
ABSTRACT 

CARLSON, ALICAIN SUZANNE.  Developing Production and Postharvest Protocols and Water 
Quality Standards for Specialty Cut Flowers.  (Under the direction of John M. Dole.) 

The effects of production temperature, transplant stage, and postharvest 

treatments were determined on cuts stems of Penstemon (Penstemon grandiflorus Nutt.), 

an underutilized species.  As the production temperature increased from 10°C to 20°C the 

stem caliper decreased from 3.6 to 3.3 mm.  Plugs transplanted with 8-9 sets of true leaves 

had an average stem length of 64.3 cm, while those with 2-3 sets were 56.1 cm.  Days to 

harvest was reduced by higher temperatures (20°C).   Plugs transplanted with 8-9 sets of 

true leaves flowered earlier than those with 5-6 sets, which flowered faster than those with 

2-3 sets (67, 79, 111 d, respectively).  Cold storage of cut stems for more than one week 

shortened vase life.  The use of floral foam, anti-ethylene agents, ethylene exposure, or 

sucrose pulses (10% or 20%) had no effect on vase life.  Commercial holding solutions 

increased vase life, while hydrator had no effect.  

The effects of various production and postharvest factors on cut stems of Eucomis 

‘Coral,’ ‘Cream,’ ‘Lavender,’ and ‘Sparkling Burgundy’, were investigated.  Stem length of 

‘Lavender’ was greater in the greenhouse (44.0 cm) than in the field (38.1 cm).  Stem caliper 

was reduced from 14.0 to 12.9 mm for ‘Coral’ as the planting density increased in the 

greenhouse from 6 to 12 bulbs/ crate.  The number of marketable stems per plant was 1.33 

planted with six bulbs/ crate and 1.07 with 12 bulbs/ crate.  ‘Cream’ bulbs planted in the 



greenhouse had more marketable stems per plant (1.05) than those planted in the field 

(0.98).  Emergence was highest in treatments where the bulbs were not removed from the 

substrate and forced at 18°C.  Bulbs grown in the 18°C temperature flowered quickest and 

had a reduced stem length.  For ‘Coral’ and ‘Cream,’ deionized water resulted in the longest 

vase life (17.9 and 35.4 d, respectively).  Vase life of ‘Sparkling Burgundy’ was significantly 

reduced to 29.9 d with hydrator and holding solutions compared to the DI water control of 

48.5 d.  There was no significant difference in vase life among all treatments with 

‘Lavender’.  Floral foam significantly reduced vase life to 11.1 d.  Stems can be stored for up 

to one week without a significant difference in vase life.  A 10% sucrose pulse reduced vase 

life to 46.9 d compared to the 0% control, 58.9 d, and the 20% concentration, 62.5 d.  

The impact of water quality on the vase life and various postharvest characteristics 

of Dendranthema, Dianthus, Helianthus, and Zinnia were investigated  Overall, 

Dendranthemum and Dianthus cut stems reacted similarly in that increasing pH and 

electrical conductivity (EC), from the treatment which yielded the longest vase life, 

decreased vase life.  The exceptions were cut Zinnia stems in which vase life was not 

influenced by pH, but as EC increased from 0.00 to 4.00 dS·m-1 vase life of Zinnia decreased 

from 10.6 to 6.8 d and Helianthus in which vase life was unaffected by EC, but increasing pH 

decreased vase life.  The use of holding solution reduced the effects of high EC.  For 

Dendranthemum held in preservative at an EC of 2.50 dS·m-1 vase life was 24.6 d, while 



without preservative at the same EC it was reduced to 17.4 d.  Use of buffers reduced vase 

life of Dianthus from 24.4 d for the non-buffered control to 19.9 d for the citrate buffered 

solutions. Helianthus had an increase in vase life of 1.1 d when held in acidic solutions 

compared to basic solutions. 
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LITERATURE REVIEW 

The wholesale value of domestically produced cut flowers and greens was $433 

million in 2009; 11.7% of the total value of floricultural crops of $3.83 billion (USDA, 2010).  

The demand for locally grown specialty cut flowers has increased as the public has become 

more interested in sustainable practices.  The fashion industry has mastered keeping 

consumers coming into stores to keep up with new trends.  The cut flower industry can take 

advantage of the same concept by regularly introducing new cut flower species.  With these 

new introductions, growers need to be provided with the proper production and 

postharvest information to grow them successfully. The research presented in this thesis 

contributes to the cut flower industry by providing production and postharvest information 

on two promising cut flower species, Penstemon grandiflorus ‘Esprit’ mix and Eucomis 

hybrids.  We also investigated water quality as it related to improvement of cut flower vase 

life. 

New Cut Flowers 

The demand for locally grown specialty cut flowers has increased as the public has 

become more interested in sustainable practices.  New cut flower introductions are a 

necessity to keep and increase consumer interest.  Expanding the availability and 

knowledge about new cut flowers allows growers to select species and cultivars ideally 

suited for their climates and consumer base.  Many garden ornamental and exotic bulbous 
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species and cultivars and are underutilized by the floral industry.  Two such species are large 

flowered beardtongue (Penstemon grandiflorus Nutt.) and pineapple lily (Eucomis L’ Hérit. 

sp.).  P. grandiflorus has the largest flowers and the greatest color range (31 different color 

shades) of all Penstemon species (Way et al., 1998).  The genus Eucomis has about fifteen 

species (Bryan and Griffiths, 1995), each with distinctive pineapple-like inflorescences that 

have the potential to last for more than a month in a vase (Regan, 2008).  However, growers 

are hesitant to produce new cut flower species commercially due to a lack of production 

and postharvest information.  The objectives of this study were to determine optimal 

production and postharvest protocols for P. grandiflorus ‘Esprit’ mix and the optimal 

production temperature and location, planting density, bulb storage and postharvest 

procedures for Eucomis ‘Coral,’ ‘Cream,’ ‘Lavender’ and ‘Sparkling Burgundy.’ 

PRODUCTION 

Temperature.  Every plant species has specific temperature requirements for 

optimal growth and flowering.   In addition, for each species there is a range of 

temperatures that are tolerable and allow plant growth, but extreme temperatures within 

that range can result in unacceptably long production times or reduce inflorescence quality.   

Studies with P. palmeri Gray, P. strictus Benth., and P. × hybridus Hort. ‘Sour Grapes’ found 

that they can be grown under common greenhouse fertilizer regimes and substrate pHs 

(200 mg·L-1 N and substrate pH of 5.1-7.2) (Cardosa et al., 2007; Scoggins, 2005).  Cool 
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temperatures have been found to promote stem elongation in Delphinium L., larkspur 

[Consolida (DC) Gray], and lupines (Lupinus L.) (Cavins et al., 2000) and may also be 

important for vernalization and flower initiation of Penstemon (Rahman et al., 1972). 

Transplant age.  Determining the age at which a young plant can be transplanted 

successfully is essential to obtain quality plants and reduce production costs (Cavins and 

Dole, 2001; van Iersel, 1997).  While it may be more economical to leave plants in plug trays 

for as long as possible to allow a greater number of crops to be harvested in a season, 

prolonged duration in the plug flats can stunt plant growth and reduce quality.  Plants may 

have fewer, shorter and/ or thinner stems that do not produce quality flowers due to 

excessive root restriction (van Iersel, 1997). 

Planting density.  Plant material and production area are costly, therefore it is 

essential that optimum planting densities be defined to maximize financial return (Rees, 

1974).  Planting density strongly affects the yield of bulbous crops (de Vroomen, 1974), 

weed and disease control and mechanization (Rees, 1974).   Increasing planting density to 

increase productivity per unit area can decrease the productivity per plant, increase stem 

length, and increase earliness of flowering in some cases with tulips (Tulipa L.) (Rees, 1974).   

Higher rates of transpiration, reduction in light penetration and lower soil temperatures 

also occur at higher densities (Rees, 1974).  Higher transpiration rates effect carbohydrate 

concentrations, which could in turn affect cut flower vase life.  The morphogenic effects of 
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high planting densities would not be seen in the first year because the bulb has sufficient 

reserves, but future crops may show decreased productivity and stem quality issues (Rees, 

1974).  Zantedeschia aethiopica (L.) Spreng. planting density did not affect the number of 

flowers produced per plant, but close planting resulted in longer flower stems (Luria et al., 

2005); however, Acontium L. planted in high densities significantly inhibited flowering (Luria 

et al., 1992).  

Bulb storage.  Growth and flowering of most geophytes is controlled by internal 

physiological factors, such as dormancy and maturity, bulb storage condition, and forcing 

temperatures (De Hertogh and Le Nard, 1993).  Storage temperature after harvest affects 

the formation of floral organs and the timing of flowering in many bulbous plants 

(Hartsema, 1961).  In general, temperature is the major environmental factor that 

influences the flowering process from flower initiation to development in bulbous plants 

(Roh and Hong, 2007).  Both temperature and photoperiod are known to effect the 

formation of floral organs in Lilium longiflorum Thunb. (Roh and Wilkins, 1978).  Roh et al. 

2007 found that because bulb maturity of Ornithogalum thyrsoides Jacq. can be induced by 

bulb temperature treatments (6 weeks at 30°C), bulbs can be harvested even when they 

have green leaves attached (immature).  Mature  bulbs, which have fully senesced leaves, 

respond well to a bulb vernalization treatment of 3 weeks in 30°C temperatures, while 

immature bulbs responded to 6 weeks at 30°C (Roh et al., 2007).  O. thyrsoides has a 
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relatively shallow dormancy and may continue to grow and flower under favorable 

environmental conditions and do not enter dormancy (Halevy, 1990).  Goto et al. (2004) 

found that dormancy of Z. rehmanni Engl. was broken at temperatures from 1 to 10°C when 

stored between 10 and 50 days.  Effective temperature for breaking of dormancy may also 

vary within species.  Minimal information is known about suitable temperatures for 

dormancy breaking or flower initiation of Eucomis. 

POSTHARVEST 

Ethylene sensitivity.  Ethylene exposure can have deleterious effects on cut flowers.  

The most common responses to ethylene exposure at rates as low as 100 nL·L-1, are petal, 

floret, flower and leaf abscission, failure of buds to open, epinasty, and rapid senescence 

(Dole et al., 2005; Reid, 1989).  Since cut flowers are often sold in ethylene rich 

environments, such as the produce section of grocery stores and farmers markets, it is 

important to find effective ways of blocking the deleterious effects of the gas (Serek et al., 

1995).  Selected species of penstemon are sensitive to ethylene, including P. digitalis Nutt. 

(Redman et al., 2002).  The application of exogenous ethylene (0.2 or 1.0 µl∙l-1) to P. digitalis 

decreased its vase life, but treatment with STS (silver thiosulfate), an anti-ethylene agent, 

had no effect (Redman et al., 2002).  Serek et al. (1995) found that the longevity of P. 

hartwegii Benth. × P. cobaea Nutt. ‘Firebird’ increased by approximately 3 days when 

pretreated with 1- methylcyclopropene (1-MCP).  Staby et al. (1993) also used P. ‘Firebird’ 
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and found that STS greatly reduced or completely inhibited flower abscission.  These studies 

indicate that STS and 1-MCP have unique effects on each species of penstemon.   The 

ethylene sensitivity of cut Eucomis flowers is unknown.  1-MCP may be a better alternative 

to STS considering the growing concern for heavy metal contamination in the environment.  

Many growers are restricted by state regulations from using STS, so a more eco-friendly way 

to block the deleterious effects of exogenous and endogenous ethylene is needed for 

sensitive crops to be successful in the floral market.  

Postharvest storage.  Cooling retards the utilization of carbohydrates during 

respiration, which extends postharvest life and delays development in most species (Sacalis, 

1993).  Cold storage lengthens the season of availability by allowing production surpluses to 

be stored for later use (Hunter, 2000).  Nowak and Rudnicki (1990) found that a flower’s 

sensitivity to and production of ethylene declines as temperature decreases.  A desirable 

quality of a cut flower is the ability to be shipped long distances out of water (dry) without 

an adverse effect on vase life.  Unopened boxes of flowers generate a considerable amount 

of heat due to respiration (Sacalis, 1993).  The higher the temperature the more the flowers 

will respire, decreasing vase life due to reduced carbohydrates and increased incidence of 

botrytis (Sacalis, 1993).  Despite the benefits of cold and dry storage, some flower species 

do not respond well to these treatments.  Cold storage of P. digitalis ‘Husker Red’ at 4°C for 

1 to 7 days decreased vase life by less than two days, but the vase life increased from 11.7 
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to 14 days after 14 days in cold storage (Lindgren et al. 1988).  This suggests that 

penstemon may be tolerant to cold storage.  Another study on P. digitalis found that there 

was no significant difference in stems stored at 2°C for 2 weeks when compared to the 

control (Redman et al., 2002). Despite the benefits of cold and dry storage, some flower 

species do not respond well to these treatments, such as Zinnia L. (Arnosky and Arnosky, 

2003; Dole et al., 2009).   

Pretreatments.  Pretreatments are used to extend vase life and are applied prior to 

holding in floral preservatives (Hunter, 2000).  STS and 1-MCP, citric and boric acid 

conditioning, placing stems in hot water, hormone dips, and sucrose pulses are all examples 

of pretreatments (Hunter, 2000; Aarts 1958; Dole and Wilkins, 2005).  Citric acid and 

aluminum sulfate pretreatments extended vase life of Lupinus hartwegii Lindl. most likely 

due to their low pH, which prevents vascular blockage from bacterial growth (Mohan Ram 

et al., 1977).   

Sucrose pulses.  Sucrose pulses are used to increase the vase life of cut flowers by 

loading them with sugar to facilitate the storage of carbohydrates before the stems are dry 

packed and shipped long distances or held in storage for long periods of time (Hunter, 2000; 

Nowak et al., 1990).  However, sucrose has variable effects depending on the species or 

cultivar (Mohan Ram et al., 1977).   Effective concentrations depend on the species, but 

generally range anywhere from 1% to 20% (Dole and Wilkins, 2005).  Sucrose treatments 
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should also include a biocide to prevent bacterial growth (Hunter, 2000).  P. digitalis 

pretreated for 24 h with an 8% sucrose concentration significantly reduced its vase life 

(Redman et al., 2002).   

Commercial preservatives and substrates.  In general, commercial preservatives 

extend the vase life of many species, but may have no effect on others (Sacalis, 1993).  Each 

commercial preservative is optimal on specific species due to the different compositions of 

individual preservatives and the varying needs of individual species (Sacalis, 1993).  

Typically, floral preservatives can be categorized as either hydrating or holding.  Both have 

an acidifier and an antimicrobial agent, but holding solutions also contain a carbohydrate 

source to encourage bud opening and/or flower longevity.  Hydrators are intended to 

increase water uptake (Dole and Wilkins, 2005).  Ten species of penstemon including, P. 

digitalis Nutt., P. grandiflorus Nutt., and P. buckleyi Penn. responded positively to the 

addition of Floralife (specific product unspecified) to their vase water, sometimes even 

doubling their vase life (Lindgren, 1986).  Eucomis comosa ‘Sparkling Burgundy’ was found 

to have the greatest vase life of 43 days in tap water and the use of preservative solutions 

significantly reduced vase life (Regan, 2008).  The ability for new cut flowers to perform well 

in floral foam is also important, especially to florists.  Different brands of floral foams can 

have differing effects on cut flower longevity (Sacalis, 1993).  Floral foam has been found to 

be beneficial for some species due to its acidifying properties (Regan, 2008). 
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Water Quality 

Water quality can have a significant impact on the vase life of cut flowers.  Increased 

water uptake through a stem is commonly correlated with an increase in vase life.  Many 

factors affect water uptake, including: temperature, transpiration rates, microbial 

populations, sucrose levels, pH and electrical conductivity (EC).  It is usually most beneficial 

to use distilled or deionized (DI) water for cut flowers because DI water dissolves floral 

preservatives more thoroughly than tap water due to its lack of ions that might react with 

chemicals in the preservative and cause them to precipitate out (Nowak et al., 1990).  Air 

bubbles in the water can cause embolisms in the stems which may slow or block water 

movement up the stem.  Filtration through Millipore filters using a vacuum pump removes 

air bubbles from water; however, this is expensive and inconvenient for growers and 

florists. 

pH.  Cut flowers are usually placed in tap water.  Depending on its source, tap water 

can contain various chemical compounds, organic matter, and microorganisms and may 

vary in pH.  Low pH slows bacterial growth and improves stem water uptake.  Citric acid is 

usually added to the water to lower pH (Nowak et al., 1990).  Conrado et al. (1980) found 

that solution uptake increased with Rosa L. × hybrida ‘Cara Mia’ at a low pH (below 3) 

whereas, high pH (above 6) decreased uptake.  Maximum vase life was achieved with a pH 

of 5.  Durkin (1979) also found that acidifying solutions enhanced hydration rates of rose 
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peduncle tissue.  Regan and Dole (2010) found that optimal vase life for cut ‘Freedom,’ 

‘Charlotte,’ and ‘Classy’ roses resulted from a low pH of 3.5 to 4.0.  The solution pH had no 

effect on flower opening of Rosa ‘Osiana’ and ‘Madame Delbard’ and Gypsophila L., but did 

have an effect on flower opening of Rosa ‘Aalsmeer Gold’ (D’Hont et al., 1995).  Alkaline 

water sources are often acidified with citric acid; however, this may have unwanted effects 

on other components of the solution, such as: destabilization of chlorine, loss of aluminum 

sulfate action, and silver ions of STS may precipitate out (D’Hont et al., 1995).  Stevens et al. 

(1993) recommends that newly harvested sunflower stems be placed in commercial floral 

preservative or water acidified by citric acid to a pH of 3.5.  Although a low pH improves 

water uptake and increases fresh weight, this does not always result in better flowering 

opening (D’Hont et al., 1995). 

Electrical conductivity (EC).  Electrical conductivity (EC) estimates the amount of total 

dissolved salts/solids (TDS), or the total amount of dissolved ions (salinity) in the water.  

Many studies have focused on the effects of EC associated with crop production; however 

little information is available on postharvest EC problems with cut flowers.  Frequently, 

flower producers, wholesalers, retailers, and consumers use highly mineralized water for 

holding cut flowers (Waters, 1966).  Hard water containing calcium and magnesium is less 

harmful to vase life than softer water that contains a higher concentration of sodium; a low 

EC reduces interference with water uptake and marginal necrosis of leaves and petals (Gast, 
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2000).  High EC reduces the effectiveness that preservatives have in lowering the pH of the 

vase solution (Gast, 2000).  EC affects the vase life of flowers depending on the 

concentration and flower species.  For example, gladiolus vase life starts to decrease at 0.7 

g·L-1, whereas, roses and carnations are harmed at 0.2 g·L-1 (Gast, 2000).  Water high in EC 

may also harm leaves and stems.  Regan and Dole (2010) found that optimal vase life for cut 

‘Freedom,’ ‘Charlotte,’ and ‘Classy’ roses resulted from an EC of 1.0 dS∙m-1.   
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Abstract 

The objectives of this study were to determine the effects of production night 

temperature (10°C or 20°C) and transplant stage (2-3, 5-6, or 8-9 sets of true leaves) on 

stem length and caliper of cut stems and the effects of various postharvest treatments on 

vase life of large flowered beardtongue (Penstemon grandiflorus Nutt.),  an underutilized 

cut flower species.  As the production night temperature increased from 10°C to 20°C the 

stem caliper decreased from 3.6 to 3.3 mm.  Plugs transplanted with 8-9 sets of true leaves 

had an average stem length of 64.3 cm, while those transplanted with 2-3 sets of true 

leaves had 56.1 cm long stems.  Days to harvest from sowing was shortened by higher 

temperatures (20°C).   The plugs transplanted with 8-9 sets of true leaves flowered earlier 

than those with 5-6 sets, which flowered sooner than those with 2-3 sets of true leaves (67, 

79, 111 d, respectively).  Wet or dry cold storage of cut stems for more than one week 

reduced vase life.  The use of floral foam or anti-ethylene agents, ethylene exposure, or 

sucrose pulses (10% or 20%) had no effect on vase life.  The addition of 2% or 4% sucrose 

with 7 mg·L-1 Kathon CG as a holding solution increased vase life, resulting in the longest 

vase life (9.4 d) of all treatments.  Commercial holding solutions significantly increased vase 

life, while hydrator had no effect. These results suggest that P. grandiflorus may be suitable 

for either heated greenhouse or unheated high tunnel production and has acceptable 

commercial potential as a specialty cut flower.  
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Introduction 

The demand for locally grown specialty cut flowers has increased as the public has 

become more interested in sustainable practices.  New cut flower introductions are a 

necessity to keep and increase consumer interest.  Expanding the availability and 

knowledge about new cut flowers allows growers to pick species and cultivars ideally suited 

for their climates and consumer base.  Many garden ornamental species and cultivars are 

underutilized by the floral industry.  One such species is large flowered beardtongue 

(Penstemon grandiflorus Nutt.). P. grandiflorus has the largest flowers and the greatest 

color range (31 different distinct color shades) of all Penstemon species (Way et al., 1998), 

but growers are hesitant to produce them commercially due to a lack of production and 

postharvest information.  The objective of this study was to determine optimal production 

and postharvest procedures for Penstemon grandiflorus ‘Esprit’ mix.  

PRODUCTION 

Temperature.  Every plant species has specific temperature requirements for 

optimal growth and flowering.   In addition, for each species there is a range of 

temperatures that are tolerable and allow plant growth, but extreme temperatures within 

that range can result in unacceptably long production times or reduce inflorescence quality.   

Studies with P. palmeri Gray, P. strictus Benth., and P. × hybridus Hort. ‘Sour Grapes’ found 

that they can be grown under common greenhouse fertilizer regimes and substrate pHs 
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(200 mg·L-1 N and substrate pH of 5.1-7.2) (Cardosa et al., 2007; Scoggins, 2005).  Cool 

temperatures have been found to promote stem elongation in Delphinium L., larkspur 

(Consolida (DC) Gray), and lupines (Lupinus L.) (Cavins et al., 2000) and may also be 

important for vernalization and flower initiation of Penstemon (Rahman et al., 1972). 

Transplant age.  Determining the age at which a young plant can be transplanted 

successfully is essential in order to obtain quality plants and reduce production costs (Cavins 

et al., 2001; van Iersel, 1997).  While it may be more economical to leave plants in plug trays 

for as long as possible to allow a greater number of crops to be harvested in a season, 

prolonged duration in the plug flats can stunt plant growth and reduce quality.  Plants may 

have fewer, shorter and/ or thinner stems that do not produce quality flowers due to 

excessive root restriction (van Iersel, 1997). 

POSTHARVEST 

Ethylene sensitivity.  Ethylene exposure can have deleterious effects on cut flowers.  

The most common responses to ethylene exposure at rates as low as 100 nL·L-1, are petal, 

floret, flower and leaf abscission, failure of buds to open, epinasty, and rapid senescence 

(Dole et al., 2005; Reid, 1989).  Since cut flowers are often sold in ethylene rich 

environments, such as the produce section of supermarkets, it is important to find effective 

ways of blocking the deleterious effects of the gas (Serek et al., 1995).  Selected species of 

Penstemon are sensitive to ethylene, including P. digitalis Nutt. (Redman et al., 2002).  The 
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application of exogenous ethylene (0.2 or 1.0 µl∙l-1) to P. digitalis decreased its vase life, but 

treatment with silver thiosulfate (STS), an anti-ethylene agent, had no effect (Redman et al., 

2002).  Serek et al. (1995) found that the longevity of P. hartwegii Benth. × P. cobaea Nutt. 

‘Firebird’ increased by approximately 3 days when pretreated with 1- methylcyclopropene 

(1-MCP).  Staby et al. (1993) also used P. ‘Firebird’ and found that STS greatly reduced or 

completely inhibited flower abscission.  These studies indicate that STS and 1-MCP have 

unique effects on each species of Penstemon.   1-MCP may be a better alternative to STS 

considering the growing concern for heavy metal contamination in the environment.  Many 

growers are restricted by state regulations from using STS, so a more eco-friendly way to 

block the deleterious effects of exogenous and endogenous ethylene is needed for sensitive 

crops to be successful in the floral market.  

Storage.  Cooling retards the utilization of carbohydrates during respiration, which 

extends postharvest life and delays development in most species (Sacalis, 1993).  Cold 

storage lengthens the season of availability by allowing production surpluses to be stored 

for later use (Hunter, 2000).  Nowak et al. (1990) found that a flower’s sensitivity to and 

production of ethylene decreases as temperature decreases.  A desirable quality of a cut 

flower is the ability to be shipped long distances out of water (dry) without an adverse 

effect on vase life.  Unopened boxes of flowers generate a considerable amount of heat due 

to respiration (Sacalis, 1993).  The higher the temperature the more the flowers will respire, 
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decreasing vase life due to reduced carbohydrates and increased incidence of botrytis 

(Sacalis, 1993).  Despite the benefits of cold and dry storage, some flower species do not 

respond well to these treatments.  Cold storage of P. digitalis ‘Husker Red’ at 4°C for 1 to 7 

days reduced vase life by less than two days, but the vase life increased from 11.7 to 14 

days after 14 days in cold storage (Lindgren et al. 1988).  This suggests that Penstemon may 

be tolerant to cold storage.  Another study on P. digitalis found that there was no significant 

difference in stems stored at 2°C for 2 weeks when compared to the control (Redman et al., 

2002). 

Pretreatments.  Pretreatments are used to extend vase life and are applied prior to 

holding in floral preservatives (Hunter, 2000).  STS and 1-MCP, citric and boric acid 

conditioning, placing stems in hot water, hormone dips, and sucrose pulses are all examples 

of pretreatments (Hunter, 2000; Aarts 1958; Dole and Wilkins, 2005).  Citric acid and 

aluminum sulfate pretreatments extended vase life of Lupinus hartwegii Lindl. most likely 

due to their low pH, which prevents vascular blockage from bacterial growth (Mohan Ram 

et al., 1977).   

Sucrose pulses.  Sucrose pulses are used to increase the vase life of cut flowers by 

loading them with sugar to facilitate the storage of carbohydrates before the stems are dry 

packed and shipped long distances or held in storage for long periods of time (Hunter, 2000; 

Nowak et al., 1990).  However, sucrose has variable effects depending on the species or 
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cultivar (Mohan Ram et al., 1977).   Effective concentrations depend on the species, but 

generally range anywhere from 1% to 20% (Dole and Wilkins, 2005).  Sucrose treatments 

should also include a biocide to prevent bacterial growth (Hunter, 2000).  P. digitalis 

pretreated for 24 h with an 8% sucrose concentration significantly reduced its vase life 

(Redman et al., 2002).   

Commercial preservatives and substrates.  In general, commercial preservatives 

extend the vase life of many species, but may have no effect on others (Sacalis, 1993).  Each 

commercial preservative usually works best on specific species due to the different 

compositions of individual preservatives and the varying needs of individual species (Sacalis, 

1993).  Typically, floral preservatives can be categorized as either hydrating or holding 

solutions.  Both have an acidifier and an antimicrobial agent, but holding solutions also 

contain a carbohydrate source to encourage bud opening and/or flower longevity.  

Hydrators are intended to increase water uptake (Dole and Wilkins, 2005).  Ten species of 

Penstemon including, P. digitalis Nutt., P. grandiflorus Nutt., and P. buckleyi Penn. 

responded positively to the addition of Floralife (specific product unspecified) to their vase 

water, sometimes even doubling their vase life (Lindgren, 1986).  The ability for new cuts to 

perform well in floral foam is also important, especially to florists.  Different brands of floral 

foams can have differing effects on cut flower longevity (Sacalis, 1993).  Floral foam has 
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been shown to be beneficial for some species due to its acidifying properties (Regan et al., 

2008). 

Materials and methods 

Production.  P. grandiflorus ‘Esprit’ mix seeds (Park Seed Co., Greenwood, SC) were 

directly sown into 105 plug flats using a commercial peat-based root substrate (Fafard 4P 

Mix, Agawam, MA) and germinated at 21°C.  Plants were fertigated with 250 mg·L-1 N from 

a premixed commercial 20N-4.4P-16.6K fertilizer (Peter’s, Allentown, PA) during the week 

and irrigated with clear water on the weekends.  Seedlings were transplanted into plastic 

lily crates (55.9 x 36.6 x 22.9 cm) at the appearance of 2-3, 5-6, or 8-9 sets of true leaves.  

Fifteen plugs were planted per crate at 10 x 10 cm spacing.  After transplanting, crates were 

placed at 10 ± 2 night/ 29 ± 2 day or 20 ± 2 night/ 27 ± 2°C day temperatures.  There were 

ten crates per treatment, randomized within each temperature treatment.  Hourly daily 

temperature was recorded for the duration of the experiment.  Stem length and caliper, 

number of flowering plants per replication, number of marketable stems, and anthesis date 

were recorded.   

Postharvest handling.  Flower stems were harvested when at least a quarter of the 

florets were open, placed in tap water, re-cut after hydration and placed in the appropriate 

treatments.  Unless otherwise indicated, the floral solution used in all experiments was 21 ± 

2°C DI water.  After treatment, stems were placed at 21 ± 2°C under 20 µmol·m-2·s-1 light 
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for 12 h·d-1 at 40% to 60% relative humidity.  Vase life of each stem after removal from 

treatment was recorded.  A stem was considered ready to terminate when 50% of the 

florets had either wilted or abscised.  A completely randomized design was used with 5 to 

10 stems per treatment; treatments arranged in a factorial where appropriate.  Analysis of 

variance (SAS Institute, Cary, NC) was performed and means separated by Tukey’s Multiple 

Comparison. 

Ethylene sensitivity.  Cut stems were pretreated for 4 h with STS [1 mL AVB (Pokon & 

Chrysal, Miami, FL) per L DI water], 1-MCP [400 mg Ethylbloc (Floralife, Walterboro, SC) 

dissolved in 50 ml DI water at 30 °C for a final concentration of 700 nL∙L-1], or DI water 

(control), then placed in DI water and subjected to 0, 0.1 or 1.0 μL∙L-1ethylene for 16 h.  

Stems were then re-cut and placed into DI water until termination. 

Cold storage duration.  Cut stems were allowed to hydrate in tap water for 2 h then 

held for 0, 1, 2, or 3 weeks at 2 ± 2°C either dry packed in floral boxes lined with newspaper 

or wet in buckets of DI water. The 0 week storage stems were placed directly into jars filled 

with DI water. At weeks 1, 2, and 3, 7 stems from each of the wet and dry treatments were 

randomly selected and placed in jars filled with DI water until termination. 

Sucrose pulses.  Stems received a 24 hr pulse of 0%, 10%, or 20% sucrose in DI water 

plus 7 mg·L-1 Kathon CG (Rohm & Haas, Philadelphia, PA).  A DI water control was also 

included.  After the pulse, stems were re-cut and placed into DI water until termination. 
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Vase solutions and substrates.  Cut stems were placed in vases with or without floral 

foam (Instant Deluxe floral foam, Smithers-Oasis Co., Cuyahoga Falls, Ohio) and 0%, 2%, or 

4% sucrose in floral solution with 7 mg·L-1 Kathon CG until termination. 

Commercial preservatives.  Cut stems were pretreated for 4 h with one of three 

solutions:  two commercial hydrating solutions [Chrysal Professional Hydrating Solution 

(Pokon & Chrysal, Miami, FL) at 8 mL·L-1 or Floralife Hydraflor 100 (Floralife, Walterboro, SC) 

at 2 mL·L-1] or DI water and placed for 2 d in one of three holding solutions: two commercial 

holding solutions (Chrysal Professional 2 Holding Solution at 10 mL·L-1 or Floralife 

Professional at 10 mL·L-1) or DI water.  After the pretreatment stems were recut and put 

into DI water until termination. 

Control solutions.  Cut stems were placed in one of five solutions: tap water, DI 

water, DI water plus 7 mg·L-1 Kathon CG, DI water amended with citric acid to a pH of 3.5, or 

DI water plus 7 mg·L-1 Kathon CG amended with citric acid to a pH of 3.5 until termination. 

Results 

PRODUCTION 

As the production night temperature increased from 10°C to 20°C, stem caliper 

decreased from 3.6 to 3.3 mm (Table 1).  Stem length increased as the age of the plug 

increased (Table 2).  The plugs transplanted with 8-9 sets of true leaves had an average 



28 
 

stem length of 64.3 cm, while those transplanted with 2-3 sets of true leaves had 56.1 cm 

long stems.  As temperature increased from 10°C to 20°C the days to harvest from sowing 

decreased from 172 to 158 d (Table 1).  The white flower color had a significantly longer 

time to flower from sowing or transplanting than the other colors in the mix (Figure 1).  The 

plugs transplanted with 8-9 sets of true leaves flowered earlier than those with 5-6, which 

flowered sooner than those with 2-3 sets of true leaves (67, 79, 111 d, respectively) (Table 

2).  Plants grown at 10°C produced 8.2 stems per crate compared to 1 stem per crate in the 

20°C treatment (data not presented).   

POSTHARVEST 

Ethylene sensitivity.  Neither the use of anti-ethylene agents or exposure to ethylene 

affected vase life (P ≤ 0.05).  Average vase life was 4.8 d (data not presented). 

Cold storage duration.  Stems stored for 1 week dry had the longest vase life of 7.9 

d, which was not significantly different from the control of 5.6 d or stored wet for 1 week of 

7.4 d (Table 3).  Cut stems stored for more than one week resulted in a significant decline in 

vase life.  There was no significant difference between stems stored wet or dry.  The stage 

at which the plant was transplanted into the growing environment did not affect vase life 

(data not presented). 
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Sucrose pulses.  The use of a 24 h treatment with 10% or 20% sucrose did not affect 

vase life.  The addition of 7 mg·L-1 Kathon CG significantly increased vase life to 7.7 d from 

7.3 d for the control (data not presented).  The stage at which the plant was transplanted 

into the growing environment did not affect vase life (data not presented). 

Vase solutions and substrates.  Vase life of 9.4 d resulted from stems in the floral 

foam, 4% sucrose and 7 mg·L-1 Kathon treatment (data not presented).  The use of floral 

foam did not affect vase life.  The addition of either 2% or 4% sucrose increased vase life 

from 5.3 to 8.9 d, but there was no significant difference between 2% or 4% sucrose.  The 

addition of Kathon CG also increased vase life from 4.5 to 6.0 d (data not presented).  The 

stage at which the plant was transplanted into the growing environment did not affect vase 

life (data not presented). 

Commercial preservatives.  A holding solution increased vase life to 7.0 d for Floralife 

Professional and 5.9 d for Chrysal Professional 2 from 4.3 d for DI water control.  The use of 

a hydrating solution, with or without the subsequent use of a holding solution, had no 

effect on vase life.  There was no difference between each brand (Floralife or Chrysal) used 

in all treatments (data not presented). The stage at which the plant was transplanted into 

the growing environment did not affect vase life (data not presented).   

Control solutions.  There was no significant difference in vase life between control 

solutions with an average vase life of 2.6 d (data not presented). 
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Discussion 

While it may be more economical to leave plants in plug trays for as long as possible 

to allow a greater number of crops to be harvested in a season, prolonged duration in the 

plug flats can stunt plant growth and reduce quality.  Plants may have fewer, shorter and/ 

or thinner stems that do not produce quality flowers due to excessive root restriction (van 

Iersel, 1997).  However, in the case of P. grandiflorus ‘Esprit,’ plugs transplanted with 8-9 

sets of true leaves had longer stems.  This is most likely due to competition for light while in 

the plug trays. Holding the plugs in the trays until 8-9 sets of true leaves form appears to 

have no negative effect on stem quality, in fact, plants flowered more quickly.   

Warmer (20°C) production temperature significantly decreased time to flower, but 

stems were thinner compared to stems from the 10°C treatment.  Additionally, in the 20°C 

treatment there was high plant mortality due to damage from thrips, spider mites, and root 

rot (personal observation).  By 18 June 2009, 28% of the crates were culled due to insects 

and disease in the 20°C treatment, whereas no crates were culled from the 10°C treatment 

(data not presented).  The warmer production temperature yielded 1 stem per crate, 

whereas the cooler temperature yielded 8 stems per crate (data not presented).  Thus, 

production was significantly reduced in the 20°C treatment.  Additional production 

temperatures should be tested to determine if temperatures intermediate between 10 and 

20°C would allow a shorter production time without decreasing the number of harvestable 

stems.   
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The seed used was a mix of various colors and bicolors, which had an effect on the 

flowering time of each color resulting in effects similar to those of different cultivars with 

the white color taking the longest to flower.  Similarly, with Oriental lily hybrids (Lilium L.) 

‘Acapulco’ flowers in 104 d and ‘Simplon’ in 90 d (Lee and Roh, 2001). 

Sucrose pulses had no effect on vase life of P. grandiflorus.  Similarly, Bird-of-

Paradise (Strelitzia reginae Ait.) pulsed overnight with either 20% or 40% sucrose and a 

biocide did not show a change in vase life compared to controls (Bayogan et al., 2008).   

High sucrose concentrations have been deleterious to other cut flowers, such as 

chrysanthemums and roses (Halevy et al., 1978; Kofranek and Halevy, 1980).  Redman et al. 

(2002) found that pretreating P. digitalis for 24 h with an 8% sucrose solution reduced vase 

life.  However, a 2% and 4% sucrose holding solution increased vase life in P. grandiflorus 

‘Esprit’ mix.  These studies suggest that P. grandiflorus would benefit from a holding 

solution with a low concentration of sucrose rather than a high concentration pulse.  The 

same effects of a 2% or 4% sucrose holding solution were seen with ‘Lace Violet’ linaria 

(Dole et al., 2009).  Treatments with a 2% or 4% sucrose concentration and 7 mg·L-1 Kathon 

CG gave the longest vase life of close to 9 d out of all the tested treatments.     

Cut stems of P. grandiflorus could be stored wet or dry at 2°C for no more than one 

week.  The vase life of ‘Temptress’ poppy was also similar to the unstored control after 1 

week in wet or dry storage (Dole et al., 2009).  There was no difference in vase life between 
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wet and dry stored stems, which is similar to results obtained with cut carnation, daffodil 

(Narcissus pseudonarcissus L.), rose, and tulip (Cevallos and Reid, 2001).  Tolerance to dry 

storage allows cut P. grandiflorus to be easily shipped.  P. grandiflorus differs from other 

Penstemon species in its cold storage tolerance.  Studies done with P. digitalis show that it 

can tolerate 2 weeks of storage without a significant effect on vase life (Lindgren et al., 

1988; Redman et al., 2002).  Long term storage often decreases vase life in cut flowers 

(Sacalis, 1993). 

The use of a commercial holding solution increased vase life of P. grandiflorus 

‘Esprit’ making our results consistent with other studies.  Ten species of Penstemon 

including, P. digitalis, P. grandiflorus, and P. buckleyi, responded positively to the addition 

of Floralife (specific product unspecified) to the vase water, sometimes even doubling the 

vase life (Lindgren, 1986).   In many species, commercial holding solutions increase vase life 

(Sacalis, 1993).  The hydrator solution alone did not increase vase life.   

P. grandiflorus would be suited for various commercial uses since the use of floral 

foam did not have a significant effect on vase life.  Similarly, cut big bend bluebonnet 

(Lupinus havardii) stems performed as well in floral foam as in water (Davis et al., 1995).  

The addition of 7 mg·L-1 Kathon CG had a significant effect on vase life mostly likely by 

keeping stem vasculature open and free from bacteria, yeast, and fungi.  The response of 

cut flowers to biocides is highly variable between species and varieties.  Vase life of Rosa L. 

was consistently improved with the use of a germicide, but Dianthus L. had either an 
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increase or no effect on vase life (Jones and Hill, 1993).  Van Doorn et al. (1991) found that 

vase life of Dianthus was unaffected by high bacterial counts (108 cfu·ml-1).  This suggests 

that species that are sensitive to bacteria would benefit from the biocide, including P. 

grandiflorus. 

The application of exogenous ethylene along with pretreatment with anti-ethylene 

agents to P. grandiflorus had no effect on vase life and closed buds continued to open.  

Several cut flower species are insensitive to ethylene including Gladiolus L. and Tulipa L. 

(Singh et al., 2008).  Various studies with P. digitalis and P. hartwegii × P. cobaea ‘Firebird’ 

showed differing sensitivities to ethylene and anti-ethylene agents (Redman et al., 2002; 

Serek et al., 1995; Staby et al., 1993).  This suggests that there are variations in ethylene 

sensitivity in the genus Penstemon. 

Conclusion 

 For successful production of P. grandiflorus ‘Esprit’ plants should be grown at 

temperatures between 10°C and 20°C.  More research needs to be done to determine if 

there is an optimal temperature in that range that produces a short crop time  and long 

stem lengths without high insect and disease pressure.  These low temperature 

requirements indicate that P. grandiflorus may be suitable for unheated high tunnel 

production.  Transplanting plugs when they have 8-9 sets of true leaves is economical 
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without compromising quality.  It may be possible to hold the plugs in the trays for a longer 

duration to further reduce costs and space requirements.   

These postharvest results suggest that P. grandiflorus has acceptable commercial 

potential if treated properly.  To achieve maximum vase life, stems should be held in a 

commercial holding solution or a solution of 2% sucrose for no more than one week at 2°C.  

The addition of an antimicrobial product such as Kathon CG may be necessary to extend 

vase life and prevent stem blockage by bacteria.  Penstemon also has the potential to be 

shipped dry and used in various retail arrangements with foam without reducing vase life.  

This data suggests that P. grandiflorus has many desirable postharvest characteristics, but 

its commercial potential may be restricted due to the fact that commercial preservatives or 

anti-microbial compounds are required to provide a vase life of at least 7 days.  Rarely do 

consumers place their flowers in preservative solutions rather than plain tap water once 

they get them home, but increasingly retailers are providing their customers with the 

preservative sachets.  If the flowers are held by the retailer/ grower for at least 2 days in a 

holding solution, vase life should be acceptable.  The requirement of preservative 

treatments for a long vase life may not be desirable, but P. grandiflorus ‘Esprit’ with its 

large, colorful flowers and long stem length is worth it.  
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Table 1.  Effect of temperature on caliper and days to harvest from sowing of Penstemon 
grandiflorus ‘Esprit’ mix.  Plugs were grown at 10 or 20°C night temperatures. 

Temperature (°C) Caliper (mm) Days to harvest from sowing 

10 3.6 172 

20 3.3 158 

Significancez 0.0071 0.0403 

zP values obtained using the General Linear Models (GLM) procedure, α = 0.05  
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Table 2.  Effect of transplant stage on length and days to harvest from transplanting of 
Penstemon grandiflorus ‘Esprit’ mix.  Plugs were transplanted when either 2-3, 5-6, or 8-9 
sets of true leaves were present and grown at 10 or 20°C night temperatures. 

Transplant stage Length (cm) Harvest from transplant (d) 

2-3   56.1 az   111 a 

5-6   58.9 a   79 b 

8-9   63.1 b   67 b 

Significance  <0.0001  <0.0001 

zMeans followed by the same letter are not significantly different according to Tukey’s 

Multiple Comparison procedure at α = 0.05. 
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Table 3.  Effect of 2°C cold storage duration on vase life of Penstemon grandiflorus ‘Esprit’ 
mix.  Stems were stored either in tap water or a dry floral box for 1, 2, or 3 weeks prior to 
being placed in DI water until termination.  Means are an average of 7 stems. 

Duration (weeks)  Vase life (days) 

0    5.6 az 

1    7.7 a 

2    2.0 b 

3    2.2 b 

Significance 0.0001 

zMeans followed by the same letter are not significantly different according to Tukey’s 

Multiple Comparison procedure at α = 0.05. 
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Figure 1. Effect of flower color on days to harvest from transplanting and sowing on 
Penstemon grandiflorus ‘Esprit’ mix. 

ZValues above each column in a series followed by the same letter are not significantly 

different according to Tukey’s Multiple Comparison procedure at α = 0.05. 
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Abstract 

 The objectives of this study were to determine the effects of various production and 

postharvest factors on cut stems of Eucomis ‘Coral,’ ‘Cream,’ ‘Lavender,’ and ‘Sparkling 

Burgundy,’ an underutilized cut flower species.  Stem length was greater in the greenhouse 

than in the field, with ‘Lavender’ yielding 44.0 cm stems in the greenhouse and 38.1 cm in 

the field.  Stem caliper was reduced from 14.0 to 12.9 mm for ‘Coral’ as the planting density 

increased in the greenhouse from 6 to 12 bulbs per crate.  The number of marketable stems 

per plant was 1.33 (8 stems per crate) when planted with six bulbs per crate and 1.07 (13 

stems per crate) with 12 bulbs per crate.  ‘Cream’ bulbs planted in the greenhouse had 

more marketable stems per plant (1.05) than those planted in the field (0.98).  Neither 

planting density nor production location had an effect on the number of marketable stems 

of ‘Sparkling Burgundy’.  Emergence was highest in treatments where the bulbs were not 

removed from the substrate and were subsequently grown at 18°C.  Bulbs grown in the 

warmest (18°C) production temperature flowered quickest and had a shorter stem length.  

For ‘Coral’ and ‘Cream’ the control resulted in the longest vase life (17.9 and 35.4 d, 

respectively).  The use of either hydrator or holding solution negatively affected the vase 

life of ‘Coral’ and ‘Cream.’  Vase life was significantly shorter at 29.9 d when hydrator was 

used with holding solution on cut stems of ‘Sparkling Burgundy’ compared to the DI water 

control of 48.5 d.  ‘Coral’ had the shortest vase life of 10.9 d regardless of treatment, while 
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‘Sparkling Burgundy’ had the longest of 42.9 d.  There was no significant difference in vase 

life among all treatments with ‘Lavender’.  The bulb specific preservative resulted in a vase 

life of 43.8 d, the DI water control had a vase life of 66.4 d, and Floralife Professional 

resulted in a vase life of 56.8 d.  The vase life of stems stored for one week (37.7 d) was not 

significantly different from the unstored stems (43.0 d).  Ethylene exposure did not affect 

vase life.  A 10% sucrose pulse shortened vase life to 46.9 d compared to the 0% sucrose 

control, 58.9 d, and the 20% sucrose concentration, 62.5 d, which were not significantly 

different.  The use of floral foam significantly shortened the vase life of Eucomis to 11.9 d.  

These results suggest that Eucomis may be suitable for heated greenhouse, unheated high 

tunnel, or field production and has commercial potential as a specialty cut flower. 
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Introduction 

New cut flower introductions are a necessity to maintain and increase consumer 

interest.  Expanding the availability and knowledge of new cut flowers allows growers to 

select species and cultivars ideally suited for their climates and consumer base.  Many 

exotic, bulbous genera and cultivars are underutilized by the floral industry.  One such 

genus is pineapple lily (Eucomis L’ Hérit.).  Eucomis has about fifteen species (Bryan and 

Griffiths, 1995), each with unique pineapple-like inflorescences that have the potential to 

last for more than a month in a vase (Regan, 2008).  However, growers are hesitant to 

produce new cut species commercially due to a lack of production and postharvest 

information.  The objectives of this study were to determine the optimal production 

temperature and location, planting density, bulb storage and postharvest procedures for 

Eucomis ‘Coral,’ ‘Cream,’ ‘Lavender’ and ‘Sparkling Burgundy.’ 

PRODUCTION 

Temperature.  Every plant species has specific temperature requirements for 

optimal growth and flowering.  In addition, for each species there is a range of 

temperatures that are tolerable and allow plant growth, but extreme temperatures can 

result in a longer production time and reduce inflorescence quality.   For instance, peony 

flowering and stem length was enhanced at 22/10°C (day/night) temperatures as compared 

to higher temperatures that shortened stem length and increased flower abortion 
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(Kamenetsky et al., 2002).  Cool temperatures have been reported to promote stem 

elongation in Delphinium L., larkspur [Consolida (DC) Gray], and lupines (Lupinus L.) (Cavins 

et al., 2000) and may also be important for vernalization and flower initiation (Rahman et 

al., 1972). 

 Planting density.  Plant material and production area are costly, therefore it is 

essential that optimum planting densities be defined to maximize financial return (Rees, 

1974).  Planting density strongly affects the yield of bulbous crops (de Vroomen, 1974), 

weed and disease control, and mechanization (Rees, 1974).   Increasing planting density to 

increase productivity per unit area can decrease the productivity per plant, increase stem 

length, and increase earliness of flowering in some cases with tulips (Tulipa L.) (Rees, 1974).   

Higher rates of transpiration, reduction in light penetration and lower soil temperatures 

also occur at higher densities (Rees, 1974).  Higher transpiration rates effect carbohydrate 

concentrations, which could in turn affect cut flower vase life.  The morphogenic effects of 

high planting densities would not be seen in the first year because the bulb has sufficient 

reserves, but future crops may exhibit lower productivity and stem quality issues (Rees, 

1974).  Zantedeschia aethiopica (L.) Spreng. planting density did not affect the number of 

flowers produced per plant, but close planting resulted in longer flower stems (Luria et al., 

2005); however, Acontium L. planted in high densities significantly inhibited flowering (Luria 

et al., 1992).  
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Bulb storage.  Growth and flowering of most geophytes is controlled by internal 

physiological factors, such as dormancy and maturity, bulb storage condition, and forcing 

temperatures (De Hertogh and Le Nard, 1993).  Storage temperature after harvest affects 

the formation of floral organs and the timing of flowering in many bulbous plants 

(Hartsema, 1961).  In general, temperature is the major environmental factor that 

influences the flowering process from flower initiation to development in bulbous plants 

(Roh and Hong, 2007).  Both temperature and photoperiod are known to effect the 

formation of floral organs in Lilium longiflorum Thunb. (Roh and Wilkins, 1978).  Roh et al. 

(2007) found that because bulb maturity of Ornithogalum thyrsoides Jacq. can be induced 

by bulb temperature treatments (6 weeks at 30°C), bulbs can be harvested even when they 

have green leaves attached (immature).  Mature bulbs, which have fully senesced leaves, 

respond well to a bulb vernalization treatment of 3 weeks in 30°C temperatures, while 

immature bulbs responded to 6 weeks at 30°C (Roh et al., 2007).  O. thyrsoides has a 

relatively shallow dormancy and may continue to grow and flower under favorable 

environmental conditions and will not enter dormancy (Halevy, 1990).  Goto et al. (2004) 

found that dormancy of Z. rehmanni Engl. was broken at temperatures ranging from 1 to 

10°C and stored between 10 and 50 days.  Effective temperature for breaking of dormancy 

may also vary within species.  Little information is known about suitable temperatures for 

dormancy breaking or flower initiation of Eucomis. 
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POSTHARVEST 

Commercial preservatives and substrates.  In general, commercial preservatives 

extend the vase life of many species, but may have no effect on others (Sacalis, 1993).  Each 

commercial preservative usually works optimally on specific species due to the different 

compositions of individual preservatives and the varying needs of individual species (Sacalis, 

1993).  Typically, floral preservatives can be categorized as either hydrating or holding.  

Both have an acidifier and an antimicrobial agent, but holding solutions also contain a 

carbohydrate source to encourage bud opening and flower longevity.  Hydrators are 

intended to increase water uptake (Dole and Wilkins, 2005).  Eucomis comosa ‘Sparkling 

Burgundy’ was found to have the greatest vase life of 43 days in tap water and the use of 

preservative solutions significantly shortened vase life (Regan, 2008).  The ability for new 

cuts to perform well in floral foam is also important, especially to florists.  Different brands 

of floral foams can have differing effects on cut flower longevity (Sacalis, 1993).  Floral foam 

has been shown to be beneficial for some species due to its acidifying properties (Regan, 

2008). 

Postharvest storage.  Cooling retards the utilization of carbohydrates during 

respiration, which extends postharvest life and delays development in most species (Sacalis, 

1993).  Cold storage lengthens the season of availability by allowing production surpluses to 

be stored for later use (Hunter, 2000).  Nowak et al. (1990) found that a flower’s sensitivity 
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to and production of ethylene declines as temperature decreases.  A desirable quality of a 

cut flower is the ability to be shipped long distances out of water (dry) without an adverse 

effect on vase life.  Unopened boxes of flowers generate a considerable amount of heat due 

to respiration (Sacalis, 1993).  The higher the temperature the more the flowers will respire, 

shortening vase life due to reduced carbohydrates and increased incidence of botrytis 

(Sacalis, 1993).  Despite the benefits of cold and dry storage, some flower species do not 

respond well to these treatments, such as Zinnia L. (Arnosky and Arnosky, 2003; Dole et al., 

2009).   

Ethylene sensitivity.  Ethylene exposure can have deleterious effects on cut flowers.  

The most common responses to ethylene exposure at rates as low as 100 nL·L-1, are petal, 

floret, flower and leaf abscission, failure of buds to open, epinasty, and rapid senescence 

(Dole et al., 2005; Reid, 1989).  The ethylene sensitivity of cut Eucomis flowers is unknown.   

Pretreatments.  Pretreatments are used to extend vase life and are applied prior to 

holding in floral preservatives (Hunter, 2000).  STS and 1-MCP, citric and boric acid 

conditioning, placing stems in hot water, hormone dips, and sucrose pulses are all examples 

of pretreatments (Hunter, 2000; Aarts 1958; Dole and Wilkins, 2005).  Citric acid and 

aluminum sulfate pretreatments extended vase life of Lupinus hartwegii Lindl., most likely 

due to their low pH, which prevents vascular blockage from bacterial growth (Mohan Ram 

et al., 1977).   
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Sucrose pulses.  Sucrose pulses are used to increase the vase life of cut flowers by 

loading them with sugar to facilitate the storage of carbohydrates before the stems are dry 

packed and shipped long distances or held in storage for long periods of time (Hunter, 2000; 

Nowak et al., 1990).  However, sucrose has variable effects depending on the species or 

cultivar (Mohan Ram et al., 1977).   Effective concentrations depend on the species, but 

generally range anywhere from 1% to 20% (Dole and Wilkins, 2005).  Sucrose treatments 

should also include a biocide to prevent bacterial growth (Hunter, 2000).   

Materials and methods 

PRODUCTION 

Year 1.  Bulbs of ‘Coral,’ ‘Cream,’ and ‘Lavender’ Eucomis were received from a 

commercial supplier on 14 May 2009 and held overnight.  ‘Sparkling Burgundy’ was dug and 

divided from field beds at NCSU.  Bulbs were all planted on 15 May 2009 and grown in 

either a double layered polyethylene plastic-covered greenhouse or in an open field.  In the 

greenhouse, bulbs were planted with bulb tips just showing at substrate surface in lily 

crates (55.9 x 36.6 x 22.9 cm) using a commercial peat-lite root substrate (Fafard 4P Mix, 

Agawam, MA) and grown at 20 ± 5°C night/ ambient air temperatures during the day.  

Plants were fertigated with 250 mg·L-1 N from a premixed commercial 20N-4.4P-16.6K 

fertilizer (Peter’s, Allentown, PA) during the week and irrigated with unamended tap water 

on the weekends.   Bulbs were planted with bulb tips just showing at the soil line into a 1.2 x 
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54.9 m field bed with loamy clay soil in Raleigh, NC (USDA hardiness zone 7b).  Bulbs in each 

production environment were planted at six bulbs per crate (12.7 x 17.8 cm spacing) or 

twelve bulbs per crate (10.2 x 10.2 cm spacing).  The equivalent spacing was replicated in 

the field.  Ten replications (crates or field plots) were included per treatment.  Stem length 

and caliper, number of stems per replication, number of marketable stems per replication, 

and harvest date were recorded.  Stems were deemed marketable if they were greater than 

30 cm in length and had typical inflorescence morphology (multiple leaf-like bracts on top 

of inflorescence with ovate buds and star-shaped flowers along a smooth stem).  

Storage of greenhouse bulbs.  Bulbs in the greenhouse were no longer watered once 

flower production ceased on 7 Sept. 2009.  Commencing 9 Sept. 2009, the foliage was 

removed from all bulbs in one crate per cultivar per density treatment and then stored in 

one of the following treatments: 1-4) bulbs lifted and placed into open plastic bags in a dark 

13 ± 2°C cooler for either 47, 54, 80, or 96 days or, 5-7) bulbs remained in substrate and 

cooled in a dark 13 ± 2°C cooler for 47 days, left in greenhouse at 18 ± 3°C night/ 24 ± 4°C 

day temperatures for 47 days, or stored outside at 3 ± 4°C night/ 16 ± 3°C day temperatures 

for 47 days.  These treatments were repeated every two weeks until 1 Nov. 2009 when all 

remaining bulbs were stored.  ‘Sparkling Burgundy’ was not used in the storage treatment 

study.  Shoot emergence per crate and shoot height were recorded on 1 and 16 Mar. 2010. 
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Year 2.  Bulbs were replanted on 14 Dec. 2009 into lily crates in the same manner as 

Year 1 except that all bulbs were planted at 6 bulbs per crate.  Bulbs that were stored in 

substrate were left as they were.  One crate from each storage treatment was placed into 

double layered polyethylene covered greenhouses set to one of three temperature regimes: 

1) 18 ± 4°C night/22 ± 5°C day, 2) 10 ± 2°C night/ 14 ± 5°C day, or 3) 2 ± 3°C night/ ambient 

air temperatures during the day.    Stem length and caliper, number of stems per 

replication, number of marketable stems per replication, and harvest date were also 

recorded.  Stems were deemed marketable as indicated above.  Analysis of variance (SAS 

Institute, Cary, NC) was performed and means separated by Tukey’s Multiple Comparison at 

α = 0.05. 

POSTHARVEST 

Postharvest handling.  Flower stems were harvested when at least a quarter of the 

florets were open, placed in tap water, recut after hydration and placed in the appropriate 

treatments.  Stem length and caliper, number of flowering plants per replication, number of 

marketable stems, and anthesis date were recorded.  Unless otherwise indicated, the floral 

solution used in all experiments was 21 ± 2°C DI water.  After treatment, stems were placed 

at 21 ± 2°C under 20 µmol·m-2·s-1 light for 12 h·d-1 at 40% to 60% relative humidity.  Vase life 

after removal from treatment was measured.  A stem was considered ready to terminate 

when 50% of the florets had either wilted or browned or when the stem bent at greater 
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than a 90° angle.  A completely randomized design was used with 8 to 15 stems per 

treatment; treatments arranged in a factorial where appropriate.  Analysis of variance (SAS 

Institute, Cary, NC) was performed and means separated by Tukey’s Multiple Comparison at 

α = 0.05. 

Preliminary postharvest. Stems were sorted according to degree of openness, recut 

and placed into Floralife Hydraflor 100 at 2 mL·L-1 (Floralife, Walterboro, SC) or DI water for 

4 h.  The stems were then placed in either Floralife Professional at 10 mL·L-1 (Floralife, 

Walterboro, SC), or DI water for 2 d and then transferred into jars of DI water until 

termination. 

Bulb-specific preservatives.  Cut stems of field grown ‘Coral’ were held in DI water 

for 4 h and then held in either Floralife Bulb Flower Food at 10 g·L-1, Floralife Professional at 

10 mL·L-1, or DI water for 2 d.  Stems were then placed in jars of DI water until termination. 

Cold storage duration.  Cut stems of greenhouse grown ‘Coral’ were held in tap 

water for 2 h then held for 0, 1, 2, or 3 weeks at 2 ± 2°C either dry packed in floral boxes 

lined with newspaper or wet in buckets of DI water. The 0 week storage stems were placed 

directly into jars of DI water. At weeks 1, 2, and 3, 7 stems from each of the wet and dry 

treatments were placed in jars of DI water until termination. 
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Commercial preservatives.  Cut stems of field grown ‘Lavender’ were pretreated for 

4 h with one of three solutions:  two commercial hydrating solutions [Chrysal Professional 

Hydrating Solution (Pokon & Chrysal, Miami, FL) at 8 mL·L-1 or Floralife Hydraflor 100 

(Floralife, Walterboro, SC) at 2 mL·L-1] or DI water and placed for 2 d in one of three holding 

solutions: two commercial holding solutions [Chrysal Professional 2 Holding Solution at 10 

mL·L-1 or Floralife Professional at 10 mL·L-1] or DI water.  After the pretreatment stems were 

recut and put into DI water until termination. 

Ethylene sensitivity.  Cut stems of field grown ‘Coral’ were subjected to 0, 0.1 or 1.0 

µL·L-1 ethylene for 16 h.  Stems were then re-cut and placed into DI water until termination. 

Pretreatments and storage.  Three groups of 60 stems each of field grown ‘Coral’ 

were pretreated for 4 h with one of three solutions: Floralife Hydrator at 8 mL∙L-1, Chrysal 

Professional 1 at 2 mL∙L-1, or DI water.  Subsequently, each group of 60 stems were divided 

into four groups of 15 stems and held for 4 d in one of three holding solutions: Floralife 

Professional at 10mL∙L-1, Chrysal Professional 2 at 10 mL∙L-1, or DI water or held dry in floral 

boxes. Stored stems were re-cut and placed into vases filled with DI water.  An unstored, 

untreated control was included. 

Sucrose pulses.  Stems of field grown ‘Coral’ received a 24 hr pulse of 0%, 10%, or 

20% sucrose in DI water plus 7 mg·L-1 Kathon CG (Rohm & Haas, Philadelphia, PA). A DI 
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water control was also included.  After the pulse, stems were re-cut and placed into DI 

water until termination. 

Vase solutions and substrates.  Cut stems of greenhouse grown ‘Coral’ were placed 

in vases with or without floral foam (Instant Deluxe floral foam, Smithers-Oasis Co., 

Cuyahoga Falls, Ohio) and 0%, 2%, or 4% sucrose in floral solution also containing 0 or 7 

mg·L-1 Kathon CG (Rohm & Haas, Philadelphia, PA) until termination. 

Statistical analysis for all postharvest studies was performed using the same 

procedures as above. 

Results 

PRODUCTION 

Year 1.  All cultivars.  ‘Sparkling Burgundy’ had the longest stem length of 61.7 cm, 

‘Lavender’ had the shortest of 40.9 cm (Table 1).  ‘Cream’ and ‘Sparkling Burgundy’ had the 

thickest stem caliper of 15.4 and 15.3 mm, respectively; ‘Lavender’ had the thinnest of 10.2 

mm.  ‘Coral’ and ‘Cream’ produced the most stems per bulb of 1.20 and 1.01, respectively, 

while, ‘Lavender’ and ‘Sparkling Burgundy’ produced the least of 0.61 and 0.57, 

respectively. 

‘Coral’.  Stems in the field at the six-bulb density resulted in the shortest stem length 

of 46.5 cm (Table 2).  Stems in the greenhouse planted at either the six or 12 bulbs per crate 

density had the longest stem lengths of 58.8 and 56.9 cm, respectively.  Stem caliper in the 
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field at both planting densities was significantly less than the caliper of either planting 

density in the greenhouse.  Stem caliper also was reduced from 14.0 to 12.9 mm as the 

planting density increased in the greenhouse.  The number of marketable stems per plant 

was 1.33 (8 stems per crate) when planted with six bulbs per crate and 1.07 (13 stems per 

crate) with 12 bulbs per crate.  Production location had no effect on the number of 

marketable stems (data not presented). 

‘Cream’.  Stems in the field at the six-bulb density resulted in the shortest stem 

length of 36.7 cm (Table 2).  Stems in the greenhouse planted at either the six or 12 bulbs 

per crate density had the longest stem lengths of 53.8 and 53.2 cm, respectively.  Stem 

caliper in the field at both planting densities was significantly less than the caliper of either 

planting density in the greenhouse.  Stem caliper also was reduced from 16.5 mm to 14.8 

mm as the planting density increased in the greenhouse.  Bulbs planted in the greenhouse 

had more marketable stems per plant (1.05) than those planted in the field (0.98).  Planting 

density had no effect on the number of marketable stems (data not presented). 

‘Lavender’.  Stem length was greater in the greenhouse at 44.0 cm than in the field 

at 38.1 cm.  Stem caliper was reduced from 11.1 mm in the 6 bulb density to 9.8 mm in the 

12 bulb density.  Neither planting density nor production location had an effect on the 

number of marketable stems (data not presented). 

‘Sparkling Burgundy’.  Stem length and caliper were greater in the greenhouse (68.6 

cm and 16.4 mm, respectively) than in the field (54.5 cm and 14.5 mm, respectively).  
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Neither planting density nor production location had an effect on the number of marketable 

stems (data not presented). 

Storage of greenhouse-grown bulbs.  ‘Coral.’  The tallest shoots, 19.9 cm (1 Mar.) 

and 25.9 cm (16 Mar.), were from bulbs stored for 47 d outside in the substrate and grown 

at 18°C (Table 3).   This treatment also had the greatest number of shoots emerged per bulb 

of 3.2 on both 1 and 16 Mar.  The second most productive treatments were the bulbs 

stored for 47 d in the substrate in the greenhouse and grown at 18°C with a shoot height of 

14.3 cm (1 Mar.) and 19.8 cm (16 Mar.).  However, these shoot heights were not 

significantly different from bulbs stored for 96 d in the cooler removed from the substrate 

and grown at 18°C on 1 Mar. (13.9 cm).  Shoot height decreased as storage length 

decreased.  None of the bulbs had emerged in the 2°C house on 1 Mar. except for the bulbs 

stored for 80 or 96 d in the cooler removed from the substrate, which had heights of 1.5 

and 1.4 cm, respectively.  By 16 Mar. all treatments had emerged.  The least number of 

shoots per bulb on 16 Mar. of 0.2 was in the treatment stored for 54 d in the cooler 

removed from the substrate, grown at 2°C. 

‘Cream.’  The greatest shoot length and number, 4.0 cm and 0.2 shoots per bulb (1 

Mar.) and 5.3 cm and 1.2 shoots per bulb (16 Mar.), were from bulbs stored for 47 d in the 

cooler in the substrate and grown at 18°C (Table 4).  Only three other treatments had 

emerged shoots on 1 Mar.: 80 d in cooler removed from substrate, grown at 18°C (2.5 cm), 

47 d in greenhouse in substrate, grown at 10°C (1.2 cm), and 47 d outside in substrate, 
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grown at 2°C (3.0 cm).  By 16 Mar. three more treatments had emerged shoots: stored 47 d 

in cooler, removed from substrate, grown at 10°C (1.5 cm), 96 d in cooler, removed from 

substrate, grown at 18°C (1.4 cm), and 54 d in cooler, removed from substrate, grown at 

18°C (1.8 cm). 

‘Lavender.’  On 1 Mar. all treatments in the 18°C production temperature had 

emerged shoots (Table 5).  Bulbs stored for 47 d in the cooler in the substrate, grown at 

18°C had the greatest emergence of 11.8 cm and 1.3 shoots per bulb.  No bulb shoots had 

emerged in the 2°C temperature by 1 Mar.  The greatest number of shoots per bulb was 1.9 

from the bulbs stored for 47 d in the cooler removed from the substrate, grown at 18°C.  By 

16 Mar. all treatments had emerged shoots. 

Year 2.  ‘Coral’.  Bulbs grown at 18°C had a shorter stem length of 50.8 cm compared 

to the 10°C and 2°C treatments which had lengths of 55.6 and 53.9 cm, respectively (Table 

6).  The 2°C production temperature resulted in the thickest stem caliper of 13.5 mm.  The 

10°C and 18°C temperatures both resulted in a 12.1 mm caliper.  Days to flowering was also 

reduced in the 18C production temperature to 176 d from 193 d for the 10°C temperature 

and 199 d for the 2°C temperature.  The number of stems produced from each bulb in the 

18°C temperature was lower (1.4) than the 2°C and 10°C temperatures (1.8 and 1.9, 

respectively).  Temperature had no significant effect on stem marketability (data not 

presented). 
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 Bulbs cooled in a cooler in the substrate for 47 d produced the longest stems at 55.5 

cm (Table 7).  The shortest stem length of 49.2 cm was from the treatment that was cooled 

in a cooler removed from the substrate for 96 d.  The bulbs that were cooled outside in the 

substrate for 47 d produced the thickest stems of 13.6 mm whereas the bulbs uncooled in 

the greenhouse in the substrate for 47 d had the thinnest stems of 11.8 mm.  Days to 

flowering was shortest in the treatment where bulbs were cooled for 96 d removed from 

the substrate (181 d), but this was not significantly different from those stored in the 

greenhouse or outside in the substrate for 47 d (183 and 185 d, respectively).  Days to 

flowering was longest in the treatments stored in the cooler removed from the substrate 

for 47 or 54 d (196 and 195, respectively).  Bulbs stored for 47 d in the cooler removed from 

the substrate produced 2.6 stems per bulb whereas those stored for 47 d in the greenhouse 

produced 1.2 stems per bulb.  Storage treatment had no significant effects on stem 

marketability (data not presented). 

 Bulbs stored for 47 d in the greenhouse in the substrate and grown at 18°C 

produced the shortest stem length of 43.5 cm whereas those stored in the same manner 

but grown at 10°C had the longest stem length of 62.5 cm (Table 8).  The thinnest stem 

caliper of 10.7 mm was also produced by the bulbs stored for 47 d in the greenhouse in the 

substrate and grown at 18°C.  The thickest stem calipers of 14.5 and 14.7 mm were from 

bulbs stored for 47 d in the cooler in the substrate and grown at 2°C and stored for 80 d in 
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the cooler removed from the substrate and grown at 2°C, respectively.  The number of 

marketable stems was lowest for bulbs stored for 47 d in the greenhouse in the substrate 

and grown at 18°C (76%).  Bulbs stored for 96 d in the cooler removed from the substrate 

and grown at 10°C as well as those stored for 47 d outside in the substrate had similar 

marketability of 78% and 79%, respectively.  The highest number of stems per bulb of 2.3 

were produced by bulbs stored for 47 d outside in the substrate and grown at 18°C.  Days to 

flowering was shortest for bulbs stored for 96 d in the cooler removed from the substrate 

and grown at 18°C (162 d).  Days to flowering was longest for bulbs stored for 47 or 54 d in 

the cooler removed from the substrate and grown at 2°C (207 and 205 d, respectively). 

‘Cream’.  The 2°C production temperature significantly reduced stem length to 47.7 

cm from 52.9 cm for 10°C and 52.6 cm for 18°C.  The number of stems produced per bulb 

was greatest in the 10°C temperature (0.9), least in the 18°C temperature (0.5), and 

moderate in the 2°C temperature (0.7).  Days to flower was shortest at the 18°C production 

temperature (201 d) and longest in the 2 and 10°C temperatures (213 and 209 d, 

respectively).  Temperature had no significant effect on stem caliper and marketability (data 

not presented). 

 Bulbs stored for 47 d in the cooler in substrate had a significantly shorter stem 

length than the other treatments of 39.2 cm and the thinnest caliper of 9.4 mm (Table 9).  

Bulbs stored for 54 d in the cooler out of substrate produced the longest stem length of 
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61.1 cm and the thickest caliper of 12.4 mm.  Storage for 47 d in the cooler removed from 

the substrate had the greatest number of stems per bulb of 1.3.  While bulbs stored in the 

greenhouse in the substrate for 47 d produced 0.6 stems per bulb.  The longest time to 

flower of 214 d was from the bulbs stored for 47 d in the greenhouse in the substrate.  The 

shortest time to flower of 198 d was from bulbs stored for 80 d in the cooler removed from 

the substrate.  Bulb storage treatment had no effect on stem marketability (data not 

presented). 

 The lowest number of stems per bulb of 0.1 was produced by the bulbs stored for 96 

d in the cooler removed from the substrate and grown in 2°C production temperature 

(Table 10).  The highest number of stems per bulb of 1.3 was produced by bulbs stored for 

47 d outside in the substrate and grown at 2°C.  The interaction between bulb storage 

treatment and production temperature had no significant effects on stem length, caliper, 

marketability, or days to flower (data not presented). 

‘Lavender’.  The 10°C production temperature produced the longest stem length of 

76.3 cm, while the 2°C and 18°C temperatures produced stem lengths of 64.6 and 59.6 cm.  

Stem marketability declined as temperatures went from 2°C (100%) to 10°C (94%) to 18°C 

(88%).  Days to flower was shortest in the 18°C temperature at 190 d; 10°C at 199 d, and 2°C 

at 208 d.  The number of stems per bulb was also highest in the 2°C production temperature 
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at 0.8.  The 10°C and 18°C declined with 0.7 and 0.6 stems per bulb.  Production 

temperature had no effect on stem caliper (data not presented). 

 Bulbs stored for 80 d in cooler removed from the substrate had the thickest stem 

caliper of 14.8 mm (Table 11).    The thinnest stem caliper of 10.0 mm resulted from being 

stored for 47 d outside in the substrate.  Days to flower was 189 d with bulbs stored for 47 d 

in the cooler in the substrate and 211 d with bulbs stored for 47 d in the greenhouse in the 

substrate.  The greatest number of stems per bulb of 1.1 and 1.0 was produced from the 

bulbs stored for 47 d in the greenhouse or the cooler in the substrate, respectively.  The 

lowest number of stems per bulb of 0.4 was produced in the treatments stored for 96 or 54 

d in the cooler removed from the substrate.  Bulb storage treatment had no significant 

effect on stem length or marketability (data not presented). 

 Stem marketability was lowest at 0% from the bulbs stored for 54 d in the cooler 

removed from the substrate and grown in 10°C production temperature and had the 

earliest flowering time of 171 d (Table 12).  Bulbs stored for 54 d in the cooler removed 

from the substrate and grown at 2°C had the longest flowering time of 212 d.  Bulbs stored 

for 47 d in the cooler in the substrate and grown at 10°C had the highest number of stems 

per bulb of 1.8.  Bulbs stored for 96 and 80 d in the cooler removed from the substrate 

produced no stems.  Bulbs stored for 96 or 80 d in the cooler removed from the substrate 
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did not flower.  The combination of bulb storage treatment and production temperature 

had no significant effects on stem length and caliper (data not presented). 

POSTHARVEST HANDLING 

Preliminary postharvest.  ‘Coral’.  The DI water control had the longest vase life of 

17.9 d.  The use of either hydrator or holding solution resulted in a significantly shorter vase 

life.  ‘Coral’ had the shortest vase life regardless of treatment (Table 13).   Production 

location had no effect on vase life (Table 14). 

‘Cream’.  The control had the longest vase life of 35.4 d.  The use of either 

preservative treatment resulted in a significantly shorter vase life (Table 13).  There was an 

interaction between preservative solutions and production location which results in vase 

life of 51.6 d from greenhouse stems in the control as compared to 17.7 d from field stems 

treated with hydrator and holding solutions (Table 15). 

‘Lavender’.  There was no significant difference in vase life among treatments (Table 

13).  Stems grown in the field had a longer vase life, 37.6 d, than those grown in the 

greenhouse, 15.0 d (Table 14). 

‘Sparkling Burgundy’.  Vase life was significantly shortened to 29.9 d when hydrator 

was used with holding solution compared to the DI water control of 48.5 d.  There was no 

difference between the control and when either hydrator or holding solutions were used 
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alone (Table 13). The use of hydrator reduced the vase life to 36.4 d from 49.4 d without 

hydrator (data not presented).  Stems harvested from the greenhouse had a longer vase 

life, 48.2 d, than those from the field, 37.6 d (Table 14).  ‘Sparkling Burgundy’ had the 

longest vase life compared to the other cultivars regardless of treatment (Table 13). 

Bulb-specific preservative.  Vase life in all three treatments were significantly 

different from one another.  The bulb specific preservative resulted in the shortest vase life 

of 43.8 d, the DI water control had the longest vase life of 66.4 d, and Floralife Professional 

resulted in a vase life of 56.8 d (data not presented).   

Cold storage duration. Stems stored for two and three weeks had a significantly 

reduced vase life of 18.8 and 19.6 d, respectively, compared to the unstored control of 43.0 

d.  The vase life of stems stored for one week (37.7 d) was not significantly different from 

the unstored stems (data not presented).  There was no significant difference in vase life 

whether stems were stored wet, dry or unstored (data not presented). 

Commercial preservatives. There was no significant difference between 

anytreatments.  The average vase life over all treatments was 28.5 d (data not presented). 

Ethylene sensitivity. Ethylene exposure did not affect vase life and the average vase 

life over all treatments was 63.7 d (data not presented). 
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Pretreatments and storage.  There was no significant difference between any 

treatments.  The average vase life over all treatments was 66.3 d (data not presented). 

Sucrose pulses.  Kathon CG had a negative effective on the vase life, reducing it to 

45.6 d from 66.6 d for the DI water control.  A 10% sucrose pulse reduced vase life to 46.9 d 

compared to the 0% sucrose control, 58.9 d, and the 20% sucrose concentration, 62.5 d, 

which were not significantly different (data not presented). 

Vase solutions and substrates.  The DI water control had the longest vase life of 64.3 

d as compared to all the other treatments, whichwere not significantly different from each 

other with a vase life of 11.1 d (data not presented). 

Discussion 

All of the Eucomis cultivars in this study could be grown in either the open field or 

greenhouse and still produce highly marketable stems.  This allows growers the flexibility to 

chose which location best suits their needs.  Growers with limited field space could produce 

a crop in the greenhouse in approximately 2 months when planted in May without a large 

space commitment, while those with field space available for one or several years could 

potentially benefit from the perennial habit of Eucomis.  Stem length was consistently 

longer in the greenhouse than in the field, which may be due to the reduced light intensity 

or air movement from the plastic covering on the greenhouse, but were still marketable.  

Stem caliper was also greater in the greenhouse than the field.  This suggests that it may be 
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beneficial to grow Eucomis in a high tunnel or under a lightly shaded structure.  The extra 

protection early in the season may help to speed flowering.  The 12-bulb per crate density 

would be ideal for greenhouses with limited space availability since more stems per unit 

area could be obtained.  This study found that up to 12 bulbs per lily crate did not severely 

affect stem quality.  Field production may be better served by 6-bulbs per plot spacing to 

facilitate subsequent years’ bulb offsets.  In the field, the higher density increased stem 

length.  This is similar to Z. aethiopica where close planting densities increased stem length 

and did not affect the number of flowers produced (Luria et al., 2005).  However, the effects 

of high density planting remains to be seen as the plants are perennial and production will 

continue for years. 

As seen in this study, the flowering of Eucomis depended greatly on temperature.  

Higher initial production temperatures in the greenhouse caused the bulbs to flower earlier 

than in the field.  Bulbs in the 18°C production temperature emerged faster and flowered 

sooner than those in the cooler temperatures.  Flower initiation in Eucomis is most likely 

caused by a critical temperature, when once reached, halts stem elongation and causes the 

inflorescence to mature.  This would account for the shortened stem length in the warmest 

production temperature (18°C).  Additionally, the shortened stem lengths were not 

significant enough to affect marketability and shorter stems may even be easier to process 

and handle.  While it is beneficial to have cut flowers available early in the season for Easter 
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and Mother’s Day sales, the extra costs associated with heating a greenhouse to speed 

flowering may or may not be worth the benefits of season extension. 

Fast growing cultivars like ‘Coral,’ which had the greatest emergence and the first to 

flower in the field and greenhouse, would be ideal to hasten the time to flowering.  Not 

considering the cultivar and production temperature, bulbs stored in the substrate either 

outside or in the cooler had higher shoot numbers and shoot lengths.   The faster shoot 

growth compared to bulbs removed from the substrate was most likely due to the root 

system remaining intact.  There was also a clear trend in ‘Coral’ emergence in all production 

temperatures resulting in bulbs removed from the substrate, as storage time increased 

shoot height also increased.  Roh et al. (2007) found that the speed of leaf emergence of O. 

thyrsoides can be used to measure the level of dormancy, as well as in L. longiflorum (De 

Hertogh et al., 1971).  Our data suggest that the bulbs harvested first and stored the longest 

(96 d) were the least dormant and that the dormancy decreased as storage length 

increased.  The storage length at which emergence no longer increases should be evaluated 

in order to know when dormancy ceases.   

Eucomis also benefits from a cold period, which may be cumulative.  These 

characteristics would be an added benefit to field production since bulbs do not need to be 

dug (to zone 6) after the production season and would undergo natural vernalization while 

overwintering.  More research should be done on the vernalization requirements of 
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Eucomis bulbs.  Our emergence data seemed to suggest that it may be cumulative because 

for some cultivars bulbs stored for longer periods at warmer temperatures had similar 

emergence to bulbs stored for shorter periods at colder temperatures.  Our flowering data 

has similar trends; for example, ‘Cream’ stored outside (5°C) for 47 d and stored in the 

cooler (13°C) for 96 d flowered at the exact same time.  ‘Lavender’ may require more 

chilling hours than the other cultivars according to its change in stem marketability.  As the 

production temperature decreased the number of marketable stems increased to 100% 

regardless of storage treatment.  This may be due to the 2°C house staying colder for longer 

allowing it to fulfill its chilling requirement better than in warmer houses.  Hippeastrum 

Herb. will not flower if the bulbs were harvested when physiologically immature, not stored 

long enough, improperly stored after harvest, or have a poor root system (De Hertogh, 

1996).  The combination of being removed from the substrate, stored for long lengths of 

time and then grown in high temperatures may not have allowed for sufficient root 

formation and could account for the lack of flowering in the two treatments stored for 96 or 

80 d in the cooler removed from the substrate and grown at 18°C.  Lee and Roh (2001) 

found that high greenhouse forcing temperatures during the summer significantly 

accelerates flowering, resulted in short plants, and increased the number of abnormal 

flowers in Oriental hybrid lilies ‘Acapulco’ and ‘Simplon’ after frozen storage.  More 

research needs to be done to determine the appropriate bulb storage duration and 

temperature for optimal flowering of Eucomis. 
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The longest average vase life observed in any one treatment was 66.6 d from a DI 

water control solution.  For the majority of common cut flower species this length of 

postharvest life is extremely rare.  As the inflorescence aged the color faded slightly to 

green as the seed pods formed and the florets eventually dried and turned brown.  The vase 

life of Eucomis was severely shortened by floral foam and the addition of low sucrose 

concentrations or Kathon CG to the vase solution and resulted in the shortest vase life out 

of all the treatments of 11.1 d.  However, this was still longer than the 7 to 10 d vase life 

that is considered the minimum for a new cultivar.  Floral foam was designed to absorb 

water evenly and hold stems in place for floral designs, but water release depends on the 

density of the foam.  Floral foam might restrict water uptake, as was observed in cut 

poinsettia (Euphorbia pulcherrima Willd. ex Klotzsch) stems (Dole et al., 2004).  Eucomis 

may perform better in floral foam that is not as dense and specifically for fleshy stems.  The 

shortened vase life may have been partially due to inserting the soft stem into the dense 

foam causing damage to the vasculature thereby limiting uptake.  In most cases the stems 

lost turgidity, which is a common sign of water stress.  The negative effects of floral foam 

may also be due to its acidic nature, which Eucomis may be sensitive to.  This sensitivity 

should be researched further.  There are also special techniques that florists can use to 

overcome this problem with floral foam by inserting a long floral pick up the length of the 

stem. 
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While cold storage of cut stems is not optimum, it may be necessary commercially 

and should be limited to no more than 1 week to maintain vase life.  Eucomis would be well 

suited for long term storage (up to three weeks) as long it is properly rehydrated before 

use.  Long term storage often reduces vase life (Sacalis, 1993).  Bulb specific holding 

solutions were not more effective than general holding solutions and shortened vase life 

further.  However, vase life was still highly acceptable at 44 d for stems held in bulb specific 

preservatives. A 20% sucrose pulse had a slightly positive effect on vase life, increasing it by 

2.5 days over the DI water control, while the 10% concentration significantly shortened vase 

life.  Higher sucrose concentration pulses should be investigated.  The commercial 

preservatives study results were consistent with the preliminary postharvest results from 

the previous year in which the ‘Lavender’ cultivar was also unaffected by preservative 

solutions.  The vase life of ‘Coral’ also increased from Year 1 to Year 2.  For example, stems 

from the field lasted 12.7 d in Year 1 and then increased to 66.6 d in Year 2.  This may be 

due an increase in bulb size or root mass.  The combination of various pretreatments and 

cold storage had no effect on vase life as well as ethylene exposure.  The insensitivity of 

Eucomis to ethylene may help to explain why it has such an extensive vase life as ethylene is 

a common cause of senescence in cut flowers.  This quality would make Eucomis and 

excellent cut flower for markets with fruit and other common ethylene producers. 
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The use of any postharvest treatment is not crucial for acceptable vase life and in 

most cases shortened it; therefore, it would not only be best for vase life, but economically, 

not to use any floral preservative.  If Eucomis stems are combined with other species that 

benefit from holding solutions, the Eucomis stems would most likely last as long as the 

other flowers in the vase even with a minimum vase life of 11 d for Eucomis. 

Conclusion 

Successful production of Eucomis can be achieved either in the field or greenhouse 

and may be suitable for unheated high tunnels.  It may be grown as for one seasonin crates 

or as a perennial in the field in suitable climates.  Eucomis offers growers versatility in 

production location and planting density to suit individual needs and still produce salable 

stems.  Eucomis possesses an overall long vase life no matter the postharvest treatment, 

which allows for flexibility when being arranged with other species and cost savings when 

stored alone.  The long postharvest life also translates to potted plant production as the 

inflorescence will also persist for long periods on the plant. 

While there is still research to be done, Eucomis has many positive qualities that 

appeal to growers, wholesalers and consumers.  It is easy and versatile to produce and 

simple to harvest, store and ship.  It has a unique attractive tropical look and an extensive 

vase life that will instill consumer confidence.
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Table 1.  The effect of Eucomis cultivar on stem length, caliper and the number of 
marketable stems produced per bulb.  Means are an average of 40 replications for ‘Coral,’ 
‘Cream,’ and ‘Lavender’ and 8 replications for ‘Sparkling Burgundy.’  Year 1. 

Cultivar Length (cm) Caliper (mm) Stems/ bulb (no.) 

Coral 53.2 bZ 12.7 b 1.20 a 

Cream 53.4 b 15.4 a 1.01 a 

Lavender 40.9 c 10.2 c 0.61 b 

Sparkling Burgundy 61.7 a 15.3 a 0.57 b 

Significance  <0.0001 <0.0001 <0.0001 

Z Means followed by the same letter are not significantly different according to Tukey’s 
Multiple Comparison procedure at α = 0.05.
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Table 2. The effect of production location and planting density on the stem length and caliper of Eucomis ‘Coral’ and ‘Cream.’  
Means are an average of 10 replications.  Year 1. 

  Length (cm) Caliper (mm) 

Location Density (bulbs/ crate) Coral Cream Coral Cream 

Field 6 46.5 cZ 36.7 c 12.13 c 13.79 c 

 12 49.8 b 39.2 b 11.81 c 13.05 c 

Greenhouse 6 58.8 a 53.8 a 14.02 a 16.48 a 

 12 56.9 a 53.2 a 12.99 b 14.81 b 

Significance     

Location (L) <0.0001 <0.0001 <0.0001 <0.0001 

Density (D) NS NS <0.0001 <0.0001 

L*D 0.0004 0.0213 0.0213 0.0386 

ZMeans followed by the same letter are not significantly different according to Tukey’s Multiple Comparison procedure at α = 
0.05. 
NSNonsignificant at P ≤ 0.05. 
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Table 3.  Effect of production temperature and bulb storage treatment on the shoot height and emergence of Eucomis ‘Coral.’  
Once flower production ceased bulbs were stored in one of the following treatments: bulbs lifted and placed into open plastic 
bags in the dark at 13 ± 2°C (cooler) for either 47, 54, 80, or 96 days or bulbs remained in substrate and placed in the dark at 13 ± 
2°C for 47 days, left in greenhouse for 47 days, or stored outside for 47 days.   Shoot emergence and height were recorded on 1 
and 16 Mar. 2010. 

 Storage treatment 1 Mar. 16 Mar. 

Temperature (°C) Removed Days Location 

Shoot height 

(cm) 

Shoots 

emerged/bulb 

(no.) 

Shoot height 

(cm) 

Shoots 

emerged/bulb 

(no.) 

2 Yes 96 Cooler 1.4 dZ 0.7 ij 2.5 ef 1.5 gh 

  80  1.5 d 0.8 hi 2.6 ef 1.0 ij 

  54  0 e 0 k 1.4 f 0.2 l 

  47  0 e 0 k 1.2 f 0.6 k 

 No  GreenhouseX - - - - 

   Cooler 0 e 0 k 2.0 ef 0.8 jk 

   OutsideY 2.5 d 1.7 ef 5.5 ef 1.9 ef 

10 Yes 96 Cooler 4.1 cd 1.0 ghi 5.0 ef 1.2 hi 
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Table 3 (continued) 

  80  2.6 d 1.2 gh 4.0 ef 1.7 fg 

  54  1.6 d 0.3 jk 2.2 ef 1.0 ij 

  47  1.5 d 0.1 k 1.5 f 0.8 jk 

 No  Greenhouse 2.2 d 0.7 ij 4.0 ef 1.7 fg 

   Cooler 2.6 d 1.4 fg 6.9 def 2.4 bc 

   Outside - - - - 

18 Yes 96 Cooler 13.9 b 2.2 cd 18.5 b 2.2 cde 

  80  8.1 c 2.7 b 14.4 bc 2.7 b 

  54  5.8 cd 2.0 de 12.2 cd 2.0 def 

  47  3.7 cd 1.2 ghi 7.8 de 2.4 bcd 

 No  Greenhouse 14.3 b 2.6 bc 19.8 ab 2.5 bc 

   Cooler - - - - 

   Outside 19.9 a 3.2 a 25.9 a 3.2 a 
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Table 3 (continued) 

Significance       <0.0001 <0.0001 <0.0001 <0.0001 

ZMeans followed by the same letter are not significantly different according to Tukey’s Multiple Comparison procedure at α = 
0.05 
Y3 ± 4°C night/ 16 ± 3°C day temperatures, Raleigh, NC from 1 Nov. 2009 to 14 Dec. 2009. 
X18 ± 3°C night/ 24 ± 4°C day temperatures, unheated double layer polyethylene covered greenhouse



83 
 

Table 4.  Effect of production temperature and bulb storage treatment on the shoot height and emergence of Eucomis ‘Cream.’  
Once flower production ceased bulbs were stored in one of the following treatments: bulbs lifted and placed into open plastic 
bags in the dark at 13 ± 2°C (cooler) for either 47, 54, 80, or 96 days or bulbs remained in substrate and placed at 13 ± 2°C for 47 
days, left in greenhouse for 47 days, or stored outside for 47 days.   Shoot emergence and height were recorded on 1 and 16 
Mar. 2010. 

 Storage treatment 1 Mar. 16 Mar. 

Temperature (°C) Removed Days Location 

Shoot height 

(cm) 

Shoots 

emerged/bulb 

(no.) 

Shoot height 

(cm) 

Shoots 

emerged/bulb 

(no.) 

2 Yes 96 Cooler 0 bZ 0.0 d 0 b 0.0 c 

  80  0 b 0.0 d 0 b 0.0 c 

  54  0 b 0.0 d 0 b 0.0 c 

  47  0 b 0.0 d 0 b 0.0 c 

 No  GreenhouseX - - - - 

   Cooler 0 b 0.0 d 0 b 0.0 c 

   OutsideY 3.0 a 0.2 b 3.0 a 0.0 c 

10 Yes 96 Cooler 0 b 0.0 d 0 b 0.0 c 
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Table 4 (continued) 

  80  0 b 0.0 d 0 b 0.0 c 

  54  0 b 0.0 d 0 b 0.0 c 

  47  0 b 0.0 d 1.5 a 0.1 c 

 No  Greenhouse 1.2 ab 0.1 c 1.5 a 0.1 c 

   Cooler - - - - 

   Outside - - - - 

18 Yes 96 Cooler 0 b 0.0 d 1.4 a 0.5 b 

  80  2.5 a 0.5 a 7.1 a 1.2 a 

  54  0 b 0.0 d 1.8 a 0.5 b 

  47  0 b 0.0 d      0 b 0.0 c 

 No  Greenhouse 0 b 0.0 d 0 b 0.0 c 

   Cooler 4.0 a 0.2 b 5.3 a 1.2 a 

   Outside - - - - 
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Table 4 (continued)        

Significance     <0.0001 <0.0001 <0.0001 <0.0001 

ZMeans followed by the same letter are not significantly different according to Tukey’s Multiple Comparison procedure at α = 
0.05 
Y3 ± 4°C night/ 16 ± 3°C day temperatures, Raleigh, NC from 1 Nov. 2009 to 14 Dec. 2009. 
X18 ± 3°C night/ 24 ± 4°C day temperatures, unheated double layer polyethylene covered greenhouse
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Table 5.  Effect of production temperature and bulb storage treatment on the shoot height and emergence of Eucomis 
‘Lavender.’  Once flower production ceased bulbs were stored in one of the following treatments: bulbs lifted and placed into 
open plastic bags in the dark at 13 ± 5°C (cooler) for either 47, 54, 80, or 96 days or bulbs remained in substrate and placed in the 
dark at 13°C for 47 days, left in greenhouse for 47 days, or stored outside for 47 days.  Shoot emergence and height were 
recorded on 1 and 16 Mar. 2010. 

 Storage treatment 1 Mar. 16 Mar. 

Temperature (°C) Removed Days Location 

Shoot height 

(cm) 

Shoots 

emerged/bulb 

(no.) 

Shoot height 

(cm) 

Shoots 

emerged/bulb 

(no.) 

2 Yes 96 Cooler 0 bZ 0.0 a 1.1 a 0.5 efgh 

  80  0 b 0.0 a 0.5 a 0.2 gh 

  54  0 b 0.0 a 1.2 a 0.1 h 

  47  0 b 0.0 a 1.0 a 0.1 h 

 No  GreenhouseX 0 b 0.0 a 1.3 a 0.1 h 

   Cooler - - - - 

   OutsideY - - - - 

10 Yes 96 Cooler 0 b 0.0 a 5.5 a 0.2 gh 
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Table 5 (continued) 

  80  2.3 a 0.3 a 4.5 a 1.0 bcde 

  54  0 b 0.0 a 1.5 a 0.2 gh 

  47  0 b 0.0 a 1.5 a 0.4 fgh 

 No  Greenhouse - - - - 

   Cooler 2.8 a 0.7 a 5.3 a 1.3 abc 

   Outside 3.8 a 0.8 a 6.8 a 1.2 bcd 

18 Yes 96 Cooler 10.7 a 1.2 a 12.8 a 1.2 bcd 

  80  11.2 a 1.2 a 15.3 a 1.2 bcd 

  54  4.3 a 0.5 a 13.6 a 0.7 defg 

  47  4.9 a 1.1 a 9.6 a 1.9 a 

 No  Greenhouse - - - - 

   Cooler 11.8 a 1.3 a 15.3 a 1.5 ab 

   Outside 6.1 a 0.7 a 12.5 a 0.8 cdef 
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Table 5 (continued)        

Significance     0.0023 <0.0001 <0.0001 <0.0001 

ZMeans followed by the same letter are not significantly different according to Tukey’s Multiple Comparison procedure at α = 
0.05 
Y3 ± 4°C night/ 16 ± 3°C day temperatures, Raleigh, NC from 1 Nov. 2009 to 14 Dec. 2009. 
X18 ± 3°C night/ 24 ± 4°C day temperatures, unheated double layer polyethylene covered greenhouse
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Table 6.  The effect of production temperature after storage on stem length, caliper, days to 
flower, and number of stems per bulb of Eucomis ‘Coral.’   

Temperature (°C) Length (cm) Caliper (mm) Days to flower Stems/ bulb (no.) 

2 53.9 aZ 13.5 a 199 a 1.8 a 

10 55.6 a 12.1 b 193 b 1.9 a 

18 50.8 b 12.1 b 176 c 1.4 b 

Significance <0.0001 <0.0001 <0.0001 0.0002 

zMeans followed by the same letter are not significantly different according to Tukey’s 
Multiple Comparison procedure at α = 0.05.
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Table 7.  The effect of bulb storage treatments on stem length, caliper, days to flower, and 
number of stems per bulb of Eucomis ‘Coral.’  Once flower production ceased bulbs were 
stored in one of the following treatments: bulbs lifted and placed into open plastic bags in 
the dark at 13 ± 2°C (cooler) for either 47, 54, 80, or 96 days or bulbs remained in substrate 
and placed in the dark at 13 ± 2°C for 47 days, left in greenhouse for 47 days, or stored 
outside for 47 days. 

Storage treatment Length 

(cm) 

Caliper 

(mm) 

Days to 

flower 

Stems/ bulb 

(no.) Removed Days Location 

Yes 96 Cooler 49.2 cZ 12.7 abc 181 c 1.8 b 

 80  53.7 abc 12.8 abc 183 bc 1.7 b 

 54  53.9 abc 12.6 abc 195 a 2.2 ab 

 47  55.0 ab 12.0 bc 196 a 2.6 a 

No  Greenhouse 49.6 bc 11.8 c 183 c 1.2 c 

  Cooler 55.5 a 13.3 ab 191 ab 1.8 b 

  Outside 52.8 abc 13.6 a 185 bc 1.7 b 

Significance     0.0014 0.0059 <0.0001 <0.0001 

ZMeans followed by the same letter are not significantly different according to Tukey’s 
Multiple Comparison procedure at α = 0.05. 
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Table 8.  Effect of production temperature and bulb storage treatment of Eucomis ‘Coral’ on stem length, caliper, number of 
stems per bulb, days to flower, and stem marketability.  Once flower production ceased bulbs were stored in one of the 
following treatments: bulbs lifted and placed into open plastic bags in the dark at 13 ± 5°C (cooler) for either 47, 54, 80, or 96 
days or bulbs remained in substrate and placed in the dark at 13°C for 47 days, left in greenhouse for 47 days, or stored outside 
for 47 days.   

Storage treatment Length 
(cm) 

Caliper 
(mm) 

Stems/ bulb 
(no.) 

Days to 
flower 

Marketability 
(%) Temperature (°C) Removed Days Location 

2 
Yes 96 Cooler 46.1 efZ 13.5 abcd 1.4 efg 195 cd 100 a 

  80  53.4 bcde 14.7 a 0.8 i 193 cd 86 a 

  54  55.9 abcd 12.7 abcde 1.8 cd 205 ab 100 a 

  47  55.8 abcd 12.9 abcde 1.8 cde 207 a 93 a 

 No  Greenhouse - - - - - 

   Cooler 48.6 def 14.5 ab 1.6 def 195 cd 79 a 

   Outside 57.8 abc 13.9 abc 2.0 abc 196 cd 92 a 

10 Yes 96 Cooler 52.0 bcdef 11.3 de 1.0 hi 180 f 78 a 

  80  58.2 abc 12.5 abcde 1.1 ghi 190 de 100 a 

  54  57.8 abc 12.5 abcde 1.2 gh 196 cd 100 a 
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Table 8 (continued) 

  47  52.3 bcdef 11.5 cde 1.9 bcd 198 bc 100 a 

 No  Greenhouse 62.5 a 14.3 ab 1.1 ghi 190 cde 100 a 

   Cooler 59.2 ab 12.7 abcde 2.2 ab 189 de 100 a 

   Outside - - - - - 

18 Yes 96 Cooler 50.8 bcdef 13.2 abcde 1.0 hi 162 i 100 a 

  80  50.2 cdef 12.2 abcde 1.3 fgh 171 gh 100 a 

  54  46.7 ef 12.6 abcde 1.1 ghi 177 fg 100 a 

  47  58.3 abc 11.9 bcde 1.4 efg  184 ef 100 a 

 No  Greenhouse 43.5 f 10.7 e 1.4 efg 179 f 76 a 

   Cooler - - - - - 

   Outside 44.2 f 13.2 abcde 2.3 a 166 hi 93 a 

Significance       <0.0001 0.0004 <0.0001 0.0005 0.0051 

ZMeans followed by the same letter are not significantly different according to Tukey’s Multiple Comparison procedure at α = 
0.05
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Table 9.  The effect of bulb storage treatment of Eucomis ‘Cream’ on the stem length, caliper, number of stems per bulb, and 
days to flower.  Once flower production ceased bulbs were stored in one of the following treatments: bulbs lifted and placed into 
open plastic bags in the dark at 13 ± 5°C (cooler) for either 47, 54, 80, or 96 days or bulbs remained in substrate and placed in the 
dark at 13°C for 47 days, left in greenhouse for 47 days, or stored outside for 47 days. 

Storage treatment 
Length 

(cm) 
Caliper 
(mm) 

Stems/ bulb 
(no.) 

Days to 
flower Removed 

Days Location 

Yes 96 Cooler 53.5 abZ 10.1 b 0.8 ab 209 ab 

 80  48.0 bc 11.5 ab 0.7 ab 198 b 

 54  61.1 a 12.4 a 0.8 ab 204 ab 

 47  50.3 b 10.7 ab 1.3 a 211 a 

No  Greenhouse 56.5 ab 10.5 ab 0.6 bc 214 a 

  Cooler 39.2 c 9.4 b 0.8 ab 209 ab 

  Outside 51.8 ab 9.9 b 0.9 ab 209 ab 

Significance     <0.0001 0.0007 <0.0001 0.0015 

ZMeans followed by the same letter are not significantly different according to Tukey’s Multiple Comparison procedure at α = 
0.05. 
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Table 10.  The effect of bulb storage treatment and production temperature of Eucomis ‘Cream’ on number of stems per bulb.  
Once flower production ceased bulbs were stored in one of the following treatments: bulbs lifted and placed into open plastic 
bags in the dark at 13 ± 5°C (cooler) for either 47, 54, 80, or 96 days or bulbs remained in substrate and placed in the dark at 
13°C for 47 days, left in greenhouse for 47 days, or stored outside for 47 days. 

Storage treatment  

Temperature (°C) Removed Days Location Stems/ bulb (no.) 

2 Yes 96 Cooler 0.1 fZ 

  80  0.3 ef 

  54  0.7 cd 

  47  0.7 bcd 

 No  Greenhouse - 

   Cooler 0.8 bc 

   Outside 1.3 a 

10 Yes 96 Cooler 0.6 cde 

  80  0.6 cde 

  54  0.3 def 
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Table 10 (continued) 

  47  1.1 ab 

 No  Greenhouse 0.6 cde 

   Cooler - 

   Outside 0.8 bc 

18 Yes 96 Cooler 0.6 cde 

  80  0.4 cdef 

  54  0.4 cdef 

  47  0.6 cde 

 No  Greenhouse 0.5 cdef 

   Cooler 0.8 bc 

   Outside - 

Significance       <0.0001 

ZMeans followed by the same letter are not significantly different according to Tukey’s Multiple Comparison procedure at α = 
0.05 
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Table 11.  The effect of bulb storage on stem caliper, days to flowering, and number of stems per bulb of Eucomis ‘Lavender.’  

Once flower production ceased bulbs were stored in one of the following treatments: bulbs lifted and placed into open plastic 

bags in the dark at 13 ± 5°C (cooler) for either 47, 54, 80, or 96 days or bulbs remained in substrate and placed in the dark at 

13°C for 47 days, left in greenhouse for 47 days, or stored outside for 47 days. 

Storage treatment    

Removed Days Location Caliper (mm) Days to flower Stems/ bulb (no.) 

Yes 96 Cooler 11.9 abZ 201 ab 0.6 c 

 80  14.8 a 199 ab 0.7 bc 

 54  12.1 ab 204 a 0.6 c 

 47  12.9 ab 202 ab 0.9 ab 

No  Greenhouse 13.3 ab 211 a 1.1 a 

  Cooler 12.5 ab 189 b 1.0 a 

  Outside 10.0 b 203 a 0.8 ab 

Significance     0.0056 <0.0001 <0.0001 

ZMeans followed by the same letter are not significantly different according to Tukey’s Multiple Comparison procedure at α = 
0.05. 
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Table 12.  The effect of bulb storage treatment and production temperature on number of stems per bulb of Eucomis ‘Lavender.’  
Once flower production ceased bulbs were stored in one of the following treatments: bulbs lifted and placed into open plastic 
bags in the dark at 13 ± 5°C (cooler) for either 47, 54, 80, or 96 days or bulbs remained in substrate and placed in the dark at 
13°C for 47 days, left in greenhouse for 47 days, or stored outside for 47 days. 

Temperature (°C) 

Storage treatment 

Marketability (%) Days to flower Stems/ bulb (no.) Removed Days Location 

2 Yes 96 Cooler 100 aZ 199 abcd 0.2 f 

  80  100 a 205 abc 0.6 cde 

  54  100 a 212 a 0.4 def 

  47  100 a 207 ab 0.8 bc 

 No  Greenhouse 100 a 211 a 0.9 b 

   Cooler - - - 

   Outside - - - 

10 Yes 96 Cooler 75 a 202 abc 0.4 def 

  80  67 a 190 bcde 0.3 ef 

  54  100 a 205 abc 0.3 ef 
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Table 12 (continued) 

  47  100 a 207 ab 0.3 ef 

 No  Greenhouse - - - 

   Cooler 100 a 193 abcd 1.8 a 

   Outside 100 a 203 abc 0.8 bc 

18 Yes 96 Cooler 0 b 0 f 0.0 g 

  80  0 b 0 f 0.0 g 

  54  0 b 171 e 0.1 f 

  47  100 a 186 cde 0.3 ef 

 No  Greenhouse - - - 

   Cooler 100 a 182 de 0.4 def 

   Outside 75 a 204 abc 0.7 bcd 

Significance       <0.0001 0.0014 <0.0001 

ZMeans followed by the same letter are not significantly different according to Tukey’s Multiple Comparison procedure at α = 
0.05
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Table 13. The effect of preservatives on the vase life of Eucomis ‘Coral,’ Cream,’ ‘Lavender,’ and ‘Sparkling Burgundy’.  Stems 
were placed into Floralife Hydraflor 100 or DI water for four hours followed by either Floralife Professional or DI water for two 
days.  Stems were then placed into vases of DI water until termination.   

  Vase life (d) 

Hydrator Holding CoralY Cream Lavender Sparkling Burgundy 

Water Water 17.9 aZ 35.4 a 23.2 a 48.5 ab 

 Professional 9.8 b 23.4 b 21.5 a 50.3 a 

Hydraflor 100 Water 9.4 b 22.7 b 21.6 a 43.0 ab 

 Professional 6.3 b 17.1 b 15.9 a 29.9 b 

Significance      

Hydrator (Y)  0.0071 0.0001 NS 0.0155 

Holding (O)  0.0032 <0.0001 NS NS 

Y*O  NS 0.0438 NS NS 

ZMeans for one cultivar followed by the same letter are not significantly different according to Tukey’s Multiple Comparison 
procedure at α = 0.05. 
YCultivars are significantly different from one another, P ≤ 0.0001 
NSNonsignificant at P ≤ 0.05. 
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Table 14.  The effect of production location on vase life of Eucomis ‘Coral,’ Cream,’ 
‘Lavender,’ and ‘Sparkling Burgundy’.  Stems were placed into Floralife Hydraflor 100 or DI 
water for four hours followed by either Floralife Professional or DI water for two days.  
Stems were then placed into vases of DI water until termination. 

 Vase life (d) 

Location CoralZ Cream Lavender 

Sparkling 

Burgundy 

Field 12.7 22.9 37.6 37.6 

Greenhouse 9.6 28.2 15.0 48.2 

Significance NS NS <0.0001 0.0443 

ZCultivars are significantly different from one another according to Tukey’s Multiple 
Comparison at α = 0.05, P ≤ 0.0001 
NSNonsignificant at P ≤ 0.05.
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Table 15.  The effect of preservatives and production location on the vase life of Eucomis 
‘Cream.’  Stems were placed into Floralife Hydraflor 100 or DI water for four hours followed 
by either Floralife Professional or DI water for two days.  Stems were then placed into vases 
of DI water until termination. 

Hydrator Holding Location Vase life (days) 

Water Water Field  27.3 bZ 

    Greenhouse 51.6 a 

  Professional Field 25.6 b 

    Greenhouse   19.0 bc 

Hydraflor 100 Water Field   21.0 bc 

    Greenhouse 26.0 b 

  Professional Field 17.7 c 

    Greenhouse 16.0 c 

Significance    

Hydrator (Y)     0.0001 

Holding (O)   <0.0001 

Location (L)     0.0438 

Y*O    0.0438 

Y*L  NS 

O*L    0.0005 

Y*O*L     0.0209 

ZMeans followed by the same letter are not significantly different according to Tukey’s 
Multiple Comparison procedure at α = 0.05 
NSNonsignificant at P ≤ 0.05. 



102 
 

Determining Optimum pH and EC Levels for Extended Vase Life of Cut Dendranthema, 

Dianthus, Helianthus, and Zinnia 

Alicain S. Carlson1 and John M. Dole 

Department of Horticultural Science, North Carolina State University, Raleigh, NC 27695 

 

 

 

 

 

 

 

 

Received for publication _________.  Accepted for publication _________.  We gratefully 

acknowledge funding and plant material from Dole Fresh Flowers and support from the 

floriculture research technicians, Ingram McCall and Diane Mays, as well as graduate 

students Emma Locke, Erin Regan, Michelle McElhannon, and Qianni Dong. 

1Graduate Research Assistant 



103 
 

Abstract 

Water quality can have a significant impact on the vase life of cut flowers.  The 

impact of water quality on the vase life and various postharvest characteristics of 

Dendranthema, Dianthus, Helianthus, and Zinnia were investigated  Overall, 

Dendranthemum and Dianthus cut stems reacted similarly in that increasing pH and 

electrical conductivity (EC) decreased vase life from the treatment which yielded the longest 

vase life.  Cut Zinnia stems were not influenced by solution pH, but as EC increased from 

0.00 to 4.00 dS·m-1 vase life of Zinnia decreased from 10.6 to 6.8 d.  Helianthus vase life was 

not affected by EC, but increasing pH decreased vase life.  The use of holding solution 

reduced the effects of high EC.  For Dendranthemum vase life was 24.6 d when held in 

preservative at an EC of 2.50 dS·m-1, while without preservative at the same EC it was 

reduced to 17.4 d.  The use of buffers reduced vase life of Dianthus from 24.4 d for the non-

buffered control to 19.9 d for the citrate buffered solutions. Helianthus had an increase in 

vase life of 1.1 d when held in acidic solutions compared to basic solutions.  Each species 

had unique reactions to the pH and EC treatments, but the general effects of holding 

solutions and high EC were consistent.  Producers or wholesalers that have a water supply 

that is particularly high in soluble salts can use a holding solution to overcome the negative 

effects.  Water supplies that are naturally more basic should also be amended with a 

holding solution or compounds like citric acid to acidify them. 
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Introduction 

Water quality can have a significant impact on the vase life of cut flowers.  Increased 

water uptake through a stem is commonly correlated with an increase in vase life.  Many 

factors affect water uptake, including: temperature, transpiration rates, microbial 

populations, sucrose levels, pH and electrical conductivity (EC).  It is usually most beneficial 

to use distilled or deionized (DI) water for cut flowers because DI water dissolves floral 

preservatives more thoroughly than tap water due to its lack of ions.  Tap water might react 

with chemicals in the preservative and cause them to precipitate out (Nowak et al., 1990).  

Air bubbles in the water can cause embolisms in the stems which may slow or block water 

movement up the stem.  Filtration through Millipore filters using a vacuum pump removes 

air bubbles from water; however, this is expensive and inconvenient for growers and florists 

(Durkin, 1979). 

pH.  Cut flowers are usually placed in tap water.  Depending on its source, tap water 

can contain various chemical compounds, organic matter, and microorganisms and may 

vary in pH.  Low pH slows bacterial growth and improves stem water uptake.  Citric acid is 

usually added to the water to lower pH (Nowak et al., 1990).  Conrado et al. (1980) found 

that solution uptake increased with Rosa L. × hybrida ‘Cara Mia’ at a low pH (below 3) 

whereas, high pH (above 6) decreased uptake.  Maximum vase life was achieved with a pH 

of 5.  Durkin (1979) also found that acidifying solutions enhanced hydration rates of rose 
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peduncle tissue.  Regan and Dole (2010) found that optimal vase life for cut ‘Freedom,’ 

‘Charlotte,’ and ‘Classy’ roses resulted from a low pH of 3.5 to 4.0.  The solution pH had no 

effect on flower opening of Rosa ‘Osiana’ and ‘Madame Delbard’ and Gypsophila L., but did 

have an effect on flower opening of Rosa ‘Aalsmeer Gold’ (D’Hont et al., 1995).  Acidifying 

solutions with citric acid may have unwanted effects on other components of the solution, 

such as: destabilization of chlorine, loss of aluminum sulfate action, and silver ions of STS 

may precipitate out (D’Hont et al., 1995).  Stevens et al. (1993) recommends that newly 

harvested sunflower stems be placed in commercial floral preservative or water acidified by 

citric acid to a pH of 3.5.  Although a low pH improves water uptake and increases fresh 

weight, this does not always result in better flowering opening (D’Hont et al., 1995). 

Electrical conductivity (EC).  Electrical conductivity estimates the amount of total 

dissolved salts/solids (TDS), or the total amount of dissolved ions (salinity) in the water.  

Many studies have focused on the effects of EC associated with crop production; however 

little information is available on postharvest EC problems with cut flowers.  Frequently, 

flower producers, wholesalers, retailers, and consumers use highly mineralized water for 

holding cut flowers (Waters, 1966).  Hard water containing calcium and magnesium is less 

harmful to vase life than softer water that contains a higher concentration of sodium; a low 

EC reduces interference with water uptake and marginal necrosis of leaves and petals (Gast, 

2000).  High water EC reduced the effectiveness that preservatives have in lowering the pH 



106 
 

of the vase solution (Gast, 2000).  EC affects the vase life of flowers depending on the 

concentration and flower species.  For example, gladiolus vase life starts to decrease at 0.7 

g·L-1, whereas, roses and carnations are harmed at 0.2 g·L-1 (Gast, 2000).  Water high in EC 

may also harm leaves and stems.  Regan and Dole (2010) found that optimal vase life for cut 

‘Freedom,’ ‘Charlotte,’ and ‘Classy’ roses resulted from an EC of 1.0 dS∙m-1.   

The objectives of these studies were to evaluate the effect of vase solution pH and 

EC on vase life, incidence of termination criteria, water uptake, change in fresh weight, and 

change in vase solution pH and EC in Dendranthema L. ‘Naru Lavender,’ Dianthus L. 

‘Burgundy Sangria,’ Helianthus L. ‘Sunbright,’ and Zinnia L. ‘Scarlet.’ 

Materials and methods 

pH.  Cut stems of Dendranthema and Dianthus were received from commercial 

flower producers (Colombia, South America) and cut Helianthus and Zinnia stems were 

harvested from field beds planted on 8 May 2009 in Raleigh, NC in 1.22 x 30.48 m, loamy 

clay soil beds.  Upon arrival or after harvest the stems were re-cut and placed into tap 

water.  Stems were sorted into thirteen groups of 15 stems, according to either stem caliper 

(Helianthus), flower size (Zinnia), openness (Dianthus), or number of florets per stem 

(Dendranthema).  Stems were cut to 45 cm, labeled, and placed into treatments.  Stems 

were held in distilled water amended with one of the following buffers: 1) sodium citrate 2-

hydrate (citrate) at 0.377 g·L-1, 2) bis-tris propane (bis-tris) at 0.361 g·L-1, 3) sodium 
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phosphate (phosphate) at 0.367 g·L-1.  Each buffer solution was amended as needed to 

produce an acidic, neutral or basic pH.  The acidic solutions were created by adding 3.3, 3.0, 

2.7, or 0.6 mL·L-1 of 1M hydrochloric acid (HCl) to citrate, phosphate, and bis-tris buffered 

solutions or distilled water, respectively, to create a target pH of 3.2.  Neutral solutions 

were created by adding 0.3, 1.7, 1.7, or 0.3 mL·L-1 of HCl to citrate, phosphate, and bis-tris 

buffered solutions or distilled water, respectively, to create a target pH of 6.5.  The basic 

solutions were created by adding 0, 0.2, 1.0, or 0.5 mL·L-1 of 0.3M sodium hydroxide (NaOH) 

to citrate, phosphate, and bis-tris buffered solutions or distilled water, respectively, to 

create a target pH of 8.2.  Distilled water (pH 5.3, 0.00 dS∙m-1) control was also included.  

Each treatment had five replications of three stems per vase.  Vases were arranged in a 

completely randomized design and placed in a postharvest environment at 21 ± 2 °C under 

approximately 20 mol·m-2·s-1 light for 12 h·d-1.  One stem in each vase was weighed for 

initial fresh weight.  Data collected included vase life, initial fresh weight, termination fresh 

and dry weight, water uptake, final solution pH and EC, and reasons for termination. 

Reasons for termination included petal wilt, petal rolling, petal darkening, botrytis, necrotic 

petal, petal blueing, bent neck, petal fading, necrotic leaves, brown stem, petal drop, or 

powdery mildew appearance, were recorded as either present or not present.  Data were 

analyzed using analysis of variance (SAS Institute, Cary, NC) and means were separated 

using Tukey’s multiple comparison procedure at P ≤ 0.05. 
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Electrical conductivity.  Cut stems of Dendranthema, Dianthus, Helianthus, and 

Zinnia stems were handled as indicated above prior to being placed in solutions of varying 

EC.  Sodium chloride (NaCl) was added to distilled water to create an EC of 0.25 (0.119 g·L-1), 

0.50 (0.265 g·L-1), 0.75 (0.369 g·L-1), 1.00 (0.497 g·L-1), 2.00 (1.033 g·L-1), 2.50 (1.294 g·L-1), 

3.00 (1.601 g·L-1), or 4.00 (2.163 g·L-1) dS·m-1.  NaCl was also added to distilled water plus a 

holding preservative at 10 mL·L-1 (pH 3.7, EC 0.40 dS·m-1, Floralife Professional, Floralife, 

Walterboro, SC) to create an EC of 0.50 (0.064 g·L-1), 0.75 (0.186 g·L-1), 1.00 (0.318 g·L-1), 

2.00 (0.850 g·L-1), 2.50 (1.176 g·L-1), 3.00 (1.459 g·L-1), or 4.00 (2.082 g·L-1) dS·m-1.  An EC 

treatment of 0.25 dS·m-1 was not included due to the initial EC of the holding solution being 

0.41 dS·m-1. Distilled water (pH 5.3, EC 0.00 dS∙m-1) and distilled water plus holding 

preservative (pH 3.6, EC 0.41 dS∙m-1) controls were included.  Each treatment had five 

replications of three stems per vase.  Postharvest environment, data collected, and 

statistical analysis were handled as indicated above; trend analysis was also conducted (SAS 

Institute, Cary, NC). 

Results  

 Dendranthema pH.  Acidic solutions had the greatest solution uptake of 94 mL per 

stem and a significantly higher vase life (14.6 d) compared to the unaltered solution 

(distilled water) which had the shortest vase life of 6.1 d (Table 1).  Neutral and basic 

solutions were not significantly different with vase lives of 10.9 and 9.8 d, respectively.  
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Vase solution pH had no effect on fresh weight.  Acidic solutions also had the highest 

incidence of stem necrosis (37%) and necrotic leaves 62%).  Distilled water had a low 

incidence of bent neck (0%), necrotic petals (6%), stem browning (0%), or necrotic leaves 

(0%).  The pH of the basic solutions changed the most by becoming more acidic by 1.38 pH 

units.  Neutral and basic solutions increased in EC by 0.09 and 0.07 dS·m-1, respectively, 

which was more than change in unaltered and acidic treatments of 0.00 and 0.03 dS·m-1, 

respectively.   

   Phosphate solutions had the longest vase life of 15.9 d where as non-buffered and 

citrate solutions had the lowest vase lives of 8.3 and 7.6 d, respectively (Table 1).  Solution 

buffered with phosphate had a greater decrease in fresh weight of 14.8 g as compared to 

bis-tris and citrate with a loss of 11.6 and 10.6 g, respectively.  Buffer had no effect on water 

uptake.  Stems in phosphate and bis-tris buffered solutions both resulted in the highest 

incidence of all termination criteria.  Regardless of the buffer used the pH became more 

basic as opposed to the non-buffered solutions that became more acidic.  The phosphate 

buffered solutions had the greatest increase in EC (0.19 dS·m-1). 

 pH and buffer solution interacted such that a acidic solution buffered with 

phosphate resulted in the longest vase life of 18.2 d, while an acidic solution buffered with 

citrate had a lower vase life of 11.1 d (Table 1).  Neutral treatments with the longest vase 

lives were buffered with phosphate and bis-tris (16.6 and 15.7 d, respectively).  The lowest 
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vase lives of 6.1 d resulted from non-buffered solutions with neutral or basic pH and the 

distilled water control.  Solution uptake was greatest in the non-buffered acidic treatment 

of 103 mL per stem and lowest in the non-buffered basic solution of 67 mL per stem.  The 

only treatment to have 100% incidence of necrotic leaves was acidic buffered with 

phosphate.  Incidence of stem browning was highest in bis-tris or phosphate buffered acidic 

solutions (60% and 53%, respectively).  The largest increase in pH of 1.59 was in the 

phosphate buffered acidic solutions.  The largest decrease in pH of 2.33 was in the non-

buffered basic solutions. 

Dendranthema EC.  Vase life was 22.5 d in solutions with preservative and 16.2 d for 

those without (Table 2).  Stems in solutions without preservative had a significant decrease 

in fresh weight of 11.67 g as compared to those with preservative decreased by 5.59 g.  

Uptake was also greater for stems in a holding solution (62 mL) than those without (58 mL).  

Petal blueing and fading were observed significantly more in stems in a preservative 

solution (94% and 91%, respectively) than those without (0% and 2%, respectively).  

Solutions with preservative became more acidic by 0.15 and those without became more 

basic by 0.89 units.  Solutions with preservative had a greater change in EC (0.76 dS·m-1) and 

change in pH (-0.15 pH units) than solutions without (0.63 dS·m-1, 0.89 pH units).   

Vase life was greatest in the 0.41 dS·m-1 solution of 24.5 d (Table 2).  Vase lives of 

solutions with an EC 0.50 dS·m-1 and above were not significantly different.  EC’s of 0.25 



111 
 

dS·m-1 and 2.50 dS·m-1 had a large reduction in fresh weight of 10.52 and 10.59 g, 

respectively, while 0.75 dS·m-1 EC solution decreased by 6.88 g.  Solution EC had no effect 

on uptake.  Incidence of bent neck was highest in the 0.41 dS·m-1 EC solution at 93% and 

lowest in the 0.25 dS·m-1 EC solution at 23%.  Necrotic petals occurred more in the 2.00 

dS·m-1 EC solution (83%) than in the 0.00 dS·m-1 EC solution (17%).  Solutions with an EC 

greater than 0.75 dS·m-1 had the largest change in EC.  The greatest change in pH was in 

solutions with an EC of 0.00 dS·m-1 and 0.25 dS·m-1.   

The treatments with the highest vase lives of 25.9 and 25.7 d were with preservative 

and an EC of 0.75 or 1.00 dS·m-1, respectively (Table 2).  Among the EC treatments that did 

not have preservative the longest vase life was 19.3 d at a 2.00 dS·m-1 EC.  Regardless of the 

use of preservative, increasing EC curvilinearly increased vase life up to the optimum and 

then reduced vase life.  There was no significant difference between all treatments for 

change in water uptake, and incidence of petal wilt, petal blueing, and necrotic leaves.  

Stems in solutions without preservative and an EC of 4.00 dS·m-1 had the greatest reduction 

in fresh weight of 14.72 g compared to solutions with holding solution and an EC of 0.75 

dS·m-1 reduced by 4.20 g.  The greatest change in pH was an increase of 1.22 in solutions 

without preservative and an EC of 3.00 dS·m-1.  The greatest decrease in pH of 0.25 units 

was seen in solutions with preservative and an EC of 4.00 dS·m-1. 
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 Dianthus pH.   Distilled water had the longest vase life of 25.9 d compared to 22.9, 

21.3, and 20.5 d for acidic, neutral, and basic solutions, respectively, (main effects, Table 3).  

Acidic solutions had the least reduction in pH of 1.42 g compared to 3.29 g for neutral 

solutions.  Solution uptake was greatest in the distilled water control of 48 mL per stem, 

while neutral and basic solutions were 44 mL.  Solution pH did not have a clear effect on the 

incidence of termination symptoms.  Basic and neutral solutions became more acidic, 

changing by 1.24 and 0.14 units, respectively.  Distilled water and acidic solutions became 

more basic, changing by 0.31 and 0.88 units, respectively.  Distilled water only changed in 

EC by 0.01 dS·m-1 whereas the altered solutions all increased by about 0.17 dS·m-1. 

 Non-buffered solutions had the longest vase life of 24.4 d (main effects, Table 3).  

Vase life was reduced to 19.9 d when a citrate buffer was used.  Incidence of petal wilt was 

greatest in bis-tris buffered solutions of 92%.  The non-buffered solutions had the lowest 

incidence of petal wilt of 70%.  There was no significant difference in necrotic 

petalsbetween the three buffers and the non-buffered solutions.  Non-buffered solution 

became more acidic by 0.83 units as opposed to buffered solutions that became more basic.  

Citrate buffered solutions had the largest change in pH of 1.19 and bis-tris had the smallest 

change of 0.12.  Phosphate buffered solutions had the largest increase in EC of 0.29 dS·m-1 

and non-buffered solutions did not change in EC.  Buffer did not have an effect on fresh 

weight or water uptake.   



113 
 

 Distilled water resulted in the longest vase life of 25.9 d compared to the citrate 

buffered neutral solution with the shortest vase life of 16.7 d (Table 3).  Phosphate buffered 

neutral solutions had the greatest reduction in fresh weight of 3.98 g, whereas non-

buffered acidic solutions were only reduced by 0.98 g.  The citrate buffered acidic solution 

had the greatest increase in pH of 2.07, while the non-buffered basic solution had the 

greatest decrease in pH of 2.83 units.  There was no significant difference in uptake or 

incidence of petal wilt between all treatments.   

 Dianthus EC.  Treatments with preservative had greater vase life (31.4 d), a smaller 

loss in fresh weight (0.73 g), lower percentage of stems with petal wilt (21%), higher 

percentage of petal blueing (33%), a greater increase in EC (1.32 dS·m-1), and reduction in 

pH (0.26 units), than solutions without preservative (27.3 d, -2.87 g, 69% and 4%, 1.06 dS·m-

1, 0.68 pH units respectively) (Table 4).  There was no difference in water uptake whether a 

preservative was used or not. 

 The distilled water control (EC 0.00 dS·m-1) had a longest vase life of 35.0 d over all 

EC treatments (Table 4).  The highest EC (4.00 dS·m-1) had the lowest vase life of 25.1 d.  In 

general, an EC of less than 0.75 dS·m-1 resulted in greater vase lives than those greater than 

0.75 dS·m-1.  The EC of 0.41 dS·m-1 had the largest change in fresh weight of all the EC 

treatments of -3.26 g.  The 2.00 dS·m-1 treatment had the smallest loss in fresh weight of 

0.77 g.  Solutions with an EC of 0.00 dS·m-1 and 2.50 dS·m-1 had significantly greater water 
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uptake then the other EC treatments of 59 and 55 mL, respectively.  EC’s between 0.41 

dS·m-1 and 2.00 dS·m-1 had high incidence of petal blueing.  Petal wilt had the highest 

incidence of 73% in the 0.25 dS·m-1 EC treatment and the lowest of 20% in the 2.00 dS·m-1 

treatment.  The distilled water (EC 0.00 dS·m-1) had no change in EC.  3.00 dS·m-1 and 4.00 

dS·m-1 had the largest change in EC of 2.46 dS·m-1 and 2.66 dS·m-1, respectively.  0.41 dS·m-1 

EC had a negative change in pH of 0.21, while all other EC’s increased in pH, especially 

distilled water of 0.91.      

 The highest overall vase life of 39.4 d occurred with an EC of 0.50 dS·m-1 in the 

preservative solutions and at 0.00 dS·m-1 without preservatives and vase life decreased 

curvilinearly with increasing EC (Table 4).  The 0.50 dS·m-1 solution in the preservative also 

had an increase in pH of 0.13 unlike the other solutions with preservative, in which pH 

decreased.  Petal blueing was more common in preservative solutions with an EC less than 

2.00 dS·m-1.  Solution pH increased the most by 1.18 units in the solutions without 

preservative and an EC of 1.00 dS·m-1.  The greatest decrease in pH was 0.53 units in the 

solutions with preservative and an EC of 4.00 dS·m-1.  The interaction between holding 

solution and EC had no significant effect on change in solution EC, change in fresh weight, 

and solution uptake.   

Helianthus pH.  Distilled water and acidic solutions had a vase life of 11.3 d that was 

significantly shorter from basic solutions of 10.2 d (main effects, Table 5).  Solution pH had 
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no significant effect on fresh weight or solution uptake.  Neutral solutions showed less 

incidence of petal drop at 18% as compared to distilled water of 47%.  Distilled water and 

acidic solutions increased in pH by 0.19 and 1.93 units, respectively.  Neutral and basic 

solutions both reduced in pH by 0.37 and 1.30, respectively.  Neutral and basic solutions 

increased in EC (0.07 and 0.08 dS·m-1, respectively) more than unaltered and acidic 

solutions (0.01 and 0.03 dS·m-1, respectively).   

Citrate caused a decrease in fresh weight of 14.33 g whereas bis-tris only decreased 

by 9.92 g (main effects, Table 5).  Citrate was the only buffer to reduce its pH by 0.03, while 

bis-tris, phosphate and non-buffered solutions all increased in pH (0.09, 0.30 and 0.10 units, 

respectively).  Bis-tris and phosphate solutions had the greatest increase in EC of 0.07 and 

0.08 dS·m-1, respectively, whereas non-buffered solutions changed little (0.02 dS·m-1).  The 

buffers had no significant effect on water uptake, vase life or incidence of petal drop. 

The shortest vase life of 9.9 d occurred with the basic bis-tris buffer and the citrate 

buffered acidic solution had the longest vase life of 11.9 d (Table 5).  The acidic solutions 

that were not buffered or buffered with phosphate had the greatest increase in pH (2.50 

and 2.03 units, respectively).  Incidence of petal drop was greatest in the bis-tris buffered 

neutral solution at 60% and was lowest in the non-buffered neutral solution at 0%.  Bis-tris 

buffered basic and phosphate buffered neutral solutions had the greatest changes in EC of 
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0.11 dS·m-1 whereas the distilled water control only changed by 0.01 dS·m-1.  There was no 

significant difference in fresh weight or solution uptake across all treatments. 

 Helianthus EC.  Treatments with preservative lasted 2.2 d longer than those without 

(Table 6).  Treatments without preservative lost 8.44 g more in fresh weight than those with 

preservative.  Solutions with preservative regardless of EC had a greater water uptake of 

120 mL compared to 110 mL without preservative.  Solutions with preservative had a higher 

incidence of necrotic petals (93%), petal drop (52%) and powdery mildew (58%) and lower 

incidence of petal wilt (88%), bent neck (12%) than solutions without (57%, 37%, 5%, 98%, 

and 29%, respectively).  Solutions with preservative also had a smaller change in pH (0.07 

units) and EC (0.10 dS·m-1) than treatments without preservative (0.54 pH units, 0.20 dS·m-1, 

respectively). 

 Solutions with an EC of 0.00 dS·m-1 and 0.25 dS·m-1 had the highest incidence of bent 

neck (47% and 53%, respectively) and very low incidence of powdery mildew (0% and 7%) 

over all the EC treatments (Table 6).   Solution EC had no significant effect on vase life, fresh 

weight, water uptake, petal wilt, necrotic petals and petal drop.   

The solution with preservative and an EC 1.00 dS·m-1 had the longest overall vase life 

of 14.2 d, but was not significantly different from all the other solutions with preservative 

(Table 6).  When comparing solutions without preservative the distilled water control (EC 

0.00 dS·m-1) had the longest vase life of 11.9 d, while the 0.50 dS·m-1 solution resulted in the 
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shortest vase life of 10.1 d, but neither of these treatments were significantly different from 

each other.  Powdery mildew was most common in solutions with preservative and an EC of 

0.75 dS·m-1 of 93%.  The largest increase in pH of 1.04 was seen in the distilled water control 

(EC 0.00 dS·m-1).  The largest decrease in pH of 0.13 was in solutions with preservative and 

an EC of 0.50 dS·m-1.  The solutions with preservative and EC’s of 3.00 dS∙m-1 and 4.00 dS·m-

1 had the least change in pH of 0.01 and 0.00, respectively.   

Zinnia pH.  The distilled water solution had the longest vase life of 10.3 d while 

acidic, neutral and basic solutions had vase lives of 8.4, 8.2 and 7.7 d, respectively (main 

effects, Table 7).  Acidic solutions, regardless of buffer, had the greatest increase in pH of 

2.29.  The EC of acidic solutions did not change while distilled water, neutral and basic 

solutions increased in EC by 0.04-0.06 dS·m-1.  Fresh weight, water uptake, termination 

symptoms were not affected by solution pH. 

The non-buffered solutions had a longer vase life of 9.8 d compared to bis-tris, 

citrate, or phosphate solutions of 7.5, 7.3, and 8.5 d, respectively (main effects, Table 7).  

Solutions buffered with citrate had a significantly greater loss in fresh weight of 2.61 g and 

low water uptake of 32 mL per stem as compared to phosphate buffered solutions with a 

loss of 1.13 g and solution uptake of 42 mL.  Citrate buffered solutions had a high incidence 

of bent neck of 58%, while non-buffered solutions was 32%. Petal darkening was more 

pronounced in non-buffered and phosphate buffered solutions (92% and 78%) than bis-tris 
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and citrate solutions (56% and 47%).  All of the buffered solutions increase in pH, but the 

greatest increase of 0.90 and 0.80,occurred with the citrate and non-buffered solutions, 

respectively.  Bis-tris and phosphate had the greatest increase in EC of 0.09 and 0.08 dS·m-1, 

respectively, while the non-buffered solutions did not change.   

pH and buffers interacted such that he acidic solution buffered with phosphate had 

no change in fresh weight while solutions buffered with citrate and a basic pH had a 

decrease of 3.00 g (Table 7).  There was also a significant difference in water uptake of 

neutral solutions buffered with either phosphate (46 mL) or citrate (33 mL).  Bis-tris 

buffered, basic solutions had the greatest increase in EC of 0.13 dS·m-1, while several 

solutions, including citrate buffered basic solutions had no change.   The interaction of 

solution pH and buffer had no significant effects on vase life or bent neck.   

 Zinnia EC.  Solutions with preservative had longer vase life of 9.9 d, a lower 

reduction in fresh weight of 0.76 g, less uptake of 25 mL, a larger increase in EC of 0.17 

dS·m-1, and a decrease in pH of 0.19 units than solutions without preservative (7.6 d, -1.42 

g, 28 mL, 0.14 dS·m-1, 0.96 units, respectively) (Table 8).  Stems in solutions without 

preservative had a 72% incidence of powdery mildew and 88% incidence of necrotic petals, 

whereas those without had a 7% and 96% incidence, respectively. 

 As EC increased from 0.00 to 4.00 dS·m-1 vase life decreased from 10.6 to 6.8 d 

(Table 8).  The distilled control (0.00 dS·m-1) had the highest incidence of petal wilt at 100%, 
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while an EC of 2.50 dS·m-1 had an incidence of 63%.  EC’s of 0.25 dS∙m-1, 2.50 dS·m-1, 4.00 

dS·m-1 had the highest incidence of necrotic petals at 100%.  The distilled water control (EC 

0.00 dS·m-1) had the lowest incidence of necrotic petals of 73%.  The least amount of 

powdery mildew was observed in the 0.25 dS·m-1 (13%), 3.00 dS·m-1 (23%) and 4.00 dS·m-1 

(23%) treatments and highest in 0.41 dS·m-1 EC treatments (67%).  The 0.41 dS·m-1 EC was 

the only treatment in which the pH decreased (0.25 units).  The EC 0.25 dS·m-1 had the 

largest change in EC with an increase of 1.08 dS·m-1.  There was no significant difference in 

fresh weight between EC treatments.   

 Vase life was greatest in the controls with (10.5 d) and without (10.6 d) preservative 

and increasing EC linearly reduced vase life, especially when holding preservatives were not 

used (Table 8).  Only 53% of stems exhibited petal wilt in the treatment with preservative 

and EC 2.50 dS·m-1, which was significantly lower than the average of 83%.  The treatment 

with the largest change in EC was 4.00 dS·m-1 EC with preservative (0.32 dS·m-1).  An EC of 

2.50 dS·m-1 without preservative had the largest increase in pH of 1.25 out of all the 

treatments.  Solutions with preservative and EC 2.50 dS·m-1 and 4.00 dS·m-1 had the least 

change in pH of 0.02.  The interaction of preservative and EC did not have a significant 

effect on change in fresh weight, water uptake, incidence of necrotic petals and powdery 

mildew. 

 



120 
 

Discussion 

Vase life of cut Dendranthema and Helianthus increased as the solution pH 

decreased.  The strongly acidic solutions may have prevented bacterial growth in the vase 

solution, which typically leads to stem vasculature blockage.  Helianthus stems are covered 

with many course hairs and are usually ridged and thick.  These characteristics allow 

bacteria to easily cling to the stem and subsequently transfer to the vase solution.  

Sunflower benefited from acidic pH because it may be sensitive to bacteria clogging the 

stem.  Stevens et al. (1993) recommended that newly harvested stems be placed in water 

acidified by citric acid to a pH of 3.5, but does not explain why this is beneficial.  Generally, 

an acidic pH is recommended to facilitate water uptake (Durkin, 1979; Conrado et al., 1980; 

Nowak et al., 1990) and is commonly correlated with an increase in vase life.  Solution 

uptake was slightly higher in acidic solutions for Dendranthema and Dianthus.  Regan and 

Dole (2010) found that optimal vase life for cut ‘Freedom,’ ‘Charlotte,’ and ‘Classy’ roses 

resulted from a low pH of 3.5 to 4.0, which is similar to our results.  Zinnia vase life was 

unaffected by solution pH.  Jones and Hill (1993) found Dianthus caryophyllus ‘Medea’ to be 

tolerant to high bacterial counts (up to 108 cfu·ml-1) in vase water and suggested that 

bacterial blockage may not be the primary cause of wilting.  Cut flower senescence may be 

controlled by a combination of factors, some physical, such as stem vasculature blockage by 

bacteria or air embolism, and others physiological, such as loss of membrane integrity 
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(Woodson, 1991).  Iris L., Alstroemeria L., and Tulipa L. were also found to be tolerant to 

high bacterial counts, similar to Dianthus (Jones and Hill, 1993).   

The use of buffers to stabilize the pH had no adverse or positive effects on vase life 

of Helianthus, however they decreased Dianthus and Zinnia vase life.  Across all of the 

species, the EC of the non-buffered solutions did not change or changed the least, unlike 

the buffered solutions in which the EC increased.  The increase in solution EC may be due to 

membrane breakdown and/ or ion leakage where metabolites, such as carbohydrates, 

amino acids, and amides could leach into the vase solution from the stem tissue and 

potentially become substrates for microbial growth (Pompodakis et al., 2004).  This may 

account for the decrease in vase life for Zinnia when a buffer is used.  Dendranthemum was 

the only species in which vase life increased with the use of buffers, especially phosphate.  

The cut stems could be using the phosphate as a nutrient source thereby increasing its vase 

life.  Dianthus had an increase in vase life in acidic solutions that seemed to overcome the 

negative effects of the buffers.  Zinnia was sensitive to additions of buffers to the vase 

solution.  Bleeksma and van Doorn (2003) found that stems of Rosa ‘Cara Mia’ and 

‘Madelon’ placed in a suspension of inert particles (India ink at 4 mg∙L -1) showed an 

increase in cavitation, which indicates that any blockage in the xylem, be it by 

microorganisms and their products or by inert particles, can result in embolisation.  This 

may explain why zinnias in solutions without buffers regardless of pH showed an increase in 
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vase life and uptake and reduction in bent neck as compared to solutions with a buffer.  The 

particles in the vase solution caused water stress.  The most common cause for the 

termination of vase life in cut flowers is water stress (Halevy, 1976), which causes 

symptoms such as bent neck, lack of flower opening, and petal and leaf wilt (Bleeksma and 

van Doorn, 2003).  Regardless of buffer, acidic and basic solutions became more neutral; 

acidic more so than basic.  This could be due to leakage of cell contents, products of 

bacterial growth, or reactions of the vase solution with the air. 

All the species, in pH and EC treatments, had an increase in incidence and number of 

termination symptoms exhibited such as, necrotic petals and leaves, as vase life increased.  

Stems in treatments with short vase lives showed early water stress symptoms like bent 

neck and petal wilt.  Bent neck is a common problem in Rosa that is usually a result of water 

stress (Halevy, 1976; Bleeksma and van Doorn, 2003).  Petal darkening of Zinnia was more 

pronounced in non-buffered and phosphate buffered solutions, which had a longer vase life 

than other buffered treatments.  Petal darkening is a common physiological condition of 

flower senescence caused by carbohydrate usage (Bieleski, 1992) often accompanied by wilt 

also seen in Rosa L. and Protea (Salisb. Ex Knight) species (Starkey and Pederson, 1997). 

Salinity affects the vase life of flowers depending on the concentration and flower 

species.  There is a correlation relating to genetic factors that make particular species more 

tolerant to high salts (Zhu, 2001).  For example, gladiolus vase life starts to decrease at an 
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EC between 1.00-2.00 dS·m-1, whereas, Rosa and Dianthus are harmed at 0.25-0.75 dS·m-1 

(Gast, 2000).  In our studies, we saw a significant drop in vase life of Dianthus as EC 

increased from 0.00 to 0.25 dS·m-1 of 6.2 d.  However, low concentrations of salt in the vase 

water may be beneficial for less sensitive species, because the salt acts as an osmolyte to 

help improve water balance.  Cells store a small amount of the salt in the vacuole in order 

to keep its turgor.  A small amount of salt stress also causes stomata to close (Zhu, 2001) 

this would improve vase life by reducing water loss through transpiration.  These effects 

may explain why Dendranthema had a maximum vase life at an EC of 1.00 dS·m-1 rather 

than 0.00 dS·m-1.   

High concentration of salt is known to cause three kinds of stress on plant cells: 

hyperosmotic, ionic, and oxidative stress (Garg and Manchanda, 2009; Affenzeller et al., 

2009).  Osmotic stress refers to the water balance within the cell.  Water moves from areas 

of low concentrations of solutes to areas of high concentrations in order to reach 

homeostasis or a balance within the cell.  High concentration of salt in the vase solution 

lowers the osmotic potential and, therefore, leads to a restricted uptake of solution in the 

plant cells causing hyperosmotic stress (Affenzeller et al., 2009).  This would cause a lack of 

turgor in the cut stem and shorten vase life.   Plants have several mechanisms to overcome 

osmotic stress such as osmoprotectants like proline, amino acids, and sugars (Garg and 

Manchanda, 2009; Xiong and Zhu, 2002).  Holding solution consistently increased vase life 
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and reduced the negative effects of high EC for all four species.  Sugars, such as, glucose, 

fructose, and sucrose, provide carbohydrates, which  may account for the reduction in the 

negative effects of high EC in this study.  This same effect was seen by Regan (2008) and 

Brecheisen et al. (1995) in Rosa.  However, for Dendranthemum ‘Iceberg’ and ‘Blue Chip’ 

and Gladiolus ‘Valeria’, the addition of a floral preservative (‘Everbloom’) did not eliminate 

the toxic effects of high solution soluble salt content, but did increase uptake (Waters, 

1966).  Dendranthemum, Helianthus, and Zinnia also showed an increase in solution uptake 

when a holding preservative was added. 

Ionic stress or ion toxicity is caused by the positive sodium ions replacing the 

similarly positive potassium ions in the cell membrane.  This replacement causes the 

inhibition of enzymes in the cell, impairs cellular biochemistry, and even lead to cell death 

(Garg and Manchanda, 2009; Xiong and Zhu, 2002).  Sodium ions also reduce calcium ion 

uptake, which is particularly important for cell membrane integrity (Garg and Manchanda, 

2009).  Our termination symptoms of necrotic stems, leaves, and petals are an indicator of 

cell death.  In Dendranthema, necrotic petals were seen significantly more in vase solutions 

with an EC above 0.25 dS·m-1.  Futhermore, solutions that had been altered to a pH or EC 

other than that of distilled water had an increase in final EC.  This increase EC is most likely 

solute leakage from the extreme EC and pH levels causing membranes to degrade faster 

thus shortening vase life.  Changes in membrane permeability and an associated water 
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stress in petal tissue appear to be earlier symptoms of flower senescence, even before the 

rise in ABA or ethylene (Eze et al., 1986).  This solute leakage also provides bacteria in the 

vase solution a substrate to proliferate on causing a blockage of stem vasculature further 

increasing water stress and a shortened vase life. 

Oxidative stress is a secondary reaction to salt stress, which cause reactive oxygen 

species (ROS) such as, hydrogen peroxide, hydroxyl radicals, and superoxide anions to be 

formed and damage cellular functions and membranes (Ezhilmathi et al., 2007; Garg and 

Manchanda, 2009; Affenzeller et al., 2009).  Plants have varying abilities to employ 

antioxidants such as, superoxide dismutase, ascorbic acid, and glutathione reductase for 

scavenging ROS (Xiong and Zhu, 2002).  It is possible that the commercial holding solutions 

may offer the cut stems a source of antioxidants to reduce the effects of the ROS thereby 

increasing vase life.   

Salt stress can also cause other secondary responses such as ethylene and abscisic 

acid synthesis, which speeds senescence by degrading the cell membrane (Halevy and 

Mayak, 1979; Xiong and Zhu, 2002).  Zinnia had a consistent drop in vase life as solution EC 

increased.  This could be due to the NaCl particles causing cavitation and would account for 

the increase in water stress symptoms.  The severity and rate of vase life deterioration of 

Dendranthemum ‘Iceberg’ and ‘Blue Chip’ (Waters, 1966) and ‘Tropicana’ roses (Waters, 

1968) increased as the total soluble salt content increased.  Waters (1966) noted that the 
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most pronounced phytotoxicity symptoms on Dendranthemum first appeared as marginal 

and then general leaf chlorosis followed by necrosis, which was also observed in these 

studies, and the severity and rate of foliar deterioration increased as the total chemical 

content increased.  Solution uptake of Dendranthemum ‘Iceberg’ and ‘Blue Chip’ decreased 

as the salt content increased (Waters, 1966); however, this was not observed in these 

studies as the solution uptake was unaffected by EC.  The degree of toxicity to Gladiolus 

flowers depended upon the water source and did not always increase proportionately with 

the salt content (Waters, 1966). 

Conclusion 

In general, Dendranthema, Dianthus, Helianthus, and Zinnia had some similarities in 

their reactions to the pH and EC treatments.  This allows for broad recommendations to be 

made for cut flower producers and suppliers with varying water qualities and cut flower 

species.  Holding solutions helped to reduce the negative effects of high EC on vase life in all 

species and acidic solution pH improved or had no effect on vase life.   Dianthus and Zinnia 

should also be held in a floral preservative for acceptable vase life and Dendranthema and 

Helianthus should be held in a solution that has been acidified either by an organic acid 

such as citric acid or a floral preservative, which will also effectively acidify the water.   Our 

results show that it is very important for those in the cut flower supply chain to test their 

water quality to anticipate problems they might encounter.   If producers or wholesalers 
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have a water supply that is particularly high in soluble salts a holding solution should be 

utilized to overcome or reduce the negative effects.  Water supplies that are naturally more 

basic should also be amended with a holding preservative or compounds such as citric acid 

to acidify them.  The treatments recommended for these four species are common 

postharvest treatments that would be easy to utilize to achieve the longest vase life for the 

consumer. 
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Table 1.  The effect of vase solution pH and buffer on water uptake, vase life, fresh weight, and incidence of bent neck, necrotic 
petals, brown stem and necrotic leaves of Dendranthema ‘Naru Lavender’.  The ‘unaltered’ treatments are distilled water (5.3 
pH, 0.00 dS·m-1 EC).  Means are an average of 30 stems. 

Treatment 

Initial 
pH 

Initial 
EC 
(dS·m

-1
) 

Vase life 
(d) 

Fresh 
weight 
change 
(g) 

Solution 
uptake

Y
 

(mL) 

Bent 
neck

Z
 

(%) 

Necrotic 
petals

Z
 

(%) 
Necrotic 
stem

Z
 (%) 

Necrotic 
leaves

Z
 

(%) 
Change 
in pH 

Change 
in EC 
(dS·m

-1
) Buffer pH 

No Buffer Unaltered 5.3 0.00 6.1 c
X
 -12.1 a 76 defg 0 b 6 d 0 c 0 c -0.23 cde 0.00 de 

 Acidic 3.0 0.19 14.9 a -16.2 a 103 a 20 ab 53 bc 33 ab 66 ab 0.15 cd 0.00 de 

 Neutral 6.1 0.00 6.1 c -10.7 a 69 fg 0 b 0 d 0 c 0 c -0.69 ef 0.00 de 

 Basic 7.7 0.00 6.1 c -11.7 a 67 g 0 b 0 d 0 c 0 c -2.33 h 0.00 de 

Bis-tris Acidic 3.2 0.38 15.2 a -11.9 a 90 abcd 53 a 93 ab 60 a 46 cb 1.06 b 0.01 de 

 Neutral 6.0 0.16 15.7 a -13.1 a 80 bcdefg 33 ab 67 abc 7 bc 46 cb -0.33 def 0.09 bc 

 Basic 7.8 0.08 9.2 bc -10.5 a 84 bcdef 0 b 40 cd 0 c 53 ab -1.70 g 0.07 bcd 

Citrate Acidic 3.0 0.58 11.1 b -10.5 a 91 abc 0 b 40 cd 0 c 33 cb 1.62 a 0.00 de 

 Neutral 6.3 0.38 6.4 c -11.9 a 72 efg 0 b 6 d 0 c 0 c 0.26 c 0.04 cde 

 Basic 7.5 0.38 7.4 c -9.9 a 84 bcdef 0 b 6 d 0 c 26 cb -0.73 f 0.02 cde 

Phosphate Acidic 3.0 0.64 18.2 a -15.7 a 94 ab 33 ab 73 abc 53 a 100 a 1.59 a 0.15 ab 

 Neutral 6.2 0.47 16.6 a -15.4 a 78 cdefg 47 a 100 a 0 c 53 ab -0.36 ef 0.21 a 

 Basic 7.6 0.46 15.3 a -13.8 a 86 bcde 53 a 80 abc 6 bc 73 ab -0.76 f 0.19 a 

No Buffer     8.3 c -12.7 ab 79 b 5 b 15 b 8 ab 17
 
c -0.78 d 0.00 c 

Bis-tris    12.6
 
b -11.6 a 83 ab 27

 
a 63

 
a 19

 
a 43 b 0.14 c 0.06 b 
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Table 1 (continued)            

Citrate    7.6 c -10.6 a 82 ab 0 b 15 b 0 b 14
 
c 0.57 a 0.02 c 

Phosphate    15.9
 
a -14.8

 
b 85 a 43

 
a 82

 
a 17

 
a 70 a 0.34 b 0.19 a 

  Unaltered   6.1 c -12.1 a 76 b 0 b 6 c 0 b 0 c -0.23 b 0.00 b 

 Acidic   14.6 a
 

-13.6 a 94 a
 

27 a 65
 
a 37 a

 
62 a

 
1.12 a 0.03 b

 

 Neutral   10.9 b -12.8 a 75 b 20 ab 43 ab 2 b 32 b -0.28 b 0.09 a 

 Basic   9.8 b -11.5 a 80 b 13 ab 32 b 2 b 32 b -1.38 c 0.07 a 

Significance            

 Buffer (B)   <0.0001 0.0026 NS <0.0001 <0.0001 0.0003 <0.0001 <0.0001 <0.0001 

 pH (P)   <0.0001 NS <0.0001 NS <0.0001 0.0001 <0.0001 <0.0001 <0.0001 

 B*P   <0.0001 NS <0.0001 0.0025 0.0006 0.0001 0.0013 <0.0001 NS 

Z Percentage of stems that exhibited termination symptom 
Y Solution uptake per stem 
X Means followed by the same letter are not significantly different according to the Tukey’s multiple comparison at α = 0.05 
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Table 2.  The effect of vase solution EC and commercial holding solution (Floralife Professional) on vase life, water uptake, fresh 
weight, and incidence of petal wilt, bent neck, necrotic petals, petal blueing, and petal fading of Dendranthema ‘Naru Lavender’.  
The treatment with holding solution (EC 0.41 dS·m-1, pH 3.6) and without holding solution (EC 0.00 dS·m-1, pH 4.3) were not 
supplemented with NaCl.  Treatments with holding solution had an initial pH of 3.4.  Treatments without holding solution had an 
initial pH of 5.1. Means are an average of 15 stems. 

Treatment 

Vase life 
(d) 

Fresh weight 
change (g) 

Solution 
uptake

Y
 

(mL) 
Petal 
wilt

Z
 (%) 

Bent 
neck

Z
 (%) 

Necrotic 
petals

Z
  

(%) 
Blueing

Z
 

(%) 
Fading

Z
 

(%) 
Change in 
pH 

Change 
in EC 
(dS·m

-1
) Holding EC 

Yes 0.41 25.4 ab
X 

-6.88 abc 70 a 97 a 93 a 77 abc 90 a 97 ab -0.15 e 0.15 fg 

 0.50 25.3 ab -6.92 abc 61 ab 93 a 100 a 77 abc 100 a 100 a -0.02 e 0.29 efg 

 0.75 25.9 a -4.20 a 62 ab 87 a 83 a 73 abc 100 a 100 a -0.12 e 0.34 efg 

 1.00 25.7 a -6.84 abc 65 ab 90 a 93 a 77 abc 90 a 90 ab -0.11 e 0.69 de 

 2.00 22.1 abcd -5.50 ab 62 ab 77 a 77 ab 77 abc 100 a 77 b -0.03 e 1.01 bcd 

 2.50 24.6  ab -8.10 abcd 58 ab 100 a 97 a 70 abc 93 a 97 ab -0.23 e 1.46 ab 

 3.00 22.2 abc -5.32 ab 54 b 83 a 97 a 57 abcd 93 a 90 ab -0.04 e 1.43 abc 

 4.00 21.7 bcde -5.70 ab 60 ab 87 a 83 a 43 cd 87 a 83 ab -0.25 e 1.80 a 

No 0.00 9.2 i -8.04 abcd 56 b 97 a 43 bc 17 d 0 b 0 c 0.70 cd 0.01 g 

 0.25 10.9 hi -10.52 abcd 60 ab 100 a 23 c 35 bcd 0 b 0 c 0.85 bc 0.15 fg 

 0.50 18.2 defg -11.54 bcd 60 ab 100 a 13 c 32 abc 0 b 0 c 0.54 d 0.26 efg 

 0.75 14.7 gh -8.62 abcd 55 b 100 a 30 c 37 cd 0 b 0 c 0.94 bc 0.29 efg 

 1.00 18.2 defg -11.80 bcd 57 ab 93 a 40 bc 31 abc 0 b 0 c 0.93 bc 0.59 def 

 2.00 19.3 cdef -11.56 bcd 55 b 100 a 77 ab 21  ab 0 b 4 c 1.00 ab 0.99 bcd 
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Table 2 (continued) 

 2.50 17.4 fg -13.08 cd 56 ab 100 a 77 ab 31 abc 0 b 0 c 0.93 bc 0.98 cd 

 3.00 17.9 efg -13.82 cd 60 ab 100 a 77 ab 37 abc 3 b 7 c 1.22 a 1.50 a 

 4.00 16.9 fg -14.72 d 53 b 100 a 87 a 26 a 0 b 7 c 0.91bc 1.50 a 

Yes  22.5 a -5.59 a 62 a 89 a 86 a 60 a 94 a 91 a -0.15 b 0.76 a 

No  16.2 b -11.67 b 58 b 100 b 53 b 67 a 0 b 2 b 0.89 a 0.63 b 

 0.00 9.2 c -8.04 a 56 b 97 a 43 cd 17 c 0 c 0 c 0.70 ab 0.01 e 

 0.25 10.9 c -10.52 a 60 b 100 a 23 d 35 bc 0 c 0 c 0.85 a 0.15 e 

 0.41 24.5 a -6.88 a 70 a 97 a 93 a 77 ab 90 a 97 a -0.15 f 0.15 e 

 0.50 21.7 b -9.23 a 60 b 97 a 57 bc 75 ab 50 b 50 b 0.26 e 0.28 e 

 0.75 20.3 b -6.41 a 58 b 93 a 57 bc 58 ab 50 b 50 b 0.41 de 0.32 de 

 1.00 21.9 b -9.32 a 61 ab 92 a 67 abc 72 ab 45 b 45 b 0.41 cde 0.63 d 

 2.00 20.7 b -8.53 a 58 b 88 a 77 ab 83 a 50 b 40 b 0.48 cd 1.00 c 

 2.50 20.9 b -10.59 a 57 b 100 a 87 a 77 ab 47 b 48 b 0.35 de 1.23 bc 

 3.00 20.1 b -9.57 a 57 b 92 a 87 a 66 ab 48 b 48 b 0.59 bc 1.47 ab 

 4.00 19.3 b -10.21 a 56 b 93 a 85 ab 68 ab 43 b 45 b 0.33 de 1.65 a 

Significance           

Holding (H) <0.0001 <0.0001 0.018 <0.0001 <0.0001 NS <0.0001 <0.0001 <0.0001 0.017 

EC (E)    NS <0.0001 <0.0001 NS NS   

Linear (L) 0.0005 0.0403 0.0235      NS <0.0001 

Quadratic (Q) <0.0001 NS NS      NS 0.0351 
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Table 2 (continued) 

Cubic (C) <0.0001 NS NS      <0.0001 NS 

Residual (R) <0.0001 NS 0.0217      <0.0001 NS 

H*E    NS <0.0001 0.0006 NS 0.0064   

H*EL 0.0009 0.0401 NS      0.0003 NS 

H*EQ NS NS NS      0.0334 NS 

H*EC NS NS 0.0088      NS NS 

H*ER 0.0012 NS NS      0.0310 NS 

Z Percentage of stems that exhibited termination symptom 
Y Solution uptake per stem 
X Means followed by the same letter are not significantly different according to the Tukey’s multiple comparison at α = 0.05  
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Table 3: The effect of vase solution pH and buffer on water uptake, vase life, fresh weight, and incidence of petal wilt and crispy 
petal of Dianthus ‘Burgundy Sangria’.  The ‘Unaltered’ treatments are distilled water (5.3 pH, 0.00 dS·m-1 EC).  Means are an 
average of 30 stems. 

Treatment 

Initial 
pH 

Initial EC 
(dS·m

-1
) Vase life (d) 

Fresh weight 
change (g) 

Solution 
uptake 
(mL) 

Petal wilt
Z
 

 (%) 

 

Change in pH 
Change in EC 
(dS·m

-1
) Buffer pH 

Necrotic 
petals (%) 

No buffer Unaltered 5.3 0.00 25.9 a
X 

-2.84 abc 48 a 60 a 80 a 0.31 bc 0.01 c 

 Acidic 3.1 0.28 22.3 abcd -0.98 a 46 a 80 a 66 ab 0.13 bcd 0.00 c 

 Neutral 6.3 0.00 24.6 ab -2.86 abc 45 a 66 a 73 a -0.92 f 0.00 c 

 Basic 7.9 0.00 24.6 ab -3.06 abc 44 a 73 a 80 a -2.83 g 0.00 c 

Bis-tris Acidic 3.0 0.46 23.0 abcd -1.38 ab 49 a 86 a 66 ab 0.58 b 0.23 ab 

 Neutral 6.1 0.19 23.1 abcd -2.68 abc 45 a 100 a 66 ab -0.13 cde 0.16 b 

 Basic 8.1 0.09 19.1 cde -2.38 abc 69 a 100 a 80 a -1.22 f 0.16 b 

Citrate Acidic 3.1 0.65 23.5 abc -1.98 abc 47 a 80 a 80 a 2.07 a 0.22 ab 

 Neutral 6.2 0.39 16.7 e -3.64 c 43 a 86 a 40 ab 0.67 b 0.16 b 

 Basic 7.5 0.41 17.9 de -3.42 bc 43 a 93 a 33 ab -0.30 de 0.17 b 

Phosphate Acidic 3.1 0.67 23.1 abcd -1.32 ab 46 a 80 a 80 a 0.72 b 0.30a 

 Neutral 6.2 0.49 20.8 abcde -3.98 c 44 a 93 a 13 b 0.17 cde 0.30 a 

 Basic 7.9 0.48 20.2 bcde -2.86 abc 44 a 73 a 60 ab -0.62 ef 0.27 a 

No buffer     24.4 a -2.44 a 46 a 70 b 75 a -0.83 c 0.00 c 

Bis-tris    22.2 b -2.28 a 47 a 92 a 72 a 0.12 b 0.18 b 

Citrate    19.9 c -3.15 a 45 a 83 ab 53 a 1.19 a 0.19 b 
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Table 3 (continued) 

Phosphate    21.9 bc -2.86 a 45 a 79 ab 53 a 0.35 b 0.29 a 

  Unaltered   25.9 a -2.84 b 48 a 60 b 80 a 0.31 b 0.01 b 

 Acidic   22.9 b -1.42 a 47 ab 82 ab 73 ab 0.88 a 0.19 a 

 Neutral   21.3 b -3.29 b 44 b 87 a 48 b -0.14 c 0.16 a 

 Basic   20.5 b -2.93 b 44 b 85 a 63 ab -1.24 d 0.15 a 

Significance          

 Buffer (B)   <0.0001 NS NS 0.0422 0.0219 <0.0001 <0.0001 

 pH (P)   0.0044 <0.0001 0.0022 NS 0.0253 <0.0001 0.0268 

 B*P   0.0004 NS NS NS 0.0061 <0.0001 NS 

Z Percentage of stems that exhibited termination symptom 
Y Solution uptake per stem 
X Means followed by the same letter are not significantly different according to the Tukey’s multiple comparison at α = 0.05  
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Table 4. The effect of vase solution EC and commercial holding solution (Floralife Professional) on vase life, water uptake, fresh 
weight, and incidence of petal wilt and petal blueing of Dianthus ‘Burgundy Sangria’.  The treatment with holding solution (EC 
0.41 dS·m-1, pH 3.6) and without holding solution (EC 0.00 dS·m-1, pH 4.3) were not supplemented with NaCl.  Treatments with 
holding solution had an initial pH of 3.6.  Treatments without holding solution had an initial pH of 5.0. Means are an average of 
15 stems. 

Treatment 

Vase life (d) 
Fresh weight  
change (g) 

Solution  
uptake

Y
  

(mL) 
Petal wilt

Z
  

(%) 
Blueing

Z
  

(%) Change in pH 
Change in EC 
(dS·m

-1
) Holding EC 

Yes 0.41 32.0 bc
X 

-3.26 cd 48 cd 27 cde 53 a -0.21 efg 0.44 ghi 

 0.50 39.4 a -0.80 abcd 50 bcd 40 bcde 53 a 0.13 cdefg 0.92 fghi 

 0.75 31.5 bc -1.00 abcd 50 bcd 27 cde 67 a 0.03 defg 1.16 efgh 

 1.00 30.5 bcd -0.54 abcd 48 cd 13 e 47 ab -0.13 efg 0.91 ghi 

 2.00 26.1 cde -0.18 abc 50 bcd 20 de 40 abc -0.34 fg 1.73 cdef 

 2.50 28.9 cde 0.20 a 55 ab 7 e 0 d -0.11 efg 1.77 bcdef 

 3.00 27.8 cde -0.16 abc 49 bcd 47 abcde 7 cd -0.41 fg 2.80 a 

 4.00 26.9 cde -0.02 ab 45 d 20 de 0 d -0.53 g 2.72 ab 

No 0.00 35.0 ab -3.04 bcd 59 a 33 bcde 0 d 0.91 ab 0.00 i 

 0.25 28.8 cde -2.72 abcd 49 bcd 73 abcd 0 d 0.01 defg 0.25 hi 

 0.50 25.2 de -2.38 abcd 50 bcd 87 ab 0 d 0.52 abcde 0.54 ghi 

 0.75 30.5 bcd -3.64 d 50 bcd 80 abc 0 d 0.84 abc 0.59 ghi 

 1.00 26.3 cde -3.52 d 45 d 87 ab 0 d 1.18 a 1.13 efgh 

 2.00 26.2cde -1.36 abcd 50 bcd 20 de 0 d 0.65 abcd 1.25 defg 
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Table 4 (continued) 

 2.50 24.7 de -2.26 abcd 54 abc 73 abcd 13 bcd 0.26  bcdef 1.96 abcde 

 3.00 25.3 de -1.50 abcd 49 bcd 60 abcde 0 d 0.72 abcd 2.12 abcd 

 4.00 23.3 e -2.86 abcd 50 bcd 100 a 0 d 0.97 ab 2.59 abc 

Yes   31.5 a -0.73 a 50 a 21 b 33 a -0.26 b 1.32 a 

No  27.3 b -2.87 b 50 a 69 a 4 b 0.68 a 1.06 b 

 0.00 35.0 a -3.04 ab 59 a 33 bc 0 c 0.91 a 0.00 g 

 0.25 28.8 bcd -2.72 ab 49 b 73 a 0 c 0.01 g 0.25 fg 

 0.41 32.0 ab -3.26 b 48 b 27 bc 53 a -0.21 c 0.44 efg 

 0.50 32.3 ab -1.59 ab 50 b 63 ab 27 abc 0.32 bc 0.73 ef 

 0.75 31.1 abc -2.32 ab 50 b 53 abc 33 ab 0.43 ab 0.86 def 

 1.00 28.4 bcd -2.03 ab 47 b 50 abc 23 bc 0.52 ab 1.02 de 

 2.00 26.2 d -0.77 a 50 b 20 c 20 bc 0.16 bc 1.49 cd 

 2.50 26.8 cd -1.05 ab 55 a 41 abc 8 bc 0.06 bc 1.87 bc 

 3.00 26.6 d -0.83 a 49 b 53 abc 3 c 0.16 bc 2.46 ab 

 4.00 25.1 d -1.44 ab 48 b 60 ab 0 c 0.22 bc 2.66 a 

Significance        

Holding (H)  <0.0001 <0.0001 NS <0.0001 <0.0001 <0.0001 0.0143 

EC (E)     0.0002 <0.0001   

Linear (L)  <0.0001 0.0005 0.0430   NS <0.0001 

Quadratic (Q)  0.0233 0.0109 NS   NS NS 
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Table 4 (continued) 

Cubic (C)  NS NS <0.0001   NS NS 

Residual (R)  NS NS <0.0001   NS NS 

H*E     0.0010 <0.0001   

H*EL  0.0349 NS 0.0467   NS NS 

H*EQ  0.0089 NS 0.0342   NS NS 

H*EC  0.0049 NS NS   NS NS 

H*ER  0.0172 NS NS   NS NS 

Z Percentage of stems that exhibited termination symptom 
Y Solution uptake per stem 
X Means followed by the same letter are not significantly different according to the Tukey’s multiple comparison at α = 0.05 
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Table 5.  The effect of vase solution pH and buffer on water uptake, vase life, fresh weight, and incidence of petal drop of 
Helianthus ‘Sunbright’.  The ‘unaltered’ treatments were distilled water (5.3 pH, 0.00 dS∙m-1 EC).  Means are an average of 15 
stems. 

Treatment 

Initial pH 
Initial EC 
(dS·m

-1
) Vase life (d) 

Fresh weight  
change (g) 

Solution  
uptake

Y
 (mL) Petal drop 

Z
 (%) 

Change in  
pH 

Change in  
EC (dS·m

-1
) Buffer pH 

No buffer Unaltered 5.3 0.00 11.3 ab
X 

-11.44 a 112 a 47 ab 0.19 d 0.01 e 

  Acidic 3.2 0.00 10.6 ab -12.34 a 102 a 27 ab 2.50 a 0.02 e 

  Neutral 6.1 0.00 10.4 ab -11.18 a 113 a 20 ab -0.46 ef 0.03 e 

  Basic 7.5 0.00 10.3 ab -11.80 a 112 a 0 b -1.82 i 0.03 e 

Bis-tris Acidic 3.2 0.30 11.5 ab -10.22 a 113 a 47 ab 1.93 b 0.03 e 

  Neutral 6.2 0.15 11.7 ab -8.10 a 109 a 60 a -0.29 de 0.09 ab 

  Basic 7.6 0.07 9.9 a -10.60 a 115 a 20 ab -1.45 hi 0.11 a 

Citrate Acidic 3.0 0.53 11.9 b -17.84 a 104 a 27 ab 1.25 c 0.04 cde 

  Neutral 6.3 0.35 10.1 ab -14.54 a 115 a 47 ab -0.40 e 0.06 bcd 

  Basic 7.4 0.35 10.1 ab -8.92 a 107 a 7 ab -1.03 gh 0.06 bcd 

Phosphate Acidic 3.1 0.59 11.0 ab -9.78 a 121 a 47 ab 2.03 ab 0.03 e 

  Neutral 6.3 0.44 10.5 ab -13.80 a 111 a 33 ab -0.31 e 0.11 a 

  Basic 7.5 0.43 10.7 ab -12.65 a 103 a 47 ab -0.91 fg 0.10 a 

No buffer     10.6 a -11.96 ab 108 a 23 a 0.10 ab 0.02 c 

Bis-tris     11.3 a -9.92 a 111 a 50 a 0.09 ab 0.07 a 

Citrate     10.9 a -14.33 b 108 a 34 a -0.03 b 0.05 b 
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Table 5 (continued) 

Phosphate     10.9 a -10.83 ab 113 a 50 a 0.30 a 0.08 a 

 Unaltered   11.3 a -11.44 a 112 a 47 a 0.19 b 0.01 b 

  Acidic   11.3 a -10.81 a 109 a 37 ab 1.93 a 0.03 b 

  Neutral   10.7 ab -12.55 a 110 a 18 b -0.37 c 0.07 a 

  Basic   10.2 b -11.91 a 109 a 40 ab -1.30 d 0.08 a 

Significance             

 Buffer (B)   NS NS NS 0.0129 0.0026 <0.0001 

 pH (P)   0.0006 NS NS 0.0051 <0.0001 <0.0001 

 B*P   0.0311 NS NS NS <0.0001 <0.0001 

Z Percentage of stems that exhibited termination symptom 
Y Solution uptake per stem 
X Means followed by the same letter are not significantly different according to the Tukey’s multiple comparison at α = 0.05  
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Table 6.  The effect of vase solution EC and commercial holding solution (Floralife Professional) on vase life, water uptake, fresh 
weight, and incidence of bent neck, necrotic petal, and powdery mildew of Helianthus ‘Sunbright’.  The treatment with holding 
solution (EC 0.41 dS·m-1, pH 3.5) and without holding solution (EC 0.00 dS·m-1, pH 4.5) were not supplemented with NaCl.  
Treatments with holding solution had an initial pH of 3.4.  Treatments without holding solution had an initial pH of 5.1. Means 
are an average of 15 stems. 

Treatment 

Vase life (d) 

Fresh 
weight 
change (g) 

Solution 
uptake

Y
 

(mL) 
Petal 
wilt

Z
 (%) 

Bent neck
Z
 

(%) 
Necrotic 
petal

Z
 (%) 

Powdery 
mildew

Z
 

(%) 
Change in 
pH 

Change in 
EC 
(dS·m

-1
) Holding EC 

Yes 0.41 13.1 abc
X 

-2.18 ab 122 a 73 a 7 ab 93 ab 60 abc -0.05 ef 0.03 b 

 0.50 13.7 ab -4.44 ab 123 a 80 a 7 ab 93 ab 27 cd -0.13 f 0.05 b 

 0.75 13.5 ab -8.86 ab 122 a 93 a 27 ab 87 abc 93 a 0.14 cdef 0.05 b 

 1.00 14.2 a -6.46 ab 119 a 93 a 7 ab 87 abc 67 abc -0.04 ef 0.13 ab 

 2.00 13.0 abcd -3.44 ab 127 a 73 a 0 b 100 a 33 cd -0.07 ef 0.02 b 

 2.50 12.1 abcdef -5.08 ab 121 a 100 a 0 b 87 abc 40 bcd 0.16 cdef 0.04 b 

 3.00 13.4 ab 0.22 a 111 a 93 a 0 b 100 a 80 ab 0.01 def 0.23 ab 

 4.00 12.9 abcde -0.30 a 128 a 93 a 7 ab 93 ab 67 abc 0.03 def 0.33 ab 

No 0.00 11.9 bcdef -16.64 b 104 a 100 a 47 ab 73 abcd 0 d 1.04 a 0.26 ab 

 0.25 11.0 cdef -12.60 ab 104 a 100 a 53 a 47 bcd 7 d 0.53 bc 0.06 b 

 0.50 10.1 f -12.60 ab 111 a 100 a 40 ab 53 abcd 7 d 0.65 ab 0.05 b 

 0.75 11.0 cdef -12.54 ab 108 a 100 a 33 ab 67 abcd 0 d 0.51 bc 0.10 ab 

 1.00 10.8 def -12.76 ab 109 a 100 a 27 ab 40 cd 0 d 0.39 bcd 0.06 b 

 2.00 11.7 bcdef -9.48 ab 118 a 100 a 13 ab 33 d 13 d 0.55 bc 0.28 ab 
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Table 6 (continued) 

 2.50 10.7 ef -13.34 ab 111 a 100 a 27 ab 73 abcd 0 d 0.40 bcd 0.18 ab 

 3.00 11.0 cdef -11.46 ab 121 a 100 a 13 ab 67 abcd 13 d 0.55 bc 0.41 ab 

 4.00 11.6 bcdef -15.22 ab 98 a 100 a 13 ab 67 abcd 0 d 0.33 bcde 0.47 a 

Yes  13.3 a -4.29 a 120 a 88 b 12 b 93 a 58 a 0.07 b 0.10 b 

No  11.1 b -12.73 b 110 b 98 a 29 a 57 b 5 b 0.54 a 0.20 a 

 0.00 11.9 ab -12.42 b 104 a 100 a 47 ab 73 ab 0 d 1.04 a 0.26 abc 

 0.25 11.0 b -8.38 ab 104 a 100 a 53 a 47 b 7 d 0.53 b 0.06 bc 

 0.41 13.1 ab -6.39 a 122 a 73 b 7 c 93 a 60 d -0.05 d 0.03 c 

 0.50 11.9 ab -8.52 ab 117 a 90 ab 23 abc 73 ab 17 bcd 0.23 bcd 0.05 bc 

 0.75 12.2 ab -10.70 ab 115 a 97 a 30 abc 77 ab 47 ab 0.33 bc 0.08 bc 

 1.00 12.5 ab -9.61 ab 114 a 97 a 17 bc 63 ab 33 abc 0.18 cd 0.09 bc 

 2.00 12.3 ab -6.46 ab 123 a 87 ab 7 c 67 ab 23 bcd 0.24 bcd 0.15 abc 

 2.50 11.4 b -9.21 ab 116 a 100 a 13 bc 80 ab 20 bcd 0.28 bc 0.11 bc 

 3.00 12.2 ab -5.62 ab 116 a 97 a 7 c 83 ab 47 ab 0.28 bc 0.32 ab 

 4.00 12.2 ab -7.76 ab 113 a 97 a 10 c 80 ab 33 abc 0.18 cd 0.40 a 

Significance          

Hold (H)  <0.0001 <0.0001 0.0028 0.0009 0.0008 <0.0001 <0.0001 <0.0001 0.0193 

EC (E)     NS 0.0090 NS 0.0101   

Linear (L)  NS NS NS     0.0086 <0.0001 

Quadratic (Q)  NS NS 0.0600     0.0219 0.0136 



145 
 

Table 6 (continued) 

Cubic (C)  NS NS NS     <0.0001 NS 

Residual (R)  NS NS NS     0.0012 NS 

H*E     NS NS NS 0.0002   

H*EL  0.0165 NS NS     NS NS 

H*EQ  NS NS 0.0429     NS NS 

H*EC  NS NS NS     NS NS 

H*ER  NS NS NS     NS NS 

Z Percentage of stems that exhibited termination symptom 
Y Solution uptake per stem 
X Means followed by the same letter are not significantly different according to the Tukey’s multiple comparison at α = 0.05
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Table 7: The effect of vase solution pH and buffer on water uptake, vase life, fresh weight, and incidence of bent neck and petal 
darkening of Zinnia ‘Scarlet’.  The ‘Unaltered’ treatments are distilled water (5.3 pH, 0.00 dS∙m-1 EC).  Means are an average of 15 
stems. 

Treatment 
Initial 
pH 

Initial EC 
(dS·m

-1
) 

Vase life 
(d) 

Fresh  weight  
change (g) 

Solution  
uptake

Y
 (mL) 

Bent neck
Z
  

(%) 

Petal 
darkening

Z
 

(%) 
Change in  
pH 

Change in EC 
(dS·m

-1
) Buffer pH 

No buffer Unaltered 5.3 0.00 10.3 ab
X 

-1.76 ab 39 ab 67 a 80 ab 0.85 b 0.04 bcde 

 Acidic 3.1 0.20 9.3 abc -0.74 ab 43 ab 20 a 93 a 2.53 a 0.00 e 

 Neutral 6.1 0.00 10.9 a -2.22 ab 48 a 20 a 93 a 0.21 c 0.00 e 

 Basic 7.9 0.00 8.6 abc -0.96 ab 40 ab 20 a 100 a -0.01 cd 0.01 de 

Bis-tris Acidic 3.3 0.36 8.1 abc -1.84 ab 47 a 49 a 93 a 2.37 a 0.04 bcde 

 Neutral 6.3 0.19 7.1 c -1.06 ab 37 ab 52 a 53 ab -0.32 d 0.06 bcd 

 Basic 7.9 0.11 6.8 c -0.72 ab 43 ab 49 a 33 b -1.12 e 0.13 a 

Citrate Acidic 3.1 0.61 7.6 bc -1.98 ab 33 b 53 a 67 ab 2.18 a 0.00 e 

 Neutral 6.1 0.42 6.7 c -2.52 b 33 b 60 a 33 b 0.30 c 0.00 e 

 Basic 7.3 0.42 7.1 c -3.00 b 37 ab 60 a 53 ab -0.04 cd 0.02 cde 

Phosphate Acidic 3.1 0.64 8.5 abc 0.00 a 44 ab 47 a 80 ab 2.06 a 0.01 cde 

 Neutral 6.2 0.52 8.1 abc -0.98 ab 46 a 47 a 87 a -0.97 cd 0.09 ab 

 Basic 8.3 0.50 8.3 abc -2.08 ab 41 ab 53 a 80 ab -0.05 e 0.07 abc 

No buffer     9.8 a -1.42 a 43 a 32 b 92 a 0.90 a 0.00 b 

Bis-tris    7.5 b -1.32 a 41 a 50 ab 56 b 0.30 b 0.09 a 

Citrate    7.3 b -2.61 b 32 b 58 a 47 b 0.80 a 0.03 b 
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Table 7 (continued) 

Phosphate    8.5 b -1.13 a 42 a 49 ab 78 a 0.33 b 0.08 a 

  Unaltered   10.3 a -1.76 a 39 a 67 a 80 a 0.85 b 0.04 a 

 Acidic   8.4 b -1.14 a 42 a 38 a 83 a 2.29 a 0.00 b 

 Neutral   8.2 b -1.70 a 41 a 43 a 67 a 0.04 c 0.04 a 

 Basic   7.7 b -1.69 a 40 a 50 a 67 a -0.54 d 0.06 a 

Significance          

 Buffer (B)   <0.0001 0.0022 <0.0001 0.0017 <0.0001 <0.0001 <0.0001 

 pH (P)   NS NS NS 0.0074 0.0376 <0.0001 <0.0001 

 B*P   NS 0.0275 0.0213 NS 0.0147 <0.0001 0.0002 

Z Percentage of stems that exhibited termination symptom 
Y Solution uptake per stem 
X Means followed by the same letter are not significantly different according to the Tukey’s multiple comparison at α = 0.05  
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Table 8.  The effect of vase solution EC and commercial holding solution (Floralife Professional) on vase life, water uptake, fresh 
weight, and incidence of petal wilt, necrotic petals, and powdery mildew of Zinnia ‘Scarlet’.  The treatment with holding solution 
(EC 0.41 dS·m-1, pH 3.6) and without holding solution (EC 0.00 dS·m-1, pH 6.1) were not supplemented with NaCl.  Treatments 
with holding solution had an initial pH of 3.5.  Treatments without holding solution had an initial pH of 5.2. Means are an average 
of 15 stems. 

Treatment 

Vase life (d) 
Fresh weight 
change (g) 

Uptake
Y
 

(mL) 
Petal wilt

Z
 

(%) 
Necrotic petal

Z
 

(%) 
Powdery 
mildew

Z
 (%) 

Change in 
pH 

Change in 
EC (dS·m

-1
) Holding EC 

Yes 0.41 10.5 a
X 

-1.54 ab 23 bc 93 ab 93 a 67 ab -0.25 d 0.09 d 

 0.50 9.9 a -0.50 ab 23 abc 100 a 80 a 93 a -0.18 cd 0.07 d 

 0.75 9.4 ab -0.92 ab 26 abc 87 ab 73 a 80 ab -0.03 cd 0.11 cd 

 1.00 9.9 a -0.16 ab 25 abc 87 ab 87 a 67 ab -0.25 d 0.10 d 

 2.00 9.1 ab -1.46 ab 28 abc 60 ab 87 a 73 ab -0.07 cd 0.27 ab 

 2.50 8.7 abc 0.72 a 22 c 53 b 100 a 60 ab 0.02 cd 0.15 bcd 

 3.00 9.5 ab -0.66 ab 27 abc 80 ab 87 a 47 bc -0.14 cd 0.27 ab 

 4.00 8.9 ab -0.20 ab 23 bc 87 ab 100 a 47 bc 0.02 cd 0.32 a 

No 0.00 10.6 a -2.55 b 32 a 100 a  73 a 47 bc 0.14 c 0.06 d 

 0.25 8.3 abcd -1.64 ab 38 abc 87 ab 100 a 13 cd 1.08 ab 0.06 d 

 0.50 8.5 abc -1.22 ab  31 ab 87 ab 100 a 0 d 1.03 ab 0.09 d 

 0.75 8.8 ab -1.36 ab 27 abc 100 a 93 a 0 d 0.90 b 0.09 d 

 1.00 8.2 abcd -1.02 ab 27 abc 73 ab 100 a 0 d 1.05 ab 0.14 bcd 

 2.00 7.0 bcde -1.06 ab 26 abc 100 a 100 a 0 d 1.25 a 0.19 abcd 
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Table 8 (continued) 

 2.50 6.1 cde -1.68 ab 28 abc 73 ab 100 a 7 cd 1.16 ab 0.21 abcd 

 3.00 5.7 de -0.30 ab 27 abc 73 ab 100 a 0 d 0.98 ab 0.16 bcd 

 4.00 4.7 e -1.20 ab 27 abc 73 ab 100 a 0 d 1.06 ab 0.26 abc 

Yes  9.9 a -0.76 a 25 b 83 a 88 b 72 a -0.19 b 0.17 a 

No  7.6 b -1.42 b 28 a 86 a 96 a 7 b 0.96 a 0.14 b 

 0.00 10.6 a -2.55 a 24 a 100 a 73 b 47 ab 0.14 c 0.06 d 

 0.25 8.3 bc -1.64 a 30 b 87 ab 100 a 13 b 1.08 a 0.06 d 

 0.41 10.5 a -1.87 a 24 b 93 ab 93 ab 67 a -0.25 a 0.09 cd 

 0.50 9.2 ab -0.86 a 27 ab 93 ab 90 ab 49 ab 0.43 b 0.08 cd 

 0.75 9.1 ab -1.14 a 27 ab 93 ab 80 ab 40 ab 0.43 b 0.09 cd 

 1.00 9.1 ab -0.59 a 26 ab 80 ab 93 ab 33 ab 0.40 b 0.12 bcd 

 2.00 8.0 bc -1.26 a 27 ab 80 ab 90 ab 37 ab 0.58 b 0.23 ab 

 2.50 7.4 bc -0.47 a 25 b 63 b 100 a 33 ab 0.59 b 0.18 abc 

 3.00 7.6 bc -0.48 a 27 ab 76 ab 93 ab 23 b 0.42 b 0.22 ab 

 4.00 6.8 c -0.70 a 25 b 80 ab 100 a 23 b 0.54 b 0.29 a 

Significance         

Holding (H) <0.0001 0.0401 0.0040 NS 0.0012 <0.0001 <0.0001 NS 

EC (E)    0.0235 0.0069 0.0004   

Linear (L) <0.0001 0.0363 NS    0.0155 <0.0001 

Quadratic (Q) NS NS NS    NS NS 
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Table 8 (continued) 

Cubic (C) NS NS NS    NS NS 

Residual (R) NS NS 0.0338    <0.0001 NS 

H*E    0.0210 NS NS   

H*EL 0.0034 NS NS    NS NS 

H*EQ NS NS NS    NS NS 

H*EC NS NS NS    NS NS 

H*ER NS NS NS    NS NS 

Z Percentage of stems that exhibited termination symptom 
Y Solution uptake per stem 
X Means followed by the same letter are not significantly different according to the Tukey’s multiple comparison at α = 0.05 
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