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Changes in sugar, protein, respiration, and ethylene
in developing and harvested Geraldton waxflower
(Chamelaucium uncinatum) flowers
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Abstract Sugar and protein levels and rates of
respiration and ethylene production were measured
for Geraldton waxflower (Chamelaucium
uncinatum) flowers in order to characterise flower
development and senescence in this cut flower crop.
Ten sequential stages of floral development were
identified. Sugar levels increased during bud
development, the highest concentrations (c. 130 mg
sucrose equivalents/g dry weight (DW) being
measured during the nectiferous stages of flower
opening. There was little variation in either soluble
or insoluble protein levels during flower
development, levels averaging around 19 and 25
mg bovine serum albumin (BSA) equivalents/g
DW, respectively. In flowers cut and maintained
individually, sugar and protein levels decreased
rapidly after harvest, suggesting their use as
respiratory substrates. Sprig senescence was
characterised by loss in fresh weight and decreasing
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water use. In flowers taken from sprigs in vases,
sugar and protein levels increased slightly (Day 4)
before decreasing with senescence (Day 8). Flowers
on sprigs appeared to deteriorate at c. 8 days after
harvest, in concert with the decreasing sugar and
protein levels. Respiration rates were initially high
(1432 ml/kg per h) for the flowers from harvested
sprigs, and declined during vase life. Ethylene
production also decreased during vase life from an
initial level of 1.32 jJ/kg per h. The absence of
respiratory and ethylene production peaks indicates
that Geraldton waxflower flowers are non-
climacteric in nature.
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INTRODUCTION

Geraldton waxflower (Chamelaucium uncinatum
Schauer) is a native plant of Western Australia and
accounts for the bulk of Australian cut flower
exports—40% of the total value of native fresh
flowers exported in 1989/90 (Wearing & Joyce
1994). It is used commercially as a flowering pot
plant, a flowering landscape plant, and for cut flower
production (Wearing & Joyce 1994). Small flowers
and leaves make Geraldton waxflower a suitable
filler in floral arrangements. However, its flowering
stems also make an impressive display when used
alone. Characteristically, stems bear floral organs at
many different stages of development, from tight
buds to senescent flowers.

Flower senescence has been particularly well
described for a number of climacteric species such
as carnation. Although there is variation in the
ethylene production characteristics of carnation
cultivars (Wu et al. 1991), the ethylene-climacteric
nature is most clearly seen in the cultivar 'Crowley
Pink' (Downs & Lovell 1986). In such cultivars,
ethylene production increases during senescence,
and the ethylene accelerates the rate of senescence.
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Anti-ethylene chemicals can extend the vase life of
climacteric species (e.g., Halevy & Kofranek 1977).
Senescence in non-climacteric flowers, such as
sandersonia (Eason & DeVre 1995) and daylily
(Bieleski & Reid 1992; Lay-Yee et al. 1992) has not
been as extensively studied. Previous studies
(documented in Joyce et al. 1993) suggest Geraldton
waxflower is also non-climacteric, so its senescence
is not likely to be regulated by ethylene.

One problem with Geraldton waxflower is its
highly variable, and sometimes short, vase life.
Carbohydrate status is important in determining cut
flower longevity, and the vase life of many cut
flower species can be increased by addition of
sucrose to the vase solution (Coorts 1973). Use of
2% sucrose in the vase solution extends the longevity
of Geraldton waxflower flowers (Joyce 1988).
Higher concentrations may cause leaf tip injury,
through the osmotic stress of sugar accumulation
(Joyce etal. 1993).

These observations aside, little is known of the
biochemical and physiological changes occurring
during the development and senescence of Geraldton
waxflower flowers. To better understand these
processes, changes in biochemical (sugar and
protein) and physiological (respiration and ethylene
production) attributes of Geraldton waxflower
flowers were monitored. Changes in sugar and
protein concentrations were measured because
falling levels characterise senescence in non-
climacteric systems (e.g., daylily (Bieleski & Reid
1992; Lay-Yee et al. 1992)), and these components
can be utilised as respiratory sustrates in times of
carbohydrate stress, as found in broccoli (King &
Morris 1994). Ethylene production was measured
to confirm the non-climacteric nature of Geraldton
waxflower senescence. Ten stages of floral
development were identified and are described.
Biochemical changes were measured for floral
organs harvested from plants at each stage of
development and after harvest, for both individual
cut flowers and for flowers sampled from cut sprigs.
In the latter instance, respiration and ethylene
production by the flowers were also measured.

MATERIALS AND METHODS

Plant material
Experiment 1: buds and flowers harvested at
different stages of development
Geraldton waxflower selection 'Light Pink' flower
buds and flowers, at each of the 10 stages described

in Table 1 and Fig. 1, were harvested at Gatton,
Queensland, Australia between 1030 and 1430 h.
The floral organs were mostly harvested from one
plant. Three separate samples were harvested for
each floral stage, placed into plastic vials, and
frozen on dry ice in the field. At the laboratory, the
samples were kept frozen at -80°C, until being
freeze-dried and ground to a powder using a hammer
mill (Glen Creston® Type 14-580S). For the
biochemical analyses, flowers from Stage 6 and
Stage 7 were combined. Three subsamples were
taken for analysis from each sample.

Experiment 2: senescence of individual flowers
harvested at several different stages of development

Thirty-cm long stems of selection 'Light Pink' were
harvested at Gatton and immediately stood in buckets
of water which were kept in the shade. Harvest was
in the morning and the flowering stems were
transported to the laboratory the same day. A vase
solution of 25 mg available chlorine/litre as
dichloroisocyanurate (DICA) was dispensed into
2 ml Eppendorf tubes. Single flowers at maturity
Stages 6,7, and 9 were placed into individual tubes
and held at 22°C, 60-90% relative humidity under
a 12 h photoperiod (8 |amol/m2 per s at flower level).
Sample flowers were removed and weighed on
Days 0, 5, 8, 11, and 14 of vase life. The samples
were frozen and later freeze-dried and ground with
a mortar and pestle. Three replicates of five
individual flowers were prepared for analysis for
each maturity stage and sample time.

Experiment 3: senescence of flowers taken from cut
sprigs at several different stages of development

Flowering stems of selection 'Light Pink' were
harvested as described above. At the laboratory, ten

Table 1 Stages of development for Geraldton waxflower
(Chamelaucium uncinatum) buds and flowers.

Stage

1
2
3
4
5
6
7
8
9

10

Description

Shiny buds
Dull buds (bracteole senescing)
Bracteole being forced off
Petals starting to lift
Petals starting to separate
Green nectiferous hypanthium
Pink nectiferous hypanthium
Pink hypanthium (less nectar)
Deep pink hypanthium
Aged flower (senescing)


