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Stellingen 

1. De keuze voor het gebruik van gedeioniseerd en gedestilleerd water als uniforme 
vaaswater-controles in studies naar de naoogst fysiologie van snijbloemen, zoals in 
1980 afgespoken op het "2nd Symposium on postharvest physiology of cut 
flowers", dient heroverwogen te worden. 
Reid, M.S. and A.M. Kofranek, 1980. Recommendations for standardized vase life evaluations. Acta 
Horticulturae 113:171-173. 
Van Meeteren, U., H. van Gelder and W. van leperen, 2000. Reconsideration of the use of 
deionized water as vase water in postharvest experiments on cut flowers. Postharvest Biology and 
Technology 18:169-181. 

2. Het feit dat de consument houdbaarheid als belangrijkste factor ervaart van 
snijbloemen oefent onvoldoende druk uit op veredelingsbedrijven om houdbaarheid 
als belangrijk kenmerk mee te nemen in de selectie. 

3. De nadruk bij de huidige kwaliteitsnormen voor sierteeltproducten ligt nog te sterk 
op het uiterlijk van het product en te weinig op de inwendige kwaiiteit. 

4. De grote genetische variatie binnen het lelie-assortiment maakt het mogelijk de 
voor de afzetketen gewenste kwaiiteit via veredelingstechnieken in te bouwen 
waardoor het gebruik van milieubelastende chemicalien in deze gewasgroep 
gereduceerd kan worden. 

5. De kwaiiteit van indirecte selectie met behulp van genetische merkers is sterk 
afhankelijk van de kwaiiteit van de waamemingen bij de kartering van het 
betreffende kenmerk. 

6. Geen veredeling zonder plantenfysiologie. 
J.C. van Oeveren. 

7. Bij het te gelde maken van een uitvinding is de formulering van het octrooi 
belangrijker dan de uitgevonden formule. 

8. Als werkervaring belangrijker wordt geacht dan promoveren, wordt voorbij gegaan 
aan het feit dat een proefschrift schrijven gewoon werk is. 
/. van der Neut, 1993. De meetwaarde van een promotie. Onderzoeksbureau Research voor Beleid, 
Leiden. 

9. Allergie is een ziekte van de modeme beschaving. 
/. Wolffers, 1996. Allergie en overgevoeligheid. Consumentenbond, Den Haag. 

10. Aangezien individuele verschillen op velerlei vlak in grote mate genetisch zijn 
bepaald is de gegeven omschrijving van "opvoeden" in de "Dikke van Dale" een te 
ruime interpretatie van dit begrip. 
M. Roele. De illusie genaamd opvoeden. Intermediair 18-2-1999. 
Van Dale Groot Woordenboek der Nederlandse Taal, 12s herziene druk, 1995. 

11. Afval bestaat niet. 
Stichting Global Action Plan Nederland, Ecoteam Programma 1998/1999. 

12. Het is een gemiste kans om de achterzijde van je proefschrift onbenut te laten. 

Stellingen behorende bij het proefschrift "Genetic and physiological aspects of flower 
longevity in Asiatic hybrid lilies (Lilium!_.)", J.J.M. van der Meulen, 27 September 2000. 
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General introduction 



Chapter 1 

The lily 

The lily (Lilium L.) is a perennial, leafy-stemmed, bulbous ornamental, belonging 
to the subclass Monocotyledonae and the family of Liliaceae. The primary gene 
center of Lilium is located in the Himalayan region, but it has become native to 
Europe, Asia, and North America (Comber, 1949). Within the genus Lilium about 80 
species can be classified into seven sections. The worldwide commercially important 
lily cultivars, Asiatic hybrids, Oriental hybrids and cultivars of Lilium longiflorum, 
originate from only three of the seven sections. The species of these three sections 
originate mainly from China and Japan. The Asiatic hybrids were obtained after 
complex interspecific hybridization between (at least 12) species of the Sinomartagon 
section. Crosses between five species of the section Archelirion have resulted in the 
Oriental hybrids, whereas Lilium longiflorum belongs to the section Leucolirion. 
Tissue culture techniques (Van Creij et al., 1993; Van Tuyl et al., 1991) have 
permitted hybridizations originating from intersectional crosses. Crosses between L. 
longiflorum and 'Asiatic' lilies have resulted in 'LA' hybrids, and crosses between L. 
longiflorum and 'Oriental' types have produced the 'LO' hybrids. Especially the 
difficult crosses between Oriental hybrids and Asiatic hybrids ('OA' hybrids), a 
combination of the two commercially most important lily groups, are a break-through 
in lily breeding (Van Tuyl et al., 2000). Cross pollination barriers have been overcome 
by polyploidization techniques restoring fertility of sterile interspecific diploid hybrids 
(Van Tuyl et al., 1989; 1992). The intersectional crosses have considerably increased 
the availability of genetic variation in Lilium for important traits. 

The acreage of lily bulb production in The Netherlands has increased during the 
last 35 years from less than 100 ha in 1965 to over 4200 ha in 1999, with the Asiatic 
hybrids accounting for about 45% of this area, the Oriental hybrids for about 40% and 
the cultivars of L. longiflorum for about 5%. The relatively new L. longiflorum x Asiatic 
('LA') hybrids are already responsible for about 7% of the acreage of lily production. 
In 1999, in The Netherlands in total more than 1200 million lily bulbs were grown, 
which were used worldwide for year-round forcing. From the total Dutch lily bulb 
production, about 85% were exported, mainly for cut flower production. The 
remaining 15% of the bulbs were used for the own year-round flower production. 
About 80% of the flowers produced were exported. The turnover for bulb production 
was over 180 million Euro and for cut flower production over 140 million Euro. The lily 
is the fourth most important cut flower in the Netherlands (Source: BKD/CBS/ 
PTA/BN, 2000). 

Although the lily is a cross-breeding crop, genotypic characteristics are 
perpetuated by vegetative propagation. The perennial bulb (Fig. 1.1) exists of scale
like leaves attached to a compressed stem, the basal plate, and is used as a storage 
organ. The scales are commonly used to propagate the lilies (Griffiths, 1933). The 
basic production cycle for lily bulbs requires one to three years when propagated 
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Fig. 1.1 Scale-type bulbs of hybrid lilies. Fig 1.2 Inflorescence of the Asiatic hybrid lily 

'Orlito'. 

from scales. Seed propagation is usually limited to certain species and is especially 
used by plant breeders. The bulblets harvested from seeds are usually grown one to 
four years before they flower (Le Nard and De Hertogh, 1993). 

The lily flower contains two alternating whorls of perianth segments (tepals). The 
individual flowers are usually arranged in an inflorescence, which contains several 
flowers in different stages of development (Fig. 1.2). Flower development proceeds 
acropetally. The number of flowers per inflorescence depends on the bulb size. At 
the commercial bulb size of 12 to 14 cm in circumference, many forced cultivars 
contain 3 to 8 flowers per inflorescence. 

Lily flowering 

Since lilies are grown primarily for their flowers, flowering is the most important 
event in the growth and development cycle. Before bulbs achieve the capacity to 
flower, they must reach a certain physiological stage. In lily, this stage is reached 
after a juvenile period of 6 months to 3 years (Le Nard and De Hertogh, 1993; J.M. 
van Tuyl, personal communication). Bulb size is the major and most easily measured 
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factor that determines the capacity to flower. The critical size is dependent on the 
species and cultivar (Rees, 1966) and can also vary with the environmental 
conditions (Hartsema, 1961). In lily the minimum flowering size of the bulbs usually 
ranges from 5 to 12 cm in circumference (Le Nard and De Hertogh, 1993). 

Langhans and Weiler (1968) divided the visible aspects of flowering into four 
stages: 1. Flower initiation (conversion from vegetative to reproductive growth); 2. 
Organogenesis (differentiation of floral parts); 3. Maturation and growth of the floral 
parts; 4. Anthesis. The lily bulbs are harvested from late August to December in the 
Northern Hemisphere. They are cooled at 1-2°C for 6-12 weeks, depending on the 
cultivar, before they are forced in a greenhouse. However, if longer storage is 
required, the temperature must be lowered to 0°C for storage up to 6 months, and to 
-1 to -2°C for storage longer than 6 months. Flower initiation takes place either 
before or after the bulbs are harvested, depending on the cultivar (Beattie and White, 
1993). Flower organogenesis is usually completed in 1.5-2 months (Baranova, 1972). 
Throughout lily forcing, the temperature has the greatest influence on the rate of 
growth and development (Riviere, 1978), whereas plant quality is increased and 
height is usually reduced with naturally high light levels or with supplemental high 
intensity lighting (Boontjes et al., 1975). Increasing light intensity increases 
photosynthesis, which increases the rate of flower development and the number of 
flowers formed, reduces bud abortion and enhances the total flower potential (Wilkins 
and Dole, 1997). Most of the assimilates synthesized in the vegetative organs are 
directed to the stem apex during flower evocation (Wang and Breen, 1984), and next 
to the flower buds throughout their development as lily flowers are strong 
carbohydrate sinks until anthesis (Wang and Breen, 1986ab). 

Lily flower quality 

Preharvest. In an inflorescence-type flower like lily the ornamental value is often 
based on the number of flowers produced per plant. A loss of even one or two 
flowers might be an economic problem, especially for the cultivars that have an 
inherent low number of flowers per plant. Relatively much research has been done to 
prevent or reduce bud loss in lilies. Bud loss due to abscission was reported to be 
influenced by storage time and storage temperature of the bulbs and is probably 
correlated with ethylene production by the buds (Durieux et al. 1982/83; Roh, 1990c). 
Abscission occurs only during a critical stage of development of the flower buds, 
which coincides with a peak in the endogenous production of ethylene by the buds at 
the end of the meiotic phase of the stamens (Durieux et al. 1982/83). Further, high 
temperatures during forcing promote bud loss in hybrid lilies (Boontjes, 1982; Roh, 
1990b), whereas light shortage is crucial for bud loss to take place (Durieux, 1975; 
Kamerbeek and Durieux, 1971; Durieux et al., 1982/83), likely due to changes in the 
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distribution of assimilates causing depletion of the soluble carbon source in small 
buds (Roh, 1990c; Van Meeteren, 1981). 

Postharvest. Like other inflorescence-type flowers, lilies are normally harvested 
with a large variation in developmental stages of the buds within the inflorescence. 
The life of the inflorescence is a function both of the life of individual flowers, and of 
the postharvest expansion and opening of the buds. Ideally many of the individual 
flowers on the inflorescence should open before senescence of the bottom flower. 
Because senesced flowers are unattractive, the longevity of the bottom flower is an 
important factor of the commercial life of the inflorescence. Despite its important 
contribution to the commercial value of the inflorescence, hardly any research has 
been reported on the flower life of individual lily flowers. 

The postharvest development of the floral buds is largely dependent on the 
harvest stage of the inflorescence. The more mature the floral buds at harvest, the 
more flowers develop and reach anthesis after harvest (Swart, 1980). This is likely 
due to an increase in the tepal carbohydrate amount as lily flower development 
proceeds (Clement et al., 1996). Van Meeteren et al. (2000) reported that the 
carbohydrate amount in inflorescences of the Asiatic lily hybrid 'Enchantment' at 
harvest largely affected the number of buds that developed and reached anthesis, 
whereas vase water sucrose especially enhanced the development of the young lily 
buds. Similar results were reported by Nowak and Mynett (1985), where sucrose in 
the vase water improved both the percentage flowers that reached anthesis and the 
longevity of individual flowers in the Asiatic hybrid 'Prima'. 

Nowak and Mynett (1985) also found a beneficial effect on percentage flowering 
buds and flower longevity of sucrose in combination with silver thiosulphate (STS), 
an inhibitor of ethylene action, even after storage periods up to 4 weeks at 1°C. 
Another beneficial effect of STS was found on the reduction of bud abscission in the 
Asiatic hybrid lily 'Enchantment' by Van Meeteren and De Proft (1982). They 
associated bud abscission with increased sensitivity to and a subsequent rise in 
biosynthesis of ethylene by small (2.0-3.5 cm) flower buds following dark treatment. 
In the Dutch flower auction system, lily growers were required to treat Asiatic hybrid 
lilies with an ethylene antagonist before auctioning (Van Doom and Woltering, 1991). 
At the beginning of the 1990's was started with testing the lily assortment for the 
effectiveness of such an ethylene antagonist and several cultivars are cleared from 
its use (A. Ruting, personal communication). 

In 1999, Elgar and co-workers, screened several lily cultivars of the three 
commercial important groups for their postharvest response to ethylene. The vase 
life (defined by them as 'the days taken for 50% of the buds which eventually opened 
on each stem to reach senescence') of most Oriental hybrids and Lilium longiflorum 
cultivars was unaffected by ethylene exposure; however, some Asiatic hybrids 
showed minor responses. For those Asiatic hybrids responding to ethylene exposure, 
the main effects were caused by high ethylene levels, with no full expansion of the 
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tepals so the flower did not entirely open and with a reduced percentage of buds 
which opened. Effects on individual flower longevity were not tested. No climacteric 
increase in ethylene or CO2 production of lily buds and flowers (from a bud length of 
40 mm until senescence) was detected during 7 days at 20°C. Ethylene production 
by flowers and response of flower petals to ethylene is often observed to vary 
depending on the physiological age and state of the tissue at the time of exposure 
(e.g. Halevy et al., 1984), which could explain the contrasting results concerning 
ethylene production and sensitivity to ethylene in lily. 

Flower longevity and breeding 

The production of ornamentals is increasing rapidly and due to the growing 
supply on the international market the competition is becoming stronger, making 
ornamental quality a key factor. Longevity is the most important quality requirement 
for ornamental products from the consumers' point of view (Van de Genugten, 1984). 
The longevity that potentially can be reached is largely a characteristic of the crop 
and the cultivar itself and is genetically determined. De Jong (1986) showed that in 
Gerbera 78% of the differences in longevity between crosses could be contributed to 
genetic factors. Knowledge of the potential longevity of existing and new cultivars is, 
therefore, of great importance. The use of reliable tests to determine the potential 
longevity is essential. For this reason, the development of so called 'reference-tests' 
was started in The Netherlands in the late 1980's (De Gelder, 1989). In these tests 
the longevity of new cultivars was meant to be determined by strict rules and 
compared with some well-known cultivars. However, due to conflicting interests and 
expected high costs, development and introduction of such tests were hampered in 
several crops, among them the lily. Nevertheless, discussion on the subject has 
made lily breeders aware of the importance of selection for flower longevity and more 
attention is paid to the rejection of genotypes with inferior flower longevity (G. 
Beentjes, personal communication). 

Although longevity is the most important quality requirement of ornamental 
products, internationally, relatively few breeding research activities for improving 
ornamental longevity take place (e.g. Wernett et al., 1996). Improvement of flower 
longevity can be achieved by breeding, when genetic variation for flower longevity is 
available. Large genetic differences in longevity between cultivars have been claimed 
in, for example, Gerbera (Harding et al., 1981; De Jong and Garretsen, 1985) and 
tulip (Benschop and De Hertogh, 1969; Van Eijk et al., 1977; Van Eijk and 
Eikelboom, 1986). 

Breeding efforts have mainly been focused on broadening of the assortment and 
increase of the production. This might be explained by the fact that flower longevity is 
a particularly difficult genetic character to assess, since it is markedly affected by 
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growing conditions prior to harvest, stage of flowering at harvest and environmental 
conditions during distribution and after sale. It can be divided into a large number 
dependent and independent components together determining longevity as a whole. 
Components in this context are characteristics that perhaps can be combined by 
breeding in order to improve longevity. Important components might be e.g. the in 
potential reachable longevity under standardized conditions, polyploidy, stress 
tolerance, sensitivity to ethylene, water balance and carbohydrate status (reviewed 
by Halevy and Mayak, 1979; 1981). 

Furthermore, compared to longevity of fruit and vegetables longevity of 
ornamentals is complex, because it is determined by two conflicting processes: (1) 
Promotion of flower bud growth and anthesis; (2) Retardation of metabolic processes 
leading to senescence (Halevy and Mayak, 1979). Therefore, besides knowledge of 
genetic aspects also insight in the physiological regulation (e.g. flower bud 
development, flower bud opening, flower senescence) is needed for the improvement 
of flower longevity. 

Petal senescence 

The flower is a complex organ composed of many different tissues, all of which 
senesce at different rates. In the commercial use of flowers, it is usually the life span 
of the petals that determines the effective flower life. The senescence process of 
flower petals is mediated by a series of highly coordinated physiological and 
biochemical changes such as increased activity of specific enzymes (e.g. 
peroxidases, RNAses, DNAses and hydrolases of cell wall polysaccharides), 
degradation of carbohydrate, changes in protein and nucleic acid content, loss of 
cellular compartmentation, and a climacteric surge in respiration. These changes are 
associated with changes in gene expression and de novo synthesis of proteins 
(reviewed by: Halevy and Mayak, 1979; Borochov and Woodson, 1989). 

The rate at which petal senescence proceeds directly determines the longevity of 
the cut flower, and as a result, this process has been widely studied. Most research 
has concentrated on the regulation of petal senescence in ethylene-sensitive flowers, 
where senescence is accelerated by the presence of ethylene. Considerable effort 
has been addressed to understanding the molecular basis of the rise in ethylene 
biosynthesis (Rottman et al., 1991), and the events that ethylene induces (Lawton et 
al., 1989). As a result the ethylene biosynthesis route is now completely known. By 
genetic modification using anti-sense transformation (Hamilton et al., 1990), the 
expression of genes responsible for the production of enzymes that play a role in the 
biosynthesis of ethylene could be inhibited. This has resulted in the improvement of 
flower longevity in several crops such as carnation (Michael et al., 1993) and 
Gerbera (Elomaa, et al., 1993). 
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Relatively little is known regarding the initiation and progression of senescence in 
petals of ethylene-insensitive cut flowers including most of the important geophytes 
(Woltering and Van Doom, 1988; Reid and Wu, 1992). In the last decade most 
research concerning petal senescence of ethylene-insensitive flowers has been 
reported on the bulbous ephemeral daylily flower (Hemerocallis), starting in 1989 by 
Lukaszewski and Reid. They concluded that daylily petal senescence is an active 
metabolic process and they hypothesized that gene regulation, mRNA and protein 
synthesis are probably involved. Further studies showed that floral senescence of 
daylilies requires protein synthesis, and is associated with rapid hydrolysis of cellular 
proteins (Lay-Yee, et al., 1992). The molecular basis of the senescence of this 
ethylene-insensitive flower is under investigation. Onset of flower senescence 
appears to be associated with the up-regulation of specific genes, involved in the 
hydrolysis of corolla proteins (Valpuesta et al., 1995). An overall decrease in cell 
protein levels has been found during both ethylene-sensitive, and ethylene-
insensitive flower senescence (Van Doom and Stead, 1994). In Iris, another 
ethylene-insensitive geophyte, a sharp increase in tepal leakage preceded the first 
visible senescence symptoms (Celikel and Van Doom, 1995). The data reported 
indicated that one or more proteins, synthesized de novo, were responsible for the 
increase in leakage, as cycloheximide, an inhibitor of protein synthesis, was found to 
delay tepal leakage. Delay of senescence due to cycloheximide has been reported 
before, both in ethylene-sensitive flowers like carnation (Wulster et al., 1982) and in 
ethylene-insensitive flowers like Hemerocallis (Lukaszewski and Reid, 1989), 
Gladiolus, Narcissus and Iris (Jones et al., 1994). 

In conclusion, despite many studies on the mechanisms involved in flower petal 
senescence, knowledge of the genetic and physiological events that lead to vase life 
termination in cut flowers is still limited, especially in ethylene-insensitive flowers. 

Carbohydrates and postharvest flower quality 

Carbohydrate is generally known to be used during respiration to maintain normal 
functioning of the tissue. Furthermore, it is used during growth for both structural 
biomass synthesis and osmotic adjustment during cell expansion. Due to low light 
intensities during storage, transportation and at the consumer, cut flowers largely 
depend on the presence of carbohydrates at harvest. Therefore, the amount of 
substrate in cut flowers is limited. Especially in inflorescence-type ornamentals with 
flowers in different stages of development competition for carbohydrate may occur 
and if the amount is insufficient, this may result in failure of floral bud development, 
smaller flowers, and/or a shorter flower life depending on the developmental stage at 
harvest (Eason et al., 1997). A carbohydrate source is commonly used in cut flower 
preservatives because of its beneficial effect on flower life. However, the mechanism 
by which senescence is delayed by additional carbohydrate is still poorly understood. 
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Many speculations have been made about its possible action in flower senescence 
e.g. substrate for respiration, maintenance of mitochondrial structure and function, 
and general maintenance of membrane function, protein synthesis and water status 
(reviewed by Halevy and Mayak, 1979). More recently carbohydrate has been 
reported to be involved in regulation of gene expression related to flower 
development and senescence (Eason et al., 1997). 

Outline of the thesis 

The aim of the research described in this thesis was to investigate the potential of 
plant breeding as an effective environmentally friendly tool for improving postharvest 
longevity of bulb flowers. Although the research started on tulips and on the three 
commercially important lily groups, it was focused gradually on one lily group, the 
Asiatic hybrids. Part of the results obtained on Asiatic hybrids are presented in this 
thesis. 

The expression of genetic characters depends on the trial conditions. Cut flower 
longevity is a difficult genetic character to assess, since it can be affected by 
conditions prior to harvest, the developmental stage of the flowers at harvest, and 
postharvest conditions. In order to improve cut flower longevity by breeding several 
steps are needed. First, a reliable screening test has to be developed. Because lily 
flower longevity can be defined in terms of inflorescence longevity as well as in terms 
of individual flower longevity, special attention has to be paid to the measurement of 
flower longevity. A parameter is needed that can be used to discriminate among 
longevity levels of a large group of genotypes in a consistent way (Chapter 2). To 
optimize the screening procedure, standardized conditions in climate-controlled 
chambers are preferred, by which an accurate estimation of the longevity level of the 
flowers can be achieved. For standardization, understanding the parameters which 
influence flower longevity is necessary (Chapter 2, 3). 

Next, the success of breeding depends on finding genetic variation for flower 
longevity. Variation was determined in (old) cultivars, species, and seedling clones 
(Chapter 4). Results obtained using standardized conditions should be similar 
between experiments (years) and comparable with results obtained after greenhouse 
forcing, such as commonly used in practice. Comparisons were made to study the 
validity of the standardized test conditions (Chapter 4). 

Finally, knowledge about the inheritance of flower longevity is a prerequisite for 
the successful use of this trait as a selection criterion. The genetic analysis of 
postharvest flower longevity is described in Chapter 5. Besides individual flower 
longevity other important characters of lily postharvest performance have to be taken 
into account (e.g. number of buds per inflorescence, percentage of flowering buds). 
Knowledge about associations between flower longevity and other desirable plant 



Chapter 1 

characters can lead to an improvement in selection efficiency for postharvest 
performance (Chapter 4 and 5). 

Besides insight in the genetic aspects of flower longevity also knowledge of the 
physiological processes determining postharvest flower longevity is important. Flower 
carbohydrate status at harvest is known to be a major (internal) factor in determining 
postharvest flower performance. In lily cultivars differing in flower longevity the role of 
tepal carbohydrate in floral bud development (Chapter 6) and flower senescence 
(Chapter 7), was studied to investigate the mechanisms involved and to look for 
possible causal associations. 

The main lines of the results of the study presented in this thesis are discussed in 
Chapter 8, and suggestions for further research are given. 

10 



Chapter 2 

Influence of variation in plant characteristics caused by bulb weight 
on inflorescence and individual flower longevity 

of Asiatic hybrid lilies after harvest 

J.J.M. van der Meulen-Muisers and J.C. van Oeveren 

Journal of the American Society for Horticultural Science 121: 33-36 (1996) 

Abstract. Nongenetic variation in cut flower longevity due to plant 
characteristics was investigated in whole inflorescences and individual flowers 
of Asiatic hybrid lilies (Lilium L). To distinguish this variation from genetic 
variation, plant characteristics of five cultivars were varied by using bulbs of 
three significantly different weight classes per cultivar. Inflorescence longevity 
depended on total number of floral buds, number of buds opening and variation 
in bud length. Variation in individual flower longevity per cultivar appeared to be 
small, despite a larger number of buds per stem with increasing bulb weight. 
Plant characteristics caused only small nongenetic variation in individual flower 
longevity when compared to inflorescence longevity. Therefore, individual 
flower longevity appears to be the best criterion to discriminate among longevity 
levels for a lily breeding program. 

11 
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Introduction 

Lily (Lilium L.) is one of the major bulb crops in The Netherlands, with the Asiatic 
hybrids as an commercially important group for cut flower production. In December 
1990, a program was initiated at CPRO-DLO (part of the current Plant Research 
International) to investigate the possibilities of improving flower longevity of Asiatic 
hybrid lilies by breeding and selection. For that purpose, it was necessary to make an 
inventory of the components involved and to investigate genetic variation. 

Flower longevity is determined by a large number of genetic and nongenetic 
components (Halevy and Mayak, 1979). To improve the selection response of lily 
genotypes for individual genetic components of longevity, sources creating nongenetic 
variation must be minimized. Lily bulbs are propagated vegetatively and can, therefore, 
be considered genetically identical within genotypes. 
Plant and flower quality in lilies may be influenced by bulb weight, which has a direct 
impact on plant characteristics, such as plant length, plant weight, and number of buds 
(Beattie and White, 1993; Miller, 1993). In breeding trials, variation in bulb weight 
among genotypes is expected, because for each genotype there is a minimum bulb 
size and weight for flowering (Rees, 1966). Therefore, bulb weight could be a possible 
source of undesirable variation in selection trials on longevity. 

In breeding research on improvement of longevity, a parameter is needed that can 
be used to discriminate among longevity levels of a large group of genotypes. Because 
lilies produce several flowers per stem, longevity can be defined in terms of 
inflorescence longevity as well as in terms of individual flower longevity. 

The objective of this research was to investigate the influence of variation in plant 
characteristics caused by bulb weight, on inflorescence and individual flower longevity 
of Asiatic hybrid lilies. Based on the results the use of a definitive selection parameter 
for flower longevity among genotypes is proposed. 

Materials and Methods 

Plant materials. Bulbs of five Asiatic hybrid lily cultivars (Bright Beauty, Fashion, 
Harmony, Orlito and Yellito) were obtained from commercial growers in The 
Netherlands and from the CPRO-DLO cultivar collection. The cultivars were chosen 
based on differences in plant growth and flowering characteristics, such as forcing time 
and number of flower buds. Three sizes of bulbs varying in circumference from about 
10 to 18 cm were used for each genotype. Per genotype, bulbs were provided by one 
grower in order to reduce influence of bulb origin on plant characteristics (Van der 
Meulen-Muisers et al., 1992). The bulbs were stored at -2°C for about six months until 
used. Within each size class, variation in bulb weight was further reduced by selection 

12 



Influence of plant characteristics 

for approximately similar weights. Three significantly different bulb weight classes per 
genotype were obtained (Fig. 2.1 A). 

Cultural conditions. Standard conditions were used during the preharvest, 
harvest and postharvest stages (Van der Meulen-Muisers et al., 1992). Plants were 
grown in a growth chamber of the CPRO-DLO Selektron (Smeets, 1986), with a 
constant air temperature of 17CC, relative humidity (RH) 60%, and with a 16-h 
photoperiod. Photosynthetically active radiation (PAR, 400 to 700 nm) at the top of the 
plants, was kept at a photosynthetic photon flux density (PPFD) of about 112 
umol.m"2.s'1, by high-pressure metal halide lamps (HPI-T 400W, Philips). Plants were 
grown individually in 2.5-liter plastic pots using standard prefertilized commercial 
potting soil. No additional fertilization was applied. Irrigation frequency was daily. 

Harvest conditions. Lily stems were harvested at anthesis of the most mature 
floral bud by cutting the stems at the soil level. Stems were harvested within four hours 
after onset of the photoperiod. Flower buds were counted, stem were weighed, and 
stem length (distance between the stem base and the pedicel base of the basal flower 
bud), inflorescence length (distance between the pedicel base of the basal and apical 
flower bud) and bud length were measured. Bud length was rounded off to units of 5 
mm at the time of measuring. The leaves on the basal 15 cm were removed and 
individual stems were placed in 1-liter glass flasks containing about 500 ml tap water. 

Postharvest conditions. Cut stems were held at a constant air temperature of 
17°C, 60% RH, and a 12-h photoperiod. PAR (400 to 700 nm) at the top of the stems, 
was kept at a PPFD of about 14 umol.m'2.s"1 by fluorescent lamps (TL-D84 36W, 
Philips). Each individual flower was observed daily, within 4 to 6 hours after onset of 
the photoperiod. Flower longevity was measured as the time between bud anthesis 
and deformation of the flower, which was usually due to withering of the tepals. 
Individual flower longevity was calculated as the mean flower longevity per stem. 
Longevity of the whole inflorescence was defined as the time between anthesis of the 
most mature floral bud of a stem and deformation of the last flower. 

Completely randomized designs were used. Number of plants per treatment was 
20. Data sets were analyzed as factorial analysis of variance with two-way treatment 
structures, using the Genstat 5 statistical package (Rothamsted, U.K.). 

Results and Discussion 

Response to bulb weight. There were significant differences among bulb weight 
classes in plant weight (Fig. 2.1 B), inflorescence length (Fig. 2.1 C), and number of 
buds and flowers (Fig. 2.1 D), but stem length was not influenced (Fig. 2.1 C). The 
relationship between bulb weight and plant characteristics was not linear as the 
contribution of each unit of bulb weight to an alteration in plant characteristics 
decreased with increasing bulb weight. Therefore, variation within plant characteristics 
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was relatively smaller than expected on the basis of the variation created among bulb 
weight classes. As for 'Yellito', the number of floral buds was constant when bulb 
weight increased from weight class 2 to weight class 3 (Fig. 2.1 D). Within 'Harmony', 
inflorescence length and number of flowers was unaffected in spite of a significant 
increase in number of buds and, therefore, internodes with an increase in bulb weight 
(Fig. 2.1 C, D). Within 'Harmony', failure of floral bud opening occurred in stems 
obtained from bulbs of all three weight classes, which increased with increasing bulb 
weight (Fig. 2.1 D). Within 'Bright Beauty' and 'Orlito', stems from bulbs of weight class 
3 exhibited some failure of flower opening. 

Most of the varying plant characteristics we found in our study, were cited earlier 
by Beattie and White (1993) and Miller (1993), summarizing studies with different bulb 
weights in several lily species and hybrids. In our study bulb weight classes differed 
among cultivars, partly due to genetic differences in variation of bulb weights (Rees, 
1966). Because of different production areas (growers) of the cultivars, differences in 
plant characteristics among genotypes can be expected (Van der Meulen-Muisers et 
al., 1992). Therefore, no comparisons of variation in plant characteristics among 
cultivars were made. Variation in plant characteristics among genetically identical 
plants was used to study the importance of bulb weight as a source of undesirable 
nongenetic variation in breeding for longevity. 

Floral longevity. Inflorescence longevity increased with bulb weight in 'Bright 
Beauty' and 'Orlito', while for 'Fashion' this effect was found only between bulb weight 
class 2 and 3 (Fig. 2.2A). Inflorescence longevity of stems of 'Harmony' and 'Yellito' 
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was independent of the bulb weight. Individual flower longevity was not influenced by 
bulb weight in all cultivars except 'Orlito', in which longevity decreased slightly with an 
increase of bulb weight (Fig. 2.2B). The ranking of the genotypes based on longevity 
values differed comparing inflorescence longevity and individual flower longevity. 
Inflorescence longevity was the longest within 'Orlito' and the shortest within 
'Harmony'; whereas, individual flower longevity was the longest within 'Fashion' and 
the shortest within both 'Bright Beauty' and 'Harmony' (Fig. 2.2). Therefore, by using 
either inflorescence longevity or individual flower longevity as a selection criterion in 
breeding research on longevity, different selection results would be obtained. 
Differences in inflorescence longevity between plants with different bulb weights can 
be expected because of the effect of bulb weight on number of buds and flowers 
produced per stem. When the number of buds or number of flowering buds did not 
increase with bulb weight, as found within 'Yellito' and 'Harmony', respectively (Fig. 
2.1 D), there was no increase in inflorescence longevity (Fig. 2.2A). A larger number of 
floral buds per stem is expected to lead to an increase in the competition for the 
metabolites available. Nevertheless, a reduction in individual flower longevity did not 
occur. So presumably all cultivars had adequate metabolites to maintain flower 
longevity at a constant level. 

Floral bud distribution. Within all cultivars increases in bulb weight resulted in 
increases in number of floral buds per bud length class (Fig. 2.3). 'Harmony' and 
'Yellito' showed little differences in bud distribution per bud length class between bulb 
weight class 2 and 3 (Fig. 2.3C, E). Within 'Bright Beauty', 'Fashion' and 'Orlito', 
additional smaller buds were formed (Fig. 2.3A, B, D). Those three cultivars also 
showed an significant increase in inflorescence longevity with bulb weight (Fig. 2.2A); 
whereas in 'Harmony' and 'Yellito no differences in inflorescence longevity were found 
among inflorescences from different bulb weight classes. 

Time to anthesis. For each bud, time to anthesis decreased with an increase of 
bud length at the time of harvest. Per bud length, the time to anthesis was not 
influenced by bulb weight, except in 'Harmony' in which time to anthesis in weight class 
1 was shorter than at the same bud length in the bulb weight classes 2 and 3. 
Differences in time to anthesis among cultivars were due to differences in bud length at 
the time of anthesis. Flower buds of 'Bright Beauty' and 'Orlito' reached a length of 
about 90 mm at the time of anthesis; while flower buds of 'Fashion' reached about 85 
mm and flower buds of 'Harmony" and 'Yellito' about 80 mm (Fig. 2.3). Within 
'Harmony', differences in time to anthesis among bulb weight classes were also due to 
differences in bud length at the time of anthesis. In weight class 1, anthesis occurred at 
a bud length of 75 mm; whereas, in weight classes 2 and 3 anthesis took placed at a 
bud length of 80 mm (Fig. 2.3). Time to anthesis was hardly influenced by bulb weight 
in spite of an increase in number of buds per length class with increasing bulb weight 
and, therefore, in the number of competitors for the available metabolites. 

16 



Influence of plant characteristics 

F 
ni 
V) 

Q. 
(ft 
•D 
n S2 

5 
o H— 

O 

.Q 
E 
3 
(D 
> 
CO 
3 
f= 
TS 
O 

20 
18 
16 
14 
1? 
10 

a 
R 
4 
2 

A 

10 

18 
16 

14 
12 
10 
e 
6 
4 

2 

C 

10 

201 

18 
16 
14 
12 
10 
8 
6 
4 
2 

E 

10 

flc 

A 

Bright Beauty A 
A' 

A 

A* r 

4 ¥ »« 
A • • y 

A r X 
A jt»* 
30 50 70 90 

Harmony 

A 

£ 
I . 

A"*V 
* ^ 

* * ^ 

30 50 70 90 

Yellito 

. - * * » * ' : 
30 50 70 90 

>wer bud length (mir 1) 

B Fashion 
• 

A 

A*" 
A • 

10 30 50 70 9C 

D Orlito A 

A * " 
A' 

A' 

A ."• 

A W*>"^ 
10 30 50 70 90 

20 
18 
16 
14 
12 
10 
8 
6 
4 
2 

20 
18 
16 
14 
12 
10 
8 
6 
4 
2 
0 

weight class 1 

weight class 2 
--•--

weight class 3 
A 

Fig. 2.3 Effect of bulb weight on the cumulative distribution of flower bud length per stem of the Asiatic 
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the cumulative numbers of buds until a given maximal bud length. The largest bud length class reached 
represents the tepal length at anthesis. Bulb weight classes are defined in Fig. 2.1 A. 

Flower opening. Number of open flower per day differed among plants with 
different bulb weights (Fig. 2.4), which was due to a varying number of buds per length 
class. There was an increase in the number of open flowers per day with an increase 
of bulb weight. Within 'Harmony' and 'Yellito', only small differences in number of open 
flowers per day were found. This was due to small differences in bud distribution 
among bulb weight classes (Fig. 2.3C, E). Within all cultivars, the highest number of 
open flowers per stem was reached one day before termination of longevity of the first 
flower (Fig. 2.2B, Fig. 2.4). 
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Fig. 2.4 Effect of bulb weight on the number of open flowers per day of the Asiatic hybrid lilies 'Bright 
Beauty" (A), 'Fashion' (B), 'Harmony" (C), 'Orlito' (D) and 'Yellito' (E). Bulb weight classes are defined in 
Fig. 2.1 A. 

Floral buds of 'Harmony' failed to open from a bud length smaller than 45 mm at 
the time of harvest in bulb weight class 1, and from a bud length smaller than 50 mm in 
bulb weight class 2 and 3. Within 'Bright Beauty' and 'Orlito', flowers did not open from 
a bud length at harvest smaller than 30 mm and 25 mm, respectively. These stages of 
small buds only occurred in weight class 3 (Fig. 2.3). As floral bud opening often is 
mediated by sugar supply (Han, 1992; Spikman, 1989) failure of bud opening could be 
due to carbohydrate depletion, that can be expected to occur with a large increase in 
number of buds per inflorescence as within 'Bright Beauty' and 'Orlito'. Also differences 
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in carbohydrate status among cultivars can be expected, that could explain the 
relatively low number of floral buds that reach anthesis within 'Harmony'. 

Inflorescence. The influence of variation in plant characteristics on inflorescence 
longevity was based on the effect of bulb weight on number of buds. However, the 
extension of inflorescence longevity with an increase of bulb weight appeared to be 
smaller than expected on basis of number of additional buds per bulb weight class 
(Fig. 2.1 D, Fig. 2.2A). In general, an increase in number of buds per bud length class 
(Fig. 2.3) also reduced the effect of an increase in total number of buds. This resulted 
in more flowers per day instead of an increase in inflorescence longevity (Fig. 2.4). 

Within Bright Beauty'. 'Fashion' and 'Orlito', the time period during which open 
flowers were present differed among stems of different bulb weight classes; whereas, 
in 'Harmony' and 'Yellito' hardly any differences were found (Fig. 2.2A). In the three 
former cultivars also additional smaller buds occurred when bulb weight increased 
(Fig. 2.3). Because the time period to flowering increased with a decrease of bud 
length at the time of harvest, the time period after harvest during which flowers will be 
present will only increase with bulb weight when additional smaller buds are present. 

The final effect of bulb weight on nongenetic variation in inflorescence longevity 
was due to the additional smaller buds, their size and, therefore, the time necessary to 
reach anthesis. 

Small buds can vary in number within and among cultivars. This variation is due 
not only to variation in bulb weight but also to differences in sensitivity of genotypes to 
factors such as duration of bulb storage, and growing conditions (Beattie and White, 
1993; Durieux, et al., 1982/83; Roh, 1990bc). Although in our experiment no abortion 
and abscission of small buds occurred during cultivation, this might occur under less 
optimal preharvest conditions. Therefore, nongenetic variation in inflorescence 
longevity can be expected, even if bulbs of the same weight class are being used. 

Individual flower. The constant longevity of individual flowers within 
inflorescences which was observed (Fig. 2.2B) has also been observed in Liatris (Han, 
1992), Gladiolus (Yamane et al., 1993), and Freesia (Spikman, 1989). In Freesia 
individual flower longevity remained constant even when sucrose was supplied 
(Spikman, 1989). Liatris individual flower heads required sucrose for complete 
opening, after which longevity was not further influenced by the amount of sucrose 
supplied (Han, 1992). In both cases, an artificial sugar supply increased the number of 
floral buds opening and, therefore, longevity of the inflorescence. These results 
suggest that longevity of individual flowers of bulbous crops is maintained at a constant 
level within inflorescences, even after a physiological change such as an increase in 
internal sugar content. 

From these results, it is concluded that individual flower longevity is a very stable 
parameter in longevity evaluation. In contrast, this is not the case for inflorescence 
longevity. Therefore, in our breeding program for improvement of flower longevity, 
individual flower longevity will be used as a selection parameter. 
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Influence of bulb stock origin, inflorescence harvest stage and 
postharvest evaluation conditions on cut flower longevity 

of Asiatic hybrid lilies 

J.J.M. van der Meulen-Muisers and J.C. van Oeveren 

Journal of the American Society for Horticultural Science 122:368-372 (1997) 

Abstract To improve the ability to discriminate between Asiatic hybrid lilies 
(Lilium L.) with regard to cut flower longevity in breeding trials, sources creating 
nongenetic variation during the preharvest, harvest or postharvest phases were 
identified. The bulb stock origin (grower) and evaluation temperature caused 
only small nongenetic variation in individual flower longevity. In contrast, the 
developmental stage of floral buds, when cut, produced significant nongenetic 
variation in flower longevity. This variation could be reduced by delaying 
harvest. An evaluation temperature of 17°C was optimal to discriminate between 
longevity levels, compared to 14 and 20°C. Flower deformation due to withering 
of the tepals was an improved criterion for the termination of flower longevity 
and was preferred instead of loss of turgor of the tepals. Standard conditions for 
screening and selecting Asiatic hybrid lilies for individual flower longevity after 
cutting are proposed. 
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Introduction 

In The Netherlands, lily cultivation has increased from about 250 ha to about 3600 
ha in the past 25 years. About two-third of the bulbs is exported whereas about one-
third of the bulbs is used for year-round flower production in greenhouses. Currently, 
the lily is the second bulb crop, after tulip for cut flower production in The Netherlands 
with the Asiatic hybrid lilies as an important group. Flower longevity is a primary limiting 
character of cut flower quality. To prolong the longevity of Asiatic hybrid lilies, 
pretreatment with silver thiosulfate (STS) is obligatory at the Dutch auctions. 
Alternative methods for improving longevity of the lily flower must be developed to 
reduce environmental pollution with the heavy metal silver. Although STS can retard 
senescence in lilies (Nowak and Mynett, 1985; Swart, 1980), the possibilities for 
extending flower longevity in the currently available genetic stocks are limited. 
Breeding and selection techniques to improve the genetic potential could be a less-
polluting alternative for improving lily flower longevity. 

The expression of genetic characters depends on the trial conditions. Flower 
longevity is a difficult genetic character to assess, since it can be affected by conditions 
before harvest, the developmental stage of the flowers at harvest, and postharvest 
conditions (Halevy and Mayak, 1979). To optimize the screening and selection 
procedures, environmental variance should be reduced. Therefore, a standardized test 
with a minimum variation in flower longevity within genotypes and a high degree of 
variation among genotypes is needed. For standardization, understanding the 
parameters which influence flower longevity is necessary. 

Lilies produce several flowers per stem, and longevity can be defined in terms of 
inflorescence longevity as well as individual flower longevity. Individual flower longevity 
appeared to be a preferable parameter for longevity evaluation in breeding trials 
compared to inflorescence longevity because it showed less nongenetic variation (Van 
der Meulen-Muisers and Van Oeveren, 1996). Although lily inflorescence longevity has 
been object of many studies, to our knowledge, information about individual flower 
longevity is lacking. 

Lily bulbs are propagated vegetatively and are genetically identical within 
genotypes; however, bulb growing conditions can cause physiological changes in lily 
flower bulbs (Van der Boon and Niers, 1986) and potentially affect flower longevity. 
Plant forcing conditions and season influence lily inflorescence longevity (Swart, 1980) 
and likely affect individual flower longevity. To reduce nongenetic variation experiments 
using controlled growth chambers are preferred over greenhouse experiments. 

In preliminary research, developmental stage of the floral buds, at the time of 
harvest greatly influenced the longevity of lily inflorescences, whereas individual flower 
longevity hardly varied per genotype (Van der Meulen-Muisers et al., 1992). In 
practice, lilies are harvested in the bud stage; the stage normally depends on the 
cultivar assessed. In breeding trials, it is desirable to define a harvest stage more 
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comparable among and within genotypes to reduce environmental variance and to 
improve the ability to discriminate between genotypes with regard to individual flower 
longevity. 

In postharvest research, standard conditions for flower evaluation have been 
proposed (Reid and Kofranek, 1980). These conditions simulate consumer 
environments and are based on the determination of the commercial display life of 
marketable genotypes. In contrast, only one or a few plant characteristics per 
evaluation are considered in selection trials to develop new genotypes. Other 
evaluation conditions may be more discriminative for detecting genetic differences 
within the genotypes (Van Eijk and Eikelboom, 1986). Various interpretations of the 
definition of flower longevity influence the data and selection results (Van Eijk and 
Eikelboom, 1977). In a breeding program, criteria for indicating the start and end of 
flower life have to be uniform to discriminate among longevity levels of a large group of 
genotypes in a consistent way. 

The objective of the present research was to determine screening conditions with 
sufficient sensitivity to discriminate between different longevity levels in Asiatic hybrid 
lilies. The influence of bulb stock origin, inflorescence harvest stage, and evaluation 
conditions on environmental variance in individual flower longevity were examined. 

Materials and Methods 

Plant materials. Bulbs of Asiatic lily hybrids, 12 to 16 cm in circumference, were 
obtained either from commercial growers in The Netherlands or from the CPRO-DLO 
(part of the current Plant Research International) lily collection, in two successive 
years. The choice of the genotypes was based on known differences in individual 
flower longevity. The bulbs were stored in moist peat at -2°C for about five months 
until planted. 

Forcing conditions. Plants were forced in a growth chamber of the CPRO-DLO 
Selektron (Smeets, 1986), with a constant 17°C air temperature, 60% relative humidity 
(RH), and a 16-h photoperiod. Photosynthetically active radiation (PAR) (400 to 700 
nm) at the top of the plants was kept at a photosynthetic photon flux density (PPFD) of 
about 112 umol.m'2.s'1 using high-pressure metal halide lamps (HPI-T 400W, Philips). 
Plants were grown individually in 2.5-liter plastic pots using a standard prefertilized 
commercial potting soil. No additional fertilization was used and plants were irrigated 
daily. 

Harvest conditions. Lily inflorescences were harvested at anthesis of the most 
mature floral bud by cutting the stems at the soil level within four hours after onset of 
the photoperiod. The leaves on the basal 15 cm were removed and individual 
inflorescences were placed in 1-liter glass flasks, containing about 500 ml tap water. 
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Postharvest conditions. Cut inflorescences were held at a constant 17°C air 
temperature, 60% RH, and a 12-h photoperiod. PAR (400 to 700 nm) at the top of the 
inflorescences, was about 14 umol.m"2.s'1 using fluorescent lamps (TL-D84 36W, 
Philips). Each individual flower was observed daily, within 4 to 6 hours after onset of 
the photoperiod. Flower longevity was recorded as the time between anthesis and 
deformation of the flower, which was usually due to visual withering of the tepals. 
Individual flower longevity, calculated as the mean flower longevity per stem, was used 
as a parameter for screening (Van der Meulen-Muisers and Van Oeveren, 1996). 

Bulb stock origin (Expt. 1). To ascertain the influence of bulb stock origin 
(grower) on individual flower longevity, 10 cultivars were used (Table 3.1). Bulbs of a 
varying number of origins were obtained per cultivar within the same year. Plants were 
forced, harvested and evaluated for longevity as described above. For each cultivar, 
individual flower longevity data of nine inflorescences per bulb stock origin were used 
for statistical analyses. 

Inflorescence harvest stage (Expt. 2). To determine a harvest stage with 
minimum variation in flower longevity within genotypes after harvesting and allowing 
maximum variation between genotypes, 16 cultivars were used (Table 3.2). Plants 
were forced and evaluated for flower longevity as described above. Three stages of 
floral bud development at the time of cutting were used. The first two stages were 
based on color gradation of the most mature floral bud: stage 1, just starting to color; 
stage 2, fully colored; stage 3, at anthesis of the most mature floral bud. Data on time 
to anthesis of the first two harvest stages and data on flower longevity and percentage 
of flowers that reached anthesis of all three harvest stages were used for statistical 
analyses. Seven inflorescences were used per treatment combination. 

Evaluation conditions (Expt. 3). Thirty-five lily genotypes consisting of twenty-
five cultivars, eight tetraploid genotypes, and two species were used in the experiment 
(Table 3.3). These genotypes were examined to determine a criterion for end of flower 
life and to ascertain an evaluation temperature for screening on individual flower 
longevity in lily breeding. Plants were forced as described above and harvested at 
anthesis of the most mature floral bud. Two criteria were compared to define the end of 
the life of each flower: (1) loss of turgor of the tepals and (2) flower deformation. The 
loss of turgor was determined by tactile sense, while flower deformation was 
determined by visual detection of withering, which usually started at the tip of the 
tepals. All flowers were evaluated using both criteria. Three air temperatures (14, 17 
and 20°C) were used during the evaluation of flower longevity. In each genotype, 
flower longevity data of five inflorescences per evaluation temperature were used for 
statistical analyses. 

Statistics. Whole plants were used as experimental units in completely 
randomized designs. Data were analyzed by analysis of variance and variance 
components were estimated using the Genstat 5 Statistical Package (Rothamsted, 
UK). Ratios of genotypic variance and total variance, defined as broad-sense 
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heritabilities, were used to compare the screening efficiency between treatments. 
Heritabilities were calculated as H2=s|/(s|+s|/n), where s | denotes genotypic variance, 
s | denotes environmental variance, and n is the number of plants per genotype. All 
calculations were carried out for n=1, representing the early stage of selection 
(individual plant level). To compare the ranking of the genotypes between treatments, 
correlation coefficients (r) were calculated. 

Results and Discussion 

Bulb stock origin (Expt.1). Flowers of the same genotype obtained from bulbs 
produced by different growers did not significantly vary in individual flower longevity 
(Table 3.1). Variance in individual flower longevity between bulb origins of the same 
genotype was relatively small compared to genotypic variance (0.12 and 1.17 
respectively). 

Lily bulbs are propagated vegetatively and are, therefore, genetically identical 
within genotypes. Genetic variation between production lines of the same genotype 
could occur due to spontaneous mutations. This phenomenon is more likely to take 
place in long existing cultivars than in more recently released cultivars. Longevity 
differences within long existing cultivars like 'Harmony' and 'Connecticut King' (Leslie, 
1982) were 1 day at most (found within 'Connecticut King') when different bulb origins 
were compared (Table 3.1). 

Table 3.1 Flower longevity (days) of 10 Asiatic lily hybrids using bulb stocks originated from a varying 
number of commercial growers per genotype; n = 9 inflorescences, SED= 0.57. 

Bulb stock origin (grower) 

Genotype (year of introduction)2 1 2 3 4 

Avignon (1984) 
Bright Beauty (1982) 
Connecticut King (1967) 
Harmony (1950) 
Ladykiller(1974) 
Monte Rosa (1984) 
Montreux(1984) 
Pollyanna(1981) 
Red Night, syn. Roter Cardinal (1974) 
Sirocco (1984) 

z From Leslie (1982). 

7.2 
4.4 
7.6 
5.5 
4.9 
6.5 
5.5 
6.1 
5.2 
4.7 

7.6 
4.9 
7.7 
5.6 
5.5 
7.3 
6.4 
6.2 
5.4 
5.6 

8.2 8.5 

7.5 

6.3 
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Variation for bulb growing conditions can cause physiological differences between 
lily bulbs of different production units (Van der Boon and Niers, 1986). These 
differences may influence plant quality in lily (Beattie and White, 1993; Miller, 1993) 
and could also lead to nongenetic variation in individual flower longevity. The data 
(Table 3.1) indicate that using bulbs of the same genotype produced by different 
growers will not greatly influence individual flower longevity. Bulb stock origin (grower) 
was a minor source of variation for individual flower longevity, and was not 
standardized in the experiments. 

Inflorescence harvest stage (Expt. 2). Data on time to anthesis, flower longevity, 
percentage of buds that reached anthesis, and number of floral buds per stem of 16 
genotypes are presented in Table 3.2. 

Time to anthesis. Analyses of variance showed that the effect, of genotype and 
harvest stage on time to anthesis of the most mature floral bud were highly significant 
(P<0.001), but no significant interaction was found between genotype and harvest 
stage. Harvesting lily inflorescences based on color gradation (stages 1 and 2) resulted 
in a significant decrease in time from harvest to anthesis of the most mature floral bud 
if harvest was delayed (Table 3.2). Environmental variance (s|) was decreased by 
delaying harvest, while the genotypic variance (s|) hardly changed (Table 3.2). 

In commercial situations and postharvest research, coloration of floral buds is a 
common method to define the harvest stage (e.g., Han, 1992; Spikman, 1989). 
However, in selection trials, the first goal should be to discriminate among a group of 
genotypes in a comparable way based on each selection character. Differences in 
developmental stage of the floral buds among genotypes resulted in different time 
intervals from harvest to anthesis when using a subjective harvest criterion, based on 
color gradation. These subjective criteria also influenced uniformity in developmental 
stage per genotype, causing high environmental variances. This undesirable 
nongenetic variation, was reduced by delaying harvest. Anthesis of the most mature 
floral bud (stage 3) would represent the most comparable harvest stage, among and 
within genotypes. This should be preferable in breeding trials. 

Flower longevity. Analyses of variance showed that the effect of both genotype 
and harvest stage on individual flower longevity was highly significant (P<0.001), while 
the interaction between genotype and harvest stage was not significant. The effect of 
harvest stage on individual flower longevity was relatively small compared to the 
genotype effect. Heritability increased by delaying harvest. Heritability was greatest at 
harvest stage 3, since the reduction in genotypic variance compared to harvest stage 2 
was compensated by the reduction in environmental variance (Table 3.2). In general, 
the average percentage of flowers that reached anthesis increased with the maturity of 
floral buds at the harvest time (Table 3.2). The percentage of open flowers per 
genotype varied from 28% to 99% for 'Ladykiller' to 100% for all three harvest stages 
within 'Bora' and 'Monte Rosa', and appeared to be independent of the mean number 
of buds per stem (Table 3.2). 
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