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SUMMARY. Various postharvest procedures were conducted on several rose (Rosa
hybrida) cultivars to determine the effects on vase life, water uptake, change in fresh
weight, stage of opening, and vase life termination criteria. Vase life was influenced
by cultivar and vase solution. Commercial preservative solutions resulted in a longer
vase life, smaller decrease in fresh weight than the controls, and smaller increase in
water uptake. Vase life of nine cultivars in distilled water ranged from a low of 7.1
days for Queen 2000 to a high of 15.3 days for Forever Young. Flower termination
criteria were also cultivar specific with Black Baccara, Classy, and Charlotte most
prone to bent neck and blackening of petal tips. Exogenous ethylene at 0.4 or
4.0 mL�LL1 did not affect vase life but lowered water uptake. Application of the
antiethylene agent silver thiosulfate (STS) at 0.2 mM concentration significantly
improved vase life in five out of the nine cultivars (Anna, Charlotte, First Red,
Freedom, and Konfetti) tested, but 1-methylcyclopropene (1-MCP) at 740 nL�LL1

did not improve vase life over the control. Both vase life and water uptake were
reduced when more than one stem was placed in a vase; placing 10 stems in a vase
shortened vase life by 1.4 days and impeded water uptake by up to 10.6 mL/stem
per day. Increasing the amount of time stems remained dry before placing in
a vase reduced vase life, but recutting immediately before placing in a vase
minimized the decline. Increasing the amount of stem cut off the base up to 10 cm
increased vase life.

T
he cut flower industry faces
many challenges due to the
difficulty in producing flowers

with a long postharvest vase life. To
ensure a longer vase life, growers
must carefully regulate postharvest
conditions and postharvest handling
methods.

Water uptake is one of the most
important factors in improving the
length of vase life of cut flowers
(Halevy and Mayak, 1979). As the
leaves on the flowers transpire, water
is drawn up through the xylem. If this
process is impeded by a vascular block-
age or accelerated by increased sto-
matal opening, transpiration will
exceed uptake and water deficiency
will occur. Thus, solutes are frequently
added to vase solutions such as 8-
hydroxyquinoline citrate (8-HQC),
which can increase water uptake (van

Doorn, 1997). To ensure quality
product, rose growers, wholesalers,
and retailers should understand the
effects of additives or preservatives in
vase solutions on rose vase life. While
adding sucrose to a vase solution will
increase vase life, it also allows in-
creased bacterial proliferation that
then requires the addition of antimi-
crobial compounds to vase solutions
to minimize occlusions in the stem
from bacteria. For example, the addi-
tion of 8-HQC to vase solutions re-
duced bacteria levels found in the
bottom 5-cm segment of ‘Sonia’ rose
stems from 840,000 cfu/g fresh
weight to less than 120 cfu/g fresh
weight (van Doorn, 1990). A low pH
solution produced by the addition of
sodium hypochlorite and a pH 3.0

buffer also reduced bacteria levels
and increased water conductance in
several rose cultivars (Marousky, 1971;
van Doorn, 1990). Sucrose decreased
water absorption in ‘Better Times’
roses; however, Marousky (1969,
1971) determined that sucrose ex-
tended vase life. In ‘First Red’, vase
life increased over the control when
held in a vase solution containing up
to 1.5% sucrose and vase life declined
with higher concentrations of su-
crose up to 3% (Singh et al., 2003).
Bhattacharjee (1994) found in a study
on 10 rose cultivars that the use of
a preservative solution containing
300 mg�L–1 8-HQC and 1% sucrose
increased vase life vs. using distilled
water. The extent of the increase
varied by cultivar from 1.0 to 2.7 d.
Ketsa et al. (1993) found that using
a holding solution containing 5%
sucrose and 20 mg�L–1 silver nitrate
significantly improved the vase life of
‘Eiffel Tower’, ‘Swartmore’, and ‘Yan-
kee’ roses, but did not improve vase life
of ‘King’s Ransom’ or ‘Confidence’.

Ethylene, a naturally occurring
plant hormone, is another posthar-
vest factor that can negatively impact
flower quality. Thus, some producers
use antiethylene agents to minimize
its effects (Dole and Wilkins, 2005).
The effect of ethylene and antiethyl-
ene agents on cut rose flowers is
varied and appears to be cultivar de-
pendent. On a test with 38 cut rose
cultivars, 1 mL�L–1 exogenous ethyl-
ene shortened vase life of 27 cultivars,
impeded the rate of flower opening in
six cultivars, and had no effect on five
cultivars (Macnish et al., 2010).
RueySong et al. (2001) noted that
a 0.1- to 2-mL�L–1 exogenous applica-
tion of ethylene significantly decreased
vase life in ‘Golden Medal’ cut roses
but had less of an effect on ‘Grand
Gala’ vase life. Ethylene at 0.5 mL�L–1

inhibited (three cultivars), accelerated

Units
To convert U.S. to SI,
multiply by U.S. unit SI unit

To convert SI to U.S.,
multiply by

29.5735 fl oz mL 0.0338
3.7854 gal L 0.2642
2.54 inch(es) cm 0.3937
1 mmho/cm dS�m–1 1

28.3495 oz g 0.0353
0.001 ppm g�L–1 1000
1 ppm mg�L–1 1
0.001 ppm mL�L–1 1000
1 ppm mL�L–1 1

(�F – 32) O 1.8 �F �C (�C · 1.8) + 32

Department of Horticultural Science, North Carolina
State University, Box 7609, Raleigh, NC 27695

We gratefully acknowledge funding from Dole Fresh
Flowers and support from the floriculture research
technicians Ingram McCall and Diane Mays and
graduate students Emma Locke and Erin Regan.

Mention of a trademark, proprietary product, or
vendor does not constitute a guarantee or warranty
of the product by North Carolina State University and
does not imply its approval to the exclusion of other
products or vendors that also may be suitable.

1Corresponding author. E-mail: john_dole@ncsu.edu.

676 • December 2014 24(6)



(14 cultivars), or had no effect (five
cultivars) on flowering opening (Reid
et al., 1989). For the effects of anti-
ethylene agents, Reid et al. (1989)
noted that STS could overcome the
effects of exogenous ethylene. Singh
et al. (2004) found that STS im-
proved the vase life in three of seven
rose cultivars tested, and Macnish
et al. (2010) showed that STS could
prevent an ethylene-induced drop in
vase life in three ethylene sensitive
cultivars.

Contrasting reports exist on the
efficacy of 1-MCP. Philosoph-Hadas
et al. (2005) found that treating stems
with 0.4 mL�L–1 1-MCP for 4 h in-
creased vase life for rose cultivars Pink
Tango, Jazz, Frisco, and Golden Gate
compared with ethylene-exposed
control stems, and Macnish et al.
(2010) found that various types of
1-MCP treatment prevented the neg-
ative effects of exogenous ethylene.
However, Chamani et al. (2005) found
that treating stems with 1 mL�L–1 1-
MCP for 2 h did not improve vase life
in ‘First Red’. The effects of ethylene
and antiethylene agents on water up-
take are also not known.

The application of postharvest
research to the industry has always
been a concern of researchers, and
there appears to be limited informa-
tion about how the number of stems
per vase and recutting time impacts
postharvest quality. Restrictions on
availability of plant materials and time
to collect data usually limit the num-
ber of stems per replication in research.
Commercial cut flower growers,
wholesalers, and retailers typically
group rose stems in bunches of 10
or more and also place dozens of
bunches in each bucket as the flowers
are harvested, processed, and mar-
keted. For postharvest evaluation,
commercial tests are usually con-
ducted using whole bunches with 10
or more stems, while university re-
search often uses replications of one,
three, or five stems per vase. Also,
after receipt of roses, stems are usually
recut to increase vase life (Dole and
Wilkins, 2005). However, questions
still remain about how changing
drying time after recutting the stem,
drying time before recutting the
stem, and the amount of the stem
recut impacts postharvest floral
quality.

Therefore, the objectives of this
research were to quantify the effects

of 1) various vase solutions, 2) appli-
cation of exogenous ethylene and
antiethylene compounds before and
after shipment, 3) stem number in
a vase, and 4) postharvest dry storage
on the postharvest performance of
several cut rose cultivars.

Materials and methods
POSTHARVEST ENVIRONMENT.

Unless otherwise indicated, Colombian-
grown rose stems were harvested and
received within 4 d, unpacked, sorted
based on stem caliper, processed by
recutting to 45 cm, removing the
lower third of the foliage, and placed
in vases (1-qt Mason jars; Ball, Mun-
cie, IN) filled with 400 mL of the
indicated solutions with three stems
per vase. Additional solution was
added as needed to maintain at least
100 mL. Treatments and vase life de-
terminations were conducted at 20 ±
1 �C under 20 to 40 mmol�m–2�s–1 light
for 12 h�d–1 at 40% to 60% relative
humidity (RH).

DESIGN AND DATA COLLECTION.
Unless indicated in the sections be-
low, the experiment was arranged in
a completely randomized design with
five replications of three stems (sub-
samples) each per vase. Vase life was
recorded for every experiment, with
vase life termination determined by
one or more of the following criteria:
the presence of bent neck (Fig. 1A),
wilted petals (Fig. 1B), or the occur-
rence of black tips (Fig. 1C) on at
least three petals. Data were analyzed
using analysis of variance (version 9.3;
SAS Institute, Cary, NC), and means
were separated using Tukey’s Studen-
tized range test at P £ 0.05. Trend
analysis was also conducted where
appropriate.

EXPT. 1: CULTIVARS AND VASE

SOLUTION EVALUATIONS. Rose stems
of the following nine cultivars were
used: Black Baccara, Black Magic,
Charlotte, Classy, First Red, Forever
Young, Freedom, Queen 2000, and
Rouge Baiser. Within 4 h of receipt,
stems of each cultivar were sorted into
five uniform groups, processed, and
placed into the following solutions:
1) 0.1 g�L–1 calcium hypochlorite and
0.74 g�L–1 aluminum sulfate (Ca + Al)
in tap water [pH 3.7, electrical conduc-
tivity (EC) 0.73 dS�m–1]; 2) 10 g�L–1 of
a propriety mixture of sugar, acidifier,
and a biocide [CHR (Chrysal Profes-
sional #3; Chrysal, Miami, FL)] in tap
water (pH 2.8, EC 0.49 dS�m–1); 3)

10 g�L–1 a propriety mixture of sugar,
acidifier and a biocide [FLO (Flora-
life� Crystal Clear packets; Floralife,
Walterboro, SC)] in tap water (pH
3.1, EC 0.50 dS�m–1); 4) deionized
water (pH 3.8, EC 0.00 dS�m–1); or
5) tap water (pH 6.6, EC 0.25
dS�m–1). Data collected included ini-
tial and termination fresh weight and
water uptake measured at termina-
tion. Reasons for termination and
stage of flower opening were also
recorded. Stage of openness was
recorded as 0 for tight (petals upright,
some outer petals may be slightly
reflexed); 1 for medium (all whorls
beginning to reflex); 2 for open
(outer whorls completely reflexed,
all whorls reflexing to a high degree);
and 3 for fully open (stamens visible).

EXPT. 2: ANTIETHYLENE AGENT

TREATMENT IN NORTH CAROLINA.
Stems of six rose cultivars (Charlotte,
Classy, First Red, Forever Young,
Freedom, and Rouge Baiser) were
sorted upon receipt into nine uniform
groups, processed, and placed into
vases. The vases were placed in sealed
metal barrels for 4 h containing 1)
0.74 mL�L–1 1-MCP (EthylblocTM,
Floralife); 2) 0.2 mM STS [1.0 mL�L–1

AVB (Chrysal) in tap water]; or 3)
ambient air. After this pretreatment,
vases were resealed in barrels and
exposed to 4.0, 0.4, or 0 mL�L–1 eth-
ylene for 24 h. Reasons for termina-
tion and stage of flower opening were
also recorded, as described in the
previous experiment.

EXPT. 3: ANTIETHYLENE AGENT

TREATMENT IN COLOMBIA. Three 25-
stem bunches of four rose cultivars
(Anna, Charlotte, Freedom, and Konfetti)
were pretreated on a Colombian farm
with either STS or water for 4 h and
then packed, stored, and shipped to
Raleigh, NC. Bunches were received
9 d after pretreatment, at which point
they were transferred to tap water and
stems of each cultivar were sorted into
four uniform groups, processed, and
placed into the following solutions: 1)
10 g�L–1 CHR in tap water (pH 2.8,
EC 0.49 dS�m–1); 2) 10 g�L–1 FLO in
tap water (pH 3.1, EC 0.50 dS�m–1); or
3) deionized water (pH 3.8, EC 0.00
dS�m–1). Half of the stems in deionized
water were exposed to 1.0 mL�L–1

ethylene in a sealed barrel for 24 h.
Data collected included initial fresh
weight and fresh weight and water
uptake measured 4 d after placement
of stems in vases.
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EXPT. 4: STEM NUMBER PER VASE.
Stems of three rose cultivars (Char-
lotte, Classy, and Freedom) were
sorted upon receipt into four uniform

groups and processed. Stems were
placed in vases filled with 500 mL of
tap water (pH 6.6, EC 0.25 dS�m–1).
Each vase contained 1, 3, 5, or 10

stems of the same cultivar, and each
treatment included 10 replicate vases.
Data collected included water uptake
at termination.

EXPT. 5: POSTHARVEST DRY

HANDLING AND RECUTTING. Stems of
three rose cultivars (Charlotte, Classy,
and Freedom) were sorted upon re-
ceipt into eight uniform groups, recut
to 48 cm (first cut), and placed in
buckets at 20 �C containing 5 L of tap
water to rehydrate overnight. Stems
were then evaluated for drying time
after recutting, before recutting, and
recutting amount. To evaluate drying
time after recutting, stems were recut
to 45 cm (second cut) and placed dry
at 20 ± 1 �C and 40% to 60% RH for
0, 10, 20, 60, or 120 min or 4, 24, or
48 h before being placed in vases
filled with 500 mL of tap water. To
evaluate drying time before recut-
ting, stems were placed dry at 20 ±
1 �C and 40% to 60% RH for 0, 10,
20, 60, or 120 min or 4, 24, or 48 h
before being recut (second cut with
a removal of 2.5 cm off the stem
base) and placed in vases filled with
500 mL of tap water. To evaluate
recutting amount, stems were placed
dry at 20 ± 1 �C and 40% to 60% RH
for 24 h before being recut (second
cut) with a removal of 0, 1, 2, 3, 4, 5,
10, or 15 cm off the stem base and
then placed in vases filled with 500
mL of tap water.

Results and discussion
POSTHARVEST QUALITY FOR

CULTIVARS AND VASE SOLUTIONS. In
Expt. 1, the greatest vase life was
observed in ‘Forever Young’ with
the treatments of Ca + Al, the two
commercial preservatives, and DI water
(15.2–16.2 d), and the lowest vase life
was in the DI and tap water treatments
for ‘Queen 2000’ [7.2 d (Table 1)].
Stage of opening (on a 0–3 scale) was
greatest in ‘Queen 2000’ for Ca + Al
and the commercial preservatives (2.7–
3.0), and lowest with ‘First Red’ in
Ca + Al, DI water, and tap water (Table
1). In Expts. 2 and 3, vase life range was
3.3 d [6.2 d for ‘Rouge Baiser’ (data
not presented) to 9.5 d for ‘Freedom’
(Table 2)] and 7.3 d (8.1 d for ‘Anna’
to 15.4 d for ‘Konfetti’ (Table 3)],
respectively. For Expts. 1–3, these
ranges were consistent with previous
cultivar studies. Nell and Leonard
(2004) studied 16 rose cultivars and
reported up to a 10 d difference in
vase life and a range of 1.3 to 3.9 (on

Fig. 1. Rose cut stem termination criteria included (A) bent neck exhibited on ‘Black
Baccara’, (B) wilted petals exhibited on ‘Rouge Baiser’, or (C) black tips exhibited
on ‘Charlotte’.
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a 1–4 scale) difference in flower open-
ing, Macnish et al. (2010) evaluated
38 cultivars and reported up to a 14.3 d
difference in vase life and a 3.2 (on

a 1–5 scale) difference in flower open-
ing, and Durkin and Kuc (1966)
studied four cultivars and reported
up to a 6 d difference in vase life.

Similar to our results from Expt. 1,
Macnish et al. (2010) determined
that ‘Forever Young’ was one of the
longest lasting cultivars, and ‘Black
Magic’ one of the shortest lived cul-
tivars, and Nell and Leonard (2004)
found that ‘First Red’ had a longer
vase life than ‘Black Magic’ (Table 1).
It should be noted that the cut roses
in these experiments were commer-
cially produced and, consequently,
a portion of the variation in vase life
could have been due to differences in
harvest time during the day, envi-
ronmental conditions, and so forth
(Fanourakis et al., 2013).

Of the five vase solutions tested
in Expt. 1, the commercial preserva-
tives, CHR and FLO, produced a sim-
ilar vase life for all nine cultivars tested

Table 1. Effect of various vase solutions on vase life, stage of opening, water uptake, and change in fresh weight of nine rose
cultivars. Solutions included calcium hypochlorite and aluminum sulfate (Ca D Al) in tap water; two propriety mixtures of
sugar, acidifier and biocide (CHR and FLO) in tap water; deionized (DI) water; or tap water.

Vase solution

Cultivar

Black
Baccara

Black
Magic Charlotte Classy

First
Red

Forever
Young Freedom

Queen
2000

Rouge
Baiser

Vase life (d)

Ca + Al 10.1z 9.3 aby 9.3 ab 10.2 11.3 abc 16.1 a 12.7 ab 9.0 bc 12.9
CHRx 11.3 8.8 ab 10.7 a 11.3 11.9 ab 16.2 a 13.9 a 9.7 ab 11.6
FLOw 10.7 11.1 a 11.1 a 10.9 12.3 a 15.2 a 13.6 ab 11.5 a 15.1
DI water 8.6 8.4 ab 8.4 b 9.8 9.7 c 15.3 a 11.9 b 7.1 c 11.9
Tap water 9.3 7.5 b 10.9 a 9.9 10.0 bc 11.7 b 13.1 ab 7.1 c 11.8
Significancev

NS * *** NS ** *** * *** NS

Stage of opening (0 = tight to 3 = fully open)
Ca + Al 1.8 2.2 1.6 2.1 1.9 ab 1.9 ab 1.6 2.9 ab 2.1
CHR 1.7 2.5 1.5 1.8 2.2 a 2.0 a 1.7 2.7 ab 2.3
FLO 1.7 2.4 1.5 1.7 2.3 a 1.7 ab 1.9 3.0 a 2.3
DI water 1.1 2.1 0.9 1.9 1.2 b 1.4 b 1.7 2.4 bc 2.3
Tap water 1.3 2.1 1.5 1.8 1.3 b 1.6 ab 1.9 2.1 c 2.3
Significance NS NS NS NS ** * NS *** NS

Water uptake (mL/stem per day)u

Ca + Al 6.9 b 6.9 b 7.6 6.1 5.4 b 5.3 4.3 c 5.9 c 5.0
CHR 8.5 ab 7.5 ab 8.0 6.9 4.9 b 7.1 6.1 bc 7.8 bc 7.3
FLO 8.2 ab 7.2 ab 8.5 7.8 5.2 b 7.0 8.1 ab 7.1 bc 5.6
DI water 10.7 a 9.3 a 8.1 9.4 8.1 a 7.2 9.1 ab 11.2 a 5.1
Tap water 8.3 ab 7.8 ab 9.7 7.8 7.2 ab 6.7 9.6 a 8.7 b 5.5
Significance * * NS NS *** NS *** *** NS

Change in fresh wt (g)u

Ca + Al –4.60 b –5.82 –2.96 c –5.52 –3.40 –5.72 c –8.50 c –7.14 b –3.78 b
CHR –1.96 ab –1.68 0.04 a –2.24 –3.40 0.50 a –2.16 a –2.42 a –1.70 ab
FLO 0.08 a –1.98 –0.64 ab –0.20 –4.20 –2.18 ab –1.78 a –3.16 ab –2.16 ab
DI water –0.88 a –3.00 –1.76 bc –1.30 –3.14 –3.92 bc –5.36 b –2.04 a –0.70 a
Tap water –2.58 ab –3.38 –1.68 bc –2.24 –4.06 –2.70 b –3.46 ab –3.02 ab –3.66 b
Significance *** NS *** NS NS *** *** * **
zMeans are an average of five replications of three stems each. For all variables, cultivar was significant at P £ 0.0001, vase solution at P £ 0.0001, and cultivar · vase solution at
P £ 0.004.
yMeans followed by the same letter within each variable are not significantly different at P £ 0.05 using Tukey’s Studentized range test.
xChrysal Professional #3 (Chrysal, Miami, FL).
wFloralife� Crystal Clear packets (Floralife, Walterboro, SC).
v*, **, or *** indicates statistically significant differences between sample means based on F test at P < 0.05, P < 0.01, or P < 0.001, respectively. NS (NS) indicates F test for
differences between sample means had P > 0.05.
u1 mL = 0.0338 fl oz, 1 g = 0.0353 oz.

Table 2. Effect of stems treated in North Carolina with 1-methylcyclopropene
(1-MCP), silver thiosulfate (STS), or air (control) on vase life of three rose
cultivars.

Pretreatment

Cultivar

Charlotte First Red Freedom

Vase life (d)

1-MCP 8.6 abz 6.0 b 9.2 b
STS 9.2 a 7.6 a 10.6 a
Air 7.4 b 5.2 b 8.6 b
Significancey * *** ***
zMeans followed by the same letter are not significantly different at P £ 0.05 using Tukey’s Studentized range test.
Means are an average of 13–15 replicates of three stems each. No significant interactions between antiethylene
agent and ethylene concentration occurred.
y* or *** indicates statistically significant differences between sample means based on F test at P < 0.05 or P <
0.001, respectively.
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and resulted in the longest vase life
across all cultivars of 11.7 d and 12.4 d,
respectively [Table 1 (averages not
presented)]. These two preservatives
contain carbohydrates, which have
been reported to increase vase life
(Marousky, 1969, 1971; Mor et al.,
1989). The Ca + Al treatment pro-
duced a similar vase life (average of
11.2 d) to the commercial preserva-
tive treatments in a majority of the
cultivars tested, which could be due
to the antimicrobial properties attrib-
uted by Ca + Al (van Doorn et al.,
1989).

Average water uptake was great-
est in both DI water and tap water
treatments across all cultivars in Expt.
1; average values were 8.7 and 7.9
mL/stem per day, respectively (Ta-
ble 1). Though water uptake has
been demonstrated to be positively
correlated with vase life of croton
[Codiaeum variegatum (Hettiarachchi
and Balas, 2005)], uptake can be in-
hibited by the addition of sucrose to
a vase solution (Marousky, 1971). This
impediment in uptake is thought to be
due to the high yS of concentrated
sucrose solutions and the ability of
sucrose to induce closure of stomata
(Marousky, 1969, 1971).

In the first experiment, average
water uptake of cultivars across all
solutions ranged from 8.5 mL/stem
per day for Black Baccara to 5.7 mL/
stem per day for Rouge Baiser [Table
1 (averages not shown)]. Variability

among cultivars of water uptake may
be due to differences in xylem anat-
omy, which has been reported to
greatly influence hydraulic conductiv-
ity (Nijsse et al., 2001; Twumasi et al.,
2005). van Doorn and Reid (1995)
did not find significant differences in
xylem anatomy among rose cultivars
Frisco, Sonia, Madelon, and Cara Mia;
however, Twumasi et al. (2005) found
that water availability during prehar-
vest environment can affect xylem
vessel diameter. Since all cultivars were
not produced in the same green-
houses, it is possible that some culti-
vars experienced more water stress
than others during production, which
might have affected the xylem proper-
ties within the stems and water uptake.

Treatments with commercial pre-
servatives also inhibited fresh weight
loss; averages for the two commercial
preservatives, CHR and FLO, were
–1.7 and –1.8 g, respectively (Table
1, averages not shown). Marousky
(1969) found similar results with cut
‘Better Times’ roses and concluded
that because floral preservatives helped
maintain fresh weight while still caus-
ing less water uptake, measuring
remaining solution in a vase to de-
termine transpiration did not yield
accurate results. In addition, Ichimura
et al. (1999) and Marousky (1969,
1971) reported that sucrose main-
tains fresh weight due to its ability
to increase carbohydrate levels in
petals and induce stomatal closure.
Average change in fresh weight was
variable among cultivars, with treat-
ments causing no significant differ-
ences in change in fresh weight in
three of the nine cultivars tested.

TERMINATION CRITERIA FOR

CULTIVAR AND VASE SOLUTION. Ter-
mination criteria proved to be cultivar
dependent in Expt. 1. ‘Black Baccara’

and ‘Charlotte’ were more susceptible
to postharvest problems than others;
however, in general, cultivars were
ended because the stems developed
multiple problems during the vase life
evaluation period. Physiological pro-
cesses occurring in cut rose stems are
complex and often interrelated such
that determining the specific causes of
termination symptoms is difficult
(Zieslin, 1989).

A common cause of rose termi-
nation was bent neck. In Expt. 1,
‘Black Baccara’, ‘Charlotte’, and
‘Classy’ developed bent neck in
32.2%, 29.2%, and 26.7% of the cases,
respectively, while bent neck occurred
in ‘Black Magic’ and ‘First Red’ 1.1%
and 2.2% of the time, respectively [P £
0.0001 (data not presented)]. An in-
teraction between cultivar and vase
solution occurred for the presence of
bent neck (P = 0.0025) where bent
neck occurred most frequently in Ca +
Al (20%) and DI water (47%) for
‘Freedom’ and most frequently in
DI water (53%) and tap water (20%)
for ‘Classy’ (data not presented). No
differences in the occurrence of bent
neck were seen among vase solutions
in the other seven cultivars tested.
‘Classy’ and ‘Rouge Baiser’ had the
highest rates of bent neck in Expt. 2
(Table 4). Bent neck has been attrib-
uted to the presence of embolisms
in the stem that restrict water flow
(Burdett, 1970). These embolisms
are thought to be mostly bacterial in
nature (Burdett, 1970; Reid et al.,
1996) because the addition of com-
pounds with bactericidal effects
greatly limited the occurrence of bent
neck (Ohkawa et al., 1999). How-
ever, water flow restriction has also
been attributed to blockage caused by
particulates such as proteins and gums
that clog the xylem (Burdett, 1970; Reid

Table 3. Vase life of stems of four
rose cultivars that were pretreated
with silver thiosulfate (STS) or
water in Colombia before being
shipped to North Carolina.

Pretreatment
vase life (d)

STS 13.5 az

Water 12.3 b
Significancey ***

Cultivar vase life (d)
‘Anna’ 8.1 c
‘Charlotte’ 13.5 b
‘Freedom’ 14.6 a
‘Konfetti’ 15.4 a
Significance ***
zMeans within cultivar or pretreatment followed by
the same letter are not significantly different at P £
0.05 using Tukey’s Studentized range test. Means are
an average of 40 replicates of three stems each for
cultivar and 80 replicates of three stems each for
pretreatment. No interactions (P = 0.05) between
cultivar and pretreatment occurred.
y*** indicates statistically significant differences be-
tween sample means based on F test at P < 0.001.

Table 4. Effect of treatment with antiethylene agents after receipt in North
Carolina on occurrence of termination criteria in six rose cultivars.

Cultivar Bent neck (%) Black tips (%) Wilted petals (%)

Charlotte 12 bcz 33 b 93 ab
Classy 25 a 3 c 82 b
First Red 1 c 7 c 95 ab
Forever Young 1 c 4 c 54 c
Freedom 5 bc 77 a 57 c
Rouge Baiser 17 ab 1 c 99 a
Significancey *** *** ***
zMeans followed by the same letter are not significantly different at P £ 0.05 using Tukey’s Studentized range test.
Means are an average of 43 to 45 stems. There was no interaction (P = 0.05) between the antiethylene agents and
cultivar.
y*** indicates statistically significant differences between sample means based on F test at P < 0.001.
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et al., 1996). These physical blockages
have been reported to occur about 10 cm
above the level of the vase solution
(Lineberger and Steponkus, 1976).

Blackening of petal tips was an-
other commonly observed problem in
several cultivars. In Expt. 1, ‘Black
Baccara’, ‘Charlotte’, and ‘Freedom’
developed black tips (57% to 71%)
more often (P £ 0.0001) than the
other cultivars (data not presented).
‘Freedom’ and ‘Charlotte’ also de-
veloped more black tips than the
other cultivars in Expt. 2 (Table 4).
Similar tip blackening has also been
reported to appear in other red rose
cultivars such as Mercedes and Jaguar,
where black tip development was
attributed to both an exposure to
ultraviolet radiation and low temper-
atures during growth (Jaffrin, 2002;
Mor and Zieslin, 1990; Raviv, 1988).
Barendse (1981) also observed petal
tip blackening in gerbera (Gerbera
jamesonii) due to the use of a vase life
preservative, which is consistent with
the results of the current study where
black tip was most prevalent in the
commercial preservatives.

Stems were also ended due to
wilted petals, which was the most
common reason for termination in
all cultivars. In Expt. 1, wilted petals
occurred most frequently in Ca + Al,
FLO, and DI water (73% to 93%) in
‘Forever Young’ and ranged from
27% in Ca + Al to 80% in FLO for
‘Charlotte’ (data not presented). No
differences in the occurrence of wilted
petals were seen among vase solutions
in the other seven cultivars tested.
‘Charlotte’, ‘First Red’, and ‘Rouge
Baisier’ had the highest rates of wilted
petals in Expt. 2 (Table 4). In both
experiments, wilted petals occurred in
over 50% of stems in every cultivar
across treatments. This petal wilting
was most likely due to high transpira-
tion losses that exceed water uptake at
some point during vase life and trig-
ger wilting when insufficient water is
available to the petals (Carpenter and
Rasmussen, 1973).

ANTIETHYLENE AGENTS AND

ETHYLENE. STS significantly increased
vase life in three of the six cultivars
treated in North Carolina in Expt. 2.
‘First Red’ and ‘Freedom’ had at least
a 2 d increase in vase life when treated
with STS as compared with the air
storage control (Table 2). ‘Classy’,
‘Forever Young’, and ‘Rouge Baiser’
were unaffected by pretreatment with

either antiethylene agent (data not
presented). Pretreating stems with
STS in Colombia in Expt. 3 before
storage and shipping significantly in-
creased vase life by 1.2 d across all
cultivars (Table 3). Similarly, Macnish
et al. (2010) reported that STS pre-
vented shortening of vase life from
exposure to exogenous ethylene in all
three cultivars studied, and Reid et al.
(1989) reported that STS prevented
the effects of exogenous ethylene in
22 of 27 cultivars. Singh et al. (2004)
reported an increase in vase life due to
STS in rose cultivars Grand Gala,
Sangria, and Kiss but not in four other
cultivars tested. When applied in
Colombia (Expt. 3), STS did not
affect water uptake or change in rose
fresh weight (data not presented).

Chamani et al. (2005) found that
‘First Red’ vase life was extended with
a 0.5 mM STS application but not
1-MCP treatment, which is consis-
tent with the results for ‘First Red’
and the other five cultivars tested in
this study where 1-MCP did not
significantly improve vase life (Table
2). 1-MCP applied either as a fumiga-
tion or via sachets prevented a decrease
in vase life from exogenous ethylene
in one of three cultivars studied by
Macnish et al. (2010). Xue et al.

(2008) reported that 1-MCP did not
prevent rose tissues from synthesizing
endogenous ethylene, which may be
why 1-MCP was ineffective in this
study. In addition, Philosoph-Hadas
et al. (2005) observed that 1-MCP was
more effective in improving vase life
when applied at low temperatures,
which could be another explanation
for the inability of the 1-MCP treat-
ment to extend vase life in this study.

Treating the rose cultivars with
exogenous ethylene did not affect
vase life in any experiment (Table 5,
some data not presented). Previous
studies found that sensitivity to eth-
ylene can vary with rose cultivars (Mor
et al., 1989; RueySong et al., 2001),
where some cultivars such as Cara Mia,
Sonia, and Gold Rush did not exhibit as
many deleterious effects from ethylene
as other cultivars (Reid et al., 1989).
Macnish et al. (2010) found that expo-
sure of 38 cultivars to 1 mL�L–1 ethylene
decreased the vase life of 27 cultivars
with a 2.5 and 2.8 d decrease in vase life
of ‘Freedom’ and ‘Charlotte’, re-
spectively. In our study, the vase lives
of ethylene-treated ‘Freedom’ and
‘Charlotte’ flowers were also 1.2
and 1.3 d less than those not treated
with ethylene, respectively; however,
the difference was not significant at

Table 5. Vase life (cultivar P £ 0.0001, treatment P = 0.0793, cultivar ·
treatment P = 0.0045) or water uptake measured 4 d after placement in vase
(cultivar P £ 0.0001, treatment P £ 0.0001, cultivar · treatment P = 0.0215) of
stems of four rose cultivars pretreated with silver thiosulfate (STS) or water in
Colombia before being shipped to North Carolina and then treated with one of
two propriety mixtures of sugar, acidifier and a biocide (CHR and FLO) in tap
water; deionized (DI) water, or 1.0 mL�LL1 (ppm) ethylene plus DI water.

Cultivar

Anna Charlotte Freedom Konfetti

Treatment Vase life (d)

CHRz 7.9 14.9 ay 15.2 a 15.3
FLOx 7.6 14.4 a 15.5 a 14.9
DI 8.2 13.0 ab 14.6 ab 15.5
Ethylene + DI 8.5 11.8 b 13.3 b 15.9
Significancew

NS *** ** NS

Water uptake (mL/stem)v

CHR 33.2 a 33.7 a 32.3 a 23.3 a
FLO 30.7 a 30.3 a 29.5 a 20.7 a
DI 31.5 a 27.8 a 23.0 b 19.3 ab
Ethylene + DI 23.8 b 19.0 b 18.7 b 15.3 b
Significance *** *** *** ***
zChrysal Professional #3 (Chrysal, Miami, FL).
yMeans followed by the same letter are not significantly different at P £ 0.05 using Tukey’s Studentized range test.
Means are an average of 10 replicates of three stems each. No interactions (P £ 0.05) between pretreatment and
post shipping treatments occurred. Data were averaged over STS treatment.
xFloralife� Crystal Clear packets (Floralife, Walterboro, SC).
w** or *** indicates statistically significant differences between sample means based on F test at P < 0.01 or P <
0.001, respectively. Nonsignificant (NS) indicates F test for differences between sample means had P > 0.05.
v1 mL = 0.0338 fl oz.
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P £ 0.05. Lukaszewska et al. (1990)
reported that a 7-d exposure to eth-
ylene was needed for an increase in
petal drop to be observed.

For all cultivars, water uptake
was the lowest for flowers treated with
1.0 mL�L–1 ethylene but varied from
a low of 15.3 mL/stem in ‘Konfetti’
to a high of 23.8 mL/stem in ‘Anna’
(Table 5). Mayak and Halevy (1972)
found that applying ethylene to rose
stems increased abscisic acid (ABA)-like
production. In addition, Kumar et al.
(2008) noted that water uptake de-
creased in cut roses as ABA and ethyl-
ene levels increased during senescence.

The increases in vase life due to
STS revealed that STS may be playing
another role in the stem other than
acting solely as an antiethylene agent.
For example, STS improved vase life
regardless of exogenous ethylene ap-
plication for cut ‘First Red’ and
‘Sonia’ roses (Chamani et al., 2005;
Lukaszewska et al., 1990). Even though
the primary use of STS is ethylene-
action inhibition, STS has also been
shown to exhibit antimicrobial charac-
teristics (Al-Humaid, 2004), which
could be why vase life was improved in
stems treated with STS even when
exogenous ethylene had no effect.

The question remains as to the
benefit for commercial use of STS and
1-MCP. Macnish et al. (2010) and
Reid et al. (1989) noted that 86%
and 81% of cultivars tested were sen-
sitive to exogenous ethylene, respec-
tively, and Macnish et al. (2010)
found that on average exogenous eth-
ylene decreased vase life by an average of
2.2 d. In contrast, for species such as
carnation (Dianthus caryophyllus) and
delphinium (Delphinium ·cultorum)
where antiethylene agents are com-
monly used, exogenous ethylene
shortened vase life more dramatically;

for example, 0.53 mL�L–1 exogenous
ethylene shortened carnation vase life
from 16 to 3 d (Staby et al., 1993). In
addition, while STS is generally effective
at preventing damage from exogenous
ethylene, especially when applied before
shipping, 1-MCP is less effective than
STS (Blankenship and Dole, 2003).
Therefore, the potential vase life de-
crease from exogenous ethylene is
probably not sufficient to warrant the
standard treatment of STS or 1-MCP
on all cultivars. However, the use of
STS may be cost-effective in the case of
high value cultivars that are sensitive to
ethylene, premium grades where the
treatment cost can be recovered, or
when cut stems are stored or shipped
for long durations.

It is worth noting vase solution
(FLO, CHR, or DI) did not affect vase
life in this experiment and only affected
water uptake for ‘Freedom’ (Table 5).
DI water resulted in lower water uptake
than the preservative treatments in this

case, which is inconsistent with the
findings in Expt. 1 for the effects of
preservative solutions on water uptake
(Table 1). However, for experiment 3,
uptake was recorded 4 d after the start
of vase life instead of at termination,
which could account for the difference
observed. Since water uptake is highest
immediately after harvest (Doi et al.,
1999; Mayak et al., 1974) and at the
commencement of rehydration, differ-
ences in water uptake among the treat-
ments may have occurred later than 4 d
after the start of vase life.

STEMS PER VASE. In Expt. 4,
placing 10 stems in a vase resulted in
the shortest vase life of 9.5 d across all
cultivars, and placing one to five
stems in a vase resulted in the longest
vase life (Table 6). Water uptake
across all cultivars was greatest with
fewer stems placed in a vase, from 6.1
mL/stem per day with 10 stems per
vase to 14.1 mL/stem per day with
one stem per vase [Table 7 (averages

Table 6. Effect of stem number per
vase on vase life of rose.

Stems (no./vase) Vase life (d)

1 10.9 az

3 10.5 a
5 10.2 ab
10 9.5 b
Significancey **
zMeans followed by the same letter are not significantly
different at P £ 0.05 using Tukey’s Studentized range
test. Means are an average of 30 vases where each vase
contained one, three, five, or 10 stems. Cultivar did not
influence vase life, and no interactions (P £ 0.05)
between stem number and cultivars occurred.
y** indicates statistically significant differences between
sample means based on F test at P < 0.01.

Table 7. Effect of stem number per vase on water uptake of three rose cultivars
(cultivar P = 0.0013, stems/vase P £ 0.0001, cultivar · stems/vase P = 0.0067).

Stems (no./vase)

Cultivar

Charlotte Classy Freedom

Water uptake (mL/stem per day)z

1 16.9 ay 12.2 a 13.3 a
3 8.5 b 9.0 b 7.7 b
5 8.5 b 7.2 bc 6.8 b
10 6.3 b 6.2 c 5.8 b
Significancex *** *** ***
z1 mL = 0.0338 fl oz.
yMeans followed by the same letter are not significantly different at P £ 0.05 using Tukey’s Studentized range test.
Means are an average of 10 vases where each vase contains one, two, five, or 10 stems.
x*** indicates statistically significant differences between sample means based on F test at P < 0.001.

Fig. 2. Effect of drying time after recutting on vase life of ‘Charlotte’, ‘Classy’, and
‘Freedom’ rose stems.

682 • December 2014 24(6)

RESEARCH REPORTS



not shown)]. The shortening of vase
life and decrease in water uptake
could be due to greater amounts of
bacteria and cellular contents in the
vase water from the increased num-
ber of stems per vase, which clog the
stem xylem and increase water flow
resistance (Burdett, 1970). In addi-
tion, the presence of multiple stems
in a vase may have reduced air move-
ment around the leaves in the middle
of each bunch, decreasing transpira-
tion and water uptake.

DRYING TIME AND RECUTTING. In
Expt. 5, allowing cut rose stems to
remain dry for any amount of time
before placement in solution short-
ened vase life; however, the extent of
that shortening was dependent on
cultivar and when the stems were
recut. The vase lives of ‘Charlotte’
and ‘Freedom’ both declined when
stems were left to dry longer after
being recut (Fig. 2), but vase life
could be improved if the stems were
recut after being left dry (Fig. 3).
‘Classy’ was more durable, maintain-
ing an vase life of 5.6 d when left dry
for up to 240 min after being recut.
Recutting stems of ‘Classy’ and
‘Charlotte’ immediately before place-
ment in vases did not significantly
shorten vase life for up to 24 h
(1440 min). ‘Charlotte’ did not re-
hydrate at all, and ‘Freedom’ and
‘Classy’ had vase lives of only 1.7
and 1.5 d, respectively, when allowed
to dry for 24 h after being recut (data
not presented). None of the three
cultivars tested rehydrated when
remaining dry for 48 h. Rose stems
are regularly shipped and stored dry for
48 h or more; however, in those cases
temperatures are typically lower than
the 20 �C used in this study. Nell and
Leonard (2005) found that storing
roses at 10 �C shortened vase life by
up to 8 d in 13 of the 14 cultivars
tested. Recutting any amount off the
stem significantly improved vase life
(Fig. 4). Recutting 10 cm off the stems
resulted in the maximum vase life of
8.4 d, and not recutting the stems re-
sulted in the minimum vase life of 5.3 d.

Conclusions
Overall, our findings demon-

strate how to increase postharvest
quality, and this research will help
growers, wholesalers, and retailers pro-
vide a superior product to consumers.
Although vase life varied by cultivar,
commercial preservatives should be

used in vase solutions to maximize the
vase life of cut roses. Cultivar selec-
tion is important as there was over 1
week difference in vase life from the
shortest to the longest lasting culti-
var. Preservative solutions produced
an average lower water uptake per day
than control solutions but also mini-
mized fresh weight loss. Flower ter-
mination criteria was also cultivar
specific with Black Baccara, Classy,
and Charlotte most prone to bent
neck and blackening of petal tips.
Exogenous ethylene had no effect
on vase life; however, use of the
antiethylene agent STS significantly

improved vase life in several cultivars
possibly due to minimizing the ef-
fects of endogenous ethylene action
or due to the chemical’s antimicro-
bial properties. Placing more than
one stem per vase reduced water
uptake, but vase life was only signif-
icantly reduced by placing 10 stems
in a vase. Increasing the amount of
time stems remained dry before plac-
ing in water shortened vase life.
Recutting stem ends before placing
in water was effective in minimizing
losses in vase life due to long expo-
sure of stems to air, where recutting
10 cm off stem ends resulted in roses

Fig. 3. Effect of drying time before recutting on vase life of ‘Charlotte’, ‘Classy’, and
‘Freedom’ rose stems.

Fig. 4. Effect of recutting amount on vase life of ‘Charlotte’, ‘Classy’, and ‘Freedom’
rose stems. Cultivar was not significant and no interactions (P = 0.05) between
cultivar and recutting amount occurred; 1 cm = 0.3937 inch.
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with the longest vase life. Leaving
stems dry for 48 h is not recommen-
ded because this practice resulted in
either the inability of the stems to
rehydrate when recut before experi-
encing water stress or a decreased
vase life when recut after experienc-
ing water stress.
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