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Long term lily scale bulblet storage: effects of
temperature and storage in polyethylene bags
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Summary

Collections of lily genotypes are usually maintained by yearly planting,
harvesting and storage of the bulbs. To facilitate this maintenance, a storage
method has been developed for a collection of lily genotypes, including Asiatic
hybrids, Oriental hybrids, Lilium longiflorum and L. henryi. Scale bulblets were
stored either dry, sealed air-tight in polyethylene bags, or in moist vermiculite in
open polyethylene bags for a period of 2 yr. The decrease in mass, sprouting
proportion and ion leakage or sprouting proportion alone were determined for
treatments carried out at -2°C, 0°C and 17°C. Sealing scale bulblets in
polyethylene bags at —2°C resuited in the smailest decrease in mass, the least
ion leakage and the highest sprouting proportion after 2 yr of storage.

Key words: Conductivity, ion leakage, Lilium, lily, modified atmosphere,
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Introduction

To support breeding and research, the Centre for Plant Breeding and Reproduction
Research (CPRO-DLO)Y maintains a lily collection of more than 1000 genotypes. Collections
of bulbs are usually propagated by yearly planting, harvesting and storage, which involves a
considerable investment in labour and space and also introduces the risk of losses through
disease (Withers, 1991}, Methods for long term storage of vegeiative material would make
maintenance more efficient, Techniques for long-term storage of clonal material should create
conditions for slow growth or use cryopreservation (Grout, 1991; Towill, 1988; Withers,
1991). The most easy way to minimise growth is storage at low temperature. However, this is
limited by the sensitivity to frost damage of lily bulbs. Lily bulbs can be stored at —2°C to
obtain flowering out of season (Boontjes, 1983; Beattie & White, 1993; Bonnier, Keurentjes
& Van Tuyl, 1994).

As well as low temperatures, the rate of metabolism of the material can also be decreased
by enriching the atmosphere with CO, and decreasing the partial pressure of O, under
controlled conditions, called controlled atmosphere storage (CAS). Storage under low partial
pressure of oxygen may also increase frost tolerance, since an inverse relationship was found
between frost survival and atmospheric pressure for five plant and two vertebrate species
(Halloy & Gonzdlez, 1993). Modified atmosphere (MA) packaging in polyethylene film bags
has been used to extend the storage life of many crops including pre-cooled tulip bulbs
(Prince, Herner & De Hertogh, 1981; Prince, Herner & Lee, 1986). An atmospheric

equilibrium develops in the bags, which is enriched in CO, and diminished in Q.. The
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equilibrium is dependent on the respiratory rate of the material and the gas-permeability of the
bags (Prince et al., 1986). If the temperature decreases, both the respiration of the tissue and
the gas-permeability of the bags decrease (Prince er al., 1986). Sealing in gas-permeable bags
has several advantages over storage in rooms with a controlled gas composition. Firstly,
material is divided into small batches, reducing the risk of quickly spreading diseases.
Secondly, gas-permeable bags are much cheaper than CAS. However, one disadvantage is that
the atmosphere is less accurately controlled. MA packages have also been shown to create a
suitable environment for infection by fungi and bacteria (Prince, Hemer & Stephens, 1987).
Therefore, material needs to be disinfected before sealing.

Lily bulbs can be propagated by regeneration of scale bulblets on detached lily scales (Van
Tuyl, 1983; Matsuo & Van Tuyl, 1984). Regeneration of lily scale bulblets on scales appeared
to be possible after 2 to 3 yr storage of bulbs at —2°C in moist peat (Bonnier & Van Tuyl,
1996). Combining storage of bulbs and storage of scale bulblets would further reduce the
frequency bulbs need io be planted in the field. Ion leakage has been shown to be a useful
criterion to measure viability of lily scales (Bonnier ef al., 1994). In this study, storage of lily
scale buiblets in open and closed polyethylene bags was investigated. Viability was measured
by the sprouting proportion and by ion leakage. Ion leakage was tested as a criterion to
measure viability of scale bulblets.

Materials and Methods

Plant material

Lily genotypes representing Asiatic hybrids (*Avignon’, ‘Connecticut King', ‘Enchant-
ment’, ‘Esther’, and *Mont Blang’), Oriental hybrids (‘Casablanca’, and ‘Star Gazer’), L.
longiflorum (‘Gelria’, and ‘Snow Queen’), and L. henrvi (accession no. 72122) were vsed. For
eath genotype, scales from 10 bulbs (circumference 12-16 cm) were detached for
propagation. Scales were dipped in fungicide for 10 minutes in 1 g litre™" captan and 0.2 g
litre ™" prochloraz {Sportak), surface-dried for 1 h, planted in moist vermiculite and placed for
8 wk at 25°C and 4 wk at 17°C, to regenerate scale bulblets (Van Tuyl, 1983). Scale bulblets
were subsequently reroved from the scales and disinfected again.

Scale bulblets wete randomised for each genotype and put into groups of five. For each
group the fresh weight was measured and the scale bulblets were then either sealed dry in low-
density polyethylene bags, or placed in moist vermiculite in open polyethylene bags, and
stored at —2°C, 0°C and 17°C (x 0.1°C). The low-density polyethyiene bags (Stibbe bv,
Zwolle, The Netherlands) were 11 cm x 12 ¢m, and had a thickness of 0.05 mm. During
storage, the total air volume in the sealed bags decreased until a vacuum was established
within 4 months to 1 yr, dependent on the size of the bulblets and the temperature.

For scale bulblets sealed in polyethylene bags, decrease in mass, sprouting proportion, and
ion leakage were recorded every 4 months, during the 2 yr storage. After storage for 1 yr, it
was noticed that the scale bulblets were drying. The sealed bags were then placed under
conditions of 100% relative humidity in a box with moist vermiculite, to prevent further
drying out. For scale bulblets stored in open bags in moist vermiculite, only sprouting
proportion was observed. Ion leakage and decrease in mass could not be determined, because
of the occurrence of rotten scale bulblets in the vermiculite. Scale bulblets of Oriental hybrids,
L. longiflorum and L. henryi were scored only 6 (‘Gelria’), 5 (‘Casablanca’), 5 (‘Snow
Queen’), 4 (*Star Gazer’), and 3 (L. henryi) times, because of a limited availability of scale
bulblets of these genotypes.
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Decrease in mass

The sealed bags containing the scale bulblets were weighed before and after storage. The
decrease in mass was calculated with respect to the initial fresh mass of the scale bulblets.

fon leakage

The method of measuring ion leakage of lily scale bulblets by conductivity was modified
from that used to measure jon leakage of lily scales (Bonnier, Keller & Van Tuyl, 1992;
Bonnier ef al., 1994), The roots of the scale bulblets were removed, and after one night at
20°C, groups of five scale bulblets were placed for 1.5 hin 100 ml of distilled water at 20°C.
Subsequently, the electrical conductivity of the samples was measured with a digital
conductivity meter (Philips PW9526 with electrode PW9514/60) and each sample corrected
by subtracting the conductivity of a distilled water control and dividing by the original fresh
weight of the scale bulblets.

Sprouting proportion

After measuring conductivity, the same scale bulblets were planted in soil. Those stored at
~2°C and 0°C were placed directly in a greenhouse. The scale bulblets stored at 17°C were
first placed at 5°C for 12 wk (to break dormancy} and then cultured in the greenhouse. After 6
wk, the sprouting proportion of the scale bulblets was recorded. After a storage duration of 2
yr, the sprouting scale bulblets were kept in the greenhouse for 0.25 yr to check their ability to
form new bulbiets. All sprouting scale buiblets formed new bulblets.
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Fig. 1. Mean and fitted decrease in fresh mass for scale bulblets of 10 genotypes {2 x 5 scale bulblets of
each) during storage in sealed polyethylene bags at —2°C {(Q). 0°C (A) and 17°C ([1). Decrease in fresh
mass was fitted exponentialiy per temperature (y = A + B * R™) and then expressed on initial mass base.
The vertical lines represent standard errors per abservation,
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Table 1. Means of initial mass, decrease in mass (percentage of initial mass and angular
transformed values), conductivity (original values and log-transformed values), and sprouting
proportions (predictions from generalised linear model for proportions + standard errors)
of two groups of five lily scale bulblets sealed in polyethylene bags, after storage at —2°C

Jor 2 yr

Mean  Proportion of Conductivity

initial initial mass (uSem™ ¢y Sprouting proportion %
Genotype mass (g) (% angle) {original In) {predicted SE)
Avignon 0.80 92 73.7 0.83 -0.19 949 36
Connecticut King  0.79 89 70.3 1.19 0.17 160.0 0.0
Enchantment 0.46 84 66.7 0.76 -0.28 97.0 22
Esther 1.28 %5 784 0.51 —0.67 100.0 0.0
Mont Blanc 0.60 o0 71.4 1.19 0.17 100.0 0.0
Casa Blanca 1.25 94 76.3 0.86 -0.15 62.1 82
Star Gazer 2.20 07 79.6 0.52 —(.66 029 42
Gelria 0.80 50 72.0 1.27 0.24 93.5 37
Snow Queen 0.74 92 73.5 0.28 —1.28 100.0 00
L. henryi 1.22 92 734 0.71 -0.34 746 7.5
SED 2.4 0.70

Statistical methods

Decrease in fresh mass was fitted exponentially on storage duration (y =A + B * R®) per
temperature and then expressed on initial mass base (Fig. 1). Significance levels between
cultivars after 2 yr storage at —2°C (Table 1} and between storage durations per temperature
(results in text} were calcuiated using the protected 1.SD-test after angular transformation of
proportions (Snedecor & Cochran, 1980).

Conductivity values were log-transformed to obtain a normal distribution of standard
errors. Natural logarithms of conductivity values were fitted linearly on storage duration
for the temperatures —2°C and 0°C and by a Gempertz curve (y=A + C * EXP(EXP(-B *
(X=M))}) (Payne, Ainsley, Bicknell & Franklin, 1993) for the tempetature 17°C (Fig. 2).
Significances between cultivars after 2 yr of sealed storage at —2°C (Table 1) were calculated
for the log-transformed values using the protected LSD-test (Snedecor & Cochran, 1980).

The sprouting proportions of the scale bulblets (Fig. 3) were regressed per treatment on
storage duration using a generalised linear mode) for proportions (Payne et al., 1993). For the
treatment with the highest sprouting proportion after 2 yr: decrease in mass, conductivity
values and predicted sprouting proportions were summarised per genotype (Table 1).

Results

Decrease in mass

During the first year of dry storage, the sealed scale bulblets lost mass. The decrease was
relatively small at —2°C, but at 17°C, the decrease in mass was about 70%. After transfer of
the sealed bags to conditions of 100% relative humidity after 1 yr storage, no further
significant decrease in mass was found (Fig. 1). Dif{erences between genotypes were mainly
caused by differences in the original mass of the scale bulblets. Genotypes with light scale
bulblets lost mass quicker than genotypes with heavier scale bulblets. The correlation
coeflicient between initial mass and mean loss of mass was (.93 for scale bulblets stored for 2
yr at 0°C.
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Fig. 2. Mean and fitted electrical conductivity values fer scale bulblets of 10 penotypes (2 x 5 scale

bulblets of each) during storage in sealed polyethylene bags at —2°C (D), 0°C (A
Natural logorithms of condictivity values were fitted linearly on storage duration for the

yand 17°C ().
temperatures 2°C

and 0°C and by a gompertz curve (y = A + ¢ + EXP(EXP(-B * {(X-M))) for the temperature 17°C. The
vertical lines represent standard errors per observation at -2°C, 0°C and 17°C respectively.

fon leakage

Electrical conductivity values of sealed scale buiblets stored at -2°C
increase in ion leakage was observed during storage (Fig. 2). At the end of

were low and no
the storage period

electrical conductivity was still below | S em™" g~! for all genotypes (Table 1). The mean
electrical conductivity of sealed scale bulblets stored at 0°C was higher than at —2°C after 2
yr of storage, but the increase in conductivity at 0°C was small and not significant (Fig. 2).

During storage at 17°C, electrical conductivity increased relatively quickly
significant after storage for 0.67 yr and longer.

Sprouting proportion

. The increase was

After storage for 2 yr, the highest sprouting proportion was found for sealed scale bulblets
stored at —2°C (Fig. 3). The two genotypes with the lowest predicted sprouting proportion
were L. henryi and ‘Casablanca’ (Table 1). Predictions for their sprouting proportion and
standard error indicate that storage is possible for longer than 2 yr, Sealed storage at 0°C was
less effective than that at —2°C (Fig. 3). The predicted sprouting proportion of L. henryi was
not significantly different from zero after 2 yr storage at 0°C (results not shown). A relatively

quick decrease in sprouting proportion was observed for storage in sealed

polyethylene bags

at 17°C (Fig. 3). This was probably caused by drying out of the scale bulblets (Fig. 1}.

A quicker decline in the sprouting proportion was found for unsealed

rather than sealed

storage at —2 °C (Fig. 3). During unsealed storage at —2°C, soft brown scale bulblets were
often observed for genotypes of Oriental hybrids, L. longiflorum and L. henryi. Scale bulblets




Sealed Unsealed
Sprouting proportion (%)} ' Sprouting proportion (%)
| | 1 | | ] | ] | ] |
100 0 100 -
“~
5
80 ! 80 i
’
60 ' 60 i
40 40 o
m
n
: b
3 [
H H - e -
H : "
: g
20 = 20 "
. : 0°C
A e O 17c ] ; E}
o L 1 N L freronaseahy o\ o L1 ) L 1 4 E
0 0.33 0.67 1 1.33 1.67 2 0 0.33 0.67 1 1.33 1.67 2
Storage duration (yr) Storage duration (yr}

Fig, 3. Mean and fitted sprouting proportions for scale bulblets of 10 genotypes (2 x 5 scale bulblets of each) during dry storage in (@) sealed polyethylene bags and
storage in moist vermiculite in () open polyethylene bags at —2°C (Q), 0°C (A) and 17°C ([O). Sprouting proportions were fitted on storage duration using a
generalised linear model for proportions. The vertical lines represent the differences between the genotypes with maximum and minimum sprouting proportion per
observation at —2°C, 0°C and 17°C respectively.
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stored unsealed at 0°C and 17°C often started sprouting during storage. The sprouting
proportion declined in an almost equal rate during storage for both treatments (Fig. 3).
Unsealed storage at 0°C and [7°C was less effective than that at —2°C (Fig. 3).

Discussion

Sealing scale bulblets in polyethylene bags at —2°C resulted in the least decrease in mass,
the highest sprouting proportion and the least ion leakage after 2 yr of storage. Storage for
longer than 2 yr appears possible. Storage of scale bulblets sealed in polyethylene bags at
17°C resulted in relatively quick drying out of the scale bulblets, leading to a quick rise in
conductivity values and a fast decline in sprouting proportion. Sealed storage at 17°C would
probably have scored better, if the scale bulblets had been protected against drying out from
the beginning by placing the polyethylene bags under conditions of 100% relative humidity.

Prince et al. (1986) found gaseous equilibrium levels of both O, and CO, between 3% and
5% for tulip bulbs stored in a low-density polyethylene package. The equilibrium levels were
hardly affected by temperature. The level for N, was not stated, but it must have been between
90% and 94%. Under such circumstances, N, would diffuse out of the package. We did not
measure gaseous levels in the packages, but we used a similar low-density polyethylene film
for lily scale bulblets at ~2°C, 0°C, and 17°C. Therefore, the establishment of a vacuum in the
sealed polyethylene bags was probably caused by diffusion of N, from the package during
storage.

During unsealed storage at —2°C, decrease in sprouting proportion of genotypes of the
Oriental hybrids, L. longiflorum and for L. henryi was probably due to injury caused by
freezing, since soft brown scale bulblets were observed and genotypes of Oriental hybrids and
L. longiflorum are known to be less freeze tolerant than Asiatic hybrids (Boontjes, 1983). The
scale bulblets sealed in polyethylene bags were more tolerant to freezing, which can be
explained in two ways. Firstly, a reduced oxygen pressure in the bags might have increased
freezing tolerance, supporting the results of Halloy & Gonzdlez (1993). Secondly, the scale
bulblets sealed in polyethylene bags were partly dried out. It is known that a lower water
content increases freezing tolerance (Lang ef al., 1994; Maier, Lang & Fry, 1994; Pearson &
Davison, 1994}. The ability to store partially dried material is therefore an advantage of
storing scale bulblets in sealed polyethylene bags.

Scale bulblets stored unsealed at 0°C and 17°C, tended to sprout during storage, which
probably exhausted the carbohydrate resources and reduced their viability. Scale buiblets
stored dry, and sealed in polyethylene bags, did not sprout during storage at 0°C and 17°C,
probably because of lack of water. The prevention of sprouting in the package is another
advantage of storing in this way.

When tissue dies, ccll membranes deteriorate and the tissue starts to leak nutrients.
Therefore, a negative correlation was expected between electrical conductivity values and
sprouting proportions. During sealed storage at 17°C, an increase in electrical conductivity
values was accompanied by a decrease in sprouting. However, during sealed storage at —2°C
and 0°C a decline of the sprouting proportion was often recorded without an increase in
electrical conductivity. This might be explained by a different viability of the sprouts and the
scales of the scale bulblets. The sprouting proportion is determined by the health status of the
merigtems, whereas ion leakage is determined by the health status of the scales. If the
meristem in a scale bulblet is damaged and the surtounding scales of the scale bulblet are still
healthy, the scale bulblet will not sprout, but will leak few ions. Ton leakage was therefore
concluded to be a less useful criterion to measure the viability of lily scale bulblets than that
of lily scales {Bonnier er al., 1994).
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The maintenance of a lily collection can further be improved, if storage of scale bulblets for
2 yr is combined with storage of larger (circumference between 12 and 16 cm) bulbs in moist
peat. Bulbs of Asiatic hybrids can be stored for 3 yr and bulbs of Oriental hybrids and
genotypes of L. longiflorum for 2 yr in moist peat (Bonnier & Van Tuyl, 1996). Combining
these storage methods gives the following maintenance scheme: 1) Storage of bulbs in moist
peat for 2 yr at —2°C, 2) Generation of scale bulblets, 3) Storage of scale bulblets sealed in
polyethylene bags for 2 yr at —2°C, and 4) Production of larger bulbs out of the scale bulblets
in 2 yr. Bulbs will only need to be planted in the field twice in 6 yr, using this maintenance
scheme.

The storage methods used in the present study were tested using 10 lily genotypes. Since
the genetic backgrounds of the genotypes included a wide genetic variation, it is likely, that
storage at —2°C in polyethylene bags is also suitable for other genotypes of lily.

Acknowledgements

The authors would like to thank Dr F A Hoekstra, Dr Ir H M C van Holsteijn, Professor L H
W van der Plas and Dr J C Rigg for their useful comments. The work was financially
supported by the Dutch bulb growess and breeders and the Dutch government via the Urgency
Program for Research on Diseases and Breeding of Flower Bulbs.

References

Beattie D J, White J W. 1993, Lilinm — hybrids and species. In The physiology of flower buibs, pp.
423-454. Eds A A De Hertogh and M Le Nard. Amsterdam: Elsevier.

Bonnier F J M, Van Tuyl J M, 1996, Freezing of vegetative germplasm of fily for O to 4 yr. Acta
Horticulturae. 414:169-173.

Bonnier F J M, Keller J, Van Tuyl J M. 1992. Conductivity and potassium leakage as indicators for
viability of vegetative material of lily, onion and tulip. Acta Horticulturae 325:643-643.

Bonnier F J M, Keurentjes J, Van Tuyl J M. 1994. Ion leakage as a criterion for viability of lily bulb
scales after storage at —2°C for 0.5, 1.5 and 2.5 years. HortScience 29:1332-1334.

Boontjes J. 1983. Het nut van ‘invriezen’ en het gevaar van vorstbeschadiging bij de langdurige
bewaring van leliebollen, LBO, Rapport nr. 53, Lisse, 10 p. (In Dutch).

Grout W V., 1991. Conservation in vitro. Acta Horticulturae 289:171-178.

Halloy S, Gonzalez J A, 1993. An inverse relation between frost survival and atmospheric pressure.
Arctic and Alpine Research 25:117-123,

Lang V, Miintyli E, Welin B, Sundberg B, Palva E T. 1994. Alterations in water status, endogenous
abscisic acid content, and expression of rabi8 gene during the development of {reezing tolerance in
Arabidopsis thaliana. Plant Physiology 104:1341-1349.

Maier F P, Lang N S, Fry J D. 1994, Freezing tolerance of 3 st-augustinegrass cultivars as affected by
stolon carbohydrate and water content. Journal of the American Society of Horticultural Science
119:473-476.

Matsue E, Van Tuyl J M. 1984, Effect of bulb storage temperature on leaf emergence and plant
development during scale propagation of Litium longiflorum ‘White American’. Scientia
Horticulturae 24:59-66.

Payne R W, Ainsley A E, Bicknell K E, Franklin M ¥. 1993, Genstat 5 Release 3 Reference Manual,
pp. 413-417, 434446. Oxford, UK: Clarendon Press.

Pearson G A, Davison I R. 1994, Freezing stress and osmotic dehydration in Fucus distichus
(Phaeophyta) — evidence for physiological similarity. Journal of Phycology 30:257-267.




Long term lily scale bulblet storage 169

Prince T A, Herner R C, De Hertogh A A, 1981. Low oxygen storage of special precooled ‘Kees
Nelis' and ‘Prominence’ tulip bulbs. Journal of the American Society of Horticultural Science
106:747-751.

Prince T A, Herner R C, Lee J. 1986. Bulb organ changes and influence of temperature on gaseous
levels in a modified atmosphere package of precooled tulip bulbs. Journal of the American Seciery of
Horticultural Science 111:900-904,

Prince T A, Herner R C, Stephens C T. 1987. Fungicidal control of infection by Penicillium spp. of
precooled tulip bulbs in a modified atmosphere package. Plant Disease 71:307-311,

Snedecor G W, Cochran W G. 1980. Statistical methods. 7th Edn. Ames, lowa, USA: The lowa State
University Press. 507 pp.

Towill L E. 1988, Genetic considerations for germplasm preservation of clonal materials. Proceedings
symposium Davis 15/8/86. HortScience 23:77-97.

Van Tuyl J M. 1983, Effect of temperature treatments on the scale propagation of Lilium longiflorum
“White Europe’ and Lilium x ‘Enchantment’. HortScience 18:754-756.

Withers L A, 1991, 4. [s-vitro conservation. Biological Journal of the Linnean Society 43:31-42,

{Received 19 January 1996)







