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Abstract. Postharvest treatments designed to enhance the vase life of cut Gloriosa rothschildiana flowers were tested.
Vase life was significantly extended by the germicides 8-HQC (250 mg-liter*), DICA (50 mg-liter”), and Physan-20
(50 mg-liter™). Germicides acted primarily by improving solution uptake. Sucrose, either as a continuous treatment
(of 2% or 5% wl/v), or as a 24-hour pulse (20%), significantly enhanced vase life, primarily by enhancing the
development of immature buds and delaying senescence in open flowers. Flowers stored at 1C developed signs of
chilling injury within 3 days, but chilling symptoms were not displayed in stems stored at 10C for 10 days. Flowers
were not affected when exposed to 50 pl ethylene/liter for 24 hours. Transport and short-term storage in sealed, air-
filled bags to protect the flowers from physical damage resulted in some atmosphere modification within the bags.
Fungal growth occurred when flowers were kept in air-tilled bags for more than 6 days, resulting in a reduction in
vase life. Chemical names used: 8-hydroxyquinoline citrate (8-HQC); sodium dichloroisocyanuric acid (DICA); n-alkyl

dimethyl ethylbenzyl ammonium chloride (Phyrsan-20).

Gloriosa rothschildiana is a tuberous, climbing plant native
to Zimbabwe that produces brilliantly colored red and orange-
yellow flowers 7 to 10 cm in diameter. The flowers are notable
for the manner in which the petals invert 180° during develop-
ment, leading to the common name of “inside-out flower. ”
Recently, the Gloriosa lily has become popular as a cut flower
on the Australian and Japanese markets. The postharvest infor-
mation that is available on Gloriosa is incomplete and contains
misleading information on storage conditions, including rec-
ommendations for storing at low (1C) temperature (Holstead,
1985; Sacdlis, 1989; Vaughan, 1988). This paper provides de-
tailed information on the optimal germicide, sucrose concentra-
tion, storage temperature requirements for, and ethylene sensitivity
of G. rothschildiana.

Materials and Methods

Plant material. Gloriosa rothschildiana stems consist of two
fully open flowers and three to five developing buds (Fig. 1).
Leaves are typically dark green and glossy, ending in tendrils.
Immature buds are green, with the petals hanging down verti-
cally. As the flower develops, the petals expand and reflex, so
that at full maturity they have reflexed 180°. Mature flowers
vary from 8 to 12 cm in diameter and consist of six narrow red
petals with curled yellow margins curving upwards. Senescent
flowers are -faded, with the petals falling into a more horizontal
position.

Stems »1m long were harvested from a commercial grower
and transported, with the cut ends in water, to the laboratory
within 1 h of harvest. Complete stems, individua detached open
flowers, or immature buds were used in experiments as indi-
cated. Individua flowers are often used in arrangements and
have asimilar vase life if attached to the stem or detached
(R. B. J.,, unpublished data). Five replicates were randomly as-
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signed to each treatment and were sealed in test tubes with
parafilm. Flowers.and solutions were weighed every day to de-
termine fresh weight (FW) and solution uptake. Solutions were
changed every 3 days to guard against breakdown of active
constituents (Halevy and Mayak, 1981).

Vase life was assessed daily under constant conditions. 20C
* 1C, 65% * 5% relative humidity (RH), and 24 h light at
an intensity of 10 umol-m*.s ™ Vase life was considered ter-
minated when petal edges wilted or curled, faded in color, or
when blackening was detected around the perianth. Vase life of
complete stems was considered terminated when > 50% of flow-
ers displayed the senescent symptoms described.

Germicides. Open flowers were set in solutions containing
50 mg DICA/liter, 1-bromo-3-chloro-5,5-dimethylhydantoin
(BCDMH at 5 mg-liter* available chloring), 250 mg benzal-
konium chloride (BChl)/liter, 250 mg 8-HQC/liter, or 50 mg
Physan-20/liter, with distilled water as a control. The pH of
each germicide solution was measured at the start of each ex-
periment. FW and solution uptake were measured daily until
the end of vase life.

Sucrose treatments. Continuous sucrose treatments were ap-
plied to open flowers at concentrations of 10, 20, 50, 100, or
200 g-liter-1 (1%, 2%, 5%, 10%, and 20%), with distilled water
as a control. All treatments, including the control, contained 50
mg DICA/liter to combat bacterial growth. FW and solution
uptake were measured daily until the end of vase life.

The most effective continuous sucrose solutions, 2% and 5%,
were also applied to stems with immature buds. All solutions,
including the distilled water control, contained 50 mg DICA/
liter. Immature buds were defined as those buds with petals
pointing downward on a vertical plane and lacking any red or
yellow pigment. FW and solution uptake were measured daily
until the end of vase life. The percentage of buds that completely
opened and showed full coloration was aso recorded.

Sucrose was administered to complete stems bearing open
flowers and immature buds as a 24-h pulse at concentrations of
5%, 10%, or 20%, with distilled water as a control. Pulsing
was conducted at 20C. All treatments, including the contral,
contained 50 mg DICA/liter to combat bacterial growth. After

Abbreviations: FW, fresh weight.

J. Amer. Soc. Hort. Sci. 117(3):442-445. 1992.

SS900E 98l) BIA | £-80-G2Z0Z e /wod Aioyoeiqnd-pold-swiid-yiewlayem-ipd-swnd//:sdiy woly papeojumoq



Fig. 1. Morphology of a complete stem of G. rothschildiana, show-
ing” open flowers and immature buds.

pulsing, stems were placed in distilled water at 20C for vase
life assessment.

Sorage. Twelve complete stems, containing open flowers
and immature buds, were placed in distilled water a 1 + 0.5C
or 10 = IC, 95% RH, and alight intensity of 5 pmol-m?-s’.
Flower opening, color, and the condition of flowers, buds, and
leaves were recorded daily.

-Sedled, air-filled polyethylene bags (»50 um thick) are often
used to reduce physical damage during transport. Bags contain-
ing complete stems with open flowers and immature buds were
fitted with silicone septa, and gas samples were taken daily to
measure the levels of O,, CO,, and ethylene. Oxygen and car-
bon dioxide samples were determined on a Shimadzu gas chro-
matography (model GC-8A) fitted with a TCD and a Shimadzu
C-R3A integrator (Shimadzu Corp., Kyoto, Japan). Ethylene
samples were determined using a Shimadzu GC-8A gas chro-
matography fitted with a FID and a Shimadzu C-R4A integrator.

Ethylene sensitivity. Ethylene sensitivity was assessed by in-
cubating open flowers with 50 pl ethylene/liter in 600-ml pre-
serving jars at 20C. Flowers were removed after 24 h and placed
in distilled water at 20C for vase life determination. Control
flowers were incubated for 24 h in sealed jars containing air.
Gas samples indicated that ethylene levels from control stems
remained < 0.5 lliter”.

Results and Discussion

Germicides. Of the five germicides tested, 5 mg BCDMH/
liter and 50 mg BChl/liter failed to significantly increase vase
life of individual open flowers. The most effective germicides
were 8-HQC (250 mg-liter’), Physan-20 (50 mgliter”), and
DICA (50 mg-liter "), al of which significantly increased vase
life (by =12%) and maintained higher FW and solution uptake
for 8 days after harvest compared with a distilled water control
(Table 1). FW and solution uptake were measured 8 days after
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Table 1. Effect of germicides on vase life, fresh weight (FW), and
solution uptake in individual open G. rothschildiana flowers. FW
and solution uptake are expressed as the percentage of initiad FW
(%IW) and were measured 8 days after harvest. DICA, sodium di-
chloroisocyanurate;, BCDMH, 1-bromo-3-chloro-5,5-dimethylhy-
drantoin; 8-HQC, 8-hydroxyquinoline citrate; BChl, benzalkonium
chloride. LSD at P = 0.05.

Germicide Stem Solution

and concn Vase life FW uptake

(mg-liter?) (days) (%IW) (%IW) pH
None 0 8 77.6 4.8 6.9
SDIC 50 9 91.4 -1.3 5.8
BCDMH 5 8 89.9 6.2 6.5
8-HQC 250 9 100.9 9.5 37
BChl 50 8 89.5 4.6 5.3
Physan 50 9 85.9 7.6 5.6
LSD 1 9.6 2.3

‘Quantity refers to available chlorine.

Table 2. Effect of continuous presence of sucrose solutions on vase
life, FW, and solution uptake in individual open G. rothschildiana
flowers. FW and solution uptake are expressed as the percentage of
initial FW (%IW) and were measured 8 days after harvest. All so-
lutions contained 50 mg DICA/liter. LSD at P = 0.05.

Solution

Stem FW uptake

Sucrose Vase life at day 8 at day 8

(%) (days) (%IW) (%IW)

0 8 94.8 6.0
1 9 92.7 4.9
2 9 98.9 8.4
5 9 99.3 81
10 9 83.2 5.0
LSD 1 9.6 29

harvest as this corresponded to the end of vase life in control
stems treated with distilled water.

Variationsin pH of the germicides tested may partialy ex-
plain improved solution uptake (Table 1). Lowest pH wasre-
corded for 250 mg 8-HQCl/liter, the germicide solution resulting
in the highest increase in FW and solution uptake, whereas the
least effective germicide, BCDMH, recorded the highest pH,
next to the control. An acidic pH of »3.5 is known to improve
solution uptake (Halevy and Mayak, 1981).

The addition of germicides to vase solutions at the concen-
trations used in this study is well known to improve vase life
in arange of cut flowers (Halevy and Mayak, 1981; Kofranek
et a., 1974; Larsen and Scholes, 1966). DICA (50 mg-liter ™),
chosen for its ready local availability, was thereafter routingly
added to all sucrose solutions.

SQucrose treatments. Continuous application of 1%, 2%, or 5%
sucrose to individual open flowers significantly enhanced vase
life (by =12%; Table 2). Flowers treated with sucrose main-
tained similar solution uptake rates and FW compared with con-
trols placed in distilled water (Table 2), indicating that sucrose
did not extend vase life by improving solution uptake but by
delaying senescence in the flowers. The exception was 10%
sucrose, which significantly reduced FW.

FW was significantly increased in immature buds placed in
2% or 5% sucrose (Fig. 2), associated with more complete flower
development than seen in buds placed in distilled water. Sucrose
treatment also significantly enhanced opening and coloration of
immature buds, resulting in alonger vase life (Table 3). In
contrast, FW and solution uptake did not improve significantly
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Fig. 2. Changesin FW in immature buds of G. rothschildiana during incubation in distilled water (m ), 2% sucrose (O ), or 5% sucrose (O ).
FW is expressed as a percent of initid FW (%IW). All solutions contained 50 mg DICA/liter. Arrows indicate the end of vase life. sep bar
refers to the maximum standard error of the difference between means.

Table 3. Effect of continuous presence of sucrose solutions on open-
ing, coloration, and vase life in immature G. rothschildiana buds.
Opening and coloration were scored at end of vase life. Lspat P =
0.05.

Flowers (%)

Sucrose Vase life
(%) (days) Opened Colored
o] 11 80 0
2 14 100 80
5 15 100 80
LSD 4 15 50

Table 4. Effect of a 24-h sucrose pulse on vase life, FW, and solution
uptake in complete G. rothschildiana stems. FW and solution uptake
are expressed as the percentage of initial FW (%lW) and were mea-
sured 8 days after harvest. All solutions contained 50 mg DICA/
liter. Lsp a P = 0.05.

Solution
Sucrose Stem FW uptake
pulse Vase life at day 8 at day 8
(%) (days) (%IW) (%1W)
0 7 94.9 8.9
5 8 94.8 9.6
10 7 105.5 13.2
20 8 112.0 12.4
LSD 1 52 23

in open flowers (Table 2), as opening and coloration had aready
proceeded. Immature buds placed in ditilled water containing
50 mg DICA/liter did not fully develop and became stunted and
curled and remained green. Concentrations of sucrose > 5% did
not improve development of immature buds (data not shown).
Sucrose is known to aid the development of buds in many cut-
flower varieties (Kofranek and Haevy, 1972; Kofranek et al.,
1975).

In complete stems, a 24-h pulse with 20% sucrose signifi-
cantly enhanced vase life (by »14%; Table 4). The effects of
the 24-h pulse were still visible 8 days after harvest in the
significantly higher FW and solution uptake rates. Addition of
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sucrose, either as a pulse of continuous treatment, significantly
extended vase life in G. rothschildiana by improving solution
uptake and delaying senescence in fully developed flowers (Ta-
ble 4) and enhancing the development of immature buds (Table
3). Exogenous sucrose, therefore, improved the osmotic poten-
tial of flowers, as well as promoting bud development (Halevy,
1976), and is thought to replace depleted carbohydrate reserves
in cut flowers, thereby maintaining metabolic activity (Coorts,
1973; Ho and Nichals, 1977).

Storage. Previous publications on the postharvest care of G.
rothschildiana suggest storing stems at 1C (Sacalis, 1989;
Vaughan, 1988). Those stems stored in water at 1C in our trials
developed chilling injury, with black leaves, stems, and flowers
within 3 days (Fig. 3). These symptoms were not evident in
stems stored at 10C for 10 days (data not shown). We therefore
recommend that G. rothschildiana stems be stored at 10C if
short-term storage is necessary. Vase life of stems stored at 10C
was not significantly lower than that of fresh material (data not
shown).

(%

Fig. 3. Chilling injury in G. rothschildiana stored at 1C for three
days. Symptoms of chilling injury include black necrotic areas on
leaves, stems, and flowers.

J. Amer. Soc. Hort. Sci. 117(3):442-445. 1992.

$S920B 93l) BIA | £-80-GZ0Z 1B /w02 Aiojoeignd-poid-awnud-ylewlarem-jpd-awird//:sdyy woly papeojumoq



Ethylene sensitivity. Gloriosa rothschildiana is often packed
and transported in air-filled plastic bags to minimize physical
damage (Vaughan, 1988). Gas analysis revealed that ethylene
levels within sealed bags held at 20C rose from »0.02pl liter*
to 0.3 pl-liter *within 8 days (Fig. 4). Thisrelatively sharp
increase in ethylene levels corresponded to the first signs of
fungal infection. Infection with Botrytis cinerea Pers. ex Fr.
resulted in a substantial increase in ethylene production in rose
and carnation flowers (Elad, 1988).

Exposure of G. rothschildiana to 50 pl ethylene/liter for 24
h had no effect on vase life (data not shown). The levels of,
ethylene recorded in the air-filled bags, therefore, probably would
have had no adverse effect on G. rothschildiana stems.

Carbon dioxide levels in sealed bags rose from »1%to 4%,
while oxygen levels decreased from 20% to 9%, indicating some
modification in atmosphere. Based on experience with other cut-
flower crops, we consider the levels of CO,and O,were not
high or low enough, respectively, to influence respiration and
vase life (Staby, 1977).

Vase life was terminated in stems that had been kept in air-
filled bags at 20C because of fungal infection, identified as B.
cinerea. Vase life of stems removed from the air-filled bags
after 9 days of storage was poor, ranging from 1 to 3 days (data
not shown). Poor vase life was attributed mainly to fungal in-
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Fig. 4. Changes in concentration of O,(m ), CO,( 0 ), and ethylene
(0) during storage of complete G. rothschildiana stems in air-tight
plastic bags at 20C. Arrows indicate the end of vase life. SE values
for O,and CO,do not exceed the size of the data symbols and are
not shown.
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fection. We recommend that stems be kept in air-filled bags for
no longer than 6 days, as fungal infections became apparent
after 7 days.

From this study we recommend: 1) postharvest treatment of
individua flowers of G. rothschildiana with a solution contain-
ing a germicide (preferably 50 mg DICA or 250 mg 8-HQC/
liter), and between 2% and 5% sucrose. 2) Alternatively, com-
plete stems may be pulsed for 24 h in a solution containing 20%
sucrose and 50 mg DICA/liter to aid in the development of
immature buds. 3) Stems may be stored in water for up to 10
days at 10C, or for no more than 6 days in sealed, air-filled
bags at 20C. Stems should never be placed at 1C. Gloriosa
rothschildiana is not sensitive to ethylene levels up to 50 pl-liter™.
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