technol. 19, 73-83. 308 

van Doorn, W.G., Vaslier, N., 2002.  Wound-induced xylem occlusion in stems of cut 309 

chrysanthemum flowers: roles of peroxidase and catechol oxidase.  Postharvest Biol. 310 

Technol. 26, 275-284. 311 

Vaslier, N., van Doorn, W.G., 2003.  Xylem occlusion in Bouvardia flowers: evidence for a role 312 

of peroxidase and catechol oxidase.  Postharvest Biol. Technol. 28, 231-237. 313 

Weiner, G., Liese, W., 1995.  Wound response in the stem of Royal palm.  IAWA J. 16, 433-442. 314 

Williamson, V.G., Faragher, J.D., Parsons, S., Franz P., 2002.  Inhibiting the postharvest wound 315 

response in wildflowers.  Rural Industries Research and Development Corporation (RIRDC) 316 

Publication No. 02/114. 317 

 318 



 16 

Table 1 319 

Vase lives of cut G. ‘Crimson Yul-lo’ flowering stems with stems intact or re-cut daily by 320 

removing the basal 2 cm from stem ends (Experiment 2), with several different concentrations of 321 

S-carvone in the vase solution (Experiment 3), and with several different concentrations of 322 

4-hexylresorcinol (4-HR) in the vase solution (Experiment 4).  DICA (10 mg L
-1

 available 323 

chlorine) was included as a base constituent in the vase solutions. 324 

 325 

Experiments Treatments Vase life (days) 

Experiment 2 No re-cutting 4.3 

Re-cutting daily 6.3 

LSD0.05 (n = 7) 0.7 

   

Experiment 3 0 mM S-carvone 4.1 

0.032 mM S-carvone 4.5 

0.318 mM S-carvone 5.6 

 0.636 mM S-carvone 5.8 

LSD0.05 (n = 8) 0.8 

   

Experiment 4 0 mM 4-HR 4.1 

2.5 mM 4-HR 4.8 

5.0 mM 4-HR 4.3 

10.0 mM 4-HR 3.8 

LSD0.05 (n = 8) 0.6 

 326 



List of Figure captions 327 

 328 

Fig. 1.  Change in hydraulic conductance of the basal 0-2 cm stem segment and segment 329 

immediately above that (the 2-4 cm segment) from cut G. ‘Crimson Yul-lo’ flowering stems 330 

during the vase life evaluation period.  Vertical bar indicates LSD0.05 for the treatment by time 331 

interaction.  DICA (10 mg L
-1

 available chlorine) was included as a base constituent in the 332 

solution. 333 

 334 

Fig. 2.  Change in vase solution uptake rate (A), inflorescence water potential (B) and 335 

inflorescence water content (C) for intact cut G. ‘Crimson Yul-lo’ flowering stems versus those 336 

re-cut daily under solution by removal of the basal 2 cm.  Vertical bars indicate LSD0.05 for the 337 

treatment by time interaction.  DICA (10 mg L
-1

 available chlorine) was included as a base 338 

constituent in the vase solutions. 339 

 340 

Fig. 3.  Change in hydraulic conductance of basal 0-2 cm stem segments (A), vase solution 341 

uptake rate (B), and relative fresh weight (C) for cut G. ‘Crimson Yul-lo’ flowering stems with 342 

several different concentrations of S-carvone in the vase solution.  Vertical bars indicate LSD0.05 343 

for the treatment by time interaction.  DICA (10 mg L
-1

 available chlorine) was included as a 344 

base constituent in the vase solutions. 345 

 346 

Fig.4.  Change in hydraulic conductance of basal 0-2 cm stem segments (A), vase solution 347 

uptake rate (B), and relative fresh weight (C) for cut G. ‘Crimson Yul-lo’ flowering stems with 348 



 18 

several different concentrations of 4-hexylresorcinol in the vase solution.  Vertical bars indicate 349 

LSD0.05 for the treatment by time interaction.  DICA (10 mg L
-1

 available chlorine) was included 350 

as a base constituent in the solution. 351 
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