
 

435 

Chapter 15 

Postharvest Handling of 

Ornamentals 

Iftikhar Ahmad, John M. Dole, Aman Ullah Malik and Ahmad 

Sattar Khan♦♦♦♦ 

Abstract 

Cut flowers and greens, as other perishable horticultural crops, are complex plant 
organs which are at their highest quality at harvest. The quality of cut ornamentals 
can deteriorate quite rapidly resulting in rejections in markets; necessitating proper 
postharvest handling procedures. Factors which affect quality and postharvest 
longevity of cut flowers and cut foliage crops start well before marketing. Loss of 
quality may result from abscission or wilting of foliage and/or flower petals, stem 
bending, gravitropism, or leaf chlorosis. Being live products after harvest, metabolic 
activities continue during supply chain resulting in rapid senescence. This chapter 
will describe the major pre- and postharvest factors responsible for shorter 
postharvest longevity and provide guidelines to avoid these problems. Moreover, it 
will describe the detailed postharvest handling techniques for various ornamentals 
from harvest till marketing to be followed for extending their postharvest longevity 
and maintaining the quality. 
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15.1. Introduction 

Cut flowers are highly sensitive to the treatment they receive after they are cut. 
Therefore, during handling and marketing process, they should be held in the correct 
environmental conditions to avoid any stress and prevent development of disease. 
Producers must develop an efficient postharvest chain of handlers, storage and 
transport well before the crop is harvested and should monitor the whole chain keenly 
for efficient marketing of the produce. Moreover, for maintaining quality and 
freshness of cut flowers and foliage, first of all, factors leading to loss of quality 
needs to be identified. 

Poor postharvest performance of cut flower crops has emerged as one of the most 
important issues, which has resulted in lowering sales. Therefore, proper postharvest 
care must be accomplished at every stage of the marketing chain. Exotic cut flowers 
may be subjected to adverse handling conditions and excessive storage before 
marketing.  Similarly, poor handling by the grower will also shorten the vase life 
resulting in poor sales.  For longest possible vase life, care must be started beginning 
from preharvest condition, which will continue during harvest and handling and 
determine the potential postharvest longevity of cut flowers. Therefore, for having 
best quality flowers with longest vase life, decision-making needs to begin with crop 
production. 

Development of appropriate postharvest protocols is as important as delivering an 
attractive product to the consumers. Postharvest handling is a key issue due to the 
higher postharvest losses of ornamental crops, usually 10-20% in developed and up 
to 40% in developing countries (Dole et al. 2017). There are many factors that can 
interact to cause rapid senescence of cut flowers, which need to be considered when 
planning postharvest management and marketing of the produce. 

15.2. Factors Affecting Postharvest Longevity 

15.2.1. Pre-harvest Considerations 

Crop selection 

Selection of proper species and cultivars for ornamental crop production is of utmost 
significance as it determines the final profitability. Select cultivars that have high 
market demand, are resistant to prevalent insect/pests and diseases, have high yield 
potential and good vase life potential (Ichimura et al. 2002). Established crops with 
more information available about their postharvest handling or that have proved their 
worth during past years would be the most reliable to grow. 

Plant health 

Maintaining plants healthy during production and postharvest handling is the 
ultimate goal to produce higher yields of best quality stems. If plants are exposed to 
stress during production, e.g., improper fertilization, exposure to prolonged drought, 
heat, or cold stress, or even over-irrigation, the postharvest longevity could be 
reduced. However, excessive fertilization or warm humid conditions during 
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production results in lush green, healthy and vigorous plants with more flowers, but 
which have a shorter vase life compared to those plants grown with optimum 
fertilization and environmental conditions. 

Environmental conditions 

The environmental conditions of the area where the crop will be grown should be 
considered well before planting. If the crop is grown in an unsuitable area, poor 
quality stems with fewer flowers and shorter vase life will be produced. Postharvest 
life is usually improved by the factors responsible for improving produce quality 
before and after harvest. Among these, temperature and light are the most important 
ones. Flowers grown with low light and limited photosynthesis have low 
carbohydrate contents and after harvest, little photosynthesis occurs due to further 
low light in processing area or florists’ shop. Respiration continues after harvest and 
low carbohydrate levels and high respiration will enhance senescence and prevent 
the opening of buds and immature flowers. Optimum light intensity during crop 
production is very important for postharvest longevity and overall product quality. 
Temperature also affects photosynthesis, respiration and carbohydrate accumulation. 
During hot periods of the year, crops sensitive to high temperatures such as roses 
have shorter vase life due to low carbohydrate levels and higher water loss through 
transpiration (Ahmad et al. 2014a). 

Nutrition 

Crop nutrition has a vital effect on flower longevity. Deficiencies or excess of 
nutrients retard photosynthesis and reduce vase life. Nitrogen, calcium, magnesium, 
iron, or manganese deficiencies reduce leaf chlorophyll contents, which in turn 
reduces photosynthetic rate. The net result is a low carbohydrate supply to the 
flowers. Higher levels of nitrogen at flowering time can also have an adverse effect 
on keeping quality and postharvest longevity. 

Diseases and insect-pests 

Diseases and insect/pests reduce the vigour of the plant, which in turn shorten the 
vase life. Diseased tissues may also release ethylene gas, which hasten the 
senescence of cut flowers. Moreover, diseased or infested flowers cannot be exported 
due to strict quarantine procedures at many ports and international markets. 

15.2.2. Postharvest Attributes 

Stage of development 

Generally, the stems of many cut flower crops harvested at bud stage or when the 
flowers begin showing colour result in longer postharvest life. Bud harvesting is a 
proven procedure used frequently on a number of crops. Cut roses, carnations, 
chrysanthemums, gladioli and lilies can be harvested and shipped at bud stage, which 
reduces space utilization as more stems can be shipped in a box than stems with open 
flowers, cuts down greatly on their volume, and, hence, lowers shipping costs 
(Fig. 15.1). The wholesaler may then store the buds or open them immediately for 
resale. If handled properly, the bud-cut flowers have longer vase life potential 
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compared to mature-cut flowers (Halevy and Mayak 1979; Nowak and Rudnicki 
1990). 

 

Fig. 15.1 Harvest stages of cut roses for export (1 and 2 from left to right) and local 
markets (3 and 4). 

Bud harvesting ensures production of more crops per year and if a grower has early 
crop production due to change in environmental conditions or any other factor, the 
stems can be stored for later sales. When harvesting stems at bud stage, care must be 
taken that buds should reach the proper stage for each species as harvesting too early 
can result in bent necks or failure to open. For cut roses, stems should be harvested 
at calyx-flex stage for distant markets or storage, while for local markets flowers 
should be harvested at loose-bud stage. Optimum stages of harvest for major cut 
flower crops are presented in Table 15.1. 

Bud harvesting can increase net return significantly to the growers. Moreover, tight 
buds are more resistant to mechanical injuries or ethylene toxicity, making a higher-
quality final product possible. Several cut crops such as roses, gladiolus, iris, tulips, 
etc., have always been cut in the bud stage, so it is not a new technique. However, 
many species, such as tuberoses, delphiniums, marigold, zinnias etc., cannot be 
harvested as buds and should have some basal florets or outer petals open. In 
particular, gerbera flowers should be fully open prior to harvest. Moreover, for local 
markets, flowers can be harvested little later when flowers have started opening 
(Armitage and Laushman 2003). 

When open flowers are needed, remove buds from the storage box; trim lower 3 cm 
of stem base and place stems in a bud-opening floral preservative solution with a low 
light intensity in the opening room. The opened flowers may be held in a cold storage 
room in the preservative solution or marketed directly. If handled properly, the 
quality and longevity of these flowers is similar to the flowers harvested at maturity 
(Ahmad et al. 2012). 
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Table 15.1. Optimum harvest stages of major cut flower species for local and distant 
markets. 

Cut flower crop  Recommended Stage of Harvest  

 Local markets Export/ Distant markets  

Alstroemeria First 2-3 flowers 
are fully 
coloured 

First flower is fully 
coloured 

Dole et al. (2017) 

Carnation  Loose bud stage Tight bud stage Dole et al. (2017) 
Chrysanthemum  Fully open 

flowers 
Tight bud or loose bud 
stage 

Dole et al. (2017) 

Freesia First 1-2 flowers 
are open 

First flower is beginning 
to open 

Armitage and 
Laushman (2003) 

Gerbera Fully open disc 
florets 

Outer two rows of disc 
florets open 

Dole et al. (2017) 

Gladiolus  Lower 3-4 
florets showing 
colour 

Lower 1-2 florets showing 
colour  

Dole et al. (2017) 

Lilium (Lily) One flower open First flower fully coloured 
but not yet open  

Dole et al. (2017) 

Lisianthus 1-2 flower fully 
coloured 

First bud showing colour Armitage and 
Laushman (2003) 

Marigold Fully open 
flowers  

½ of petals open  Dole et al. (2017) 

Rose  Loose bud stage Tight bud stage/ calyx flex 
stage 

Dole et al. (2017) 

Snapdragon Lower 1/3 
florets open 

Lower 1-2 florets open Armitage and 
Laushman (2003) 

Stock 1/3  – ½ of 
inflorescence 
open 

Lower 1/4 of 
inflorescence open 

Armitage and 
Laushman (2003) 

Tuberose  3-4 florets open 1-2 florets open Dole et al. (2017) 
Tulip  ½ - ¾ of flower 

coloured 
½ of flower coloured Dole et al. (2017) 

Zinnia ¾ of petals open ½ of petals open Armitage and 
Laushman (2003) 

Harvest time 

The best time to harvest flowers depends on several factors. Flowers should not be 
harvested during mid-day to avoid heat stress and desiccation due to higher 
temperatures. Studies conducted by the author have shown that harvesting the stems 
of some species in late afternoon is better than noon or morning harvest, because of 
carbohydrate accumulation in the stems during the day (Ahmad et al. 2014a). 
However, the stems harvested in the morning had higher water content. If cut stems 
need to be processed, packed or shipped on the same day, they should be harvested 
early in the morning. However, harvesting should be delayed until plants are dry of 
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any free moisture, rain or dew drops on foliage or flowers, to avoid disease 
development during shipping or condensation during storage. 

Harvesting the cut stems at higher temperatures must be avoided to reduce respiration 
rate and water loss from the stems. Moreover, the stems should immediately be 
placed in clean buckets containing tap water or a hydrating preservative solution and 
shifted to the processing house in the shortest possible time. 

Carbohydrates status 

Low carbohydrates are another reason for premature flower senescence. 
Carbohydrates may quickly diminish in cut stems as a result of improper handling 
and/or storage at higher than recommended low temperatures of 0-4°C (Halevy and 
Mayak 1979; Halevy and Mayak 1981; Nowak and Rudnicki 1990; Ichimura et al. 
2005). Respiration continues after harvest and is governed by temperature. Low 
temperatures conserve carbohydrates by reducing respiration and thereby enhance 
the quality and extend vase life. Therefore, temperatures must be monitored at every 
stage during handling and marketing. After harvest, flowers should immediately be 
placed in cold storage at 2-4°C and kept refrigerated during shipping and at 
wholesaler and retailer places. Flowers may get damaged seriously if left on a heated 
loading rack in a vehicle or air freight terminal, or left at higher temperatures for 
even shorter periods (Reid and Jiang 2012). 

Environmental conditions at harvest 

As previously indicated, the most critical environmental factor which affects 
subsequent postharvest longevity is temperature. Stems should be kept at low 
temperature immediately after harvest until marketing. Studies have shown that 
stems kept at 0 to 2°C after harvest may have two to three-fold longer vase life 
compared to those maintained at 10°C during processing, storage, and shipping. 
Temperature control is even more important for those stems that will be exported due 
to the longer amount of time until the flowers are used by the final consumer. 
Moreover, other postharvest procedures, such as the use of preservatives, will be 
more effective when flowers are maintained at cooler temperatures throughout the 
handling and marketing chain. 

Harvesting cut stems at warmer temperatures causes loss of carbohydrates, rapid 
water loss and accelerated senescence. Therefore, cut stems should immediately be 
cooled to 1 to 2°C after harvest. If field heat is not removed, senescence rate is 
enhanced. Moreover, proper cool air circulation thorough all vents of boxes in the 
stacks is necessary for rapid cooling of the produce. For this purpose, specially 
designed packing boxes and/or forced-air cooling can be used. However, tropical 
flowers should not be cooled to 1 to 2°C, but should only be cooled to 10°C, as they 
are sensitive to chilling damage. 

Water quality and temperature 

Water quality is a major factor, which affects vase life and quality of cut flowers 
(Gast 2000). Certain chemicals commonly present in tap water can be deleterious to 
cut flowers. The foliage of some cut species like roses or carnations may burn due to 
high sodium (Na) salts present in water. Fluoride up to 1 ppm is also toxic to roses, 
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gaillardia, gladioli, gerbera and freesia (Rajitha et al. 1999). Studies have shown that 
most cut flowers prefer water with low pH (3.0 – 3.5) and moderate electrical 
conductivity (EC; ≈ 1.0 dS m-1). Vase water with higher pH or EC shortens the vase 
life of many cut flower species (Ahmad et al. 2013). Tap water with high alkalinity 
should never be used for handling cut flowers because it will hinder the pH 
adjustment to optimum level (3.0-3.5) and preservatives would not be effective if 
mixed with such water. Flowers prefer low pH water as it helps in rapid water 
absorption by the stems and minimizes the growth of detrimental microorganisms. 
Low pH also enhances the efficacy of the preservative in controlling microbes, 
resulting in a longer vase life. As mentioned previously, tap water that contains 
fluoride should not be used, because it can be injurious to several species of cut 
flowers such as rose, gladioli, gerbera, etc. 

Cut stems should be placed with their stem ends in cold water to create a mini hydro-
cooling system. Cut stems should not be placed in warm water except if stems are 
badly wilted due to field heat and needs rehydration or if buds need to be opened. 
For such purposes, warm water (40-45°C) is most effective, but for general use, water 
at room temperature is preferable (Reid and Jiang 2012). Generally, 3 cm water depth 
in the buckets or vases is sufficient for water uptake, but greater depth would help 
water move up the stem through capillary action. However, use of deep water in 
buckets may also reduce air circulation around the foliage inside the buckets. Deep 
water should only be used if stems are wilted and need to be rehydrated; otherwise, 
shallow water is sufficient. Care should be taken when using shallow depth of water 
to ensure that the bucket does not become dry. In particular, species will large leaves 
may transpire much water, have higher water uptake, and have to be watched closely 
(Reid and Jiang 2012). Regardless, regularly check the buckets and replenish water 
as needed. 

Microorganisms 

Inability to absorb water is a very common reason for premature wilting, which is 
caused by blockage of water-conducting xylem vessels in the stem. Bacteria, yeast, 
or fungi present in the water or on flowers/foliage may proliferate in the solutions 
containing flowers. These microorganisms and their chemical products block the 
stem ends and restrict uptake of water by the stems. Microbes continue to multiply 
inside the stems and eventually block the xylem vessels. Moreover, chemicals 
present in some stems may also cause chemical blockage, which change into a gum 
like material upon cutting and block the stem ends. 

To control microbes, sanitation is the best solution. Always use clean buckets and 
tools, disinfect them frequently with 10% bleach solution or other disinfectants. 
Moreover, treat flowers with biocides to control microbial growth in vase solutions 
and stem ends.  See section 16.5.2 for information on biocides as part of floral 
preservatives. 

Gravitropism 

Cut flower responses to environmental stimuli may result in loss of quality. Most 
important one is gravitropism, which is bending away from gravity. It results in the 
upward bending of stems, spikes or peduncles as a response to gravity, which occurs 
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mainly due to handling and/or shipping stems horizontally. When the stems are 
placed horizontally, the auxin concentration is increased in lower side of stems, 
which stimulates cell elongation and causes upward bending. Cut flower crops 
sensitive to gravitropism include anemone, eremurus, gerbera, gladiolus, lisianthus, 
and snapdragon. These flowers should be handled vertically to prevent this problem. 
Studies have shown that gravitropism can also be controlled by using calcium 
chelators, e.g., EDTA (Philosoph et al. 1995). 

Ethylene 

Plant growth regulators and hormones have pronounced effects on flower longevity. 
Ethylene is particularly important as it can drastically reduce the vase life of cut 
flowers and greens. Ethylene damage is characterized by premature petal wilting, 
petal abscission, and rapid senescence of floral organs, greatly shortening the 
postharvest life of the flowers. Ethylene is released from plant tissues, particularly 
injured and old decaying plant tissues and fruit. Moreover, it is produced by vehicle 
exhaust and welding. 

Ethylene is injurious to many cut flowers such as carnations, a few cut rose cultivars, 
and gypsophila, even at very low concentrations of <1 ppm (Nowak and Rudnicki 
1990; Reid 2002). Therefore, keep the coolers and processing rooms free of plant 
debris and avoid accumulation of cut stems and leaves on the floor. Discard old 
decaying unsalable flowers frequently to control build-up of ethylene in the cold 
store. Some cut flowers such as carnations and sweet peas generate ethylene during 
senescence, which hastens the process of aging and deterioration. While others like 
delphiniums and snapdragons senesce early when exposed to exogenous ethylene. 
The flower storage and handling areas should not only be free from ethylene 
contamination, but also be well ventilated for rapid removal of ethylene produced by 
decaying and aging of flowers and other plant material. 

15.3. Postharvest Handling Procedures 

15.3.1. Harvesting 

Optimum stage of harvest and harvest time have been discussed earlier in the chapter 
and need to be followed for maintaining superior quality cut stems for longest 
possible time. Immediately after harvesting, flowers should be kept under shade, 
should not be placed on ground, and should be placed in clean buckets containing 
good quality water. Use of clean buckets is very important; if buckets are not cleaned 
with an antimicrobial soap or bleach solution, microbes can infest the stems, block 
the stem bases and reduce vase life. Flowers should be protected from field heat 
and/or mechanical damage during transportation from field to shed/ packing house. 
After bringing stems to the processing area, stems should either be pulsed with a 
hydrating solution and/or field heat should be removed using forced-cool air. Forced 
air cooling is used for quickly cooling floral boxes to remove field heat prior to 
storage and to ensure that the produce is at proper shipping temperature before 
leaving the farm. Further care is needed to protect flowers in packing shed and/or 
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storage room to preserve product quality. Badly wilted flowers should be rehydrated 
prior to storage. 

As a general rule, 1/3 of the foliage is removed from the lower part of the stems, 
particularly if stems are handled in water. Foliage must be removed as the leaves 
immersed in water in vases or buckets will increase microbial contamination, which 
can reduce vase life of cut stems. 

Use clean tools for harvesting and recutting the stems and clean buckets or containers 
for handling cut stems to reduce mechanical damage and microbial infestation, which 
would block the stem bases, reduce water uptake and shorten the vase life. 

Recutting the cut stems under clean water is a tedious task to enhance the rehydration 
rate in many cut flowers. However, if the cut stems rehydrate well after usual cutting, 
there is no need to recut the stems under water. Moreover, if the water is 
contaminated with microbes or debris in which stems are being cut, it is preferable 
to cut stems in the air. Rinsing the stem bases in a 10% bleach solution before 
recutting under water would be helpful to control microbial contamination. 

15.3.2. Physical Stem End Treatments 

There are several physical stem end treatments that can improve water balance in the 
cut stems and extend vase life of some species. Studies conducted by the author have 
revealed that bark removal at the base of cut rose stems increased water uptake and 
extended vase life (Ahmad et al. 2011). Moreover, stem-end splitting might also be 
useful as these practices expose more vasculature to the vase solution. However, 
these treatments must be used carefully as exposure of the more wounded area may 
increase microbial contamination, which ultimately leads to reduced vase life. 
Moreover, these treatments have only minor impact on vase life of majority of 
ornamental crops. 

15.3.3. Conditioning 

Conditioning or rehydration restores the turgor of wilted flowers. If flowers are 
wilted during transit from field or greenhouse to processing room, place them in 
warm water to maximize water uptake. Use an acidified solution with pH 3.5-4.0 for 
12 hours at room temperature to hydrate the badly wilted flowers before storage at 
low temperature. Badly wilted woody cut stems can also be hydrated by hot water 
treatment before processing or storage. 

15.3.4. Grading and Bunching 

Grading should be carried out based on uniformly developed flowers, uniform petal 
colouring, freedom from defects and injuries, relative uniform stem diameter, and 
uniformity of size and stage of development. 

After grading, flowers should be bunched with 10, 20, or 25 flowers per bunch, 
depending on the requirements and preferences of the buyers. While bunching, care 
must be taken that only same quality flowers are bunched together. Diseased, wilted 
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or damaged flowers should not be bunched with healthy good quality flowers, 
because they may spoil healthy flowers and may cause rejection of whole box. After 
bunching, flowers should immediately be placed in preservative solution or packed 
for dry storage. 

Cut flower quality and grading criteria 

In international floral markets, the cut flowers must meet following requirements for 
marketing: 

1) Must be fresh, of good internal quality, good form, composition, and flower 
and foliage colour. 

2) Must be free of animal and/or plant parasites and/or their damage, 
deficiencies or contamination in flower/ bud/ inflorescence, leaves, or stem. 

3) Lower most 10 cm of stems must be free of leaves. 

4) Stems must be straight and sturdy to bear the flower. 

5) Must be uniform in colour, thickness, sturdiness and bouquet volume. 

6) Must be properly packed. 

If a batch deviates from one or more of the above mentioned requirements, it will get 
even or odd inspection code(s) based on seriousness of the deviation, and will be 
divided into different quality groups as illustrated in Fig. 15.2. 

 

Fig. 15.2  Inspection codes for the cut flowers in international markets. 

Original source: Association of Dutch Flower Auctions, VBN, 2015 
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15.3.5. Sleeving 

Individual flowers or bunches are wrapped (sleeved) to protect the flower heads, 
prevent tangling, allow for easy separation and identify the grower or shipper. 
Bunches are held together by string, elastic bands, or paper-covered wire. Sleeving 
may be done with corrugated card (smooth side towards the flowers), paper (waxed 
or unwaxed) or polyethylene (perforated, unperforated or blister) (Fig. 15.3). Pre-
formed sleeves can be used (although variable bunch size can be a problem), or can 
be formed around each bunch using staples, tape or heat sealing (polyethylene). 

 

Fig. 15.3  (A) Sleeving and (B) bunching machine for cut flowers, and (C) Sleeved 
carnations, and (D) Lilies. 

A B 

C D 
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15.4. Storage 

15.4.1. Cold Storage 

Storage of cut flowers is important to extend the availability period of the crop and 
to market the cut stems at particular occasion for increasing profits. Cold storage is 
imperative for most cut flowers. With most species, the temperature of the 
refrigerated room should be 1-4ºC (Table 15.2). The lower the temperature, the 
better, as long as the cooler is above freezing, because diminishing temperature 
decreases the respiration rate rapidly. Low respiration rates have an effect similar to 
adding sucrose to the preservative solution in that both conserve/maintain 
carbohydrates within the flower. A temperature range of 1-4ºC is usually maintained 
in most flower storage rooms with >90% relative humidity (Armitage and Laushman 
2003). It is preferable to process flowers in cold rooms to extend vase life, although 
not often practiced commercially (Fig. 15.4). 

Table 15.2. Recommended storage temperature and duration for major cut flower 
crops. 

Cut flower crops Storage 
temperature (°C) 

Approximate 
storage duration 

References 

Carnation 0.5-1 3-4 weeks Dole et al. (2017) 
Chrysanthemum 0.5-1 3-4 weeks Dole et al. (2017) 
Gerbera 0.5-2 1-2 weeks Dole et al. (2017) 
Gladiolus 1-2 1 week Dole et al. (2017) 
Iris 0.5-1 1-2 weeks Armitage and 

Laushman (2003) 
Lily 0.5-2 2-3 weeks Dole et al. (2017) 
Lisianthus 1-2 1-2 weeks Armitage and 

Laushman (2003) 
Marigold 1-4 1-2 weeks Dole et al. (2017) 
Rose (dry) 0.5-1 2 weeks Dole et al. (2017) 
Rose (In preservative) 0.5-2 4-5 days Dole et al. (2017) 
Snapdragon 0.5-2 1-2 weeks Armitage and 

Laushman (2003) 
Stock 1-2 1 week Armitage and 

Laushman (2003) 
Tuberose 1-5 1-2 weeks Dole et al. (2017) 
Tulip 0.5-2 3-7 days Dole et al. (2017) 

Air circulation should be ensured inside the storage room for uniform temperatures. 
Unprotected flowers placed in a direct air stream might get desiccated, while those 
immediately adjacent to a cooling coil may freeze even though the air temperature 
for the rest of the cold room is above freezing. Keep an eye on condensation, which 
may lead to botrytis. If botrytis signs are present, open the boxes and let them dry 
before putting back in the cooler. Moreover, do not open the cooler frequently in 
order to maintain the set temperatures. Keep fruits and vegetables out of the storage 
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room to avoid build-up of ethylene. Discard old flowers and periodically wash the 
floor of the storage room with 10% bleach solution. 

Flowers should be stored in water for short periods of time; however, if they need to 
be stored for long durations, dry storage is generally best to ensure longer vase life. 
Moreover, flowers should be wrapped in newspaper, to absorb any condensation, or 
in perforated polyethylene to reduce moisture loss, if stored for long durations. 
Storage life of different species varies considerably; however, it is usually less than 
three weeks for most of species. There are a few field grown specialty cut species 
that cannot tolerate low temperature storage like zinnias and celosia, and should be 
stored at 5°C, if necessary. Moreover, tropical cut flowers like heliconias, bird of 
paradise, some orchids, anthurium and many foliage plants area also injured at low 
temperatures, resulting in necrosis and darkening of foliage. Therefore, tropical 
flowers should be stored at 10°C temperatures. Be sure they are neither packed with 
other cut flowers nor pre-cooled at low temperatures. If they need to be shipped along 
with other cut flowers, should be placed away from direct exposure to cool air. 

Fig. 15.4  Cut flowers 
being stored in (A) 
wholesale and (B)  
grower cold storage. 
 

 

 

15.4.2. Controlled Atmosphere Storage 

Controlled atmosphere (CA) storage involves altering and maintaining a gaseous 
composition different than atmospheric composition. Generally, CO2 above 1% and 

A 

B 
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O2 below 8% are used in combination with specific temperatures and relative 
humidity inside storage unit to preserve cut flower quality. Modification of the 
concentrations of these gases, within the tolerated level of each species, lowers 
ethylene production and respiration rates. However, if the concentrations are too high 
or too low, increased decay and senescence may occur. CA storage has not been 
extensively used for storage of cut flowers as there are only a few studies that have 
reported benefits of CA storage for cut flowers (Saltveit 1997). Some cut flowers like 
carnations prefer more conventional atmospheres while others like daffodils prefer 
pure nitrogen. There must be proper temperature control and no free moisture to 
control Botrytis during storage. 

15.4.3. Passive Modified Atmosphere Storage 

Passive modified atmosphere (PMA) storage involves partial manipulation of gases 
in the storage using specialized packing materials (polyethylene bags). These help in 
reduction in respiration. Although these have been quite frequently used for cut 
flower storage, results are not so promising for their commercial use. Commercial 
trials have failed to demonstrate potential benefits; however, some studies with 
gladiolus and cut roses have shown increase in postharvest longevity. Another 
bottleneck with use of modified atmosphere storage is that it needs to be optimized 
for each species and cultivar and in some cases for specific number of stems per 
bunch or pack. 

15.4.4. Dry Storage 

Flowers can be held in refrigerated storage for one to three weeks, depending on the 
species. Refrigerated storage is used to maintain quality as flowers pass through the 
marketing channel. Dry storage at 0.5-2°C is used when flowers must be held for 
periods longer than a week or to slow down the metabolic processes to hold the cut 
stems for a specific occasion. 

Always use best-quality flowers only for dry storage. Poor quality stems may have a 
shorter vase life when removed from storage. Stems of some species should be cut 
and packed for storage immediately without being placed in water. However, stems 
of some species and wilted stems must be rehydrated for a few hours before storage. 
Standard cardboard floral boxes are best suited with a lining of polyethylene film or 
newspaper to cover the flowers and seal in moisture. Desiccation can be a problem 
in long-term storage, especially when an absorbent material such as cardboard or 
newspaper is being used. 

A common problem of dry storage is the presence of free water on the flowers, which 
encourages disease development. Boxes and flowers packed at warm temperatures 
develop condensation when flowers and air inside are cooled. Water cannot escape 
due to polyethylene barrier and causes disease (Botrytis) attack in dry storage. Cool 
the flower boxes in a 2-4ºC storage room, then seal and place in a 0-0.5ºC room for 
dry storage. Free water freezes at 0ºC, while flower tissue freezes at temperatures 
below -1ºC, resulting in formation of ice crystals on the petals which can also be 
injurious to the cut flowers. 
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Floral boxes should be loosely stacked in the storage room initially, because 
respiration will continue to produce heat. A large stack of boxes can generate enough 
heat and provide sufficient insulation to prevent thorough cooling of the inner 
flowers. Leave space between each stack of boxes and between every other box in a 
stack to permit the absorption of heat by circulating cool air. Flowers removed from 
dry storage need to be rehydrated before marketing. Cut 3 cm from the base of each 
stem and place them in a preservative solution inside a 3-4ºC storage room. Allow 
the flowers to become fully turgid before marketing, which could take 12 to 24 h. 
Properly handled dry stored flowers have similar longevity and quality as freshly 
harvested flowers. Poor temperature control or disease decreases quality and 
longevity. 

15.5. Preservative Solutions 

Floral preservatives play a pivotal role in maintaining quality and enhancing vase life 
of cut flowers. On the average, preservatives can double the vase life of cut flowers 
compared to water (Sacalis 1993). They are a source of sugar (carbohydrates), 
provide antimicrobials, prevent stem blockage, and acidify the solution for extending 
vase life. 

15.5.1. Components of a Floral Preservative 

Acidifiers 

Use of an acidifier in a preservative solution is vital to lower the solution pH as most 
flowers prefer low pH of 3.2-3.5. It should be kept in mind that alkaline pH water is 
damaging to many cut flowers. Also deionized or distilled water is comparatively 
better than tap water. Hard water can be brought to desired pH by addition of an 
acidifier such as 300-500 ppm citric acid, for small quantities, or sulfuric acid or 
nitric acid, for large quantities of water. Aluminum sulphate, citric acid, 8-HQC or 
8-HQS also increase acidity of the preservative solution; however, 8-HQC or 8-HQS 
are not used currently in several advanced countries due to potential environmental 
hazards associated with them. 

Carbohydrate source 

Second most important component of a floral preservative is sugars to supply carbon 
for continuation of metabolic processes. The concentration of sugar in the vase 
solution depends on the purpose of the solution. If stems are in a rehydration solution, 
sugar should not be used. All-purpose preservative solution contains 1.5-2% sugar. 
Almost every major cut flower has been studied for its sucrose requirement and the 
recommended level (Table 15.3) should be used for each species. 

Several cut flower species do not do well with sugar; therefore, care must be taken 
when using preservatives for such species like celosias. These cut flowers should be 
placed in clean tap water without any preservative and if they are sensitive to 
microbial contamination, only biocide should be added into water.  
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Table 15.3 Recommended sucrose concentrations for major cut flower crops. 

Cut Flower Crop Recommended 
sucrose level (%) 

References 

Carnation (Open flowers) 4 Dole et al. (2017) 
Carnation (Opening buds) 2-3 Dole et al. (2017) 
Chrysanthemum 2 Dole et al. (2017) 
Gladiolus 3-4 Dole et al. (2017) 
Lilium 2 Dole et al. (2017) 
Lisianthus 2 Armitage and Laushman (2003) 
Most field grown cut flowers 2 Armitage and Laushman (2003) 
Roses (Red) 3-4  Dole et al. (2017) 
Roses (Misc. colours) 2 Dole et al. (2017) 
Tuberose 1-2 Dole et al. (2017) 
Tulip 1-2 Dole et al. (2017) 

Biocides 

Biocides are used in preservatives to control detrimental bacteria and other microbes 
present in water and/or on stems. Several compounds are used as biocides, some of 
which include isothiazolinone (Kathon CG), quaternary ammonium chloride 
(Greenshield/Physan), Sodium dichloroisocyanurate (DICA), aluminum sulphate, 
and silver thiosulfate (STS). Silver nitrate, 8-HQC or 8-HQS can also be used as 
biocides; however, these are banned in several developed countries due to their 
potential environmental hazard (Knee 2000). 

15.5.2. Kinds of Preservatives 

Hydrators 

Hydrating solutions are the first solutions in which the stems should be placed 
immediately after harvest. These solutions are used to maintain or restore stem 
turgidity through rehydration and improve water uptake. The hydration solutions 
have no sugar and only have a biocide along with a wetting agent at a pH of 3.2 to 
3.5. If possible, rehydration should be done on the farm immediately after cutting the 
stems. Several commercial hydrator solutions, e.g. Floralife Hydraflor 100™ and 
Chrysal Professional 1™, are available in the market, which can easily be used by 
mixing in tap water. Chlorine tablets in water can also be used as a hydration solution.  
Follow the labels for the dosage and other directions or warnings. 

Pulsing solutions 

Generally, pulsing solutions are used to provide carbohydrates to the stems and 
usually contain high concentrations, 5-20%, of sucrose or other sugars applied for 
short durations of 4 h to overnight. Some cut flower crops that are prone to leaf 
chlorosis can be pulsed with plant growth regulators [Fresco™ or Fascination™ 
(BA+GA4+7] to reduce leaf yellowing. Silver compounds (silver thiosulfate or silver 
nitrate) are also used for short-term application to overcome negative effects of 
ethylene or as a germicide. The temperature of the solution and surrounding air 
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affects the solution uptake; therefore, pulsing in cold storage will require a longer 
pulsing duration compared to room temperatures. 

Bud opening solutions 

Flowers harvested at tight-bud stage need to be placed in a bud-opening solution 
prior to sale. These solutions contain a holding flower food solution with some 
additional sugar. It has been recommended that bud-opening solutions be applied at 
room temperature under light conditions. 

Processing/holding/vase solutions 

These solutions are sold as floral preservatives and known as ‘fresh flower foods’. 
These can be used by wholesalers or florists’ for short durations of 1-2 days to hold 
flowers and also be used by the consumers as vase/consumer solutions for extended 
period (Fig. 15.5). These solutions contain all three ingredients: sugar (1-2%), a 
biocide to control bacteria, and an acidifier to lower the pH. Moreover, some 
commercial preservative solutions may also contain plant growth regulators for 
specific crops, e.g., those prone to leaf yellowing. Preservatives extend the vase life 
of the majority of cut flower species; however, preservatives may have a negative 
effect on the vase life of a few species such as celosias, zinnias etc. The preservative 
solutions should always be mixed in plastic buckets as they might react with metallic 
buckets. 

 

 

Fig. 15.5 (A) Flowers being held in preservatives at a retailer shop. (B) Holding 
flowers at low temperature further increase efficiency of preservatives. 

Commercial preservatives 

Several companies develop and produce preservatives for handling cut flowers. 
However, two major companies, Floralife (USA) and Chrysal (the Netherlands) are 
producing a full range of preservatives that are ready to use by the industry 
(Fig. 15.6). Research has shown their positive impact on vase life extension of many 
cut flower species. Recently, organic floral preservatives, Vita Hydra, Vita Flora, and 
Vita One Step, have also been introduced in the market for organically grown cut 
flowers and research is being carried out on their effectiveness. When using 

A B 
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commercial preservatives, always read the label and follow the directions (Ahmad et 
al. 2014). 

  

Fig. 15.6 Commercial floral preservatives being used for processing cut flowers. 

Homemade floral preservatives 

The commercial preservatives are not available in many developing countries like 
Pakistan. Moreover, those are quite expansive to be used by the growers with limited 
resources. Therefore, author has conducted a comprehensive study on exploring the 
possibility of using home-made recipes, which would be economical and readily 
available. Studies conducted at NC State University, USA, have proved that some 
homemade floral preservatives extend vase life of several species equal to or longer 
than commercial preservatives (Ahmad and Dole 2014a). Whereas, some other 
homemade recipes, which are commonly used by the floriculture industry and 
consumers, have negative impact on vase life of cut species. It was found that 50:50 
lemon/lime soda and tap water, or use of citric acid with sugar and isothiazolinone 
(Kathon CG) or quaternary ammonium chloride (Physan/Greenshield) is effective 
preservative solution for vase life extension for several specialty cut flower crops 
(Ahmad and Dole 2014b). Moreover, bleach, vinegar, or lemon juice should not be 
used, which were either ineffective or phytotoxic. Care must be taken to keep the 
preservatives away from children and using them safely when chemical compounds 
like Greenshield, Kathon CG or silver compounds are being used. Finally, if 
preservative is mixed at home, use recommended levels for best results; otherwise it 
may increase microbial contamination, cause phytotoxicity, or be ineffective (Dole 
and Wilkins 2005). 
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Organic preservatives 

Organic preservatives are the need of the day to keep the flowers organic which have 
been produced organically. An American manufacturing company has started 
developing organic floral preservatives, Vita Hydra, Vita Flora, and Vita One Step, 
which are approved by the USDA National Organic Certification Program and are 
available in the market for organically grown cut flowers (Fig. 15.7). Author’s 
studies with cut roses, carnation, and chrysanthemum showed that these products 
were not as effective for vase life extension as conventional commercial 
preservatives. While using these preservatives, always read the label and follow the 
directions before use (Ahmad et al. 2014c). 

Fig. 15.7  

Organic floral 
preservatives. 

 

Floral foam 

Floral foam is extensively used in floral arrangements; therefore, studies have been 
conducted to evaluate the response of different cut flower species to floral foam 
saturated with tap water or commercial preservatives. For many cut flower species 
such as roses, antirrhinum, celosia, gladiolus, zinnia, Eucomis etc., vase life is 
reduced when cut stems are placed in floral foam, irrespective of use of floral 
preservative (Ahmad et al. 2014b). However, a few species such as Matthiola benefit 
from being placed in foam (Regan and Dole 2010). If it needs to be used, it should 
be completely saturated first in commercial processing/vase solutions. 

For best results, foam bricks should be placed on the solution and allowed to saturate 
thoroughly without being forcibly submerged into the solution (Fig. 15.8). Forced 
submersion may result in dry pockets within the center of the foam. A standard size 
brick should absorb approximately two liters of solution and get saturated in less than 
a minute. Place flower stems firmly in the foam and to ensure proper hydration, stem 
must be in contact with foam and inserted deep to get ample water supply. Avoid 
inserting stem completely through the foam as the stem may lose contact with its 
water source. For repositioning a stem, remove the stem completely and then insert 
again after recutting stem-end. 
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Fig. 15.8 Oasis floral foam used as substrate for flower arrangements. 

15.6. Packaging and Shipping 

Packaging of cut flowers depends on flower size, desired appearance and buyer 
specifications. Normally flowers are bunched with 10, 20, or 25 stems per bunch. 
Flowers may also be packed in bulk or by stem/flower count depending on box size 
and customer order. Packing materials should be easily available, cheap, light weight 
and reasonably strong to withstand transit stress. Moisture resistant paper, polythene 
sleeves, cardboard boxes or corrugated plastic boxes are commonly used as packing 
materials for packaging of the cut flowers. 

For shipping, first of all it should be decided whether the cut flowers need to be 
transported in water or dry in boxes. Historically, the cut stems were shipped in water 
to local markets, while majority of cut flowers are being shipped dry in floral boxes 
to distant markets via air or large trucks. For cut flowers shipping, refrigerated 
transportation units such as refrigerated semi-tractor trailers are used to keep the cut 
flowers cool with low respiration rates and other metabolic processes. Temperatures 
during transit are maintained around 4°C. Flowers must never be transported with 
fruits or vegetables. In recent years, in advanced countries, high value and delicate 
flowers like gerberas are shipped in modern innovative wet pack systems, e.g., 
Freshpack™ or Procona™. These systems not only hold more flowers in a pack, but 
also reduce the damage to open flowers. However, these are preferably shipped via 
trucks although air freight charges are not too high being charged based on volume 
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rather than weight. Retailers can sell these flowers immediately upon arrival as the 
stems would already be treated with preservatives. 

15.7. Labeling 

Cut flower packages should be labeled with non-removable ink and each packaging 
should contain following information: 

• Cut flower species/cultivar 
name  

• Number of bunches per box 

• Number of stems per bunch 

• Bud diameter 

• Stem length 

• Country of production 

• Exporter’s name and address 

• Grower’s name and address 

• Weight of each pack (kg or 
lb) 

• Date of packing 

• Clear warning labels 

• Any treatment received at 
farm 

15.8. Marketing 

Marketing is the most important step in an enterprise as to ensure the highest returns 
and profit rates. Marketing is a distinct component of any business, which needs 
maximum attention. One should be aware of potential markets, their prevailing trends 
as well as buyer’s preferences and requirements. Following are some tips for 
marketing of cut flowers: 

• Harvest flowers at proper maturity when the buds can fully develop after 
harvest and provide satisfactory display life. 

• Attract customers by displaying a good volume and plenty of colour. 

• Market only best quality flowers, for which purpose postharvest handling is 
critical. People will buy again if the flowers sold to them would have a long 
vase life. 

• Do not use metallic buckets for holding cut stems. 

• Keep flower buckets neat and clean. Use white plastic buckets for regular 
bouquets and taller, thin plastic flower buckets for taller varieties and those 
with long stems. 

• Guide the customers on how to keep their flowers fresh for longer periods? 

Tell them to change the water every day or every other day and give 
customers a card with a homemade floral recipe to maintain their flower 
quality for longer periods. 

• Wrap bouquets or purchased flowers attractively. Use floral sleeves or use 
plastic bags. 
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• Provide a proper shading system to protect flowers from the harsh summer 
sun. Wilting flowers cannot be marketed. 

• Check flower buckets often during marketing to make sure flower stems are 
in the water. When customers pick up bouquets for comparing; they often 
don’t set them all the way back into the water and may also break some 
stems. 

15.8.1. Export Marketing 

Preparation of cut flowers for export is a tedious job, because the designation of grade 
standards for cut flowers is very difficult due to different requirements of various 
international markets. There are some common indices for determining quality that 
should be considered. Length of the cut stems, foliage quality, weight of bunch, stem 
strength and straightness, any developmental defects, flower/bud size, uniformity 
and vase life are major factors that affect grading and marketing of cut flowers in 
international markets. Always use specifications given by intended international 
market to ensure successful marketing. 

Use specific packing materials recommended for each species as some cut flowers 
like gladioli or snapdragons need to be packed in vertical hampers to prevent 
gravitropism that reduces quality and may prevent the flowers from being sold. 
Recently, a new packing system called ‘Procona’ system is also being used for 
packing gerberas and some orchids (Fig. 15.9). This system uses plastic bases with a 
cardboard sleeve so as to ship the flowers upright with stem ends in water. However, 
it is expansive and less number of flowers can be packed per package, but ensures 
quality of flowers that cannot tolerate dry transit. 
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Fig. 15.9  Procona boxes for packing flowers with stem ends in water. 

15.8.2. Evaluation Criteria for Cut Flowers 

In international markets, buyers adopt a specific evaluation process prior to 
acceptance of a consignment. Main features of the evaluation criteria include: 
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• Overall beauty of the flowers 
as cut flower 

• Bud diameter 

• Stem length and firmness 

• Foliage condition 

• Uniformity of individual 
flowers within the bunches 

• Requirement of preservative 
solution 

• Resistance against pests and 
diseases 

• Use (specific/general) 

• Freshness during transit 

• Resistance against ethylene 

• Flower and foliage colour 

• Hardiness 

• Vase life 

• Any distinguishing character 

15.9. Postharvest Problems 

15.9.1. Air Embolisms 

Air embolisms, which restrict the upward water flow, occur when small air bubbles 
are drawn into the stem at harvest or during dry storage. They effectively block later 
flow of water up the stem, and result in rapid flower wilting. Embolisms can be 
reduced by cutting off the lower 3 cm of the stem. Stems may be recut under water 
or in the air and placed immediately into water.  If recut under water, be sure to 
replace with clean water frequently as the cellular contents of so many stems will 
dirty the water and encourage microbial growth. Dirty water causes stem blockage 
and reverses the benefit of cutting under water. Moreover, using degassed water to 
place flowers with air embolisms will hydrate quickly. Placing stems into acidic 
water (add citric acid to lower pH to 3.5) and using warm water (45°C) also reduces 
the occurrence of air embolisms. 

15.9.2. Bacterial Plugging  

Bacteria and other microbes which block the stems are most abundant in vase, bucket 
and recutting water that is not replaced regularly, but may also be present in portable 
water from the tap or water put into dirty containers. Therefore, always use clean, 
sanitized buckets to minimize bacterial plugging. 

15.9.3. Physiological Plugging  

At harvest, if plant cells get wounded, plant naturally produces substances such as 
suberin, lignin, or latex to seal the wound, which subsequently block the water flow. 
This is called as physiological plugging. It can be reduced by using a sharp knife, 
reducing the size of wound while cutting, and avoiding bruising of cut stems during 
handling. 
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15.9.4. Ethylene 

Ethylene is released from plant tissues, particularly injured and old decaying plant 
tissues, ripening fruits, burning wood and cigarettes, and leaf and stem trimmings. 
Moreover, it is produced by vehicle exhaust and welding. Ethylene is injurious to 
many cut flowers even at very low concentrations of <1 ppm, which may result in 
premature senescence and/or leaf or flower abscission (Table 15.4). Moreover, 
ethylene can cause rapid irreversible flower wilting. Therefore, the floor of 
processing sheds and coolers should be kept free of plant debris such as leaves and 
cut stems. To avoid ethylene effects, cut flowers should be held in a cool, well-
ventilated area, away from decaying flowers or ripening fruits and vegetables. 
Moreover, silver compounds (particularly STS) or 1-MCP (1-methyl cyclopropene) 
can also be applied for short durations to protect flowers from deleterious effects of 
ethylene. Several flowers are sensitive to ethylene, which damages them and reduces 
their vase life. 

Majority of cut flowers are little affected by ethylene that they are likely to encounter 
during marketing. Now a day, several anti-ethylene products are available which 
protect the flowers from accidental exposure during handling. Two such products are 
STS and 1-MCP. Ethylene problems can also be minimized by holding product at 
low temperature (<4°C). Also, keep fruits and vegetables out of floral storage room, 
continually clean out old and decaying flowers, and disinfect storage rooms and 
buckets with a 10% bleach solution. 

Table 15.4 Ethylene sensitivity of different cut flower crops. 

Highly Sensitive Moderately Sensitive Insensitive 

Alstroemeria Allium Daffodil 
Antirrhinum (some cultivars) Astilbe Gladiolus 
Carnation Celosia Tulip 
Eremurus Dianthus  
Freesia Digitalis  
Gypsophila Delphinium  
Lilium Dutch Iris  
Matthiola (stock) Limonium  
Narcissus Lisianthus  
Roses (some cultivars) Penstemon  
 Ranunculus  

Source: Dole et al. (2017) 

Anti-ethylene compounds 

STS: Silver thiosulfate is one of most effective tools to prevent damage on ethylene-
sensitive cut flowers (Celikel and Reid 2002). It is extensively used for many cut 
flowers; however, the silver can be hazardous to the environment and human beings. 
Many growers apply commercially available STS (Chrysal AVB™) as a pulse before 
shipping of cut stems. 
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1-MCP: 1-methyl cyclopropene (1-MCP) is a gaseous synthetic plant growth 
regulator structurally related to ethylene and used commercially to protect cut 
flowers from the negative effects of ethylene. Due to the hazardous effects of STS, 
1-MCP is often used commercially, because it is potent and non-phytotoxic. It has 
proved effective to overcome negative effects of ethylene in many cut flowers (Serek 
et al. 1995). It is available in the form of Ethylbloc™ (Floralife Inc., USA) and can 
readily be used to treat and protect flowers. 

15.9.5. Mechanical Damage  

Bruised and damaged flowers, leaves and stems reduce product quality. Wounding 
often causes ethylene production and disease organisms can enter the wounds. 
Always try to handle flowers carefully after harvesting. Use of sharp knives gives a 
clean cut which damages the stem less during harvest. 

15.9.6. Diseases 

Pests and diseases present in an export shipment of cut flowers may result in the 
shipment being fumigated at the grower’s expense, or even trashed. Flowers are 
highly susceptible to grey mold fungus (Botrytis cinerea), that may not be readily 
visible during production and develop only during shipping. Grey mold is favoured 
by free moisture present on the flowers and foliage. Flowers that produce lots of 
nectar may be more susceptible to grey mold problem. Dipping the cut flowers in an 
appropriate fungicide before shipping can prevent this problem. Proper management 
and removal of free moisture present on the flowers and foliage before packaging for 
storage or shipping are the best control measures. 
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