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ABSTRACT

LOW OXYGEN AS A STORAGE METHOD FOR VERNALIZED
LILIUM 'ENCHANTMENT' BULBS

By
Mollie Stark Callow

Vernalized 1lily bulbs (Lilium 'Enchantment') were
held in 2, 4, 8, and 21% O2 for 2 or 4 weeks at 20C
following cold storage (-2C) for up to 4 months. Two
percent oxygen inhibited shoot elongation. Regrowth
potential was superior in bulbs held in 1low oxygen
environments. Although bulbs flowered later, they had
more flowers, a longer lasting inflorescence and no bud
abscission. Duration of cold storage had a detrimental
effect on regrowth potential as well as holding bulbs at
20C following cold storage, regardless of 02 level.
Flowering quality of bulbs held in low 0, was inferior to
controls. A preliminary packaging study was done using
LDF-301 low density polyethylene film. Oxygen levels
within the range of 2-8% were obtained within séaled
bags. However, regrowth potential wupon forcing was
inferior to that of bulbs in bags with holes, despite the

latter's 33% water loss.
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INTRODUCTION

Lilium 'Enchantment' with its bright orange flowers,
is one of the most popular of the lily hybrids There is
much interest in marketing a bulb that can be forced
throughout the year in or out of doors, depending on the
climate. Production involves vernalization for 6 weeks
at 2.5C to initiate flowering followed by optional cold
storage at -2C to ensure year-around availability of
bulbs (2,5,6). Bulbs are removed from cold storage and
either marketed as is or potted for cut flowers or as a
whole plant (3).

Once 1lily bulbs grow to maturity, regardless of
receiving their vernalization requirement for flowering,
they begin to produce a fragile shoot which is easily
broken off. Even among vernalized bulbs, no flowering
will result if the shoot is damaged in this way.

The six week vernalization requirement has been
found to be optimal for the quickest flowering and least
amount of adverse effects on regrowth potential (6).
Long-term cold storage can produce adverse effects on
regrowth potential since these temperatures, though not
ideal, do continue to have vernalizing effects on the

stored bulbs (6). The bulb will flower faster, but there

1



will usually be a corresponding decrease in bud number,
inflorescence duration and attractiveness of stem habit
growth. Abscission rate may increase. Adverse effects
may become progressively worse with increasing duration
of cold storage, especially if storage conditions are not
optimal (1,4,6).

We hypothesized that 1low oxygen would perhaps
inhibit shoot elongation and offset decreased regrowth
potential. A low oxygen environment can be created
within a polyethylene film package. A film packaging
system could be designed to hold and preserve lily bulbs
during the marketing period.

The objective of this research was first to attempt
to establish optimal O2 levels that would inhibit shoot
elongation and maintain plant quality equal to controls.
Then a modified atmosphere package system was evaluated

for use as a marketing technique.
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LITERATURE REVIEW

The 1lily bulb (Lilium sp.) is, morphologically, a
modified wunderground stem. This highly specialized
structure has overlapping, fleshy scale-leaves arranged
concentrically about a central compressed stem (13). The
stem is a much flattened or cone-shaped structure also
called the basal plate (20). Unlike a tulip bulb, the
1lily bulb is not enclosed in an outer skin.

Lily bulbs are usually harvested from September
through October in the northern hemisphere. The fleshy,
fibrous root system, which originates from the basal
plate, is left intact. This exposed root system, along
with the absence of a protective outer skin, leaves the
bulbs vulnerable to desiccation during long, dry storage.

While the aerial stem is growing and developing
flowers, one or more daughter bulbs are formed by lateral
growing points in the axils of the bulb scales near the
flower stalk (20). The new daughter bulbs are the
overwintering structure of the plant. Daughter bulbs are
also an important sink during periods of cold or drought
(20).

All true 1lilies bear a racemose inflorescense

composed of one to many six-petaled flowers situated



toward the top of the stem with each flower on its own
pedicel (13). At the end of each growing season the
aerial stem dies back to the bulb (20). Following
sufficient vernalization, the daughter bulb(s) is ready
for next season's growth (20).

Before a 1lily bulk will begin to grow a flower
stalk, it must first receive a cooling period. Lily
bulbs are usually cooled for six weeks at a temperature
of 1.5C to 7C (34). Miller and Kiplinger (22) describe
this cooling as ‘'vernalization' because exposure to
temperatures between 1C to 6C  hastens flowering
inductively, not directly. Flower initiation occurs
several weeks after removal from cold treatment when the
stem has reached 6-7 cm (6).

Vernalization produces a different habit of plant
growth than observed from bulbs not cooled and forced at
temperatures between 10C-20C. A vernalized bulb flowers
earlier, has fewer flowers, and a shorter stem (6,34).

It is imperative that 1lily bulbs be cooled and
stored under optimal conditions to ensure best floral
quality. The intact root system must not be allowed to
wither and die since these roots are necessary for uptake
of water and nutrients after planting (13). Desiccated
bulbs require longer for forcing than plump, turgid ones,

and produce fewer flowers (6,35).



Lily bulbs are usually packaged for storage either
'dry' (in cedar shavings, for example) or 'moist' (in
peat moss) (21, 35). Moist packing medium should contain
a slightly lower percentage of moisture than the bulbs
(35). Lining the bulb cases with sheets of polyethylene
plastic film effectively prevents water loss and the
moisture level of the bulbs can be maintained at nearly
the initial level throughout storage (35). Overly moist
or dry bulbs may suffer from a lack of oxygen or become
dehydrated, respectively. Consequently, they may not
respond to cold treatment in the same manner as healthy
bulbs (6).

Forcing can be accomplished in the greenhouse year
around if ©properly treated and stored Dbulbs are
available. During the winter, supplemental lighting is
necessary in regions of short, overcast days (9). Lilies
grown under either low light intensity or short daylength
are subject to both bud blasting and bud abscission
(9,39). Flower bud blasting 1is characterized by
bleaching of the green color at the base of the bud, or a
dull orange discoloration of the bud and withering (9).
Ultimately, the buds show a brownish necrosis, become
desiccated and eventually fall off, leaving the pistil
behind (9). Bud blast is usually restricted to the top
flower buds of the 1inflorescence (9). Flower bud

abscission is marked by a similar bleaching of the bud



(9). However, the entire bud falls off and this process
is accompanied by 1leakage of orange 1liquid from the
anthers. Abscission starts in the lowest buds of the
inflorescence (9). Bud blasting can occur any time
throughout flowering, but abscission occurs only during a
critical stage that is reached 6 to 7 weeks after
emergence. This has been correlated with the end of the
meiotic phase of the stamens as well as with a peak in
endogenous production of ethylene (10,18). At this point
the lower buds are 2-3 cm 1long (10, 39,40). High
temperatures promote both blasting and abscission of
buds, but radiant energy has been shown to be the crucial
factor (40). Kamerbeek and Durieux (17) suggest that
inadequate light is probably the most important factor in
promoting bud blasting and abscission. Further results
of this study (17) showed that plants from bulbs of the
cultivar, Lilium 'Enchantment', stored for longer periods
of time, showed a lower percentage of abscissed buds.
Both ethylene production by the buds and flower bud
abscission are influenced by the length of time the bulbs
have been stored before planting (17). Durieux et al.
(9) speculate that a change may occur during bulb storage
of some factor(s) within the plant and correlated with
both abscission and ethylene production in the buds.



Jerzy and Krause (16) recommend supplemental
lighting of 2000 1x for ten hours a day during the first
six weeks of growth followed by 4000 1x continuously once
the lowest buds have reached 0.5 cm in length. Though
stem height 1is reduced by increasing cold storage
duration, some researchers have found that stem height is
unaffected by light intensity (11,16,19). Other research
has shown that the use of supplemental 1lights to extend
daylight will increase height (3,6). However, Stuart
(36) showed an adverse effect. He found that lily bulbs

(L. speciousum rubrum 'Lucie Wilson') grown under

supplemental lighting were slightly shorter than
controls. Higher illumination in the 2000-3000 1lx range
can increase the number of flowers produced per plant
(16). This can be advantageous since bud number is a
characteristic that can be adversely affected by storage
duration (7,16). Both increased storage duration and
high light intensity have been found to decrease the time
to flowering (7,16).

After vernalization, 1lily bulbs have traditionally
been stored for many months at -2C and forced for cut
flowers or sold in the spring for outdoor planting
(8,9,21,33,34,35,36). A relatively new market has arisen
for pot plant production of several 1lily cultivars
(12,23,25,28). One of the most popular for pot plant

production is the Asiatic Mid-Century hybrid, Lilium



'Enchantment'. The bright-orange, speckled flowers of
Enchantment face upright in a flat-faced manner with
petals curling wunder. The potential for pot plant
production of lilies, such as Enchantment is unlimited.
But there are several problems that must be addressed.

Immediately following the vernalization period, the
bulb, when placed at room temperature, begins to increase
its respiration rate and produce a shoot whether under
optimal growing conditions or not. Consequently, such a
bulb becomes doubly fragile because it bears a thin shoot
which is easily broken off. If the shoot is damaged
during the marketing period, no flowering will occur.

Tulip bulbs (Tulipa sp.) do not produce a shoot as
rapidly as 1lily bulbs, but their metabolic processes also
increase after cooling (24,26). If left unplanted at
room temperature (20C) a large percentage of bulbs will
produce blasted tulips (24,26). Prince (26) suggests
that the high respiration rate during high temperature
storage after special precooling may deplete the
carbohydrate supply and lead to inferior flowering. He
found that low oxygen (02) storage (3% or 5% 02) of tulip
bulbs at 17C for 4-6 weeks did not impair flowering and
reduced ethylene-induced flower-bud abortion during
storage.

Low oxygen storage could also be beneficial to 1lily

bulbs. Besides inhibiting stem elongation due to reduced
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respiration rate, a modified atmosphere environment may
also inhibit ethylene production, which can cause flower-
bud abscission (1,24, 25). Decreasing the respiration
rate could be a means of lowering the metabolic rate and
reducing the rate of change (5).

Sporadic research on the effects of low 0, on 1lily
bulbs has occurred for the last 50 years. In 1941,
Thornton (39) investigated the effects of different
mixture of 0, and carbon dioxide (CO,) on development of
dormancy in Easter lilies. He found that 40% CO, coupled

2
5 caused a retardation of both premature

with 2 to 20% O
shoot emergence and subsequent growth and flowering of
the plants produced.

Beginning in the 50's researchers concluded that
film wrapping of horticultural commodities was not
feasible wunless the film was perforated (2,14,29,32).
Much of the early work was performed without optimizing
parameters, such as film permeability, package size,
weight and respiration rate of a commodity. The problem
may have been insufficient oxygen permeability of the
films tested.

Prince (27) found that the equilibrium gas
concentrations within the optimized low-density
polyethylene packages of 5 bulbs each were 5% O2 and 4%

co, . These concentrations, as well as package type and

size, had been determined beforehand to be within the
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optimal range (27). Excellent flowering was obtained
upon forcing after 4 weeks of storage at 20C.

Most of the research for this thesis concerned
establishing an optimal oxygen 1level for storage of
Enchantment 1lily bulbs. This O2 level or range must be
able to ensure quality flowering and growth in the
shortest time possible. Studies were also conducted to
learn how long-term cold storage interacted with low

oxygen treatment and the potential for use of a modified

atmosphere packaging system.
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SECTION 1

ESTABLISHING OPTIMAL LOW OXYGEN LEVELS
FOR STORAGE OF VERNALIZED

LILIUM 'ENCHANTMENT' BULBS



INTRODUCTION

The year-round sale of vernalized 1lily bulbs for
home potted plants is a fast-growing industry. The
cultivar, Lilium ‘'Enchantment', a hybrid of Lilium
tigrinum, is considered by many to be the best commercial
lily ever introduced (19). Through proper greenhouse
programming bright orange flowers can be produced
throughout the year (19). More bulbs of this cultivar
are currently grown than all other 1lilies combined
including the Easter 1ily (19).

Marketing techniques developed for vernalized
Enchantment bulbs have not addressed adequately the
problem of premature shoot elongation, particularly for
bulbs held at room temperature. Low temperature storage
delays sprouting (32), but refrigerated marketing
displays are not currently employed.

In many instances bulbs are removed from cold
storage and 1left uncovered at room temperature while
displayed for sale. This usually results in desiccation
of outer scales and roots and in rapid shoot elongation.
The elongated shoot can be damaged easily and desiccation
can cause poor regrowth, all to the dissatisfaction of

the consumer (8,34).
17
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Little research in this area of postharvest
handling of 1lily bulbs has been done, perhaps because
bulb production for potted 1l1lily plants other than the
Easter lily is a relatively recent development.

In an early study, Thornton (35) investigated the
effects of different mixtures of O

and CO, on dormancy

2
of Easter lilies. He found that 40% CO

2
coupled with 2

27
to 20 percent 02, caused a retardation of both premature
shoot emergence and subsequent growth and flowering of
the plants produced.

During the years following Thornton's study,
researchers investigated many types of packaging methods
for various kinds of produce. Prince (28) chose to
determine the optimum film beforehand. First, he
determined optimal 1low 0, levels for storage at 20C.
Then he found a film with the correct permeability to
establish optimal equilibrium levels within a package
made from the film. Lastly, he designed and tested a
film package containing tulip bulbs.

Prince (28) found that a 3% oxygen atmosphere for
four weeks at 20C (simulating the marketing period) prior
to forcing reduced respiration rate during the treatment
period and maintained flower quality potential.

In developing a similar modified atmosphere system

for 1lily bulbs, consideration must also be given to the

common practice of long-term storage of the bulbs at -2C
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(11,13,23,30,31,32,34,35). This practice insures year—'

around availability of bulbs for use as pot plants and

cut flowers, as well as for gardens in southern regions.
A research project was initiated to determine if

low O could be used in place of refrigeration to

2
maintain quality of vernalized Enchantment 1lily bulbs
during 2 to 4 weeks of simulated marketing at room
temperature. The experiment also investigated the
interaction of cold temperature storage at -2C with the

low oxygen treatment.



MATERIALS AND METHODS

Plant Material

Lily bulbs of the cultivar Lilium 'Enchantment'
(12.5-15cm in circum.) were harvested early October,
1984, in Sandy, Oregon, and shipped by truck to East
Lansing, Michigan, on October 23, 1984. The bulbs
arrived eight days later. The bulbs were reported by the
grower/handler to have received about 10 days storage at
4.5C by their arrival time. After arrival, all bulbs
were held at 21C for two weeks.

The bulbs were then vernalized at 2.5C for six
weeks (7,9,34,35) before transfer to -2C. Throughout
vernalization and storage, bulbs remained packed as they
were shipped; in moist peat moss which had an average
initial moisture content upon arrival of about 60% (data

not shown) within polyethylene liner bags.

Treatment Application

Low Temperature

At intervals of 0, 1, 2, 3, and 4 months, bulbs
were removed from -2C storage and held for 24 hours at
room temperature on trays inside large, loosely closed
plastic bags. Bulbs were then weighed and measured for

shoot elongation.
20
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Low Oxygen

A continuous gas flow system passed measured rates
of humidified oxygen mixtures (2, 4, 8 and 21% 0,) at
rates between 5.5 and 13.0 ml/min. through one pint (473
ml) Jjars containing individual bulbs. Carbon dioxide
analysis of 1 ml samples taken every 2 to 3 days from the
effluent stream of air was used to calculate respiration

rates (28).

Gas Determination

Gas samples were analyzed on a Carle 8700 gas
chromatograph employing a thermister detector and
equipped with two columns in series. The first column
was of silica gel for initial separation of carbon
dioxide and the second column was of molecular sieve for
separation of nitrogen and oxygen. Helium was used as

the carrier gas and oven temperature was 70C.

Planting
Following treatment in the different oxygen

environments for 2 or 4 weeks, all bulbs were reweighed
to estimate water loss and remeasured for shoot
elongation. All bulbs were planted in clay pots using a
peat-perlite mix. Untreated controls were planted
directly following each month of -2C storage.

When the 1length of the lowest bud on the stem

reached approximately 10-15 mm, the plants were placed
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under high intensity lights. From February until June,
lighting was continuous, while from late spring through
mid winter, supplemental lighting was used only from 7
p-m. until midnight (5,6,13,38).

Regrowth Quality Evaluation

The following regrowth quality characteristics were
measured for each plant: (1) the number of days from
planting until the first flower fully expanded; (2) the
inflorescence duration measured as the number of days
from the first, fully-expanded flower until petal-fall
from the final blooming flower; (3) total stem height as
measured from the soil surface to the point of pedicel
origin; (4) the length of the lower stem section with
foliage; (5) the 1length of the wupper stem section
immediately below pedicel origin which may be free of
foliage; (6) total number of buds/flowers; and (7)

percent bud abscission.

Statistical Analysis

All experiments were conducted and analyzed as
completely randomized designs. The regrowth data were
analyzed as either 3-way factoral or one-way AOV's with 6
replicates per treatment.

An average of all the sample values of percent CO

2
used to establish respiration rate was calculated for
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each experimental unit and the data were analyzed as a 2-
way AOV.
The LSD values at the 5% level were calculated as

estimates of mean separation.



RESULTS

During Simulated Marketing Period

Shoot Elongation

Duration of the simulated marketing period greatly
affected shoot elongation. After 2 weeks shoot
elongation was less than 1 cm for all treatments (Table
l1). However, following 4 weeks of simulated marketing in
low 0, or air, bulbs produced a shoot averaging 6 times
as long. Averaged over all months, 2% 0, significantly

retarded shoot elongation (Table 1).

Table 1: Shoot elongation of vernalized L. Enchantment
1ily bulbs held at varying 0, levels for 2 or 4
weeks (at 20C) following® low temperature
storage (-2C) for up to 4 months. Values are
averaged over all storage durations.

%02 2 weeks 4 weeks
2 0.3 1.0
4 0.4 1.8
8 0.5 3.4
21 0.5 3.2
AVG 0.4 2.4

LSD = 0.4
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Bulbs stored at -2C produced more shoot elongation‘
during simulated marketing compared to bulbs<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>