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ABSTRACT 

 
 Gladiolus is second most produced cut flower in Pakistan. Its postharvest losses 

occasionally reach up to 10-30% in Pakistan. Losses are mainly due to lack of use of 

postharvest treatments, harvesting at improper time and stage, improper cold storage, and 

poor water quality. Markets surveys revealed that growers and retailers do not follow 

have standard protocols for postharvest handling of gladiolus to reduce these losses. A 

project, involving a series of postharvest experiments on ‘White Prosperity’ gladiolus, 

was executed to develop protocols for postharvest handling of gladiolus, with special 

context to prevailing problems faced by growers and retailers in Pakistan. The results 

revealed that pulsing with 10% sucrose for 24 h increased the vase life of gladiolus up to 

~3 days relative to control (tap water). Harvesting the stems in the morning or evening 

was better than noon harvest, while the less the number of florets opened at harvest, the 

better was the postharvest performance of gladiolus. Wet type of storage was better for 

shorter durations of storage than dry storage. Pulsing with low concentration of nano-

silver (NS) for short duration (50 mg L
-1

 for one hour) significantly improved the 

postharvest characteristics of gladiolus, while among silver sources AgNO3 (20 mg L
-1

) 

performed better than Silver thiosulfate (STS) or NS. Similarly for vase solution low 

concentration (0.01 mg L
-1

) of NS improved the longevity of gladiolus. Carbonated water 

performed better over other sources/types of water. Among Pseudomonas fluorescens 

strains PF-279 performed better than PF-417 to prolong the longevity of gladiolus. 

 The study concluded that use of sucrose pulsing; managing the time and stage of 

harvest; and use of wet storage, different germicides, carbonated water, and biocontrol 

bacteria can remarkably enhance vase life of gladiolus and can help in reducing the 

postharvest losses while maximizing net return to the growers and retailers.    
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Chapter 1 

INTRODUCTION 

Production of cut flowers has become a rapidly expanding dynamic global enterprise 

in today’s world. Floriculture industry is growing at rate of about 10% each year (Anon. 

2009) and its global worth has reached up to US$ 150 billion per annum (Chandler and 

Tanaka, 2007). It possesses an immense potential in generating self-employment among 

small and marginal farmers and earning foreign exchange. Floriculture is becoming backbone 

of economy (Chandler and Brugliera, 2011) of developing countries like Kenya, Costa Rica, 

Colombia, Ethiopia, and Ecuador which are actively involved in floriculture production and 

export (Xiao-Li et al., 2012). Flowers are not only important for their economic value but 

also symbolize love, affection, peace, and beauty as well. Globally, more than 140 countries 

are involved in floriculture trade (Oyi et al., 2012). Flowers are extensively used in various 

day to day activities, occasions, and events ranging from birth to death. Perhaps there may 

not be any social gathering or festival (religious and/or cultural) where flowers are not used.  

Total area under floriculture in the world (both open and protected) is estimated to be 

572,000 ha. India (191,000 ha) and China (148,676 ha) occupy the majority of the world 

acreage used for flower production. China, Netherlands, United States of America and Japan 

are the leading producers of cut flowers. While in terms of consumption, Europe, United 

States and Japan are leading consumption centers in the world, respectively (AIPH/Union 

Fleurs, 2012). However, due to high cost of production in developed countries, Colombia, 

Kenya, Ecuador, Poland, India, Ethiopia and Costa Rica have emerged as new production 

centers during past few decades (Xiao-Li et al., 2012). Developing countries have further 

advantage of season, cheap labor, and vast production areas which ensures round the year 

supply of floriculture products.  

In Pakistan, the floriculture industry is still developing its roots and is likely to 

become a commercial enterprise in near future. In spite of huge potential for cultivation of 

commercial flower crops, the area under cut flower production is about 8,000 acres and very 

small quantity of cut flowers is exported. The cut flowers, bedding plants, foliage potted 

plants, and bulbous plants are produced in the vicinity of big cities like Lahore, Karachi, 
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Islamabad, Rawalpindi, Multan, Faisalabad, Nawabshah and Hyderabad etc. Pakistan has 

great seasonal advantage of producing cut flowers even in winter season when Europe is 

covered with snow and frost. According to estimates, about 50-52 ton of fresh flowers are 

produced daily (20,000 ton per year) and mainly consumed locally except negligible amount 

of export to Gulf States (Anon. 2013).  

Gladiolus (Gladiolus grandiflorus L.) is the second most produced cut flower after 

roses in Pakistan (Saleem et al., 2013). Its demand in domestic and global market has 

increased many folds during the past decade. It is well adapted to variable climatic conditions 

and is liked by the growers due to its relative ease of production and by florists due to its 

enticing flower spikes (Singh and Kumar, 2008). Despite all these prospects and vast scope 

for its production, several bottlenecks exist in its production and marketing channel. Farmers 

in Pakistan are generally unaware of proper time and stage of harvest in context of gladiolus 

marketing. Early morning harvesting of the flowers is a common practice when the flowers 

are too wet by dew. These are then transported to wholesale market via donkey driven carts, 

bicycles, motor bikes, mini trucks, wagons or even by a person carrying bundle of flowers on 

his/her head, if the market is at a walking distance. Thus quality of flowers is deteriorated 

before they reach the wholesale market where, they are kept on ground and packed in used 

cardboard boxes for sale. The boxes containing cut flowers are filled beyond their storage 

capacity in order to reduce the transport expenses. The boxes are then transported via local 

public transport to the retailers. Even after reaching at retailer’s shop, these boxes are kept 

for hours and sometimes for days in open. They are opened when the previous stock is sold. 

So, the whole supply chain needs to be standardized.  

There are about 10-30% losses due to post harvest damage in cut flowers (Hayat et 

al., 2012). Postharvest handling plays an important role in maintaining the keeping quality of 

flowers wherein efforts are made to reduce stem plugging, restrict microbial activity, and 

delay flower senescence through provision of external sources of water and nutrients as 

required by the flowers (Meman and Dabhi, 2006). Air embolism and bacterial plugging 

cause dehydration and wilting by blocking water uptake (van Doorn, 1997) thus reduce the 

vase life and number of flowers opened. Adding sucrose to the vase solution extends the vase 

life of flowers (Ranwala and Miller, 2009; Ahmad et al., 2013). Sucrose is most commonly 

used to enhance longevity of flowers among all the available sugars (Asrar, 2012). Such 
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improvements in vase life originate through more energy provision for basic cellular 

functions like respiration which help to maintain the functions of other cell organelles 

(Nowak and Rudnicki, 1990). Sometimes, the crop is ready to harvest even before a specific 

event, but the growers and retailers in Pakistan, do not know how to preserver the quality of 

gladiolus stems by use of sucrose. They either do not use sucrose or if they use, information 

about a specific concentration to be used is entirely lacking.  

Both time and stage of development are important factors for good returns from the 

flowers. Cut flowers should be harvested at minimum harvest maturity so that, they can be 

fully opened and perform best during display life after distribution. The time and stage of 

development of flower at harvest time has prominent effect on vase life (Moe, 1975) and 

opening of flowers (Marissen and Benninga, 2001). The commercial harvest stage of cut 

flowers varies greatly for different flowers and depends on season, distance to the market, 

environmental conditions, and preferences of the consumer (Halevy et al., 1984). However, 

literature reveals that the stage of development of flower at the time of harvest either depends 

on the cultivar under study (Sarkka and Rita, 2002) has not been studied (Mortensen and 

Fjeld, 1998) or not clearly defined/mentioned (Sonneveld et al., 1999).  

Cut flowers are highly perishable and complex plant organs that need to be properly 

handled and stored to preserve their value and quality (Reid, 2002; Ahmad et al., 2012). 

Most deteriorating factor for cut flowers is the temperature (Teixeira-da-Silva, 2003). Hence, 

for cut flower crops, the cold storage treatment before or during marketing seems inevitable 

(Verlinden and Garcia, 2004), especially when the flowers are marketed to remote global 

markets which are hundreds and thousand miles away from their site of production. The low 

temperature treatment reduces the rate of respiration in living tissues, leading to less net 

requirement of respiration substrate (glucose) and less amount of CO2 is generated. 

Appropriate cut flower storage facilities also allow product to be accumulated for holidays 

and special events, when demand exceeds supply, to increase profitability (Ahmad et al., 

2012). Cold storage also helps to regulate the market supply in case of surplus production, 

‘holding-over’ for small duration to get good prices, use of economical refrigerated sea 

transportation, and stock for commercial consignments when supplies are inadequate (Nowak 

and Rudnicki, 1990).  
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Both dry and wet storage have advantages and disadvantages for cut stem storage and 

longevity. Generally, for long term, stems should be stored dry, while for shorter periods (1–

4 weeks), storage in water or a preservative solution is preferred (Reid, 2002; Ahmad et al., 

2012). Dry storage saves space in cold stores however; it can be more labor intensive and 

costly because of packing and the need to recut stems after storage. Moreover, some species 

do not adapt well to dry storage; for example, dahlia (Dahlia hybrids), freesia (Freesia 

hybrida), gerbera (Gerbera jamesonii), and gypsophila (Gypsophila elegans) (Nowak and 

Rudnicki, 1990). Wet storage of cut flowers is also widely practiced as flowers do not need 

to be packed and stems maintain good turgor. On the other hand, more space is used by the 

storage buckets, stems can deplete food reserves rapidly, and buds can open more quickly. 

Finally, wet storage provides more opportunities for pathogenic contamination, resulting in 

plugged stem ends, blocked water uptake, accelerated wilting, and ultimately death of the 

stems (Macnish et al., 2009; Ahmad et al., 2012). Many researchers feel that the negative 

effects of water storage are so great that stems should remain dry entirely from harvest until 

receipt by the retailer and that any hydration of the stems in the marketing chain accelerates 

bacterial contamination and stem plugging (van Doorn and D’hont, 1994; Zagory and Reid, 

1986). However, there is scanty information about the effect of dry and wet storage on 

postharvest performance of gladiolus. 

Gladiolus has the problem of shorter vase life due to vascular occlusion by bacteria 

(Marandi et al., 2011). Bacterial proliferation and their decay products cause stem blockage 

in cut flowers (Teixeira-da-Silva, 2003). Use of preservatives containing germicide has been 

suggested to prolong the vase life of cut flowers (Nair et al., 2003). Spoilage and infections 

have long been prevented by silver containing biocides, since ancient times (Rai et al., 2009). 

Many biocides have been used in past such as silver nitrate (SN) (Nair et al., 2003), silver 

thiosulphate (STS) (Asrar, 2012; Hayat et al., 2012), 8-hydroxyquinoline sulphate (Asrar, 

2012), 8-hydroxyquinoline citrate (van Doorn and Perik, 1990) or aluminum sulphate (van 

Doorn et al., 1991). Recent studies have focused on multi-functional and anti-bacterial 

properties of silver nano-particles (Jeong et al., 2005). Nano-silver (NS) has emerged as a 

new germicide that can be added in vase solution to control bacteria. Previous studies show 

positive effects of NS pulsing (Liu et al., 2009a; Lu et al., 2010a) and vase solution (Liu et 
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al., 2009b; Kazemi and Ameri, 2012) on vase life of flowers like roses and gerbera. 

Nevertheless, its effect on longevity of gladiolus yet remains to be explored. 

Although a voluminous body of literature suggests enhancements in the longevity of 

cut flowers by addition of different biocides and preservatives, yet, influence of vase water 

quality remains a neglected area of postharvest cut flower research. The reports showing 

effects of vase water quality on vase life of cut flowers differ regarding the use of deionized 

(DI) or tap water (Nowak and Rudnicki, 1990). Some studies show that tap water extended 

vase life than DI water (Dias and Patil, 2003) whereas, van Meeteren et al. (2000) reported 

that the use of tap water for handling of cut flowers is prohibited because of varying salts 

composition which causes variations in the storage quality of cut flowers. As the composition 

of tap water varies from place to place hence, there is no authenticity about its use as vase 

water. Mostly tap water or sometimes canal water is being used as vase water for handling of 

gladiolus in Pakistan, without considering its fitness as vase water. No study has yet been 

conducted in this regard, locally. 

The chemicals being used to enhance vase life of cut flowers are bactericidal or 

bacteriostatic like silver nitrate (Nair et al., 2003), silver thiosulphate (Asrar, 2012; Hayat et 

al., 2012), 8-hydroxyquinoline sulphate (Asrar, 2012), 8-hydroxyquinoline citrate (van 

Doorn and Perik, 1990) or aluminum sulphate (van Doorn et al., 1991). Some of these are 

very stable and dangerous to the environment. The extensive use and release of these 

chemicals during handling can cause pollution (Florack et al., 1996). Environmental 

concerns, costs, and restrictions in using these chemicals warrant the need of alternative 

strategies to control microorganisms. Biocontrol bacteria represent a potential alternative to 

pathogn management approach (Jetiyanon and Kloepper, 2002), which may help in 

developing organic methods for effective control of detrimental microbes in the vase 

solutions. Among bacterial antagonists, Pseudomonas fluorescens has been reported as an 

effective agent for a wide range of plant pathogens like viruses, bacteria, fungi, and in many 

plant species, e.g., carnation, tomato, bean, radish, tobacco, and cucumber (van Loon et al., 

1998). In short, biocontrol agents have great potential as alternative approach to control 

phyto-pathogens, but they have not yet been explored for commercial use (Becker and 

Schwinn, 1993).  
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Keeping in view the significance of gladiolus as an important cut flower and 

prevailing bottlenecks in its handling and marketing in Pakistan; a series of postharvest 

studies were undertaken to achieve the following objectives; 

 Developing protocols for postharvest handling and storage of gladiolus to minimize 

postharvest losses while maximizing net returns to the growers and retailers. 

 To determine the influence of sucrose pulsing, time and stage of harvest and modes of 

storage on vase life of gladiolus. 

 To elucidate the effect of silver containing germicides on vase life of gladiolus. 

 To explore the effect of water quality on vase life of gladiolus. 

 To assess the influence of induced bacteria on vase life of gladiolus. 
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Chapter 2 

REVIEW OF LITERATURE 

 Postharvest handling and management of cut flowers remained an important area of 

research throughout the globe. Present chapter would review and summarize the work done 

by scientists on postharvest strategies to enhance the longevity of cut flowers. Their findings 

and conclusions about different aspects of postharvest management of cut flowers in general 

and of gladiolus in particular are briefly reviewed and discussed here. 

2.1 Role of carbohydrates and sucrose pulsing 

Enhancing longevity of cut flowers by using sugars has been studied for many years 

(van Doorn, 2001). As longevity of cut flowers is an important factor in consumer preference 

(Moneruzzaman et al., 2010) so, adding sugars to the vase solutions is a recommended 

practice to improve the vase life of many of cut flower species (Verlinden and Garcia, 2004). 

When stems are cut, the energy chain is cut off but the energy is still required by the living 

tissues like leaves, stem and specially the developing flowers. So, an exogenous source of 

energy is required by cut stems for the development of buds into full blooms and to maintain 

the quality and longevity of cut flowers. Flowers are actively developing organs of plants so, 

they act as sink for carbohydrate consumption.  

Sugars (carbohydrates) are utilized as building blocks for cell wall synthesis, as 

respiratory substrate and to develop osmotic pressure of the cell (Asrar, 2012). Beneficial 

effects of providing exogenous source of energy (sucrose) include bud anthesis (Han, 1992; 

Kuiper et al., 1995; Ichimura and Hisamatsu, 1999; Su et al., 2001), increase in flower buds 

and florets in case of inflorescences, large flower size (Eason et al., 1997), delay in 

senescence of florets and flowers (Ichimura and Suto, 1999; Liao et al., 2000), reduction in 

ethylene production (Ichimura and Hisamatsu, 1999; Ichimura and Suto,1999), and increase 

in petal color intensity (Eason et al., 1997; Han, 2003). 

Sucrose is most commonly used in order to prolong vase life of cut flowers among all 

the available sugars (Asrar, 2012). Adding sucrose to the vase solution extends the 

postharvest life of cut flowers (Ranwala and Miller, 2009). Many scientists have used 

sucrose for the purpose of prolonging the vase life of flowers (Halevy et al., 1978) as it 
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provides energy basis for basic cellular functions like respiration and maintains the functions 

of other cell organelles (Nowak and Rudnicki, 1990). Sugar is used as bud opening solution 

before distribution (Kuiper et al., 1995) and as an important part of the vase solution at the 

retail and domestic level. Influence of sucrose on bud opening and longevity has been 

demonstrated by many scientists on number of cut flower crops like Liatris spicata (Han, 

1992), gypsophila (Downs, 1988), spray carnations (Bravdo et al., 1974), limonium (Dilley 

and Carpenter, 1975), sweet pea (Ichimura and Suto, 1999), gentiana (Zhang and Leung, 

2001), delphinium (Ichimura et al., 2000), snapdragon (Ichimura and Hisamatsu, 1999), 

oncidium (Chen et al., 2001), eustoma (Ichimura and Korenaga, 1998), gladiolus (Kofranek 

and Halevy, 1976), rose (Ichimura and Suto, 1999; Ahmad, 2009), and Heuchera sanguinea 

(Han, 1998).  

Many factors are involved in flower senescence e.g., carbohydrate depletion, water 

stress (Sankat and Mujaffar, 1994), carbon availability (Ichimura et al., 2000), ethylene 

effects (Wu et al., 1991), and micro-organisms (de Witte and van Doorn, 1991). Cut flower 

senescence is initiated when energy required for synthesis reactions is considerably reduced. 

Therefore, exogenous application of carbohydrate supplementation is helpful in delaying 

senescence by maintaining the structure and activity of mitochondria (Kaltaler and 

Steponkus, 1976). Senescence of cut flowers is associated with carbohydrate level in the 

petals (Mayak et al. 1972). Combination of salts with sucrose in the vase solution decreases 

ethylene production and increases vase life of flower spikes (Murali and Reddy, 1993). Flux 

of minerals and water in xylem is regulated by sucrose through transpiration control (Nowak 

and Rudnicki, 1990). In roses, sugar supply enhances vase life as it is used as substrate for 

various metabolic processes such as synthesis, respiration, osmoregulation and maintenance 

and thus delays senescence.  

Pulsing is short duration exposure of plant tissues to a specific treatment which loads 

the tissues with specific treatment for future use (Reid, 2004). Pulsing is carried out by 

placing cut flowers in the solution for a short period. As most of the cut flowers are harvested 

at tight bud stage so addition of sucrose to the preservative solution helps to open the flowers 

buds which are otherwise not able to open (Pun and Ichimura, 2003). Pulsing with sucrose 

alone or in the preservative solution increases the vase life of gladiolus flowers (Marousky, 

1971). Vase life of carnations and gladiolus sp. (Mor et al., 1981; Ichimura and Suto, 1999), 
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limonium (Doi and Reid, 1995), sweat peas (Ichimura and Suto, 1999), and cyclamen, 

(Halevy et al., 1984) was improved by pulsing with sucrose.  

 The longevity of cut flowers depends on the concentration of carbohydrates (van 

Doorn, 2001). Pulsing with concentrations of sucrose more than 10% for 20 hours prolonged 

the vase life of cut Liatris spicata L. (Han, 1992). Sucrose pulsing increases the vase life and 

decreases the production of ethylene in cut sweet pea florets regardless of its stage of 

development (Ichimura and Hiraya, 1999). Pulsing gladiolus spikes with 20% sucrose for 20 

hours at 20°C enhanced the size and opening of the florets and improved the vase life 

(Mayak et al., 1973).  

Pulsing solution may contain sugar, growth regulator or germicide alone or 

combination of all. Pulsing solution containing sucrose (2-5%) or gibberellic acid (GA3, 10 

μM) extended the vase life of Gentiana triflora (Eason et al., 2004). Silver thiosulphate and 

sucrose significantly enhanced the spike opening up to 10% (Serek et al., 1994). Singh and 

Kumar (2008) analyzed the effect of sucrose along with two growth regulators viz. 

gibberellic acid (GA3) and benzyl adenine (BA) on gladiolus and concluded that membrane 

stability index, concentration of reducing and non-reducing sugars in the petals, vase life, 

fresh and dry weight of stem and solution uptake was improved significantly with vase 

solution containing 50 mg L
-1

 GA3, 50 mg L
-1

 (BA) and 50 g L
-1

 sucrose. Moneruzzaman et 

al. (2010) reported that available sucrose is a controlling factor to extend a vase life of 

bougainvillea cut flower.  

2.2 Influence of harvest time and stage 

 Flower developmental stage at harvest has a pronounced effect on flower opening 

(Marissen and Benninga, 2001) and vase life (Moe, 1975). However, literature suggested that 

the flower developmental stage at harvest often varies depending on the studied cult ivar 

(Sarkka and Rita, 2002), or was either not reported or not clearly defined (Fanourakis et al., 

2013). Different researchers have used different terminologies to describe the stage of bud 

development. For instance, it has been described as flowering stage (Khoshgoftarmanesh et 

al., 2008; Mortensen and Gislerod, 2011), commercial cutting stage (Slootweg and van 

Meeteren, 1991; Ahmad et al., 2011; Borda et al., 2011; Lu et al., 2011; Victoria et al., 

2012), as well as optimum stage (Ferreira and de Swardt, 1981). The time of the day at which 
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harvest occurs is also generally not stated in most postharvest studies except some (Garello et 

al., 1995; Marissen, 2001; Urban et al., 2002; Xie et al., 2008; Ahmad et al., 2011; Borda et 

al., 2011; Fanourakis et al., 2012).  

 Previous research has shown that bud maturity at harvest influences postharvest 

flower longevity (Eason et al., 2002). The commercial harvest stage of cut flowers varies 

greatly for different flowers and depends on season, distance to the market, environmental 

conditions, and the preferences of the consumer. Flowers like rose and gladiolus are 

harvested when the buds have started opening which ensures full opening and development 

with good quality in the vase (Halevy and Mayak, 1981), while others are generally 

harvested when fully open (chrysanthemum). Flowers for local markets are generally 

harvested much more open than those for storage and/or long-distance transport (Reid, 2004). 

Both time and stage of development are much important factors to be considered for 

good returns from the produce. Minimum harvest maturity for most cut flowers is the stage at 

which harvested buds can be opened completely and have satisfactory display life after 

distribution. Many flowers are best cut at the bud stage and open after storage, transport or 

distribution (Halevy and Mayak, 1981). This technique has many advantages, including 

reduced growing time for single-harvest crops, increased product packing density, simplified 

temperature management, reduced susceptibility to mechanical damage, and reduced 

desiccation (Nichols, 1973). 

 The most important factors for harvest are when, how and where to harvest. ‘When’ 

the plant material will reach the optimum stage of development and ‘When’ during the day to 

harvest (Gast, 1997). The best time is the coolest part of the day and when there is no surface 

water from dew or rain on the plants. Also, harvesters need enough light to see what they are 

harvesting. Morning harvest is often advantageous over afternoon harvests, because the 

temperature is lowest during the morning, plant water content is high, and the rest of the day 

is available for packing and flower distribution (Dole and Schnelle, 1991). As the longevity 

of cut flowers is correlated with carbohydrate level in the flower (Rogers, 1973) so, both, the 

environment and time of harvest influence sucrose accumulation (Gilbert et al., 2006). Late 

afternoon or evening also has possibilities because the plants have stored carbohydrates from 

the day which will provide a food reserve for the plant material (Gast, 1997).  
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 Some flowers will not fully open or wilt if cut at early stage (Halevy and Mayak, 

1981). The opening of early harvest buds varies for cultivars of same species (Eason et al. 

2002). Heuser and Evensen (1989) reported that the peony flowers harvested in the tight 

calyx stage frequently failed to open or opening was greatly delayed; but, the negative effects 

of early harvest of 'Festiva maxima' were partially ameliorated by one week in dry storage. 

Flowers harvested too early may develop ‘bent neck’ like in roses (Kohl, 1961) and gerbera 

(van Meeteren, 1978). Parups and Voisey (1976) showed that rose flowers harvested too 

early developed ‘bent neck’. No substantial difference in vase-life between flowers harvested 

at the loose calyx stage or first loose petal stage was found. Although flowers harvested at 

the loose calyx stage opened most rapidly and uniformly, the earlier stage (loose calyx stage) 

is less susceptible to damage to the outer petals from shipping and handling (Heuser and 

Evensen, 1989). Teixeira-da-Silva (2003) reported that flowers harvested at improper 

developmental stage generally show some disorder during the display life while, flowers 

harvested at proper developmental stage and optimal conditions exhibit better quality and 

performance during the display life. 

Maturity of the bud also affects the opening of flowers during vase life evaluations 

period. Peony flowers cut at the loose calyx stage maintained quality well during dry storage 

at 0°C for up to 4 weeks (Heuser and Evensen, 1989). Elgar et al. (2003) reported that more 

mature the Leucocoryne coquimbensis inflorescences were at harvest, the greater the 

percentage of flowers that opened on each inflorescence, but satisfactory flower opening 

(>70%) was observed in inflorescences harvested from ‘first flower unfurling’ onwards. 

‘Half open time’ decreased from 5 to 0 days as the stage of development at harvest advanced, 

with a concomitant decrease in vase life from 11 to 8 days. Display life (6-8 days) was 

similar for all inflorescences harvested, irrespective of developmental stage. Water uptake, 

during vase life of each inflorescence, was not affected by developmental stage at harvest.  

 Geertsen (1990) conducted experiments on Otacanthus coeruleus involving 

harvesting at five developmental stages viz. 0, 2, 4, 6, and 8 flowers opened at time of 

harvest and concluded that number of discolored flowers after three days of harvest was 

proportional to number of opened flowers at harvest time. Eason et al. (2002) used six 

cultivars of Paeonia lactiflora to study the effect of cold storage and bud maturity on vase 

life. They harvested the flowers at seven stages of bud maturity and concluded that buds 
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harvested at less mature stages had a greater vase life than those harvested at more mature 

stages. 

 In greenhouse as well as growth chamber experiments, the time of the day at which 

the harvest takes place, exerts an effect on vase life. The light conditions at the day of harvest 

in greenhouse, exerts an effect (Cross, 2000) on vase life. Temporal variation and stem 

hydraulic conductivity show the heterogeneity in vase life introduced by the time of harvest. 

Higher temperature decreased the vase life (Fanourakis et al., 2011) and caused higher 

uptake of air into the xylem conduits that were opened by cutting (van Ieperen et al., 2001). 

Moreover, on sunny days the number of cavitations on stems attached on the plant (before 

cut) was higher at midday, which resulted in reduced water uptake depending on the cultivar 

(van Doorn and Suiro, 1996). 

Many researchers described the importance of harvest time and bud maturity on 

different aspects of other crops also like Medicago sativa L. (Lamb et al., 2003), Mentha 

piperita L. (White et al., 1987), Boronia megastigma (Mactavish and Menary, 1997; 

Mactavish and Menary, 1998), and Panax ginseng (Chen et al., 2012). Kesli and Adak 

(2012) investigated the combined effect of harvest time and sulfur fertilization on amino acid 

composition of lentil (Lens culinaris) and concluded that harvesting too early results in a 

high percentage of shriveled seed due to incomplete filling, while delayed harvesting can 

result in very high losses due to pod drop and dehiscence.  

2.3 Influence of cold storage 

 Cut flowers are highly perishable and complex plant organs that need to be properly 

handled and stored to preserve their value and quality (Reid, 2002; Ahmad et al., 2012). 

Temperature is the most important postharvest factor influencing the deterioration of cut 

flowers (Teixeira-da-Silva, 2003). It is therefore, interesting to study the possibilities of low 

temperature storage and its effect on longevity and flower quality, both during and after 

storage (Serrano et al., 1992). Most perishable horticultural commodities last longer at 

temperatures near 0ºC, since low temperature reduces both metabolic processes and 

microbial growth rate and reproduction (van Doorn and de Witte, 1991).  

Postharvest assessment of cut flower crops has shown that cold storage is an 

important factor in maintaining flower quality (Lewis and Borst, 1993). A suitable cold 
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storage treatment also assists in the transportation of floral products from the tropical 

production areas to temperate market regions (Hansen and Hara, 1994). Temperature outside 

physiological norm often causes deterioration either due to freezing injury, chilling injury or 

heat injury (Joyce et al., 2000). Hence storage at low temperature helps in regulation of 

market supply (Nowak and Rudnicki, 1990) and provides flexibility in marketing by 

expanding selling time. 

 Vase life of cut flowers may by extended by many ways but the principal techniques 

are: (1) restricting deterioration of physiological processes i.e. postharvest handling which 

includes low temperature storage, controlled atmosphere storage and minimal processing 

etc., or (2) preserving the tissue by inactivating the physiological processes, i.e. food 

preservation which incorporates such techniques as thermal processing, freezing, 

dehydration, etc. (Brosnan and Sun, 2001).  

After harvesting, cut flowers are generally dry stored prior to and during shipping and 

rehydrated once when they are ready to be marketed. Dry storage results in desiccation, due 

to which, stems become dehydrated and air emboli develop within xylem of stems 

(Harbinson et al., 2005). Desiccations must be avoided during low temperature storage as 

most of the flowers cannot maintain quality for longer periods of storage. For example, 

daffodils cannot recover if they are dry-stored longer than 24 h. Most flowers are best kept in 

water during storage. Polyethylene film retains a film of moisture thus reducing transpiration 

stress (Teixeira-da-Silva, 2003). 

Faragher et al. (1984) studied the effects of dry and wet storage on 'Mercedes' rose 

(Rosa hybrida L.) and concluded that dry storage at 2ºC and 95% Relative humidity (RH) for 

10 days did not significantly reduce the water content of the petals, but did reduce the 

subsequent vase life at 22°C compared with fresh cut flowers. Dry storage also reduced the 

maximum flower diameter and the number of reflexed petals after transfer to 22°C. Flowers 

stored wet had higher petal water content but shorter vase life than dry-stored flowers. 

Ahmad (2009) compared dry and wet storage at low and high temperature for roses and 

concluded that wet storage at low temperature performed better than dry storage at low or 

high temperature. 
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 Both dry and wet storage have advantages and disadvantages for cut stem storage and 

longevity. Cut stems placed in water will develop a negative water balance when water 

uptake is less than water loss. This happens as result of xylem plugging at the stem base (van 

Meeteren et al., 2006); however, time to develop a negative water balance varies among 

species. In chrysanthemum (Chrysanthemum morifolium) negative water balance can develop 

a few hours after putting stems in water. A negative balance can also develop rapidly in 

stems that are stored dry before placement in water because of trapped air in the cut stem end 

(van Doorn, 1990). Although aspired air did not cause embolisms in dry-stored stems of 

some rose cultivars, cavitations in the xylem resulted in most of the rapid blockage observed 

in dry-stored stems (van Doorn, 1997; Loubaud and van Doorn, 2004). Water stress resulting 

from restricted water uptake in turn reduces the turgor-derived strength in cut stems (Burdett, 

1970) leaving only structural strength to keep stems upright. Turgor loss can also be caused 

by physiological plugging (Durkin and Kuc, 1966), microbial stem occlusion, or a general 

physiological decline (Rasmussen and Carpenter, 1974). 

Generally, for long term, stems should be stored dry, while for shorter periods (1–4 

weeks), storage in water or a preservative solution is preferred (Sacalis, 1993). Dry storage 

saves space in cold stores by allowing more stems to be stored in a small space; however, dry 

storage can be more labor intensive and costly because of packing and the need to recut 

stems after storage. Moreover, some species do not adapt well to dry storage; for example, 

dahlia (Dahlia hybrids), freesia (Freesia hybrida), gerbera (Gerbera jamesonii), and 

gypsophila (Gypsophila elegans) (Nowak and Rudnicki, 1990). Species prone to botrytis 

(Botrytis cinerea) should properly be treated with fungicide and tissue surfaces dried before 

storage.  

Wet storage of cut flowers is also widely practiced as flowers do not need to be 

packed and stems maintain good turgor. On the other hand, more space is used by the storage 

buckets, stems can deplete food reserves rapidly, and buds can open more quickly. Finally, 

wet storage provides more opportunities for pathogenic contamination, resulting in plugged 

stem ends, blocked water uptake, accelerated wilting, and ultimately death of the stems 

(Macnish et al., 2005). Many researchers feel that the negative effects of water storage are so 

great that stems should remain dry entirely from harvest until receipt by the retailer and that 
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any hydration of the stems in the marketing chain accelerates bacterial contamination and 

stem plugging (de Witte and van Doorn, 1988; van Doorn and D’hont, 1994).  

 The storage of flowers at low temperatures is a very common practice; however 

prolonged use of this technique is restricted by loss of flower quality and vascular blockage 

(Serrano et al., 1992), which leads to economic losses (Leonard et al., 2001). Cold storage 

delays flower development and provides a longer vase life (Redman et al., 2002). In cut rose 

flowers, many post-storage disorders such as incomplete opening (Faragher et al., 1986), 

foliage wilting (Hu et al., 1998) and petal bluing (Leonard et al., 2001) are particularly 

related to low temperature induced changes in metabolic processes. These changes include 

alterations in membrane function in response to changes in membrane properties (Come, 

1991; Marangoni et al., 1996). This change in membrane properties results increased cell 

membrane permeability which enhances electrolyte leakage from chill injured cells and 

tissues (Kim et al., 2002). Pompodakis et al. (2005) measured pre and post storage 

chlorophyll fluorescence (CF) to access low temperature injury (LTI) of roses stored at 1, 5 

and 10°C. They concluded that only during winter, roses stored at 1°C had less CF as 

compared to non-stored roses and stored at 5 and 10°C. In some species, quality may be lost 

due to foliage or petal abscission, leaf chlorosis, geotropic stem bending, excessive 

respiration/transpiration, or storage/handling at high temperatures (Reid, 2002). 

 Increasing storage temperature from 1 to 10 ºC resulted in a progressive shortening of 

subsequent vase life (Pompodakis et al., 2005). Some other researchers supported that the 

vase life of cut flower at high temperature might be decreased dramatically due to early 

development of bent necks and leaf desiccation (Ichimura and Ueyama, 1998). In, gerbera 

(Gerbera jamesonii) and sunflower (Helianthus annuus) rate of respiration increases 

exponentially with increase in storage temperature which also reduces storage life and 

negatively affects the gravitropic bending of the neck (Celikel and Reid, 2002). At higher 

temperature rate of respiration is increased leading to rapid metabolic and enzymatic activity. 

Cooling not only slows down the metabolic and enzymatic activity but also slows the rate 

maturation of the product (Teixeira-da-Silva, 2003). 

 After cold-storage of cut roses, their subsequent opening and vase life at room 

temperature is reduced as compared to freshly harvested flowers (Paulin, 1976; Halevy and 
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Mayak, 1981). Reason behind adverse effects of cold storage, on flower opening and vase 

life, may be that flowers continue to age slowly during storage even at low temperature 

which reduces subsequent vase life (Halevy and Mayak, 1981). Faragher et al. (1984) 

observed the effects of dry storage of cut rose flowers at 2°C with 95% RH and concluded 

that dry storage for 10 days did not significantly reduced petal water contents but reduced 

subsequent vase life at 22°C as compared to freshly harvested flowers. Flowers stored wet 

resulted higher water contents of petals but shorter vase life as compared to dry-stored 

flowers. It was concluded that water loss during dry cold storage is not the cause of reduced 

vase life of cold stored rose flowers (Faragher et al., 1984). Long term storage reduced vase 

life of bird of paradise flowers, with small reduction in flowers pulsed with sucrose 

immediately after cold storage. Maximum storage longevity of birds of paradise resulted 

when flower storage was at 10°C for 14 days (Finger et al., 2002).  

Low pressure and low oxygen storage have also been reported for preserving flowers. 

Bredmose (1998) attributed that low pressure storage (LPS) doubled the storage life as 

compared to normal pressure storage (NPS), which enhanced the storage life of roses up to 

double than normal cold storage. Primary effect of cold storage on cut rose flowers is to 

minimize senescence but continued slow senescence leads to shorter vase life (Faragher et 

al., 1986). Low oxygen storage atmosphere is beneficial for preservation of fresh cut roses. 

According to Golias and Kobza (2002), buds of cut roses did not open during storage in 

ultra-low oxygen (ULO) conditions and their opening was delayed for next two weeks of 

cold storage in prolonged phase of air ventilation. Serrano et al. (1992) conducted a 

comprehensive study on physiology during the storage of rose flowers cultivar 'Visa' at 4°C 

and concluded that the rate of ethylene production was maintained at very low levels and was 

unaffected by storage duration. Respiration, in contrast, decreased during storage. The level 

of l-aminocyclopropane-l-carboxylic acid (ACC) increased throughout the storage period, 

mostly conjugate form, whereas the activity of ethylene-forming enzyme decreased.  

Literature suggests that to slow down senescence, storage facilities must be available 

and storage methods well planned before harvest to preserve product quality during handling 

and transit and reduce transportation cost (Macnish et al., 2009). Appropriate cut flower 

storage facilities also allow product to be accumulated for holidays and special events, when 

demand exceeds supply, to increase profitability (Ahmad et al., 2012).  
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2.4 Influence of silver containing germicides  

The previous findings proved that microorganisms in vase water can release toxic 

metabolites and/or enzymes, cause physiological plugging and induce a hypersensitive 

response (Alvarez, 2000). Vase water soon becomes contaminated with bacteria and fungi 

which breed on plant tissues or debris. The microorganisms produce substances like tannins 

that can block the conducting vessels. Water deficit caused by bacteria and their decay 

products is perhaps the most common cause of cut flower stem blockage (van Doorn, 1997). 

Stem breaking and petal wilting in gerbera is caused by vascular blockage by bacteria due to 

decreased water uptake (van Doorn and de Witte, 1991; Meman and Dabhi, 2006). van 

Doorn et al. (1991) recommended that vascular blocking can indeed be caused by bacteria, 

resulting in shortening of the vase life of cut flowers. van Doorn (1997) also reported that 

bacterial count at concentrations of 10
7
 cfu mL

−1
 or higher significantly reduced hydraulic 

conductance and vase life of the cut flowers. Furthermore, microorganisms may secrete toxic 

compounds, pectic enzymes, and/or produce ethylene, thus hastening senescence process 

(Williamson et al., 2002). Loubaud and van Doorn (2004) reported that stem blockage in 

Rosa ‘Red One’ and Viburnum opulus ‘Roseum’ was predominantly due to living bacteria 

and their decay products. Premature wilting of cut roses is caused by inability of stems to 

absorb water which is due to presence of microbes which restrict water absorption by 

plugging the xylem of cut stem (van Doorn, 1997). To inhibit this microbial growth, addition 

of biocide in preservatives is necessary (Sacalis, 1993; Jaime and Teixeira-da-Silva, 2003). 

Silver is perhaps, the most ancient among various antimicrobial agents, used to 

prevent spoilage and fight against infections (Rai et al., 2009). Silver is less harmful and 

safer anti-microbial agents than some organic anti-microbial agents (Dastjerdi et al., 2010) 

which are avoided because of their harmful effects on the human body (Mucha et al., 2002). 

Silver is described as ‘oligo-dynamic’ since it exerts a bactericidal effect on products 

containing silver, principally due to its anti-microbial activities and low toxicity to human 

cells (Dastjerdi et al., 2010). It is effective against a broad range (>650) of pathogens in the 

body even at low concentrations (Jeong et al., 2005). Recent research has focused the anti-

bacterial and multi-functional properties of silver nano-particles (Ag NPs). Silver nano-

particles are non-toxic and non-tolerant disinfectants (Jia et al., 2005). 
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Silver (Ag
+
), generally applied as silver thiosulphate, effectively inhibits ethylene-

mediated processes, such as flower senescence and abscission (Ichimura et al., 2008). As 

with other cations (e.g. K
+
, Ca

2+
), positive effects on plant stem hydraulic conductivity of 

Ag
+
 (van Ieperen, 2007) are possible. Ohkawa et al. (1999) reported that silver containing 

compounds extended the vase life of cut roses. Ag
+
 is an effective ethylene action inhibitor 

(Beyer, 1976; Veen, 1979). Kim et al. (2005) suggested that NS acted as anti-ethylene agent 

on cut asiatic hybrid Lilium ‘Dream Land’ and oriental hybrid Lilium ‘Sibera’.  

The use of nano-biocides is more acceptable since they are safe for plants and cause 

less environmental pollution in comparison to conventional chemical pesticides (Nair et al., 

2010). The successful use of silver nano-particles (Ag NPs) in diverse medical streams as 

antifungal and antibacterial agents (Singh et al., 2008; Panacek et al., 2009) has led to their 

applications in controlling phyto-pathogens (Kim et al., 2009). Ag NPs with broad spectrum 

of antimicrobial activity reduce various plant diseases caused by spore producing fungal 

pathogens (Jo and Kim, 2009). The effectiveness of Ag NPs can be improved by applying 

them well before the penetration and colonization of fungal spores within the plant tissues. 

The small size of the active ingredient (diameter of 1–5 nm) effectively controls fungal 

diseases like powdery mildew (Park et al., 2006).  

In cut flower applications, NS has been reported to be effective as an antimicrobial 

agent (Liu et al., 2009b; Solgi et al., 2009; Lu et al., 2010b), an ethylene inhibitor (Kim et 

al., 2005) and/or a regulator of stomatal aperture (Lu et al., 2010b). Lu et al. (2010a) 

concluded that pulse treatments for 1 h with 50 and 100 mg L
−1

 NS solutions extended vase 

life, suppressed reduction in fresh weight, reduced water uptake, water loss, stem hydraulic 

conductance, stomatal aperture and inhibited leaf transpiration. Liu et al. (2009a) reported 

that 5 mg L
-1

 NS pulse treatment extended the vase life, inhibited microbial growth and 

reduced vascular blockage which increased the water uptake and maintained the turgidity of 

gerbera flowers. Kim et al. (2005) reported vase life extensions for Asiatic hybrid Lilium by 

dipping in a mixture of 0.1% nanoparticle pure colloidal Ag
+
 ion, H2O2 and natural chitosan. 

Recent research has demonstrated the efficacy of NS in extending the vase life of some cut 

flowers, including cut gerberas, carnations and roses (Liu et al., 2009a,b; Solgi et al., 2009). 

Williamson et al. (2002) tested the effectiveness of vase and pulse treatments with three 
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different proprietary formulations of NS (neutral, acidic and ionic) and concluded that neutral 

NS pulse effectively extended the vase life of Acacia holosericea, showing potential for 

commercial use. NS pulse treatments at 50 and 100 mg L
−1

 significantly extended the vase 

life of cut roses (Kim et al., 2010). Hence NS has great potential as novel agrochemicals with 

high specificity and improved functions (Liu et al., 2003). 

 Plant cell wall acts as a barrier for easy entry of any external agents including 

nanoparticles into plant cells. The sieving properties are determined by pore diameter of cell 

wall ranging from 5 to 20 nm (Fleischer and Ehwald, 1999). Hence, only nanoparticles or 

nanoparticle aggregates with diameter less than the pore diameter of the cell wall could easily 

pass through and reach the plasma membrane (Navarro et al., 2008). There is also a chance 

for enlargement of pores or induction of new cell wall pores upon interaction with engineered 

nanoparticles which in turn enhance nanoparticle uptake. Further internalization occurs 

during endocytosis with the help of a cavity like structure that form around the nanoparticles 

by plasma membrane. They may also cross the membrane using embedded transport carrier 

proteins or through ion channels. In the cytoplasm, the nanoparticles may bind with different 

cytoplasmic organelles and interfere with the metabolic processes at that site (Jia et al., 

2005).  

Silver ions can lead to denaturing of protein and cell death because of their reaction 

with nucleophilic amino acid residues in proteins, and attach to sulfhydryl, amino, imidazole, 

phosphate and carboxyl groups of membrane or enzyme proteins (Kaur et al., 1985). 

Respiration blocking and cell death also may be caused by forming R–S–S–R bonds (Kumar 

et al., 2004). They proposed these bonds may be formed via reaction between silver in oxidic 

form and sulfhydryl (–S–H) groups. Silver is also known to inhibit a number of oxidative 

enzymes such as yeast alcohol dehydrogenase, the uptake of succinate by membrane vesicles 

and the respiratory chain of Escherichia coli, causing metabolite efflux and interfering with 

DNA replication (Russell and Hugo, 1994). Silver can associate with the cell wall 

(Rosenkranz and Carr, 1972), cytoplasm and the cell envelope (Goddard and Bull, 1989). 

Attachment of Ag ions or nano-particles to the bacteria because of electrostatic interaction 

with negative charge of bacterial cell wall is known as one of the mechanisms of cell death 

by Ag via rupturing cell membrane (Lok, 2006). Generally, low concentrations of Ag
+
 induce 
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a massive proton leakage through the bacterial membrane and cell death (Percival et al., 

2005). Moreover, nanomolar concentration of silver nano-particles can be efficient while Ag 

ions are needed at the micromolecular level (Lok, 2006). Kim et al. (2009) suggested that the 

anti-microbial mechanism of Ag nano-particles is related to the formation of free radicals and 

subsequent free radical-induced membrane damage. 

 Because of their high surface area to volume ratio, NS particles are considered 

stronger in inhibiting bacteria and other microorganisms than Ag in various oxidation states; 

Ag
0
, Ag

+
, Ag

2+
, Ag

3+
 (Furno et al., 2004; Jiang et al., 2004). Owing to their high surface area 

to volume ratio, among other unique chemical and physical properties, NS formulations 

provide good contact with microorganisms and are highly effective as germicides (Rai et al., 

2009). Nano Silver particles can attach to the cell membranes and penetrate into bacteria. 

Therein, NS can disrupt processes such as respiration and cell division, leading to cell death. 

Nano Silver releases silver ions (Ag
+
) within bacterial cells, which enhance its bactericidal 

activity (Feng et al., 2000; Rai et al., 2009). Antimicrobial effects of NS are due to structural 

changes in bacterial cell membrane, loss of DNA replication, dissipation of the proton motive 

force and finally cell death (Sondi and Salopek-Sondi, 2004; Maneerung et al., 2008). 

However, the effects of SNPs on the postharvest behavior of cut flowers are not clear (Solgi 

et al., 2009). 

High concentrations or continuous low level supply of NS may be toxic to cut 

flowers. Black discoloration appeared on leaves of A. holosericea, and the stems wilted and 

became brittle when the treatment concentration reached 4 mg L
−1

 for vase or 40 mg L
−1

 for 

pulse, respectively (Williamson et al., 2002). As compared to neutral NS and acid NS, ionic 

NS gave deposits upon reaction with NaCl. This precipitate may be indicative of free silver 

ion (Ag
+
) in solution, which in turn may have been associated with the phytotoxicity 

observed with both vase and pulse treatments of ionic NS, even when the concentration was 

low. Phytotoxicity may have arisen because ionic NS might be rapidly taken up and 

accumulated by virtue of its small size (∼30 nm) and dispersibility in water. However, the 

NS pulse treatment at 250 mg L
−1

 caused visible damage to leaves of cut roses and their early 

abscission, thereby resulting in a similar vase life to the control (Kim et al., 2010). It was 
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observed that a very high concentration of nanosilica-silver produced some chemical injuries 

on the tested plants like cucumber leaves and pansy flowers (Nair et al., 2010). 

Silver thiosulphate is commonly used for pulsing of cut rose flowers (Han, 1998) 

because it enhances vase life by inhibiting the action of ethylene (Serek and Reid, 1993) and 

reducing flower abscission (Han, 1998). The inhibition of ethylene action by pulse 

pretreatment with STS has become an important commercial technique for improving the life 

of ethylene-sensitive flowers, especially when they are to be handled in ethylene 

contaminated environments such as supermarkets (Serek et al., 1994). Ichimura and Suto 

(1999) reported STS is very effective in extending the vase life of sweet pea. Hayat et al. 

(2012) reported that maximum flower longevity, flower diameter, flower dry weight, and 

delayed flower opening period were recorded for rose flowers placed in solution combination 

of 25 ppm STS and 7.5% sucrose.  

Treatment with an antimicrobial compound shortly after harvest is beneficial for 

several flower species. Silver nitrate has a bactericidal character which promotes water 

uptake and has an inhibitory effect on ethylene action (Veen, 1979). van Meeteren et al. 

(2001) determined that SN added to DI had a positive effect on Bouvardia water status and 

that use of tap water (containing a mixture of ions) had a similar effect to SN solution. Ions 

in water, particularly cations, can enhance flow through xylem vessels (van Ieperen et al., 

2000). Addition of 10 mg L
−1

 SN, to preservative solutions could extend the vase life (van 

Meeteren et al., 2001). Relative fresh weight of flowers was significantly increased while 

water uptake reduced by addition of 5, 10 or 20 mg L
−1

 SNP or AgNO3. Silver nitrate 

performed better than STS in enhancing the vase life of dendrobium and chrysanthemum 

(Kesta et al., 1995). 

2.5 Influence of water quality  

 Although there is plenty of literature available on enhancing the postharvest life of 

cut flowers by addition of different biocides and preservatives, however, scarce information 

is available on quality of vase water for the industry. The literature shows that effects of vase 

water quality on longevity of cut flowers are variable and recommendations vary regarding 

the use of tap or deionized water (Sacalis, 1993). In some studies, tap water produced the 
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shortest vase life (Dias and Patil, 2003), but in others, it resulted in a longer vase life than DI 

water (van Meeteren et al., 2000). 

The quality of water at which the blooms are held is also of prime importance. The 

growth of microorganisms is checked by acidity of vase water (pH 3.0-5.5); in addition, the 

flowers take up acidic water quicker (Kuiper et al., 1995). The longevity of cut flowers is 

greatly affected by vase water composition and is one of the major challenges for florists 

today. Along with the florists, it is one of the most important concerns for consumers, apart 

from external quality (Marandi et al., 2011). Use of tap water for handling cut flowers is 

prohibited since long time because of varying salts composition of tap water which causes 

variations in the keeping quality of cut flowers (van Meeteren et al., 2000). As the 

composition of tap water varies from place to place, therefore, there is no authenticity about 

its use as vase water. Therefore, deionized water should preferably be used for cut flowers 

during postharvest handling (Halevy and Mayak, 1979). Since deionized water differs in its 

properties so it is hardly a standard for postharvest research e.g. using deionized water from 

two different laboratories resulted in significantly different changes in fresh weight during 

vase life (van Meeteren et al., 2000).  

 The general consent is that the longevity of flowers is extended by keeping them in 

distilled water (Rogers, 1973). However, it was shown that certain ions delay senescence of 

leaves (Mayak et al., 1978), counteract the effect of ethylene (Beyer, 1976) and interfere with 

ethylene synthesis (Lau and Yang, 1976). For research, scientists suggested use distilled 

water as a common control for vase solution (Reid and Kofranek, 1980). Use of different 

water sources suggested that there is no recommended standard vase water for postharvest 

research (van Meeteren et al., 2000). However, for industry, it is difficult to use deionized or 

distilled water and they generally use available tap water for handling cut flowers; therefore, 

the tap water should be analyzed before use because, the tap water from different sources 

greatly vary in physico-chemical properties which greatly affect postharvest longevity and 

water relations of the cut flowers.  

Tap water is mostly used as vase solution; however, its composition also affects the 

efficacy of chemical solutions being made form it like pulsing, holding and bud opening 

solutions (Brecheisen et al., 1995). Higher bacterial populations are often present in water 
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used by growers, wholesalers, retailers and consumers to hydrate cut flowers (Macnish et al., 

2005). Moreover, distilled and deionized water is also being used for cut flowers handling 

due to easy availability and less cost (van Meeteren et al., 2000).  

Previous studies described the effect of inorganic salts on longevity of cut flowers. 

According to their effect on longevity (Mayak et al., 1978), the salts can be distributed into 

three categories: (a) salts that reduce longevity or damage the flowers, such as KHCO3, 

KBrO3 and CH3COOK; (b) salts that neither increase longevity nor damage the flower like 

KH2PO4, NaNO3, Mg(NO3)2; (c) those that extend longevity such as KNO3, KCl, K2SO4, 

NH4NO3 and Ca(NO3)2. Tap water might significantly differ in mineral composition. 

Common salts in tap water include CaSO4 and Ca(HCO3)2 and these salts determine water 

hardness. European guidelines suggested 100 mg L
-1

 calcium as the maximum concentration 

while sulphate should be < 250 mg L
-1

 in tap water. When de-hardening is practiced, 60 mg 

L
-1 

calcium and 30 mg L
-1

 HCO
-3

 are suggested as minimum concentrations (Anon. 1980). 

Ramcharan (2000) reported significant differences among water sources while 

evaluating the keeping quality of anthurium. He used water and power authority (WAPA) 

cistern or rain water collected in below-house concrete tanks; potable water produced by the 

Virgin Islands, or bottled water with and without addition of flora life (FL) preservative 

under greenhouse conditions. Untreated WAPA water exhibited the longest vase life (29 

days) followed by cistern and bottled water (23 days). Blooms in untreated water had a vase 

life of 24 days in contrast to 21 for FL treated water. Untreated cistern and bottled water 

produced similar vase life, but the addition of FL significantly lowered the vase life of cut 

flowers in bottled water.  

Mayak et al. (1978) found that when KNO3 was combined with 5 mM Ca(NO3)2-

4H2O the development of stem softening was restricted. Addition of 10 mM KCl to the vase 

solution extended the longevity of cut Chamelium unicatum foliage, due to improved water 

status of the leaves (Joyce et al., 2000). An optimum concentration for extension of longevity 

for NH4NO3 is about 20 mM, further increase resulted in a reduction in longevity (Mayak et 

al., 1978). Stems of flowers held in KNO3, especially at high concentration, became soft and 

tended to bend downwards. At the same time flower petals remained turgid for an extended 

period of time (Mayak et al., 1978). Ji-gang et al. (2009) studied the effect of calcium 

http://hortsci.ashspublications.org/search?author1=Chris+Ramcharan&sortspec=date&submit=Submit
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acetate, ethylene glycol bis-amino tetra acetate (EGTA), in solution of cut gladiolus and 

concluded that in a solution of 2 mmol L
-1

 calcium acetate, improved opening rate, vase life, 

ornamental value, and stabilized the membrane structure.  

  Brecheisen et al. (1995) used Previcur Chinosol and aluminum sulphate as inhibitors 

of microorganism growth, while neutral salts potassium sodium chloride and di-hydrogen 

phosphate as osmotic agents to determine their influence on keeping quality on Rosa hybrida 

‘Baronesse’. They used sugar as energy donator and Chrysal professional as a commercial 

cut flower preservative and concluded that decarbonized water led to 5 days longer vase life 

as compared to tap water. Mayak et al. (1978) reported that by increasing the Ca(NO3)2 

concentration in vase water, the petal expansion was restricted and necrotic margin 

developed. Combined with Ca(NO3)2 the optimum concentration for the response to KNO3, 

KCl and K2SO4 is 180, 180 and 60 mM, respectively. However, the rise in CO2 production of 

the salt-treated flowers was delayed until the 11th day. Treatment of flowers with 150 mM of 

KNO3, counteracted the effect of the low ethylene dosage. At 250 mM the beneficial effect 

of KNO3, overrides the C2H4 effect. The sensitivity to C2H4 was altered by treatment with 

KNO3 presumably representing the effect of some other salts like KCl, K2SO4, and NH4NO3. 

Calcium ion extends the vase life of the cut gladiolus by influencing the contents of 

malondialdehyde (MDA), chlorophyll, and also improves the water balance (Murali, 1990). 

He reported that sucrose and metal salts increased the vase life, membrane permeability, and 

reduced ethylene evolution by cut gladioli. 

2.6 Use of biocontrol bacteria  

Gladiolus has the problem of shorter vase life due to vascular occlusion by bacteria 

(Marandi et al., 2011). Bacterial proliferations along with their decay products usually cause 

stem plugging in cut flowers (Teixeira-da-Silva, 2003). Most of the germicides being used 

are either bactericidal or bacteriostatic compounds including some very persistent and 

hazardous chemicals. Their use beyond limits at all stages of cut flower handling and release 

into the environment results in environmental pollution (Florack et al., 1996). These 

chemicals are not only highly expensive but also some are banned in developed countries 

which attracts alternative methods especially organic methods to control bacteria. Literature 

shows that use of biological control agents has not yet been explored for commercial 
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exploitation. Biological control has been considered as a possible alternative for chemical 

germicides. However, very few biological control agents have yet been developed as 

commercial products (Becker and Schwinn, 1993). Biocontrol bacteria can be used as 

potential alternative for chemical methods of controlling phyto-pathogens (Jetiyanon and 

Kloepper, 2002), which may help in developing organic methods for effective control of 

detrimental microbes in the vase solutions. 

In biological methods of controlling phyto-pathogens, the biocontrol agents are 

applied alone to control a specific pathogen (Shanmugam et al., 2011). Microorganisms 

belonging to genera Bacillus, Enterobacter and Pseudomonas (Florack et al., 1996) are 

mostly used. Among bacterial antagonists, P. fluorescens has been reported effective against 

a broad range of plant pathogens, including bacteria, fungi, and viruses in many plant species 

like carnation, bean, cucumber, tobacco, radish, and tomato (van Loon et al., 1998). 

Similarly, sporulating gram positive bacteria like Bacillus spp. and Burkholderia cepacia 

have also been used successfully for plant disease control (Kloepper et al., 2004). Varying 

combinations of multiple and compatible biocontrol agents are also used for improved 

disease control. These include mixtures of bacteria (Raupach and Kloepper, 1998; 

Shanmugam et al., 2002), fungi (Paulitz et al., 1990), yeasts (Janisiewicz, 1996), bacteria and 

fungi (Duffy et al., 1996) and bacteria and yeast (Janisiewicz and Bors, 1995). 

Literature shows that effect of biocontrol organisms on vase life of cut flowers have 

mostly been studied in late eighties or early nineties of last century. Most of the work done, 

reported harmful effects of induced bacteria on vase life, water uptake, stem conductance, 

and flower development. A review of literature shows that, 80% of the biological control 

publications dealt with soil borne disease control (Becker and Schwinn, 1993) and little is 

known about beneficial role in vase water for improvement of vase life of flowers (Zagory 

and Reid, 1986).  

Zagory and Reid (1986) proposed that some microbial products excreted into vase 

water cause vascular blockage, which result in flower senescence. Vascular blockage caused 

by bacterial cells is not the only cause of decreased water conductivity in roses (Put and 

Jansenh, 1989). In studying the influence of the micro flora on the vase life of roses and 

chrysanthemums, it was observed that not only microbial occlusions, but also microbial 
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products (e.g. enzymes), may decrease the water conductivity and subsequent vase life of cut 

flowers (Conrado et al., 1980).  

 Different products of bacterial origin have been used for their effect on longevity life 

of flowers e.g. purified bacterial polysaccharides caused wilting of tomato and sunflower 

stem cuttings (Corey and Starr, 1957). Addition of purified pectic enzymes (pectate lyase of 

P. fluorescens and polygalacturonase of Kluyveromyces) to the vase water of Rosa cultivar 

'Sonia' reduced water conductivity, water uptake after 24 h and 48 h of vase life, and flower 

bud development (Put and Rombouts, 1989).  

Same concentration of different strains has variable effect on longevity of cut flowers. 

Zagory and Reid (1986) concluded that two bacterial strains isolated from carnation vase 

solutions did not reduce vase life of cut roses at a concentration of 10
6
 cfu mL

-1
, but at the 

same concentration another strain reduced vase life by 2 days. There is a threshold level of 

number of bacteria in order to negatively affect the postharvest performance of cut flowers. 

Bacteria block xylem vessels only when they are above a certain threshold number, which 

results in reduced water transport (Put and Jansenhh, 1989; van Doorn et al., 1989) due to 

presence of bacteria in the vase water (Hoogerwerf and van Doorn, 1992). Low concentration 

of bacteria in vase water (10
4 

cfu mL
-1

) did not reduce flower opening and the rate of water 

uptake nevertheless higher concentration (10
8 

cfu mL
-1

) significantly reduced flower opening 

and rate of water uptake in roses (Put, 1990). Thus reduced rate of water uptake is prevented, 

until a threshold is passed (van Doorn and D’hont, 1994). High number of bacteria, initially 

added to the vase water shortened the vase life, reduced the water conductivity, and delayed 

the flower bud development (Put and Jansenh, 1989). They reported that viable and heat-

inactivated cells of five pure cultures of bacteria reduced the vase life, water conductivity, 

and flower bud development. The concentrations of viable and heat killed bacterial cells also 

affected the vase life, however different bacterial strains exerted similar effects.  

Some studies reported the use of bacterial strains to study cut flower senescence 

(Gardner et al., 1982; Accati-Garibaldi, 1983). Zagory and Reid (1986) tested two pure 

culture isolates of bacteria from carnation vase water at 10
5
 cfu mL

-1
 and found a reduction in 

the vase life of carnations. When a mixed bacterial population is added in the water one or 

more of the potentially harmful strains may or may not reach a concentration which is high 
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enough to affect longevity, negatively. Whereas, van Doorn et al. (1989) concluded that vase 

life of carnation stems was not decreased, even by induction of high concentrations of 

bacteria in the solution. Different microbes had different effect on vase lives of carnations, 

roses, and chrysanthemums which suggested that diversity of microbial effects may be 

involved and no single hypothesis for explaining the control of vase life by all 

microorganisms can be evaluated (Zagory and Reid, 1986). Most of the microbial strains are 

harmful and check the performance of cut flowers however some Pseudomonas spp. have 

been reported beneficial.  

Antibiotic production by P. fluorescens, plays a vital role in pathogen control 

(Thomashow and Weller, 1996). Effects of various growth factors, minerals, carbon and 

nitrogen source, temperature, and pH on antibiotic production of biocontrol strains of P. 

fluorescens in defined liquid media have been examined (Slininger and Jackson, 1992; 

Slininger and Shea-Wilbur, 1995; Duffy and De´fago, 1999). P. fluorescens strain 279 

differed in its ability to produce the antibiotic phenazine-1-carboxylate (PCA) (Ownley et al., 

2003). The study is based on previous reports about in vitro toxicity of some bacterial 

products on other bacterial species (Florack et al., 1996). Further studies are required to 

evaluate the effects of pure cultures of stem microorganisms on the vase life of cut flowers 

(Put, 1990). 
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Chapter 3 

MATERIALS AND METHODS 

The present research was conducted at Postharvest Floriculture Laboratory, Institute 

of Horticultural Sciences, University of Agriculture, Faisalabad, Pakistan and Postharvest 

Laboratory, Department of Horticultural Science, North Carolina State University, United 

States of America (USA) in collaboration with the Department of Biology, University of 

North Carolina at Chapel Hill, USA, from 2009 to 2013. The study consisted of several 

postharvest experiments to elucidate the influence of sucrose pulsing and biocides, harvest 

time of day and stage of harvest, storage methods, vase water quality and induced bacteria, 

on vase life of gladiolus. 

3.1 Expt. 1: Effect of sucrose pulsing on postharvest performance of 

Gladiolus grandiflorus L. 

3.1.1 Plant Material 

The corms (size, 12-14) of ‘White Prosperity’ gladiolus were purchased from Stoop 

Flower Bulbs, Holland and stored at 3 ± 1ºC in cold store until planting. One week prior to 

plantation, corms were placed in laboratory to acclimatize them and treated with 2% solution 

of Topsin-M (fungicide) for 3-4 min before plantation, which was carried out in two splits at 

one month interval (in October and November) every year to extend the availability of stems 

for longer periods. Corms were spaced 15 cm in 60 cm spaced rows.  

The stems were harvested at commercial harvest stage, when the stems started 

showing color of lowermost floret at 0800-0900 h (unless otherwise mentioned). After 

removing leaves, stems were stood upright in buckets containing tap water to avoid air 

embolisms and transported to laboratory within 1 h of harvest.  

3.1.2 Treatments 

 In the laboratory, stems were sorted by stem caliper and quality and distributed 

randomly into six different groups (10 stems each) as per experiment. They were recut to 75 

cm length, bunched, labeled, and placed in relevant treatments for 24 h. The experiment 

consisted of six treatments including a control. The stems were placed in tap water (control), 
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1%, 2%, 5%, 10%, or 20% sucrose solution for 24 h. After pulsing, the stems were shifted 

individually to 250 mL capacity glass vases containing 200 mL tap water and kept at 20 ± 

2ºC and 60 ± 10% relative humidity (RH), under a photosynthetically active radiation flux of 

~20 µmol m
-2 

s
-1

, from white florescent tubes on a daily 12 h of photoperiod, for vase life 

evaluation.  

3.1.3 Measurements 

 Data regarding following postharvest indices were recorded using standard methods: 

3.1.3.1 pH and EC 

 Initial and final pH and EC of pulsing solution and vase water were recorded using 

pH and EC meter (Hanna-HI9813-6) to calculate changes in pH and EC during the study. 

3.1.3.2 Vase life (d) 

 Stems were observed daily for visual appeal. Vase life was considered ended if, either 

half of the florets were wilted or stems were broken or the visual quality of the whole stem 

did not meet the commercial standards (Joyce et al., 2000; Ahmad et al., 2011). 

3.1.3.3 Relative fresh weight of stem (% of initial FW)  

  Relative fresh weight (RFW) on day 5 of vase life (Kazemi and Ameri, 2012) was 

calculated as:  

RFW (% of initial FW) = (FW5/FW0) × 100 

Where FW5 is the fresh weight (g) of stem on day 5 and FW0 is the fresh weight (g) of the 

same stem on day 0 (He et al., 2006; Ahmad et al., 2011). Relative fresh weight of ten 

replicate stems was taken and average was worked out.  

3.1.3.4 Dry weight (g)  

 Stems were packed in butter paper bags at the end of vase life and kept in oven at 

80ºC for 48 h to record the dry weight (Ahmad, 2009). Dry weight of three stems from each 

treatment was recorded and averaged. 
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3.1.3.5 Water/solution uptake (mL) 

 To calculate amount of water/solution absorbed during first five days of vase life 

(Kazemi and Ameri, 2012), the weights (g) of vases without stems were recorded daily. 

Water uptake was calculated as:  

Water uptake (mL) = (S0 – S5) 

Where, S0 is the weight (g) of vase without stem on day 0 and S5 is the weight (g) of vase, 

without stem on the day 5 (He et al., 2006; Ahmad et al., 2011). Water/solution uptake of ten 

stems per treatment was taken; average was calculated and is expressed in mL equivalents. 

3.1.3.6 Number of florets opened (%) 

 Total number of florets (opened + closed) was counted on first day while florets 

opened till end of vase life were counted on last day and number of opened florets was 

calculated as:  

Number of florets opened (%) = (florets opened/ total florets) x 100 

Number of florets opened was computed from 10 stems per treatment and average was 

worked out. 

3.1.3.7 Floret diameter (cm) 

 Diameter of uppermost opened floret from three stems was measured at end of vase 

life with the help of digital caliper and average was worked out.  

3.1.3.8 Time to start wilting (d) 

 Stems were observed daily in order to record the symptoms of wilting. The time to 

start wilting for ten replicate stems was recorded and average was calculated.  

3.1.3.9 Ion leakage (%) 

 Five petals were selected randomly from each treatment and rubbed with silica 

powder. Rubbed petals were washed thoroughly with distilled water and shifted to test tubes 

containing 15 mL distilled water. These test tubes were placed on an orbital shaker for 10 

min and EC1 was noted. Again test tubes were placed on the orbital shaker for another 100 
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min and EC2 was noted (Ahmad, 2009) and ion leakage was calculated by using following 

equation: 

Ion leakage (%) = EC2/ EC1 × 100 

3.1.3.10 Bacterial count in vase water (cfu mL
-1

)  

 a) Preparation of nutrient agar 

 For preparation of one liter of medium, 23 g agar was dissolved in one liter of 

distilled water and placed on magnetic stirrer. Cyclohexamide (1 mg L
-1

) was also added to 

avoid growth of fungus. The prepared medium was autoclaved at 15 psi and 121ºC for 20 

min and let it cool to touch. The petri dishes were filled by pouring enough agar to cover the 

bottom and immediately covered with lid. When the medium was set the dishes were stacked 

at room temperature in invert (upside down) and stored for future use.  

 b) Enumeration of bacterial colonies 

 To determine bacterial population in vase solution, aliquots were taken from three 

replicates, on day 5 of vase life. Dilution series were made by 0.9% normal saline to achieve 

30-300 bacterial colonies in any petri dish. On each nutrient agar petri dish, 0.1 mL of aliquot 

was added and incubated for 24-48 h at room temperature for enumeration of bacterial 

colonies (Bleeksma and van Doorn, 2003; Balestra et al., 2005). 

3.1.3.11 Statistical analysis 

 Experiment was set up according to completely randomized design and data were 

analyzed using analysis of variance (ANOVA) and General Linear Model (GLM) procedures 

of the Statistical Analysis System (SAS, version 9.3, SAS Inst. Inc., Cary, NC, USA). Means 

were separated using Tukey’s Studentized range test at P ≤ 0.05.  

3.2 Expt. 2: Effect of harvest time and storage duration on vase life of 

Gladiolus grandiflorus L. 

3.2.1 Plant material 

The crop was grown according to the method described in section 3.1.1. The stems 

were harvested at three different times of the day and stored for four storage durations in 

order to elucidate the effect of harvest time and storage duration on vase life of gladiolus. 
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Harvested stems were stood upright in buckets containing tap water to avoid air embolisms, 

and transported to laboratory within 1 h of harvest.  

3.2.2 Treatments 

 The experiment consisted of three harvest times viz. 0800-0900 h, 1200-1300 h or 

1600-1700 h and four storage durations viz. no storage, 1 week, 2 weeks, or 3 weeks. There 

were 12 treatments consisted of three harvest times and four storage durations. The storage 

temperature 3 ± 1ºC and RH 80 ± 10% was maintained for stored stems. The temperature in 

the field was ~20 ± 1ºC in the morning and afternoon while ~25 ± 1ºC at noon, when the 

harvesting was done. 

In the laboratory, stems were sorted by stem caliper and quality and distributed 

randomly into different groups (10 stems each) as per experiment. Stems were recut to 75 cm 

(for keeping immediately in vases) and 80 cm (for storage), bunched, labeled, packed into 

card board boxes, and shifted to cold store for storage. One group of 10 stems (from each 

harvest time) was placed individually in separate vases, containing 200 mL tap water at 20 ± 

2ºC and 60 ± 10% RH under a photosynthetically active radiation flux of ~20 µmol m
-2 

s
-1

 

from white florescent tubes on a daily 12 h of photoperiod, for vase life evaluation. After 

each week, one group from each harvest time was removed from the cold store, recut to 75 

cm and placed individually in separate vases for, vase life evaluation.  

3.2.3 Measurements 

 Data regarding different postharvest indices viz. pH and EC (dS m
-1

), vase life (d), 

relative fresh weight (% of initial FW), dry weight (g), water uptake (mL), number of florets 

opened (%), floret diameter (cm), time to start wilting (d), and ion leakage (%) were recorded 

and average was worked out according to the methods described in section 3.1.3.1 to 3.1.3.9.  

3.2.4 Statistical analysis 

 Experiment was set up according to completely randomized design with factorial 

arrangements and data were analyzed according to the method described in section 3.1.3.11. 

  



33 

 

3.3 Expt. 3: Role of harvest stage and storage duration in vase life 

extension of Gladiolus grandiflorus L. 

3.3.1 Plant material 

 The crop was grown according to the method described in section 3.1.1. The stems 

were harvested at three different stages and stored for three different storage durations in 

order to elucidate the effect of harvest stage and storage duration on vase life of gladiolus. 

This experiment was also planned up to three week storage however, as the stems stored for 

three weeks in experiment no. 2 were not able to open when removed from cold store, 

therefore in this experiment the storage duration was shortened up to two weeks. The 

harvested stems were stood upright in buckets containing tap water to avoid air embolisms, 

and transported to laboratory within 1 h of harvest. 

3.3.2 Treatments 

 The stems were harvested at three different stages viz. no floret opened, 1-2 florets 

opened or 3-4 florets opened and stored for three different storage durations viz. no storage, 

one week, or two weeks. There were nine treatments consisted of three harvest stages and 

three storage durations. The storage temperature 3 ± 1ºC and RH 80 ± 10% was maintained 

for stored stems. The stems were processed as per experiment and evaluated as described in 

section 3.2.2. 

3.3.3 Measurements 

 Data regarding different postharvest indices viz. pH and EC (dS m
-1

), vase life (d), 

relative fresh weight (% of initial FW), dry weight (g), water uptake (mL), number of florets 

opened (%), floret diameter (cm), time to start wilting (d), and ion leakage (%) were recorded 

and average was worked out according to the methods described in section 3.1.3.1 to 3.1.3.9.  

3.3.4 Statistical analysis 

 The experiment was set up according to completely randomized design with factorial 

arrangements and collected data were analyzed according to the method described in section 

3.1.3.11. 
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3.4 Expt. 4: Effect of storage type and duration on extending longevity of 

Gladiolus grandiflorus L. 

3.4.1 Plant material 

 The crop was grown according to the method described in section 3.1.1. The stems 

were harvested at 0800-0900 h. Different storage types and durations were used to compare 

their effect on vase life of gladiolus. The harvested stems were stood upright in buckets 

containing tap water to avoid air embolisms, and transported to laboratory within 1 h of 

harvest. 

3.4.2 Treatments 

 The experiment was consisted of two storage types viz. dry or wet and four storage 

durations viz. no storage, one week, two weeks, or three weeks. There were eight treatments 

consisting of two storage types and four storage durations. The storage temperature 3 ± 1ºC 

and RH 80 ± 10% was maintained for stored stems. The stems were processed as per 

experiment and evaluated as described in section 3.2.2. 

3.4.3 Measurements 

 Data regarding different postharvest indices viz. pH and EC (dS m
-1

), vase life (d), 

relative fresh weight (% of initial FW), dry weight (g), water uptake (mL), number of florets 

opened (%), floret diameter (cm), time to start wilting (d), and ion leakage (%) were recorded 

and average was worked out according to the methods described in section 3.1.3.1 to 3.1.3.9.  

3.4.4 Statistical analysis 

 Experiment was set up according to completely randomized design with factorial 

arrangements and collected data were analyzed according to the method described in section 

3.1.3.11. 
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3.5 Expt. 5: Effect of nano-silver pulse treatment on water relations and 

vase life of Gladiolus grandiflorus L. 

3.5.1 Plant material 

 The crop was grown according to the method described in section 3.1.1. The stems 

were harvested at 0800-0900 h. Different concentrations of NS were used for different 

durations to determine their effect on vase life of gladiolus. The harvested stems were stood 

upright in buckets containing tap water to avoid air embolisms, and transported to laboratory 

within 1 h of harvest. 

3.5.2 Treatments 

 The stems were placed either in tap water (control), or in 50, 100, or 200 mg L
-1 

NS 

for 1 h; or in 10, 30, or 50 mg L
-1 

NS for 4 h; or in 1, 5, and 10 mg L
-1 

for 8 h. There were 10 

treatments including a control. After pulsing, the stems were processed as per experiment and 

evaluated as described in section 3.1.2. 

3.5.3 Measurements 

 Data regarding different postharvest indices viz. pH and EC (dS m
-1

), vase life (d), 

relative fresh weight (% of initial FW), dry weight (g), water uptake (mL), number of florets 

opened (%), floret diameter (cm), time to start wilting (d), ion leakage (%), and bacterial 

count in vase water (cfu mL
-1

) were recorded and average was worked out according to the 

methods described in section 3.1.3.1 to 3.1.3.10.  

3.5.4 Statistical analysis 

 The experiment was set up according to completely randomized design and collected 

data were analyzed according to the method described in section 3.1.3.11. 

3.6 Expt. 6: Comparison of different silver containing biocides for 

extending vase life of Gladiolus grandiflorus L. 

3.6.1 Plant material 

 The crop was grown according to the method described in section 3.1.1. The stems 

were harvested at 0800-0900 h. Different silver containing biocides were used as vase 
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solution to determine their effect on longevity of gladiolus. The harvested stems were stood 

upright in buckets containing tap water to avoid air embolisms, and transported to laboratory 

within 1 h of harvest. 

3.6.2 Treatments 

 The experiment consisted of three biocides viz. silver thiosulphate, silver nitrate or 

nano-silver and each was used at four levels viz. 0, 5, 10, or 20 mg L
-1

 separately. There were 

12 treatments consisted of three biocides and four levels of each. The stems were processed 

as per experiment and evaluated as described in section 3.1.2. 

3.6.3 Measurements 

 Data regarding different postharvest indices viz. pH and EC (dS m
-1

), vase life (d), 

relative fresh weight (% of initial FW), dry weight (g), water uptake (mL), number of florets 

opened (%), floret diameter (cm), time to start wilting (d), ion leakage (%), and bacterial 

count in vase water (cfu mL
-1

) were recorded and average was worked out according to the 

methods described in section 3.1.3.1 to 3.1.3.10. 

3.6.4 Statistical analysis 

 Experiment was set up according to completely randomized design with factorial 

arrangements and collected data were analyzed according to the method described in section 

3.1.3.11. 

3.7 Expt. 7: Effect of nano-silver vase solution on water relations and 

vase life of Gladiolus grandiflorus L. 

3.7.1 Plant material 

 The crop was grown according to the method described in section 3.1.1. The stems 

were harvested at 0800-0900 h. Different concentrations of NS were used as vase solution to 

elucidate their effect on vase life of gladiolus. The harvested stems were stood upright in 

buckets containing tap water to avoid air embolisms, and transported to laboratory within 1 h 

of harvest. 
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3.7.2 Treatments 

 The stems were placed in tap water (control), 0.01 mg L
-1

, 0.1 mg L
-1

, 0.5 mg L
-1

, 1.0 

mg L
-1

, 1.5 mg L
-1

, 2.0 mg L
-1

, 5.0 mg L
-1

, or 10.0 mg L
-1

 of NS. There were nine treatments 

including a control. The stems were processed as per experiment and evaluated as described 

in section 3.1.2. 

3.7.3 Measurements 

 Data regarding different postharvest indices viz. pH and EC (dS m
-1

), vase life (d), 

relative fresh weight (% of initial FW), dry weight (g), water uptake (mL), number of florets 

opened (%), floret diameter (cm), time to start wilting (d), ion leakage (%), and bacterial 

count in vase water (cfu mL
-1

) were recorded and average was worked out according to the 

methods described in section 3.1.3.1 to 3.1.3.10.  

3.7.4 Statistical analysis 

 Experiment was set up according to completely randomized design and collected data 

were analyzed according to the method described in section 3.1.3.11. 

3.8 Expt. 8: Evaluation of quality of distilled, deionized, and tap water 

from different sources for vase life extension of Gladiolus 

grandiflorus L. 

3.8.1 Plant material 

 The crop was grown according to the method described in section 3.1.1. The stems 

were harvested at 0800-0900 h. Different types of water was used as vase water to determine 

their effect on longevity of gladiolus. The harvested stems were stood upright in buckets 

containing tap water to avoid air embolisms, and transported to laboratory within 1 h of 

harvest. 

3.8.2 Treatments 

 The stems were placed in distilled, deionized, tap water from Faisalabad, Pattoki, 

Lahore, Rawalpindi flower markets, canal or carbonated water. There were eight treatments 

consisting of different types of water. The stems were processed as per experiment and 

evaluated as described in section 3.1.2.  
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3.8.3 Measurements 

 Data regarding different postharvest indices viz. pH and EC (dS m
-1

), vase life (d), 

relative fresh weight (% of initial FW), dry weight (g), water uptake (mL), number of florets 

opened (%), floret diameter (cm), time to start wilting (d), ion leakage (%), and bacterial 

count in vase water (cfu mL
-1

) were recorded and average was worked out according to the 

methods described in section 3.1.3.1 to 3.1.3.10.  

3.8.4 Statistical analysis 

 Experiment was set up according to completely randomized design and collected data 

were analyzed according to the method described in section 3.1.3.11. 

3.9 Expt. 9: Influence of Pseudomonas fluorescens strains on postharvest 

characteristics of Gladiolus grandiflorus L. 

3.9.1 Plant material 

 Gladiolus stems were purchased from a commercial grower at California and 

imported to North Carolina State University (NCSU), NC, USA. Pure culture of PF-279 was 

obtained from The Department of Biology, University of North Carolina, USA and PF-417 

from Washington State University, USA and multiplied at NCSU.  

3.9.2 Treatments 

There were two P. fluorescens strains viz. PF-279 or PF-417 and four population 

levels viz. no induction, 3 x 10
5
 cfu mL

-1
, 6 x 10

5
 cfu mL

-1
, or 9 x 10

5
 cfu mL

-1
 of each strain. 

There were eight treatments including control. In the laboratory, the stems were sorted by 

stem caliper and quality and distributed randomly into different groups (9 stems each) as per 

experiment. Stems were recut to 75 cm stalk length and shifted to jars (three stem in each jar) 

kept at 20 ± 2ºC and 60 ± 10% RH, under a photosynthetically active radiation flux of ~20 

µmol m
-2 

s
-1

 from white florescent tubes on a daily 12 h of photoperiod for vase life 

evaluation.  

3.9.3 Measurements 

 Data regarding different postharvest indices viz. pH and EC change (dS m
-1

), vase life 

(d), dry weight (g), water uptake (mL), number of florets opened (%), bacterial count in vase 
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water (cfu mL
-1

), and bacterial count in stem ends (cfu g
-1

 FW) were recorded and average 

was worked out according to the methods described in section 3.1.3.1, 3.1.3.2, 3.1.3.4 to 

3.1.3.6, and 3.1.3.10. 

3.9.4 Bacterial population in stem ends (cfu g
-1

 FW)  

 Bacterial population in stem ends was counted by taking about 1.0 g piece from the 

stem end and washing it three times with distilled water in order to remove surface bacterial 

load. The stem piece was ground and diluted with 0.9% saline. Aliquots of 0.1 mL volume 

were taken and same procedure was repeated as mentioned in section 3.1.3.10 (Balestra et 

al., 2005). 

3.9.5 Statistical analysis 

 Experiment was set up according to completely randomized design with factorial 

arrangements and collected data were analyzed according to the method described in section 

3.1.3.11.  
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Chapter 4  

RESULTS AND DISCUSSION 

4.1 Expt. 1: Effect of sucrose pulsing on postharvest performance of 

Gladiolus grandiflorus L. 

4.1.1 Change in pH and EC (dS m
-1

)  

Solution pH and EC decreased during 24 h of pulse treatment as shown in Table 

4.1.1. Inconsistent changes in pH and EC were recorded during pulse treatment. Gradual 

decrease for both pH and EC was recorded during vase period as the sucrose concentration 

increased. Maximum decrease (in pH and EC) was observed for solution having 20% sucrose 

whereas; minimum decrease was recorded in tap water (control). 

4.1.2 Vase life (d) 

Data exposed highly significant differences (P≤0.01) among sucrose concentrations 

for vase life (Table 4.1.2). All sucrose concentrations had longer vase life compared with 

control. Stems pulsed with 20% sucrose exhibited longest vase life (10.5 d) followed by 

stems pulsed with 10% sucrose (10.0 d) while both were statistically at par. Whereas, 

shortest vase life was exhibited by stems pulsed with tap water (7.7 d). 

4.1.3 Relative fresh weight (% of initial FW) 

Data exposed highly significant differences (P≤0.01) among sucrose concentrations 

for relative fresh weight (RFW) (Table 4.1.2). Relatively lower RFW was observed in all 

sucrose treatments relative to control. Maximum RFW was recorded in control (93.9% of 

initial FW) followed by stems pulsed with 1 or 2% sucrose (89.9 or 88.9%, respectively). 

Whereas minimum RFW was exhibited by stems pulsed with 20% sucrose (74.8%). 

4.1.4 Water uptake (mL) 

Data exposed significant differences (P≤0.05) among sucrose concentrations 

regarding water uptake (Table 4.1.2). Maximum water uptake was recorded in stems pulsed 

with 2% sucrose (36.5 mL) followed by stems pulsed with 5 or 20% sucrose (36.3 or 32.5 
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mL, respectively). Minimum water uptake was recorded in stems pulsed with tap water (29.2 

mL). 

4.1.5 Ion leakage (%) 

Data exposed highly significant differences (P≤0.01) among different sucrose 

concentrations for ion leakage (Table 4.1.2). All the sucrose concentrations had less ion 

leakage compared with control. Gradual increase in ion leakage was observed as the sucrose 

concentration increased. Stems pulsed with tap water (control) exhibited maximum ion 

leakage (120.9%) followed by stems pulsed with 20 or 10% sucrose (115.7 or 111.5%, 

respectively). Whereas, minimum ion leakage was exhibited by stems pulsed with 1% 

sucrose (103.7%). 

4.1.6 Bacterial count (cfu mL
-1

)  

Data exposed highly significant differences (P≤0.01) among different sucrose 

concentrations for bacterial count in vase water (Table 4.1.2). All the sucrose concentrations 

had more colony forming units (cfu) compared with control. Gradual increase in bacterial 

count was observed as the sucrose concentration increased. Stems pulsed with 20% sucrose 

exhibited maximum bacterial count (222.3 x 10
3 

cfu mL
-1

) followed by stems pulsed with 10 

or 5% sucrose (171.7 x 10
3 

or 161.3 x 10
3 

cfu mL
-1

), respectively. Minimum bacterial count 

was recorded in vase water of stems pulsed with tap water (25.7 x 10
3 
cfu mL

-1
).  

No differences (P>0.05) were recorded among sucrose concentrations for dry weight 

(4.5-5.6 g), number of florets opened (71.1-88.8%), floret diameter (6.9-8.9 cm), and time to 

start wilting (6.0-6.6 d).  

4.1.7 Discussion 

 The postharvest life of cut flowers can be improved by supplying flowers with 

sucrose in the vase solution (Reid, 2004; Ahmad et al., 2013). Sugars are added to the vase 

solution as standard and recommended to enhance the longevity of cut flowers (Verlinden 

and Garcia, 2004). Sucrose pulse treatment improved the vase life of gladiolus. Pulsing with 

20 or 10% sucrose for 24 h (both were at par) was most effective and extended the vase life 

by ~3 days relative to control (tap water) (Table 4.1.2). An increasing trend in vase life was 

recorded as the concentration of sucrose increased indicating that more the energy source, 
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longer will be the longevity. Increase in longevity may be attributed to provision of energy 

by sucrose for basic cellular processes like respiration (Pun and Ichimura, 2003) and 

maintaining the function and structure of mitochondria and other cell organelles (Nowak and 

Rudnicki, 1990).  

Role of sucrose in extending vase life has also been demonstrated in previous studies. 

Ranwala and Miller (2009) reported that adding sucrose to the vase solution extends the 

postharvest life of tulip flowers. The results confirmed the findings of Mayak et al. (1973) 

who reported that pulsing with high concentrations of sucrose solutions significantly 

improved the vase life of gladioli. Addition of sucrose maintains the postharvest quality of 

flowers by delaying senescence of opened flowers (Halevy and Mayak, 1981). Previous 

studies also reported that sucrose improved the longevity of Gladiolus grandiflorus (Serek et 

al., 1994; Beura et al., 2001; Ji-gang et al., 2009), Bougainvillea glabra (Moneruzzaman et 

al., 2010), Acacia holosericea (Liu et al., 2012). Thryptomene calycina (Jones et al.,1993), 

and Eustoma gradiflorum (Cho et al., 2001). 

 Pulse treatment reduced the RFW of stems. All the pulse treatments had less RFW 

relative to control which further decreased as the sucrose concentration increased (Table 

4.1.2). On the other hand water uptake increased for lower concentrations (up to 2%) then a 

decrease was observed, which may be attributed to rapid proliferation of bacteria in sucrose 

solution which caused occlusions in stem ends thus hindering the water uptake and resulting 

in reduced RFW. Similar results have also been reported by Ichimura et al. (1999) while 

using sucrose for extending the longevity of roses. 

Carbohydrates have a role in maintaining the membrane integrity, which delays 

senescence (Goszczynska et al., 1990). Cut flower senescence is initiated when energy 

required for synthesis reactions is considerably reduced. All pulse treatments exhibited less 

ion leakage relative to control. However, increasing trend in ion leakage with increase in 

sucrose concentration (Table 4.1.2) shows that senescence process is enhanced by increasing 

the concentration of sucrose, which may be related to decaying caused by bacteria. This fact  
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Table: 4.1.1. Effect of sucrose pulsing on initial pH, final pH, pH change, initial EC, final EC, EC change, during pulsing and vase period of ‘White 

Prosperity’ gladiolus.  

Sucrose (%) During pulsing During vase period 

Initial 

pH 

Final 

pH 

pH 

change 

Initial EC 

(dS m
-1

) 

Final EC 

(dS m
-1

) 

EC 

change  

Initial 

pH 

Final 

pH 

pH 

change  

Initial 

EC (dS 

m
-1

) 

Final 

EC (dS 

m
-1

) 

EC 

change  

Tap water (Control) 5.5 5.3 -0.2 1.10 1.07 -0.03 6.5 6.0 -0.5 1.09 1.07 -0.02 

1 5.6 5.2 -0.4 1.07 1.04 -0.03 6.5 5.9 -0.6 1.09 1.04 -0.05 

2 5.6 5.2 -0.4 1.03 1.01 -0.02 6.5 5.8 -0.7 1.09 1.03 -0.06 

5 5.4 5.3 -0.1 0.93 0.91 -0.02 6.5 5.5 -1.0 1.09 1.02 -0.07 

10 5.5 5.3 -0.2 0.80 0.78 -0.02 6.5 5.2 -1.3 1.09 1.00 -0.09 

20 5.6 5.3 -0.3 0.56 0.55 -0.01 6.5 4.8 -1.7 1.09 0.98 -0.11 

 
Table: 4.1.2. Effect of sucrose pulsing on vase life, relative fresh weight (day 5), water uptake, ion leakage, and bacterial count in vase water of ‘White 

Prosperity’ gladiolus.  

Sucrose (%) Vase life 

(d) 

Relative fresh 

weight day 5 (% of 

initial FW) 

Water uptake (mL) Ion leakage (%) Bacterial count in vase water 

(x 10
3 
cfu mL

-1
) 

Tap water (Control) 7.7 da 93.9 a 29.2 c 120.9 a 25.7 d 

1 9.6 bc 89.9 ab 30.4 c 103.7 e 51.3 c 

2 9.6 bc 88.9 ab 36.5 a 106.1 de 57.0 c 

5 8.9 c 84.1 bc 36.3 ab 108.1 cd 161.3 b 

10 10.0 ab 83.9 b 30.9 bc 111.5 bc 171.7 b 

20 10.5 a 74.8 c 32.5 abc 115.7 b 222.3 a 

Significance
b 

 

 ** ** * ** ** 
a P values were obtained using the General Linear Model (GLM) procedures of SAS (version 9.3, SAS Inst. Inc., Cary, NC) for significant effects of sucrose 

pulsing. 
b Means followed by the same letter are not significantly different according to Tukey’s Studentized test at P≤0.05. 
** Highly significant (P≤0.01); * Significant (P≤0.05). 
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was proved by increased number of bacteria in vase water with increase in sucrose 

concentration (Table 4.1.2). Bacterial population did not affect the vase life but was 

sufficient to destroy membrane stability. Reduced ion leakage in sucrose solution may be 

attributed to ability of exogenous application of carbohydrates to maintain the structure and 

activity of mitochondria (Kaltaler and Steponkus, 1976; Nowak and Rudnicki, 1990). 

Sucrose by itself has been found to drastically increase the number of bacteria in the 

vase solution of cut roses, tulips, and chrysanthemums (van Doorn, 1997). Sugars in the vase 

solution accelerate the bacterial growth (Asrar, 2012). Higher concentrations are more prone 

to microbial attack than lower concentrations. Though microbial count increased with 

increase in sucrose concentration, yet it was not sufficient to negatively affect the vase life of 

gladiolus spikes (Table 4.1.2). There is a threshold level of number of bacteria in order to 

negatively affect the postharvest performance of cut flowers. Above a certain threshold 

number, bacteria can occlude all xylem vessels, thus blocking water transport (Put and 

Jansenhh, 1989; van Doorn et al., 1989) which is hampered considerably by the presence of 

bacteria in the vase water (Hoogerwerf and van Doorn, 1992).  

In conclusion, sucrose pulsing improved the vase life of gladiolus. Pulsing with 10% 

sucrose for 24 h is recommended to improve the vase life of gladiolus. Though, 20% sucrose 

had little longer vase life than 10% sucrose, but both were at par and it is not recommended 

being more expensive and susceptible to bacterial attack. 

4.2 Expt. 2: Effect of harvest time and storage duration on vase life of 

Gladiolus grandiflorus L. 

4.2.1 Change in pH and EC (dS m
-1

) 

 Vase water pH and EC of all treatment combinations decreased during vase life 

evaluation period (Table 4.2.1). However, the changes were inconsistent for different 

treatments.  

4.2.2 Vase life (d)  

 Data depicted highly significant differences (P≤0.01) among harvest times and 

storage durations for vase life (Table 4.2.2). Stems harvested and stored in the morning 
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(0800-0900) or afternoon (1600-1700) had longer vase life compared with stems harvested at 

noon (1200-1300). Vase life shortened with increase in storage duration. One week storage 

had longer vase life compared with two or three week storage, respectively. Fresh stems 

harvested in the morning (0800-0900) had longest vase life (8.1 d) followed by fresh stems 

harvested at afternoon or stems harvested in the morning and stored for one week (8.0 or 6.1 

d, respectively). Whereas, stems harvested at any time and stored for three weeks had 

shortest vase life (1.0 d). The interactive effect between harvest times and storage durations 

for vase life was also highly significant (P≤0.01). 

4.2.3 Relative fresh weight (% of initial FW) 

 Data exposed highly significant (P≤0.01) differences among harvest times and 

storage durations for relative fresh weight (Table 4.2.2). Relative fresh weight was higher for 

stems harvested at afternoon (1600-1700) than stems harvested at noon (1200-1300) or stems 

harvested in the morning (0800-0900), respectively. Relative fresh weight decreased as the 

storage duration prolonged. Maximum RFW was exhibited by stems harvested at afternoon 

(1600-1700) and stored for one week (133.1% of initial FW) followed by stems harvested at 

afternoon (1600-1700) and stored for two weeks or stems harvested at afternoon (1600-1700) 

and stored for three weeks (132.4 or 124.0% of initial FW, respectively). Minimum RFW 

was shown by stems harvested at noon (1200-1300) and stored for three weeks (87.1% of 

initial FW). The interactive effect between harvest times and storage durations was also 

highly significant (P≤0.01). 

4.2.4 Water uptake (mL) 

 Data exposed highly significant (P≤0.01) differences among harvest times and 

storage durations for water uptake (Table 4.2.2). Stems harvested at noon (1200-1300) had 

lower water uptake compared with the stems harvested in the morning (0800-0900) or at 

afternoon (1600-1700), respectively. Similarly stored stems had less water uptake than fresh 

ones and it further decreased as the storage duration prolonged. Maximum water was 

absorbed by fresh stems harvested at afternoon (1600-1700) (40.5 mL) followed by fresh 

stems harvested at noon (1200-1300) or fresh stems harvested in the morning (0800-0900) 

(40.4 or 38.4 mL, respectively). Minimum water was absorbed by stems harvested at noon 
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(1200-1300) and stored for three weeks (19.7 mL). The interactive effect between harvest 

times and storage durations was also highly significant (P≤0.01). 

4.2.5 Number of florets opened (%) 

 Highly significant differences (P≤0.01) were observed among harvest times and 

storage durations for number of florets opened (Table 4.2.2). However, stems stored for three 

weeks died before floret opening (data not presented). Maximum florets were opened in fresh 

stems harvested in the morning (0800-0900) (74.7%) followed by stems harvested in the 

morning (0800-0900) and stored for two weeks or stems harvested at noon (1200-1300) and 

stored for two weeks (69.0 or 67.3%, respectively). Whereas, minimum florets were opened 

in stems harvested at afternoon (1600-1700) and stored for one week (42.7%). The 

interactive effect for number of florets opened between harvest times and storage durations 

was non-significant (P>0.05). 

4.2.6 Floret diameter (cm) 

 Highly significant differences (P≤0.01) were recorded among harvest times and 

storage durations for floret diameter (Table 4.2.2). While, stems stored for three weeks did 

not open the florets and died before data collection. Maximum floret diameter was observed 

in fresh stems harvested at afternoon (1600-1700) (9.3 cm) followed by fresh stems harvested 

at noon (1200-1300) or fresh stems harvested in the morning (0800-0900) (9.2 or 8.7 cm, 

respectively). Whereas, minimum floret diameter was recorded in stems harvested at 

afternoon (1600-1700) and stored for two weeks (6.1 cm). The interactive effect between 

harvest times and storage durations for floret diameter was also non-significant (P>0.05). 

4.2.7 Time to start wilting (d) 

 Data exposed highly significant (P≤0.01) differences among harvest times and 

storage durations for time to start wilting (Table 4.2.2). Fresh stems harvested at afternoon 

(1600-1700) took maximum time to start wilting (5.8 d) followed by fresh stems harvested in 

the morning (0800-0900) or fresh stems harvested at noon (1200-1300) (5.3 or 4.3 d, 

respectively). Whereas, minimum time to start wilting was taken by stems harvested at noon 

(1200-1300) and stored for two weeks or stems harvested at afternoon (1600-1700) and 



47 

 

stored for two weeks (1.4 d each). The interactive effect between harvest times and storage 

durations for time to start wilting was also non-significant (P>0.05).  

4.2.8 Ion leakage (%) 

Data exposed highly significant (P≤0.01) differences among harvest times and 

storage durations for ion leakage (Table 4.2.2). Ion leakage was greater for stems harvested 

at noon (1200-1300) followed by stems harvested in the morning (0800-0900) or stems 

harvested at afternoon (1600-1700), respectively. Fresh stems had greater ion leakage 

followed by stems stored for one, or two weeks, respectively. Maximum ion leakage was 

recorded in fresh stems harvested at noon (1200-1300) (140.7%) followed by stems 

harvested in the morning (0800-0900) and stored for one week or stems harvested at noon 

(1200-1300) and stored for one week (131.1 or 131.0%, respectively). Whereas, minimum 

ion leakage was recorded in stems harvested at afternoon (1600-1700) and stored for two 

weeks (109.6%). The interactive effect between harvest times and storage durations for ion 

leakage was also highly significant (P≤0.01). 

Data exposed no differences (P>0.05) among harvest times, storage durations and 

their interaction for dry weight (4.4-4.9 g).  

4.2.9 Discussion 

 The time of the day at which the harvest takes place, exerts an effect on vase life of 

cut flowers (Fanourakis et al., 2013). Fresh stems harvested in the morning (0800-0900) or 

afternoon (1600-1700) had longer vase life (8.1 or 8.0 d, respectively) compared with the 

stems harvested at noon (1200-1300) (6.0 d) (Table 4.2.2) which can be attributed to 

relatively lower temperature at harvest time than stems harvested at noon, since temperature 

is an important factor affecting the vase life of flowers (Teixeira-da-Silva, 2003) after harvest 

and causes rapid drying of stems ends leading to vascular blockage by trapped air. Similar 

trend in vase life was recorded for stored stems however, stems stored for three weeks died 

before opening which may be related to chilling injury (Joyce et al., 2000). Although, stored 

stems had shorter vase life compared with the stems evaluated fresh however, storage 

increased the availability of stems for longer period of time. One week storage had longer 

vase life followed by two or three week storage, respectively. Similar results have been
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Table: 4.2.1. Effect of harvest time and storage duration on initial pH, final pH, pH change, initial EC, final EC, and EC change of ‘White Prosperity’ gladiolus.  

Treatments Initial pH Final pH pH change Initial EC (dS m
-

1
) 

Final EC (dS m
-

1
) 

EC change  

Harvest time Storage duration 

(wk) 

0800-0900 

0 6.1 5.8 -0.3 2.35 2.34 -0.01 

1 6.1 5.9 -0.2 2.36 2.33 -0.03 

2 6.1 6.0 -0.1 2.36 2.35 -0.01 

3 6.3 6.2 -0.1 2.37 2.33 -0.04 

1200-1300 

0 6.3 6.2 -0.1 2.35 2.34 -0.01 

1 6.4 6.3 -0.1 2.36 2.35 -0.01 

2 6.5 6.3 -0.2 2.31 2.29 -0.02 

3 6.4 6.2 -0.2 2.30 2.29 -0.01 

1600-1700 

0 6.2 6.0 -0.2 2.34 2.32 -0.02 

1 6.2 6.1 -0.1 2.35 2.33 -0.02 

2 6.3 6.2 -0.1 2.36 2.32 -0.04 

3 6.2 5.9 -0.3 2.33 2.31 -0.02 

 
Table: 4.2.2. Effect of harvest time and storage duration on vase life, relative fresh weight (day 5), water uptake, number of florets opened, floret diameter, time to start 
wilting, and ion leakage of ‘White Prosperity’ gladiolus.  

Treatments Vase life 

(d) 

Relative fresh 

weight day 5 

(% of initial 

FW)  

Water uptake 

(mL) 

Number of 

florets opened 

(%) 

Floret 

diameter (cm) 

Time to start 

wilting (d) 

Ion leakage 

(%) Harvest time Storage duration 

(wk) 

0800-0900 

0 8.1 aa 120.5 bcd 38.4 ab 74.7 a 8.7 b 5.3 a 127.6 b 

1 6.1 b 114.8 e 31.3 d 55.4 bcd 7.6 d 2.3 de 131.1 b 

2 4.1 c 117.1 cde 33.6 cd 69.0 ab 6.4 ef 1.4 ef 118.1 c 

3 1.0 d 97.5 f 24.6 f - - - - 

1200-1300 

0 6.0 b 115.2 de  40.4 a 59.9 abc 9.2 a 4.3 b 140.7 a 

1 5.5 b 122.4 bc 34.3 c 63.9 ab 8.2 c 2.3 de 131.0 b 

2 3.7 c 119.9 bcde 26.4 ef 67.3 ab 6.7 e 1.4 ef 127.7 b 

3 1.0 d 87.0 g 19.7 g - - - - 

1600-1700 

0 8.0 a 115.5 de  40.5 a 47.3 cde 9.3 a 5.8 a 125.6 b 

1 6.0 b 133.1 a 37.5 b 42.7 de 7.7 cd 3.5 bc 114.3 cd 

2 3.9 c 132.4 a 34.3 c 55.3 bcd 6.1 f 3.1 cd 109.6 d 

3 1.0 d 124.0 b 27.6 e - - - - 

Significance
b
 

Harvest time (T) ** ** ** ** * ** ** 

Storage duration (D) ** ** ** ** ** ** ** 

T x D  ** ** ** NS NS NS ** 
a P values were obtained using the General Linear Model (GLM) procedures of SAS (version 9.3, SAS Inst. Inc., Cary, NC) for significant effects of harvest time and storage 
duration. 
b Means followed by the same letter are not significantly different according to Tukey’s Studentized test at P≤0.05. 

** Highly significant (P≤0.01); * Significant (P≤0.05); NS Non-significant (P>0.05); - Stems died before data collection. 
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described by Waithaka et al. (2001) and Elgar et al. (2003) while evaluating Gladiolus 

grandiflorus and Leucocoryne coquimbensis, respectively. 

Relative fresh weight was greater for stems harvested at afternoon (1600-1700) 

followed by stems harvested at noon (1200-1300) or in the morning (0800-0900), 

respectively (Table 4.2.2). Relative fresh weight decreased as the storage duration prolonged 

for any harvest time but increased by delaying harvesting from morning to afternoon for any 

duration. Greater RFW of stems harvested at afternoon (1600-17000) might be related to the 

fact that plants have assimilated more carbohydrates by photosynthesis and water content 

during the day (Gast, 1997). 

Stems harvested at noon (1200-1300) had lower water uptake compared with the 

stems harvested in the morning (0800-0900) or at afternoon (1600-1700), respectively (Table 

4.2.2) which might be related to higher temperature at noon which enhanced rapid drying of 

stems ends and entry of air in vascular system thus hindering water uptake. van Doorn and 

Suiro (1996) also reported that on sunny days the number of cavitations on stems was higher 

at midday, which resulted in reduced water uptake in stems harvested at noon. Similarly, 

stored stems had less water uptake than fresh ones and it decreased as the storage duration 

prolonged, indicating a blockage in the xylem (Bunya-atichart et al., 2004). Increased water 

uptake in stems harvested at afternoon might be due to more active physiological processes 

and opened stomata. Though stems stored at noon also had active physiological system and 

opened stomata but higher temperature might have blocked xylem due to dried stem ends and 

trapped air. 

Stems harvested in the morning had more number of florets opened (Table 4.2.2) 

which might be due to lower temperature at harvest time. Lower pre-harvest air temperature 

has been suggested to enhance flower bud opening during vase life (Marissen, 2001; 

Marissen and Benninga, 2001). Long term exposure to low temperature storage reduced the 

number of florets opened which can be attributed to lower carbohydrate level in stored stems 

(due to consumption during storage period) or chilling injury (Joyce et al., 2000). Kuiper et 

al. (1995) also related carbohydrate level with number of flower buds opened in roses. 

Higher level of carbohydrates in stems harvested at noon and afternoon might be the cause of 

larger floret diameter (Table 4.2.2). More carbohydrate reserves result in more bud anthesis 
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(Han, 1992; Kuiper et al., 1995; Ichimura and Hisamatsu, 1999; Su et al., 2001), increase in 

flower buds and florets in case of inflorescences, and large flower size (Eason et al., 1997). 

Similarly, stems harvested at noon took less time to start wilting (Table 4.2.2); this 

can also be due to higher temperature at harvest time, which triggered the drying process and 

entry of air into the stems ends leading to early wilting. Cut flower senescence is initiated 

when energy required for synthesis reactions is considerably reduced. Reduced ion leakage in 

stems harvested at afternoon and in the morning may be attributed to ability of carbohydrates 

in delaying senescence by maintaining the structure and activity of mitochondria (Kaltaler 

and Steponkus, 1976). 

The study concluded that the morning or afternoon harvest was better than noon 

harvest for most of the postharvest indices life vase life, RFW, water uptake, time to start 

wilting, and ion leakage. Long term storage duration destroys the flower quality of gladiolus. 

Storage of gladiolus up to one week can be practiced minimum loss in flower quality. 

4.3 Expt. 3: Role of harvest stage and storage duration in vase life 

extension of Gladiolus grandiflorus L. 

4.3.1 Change in pH and EC (dS m
-1

) 

Vase water pH and EC of all treatment combinations decreased during vase life 

evaluation period (Table 4.3.1). Slight decrease in pH of the vase water was observed as the 

number of opened florets and storage duration increased. Minimum decrease (-0.3) was 

recorded for fresh stems harvested with no florets opened while maximum decrease (-1.1) 

was recorded for stems harvested with 3-4 florets opened and stored for two weeks. 

Nevertheless, EC change was inconsistent for different treatments.  

4.3.2 Vase life (d)  

 Data depicted highly significant differences (P≤0.01) among harvest stages and 

storage durations for vase life (Table 4.3.2). The stems harvested with no floret opened had 

longer vase life followed by stems harvested with 1-2 florets opened or stems harvested with 

4-3 florets opened, respectively. Fresh stems had longer vase life followed by stems stored 

for one week or for two weeks. Longest vase life was recorded in fresh stems harvested with 

no floret opened (11.9 d) followed by stems harvested with no floret opened and stored for 
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one week or fresh stems harvested with 1-2 florets opened (10.4 or 9.2 d, respectively). 

Shortest vase life was exhibited by stems harvested with 3-4 florets opened and stored for 

two weeks (3.1 d). The interactive effect between harvest stages and storage durations for 

vase life was also significant (P≤0.05).  

4.3.3 Relative fresh weight (% of initial FW) 

Data exposed significant (P≤0.05) differences among harvest stages while highly 

significant differences (P≤0.01) were recorded among storage durations for relative fresh 

weight (Table 4.3.2). Stems harvested with no floret opened and stems harvested with 1-2 

florets opened had almost similar RFW followed by stems harvested with 3-4 florets opened. 

Fresh stems had more RFW followed by stems stored for one week or stems stored for two 

weeks, respectively. Maximum RFW was exhibited by fresh stems harvested with 1-2 florets 

opened (137.6% if initial FW) followed by fresh stems harvested with 3-4 florets opened or 

stems harvested with no floret opened and stored for one week (135.7 or 125.6% of initial 

FW, respectively). Nevertheless, minimum RFW was recorded in stems harvested with 3-4 

florets opened and stored for two weeks (94.3% of initial FW). The interactive effect 

between harvest stages and storage durations for RFW was also highly significant (P≤0.01). 

4.3.4 Dry weight (g) 

 Highly significant differences (P≤0.01) were observed among harvest stages and 

storage durations for dry weight (Table 4.3.2). Maximum dry weight was attained by stems 

harvested with 3-4 florets opened and stored for one week and stems harvested with 3-4 

florets opened and stored for two weeks (6.4 g each) followed by stems harvested with 1-2 

florets opened and stored for two weeks or stems harvested with no floret opened and stored 

for two weeks (6.2 or 5.7 g, respectively). Nevertheless, minimum dry weight was recorded 

for fresh stems harvested with no floret opened (4.5 g). The interactive effect between 

harvest stages and storage durations for dry weight was non-significant (P>0.05).  

4.3.5 Water uptake (mL) 

Data exposed highly significant differences (P≤0.01) among harvest stages and 

storage durations for water uptake (Table 4.3.2). Stems harvested with 1-2 florets opened had 

more water uptake followed by stems harvested with 3-4 florets opened or stems harvested 
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with no floret opened, respectively. Water uptake decreased as the storage duration 

prolonged. Maximum water uptake was recorded in stems harvested with 3-4 florets opened 

and stored for two weeks (42.4 mL) followed by stems harvested with 1-2 florets opened and 

stored for one week or fresh stems harvested with no floret opened (41.6 or 41.0 mL, 

respectively). While, minimum water uptake was recorded in stems harvested with 1-2 florets 

opened and stored for two weeks (22.1 mL). The interactive effect between harvest stages 

and storage durations for water uptake was also highly significant (P≤0.01). 

4.3.6 Number of florets opened (%) 

 Highly significant differences (P≤0.01) were recorded among harvest stages and 

storage durations for number of florets opened (Table 4.3.2). More number of florets opened 

for stems harvested with 3-4 florets opened followed by stems harvested with 1-2 florets 

opened or stems harvested with no floret opened, respectively. More number of florets 

opened in fresh stems followed by one or two week storage, respectively. Maximum florets 

were opened in fresh stems harvested with 1-2 florets opened (91.9%) followed by fresh 

stems harvested with 3-4 florets opened or stems harvested with 3-4 florets opened and 

stored for one week (86.8 or 86.5%, respectively). Whereas, minimum florets were opened in 

stems harvested with no floret opened and stored for two weeks (32.2%). The interactive 

effect between harvest stages and storage durations for number of florets opened was also 

highly significant (P≤0.01). 

4.3.7 Floret diameter (cm) 

 Highly significant differences (P≤0.01) were recorded among harvest stages and 

storage durations for floret diameter (Table 4.3.2). Maximum floret diameter was attained by 

stems harvested with 3-4 florets opened and stored for one week (9.1 cm) followed by stems 

harvested with no floret opened and stored for one week or fresh stems harvested with 3-4 

florets opened (8.7 or 8.6 cm, respectively). Whereas minimum floret diameter was attained 

by stems harvested with no floret opened and stored for two weeks (6.3 cm). The interactive 

effect between harvest stages and storage durations for floret diameter was non-significant 

(P>0.05). 
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4.3.8 Time to start wilting (d) 

 Highly significant differences (P≤0.01) were recorded among harvest stages and 

storage durations for time to start wilting (Table 4.3.2). Stems harvested with no floret 

opened took more time to start wilting followed by stems harvested with 1-2 florets opened 

or stems harvested with 3-4 florets opened, respectively. Fresh Stems took more time to start 

wilting followed by stems stored for one or two weeks, respectively. Maximum time to start 

wilting was taken by fresh stems harvested with no floret opened (8.2 d) followed by stems 

harvested with no floret opened or stored for one week and fresh stems harvested with 1-2 

florets opened (5.6 or 5.1 d, respectively). Whereas, minimum time to start wilting was taken 

by stems harvested with 3-4 florets opened and stored for two weeks and stems harvested 

with 1-2 florets opened and stored for two weeks (1.0 d each). The interactive effect between 

harvest stages and storage durations for time to start wilting was also highly significant 

(P≤0.01). 

4.3.9 Ion leakage (%) 

 Highly significant differences (P≤0.01) were recorded among harvest stages and 

storage durations for ion leakage (Table 4.3.2). Stems harvested with 1-2 florets opened had 

more ion leakage followed by stems harvested with no floret opened or stems harvested with 

3-4 florets opened, respectively. Similarly stems stored for one week had more ion leakage 

followed by fresh stems or stems stored for three weeks, respectively. Maximum ion leakage 

was recorded in stems harvested with no floret opened and stored for one week (189.0%) 

followed by stems harvested with 1-2 florets opened and stored for one week or fresh stems 

harvested with 1-2 florets opened (150.5 or 146.0%, respectively). Whereas, minimum ion 

leakage was recorded in stems harvested with 3-4 florets opened and stored for two weeks 

(88.9%). The interactive effect between harvest stages and storage durations for ion leakage 

was also highly significant (P≤0.01). 

4.3.10 Discussion 

The stems harvested with no floret opened had longer vase life followed by stems 

harvested with 1-2 florets opened or 4-3 florets opened, respectively (Table 4.3.2). This study 

proved the reports by Moe (1975) who concluded that stage of development of bud at time of 

harvest has pronounced effect on vase life of rose flowers and Halevy and Mayak (1979) 
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who reported that harvesting of cut flowers at tight bud stage is preferable for longer vase 

life. Stems stored for one week had longer vase life than stems stored for two weeks. The 

results confirmed the findings of Eason et al. (2002) and Elgar et al. (2003) who reported 

similar results while studying the effect of stage of development of bud on postharvest 

performance of Paeonia lactiflora and Gladiolus grandiflorus, respectively. 

The data exposed that RFW decreased by prolonging storage period (Table 4.3.2) 

indicating that storage negatively affects the stem conductance might be due to chilling 

injury (Joyce et al., 2000) or blockage of xylem due to bacteria (Zagory and Reid, 1986) 

and/or trapped air. Stems harvested with 3-4 florets opened had more dry weight followed by 

1-2 florets opened or no floret opened, respectively (Table 4.3.2). Similarly, stems stored for 

two weeks had more dry weight followed by one week or fresh stems, respectively, 

indicating that delaying harvest stage and prolonging storage duration helped stems to 

produce more biomass.  

Stems with 1-2 florets opened had more water uptake followed by 3-4 florets opened 

or no floret opened (Table 4.3.2). It revealed that stems with opened florets had better water 

conductance ability which might be due more active physiological processes of these stems. 

The results are contrary to that of Elgar et al. (2003) who reported that harvest stage had no 

effect on water uptake ability of Leucocoryne coquimbensis. On the other hand water uptake 

decreased with increase in storage duration which could be due to stem blockage by bacterial 

plugging (Zagory and Reid, 1986) and/or trapped air.  

Flower developmental stage has a pronounced effect on flower opening (Marissen 

and Benninga, 2001). More number of florets opened for stems harvested with 3-4 florets 

opened followed by 1-2 florets opened or no floret opened, respectively (Table 4.3.2). This 

could be due to the fact that stems with more number of florets opened remain intact with 

roots for longer time to absorb required nutrients. Elgar et al. (2003) also reported that 

number of florets opened during vase life of Leucocoryne coquimbensis is correlated with 

maturity of the bud at harvest. When stems with opened florets were removed from the 

storage, the already opened florets were wilted may be due to chilling injury (Joyce et al., 

2000) indicating that opened gladiolus should be avoided to store under low temperature. 

More florets were opened in fresh stems followed by one or two week storage which may be
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Table: 4.3.1. Effect of harvest stage and storage duration on initial pH, final pH, pH change, initial EC, final EC, and EC change of ‘White Prosperity’ 

gladiolus.  

Treatments Initial pH Final pH pH change  Initial EC  

(dS m
-1

) 

Final EC  

(dS m
-1

) 

EC change 

Number of 

florets opened  

 Storage duration 

(wk) 

0 

0 5.9 5.6 -0.3 1.35 1.04 -0.31 

1 5.9 5.5 -0.4 1.35 1.01 -0.34 

2 5.9 5.5 -0.4 1.35 1.04 -0.31 

1-2 

0 5.9 5.5 -0.4 1.35 1.05 -0.30 

1 5.9 5.4 -0.5 1.35 1.04 -0.31 

2 5.9 5.3 -0.6 1.35 1.07 -0.28 

3-4 

0 5.9 5.2 -0.7 1.35 1.07 -0.28 

1 5.9 4.9 -1.0 1.35 1.05 -0.30 

2 5.9 4.8 -1.1 1.35 1.03 -0.32 

 

Table: 4.3.2. Effect of harvest stage and storage duration on vase life, relative fresh weight (day 5), water uptake, dry weight, number of florets opened, 

floret diameter, time to start wilting, and ion leakage of ‘White Prosperity’ gladiolus.  

Treatments Vase life 

(d) 

Relative fresh 

weight day 5 

(% of initial 

FW)  

Dry weight 

(g) 

Water uptake 

(mL) 

Number 

of florets 

opened 

(%) 

Floret 

diameter 

(cm) 

Time to 

start wilting 

(d) 

Ion 

leakage 

(%) 

Number of 

florets 

opened  

Storage 

duration (wk) 

0 0 
 11.9 aa 115.7 cd 4.5 d 41.0 a 80.1 abc 6.7 cd 8.2 a 101.5 h 

1 10.4 b 125.6 b 4.9 cd 26.2 cd 78.1 bc 8.7 ab 5.6 b 189.0 a 

2 5.5 c 112.7 d 5.7 abc 25.3 cd 32.2 e 6.3 d 3.0 d 126.8 f 

1-2 0 9.2 b 137.6 a 5.4 c 40.0 a 91.9 a 7.1 cd 5.1 b 146.0 c 

1 6.4 c 106.3 e 5.5 bc 41.6 a 74.4 c 7.0 cd 2.4 d 150.5 b 

2 3.8 d 110.4 de 6.2 ab 22.1 d 62.1 d 6.4 cd 1.0 e 111.6 g  

3-4 0 6.8 c 135.7 a 5.3 c 27.4 bc 86.8 ab 8.6 ab 4.0 c 132.6 e 

1 5.6 c 118.6 c 6.4 a 31.2 b 86.5 ab 9.1 a 1.2 e 141.9 d 

2 3.1 d 94.3 f 6.4 a 42.4 a 73.4 cd 7.6 bc 1.0 e 88.9 i 

Significance
b
 

Number of florets opened (N) ** * ** ** ** ** ** ** 

Storage duration (D) ** ** ** ** ** ** ** ** 

N x D  * ** ** NS ** NS ** ** 
a P values were obtained using the General Linear Model (GLM) procedures of SAS (version 9.3, SAS Inst. Inc., Cary, NC) for significant effects of harvest 

stage and storage duration. 
b Means followed by the same letter are not significantly different according to Tukey’s Studentized test at P≤0.05. 

** Highly significant (P≤0.01); * Significant (P≤0.05); NS Non-significant (P>0.05).
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related to chilling injury, physiological aging, or low carbohydrate level of stored stems as 

they continue consuming food reserve to some extent even at low temperature. 

Stems having more number of florets opened at the time of harvest had more floret 

diameter during the vase life evaluation period which may be related to more reserved food 

in these stems, at the time of harvest. Stems stored for one week had more floret diameter 

followed by fresh stems or stems stored for two weeks (Table 4.3.2). More mature the florets 

at time of harvest; less is the time to start wilting, because tight florets take time to open then 

the senescence process starts while, in opened florets senescence had already been started. 

Ion leakage decreased with the maturity of the florets at harvest, indicating that mature 

florets had stronger cell structure. 

The study concluded that gladiolus stems harvested at tight bud stage had longer vase 

life relative to stems harvested with opened florets. Though storage extends the availability 

of flowers for longer periods however, prolonged storage negatively affects the postharvest 

performance of gladiolus flowers. So, if storage is inevitable the gladiolus stems should 

preferably be stored for up to one week. 

4.4 Expt. 4: Effect of storage type and duration on extending longevity of 

Gladiolus grandiflorus L. 

4.4.1 Change in pH and EC (dS m
-1

) 

 Vase water pH decreased for all the treatments during vase life. Less decrease for dry 

stored stems while more decrease for wet stored stems was recorded as the storage duration 

prolonged. Vase water EC also decreased for fresh and dry stored stems whereas slight 

increase in EC for wet stored stems was recorded (Table. 4.4.1).  

4.4.2 Vase life (d) 

 Data exposed highly significant differences (P≤0.01) among storage types and 

durations for vase life (Table 4.4.2). Longest vase life was observed in one week wet storage 

(11.0 d) followed by one week dry storage or control (10.0 d each, respectively). Shortest 

vase life was recorded for three week dry storage (7.0 d). The interactive effect between 

storage types and durations was non-significant (P>0.05). 
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4.4.3 Relative fresh weight (% of initial FW) 

 Data exposed highly significant differences (P≤0.01) among storage types and 

durations for relative fresh weight (Table 4.4.2). Dry stored stems had greater RFW than wet 

stored stems. Stems stored for one week had greater RFW followed by stems stored for two 

or three weeks, respectively. Maximum RFW was recorded in one week dry storage (124.9% 

of initial FW) followed by two week dry storage or fresh stems (121.4 or 120.6% of initial 

FW, respectively). Whereas, minimum RFW was recorded in three week wet storage (98.7% 

of initial FW). The interactive effect between storage types and durations for RFW was also 

highly significant (P≤0.01). 

4.4.4 Number of florets opened (%) 

 Highly significant differences (P≤0.01) were recorded among storage types and 

durations for number of florets opened (Table 4.4.2). One week wet storage had maximum 

number of florets opened (60.9%) followed by fresh stems or two week wet storage (60.7 or 

42.1%, respectively). Minimum florets were opened in three week dry storage (19.7%). The 

interactive effect between storage types and durations for number of florets opened was non-

significant (P>0.05). 

4.4.5 Floret diameter (cm) 

 Highly significant differences (P≤0.01) were recorded among storage types and 

durations for floret diameter (Table 4.4.2). Fresh stems had greater floret diameter followed 

by wet or dry stored stems, respectively. Floret diameter decreased as the storage duration 

prolonged. Fresh stems had maximum floret diameter (8.9 cm) followed by one week wet 

storage or two week wet storage (8.3 or 7.7 cm, respectively). Minimum floret diameter was 

recorded in three week dry storage (5.5 cm). The interactive effect between storage types and 

durations for floret diameter was also significant (P≤0.05). 

4.4.6 Time to start wilting (d) 

 Highly significant differences (P≤0.01) were recorded among storage types and 

durations for time to start wilting (Table 4.4.2). Maximum time to start wilting was taken by 

one week wet storage (9.2 d) followed by one week dry storage or fresh stems (8.6 or 6.1 d, 

respectively). Minimum time to start wilting was recorded in three week dry or wet storage 
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(5.1 d each). The interactive effect between storage types and durations for time to start 

wilting was non-significant (P>0.05). 

4.4.7 Ion leakage (%) 

 Highly significant differences (P≤0.01) were recorded among storage types and 

durations for ion leakage (Table 4.4.2). Ion leakage was greater than control for all storage 

types and durations. Dry stored stems had greater ion leakage than wet stored stems. Ion 

leakage decreased as the storage duration prolonged. Maximum ion leakage was recorded in 

one week dry storage (141.0%) followed by two week dry storage or three week dry storage 

(130.8 or 122.4.0%, respectively). Nevertheless, minimum ion leakage was recorded in fresh 

stems (97.2%). The interactive effect between storage types and durations for ion leakage 

was also highly significant (P≤0.01). 

 Non-significant differences (P>0.05) were recorded among storage types, durations 

and their interaction for dry weight (4.1-4.3 g) and for water uptake (34.4-45.1 mL).  

4.4.8 Discussion 

Wet stored stems had longer vase life compared with dry stored stems (Table 4.4.2) 

which might be due to functional vascular system of the stems while stem blockage 

(Loubaud and van Doorn, 2004) and water stress (Burdett, 1970) might have caused shorter 

vase life of dry stored stems. Vase life was reduced with increase in storage duration. 

Primary effect of cold storage on cut rose flowers is to minimize senescence but continued 

slow senescence leads to shorter vase life (Faragher et al., 1986) in stored stems. Paulin 

(1976) and Halevy and Mayak (1981) concluded that after cold storage subsequent opening 

and vase life at room temperature is reduced as compared to freshly harvested flowers. 

Ahmad (2009) also reported similar effects of storage types on vase life of roses. 

Horticultural commodities last longer at low temperatures, since low temperature reduces 

both metabolic processes and microbial growth rate and reproduction (van Doorn and de 

Witte, 1991). Dry stored stems for shorter times had similar vase life as the wet stored stems 

indicating that for shorter times there is no difference in storage type for vase life. Results are 

contrary to Faragher et al. (1984) who reported that vase life of Rosa hybrida L. decreased by 

wet storage.  
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Table: 4.4.1. Effect of storage type and duration on initial pH, final pH, pH change, initial EC, final EC, and EC change of ‘White Prosperity’ gladiolus.  

Storage type Storage duration (wk) Initial pH Final pH pH change Initial EC (dS m
-

1
) 

Final EC (dS m
-

1
) 

EC change 

Control Fresh 7.3 5.5 -1.8 1.35 1.27 -0.08 

Dry 

1 7.3 5.0 -2.3 1.35 1.03 -0.32 

2 7.3 4.6 -2.7 1.35 1.05 -0.30 

3 7.3 4.5 -2.8 1.35 1.07 -0.28 

Wet 

1 7.3 4.4 -2.9 1.35 1.37 0.02 

2 7.3 4.8 -2.5 1.35 1.39 0.04 

3 7.3 4.9 -2.4 1.35 1.38 0.03 

 
Table: 4.4.2: Effect of storage type and durations on vase life, relative fresh weight (day 5), number of florets opened, floret diameter, time to start wilting, 

and ion leakage of ‘White Prosperity’ gladiolus.  

Treatments Vase life 

(d) 

Relative fresh 

weight day 5 

(% of initial 

FW) 

Number of 

florets opened 

(%) 

Floret diameter 

(cm) 

Time to start 

wilting (d) 

Ion leakage (%) 

Storage type Storage duration 

(wk) 

Control Fresh 10.0 aba 120.6 bc 60.7 a 8.9 a 6.1 bc 97.2 d 

Dry 

1 10.0 ab 124.9 a 31.5 cd 7.4 c 8.6 a 141.0 a 

2 7.3 d 121.4 b 21.9 de 6.9 d 5.4 cd 130.3 b 

3 7.0 d 115.2 d 19.7 e 5.5 e 5.1 cd 122.4 bc 

Wet  

1 11.0 a 114.9 d 60.9 a 8.3 b 9.2 a 119.1c 

2 8.6 c 103.7 e 42.1 b 7.7 c 5.9 bc 117.7.c 

3 8.4 c 98.7 f 27.6 d e 6.9 d 5.1 b 117.5 c 

Significance
b
 

Type (T) ** ** ** ** ** ** 

Storage duration (D) ** ** * ** ** ** 

T x D  NS ** NS * NS ** 
aP values were obtained using the General Linear Model (GLM) procedures of SAS (version 9.3, SAS Inst. Inc., Cary, NC) for significant effects of storage 

types and durations. 
b Means followed by the same letter are not significantly different at P≤0.05 according to Tukey’s Studentized test at P≤0.05. 

** Highly significant (P≤0.01); * Significant (P≤0.05); NS Non-significant (P>0.05). 
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Less RFW of wet stored stems (Table 4.4.2) reveal that water storage might have 

caused stem blockage due to bacterial plugging. Macnish et al. (2009) also reported that wet 

storage provides more opportunities for pathogenic contamination, resulting in plugged stem 

ends, blocked water uptake, accelerated wilting, and ultimately death of the stems. Fresh 

stems had more number of florets opened followed by wet and dry stored stems, respectively 

(Table 4.4.2). Number of florets opened, reduced as the storage duration prolonged. Reduced 

opening in stored flowers relative to fresh stems, can be because of chilling injury (Joyce et 

al., 2000), less food reserve, and physiological aging. The cause of adverse effects of cold 

storage, on flower opening and vase life may be that, flowers continue to age slowly during 

storage even at low temperature which reduces subsequent vase life (Halevy and Mayak, 

1981). Dry stored stems had less floret diameter indicating that water stress in might have 

reduced the floret size.  

Wet stored stems took more time to start wilting followed by dry and fresh stems, 

respectively (Table 4.4.2). Cold storage is used to delay flower development and provide a 

longer vase life (Redman et al., 2002). The effect of higher temperature is increased rate of 

respiration leading to rapid metabolic and enzymatic activity which might have increased the 

wilting process of fresh stems. Cooling not only slows down the metabolic and enzymatic 

activity but also slows the rate maturation of the product (Teixeira-da-Silva, 2003) thus 

delaying wilting in stored stems.  

Ion leakage was greater than control for all storage types and durations. Dry stored 

stems had greater ion leakage than wet stored stems (Table 4.4.2). Though storage increased 

many of the postharvest characteristics of gladiolus but it increased the ion leakage indicating 

adverse effects of low temperature on cell structure due to chilling injury. Less ion leakage in 

wet stored stems indicate that water avoids chilling injury to some extent relative to dry 

stored stems.  

In conclusion, among storage types wet storage was better than dry storage while one 

week storage better than two or three week storage. Overall, wet stored stems for one week 

performed better regarding vase life, number of florets opened, time to start wilting, and ion 

leakage.  
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4.5 Expt. 5: Effect of nano-silver pulse treatment on water relations and 

vase life of Gladiolus grandiflorus L. 

4.5.1 Change in pH and EC (dS m
-1

) 

 Vase water pH of all treatments increased from their initial value (6.0) except stems 

pulsed with 200 mg L
-1

 for 1 h, 1 mg L
-1

 for 8 h, or 2 mg L
-1

 for 8 h (-0.1, -0.2, or -0.7, 

respectively) (Table. 4.5.1). Maximum increase was recorded for stems placed in tap water 

(0.7). EC for all treatments decreased from their initial value (1.20 ds m
-1

) with maximum 

decrease in stems pulsed with 10 mg L
-1

 for 4 h or stems pulsed with 2 mg L
-1

 for 8 h (-0.13 

ds m
-1

 each). 

4.5.2 Vase life (d) 

 Data exposed highly significant differences (P≤0.01) among NS pulse treatments for 

vase life (Table 4.5.2). All the treatments had longer vase life than control. Vase life was 

decreased by increasing the concentration within a specific duration (1, 4, or 8 h). Longest 

vase life was recorded in stems pulsed with 50 mg L
-1 

for 1 h (8.8 d) followed by 100 mg L
-1 

for 1 h, 200 mg L
-1 

for 1 h, or 10 mg L
-1 

for 4 h (7.8, 7.4, or 7.4 d, respectively). Shortest vase 

life was recorded in control (6.6 d).  

4.5.3 Relative fresh weight (% of initial FW) 

 Data exposed highly significant differences (P≤0.01) among NS pulse treatments for 

relative fresh weight (Table 4.5.2). Nano-silver pulse treatment improved the relative fresh 

weight (RFW) of stems relative to control. Maximum RFW was recorded in stems pulsed 

with 50 mg L
-1 

for 1 h (136.4% of initial FW) followed by 100 mg L
-1 

for 1 h or 10 mg L
-1 

for 

4 h (129.5 or 127.7% of initial FW, respectively). Minimum RFW was recorded in control 

(101.2% of initial FW). 

4.5.4 Dry weight (g) 

 Data exposed significant differences (P≤0.05) among NS pulse treatments for dry 

weight (Table 4.5.2). Inconsistent trend was recorded for different treatments however; all 

the treatments had more dry weight than control. Maximum dry weight was recorded in 

stems pulsed with 100 mg L
-1 

for 1 h, 10 mg L
-1 

for 4 h, or 50 mg L
-1 

for 4 h (6.6 g each) 

while, minimum dry weight was recorded in control (5.3 g).  
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4.5.5 Water uptake (mL) 

 Data exposed significant differences (P≤0.05) among different NS pulse treatments 

for water uptake (Table 4.5.2). Maximum water uptake was recorded in stems pulsed with 

tap water (control) (44.6 mL) followed by 100 mg L
-1 

for 1 h or 50 mg L
-1 

for 1 h (43.6 or 

42.9 mL, respectively). Minimum water uptake was recorded in stems pulsed with 5 mg L
-1 

for 8 h (36.5 mL). 

 4.5.6 Number of florets opened (%) 

 Data exposed significant differences (P≤0.05) among NS pulse treatments for number 

of florets opened (Table 4.5.2). Maximum number of florets were opened in stems pulsed 

with 50 mg L
-1

 for 1 h (76.9%) followed by 2 mg L
-1

 for 8 h or tap water (56.7 or 54.7%, 

respectively). Minimum number of florets were opened in stems pulsed with 30 mg L
-1

 for 4 

h (42.4%). 

4.5.7 Floret diameter (cm) 

 Data exposed significant differences (P≤0.05) among NS pulse treatments for floret 

diameter (Table 4.5.2). Inconsistent trend was observed for different pulse treatments 

regarding floret diameter. Maximum floret diameter was recorded in stems pulsed with 50 

mg L
-1

 for 1 h (8.9 cm) followed by 5 mg L
-1

 for 8 h or 100 mg L
-1

 for 1 h (8.4 or 7.9 cm, 

respectively). Whereas, minimum floret diameter was shown by stems pulsed with 200 mg L
-

1
 for 1 h (6.8 cm). 

4.5.8 Time to start wilting (d) 

 Data exposed highly significant differences (P≤0.01) among NS pulse treatments for 

time to start wilting (Table 4.5.2). NS pulsing delayed the wilting relative to control. Stems 

pulsed with 50 mg L
-1

 for 1 h took maximum time (7.7 d) to start wilting followed by 10 mg 

L
-1

 for 4 h, or 200 mg L
-1

 for 1 h (7.3 or 6.9 d, respectively). Stems pulsed with 5 mg L
-1

 for 

8 h took minimum time (4.7 d) to start wilting. 

4.5.9 Bacterial count (cfu mL
-1

) 

Data exposed highly significant differences (P≤0.01) among NS pulse treatments for 

bacterial count in vase water (Table 4.5.2). All the treatments had less colony forming units 

(cfu) than control. Maximum bacterial count was recorded in vase water of stems placed in 
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tap water (90.6 x 10
5
 cfu mL

-1
) followed by 1 mg L

-1
 for 8 h or 2 mg L

-1
 for 8 h (25.3 x 10

5
 

or 22.0 x 10
5
 cfu mL

-1
, respectively). Minimum bacterial count was recorded in vase water of 

stems pulsed with 100 mg L
-1

 for 1 h (7.3 x 10
5
 cfu mL

-1
). 

 Data exposed non-significant differences (P>0.05) among different NS pulse 

treatments for ion leakage (126.5-138.1%) indicating that NS pulse treatment have no role in 

membrane stability.  

4.5.10 Discussion 

Efficacy of nanometer sized particles bearing Ag
+
 as an antibactericidal agent (NS) is 

well established (Alt et al., 2004). All the NS pulse treatments had longer vase life than 

control (Table 4.5.2). Vase life was decreased by increasing the concentration within a 

specific duration (1, 4, and 8 h). Longest vase life was recorded in stems pulsed with 50 mg 

L
-1 

for 1 h (8.8 d) and shortest vase life was recorded in control (6.6 d). Vase life decreased 

with the increase in concentration which was similar to findings of Liu et al., (2003). 

Phytotoxic effect of NS was observed with the increase in concentration (Nair et al., 2010). 

Our results also confirmed the finding of Lu et al. (2010c) who reported that 250 mg L−1
 NS 

pulse treatment was phytotoxic however; pulse treatments for 1 h with 50 and 100 mg L−1
 NS 

solutions extended vase life and suppressed reduction in fresh weight during the vase period. 

Liu et al. (2009b) also reported similar effects of NS pulse treatments on vase life of cut 

gerbera. 

Nano-silver pulse treatment improved the relative fresh weight (RFW) of stems 

relative to control (Table 4.5.2). Maximum RFW was recorded in stems pulsed with 50 mg L
-

1 
for 1 h (136.4% of initial FW) and minimum for control (101.2% of initial FW). Improved 

RFW may be attributed to less bacterial count in vase solution and decreased transpiration 

rate. This evidence for suppression of transpiration from leaves by NS inducing partial 

stomata closure is novel (Lu et al., 2010c). However, at higher concentrations the RFW 

decreased indicating that higher concentrations might have damaged the xylem due to 

phytotoxic effects (Liu et al., 2009a; Nair et al., 2010). The results confirmed the findings of 

Kim et al. (2005); Liu et al. (2009b); Lu et al. (2010c); Kazemi and Ameri (2012).  
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Table: 4.5.1. Effect of nano-silver pulsing on initial pH, final pH, pH change, initial EC, final EC, and EC change of ‘White Prosperity’ gladiolus.  

Treatments Initial pH Final pH pH change Initial EC (dS m
-

1
) 

Final EC (dS 

m
-1

) 

EC change 

Tap water (Control) 6.0 6.7 0.7 1.20 1.09 -0.11 

50 mg L
-1

 for 1 h 6.0 6.6 0.6 1.20 1.10 -0.10 

100 mg L
-1

 for 1 h 6.0 6.3 0.3 1.20 1.11 -0.09 

200 mg L
-1

 for 1 h 6.0 5.9 -0.1 1.20 1.09 -0.11 

10 mg L
-1

 for 4 h 6.0 6.2 0.2 1.20 1.07 -0.13 

30 mg L
-1

 for 4 h 6.0 6.4 0.4 1.20 1.10 -0.10 

50 mg L
-1

 for 4 h 6.0 6.3 0.3 1.20 1.08 -0.12 

1 mg L
-1

 for 8 h 6.0 5.8 -0.2 1.20 1.11 -0.09 

2 mg L
-1

 for 8 h 6.0 5.3 -0.7 1.20 1.07 -0.13 

5 mg L
-1

 for 8 h 6.0 6.2 0.2 1.20 1.11 -0.09 

 

Table: 4.5.2. Effect of nano-silver pulsing on vase life, relative fresh weight (day 5), dry weight, water uptake, number of florets opened, floret diameter, 

time to start wilting, and bacterial count in vase water of ‘White Prosperity’ gladiolus.  

Treatments Vase life 

(d) 

Relative 

fresh weight 

day 5 (% of 

initial FW)  

Dry weight 

(g) 

Water 

uptake (mL) 

Number of 

florets 

opened 

(%) 

Floret 

diameter 

(cm) 

Time start 

wilting (d) 

Bacterial 

count (x 

10
5
 cfu 

mL
-1

) 

Tap water (Control) 6.6 da 101.2 e 5.3 d 44.6 a 54.7 b 7.4 bc 5.2 fg 90.6 a 

50 mg L
-1

 for 1 h 8.8 a 136.4 a 5.9 abcd 42.9 ab 76.9 a 8.9 a 7.7 a 10.0 de 

100 mg L
-1

 for 1 h 7.8 b 129.5 b 6.6 a 43.6 a 49.0 b 7.9 abc 6.6 bcd 7.3 e 

200 mg L
-1

 for 1 h 7.4 bc 120.1 d 5.8 bcd 40.7 ab 46.4 b 6.8 c  6.9 bc 8.0 de 

10 mg L
-1

 for 4 h 7.4 bc 127.7 bc 6.6 a 42.0 ab  52.6 b 7.5 bc 7.3 ab 15.0 cd 

30 mg L
-1

 for 4 h 7.1 bcd 121.5 d 6.5 abc 40.1 ab 42.4 b 7.0 c 6.2 cde 12.0 de 

50 mg L
-1

 for 4 h 7.0 cd 122.5 cd 6.6 a 42.6 ab 52.2 b 7.9 abc 6.2 cde 11.0 de 

1 mg L
-1

 for 8 h 7.1 bcd 123.5 cd 6.2 abc 40.0 ab  50.5 b 7.1 c  5.5 ef 25.3 b 

2 mg L
-1

 for 8 h 7.0 cd 125.2 bcd 6.1 abc 41.1 ab 56.7 b 7.2 bc 6.0 de 22.0 bc 

5 mg L
-1

 for 8 h 7.0 cd  121.6 d 5.8 cd 36.5 b 46.7 b 8.4 ab 4.7 g 20.0 bc 

Significance
b 

 ** ** * * * * ** ** 
aP values were obtained using the General Linear Model (GLM) procedures of SAS (version 9.3; SAS Inst. Inc., Cary, NC) for significant effects of nano-

silver pulse treatment. 
bMeans followed by the same letter are not significantly different at P≤0.05 according to Tukey’s Studentized test at P≤0.05.  

** Highly significant (P≤0.01); * Significant (P≤0.05).
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Water deficit in a cut stem standing in vase solution will develop when the rate of 

water uptake is lower than the rate of transpiration (van Doorn, 1997).The amounts of water 

uptake and water loss by the cut flowers decreased upon NS treatment (Table 4.5.2) 

indicating that NS may destroy the xylem tissues. However this damage was not so severe to 

negatively affect the vase life. Lu et al., (2010c) and Kazemi and Ameri (2012) also reported 

similar results. 

Floret characteristics like number of florets opened, floret diameter, and time to start 

wilting also improved at lower concentrations relative to control. Pulse treatment with 50 mg 

L
-1

 NS for 1 h was most effective in improving the floret characteristics proving that use of 

50 mg L
-1

 NS for 1 h not only enhanced the vase life but also floret opening, size, and 

delayed wilting. This may be attributed to less number of bacteria in NS treated vase solution 

as proved by bacterial count (Table 4.5.2).  

Antibacterial activity of NS is partly a function of particle size, with higher surface to 

volume ratio increasing the proportion of atoms at the grain boundary (Raffi et al., 2008). NS 

pulse treatment significantly decreased the bacterial count in vase solution Liu et al. (2009a). 

The results confirm the findings of Kim et al. (2005); Liu et al. (2009b); Lu et al. (2010c); 

Kazemi and Ameri (2012). There was direct relationship between the pulse duration and 

bacterial count i.e. the longer the pulse duration the more the bacterial count which might be 

due to decrease in effectiveness of NS with the passage of time. 

In conclusion, 50 mg L
-1

 for 1 h performed better than other treatments for most of 

the indices life vase life, RFW, water uptake, number of florets opened, floret diameter, time 

to start wilting, and bacterial count in vase water. Higher concentrations of NS have 

phytotoxic effect so, use of higher concentrations should be avoided. 

4.6 Expt. 6: Comparison of different silver containing biocides for 

extending vase life of Gladiolus grandiflorus L. 

4.6.1 Change in pH and EC (dS m
-1

) 

Inconsistent changes in pH and EC of different concentrations of silver sources were 

recorded during the vase life evaluation period. Solution pH for all treatments decreased 
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during vase life while EC also decreased for all treatments except stems placed in tap water, 

stems placed in 5.0 mg L
-1

 STS, or 10.0 mg L
-1

 STS (Table 4.6.1). 

4.6.2 Vase life (d)  

 Data exposed highly significant differences (P≤0.01) among different silver sources 

while non-significant (P≤0.05) results were observed among their concentrations for vase life 

(Table 4.6.2). Silver Nitrate had better vase life followed by STS or NS, respectively. 

Phytotoxic effect of NS was observed with the increase in concentration. Longest vase life 

was recorded in stems placed in 20.0 mg L
-1

 SN (8.2 d) followed by 5.0 mg L
-1

 SN or 10.0 

mg L
-1

 SN (7.8 or 7.6 d, respectively). Whereas, shortest vase life was observed in stems 

placed in 10.0 mg L
-1

 NS (6.0 d). The interactive effect between silver sources and 

concentrations for vase life was non-significant (P>0.05). 

4.6.3 Relative fresh weight (% of initial FW) 

Data exposed highly significant differences (P≤0.01) among different silver sources 

and concentrations for relative fresh weight (Table 4.6.2). Relative fresh weight increased for 

all treatments relative to control. Maximum RFW was recorded in stems placed in 10.0 mg L
-

1
 STS (153.7% of initial FW) followed by 5.0 mg L

-1
 SN or 10.0 mg L

-1
 SN (152.2 or 

152.1% of initial FW, respectively). Whereas, minimum RFW was observed in stems placed 

in control (137.8% of initial FW). The interactive effect between silver sources and 

concentrations for RFW was also non-significant (P>0.05). 

4.6.4 Solution uptake (mL) 

 Data exposed highly significant differences (P≤0.01) among different silver sources 

and concentrations for solution uptake (Table 4.6.2). Stems placed in SN had more solution 

uptake followed by stems placed in STS or NS, respectively. Solution uptake decreased with 

increase in concentration. Maximum solution uptake was recorded in stems placed in 20.0 

mg L
-1

 SN (63.0 mL) followed by 5.0 mg L
-1 

SN or tap water (61.5 or 59.5 mL, respectively). 

Whereas, minimum solution uptake was recorded in stems placed in 20.0 mg L
-1

 NS (40.9 

mL). The interactive effect between silver sources and concentrations for solution uptake was 

also highly significant (P≤0.01). 
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4.6.5 Number of florets opened (%) 

 Highly significant differences (P≤0.01) were observed among silver sources whereas 

non-significant differences (P>0.05) were recorded among different concentrations regarding 

number of florets opened (Table 4.6.2). Silver nitrate had more number of florets opened 

than NS or STS, respectively. Maximum florets were opened in stems placed in 5.0 mg L
-1

 

SN (72.4%) followed by 20.0 mg L
-1

 SN or 10.0 mg L
-1

 SN (71.1 or 67.0%, respectively). 

Whereas, minimum number of florets were opened in stems placed in 5.0 mg L
-1

 STS 

(51.2%). The interactive effect between silver sources and concentrations for number of 

florets opened was also non-significant (P>0.05). 

4.6.6 Floret diameter (cm) 

Data exposed highly significant differences (P≤0.01) among different silver sources 

and concentrations for floret diameter (Table 4.6.2). All the treatment combinations had more 

floret diameter than control. Maximum floret diameter was recorded in stems placed in 20.0 

mg L
-1 

NS and 10.0 mg L
-1 

NS (8.8 cm each) followed by 5.0 mg L
-1 

NS or 20.0 mg L
-1 

SN 

(8.1 cm each). Whereas, minimum floret diameter was recorded in stems placed in tap water 

(6.5 cm). The interactive effect between silver sources and concentrations for floret diameter 

was non-significant (P>0.05). 

4.6.7 Ion leakage (%) 

Data exposed highly significant differences (P≤0.01) among different silver sources 

and concentrations for ion leakage (Table 4.6.2). Nano-silver had less ion leakage followed 

by STS or SN. Inconsistent trend was observed among different concentrations of biocides 

for ion leakage. Maximum ion leakage was recorded in stems placed in 20.0 mg L
-1

 SN 

(236.6%) followed by 10.0 mg L
-1

 STS or tap water (182.0 or 181.7%, respectively). 

Whereas, minimum ion leakage was recorded in stems placed in 20.0 mg L
-1

 STS (122.8%). 

The interactive effect between silver sources and concentrations for ion leakage was also 

highly significant (P≤0.01). 

4.6.8 Bacterial count (cfu mL
-1

) 

 Data exposed highly significant differences (P≤0.01) among different silver sources 

and concentrations for bacterial count in vase solution (Table 4.6.2). All the treatments 
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counted less colony forming units (cfu) than control. Nano-silver was most effective in 

controlling bacteria in vase solution followed by SN or STS, respectively. Bacterial count 

decreased with increase in germicide concentration. Maximum bacterial count was recorded 

in stems placed in tap water (105.0 x 10
5
 cfu mL

-1
) followed by 5.0 mg L

-1
 STS or 10.0 mg 

L
-1

 STS (64.0 x 10
5
 or 41.3 x 10

5
 cfu mL

-1
, respectively). Whereas, minimum bacterial count 

was recorded in stems placed in 20.0 mg L
-1

 NS (10.7 x 10
5
 cfu mL

-1
). The interactive effect 

between silver sources and concentrations for bacterial count was also highly significant 

(P≤0.01). 

 Data exposed no differences (P>0.05) among different silver sources, concentrations 

and their interactions for dry weight (4.0-4.7 g) and time to start wilting (5.5-6.5 d).  

4.6.9 Discussion 

Stem treated with SN had longer vase life followed by STS and NS, respectively 

(Table 4.6.2). Phytotoxic effect of NS was observed with the increase in concentration. 

Shorter vase life of stems placed in NS might be due to phytotoxic effects at very high 

concentration (Nair et al., 2010). Improvement in vase life by silver containing biocides have 

also been reported by previous studies like van Ieperen et al. (2000); Kim et al. (2009); Liu 

et al. (2009a,b); Lu et al., 2010a,b) and Nair et al. (2010). However, no study has reported 

comparative efficacy of silver containing biocides.  

Stems placed in SN had greater RFW followed by stems placed in STS and NS, 

respectively (Table 4.6.2). Relative fresh weight increased up to 10 mg L
-1

 of any silver 

source then a decrease was observed which may be related to phytotoxic effects of higher 

concentrations which may disturb the water conductance and RFW of stems. Similarly stems 

placed in SN had better solution uptake followed by stems placed in STS and NS, 

respectively (Table 4.6.2). van Meeteren et al. (2001) determined that SN added to DI had a 

positive effect on Bouvardia water status. Solution uptake decreased with increase in 

concentration. Ohkawa et al. (1999) and Veen (1983) also concluded that SN maintains 

hydraulic conductance of the stem by inhibiting microbial proliferations. 

Silver nitrate improved the opening of florets compared to other sources while, NS 

was better in improving the size of florets (Table 4.6.2). Nano-silver had less ion leakage 

followed by STS or SN. Flower indices like number of florets opened and floret diameter 
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Table: 4.6.1. Effect of different silver sources and concentrations applied as vase solution, on initial pH, final pH, pH change, initial EC, final EC, and EC 

change of ‘White Prosperity’ gladiolus.  

Treatments Initial pH Final pH pH change Initial EC (dS 

m
-1

) 

Final EC (dS 

m
-1

) 

EC change 

Silver source Concentration (mg L
-1

) 

Tap water Control 5.9 5.3 -0.6 0.05 0.08 0.03 

STS 

5 6.5 5.5 -1.0 1.10 1.16 0.06 

10 6.4 5.9 -0.5 1.11 1.16 0.05 

20 6.2 5.0 -1.2 1.12 1.07 -0.05 

SN 

5 6.2 5.7 -0.5 1.10 1.07 -0.03 

10 6.2 5.8 -0.4 1.09 1.07 -0.02 

20 6.2 5.7 -0.5 1.09 1.06 -0.03 

NS 

5 6.2 5.8 -0.4 1.78 1.78 0.00 

10 6.3 5.9 -0.4 2.44 2.40 -0.04 

20 6.1 5.8 -0.3 3.65 3.60 -0.05 

 

Table: 4.6.2. Effect of different silver sources and concentrations applied as vase solution, on vase life, relative fresh weight (day 5), solution uptake, 

number of florets opened, floret diameter, ion leakage, and bacterial count in vase solution of ‘White Prosperity’ gladiolus.  

Treatments Vase life 

(d) 

Relative fresh 

weight day 5 

(% of initial 

FW)  

Solution 

uptake (mL) 

Number of 

florets 

opened (%) 

Floret 

diameter 

(cm) 

Ion leakage 

(%) 

Bacterial 

count (x 10
5
 

cfu mL
-1

) 

Silver source Concentration (mg 

L
-1

) 

Tap water Control  6.6 cda 137.8 de 59.5 cd  6.5 b 181.7 b 105.0 a  

STS 

5 6.2 de 147.8 abc 59.0 cde 51.2 c 6.7 b 166.3 c 64.0 c 

10 6.9 c 153.7 a 50.3 f 59.1 bc 6.6 b 182.0 b 41.3 d 

20 7.0 c 151.4 ab 49.2 f 65.2 ab 7.4 ab 122.8 e 33.0 de 

SN 

5 7.8 ab 152.2 ab 61.5 a 72.4 a 7.8 ab 161.5 c 37.0 de 

10 7.6 b 152.1 ab 57.4 e 67.0 ab 7.7 ab 131.2 e 28.0 ef 

20 8.2 a 151.8 ab 63.0 a 71.1 a 8.1 ab 236.6 a 23.3 f 

NS 

5 6.1 de 143.5 bcde 49.7 f 59.9 bc 8.1 ab 125.8 e 30.3 ef 

10 6.0 e 146.1 abcde 47.6 g 62.3 ab 8.8 a 131.2 e 21.3 f 

20 6.1 de 141.4 cde 40.9 h 62.9 ab 8.8 a 147.0 d 10.7 g 

Significance
b  

Source (S) ** ** ** ** ** ** ** 

Concentration (C) NS ** ** NS ** ** ** 

S x C NS NS ** NS NS ** ** 
a P values were obtained using the General Linear Model (GLM) procedures of SAS (version 9.3, SAS Inst. Inc., Cary, NC) for significant effects of silver 

sources and concentrations. 
b Means followed by the same letter are not significantly different at P≤0.05 according to Tukey’s Studentized test at P≤0.05.  

** Highly significant (P≤0.01); NS Non-significant (P>0.05). 
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may be attributed to bactericidal effects of biocides. Inconsistent trend was observed among 

different concentrations of biocides for ion leakage (Table 4.6.2). Less number of bacteria in 

NS solution might have improved the membrane stability than STS or SN. 

Biocides like STS, SN (van Doorn et al., 1989), and NS are used in preservatives to 

inhibit vascular plugging and to enhance the vase life of cut flowers. Nano-silver was most 

effective in controlling bacteria in vase solution followed by SN or STS, respectively (Table 

4.6.2). Bacterial count decreased with increase in germicide concentration. Liu et al. (2009a) 

also reported that NS treatment significantly decreased the bacterial count in vase solution of 

gerbera. The results confirmed the findings of Kim et al. (2005); Liu et al. (2009b); Lu et al. 

(2010b); Kazemi and Ameri (2012) who reported similar effects of NS on bacterial 

population in vase solution of different cut flowers. Comparatively higher efficacy of NS 

may be related to high surface area to volume ratio of NS than Ag in various oxidation states; 

Ag
0
, Ag

+
, Ag

2+
, Ag

3+
 (Furno et al., 2004; Jiang et al., 2004). Nano-silver releases silver ions 

(Ag
+
) within bacterial cells, which enhance its bactericidal activity (Feng et al., 2000; Rai et 

al., 2009). Antimicrobial effects of NS are due to structural changes in bacterial cell 

membrane, loss of DNA replication, dissipation of the proton motive force and finally cell 

death (Sondi and Salopek-Sondi, 2004; Maneerung et al., 2008). 

The study concluded that SN performed better than STS or NS. Overall, 20 mg L
-1

 

extended the vase life of gladiolus by ~2 d relative to control and performed better for most 

of the postharvest indices.  

4.7 Expt. 7: Effect of nano-silver vase solution on water relations and 

vase life of Gladiolus grandiflorus L. 

4.7.1 Change in pH and EC (dS m
-1

) 

Solution pH remained constant for control treatment whereas decreased for all NS 

treatments. However, the decrease was inconsistent for different NS treatments. Similarly 

solution EC also either remained constant or decreased during vase life. The decrease for EC 

was also inconsistent (Table 4.7.1).  
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4.7.2 Vase life (d)  

 Data depicted highly significant differences (P≤0.01) among NS concentrations for 

vase life (Table 4.7.2). All the treatments had longer vase life than control except stems 

placed in 10.0 mg L
-1

. Vase life decreased with the increase in concentration. Phytotoxic 

effect of NS was observed with the increase in concentration. Longest vase life was recorded 

in stems placed in 0.01 mg L
-1

 (10.6 d) followed by 0.1 or 0.5 mg L
-1 

(9.2 or 9.1 d, 

respectively). Whereas, minimum vase life was observed in stems placed in 10.0 mg L
-1

 (6.3 

d). 

4.7.3 Relative fresh weight (% of initial FW) 

 Data depicted highly significant differences (P≤0.01) among NS concentrations for 

relative fresh weight (Table 4.7.2). An increasing trend was observed for relative fresh 

weight as the concentration of NS increased. Maximum RFW was recorded in stems placed 

in 5 mg L
-1

 (137.1% of initial FW) followed by 2.0 or 1.0 mg L
-1

 (136.5 or 135.3% of initial 

FW, respectively). Minimum RFW was observed in stems placed in 0.01 mg L
-1

 (128.2% of 

initial FW). 

4.7.4 Number of florets opened (%) 

 Data exposed highly significant differences (P≤0.01) among NS concentrations for 

number of florets opened (Table 4.7.2). All the treatments had lower number of florets 

opened compared to control except stems placed in 0.01 mg L
-1

. Maximum florets were 

opened in stems placed in 0.01 mg L
-1

 (84.1%) followed by control or 2.0 mg L
-1

 (73.8 or 

66.1%, respectively). Nevertheless, minimum florets were opened in stems placed in 10.0 mg 

L
-1

 (36.6%). 

4.7.5 Floret diameter (cm) 

 Highly significant differences (P≤0.01) were recorded among NS concentrations for 

floret diameter (Table 4.7.2). All the treatments had more floret diameter than control except 

stems placed in 0.1 mg L
-1

 which had similar floret diameter as of control. Maximum floret 

diameter was observed in stems placed in 1.0 mg L
-1

 (9.1 cm) followed by 0.01 or 10.0 mg L
-

1
 (8.9 or 8.8 cm, respectively). Whereas, minimum floret diameter was recorded in control 

and 0.1 mg L
-1

 (6.5 cm each).  
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4.7.6 Time to start wilting (d) 

 Data exposed highly significant differences (P≤0.01) among different NS 

concentrations for time to start wilting (Table 4.7.2). All the treatments took more time to 

start wilting relative to control except stems placed in 10.0 mg L
-1

. Inconsistent trend was 

observed among NS concentrations for time to start wilting. Maximum time to start wilting 

was taken by stems placed in 0.1 and 2.0 mg L
-1

 (8.0 d each) followed by 0.01 or 1.0 mg L
-1

 

(7.9 d each). Whereas, minimum time to start wilting was taken by stems placed in 10.0 mg 

L
-1

 (4.0 d). 

4.7.7 Ion leakage (%) 

 Highly significant differences (P≤0.01) were recorded among NS concentrations for 

ion leakage (Table 4.7.2). Inconsistent trend was observed among NS concentrations for ion 

leakage. However, all the treatments had more ion leakage than control. Maximum ion 

leakage was observed in stems placed in 5.0 mg L
-1

 (156.2%) followed by 0.1 or 10.0 mg L
-1

 

(148.6 or 115.6%, respectively). Whereas, minimum ion leakage was recorded in florets of 

stems placed in tap water (97.6%). 

4.7.8 Bacterial count (cfu mL
-1

) 

Data exposed highly significant differences (P≤0.01) among NS concentrations for 

bacterial count in vase solution (Table 4.7.2). All the treatments had less colony forming 

units than control. Maximum bacterial count was recorded in stems placed in control (60.3 x 

10
5
 cfu mL

-1
) followed by 0.01 or 0.1 mg L

-1
 (24.0 x 10

5
 or 11.7 x 10

5
 cfu mL

-1
, 

respectively). Minimum bacterial count was recorded in stems placed in 1.5 and 2 mg L
-1

 

(6.3 x 10
5
 cfu mL

-1 
each). 

 Data exposed no differences (P>0.05) among NS concentrations for dry weight (5.0-

5.7 g). Similarly, data exposed non-significant differences (P>0.05) among NS 

concentrations for solution uptake (45.0-53.5 mL).  

4.7.9 Discussion 

At present, many researchers have focused on anti-bacterial and multi-functional 

properties of NS (Jeong et al., 2005). Nano-silver treatment improved the vase life of 

gladiolus relative to control. Longest vase life was recorded in stems placed in 0.01 mg L
-1
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(10.6 d) (Table 4.7.2) which was ~4 d longer than control. NS treatment controlled the 

invading bacteria as proved by bacterial count in vase solution (Table 4.7.2). Recent research 

has also demonstrated the efficacy of NS in extending the vase life of Acacia holosericea 

(Liu et al., 2012), cut gerberas (Liu et al., 2009a), and roses (Lu et al., 2010a,b) by inhibiting 

microbial growth and reduced vascular blockage. Phytotoxic effect of NS was observed with 

the increase in concentration (van Ieperen et al., 2000). Nair et al. (2010) also reported that a 

very high concentration of NS produced some chemical injuries on the plant tissues. Low 

concentration (0.01 mg L
-1

) proved best for extending vase life of gladiolus. Kim et al. 

(2005) also reported vase life extensions for Asiatic hybrid Lilium cv. Dream Land and 

Oriental hybrid Lilium cv. Siberia by dipping in a mixture of 0.1% nanoparticle pure 

colloidal Ag
+
 ion, H2O2 and natural chitosan. 

Water deficit in a cut stems standing in vase solution develops when the rate of water 

uptake is lower than the rate of transpiration (van Doorn, 1997). An increasing trend was 

observed for relative fresh weight as the concentration of NS increased (Table 4.7.2). 

Maximum RFW was recorded in stems placed in 5.0 mg L
-1

 (137.1% of initial FW). 

Improved RFW may be attributed to less bacterial count in vase solution and decreased 

transpiration rate. This evidence for suppression of transpiration from leaves by NS inducing 

partial stomata closure is novel (Lu et al., 2010a,b).  

Bacterial count in NS treated vase solution significantly reduced suggesting that reduced 

bacteria in vase solution can enhance, vase life, RFW, number of florets opened, and floret 

diameter, and delay wilting (Table 4.7.2). Relatively higher ion leakage in NS treated stems 

may be due to phytotoxic effects of NS which weaken the membrane stability. However, ion 

leakage did not reach the extent to negatively affect the vase life. Improvement in flower 

characteristics like number of florets opened, floret diameter, and time to start wilting may be 

related to antibacterial property of NS. Nano-silver treatment significantly decreased the 

bacterial count in vase solution of cut gerbera (Liu et al., 2009a). Kim et al.
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Table 4.7.1. Effect of nano-silver vase solution on initial pH, final pH, pH change, initial EC, final EC, and EC change of ‘White Prosperity’ gladiolus.  

Nano-silver concentration 

(mg L
-1

) 

Initial pH Final pH pH change Initial EC (dS m
-1

) Final EC (dS m
-1

) EC change 

Tap water (Control) 6.0 6.0 0.0 1.20 1.14 -0.06 

0.01 6.1 5.4 -0.7 1.10 1.08 -0.02 

0.1 6.1 5.4 -0.7 1.11 1.11 0.00 

0.5 6.3 5.2 -1.1 1.18 1.15 -0.03 

1.0 6.3 5.3 -1.0 1.25 1.09 -0.16 

1.5 6.4 5.6 -0.8 1.31 1.10 -0.21 

2.0 6.5 5.9 -0.6 1.38 1.30 -0.08 

5.0 6.4 5.6 -0.8 1.80 1.65 -0.15 

10.0 6.2 5.3 -1.1 2.45 2.09 -0.36 

 

Table: 4.7.2. Effect of nano-silver vase solution on vase life, relative fresh weight (day 5), number of florets opened, floret diameter, time to start wilting, 

ion leakage, and bacterial count in vase solution of ‘White Prosperity’ gladiolus.  

Nano-silver 

concentration (mg L
-

1
) 

Vase life 

(d) 

Relative fresh 

weight day 5 

(% of initial 

FW) 

Number of 

florets opened 

(%) 

Floret 

diameter (cm) 

Time to start 

wilting (d) 

Ion leakage 

(%) 

Bacterial count 

(x 10
5
 cfu mL

-

1
) 

Tap water (Control) 6.4 ea 128.3 c 73.8 ab 6.5 c 6.3 b 97.6 d 60.3 a 

0.01 10.6 a 128.2 c 84.1 a 8.9 a 7.9 a 115.2 b 24.0 b 

0.1 9.2 b 130.3 bc 61.2 bcd 6.5 c 8.0 a 148.6 a 11.7 c 

0.5 9.1 bc 131.8 abc 63.4 bcd 7.4 bc 7.3 ab 109.6 bc 10.3 c 

1.0 8.4 bcd 135.3 ab 58.1 cd 9.1 a 7.9 a 100.9 d 8.3 c 

1.5 8.2 cd 133.1 abc 60.1 bcd 7.8 b 7.3 ab 105.8 cd 8.0 c 

2.0 8.2 cd 136.5 a 66.1 bc 8.2 ab 8.0 a 114.5 b 6.7 c 

5.0 7.5 d 137.1 a 49.8 de 8.1 ab 6.5 b 156.2 a 6.3 c 

10.0 6.3 e 132.7 abc 36.6 e 8.8 a 4.0 c 115.6 b 7.3 c 

Significance
b 

 ** ** ** ** ** ** ** 
a P values were obtained using the General Linear Model (GLM) procedures of SAS (version 9.3; SAS Inst. Inc., Cary, NC) for significant effects of nano-

silver vase solution. 
b Means followed by the same letter are not significantly different at P≤0.05 according to Tukey’s Studentized test at P≤0.05.  
** Highly significant (P≤0.01). 
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(2005) and Kazemi and Ameri (2012) also reported similar results while evaluating the vase 

life of Lilium spp. and carnations, respectively. Because of their high surface area to volume 

ratio, nanometersized silver (Ag
+
) particles (NS) inhibit bacteria and other microorganisms 

more strongly than Ag in various oxidation states; Ag
0
, Ag

+
, Ag

2+
, Ag

3+
 (Furno et al., 2004; 

Jiang et al., 2004). NS releases silver ions (Ag
+
) within bacterial cells, which enhance its 

anti-bactericidal activity (Feng et al., 2000; Rai et al., 2009). Antimicrobial effects of NS are 

due to structural changes in bacterial cell membrane, loss of DNA replication, dissipation of 

the proton motive force and finally cell death (Sondi and Salopek-Sondi, 2004; Maneerung et 

al., 2008). 

The study concluded that continuous NS treatment with 0.01 mg L
-1

 improved the 

vase life, RFW, number of florets opened, floret diameter, delayed time to wilt, and reduced 

bacteria in vase water so, this treatment can be used for extending postharvest performance 

of gladiolus while, higher concentrations exhibited phytotoxic effects on gladiolus stems. 

4.8 Expt. 8: Evaluation of quality of distilled, deionized, and tap water 

from different sources for vase life extension of Gladiolus 

grandiflorus L. 

4.8.1 Change in pH and EC (dS m
-1

) 

 Vase water pH of all sources decreased during vase life however; there was no 

change in pH for carbonated water. Maximum decrease was observed in distilled water (-1.9) 

whereas, water from Lahore and canal sources showed minimum decrease (-1.1 each). There 

were inconsistent changes in EC values among different sources. EC for Rawalpindi and 

Carbonated water increased while for other sources it either decreased or remained constant 

during vase life evaluation period (Table 4.8.1). 

4.8.2 Vase life (d) 

 Data exposed significant (P≤0.05) difference among different water sources for vase 

life (Table 4.8.2). Stems placed in carbonated water had longest vase life (11.0 d) followed 

by Faisalabad or distilled water (10.7 or 10.4 d), respectively. Whereas, shortest vase life was 

exhibited by stems places in Pattoki water (9.3 d).  
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4.8.3 Water uptake (mL) 

 Data exposed highly significant difference (P≤0.01) among different water sources 

for water uptake (Table 4.8.2). Maximum water uptake was recorded in stems placed in 

carbonated and Lahore water (56.2 mL each) followed by Faisalabad or deionized water 

(54.4 or 54.1 mL, respectively). Minimum water uptake was recorded in stems placed in 

Pattoki water (37.6 mL).  

4.8.4 Number of florets opened (%) 

 Highly significant differences (P≤0.01) were recorded among different water sources 

for number of florets opened (Table 4.8.2). Stems placd in carbonated water showed 

maximum number of florets opened (91.0%) followed by deionized or Faisalabad water (81.0 

or 76.0%, respectively). Whereas, minimum florets were opened in stems placed in canal 

water (66.0%). 

4.8.5 Floret diameter (cm) 

 Highly significant differences (P≤0.01) were recorded among different water sources 

for floret diameter (Table 4.8.2). Stems, placed in carbonated water had maximum floret 

diameter (9.3 cm) followed by deionized or Rawalpindi water (7.8 or 7.5 cm, respectively). 

Minimum floret diameter was exhibited by stems placed in Pattoki water (5.8 cm).  

4.8.6 Ion leakage (%) 

 Highly significant differences (P≤0.01) were recorded among different water sources 

for ion leakage (Table 4.8.2). Maximum ion leakage was recorded in stems placed in 

deionized water (121.7%) followed by Faisalabad or Lahore water (121.4 or 120.6%, 

respectively). Whereas, minimum ion leakage was observed in canal water (106.6%). 

4.8.7 Bacterial count (cfu mL
-1

) 

 Data exposed highly significant differences (P≤0.01) among different water sources 

for bacterial count in vase solution (Table 4.8.2). Most number of bacteria were found in 

canal water (239.3 x 10
5
 cfu mL

-1
) followed by Lahore or distilled water (171.7 x 10

5
 or 

159.7 x 10
5
 cfu mL

-1
, respectively). Minimum bacteria were found in carbonated water (93.7 

x 10
5
 cfu mL

-1
). 
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 Data exposed non-significant difference (P>0.05) among different water sources for 

relative fresh weight (77.2-126.7% of FW). Similarly no differences (P>0.05) were observed 

among water sources for dry weight (5.5-6.1 g) and time to start wilting (5.8-6.8 d).  

4.8.8 Discussion 

Carbonated water improved vase life of gladiolus relative to other types and sources 

of vase water. Stems placed in carbonated water had longest vase life (11.0 d) whereas, 

shortest vase life was exhibited by stems places in Pattoki water or canal water (9.3 or 9.5 d) 

which were statistically at par (Table 4.8.2). Lower pH and specific composition of 

carbonated water might be the cause of increase in vase life of gladiolus stems. The data 

exposed that canal or tap water from any source was unfit to be used as vase water. The 

results are in line with findings of Halevy and Mayak (1979) who concluded that as the 

composition of tap water varies from place to place, therefore, there is no authenticity about 

its use as vase water. van Meeteren et al. (2000) also proved that use of tap water for 

handling cut flowers is prohibited because of varying salts composition of tap water which 

causes variations in the keeping quality of cut flowers. The longevity of cut flowers is greatly 

affected by vase water composition which affects the efficacy of chemical solutions being 

made form it like pulsing, holding and bud opening solutions (Brecheisen et al., 1995). 

Positive effect of carbonated water on vase life of rose has also been reported by Ahmad 

(2009). 

Cations exert positive effects on plant stem hydraulic conductivity (van Ieperen, 

2007). Relatively higher water uptake in carbonated water (Table 4.8.2) may be attributed to 

relatively higher amount of cations (K
+
, Ca

2+
, and Mg

+2
) and low pH which suppressed the 

bacterial population and prevented the stems end blockage (Table 4.8.3a,b). Similar results 

have also been reported by Mayak et al. (1978); Joyce et al. (2000); Ahmad (2009) on 

canations, grevillea, and roses, respectively. van Meeteren et al. (2000) also suggested that 

low concentrations of several ions commonly present in tap water could positively influence 

the water balance of cut chrysanthemums in various ways. The results confirmed the findings 

of Nagarajaiah and Reddy (1991). They used different CaCl2 concentrations in vase water 

which improved water uptake in cut rose stems.  
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Table: 4.8.1. Effect of water sources on pH, final pH, pH change, initial EC, final EC, and EC change of ‘White Prosperity’ gladiolus.  

Source  Initial pH Final pH pH change Initial EC (dS m
-1

) Final EC (dS m
-1

) EC change 

Distilled water 7.1 5.2 -1.9 0.39 0.39 0.00 

Deionized water 5.9 4.2 -1.7 0.01 0.01 0.00 

Faisalabad tap water 6.0 5.4 -0.6 1.13 1.08 -0.05 

Pattoki tap water 5.4 5.2 -0.2 3.30 3.27 -0.03 

Lahore tap water 5.4 5.3 -0.1 0.55 0.54 -0.01 

Rawalpindi tap water 5.7 5.0 -0.7 0.22 0.44 0.22 

Canal water 5.1 5.0 -0.1 0.26 0.25 -0.01 

Carbonated water (7 up diet) 2.1 2.1 0.0 0.71 0.99 0.28 

 

Table: 4.8.2. Effect of different water sources on vase life, water uptake, number of florets opened, floret diameter, ion leakage, and bacterial count in vase 
water of ‘White Prosterity’ gladiolus.  

Source Vase life 

(d) 

Water 

uptake 

(mL) 

Number of florets 

opened (%) 

Floret diameter 

(cm) 

Ion leakage (%) Bacterial count (x 

10
5
 cfu mL

-1
) 

Distilled water 10.4 abca 53.9 a 70.0 bc 7.2 bc 119.4 ab 159.7 bc 

Deionized water 10.3 abc 54.1 a 81.0 ab 7.8 ab 121.7 a 126.7 d 

Faisalabad tap water 10.7 abc 54.5 a 76.0 bc 7.2 bc 121.4 a 136.0 cd 

Pattoki tap water 9.3 c 37.6 c 67.0 c 5.8 c 120.2 ab 151.0 bcd 

Lahore tap water 9.7 bc 56.2 a 74.0 bc 7.4 bc 120.6 ab 171.7 b 

Rawalpindi tap water 9.9 abc 53.3 ab 70.0 bc 7.5 bc 113.2 bc 157.7 bc 

Canal water 9.5 c 48.1 b 66.0 c 7.3 bc 106.6 c 239.3 a 

Carbonated water (7 up diet) 11.0 a 56.2 a 91.0 a 9.3 a 110.2 c 93.7 e  

Significance
b
 

 * ** ** ** ** ** 
a P values were obtained using the General Linear Model (GLM) procedures of SAS (version 9.3; SAS Inst. Inc., Cary, NC) for significant effects of water 

sources. 
b Means followed by the same letter are not significantly different at P≤0.05 according to Tukey’s Studentized test at P≤0.05.  

** Highly significant (P≤0.01); * Significant (P≤0.05). 
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Table: 4.8.3a. Initial and final salt levels of different sources of vase water. 

Source Sodium adsorption 

ratio 

Residual Sodium 

Carbonate 

(meq L
-1

) 

NO3
-
 

(mg L
-1

) 

HCO3
- 

(mg L
-1

) 

Initial Final Initial Final Initial Final Initial Final 

Distilled water 4.50 4.16 1.0 0.8 24.7 19.7 4.0 2.0 

Deionized water 0.24 0.32 0.1 0.2 2.8 3.7 2.0 2.0 

Faisalabad tap water 2.65 3.40 3.4 3.6 81.2 76.9 6.0 6.0 

Pattoki tap water 28.6 32.76 7.3 10.0 123.1 71.3 11.0 13.0 

Lahore tap water 2.07 4.77 1.1 2.0 26.9 18.2 7.0 6.0 

Rawalpindi tap water 0.47 2.88 0.8 1.0 36.8 24.9 4.0 4.0 

Canal water 3.60 0.84 1.0 1.2 11.6 8.1 3.0 4.0 

Carbonated water (7 up diet) 3.38 6.54 0.2 0.8 180.4 174.2 5.0 3.0 

 

Table: 4.8.3b. Initial and final salt levels of different types (sources) of water. 

Source Cl
- 

(mg L
-1

) 

Na
+ 

(mg L
-1

) 

Ca
+2 

and Mg
+2 

(mg L
-1

) 

K
+ 

(mg L
-1

) 

PO4
-3 

(mg L
-1

) 

Initial Final Initial Final Initial Final Initial Final Initial Final 

Distilled water 4.0 3.7 4.5 4.0 3.0 1.2 38.0 8.0 0.31 0.38 

Deionized water 1.4 1.2 1.5 0.2 1.9 2.8 3.0 22.0 0.09 0.16 

Faisalabad tap water 4.0 5.5 4.3 3.8 7.0 8.0 29.0 21.0 0.09 0.24 

Pattoki tap water 12.5 12.0 18.9 20.1 4.7 3.0 29.0 32.0 0.01 0.16 

Lahore tap water 12.5 1.3 2.9 3.5 4.9 4.0 19.0 7.0 0.01 0.75 

Rawalpindi tap water 1.7 2.5 2.6 1.4 3.2 5.0 10.0 27.0 1.27 0.24 

Canal water 3.3 2.4 2.2 2.4 4.5 3.9 10.0 10.0 0.31 0.31 

Carbonated water (7 up diet) 3.2 8.9 3.1 8.5 5.5 3.2 27.0 37.0 0.38 3.55 
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Number of florets opened and floret diameter improved significantly by using 

carbonated water in vases. Membrane stability also was higher in stems kept in carbonated 

water which indicated the ability of carbonated water to maintain the quality of flowers 

relative to other sources of water. On the other hand higher number of bacteria in canal water 

(Table 4.8.2) might have shortened the vase life due bacterial plugging. It has also been 

suggested that some microbial products excreted into vase water cause vascular plugging and 

cut flower senescence (Zagory and Reid, 1986). In studying the influence of the micro flora 

on the vase life of rose and chrysanthemum it was observed that not only microbial 

occlusions, but also microbial products may decrease the vase life (Conrado et al., 1980). 

Bacterial population was minimum in carbonated water which might be due to low pH which 

has been described to suppress the bacteria in vase solution. 

These findings suggested that the growers and florists should be much curious when 

selecting source of vase water. They should preferably use carbonated water for handling of 

gladiolus flowers to ensure the longest postharvest life. Tap water of Pattoki, which is the 

hub of floriculture in Pakistan, is not fit to be used as vase water.  

4.9 Expt. 9: Influence of Pseudomonas fluorescens strains on postharvest 

characteristics of Gladiolus grandiflorus L. 

4.9.1 Change in pH and EC (dS m
-1

) 

 Inconsistent change in pH and EC were recorded during the vase period. Vase water 

pH remained constant for control and PF-279 while decreased gradually with increase in 

number of bacteria added for PF-417. Nevertheless, EC decreased for all treatment 

combinations. Maximum decrease in EC was recorded for PF-279 (6 x 10
5
 cfu mL

-1
) (-0.10 

dS m
-1

) and minimum decrease in EC was recorded for control (-0.02 dS m
-1

). Decreasing 

trend in EC was observed for all populations of both strains during the vase period (Table 

4.9.1). 

4.9.2 Vase life (d) 

 Data exposed highly significant differences (P≤0.01) among bacterial strains and 

populations added in vase water for vase life (Table 4.9.2). All treatments had longer vase 

life than control. Stems placed in strain PF-279 had longer vase life than stems placed in PF-
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417. Vase life improved with increase in number of bacteria added in vase water for both 

strains. Longest vase life was observed in stems placed in PF-279 (9 x 10
5
 cfu mL

-1
) (7.5 d) 

followed by PF-279 (6 x 10
5
 cfu mL

-1
), PF-279 (3 x 10

5
 cfu mL

-1
), or PF-417 (9 x 10

5
 cfu 

mL
-1

) (7.0, 5.7, or 5.7 d, respectively). Whereas, shortest vase life was recorded in stems 

placed in tap water (5.0 d). The interactive affect between strains and their populations for 

vase life was also significant (P≤0.05).  

4.9.3 Bacterial count in vase water (cfu mL
-1

) 

 Data exposed highly significant differences (P≤0.01) among bacterial strains and 

populations added in vase water for bacterial count in vase water (Table 4.9.2). PF-279 had 

least colony forming units in vase water followed by control or PF-417, respectively. 

Bacterial count decreased for PF-279 while, increased for PF-417 as the number of added 

bacteria increased. Maximum bacterial count was observed in vase water of PF-417 (9 x 10
5
 

cfu mL
-1

) (452.6 x 10
6
 cfu mL

-1
) followed by PF-417 (6 x 10

5
 cfu mL

-1
) or PF-417 (3 x 10

5
 

cfu mL
-1

) (309.6 x 10
6
 or 198.0 x 10

6
 cfu mL

-1
, respectively). Minimum bacterial count was 

observed in vase water of PF-279 (9 x 10
5
 cfu mL

-1
) (19.3 x 10

6
 cfu mL

-1
). The interactive 

affect between strains and their populations for bacterial count in vase water was also highly 

significant (P≤0.01). 

4.9.4 Bacterial count in stem ends (cfu g
-1

 FW) 

Data exposed highly significant differences (P≤0.01) among bacterial strains and 

populations added in vase water for bacterial count in stem ends (Table 4.9.2). Control had 

least colony forming units in stem ends followed by PF-279 or PF-417, respectively. 

Bacterial count in stem ends decreased for PF-279 while, increased for PF-417 as the number 

of added bacteria increased. Maximum bacterial count was observed in stem ends induced by 

PF-417 (9 x 10
5
 cfu mL

-1
) (488.3 x 10

4
 cfu g

-1
 FW) followed by PF-417 (6 x 10

5
 cfu mL

-1
) or 

PF-417 (3 x 10
5
 cfu mL

-1
) (383.3 x 10

4
 or 285.6 x 10

4
 cfu g

-1
 FW, respectively). Whereas, 

minimum bacterial count was recorded in stem ends placed in tap water (29.0 x 10
4
 cfu g

-1
 

FW). The interactive affect between strains and their populations for bacterial count in stem 

ends was also highly significant (P≤0.01). 
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Data exposed non-significant differences (P>0.05) for bacterial strains, populations, 

and their interactions for dry weight (2.5-2.8 g), water uptake (9.6-15.5 mL) and number of 

florets opened (52.7-82.6%).  

4.9.5 Discussion 

Biocontrol bacteria have been found as a potential alternative for pathogen control 

(Jetiyanon and Kloepper, 2002), which may help in developing organic methods for effective 

control of detrimental microbes in the vase solution. Stems placed in strain PF-279 had 

longer vase life than PF-417 (Table 4.9.2) indicating that PF-279 had better ability of to 

produce the antibiotic phenazine-1-carboxylate (PCA) (Ownley et al., 2003), that plays a 

central role in pathogen control (Thomashow and Weller, 1996). van Loon et al. (1998) also 

reported the effectiveness of P. fluorescens strains against a wide range of plant pathogens. 

Vase life improved with increase in number of bacteria added in vase water for both strains 

which suggested that they have great potential to be used as biocontrol agents in vase 

solution for cut flowers. Longest vase life was observed in stems placed in PF-279 (9 x 10
5
 

cfu mL
-1

) which was ~3 d longer than control. The results are in contrast to previous studies 

in which vase life was either not affected or shortened by induction of bacteria in vase water 

(Mayak et al., 1977; van Doorn et al., 1989). 

Different behavior of both strains negated the findings of Put and Jansenh (1989), 

who reported that different bacterial strains exerted similar effects. Zagory and Reid (1986) 

also reported different behavior of two bacterial strain isolates from carnations in vase water 

of roses. Different microbes had different effect on vase lives of carnations, roses, and 

chrysanthemums suggested that diversity of microbial effects may be involved and no single 

hypothesis for explaining the control of vase life by all microorganisms can be evaluated 

(Zagory and Reid, 1986). Different concentrations had different effect on vase life which 

confirmed the findings of Put and Jansenh (1989) who added different concentrations of 

viable or heat killed cells of Bacillus subtilis, Enterobacter agglomerans, Pseudomonas 

fluorescens or P. putida to the vase water of cut Rosa and concluded that different 

concentrations of bacterial cells influenced the vase life differently.  
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Table: 4.9.1. Effect of Pseudomonas fluorescens strains on initial pH, final pH, pH change, initial EC, final EC, and EC change of ‘White Prosperity’ 

gladiolus.  

Treatments Initial pH Final pH pH change Initial EC 

(dS m
-1

) 

Final EC (dS 

m
-1

) 

EC change 

Strain Population added (cfu mL
-1

) 

Tap water Control 6.4 6.4 0.0 0.43 0.41 -0.02 

PF-279 

3 x 10
5
 6.2 6.2 0.0 0.41 0.32 -0.09 

6 x 10
5
 6.1 6.1 0.0 0.37 0.27 -0.10 

9 x 10
5
 6.1 6.1 0.0 0.35 0.27 -0.08 

PF-417 

3 x 10
5
 6.4 6.1 -0.3 0.31 0.28 -0.03 

6 x 10
5
 6.4 6.1 -0.3 0.30 0.27 -0.05 

9 x 10
5
 6.4 5.8 -0.6 0.30 0.27 -0.05 

 

Table: 4.9.2. Effect of Pseudomonas fluorescens strains on vase life, bacterial count in vase solution, and bacterial count in stem ends of ‘White Prosperity’ 

gladiolus.  

 

Treatments Vase life (d) Bacterial count in vase 

solution (x 10
6
 cfu mL

-1
) 

Bacterial count in stem 

ends (x 10
4
 cfu g

-1
 FW) Strain Population added (cfu mL

-1
) 

Tap water Control 5.0 ca 135.0 d 29.0 e 

PF-279 

3 x 10
5
 5.8 bc 74.0 e 101.3 d  

6 x 10
5
 7.0 ab 60.3 ef 70.0 de 

9 x 10
5
 7.5 a 19.3 f 46.3 de 

PF-417 

3 x 10
5
 5.2 c 198.0 c  285.6 c 

6 x 10
5
 5.5 bc 309.6 b 383.3 b 

9 x 10
5
 5.7 bc 452.6 a 488.3 a 

Significance
b 

Strain (S) ** ** ** 

Population (P) ** ** ** 

S x P * ** ** 
a P values were obtained using the General Linear Model (GLM) procedures of SAS (version 9.3; SAS Inst. Inc., Cary, NC) for significant effects of strains 
and populations. 
b Means followed by the same letter are not significantly different at P≤0.05 according to Tukey’s Studentized test at P≤0.05.  

** Highly significant (P≤0.01). 
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 Decrease in bacterial population in vase water as well as stem ends placed in PF-279 

(Table 4.9.2) revealed that antibacterial effect of this strain increased with increase in 

concentration and was able to suppress the bacterial population which might be due to 

antibiotic phenazine-1-carboxylate (Ownley et al., 2003). On the other hand bacterial 

population in vase water and stem ends placed in PF-417, increased with increase in number 

of added bacteria which suggested that this strain had less antibacterial properties than PF-

279. This also proved the findings of Ownley et al. (2003) who reported that different strain 

of same species have variable antibacterial effects. More number of bacteria in stems ends 

revealed that bacteria tend to accommodate on living tissues. The many ways in which 

microorganisms, through their pectic enzymes, may interfere with plant xylem cells, are very 

complicated, and their mechanisms are far from clear (Rombouts and Pilnik, 1980). Bacterial 

plugging of xylem vessel elements has been claimed to be the major cause of rapid 

senescence of cut flowers (van Doorn, 1997).  

 In conclusion, PF-279 (9 x 10
5
 cfu mL

-1
) improved the vase life of gladiolus by ~3 

days over control and suppressed the bacterial population in vase water and stem ends due to 

its antibacterial properties so, this can be used as biocontrol agent for improving the 

longevity of gladiolus stems. 
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Chapter 5 

SUMMARY 

Gladiolus is second most produced cut flowers in Pakistan. Its postharvest losses 

occasionally reach up to 10-30%. Losses are mainly due to lack of use of postharvest 

treatments, harvesting at improper time and stage, lack of use of cold store, and poor vase 

water quality. Market surveys revealed that growers and retailers do not have any standard 

protocol regarding postharvest handling of gladiolus to reduce these losses. A project, 

involving a series of postharvest experiments on ‘White Prosperity’ gladiolus, was executed 

to develop protocols for postharvest handling of gladiolus, with special context to prevailing 

problems faced by growers and retailers in Pakistan. 

 The data exposed that though, sucrose pulsing increased the bacterial count in vase 

water and consequently RFW and water uptake of gladiolus stems decreased even then vase 

life was improved by 10% sucrose treatment for 24 h up to ~3 d, indicating that prevailing 

bacterial count did not reached the threshold level to negatively affect the vase life. Reduced 

ion leakage from florets of stems pulsed with sucrose proved that sucrose strengthened the 

cell structure however; more sucrose concentration resulted in more number of bacteria in 

vase solution which weakened the membrane stability. 

 Stems harvested and stored in the morning or afternoon improved the vase life 

however, prolonged storage shortened the vase life. Almost similar trend was recorded for 

time to start wilting. Harvesting at afternoon improved water relations but reduced number of 

florets opened and floret diameter and enhanced ion leakage as the storage duration 

prolonged.  

Stems harvested with no floret opened had longest vase life while stems harvested 

with 3-4 florets opened had minimum vase life for all storage durations. Stems harvested 

with 3-4 florets opened had better RFW, dry weight, floret diameter and reduced ion leakage 

than stems harvested with no florets opened or stems harvested with 1-2 florets opened for all 

storage durations. Similar trend was observed for number of florets opened except for fresh 

stems. Water uptake was better in fresh stems with no floret opened followed by stems 

harvested with 1-2 florets opened and stems harvested with 3-4 florets opened, respectively. 
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However for stored stems water uptake was inconsistent for different harvest stages. 

Maximum time to start wilting was taken by stems harvested with no florets opened followed 

by stems harvested with 1-2 florets opened and stems harvested with 3-4 florets opened for 

all storage durations. Time to start wilting hastened as the storage duration prolonged. 

Stems stored wet had better vase life, water uptake, number of florets opened, floret 

diameter, delayed time to start wiling, and reduced ion leakage than dry stored stems. This 

might be due to functional vascular system of wet stored stems. Nevertheless increased RFW 

and dry weight in dry stored stems indicated that dry stored stems tend to produce more 

biomass than wet stored stems, without discrimination of storage duration. 

Gladiolus stems performed better at low concentrations and shorter period (50 mg L
-1

 

for 1 h) of NS pulse treatment regarding almost all the postharvest indices. At higher 

concentrations and longer duration phytotoxicity of NS negatively affected the longevity, 

water relations, and flower indices of gladiolus which have also been reported by other 

scientists in their studies. Significantly less bacterial count in vase water of NS treated stems 

indicated its ability of check the bacterial growth in vase solution. 

Among silver containing germicides SN performed better followed by NS and STS. 

Silver nitrate (20 mg L
-1

) enhanced the vase life, number of florets opened, and water uptake 

over other silver containing germicides while NS reduced bacterial population in vase 

solution, improved floret diameter, and strengthened membrane stability. However it is 

banned in most developed countries owing to its danger for human health and environment. 

So NS should be considered as germicide in vase solution for gladiolus.  

Low concentration of NS (0.01 mg L
-1

) as vase solution significantly improved vase 

life, number of florets opened, floret diameter, time to start wilting, reduced ion leakage and 

bacterial count in vase solution relative to other treatments. Higher concentrations, however, 

had phytotoxic effect on stems tissues. As in this experiment, lowest concentration performed 

the best so; it may be possible that a less concentration (< 0.01 mg L
-1

) would improve 

performance of gladiolus even more. 

Among different sources and types of vase water carbonated water improved vase 

life, water uptake, number of florets opened, floret diameter, and membrane stability than 

other sources and types. Maximum bacterial count was recorded in canal water whereas 
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minimum in distilled water indicating that canal water is full of microbes and unfit to be used 

as vase water. 

Among Pseudomonas fluorescens strains, PF-279 performed better than PF-417 to 

prolong the longevity of gladiolus indicating that biocontrol have great potential to be used as 

alternative to chemical compounds which, being persistent, pollute the environment. PF-279 

significantly checked the bacterial population in vase water as well as stem ends which show 

its ability to control other bacteria in vase water. 

In conclusion the growers, whole sellers, and retailers should use 10% sucrose for 24 

h, 50 mg L
-1

 NS pulsing for 1 h, harvest gladiolus in the morning or afternoon with no floret 

opened, wet storage where needed, and use carbonated as vase water to prolong vase life of 

gladiolus and availability. Results exposed that biocontrol bacteria have great potential to be 

used as alternative to chemical compounds, however no biocontrol product, is currently 

available for commercial use. 
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FUTURE RECOMMENDATIONS 

 

The future research should focus on 

 Much lower concentrations of NS than 0.01 mg L
-1

 as vase solution. 

 NS is new emerging germicide as it prolonged the vase life of gladiolus so; it 

should also be tested on other cut flowers as well. 

 Having positive effects on vase life of gladiolus, P. fluorescens strains should 

also be tested on other cut flowers. 
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