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Abstract

The relevance of deionized water as a control treatment in vase life experiments and the effects of major tap water
components on cut flower water balance were investigated. Chrysanthemum (Dendranthema x grandiflorum Tzvelev
cv. Cassa) was used in all experiments. Deionized water gave a sharp decrease in fresh weight of the cut flowers after
1–3 days. This decrease was absent in tap water. After 4 days in deionized water, hydraulic resistance in the basal
part of the stem was �50 times the value of fresh cut flowers and seven times the value in tap water. Change in fresh
weight during vase life in a solution containing combinations of CaCl2, NaHCO3 and Cu2+ at concentrations
commonly present in tap water was similar to that in tap water. However, none of the minerals tested by themselves
gave fresh weight results similar to those from using tap water. In the combined solution, hydraulic resistance in the
basal part of the stem after 4 days was comparable to that in tap water. A minimal amount of Cu2+ (\0.30 mg·l−1)
enhanced fresh weight, probably by reducing bacterial growth in the cut open vessels. Calcium chloride (\0.7 mM)
delayed the increase in hydraulic resistance in the stem (not including the basal 3 cm) compared to deionized water,
and at a high concentration (10.7 mM), substantially decreased the transpiration rate. Sodium bicarbonate (1.5 mM)
neither affected hydraulic resistance nor transpiration rate, but positively influenced fresh weight change during vase
life when combined with CuSO4 and as compared to deionized water. Results strongly question the appropriateness
of deionized water as a control solution in vase life experiments. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

It has been known for a long time that variabil-
ity in the composition of tap water used as vase
water can cause differences in keeping quality of
cut flowers (Waters, 1968; Staden and Molenaar,
1975; Staby and Erwin, 1978). Tap water compo-
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sition also influences the efficacy of chemical so-
lutions used for holding, pulsing, or bud-open-
ing (Rogers, 1973; Halevy and Mayak, 1981;
Brecheisen et al., 1995). To enable comparison
of results from different laboratories, Halevy
and Mayak (1979) suggested using deionized
water in postharvest research. At the Second In-
ternational Symposium on Postharvest Physiol-
ogy of Cut Flowers, it was agreed that distilled
water should be used as a common control vase
solution (Reid and Kofranek, 1980). Among the
papers presented at the Sixth International Sym-
posium on Postharvest Physiology of Ornamen-
tal Plants (Fjeld and Strømme, 1995), distilled
water was used in nine papers. In six, four and
six papers, respectively, deionized, tap or an un-
defined water source were used. This variation
indicates that there is not yet an accepted stan-
dard vase solution in postharvest research.

It appears that the main argument to use dis-
tilled or deionized water as a control in posthar-
vest physiological studies on cut flowers is ready
availability and low cost. The argument cannot
be that it mimics the normal physiological situa-
tion of an intact flower because xylem sap in
intact plants contains various cations, anions,
and amino and organic acids (Schurr and
Schulze, 1995; Liang and Zhang, 1997). Zim-
mermann (1978) has shown that drawing dis-
tilled water through stem segments progressively
decreases the rate of conductance and that this
phenomenon can be eliminated by using tap wa-
ter or a dilute osmoticum (e.g. 10 mM NaCl). It
can be assumed that the same phenomenon hap-
pens during vase life. Longevity of cut
Chamelium unicatum foliage was extended by
adding 10 mM KCl to the vase solution, due to
improved water status of the leaves (Joyce and
Jones, 1992). When flower shoots are cut and
placed in water, symptoms of natural senescence
are often not observed. Rather, symptoms of
water deficit stress, such as premature wilting of
the flowers and the leaves, are evident (van
Doorn, 1997). The cut flowers show a gradual
decrease in water conductance in the stem
(Aarts, 1957; Durkin, 1979; Halevy and Mayak,
1981; van Doorn, 1997).

Moreover, deionized water itself is hardly a
standard since it is available with different prop-
erties. For example, using deionized water from
two different laboratories of our university re-
sulted in significantly different changes in fresh
weight during vase life (unpublished data). Thus,
it is important to be aware of the possible ef-
fects of various water sources on processes un-
der study. The argument also cannot be that the
use of distilled or deionized water simulates
common practise because in most cases, the
consumer uses tap water as the vase solution. In
preliminary studies with fresh cut chrysanthe-
mum flowers, we found a large negative effect
on the water status of the flowers using deion-
ized water as vase water as compared to
tap water. This raises questions about the pre-
dictive value of experiments using deionized wa-
ter.

Tap water may significantly vary in mineral
composition and is therefore unsuitable as a
standard treatment. Common salts in tap water
include Ca(HCO3)2 and CaSO4, and these salts
determine water hardness. European guidelines
suggest 100 mg·l−1 calcium as the maximum
concentration in tap water (Anonymous, 1980).
Sulphate should be B250 mg·l−1, while B25
mg·l−1 is preferred. When de-hardening is prac-
tised, 60 mg·l−1 calcium and 30 mg·l−1 HCO3

−

are suggested as minimum concentrations.
In the present study, we question the use of

deionized or distilled water as a control treat-
ment in postharvest research on cut flowers. We
investigated the effects of various minerals com-
monly present in tap water (guidelines of World
Health Organization, European Union, and
United States Environmental Protection Agency)
on the vase life of chrysanthemum cut flowers in
order to understand if and how these compo-
nents influence the water balance of cut flowers
during the first days after harvest. This research
was carried out on chrysanthemum, because it is
a major crop in horticultural industry, which of-
ten shows problems with its postharvest water
balance (Singh and Moore, 1992; van Meeteren,
1992; van Meeteren and van Gelder, 1999).
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2. Materials and methods

2.1. Plant material

Chrysanthemum (Dendranthema x grandiflorum
Tzvelev cv. Cassa) plants were grown in a green-
house at Wageningen Agricultural University in
14 cm diameter plastic pots containing a commer-
cial potting soil. The average temperature was
18°C and a 16 h photoperiod was maintained
until the plants had formed 15–17 leaves longer
than 0.5 cm (3–4 weeks). Thereafter, an 8 h
photoperiod was maintained until harvest. When
necessary, lengthening of the natural photoperiod
was achieved by high-pressure sodium lamps
(Philips SON/T). Conversely, shortening of the
natural photoperiod was by use of black screens.

2.2. Har6est

Flowering stems were harvested in the green-
house at commercial maturity by cutting the
stalks at soil level. Length of the flower stems at
harvest varied between 0.7 and 1.0 m in various
experiments. Flowers were brought to the labora-
tory as soon as possible. Lower leaves were re-
moved up to 35–40 cm from the cut stem base.
Thereafter, cut stem ends were trimmed by 1 cm
in air to get clean stem ends without soil particles,
and the stalks were placed for 3 h in a bucket with
a mixture of ice and water (3:1 by volume) in
darkness at 4°C to regain full turgidity (van
Meeteren, 1992). Because cutting height influences
water balance of cut chrysanthemum flowers
(Marousky, 1973; van Meeteren and van Gelder,
1999), the lower 30% of the stems were cut off in
air after the hydration treatment. Previous experi-
ments suggested that this effect of cutting height
is related to total plant length at harvest. There-
fore, a constant percentage of the stem length was
cut off instead of cutting at a constant length.
Thereafter, the fresh weight of the flowers was
determined as the initial weight, and flowers were
placed in the various vase solutions.

2.3. Vase period conditions and 6ase solutions

During the vase period, each flower was indi-
vidually placed in a 300 ml Erlenmeyer flask filled
with 300 ml of the desired solution. The cut
flowers were kept in a room at 2091°C, 6095%
RH and a light intensity of 14 mmol·m−2·s−1

(Philips, TLD 50W/84HF) with a light period of
12 h.

All vase solutions were made with deionized
water (0.5–1.0 ms·cm−1), with the exception of
‘tap water’ which was regular drinking water in
our laboratory. The composition of tap water
according to the water company is given in Table
1. Data about some of the vase solutions used are
given in Table 2. The pH of all solutions used
varied between 8.7 and 8.9. Osmolality of the
solutions was measured by micro-osmometry
(Roebling, Berlin).

The main components of ‘Wageningen tap wa-
ter’ are HCO3

− and Ca2+. By dissolving 110 mg

Table 1
Composition of ‘Wageningen tap water’ according to the
water-companya

Compound Concentration

(mg·l−1) (mM)

Chloride (Cl−) 7 0.197
B0.02Nitrite (NO2

−) B4.35×10−4

B1Nitrate (NO3
−) B0.0016

0.0625Sulphate (SO4
2−) 6

1.492Hydrogencarbonate 91
(HCO3

−)
2 0.045Carbon dioxide (CO2)

Carbonate (CO3
2−) B0.0167B1

8.42×10−40.08Phosphate (PO4
3−)

B0.05Ammonium (NH4
+) B2.78×10−3

3.58×10−40.02Iron (Fe)
B1.82×10−4B0.01Manganese (Mn)

0.2287.3Oxygen (O2)
27 0.675Calcium (Ca2+)

Magnesium (Mg2+) 0.0912.2
6 0.261Sodium (Na+)

Potassium (K+) 0.0130.5

0.6 (mgCopper dissolving abil-
Cu·l−1)ity

7.9pH
Electrical conductivity 0.017 s·m−1

a Water source: Wageningse Berg, Wageningen. Analysed by
Waterlaboratorium Oost, Doetinchem, The Netherlands.
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Table 2
Composition, electrical conductivity and osmolality of vase solutions useda

CompoundsSolution number Concentration Electrical conductivity (ms·m−1) Osmolality (mOsmol·kg−1)

(mg·l−1) (mM)

110 1.31. 13NaHCO3 2
CaCo3 15 0.2

125 1.5NaHCO3 322. 5
99 0.7CaCl2 · 2H2O

125 1.53. 32NaHCO3 5
CaCl2 · 2H2O 99 0.7

1.2 0.005CuSO4 · 5H2O

4. NaHCO3 125 1.5 34 5
KCl 100 1.3

1.2 0.005CuSO4 · 5H2O

125 1.55. 32NaHCO3 6
135.5 1.3KNO3

CuSO4 · 5H2O 1.2 0.005

a Solutions were made with deionized water.

NaHCO3 and 15 mg CaCO3 l−1 deionized water
(solution 1, Table 2), approximately the same
concentration of CO3

2− ions was achieved. Cal-
cium carbonate was added to increase the pH. In
solution 2 (Table 2), both CO3

2− and Ca2+ con-
centrations were similar to those in tap water.

Low concentrations of Cu2+ can prolong vase
life of cut flowers (Laurie, 1936). By atomic-ab-
sorption spectroscopy (Varian AA-20 plus, Palo
Alto, CA), low amounts of Cu2+ were found in
samples of tap water at our laboratory. Therefore,
CuSO4 was included in some of the vase solutions.
In an experiment investigating possible phytotoxic
effects of CuSO4, initial uptake of solution was
increased by a dehydration pre-treatment over 1 h
to 5% of their saturated fresh weight to simulate
dry storage or transport before placing the flowers
in various concentrations.

2.4. Fresh weight measurements

The flowers were weighed at noon during sev-
eral days of vase life. For that purpose, flowers
were taken out of water for as short a time as
possible (20–30 s). The fresh weight of each
flower was expressed relative to the initial weight
to represent the water status of the flower.

2.5. Uptake and transpiration rates

Average daily uptake rate was calculated from
daily measurements of the weight of the Erlen-
meyer flasks without flowers. Values were cor-
rected for direct evaporation from the flasks.
Average daily transpiration rate was calculated
from the combined weights of the flower and the
Erlenmeyer flask. Short-term transpiration rate
was measured by placing four Erlenmeyer flasks
each with a flowering stem on a Sartorius
LC3200D balance (Göttingen, Germany) coupled
to a personal computer. Weight was logged at a
60 s sample rate. For comparisons of treatments,
a running average over 13 min was used.

2.6. Hydraulic resistance

Hydraulic resistance per unit length (Rh) of
stem segments was determined from measured
flow rates through the segments under a 40 kPa
partial vacuum. Resistance was measured as

Rh=
DP/Dx

q

where DP/Dx is the hydraulic pressure gradient
[kPa m−1] and q the water mass flow [mmol·s−1].
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Partial vacuum (DP=Patmospheric−Pactual) was
obtained by lowering the actual pressure (Pactual)
at the upper end of the stem segment by a peri-
staltic tubing pump (Watson-Marlow 505 Di,
Cheltenham, UK) controlled by a personal com-
puter. Actual pressure was measured using a ce-
ramic pressure transducer (DVR 5, Vacuubrand,
Wertheim, Germany). Flow through the stem seg-
ments was calculated from weight changes of a
container filled with solution, in which the lower
end of the stem segment was placed. Composition
of the solution was varied as mentioned for the
individual experiments. Weight of the container
was measured on the balance coupled to the
personal computer at a 1 s sample rate averaged
over 30 s. Measured flow rates were corrected for
direct evaporation from the container.

All sample preparation was done under the
same solution as that used in the container to
prevent air-entrance into the vessels at the cut
surface. Stems were cut into 20 cm long segments.
Leaves were removed from the stem segment with
a razor blade, leaving 1 cm stubs of the petioles
on the stem. The upper side of the segments was
inserted into silicon tubes also under solution and
attached to the measurement system. When hy-
draulic resistance was measured after several days
of vase life, the solution in the container during
the measurement and the vase solution during the
vase life experiment were of the same composi-
tion. During preparation and during change of
solutions a small positive pressure due to gravity
was applied to the tubing system attached to the
upper side of the stem segment to avoid air-entry
at the basal cut surface.

2.7. Bacteria

In an experiment on the specific effects of Cu2+

, bacterial numbers in vase solutions of NaHCO3

plus CaCl2 with and without CuSO4 (respectively,
solutions 2 and 3; Table 2) were monitored after
2, 3, 4 and 6 days of vase life. A third treatment
involved in treating the flowers in as sterile a
manner as possible and placing them in the solu-
tion without Cu2+ (solution 2). In this treatment,
the lower 15 cm of the stem was wiped with a
tissue saturated with 96% ethanol, Erlenmeyer

flasks with vase solution were autoclaved and
during the vase life experiment the Erlenmeyer
flasks were covered with aluminium foil. Solution
samples were diluted, plated onto Plate Count
Agar (Oxoid, Unipath, Hampshire, UK) and in-
cubated at 27°C for 48 h before the number of
colony forming units (cfu) was counted. These
numbers were expressed per millilitre of vase
water.

2.8. Statistical design

In the vase experiments, the design was a ran-
domised complete block with 12 flowers per treat-
ment. The flowers were placed in a climate room
with four blocks, and three flowers per treatment
in each block. Within a block, the three flowers of
one treatment were grouped together to form one
sample unit. Analysis of variance was applied to
relative fresh weight, average daily uptake and
transpiration rate, followed by mean separation
according to Tukey’s HSD-test. Each treatment
was repeated at least once in a separate
experiment.

3. Results

3.1. Effects of main components in tap water on
water status

Fresh weight of cut chrysanthemum flowers
placed in deionized water decreased from the sec-
ond day of vase life (Fig. 1A), indicating a deteri-
oration of their water status. During the 4 days of
the experiment, flowers in tap water increased in
fresh weight (Fig. 1A). The main components of
‘Wageningen tap water’ are HCO3

− and Ca2+

(Table 1). Carbonate added to deionized water
(solution 1, Table 2) did not prevent the decrease
of the fresh weight of the flowers (Fig. 1A). In
addition, a solution with both HCO3

− and Ca2+

concentrations similar to tap water (solution 2,
Table 2) had no effect on the fresh weight of the
flowers as compared to deionized water (Fig.
1A).Samples of tap water in our laboratory
showed the presence of a low amount of Cu2+

varying between 0.006 mM (at the beginning of
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the day) and 0.002 mM (after running the water
for 1 h). Adding 0.005 mM CuSO4 to the mixture
of NaHCO3+CaCl2 (solution 3, Table 2) resulted
in a fresh weight gain, similar to that in tap water,
during the first 4 days of vase life (Fig. 1B).

3.2. Specific effects of copper

Replacing CuSO4 in solution 3 (Table 2) by
Cu(NO3)2 or CuCl2 (with the same amount of

Cu2+) resulted in similar effects on fresh weight
of the flowers during the first 6 days of vase life,
thereafter the experiment being terminated (data
not shown). Flower fresh weight change was not
significantly affected by leaving out Cu2+ from
the solution if the flowers were treated in as sterile
a manner as possible (Fig. 2A). The increase in
number of bacteria in the vase water during vase
life was retarded by addition of CuSO4 as well as
by sterile handling (Fig. 2B). There was a good
relationship between the number of bacteria and
the daily increase in fresh weight of the cut flow-
ers (Fig. 2C).

When one chrysanthemum flowering stem was
held in 300 ml of vase solution, the threshold
concentration of Cu2+ for maintaining fresh
weight was between 0.002 and 0.005 mM (Table
3). Increasing the concentration further to 0.020
mM had no beneficial effect on the fresh weight
(Table 3). None of the CuSO4 concentrations used
caused harm to flowers or leaves during the 7
days of the experiment, even when initial solution
uptake was increased by dehydration to 5% of
their saturated fresh weight before the flowers
were placed into the various concentrations.

3.3. Specific effects of CaCl2 and NaHCO3

Copper sulphate alone had no significant effect
on flower fresh weight compared to deionized
water (Fig. 3). Calcium chloride as well as
NaHCO3 added to the CuSO4 solution delayed
the fresh weight decrease by some days (Fig. 3).
However, the relative effects of the two compo-
nents varied between various experiments. Adding
both salts with the CuSO4 solution gave results
that were more consistent across various
experiments.

3.4. Water uptake, transpiration and hydraulic
resistance

From day 2 of vase life, water uptake rate
decreased for all solutions tested (Fig. 4). Uptake
rate decreased fastest in deionized water, while
flowers in the two solutions containing CaCl2
showed the smallest decrease in water uptake rate
from day 4 (Fig. 4).

Fig. 1. Effect of various vase solutions on fresh weight during
vase life. Flowers were placed in tap water (	), deionized
water (�), or a solution of NaHCO3+CaCO3 (D),
NaHCO3+CaCl2 ("), or NaHCO3+CaCl2+CuSO4 (").
Salt concentrations were according to Table 2, solutions 1, 2,
and 3. A and B were two separate experiments. Relative fresh
weights at the same day marked by the same letter or without
any letter are not significantly different from each other (PB
0.05).
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Fig. 2. Effect of CuSO4 and almost sterile handling on relative
fresh weight (A) and number of bacteria in vase water (B)
during vase life. Panel C gives the relationship between num-
ber of bacteria on days 2, 3, 4 and 6 (from B) and the daily
fresh weight increase computed as the difference in weight
between the day bacteria were counted and the day before
(from A). −Cu=solution 2 (Table 2), +Cu=solution 3
(Table 2), −Cu, sterile=solution 2 (Table 2) including sterile
handling as described in Section 2. Fresh weights on the same

Flowers in a KCl solution with the same con-
centration of Cl− (solution 4, Table 2) as the
CaCl2 solutions used before, showed a fresh
weight change pattern like flowers in the CaCl2
solution (Fig. 5A). The same observation held
true for flowers in a KNO3 solution equimolar to
this KCl solution (solution 5, Table 2). Increasing
the concentration of CaCl2 five times affected
fresh weight positively, especially after 5 days of
vase life (Fig. 5A). This positive effect was not
accompanied by an increased water uptake rate in
comparison to the lower concentration, but by a
drastic decrease in average daily transpiration rate
(Fig. 5B–C). The effect of the high concentration
of CaCl2 on transpiration was confirmed by short-
term transpiration measurements (data not
shown). Approximately 1 h after placing the flow-
ers in the Ca2+ solutions, transpiration rate
started to decrease with the high concentration
(10.7 mM). Compared to deionized water, there
were no significant effects on short-term transpi-
ration rates of the low CaCl2 concentration (0.7
mM), NaHCO3 (1.5 mM), or the combination of
both (solution 3, Table 2), all including CuSO4

(0.005 mM) (data not shown).
Hydraulic resistance of the stem including the

cut surface after 4 days of vase life in the mixture
of NaHCO3+CaCl2+CuSO4 was comparable to
that in tap water, while in deionized water it was
approximately seven times the value in tap water
(Table 4). Calcium chloride solutions immediately
lowered hydraulic resistance of stem segments
from fresh cut flowers. Hydraulic resistance de-
creased by �7% by 10 mM CaCl2 (Fig. 6).
Solutions of KCl and NaCl equimolar to the
CaCl2 solution as well as solution 3 (Table 2)
affected hydraulic resistance of stem segments
from fresh cut flowers to the same degree as 10
mM CaCl2 (data not shown). After 7 days of vase
life in deionized water, hydraulic resistance of
stem segments not including the basal 3-cm part
was approximately three times the resistance of
flowers placed in CaCl2 solutions (Table 5).

day marked by the same letter or without any letter are not
significantly different from each other (PB0.05). Regression
line is y= −1.00x+5.50, R2=0.78.
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Table 3
Relative fresh weight after 7 days of vase life in solutions with
various CuSO4 concentrationsa

Relative fresh weight (%)Concentration CuSO4 (mM)

93.1a0.000
96.3ab0.001
97.4b0.002

0.005 102.2c
103.4c0.010
103.2c0.020

a Copper sulphate was added to a solution of CaCl2 and
NaHCO3 (solution 2, Table 2). To simulate water loss during
dry storage or transport, flowers were taken out off water for
1 h under vase life room conditions resulting in 5% weight loss
before they were placed in the different solutions. Fresh
weights marked by the same letter are not significantly differ-
ent from each other (PB0.05).

Sodium bicarbonate did not affect the long-term
increase in hydraulic resistance during vase life,
whether the original cut surface was included
(data not shown) or not (Table 5) during the
resistance measurement.

4. Discussion

Staby and Erwin (1978) showed that use of
deionized or distilled water compared to tap water
increased vase life of chrysanthemums by 150 and
235%, respectively. Effects of inorganic chemicals
commonly found in tap water on vase life be-
haviour and water relations of cut flowers are
known (Halevy and Mayak, 1981). Waters (1968)
found that most of 22 inorganic chemicals evalu-

Fig. 3. Effect of various CuSO4-containing vase solutions on fresh weight during vase life. CuSO4=0.005 mM CuSO4 · 5H2O,
NaHCO3=1.5 mM NaHCO3, CaCl2=0.7 mM CaCl2 · 2H2O. Fresh weights on the same day marked by the same letter are not
significantly different from each other (PB0.05). There were no significant differences at day 0–3.



U. 6an Meeteren et al. / Posthar6est Biology and Technology 17 (1999) 175–187 183

Fig. 4. Effect of various CuSO4-containing vase solutions on
average daily water uptake rate during vase life. CuSO4=
0.005 mM CuSO4 · 5H2O, NaHCO3=1.5 mM NaHCO3,
CaCl2=0.7 mM CaCl2 · 2H2O. Fresh weights on the same day
marked by the same letter are not significantly different from
each other (PB0.05); until day 5 there were no significant
differences. Relative water uptake rate=daily water uptake
rate as percentage of the uptake rate in CuSO4+CaCl2+
NaHCO3 on the same day.

Fig. 5. Effect of various salts in vase water on fresh weight,
average daily water uptake rate, and average daily transpira-
tion rate during vase life. Flowers were placed in deionized
water (�), or in solutions of NaHCO3 and CuSO4 also
containing 0.7 mM CaCl2 (solution 3, Table 2) ("), 1.3 mM
KCl (solution 4, Table 2) (�), 1.3 mM KNO3 (solution 5,
Table 2) (�), or 10.7 mM CaCl2 (10 mM CaCl2 · 2H2O added
to solution 3) (
). Fresh weights on the same day marked by
the same letter or without any letter are not significantly
different from each other (PB0.05).

ated impaired the keeping quality of chrysanthe-
mum and gladiolus flowers. In all his experiments,
flowers in distilled water showed the longest vase
life. Our results showed that low concentrations
of several ions commonly present in tap water
could positively influence the water balance of cut
chrysanthemums in various ways. A combination
of CuSO4, CaCl2 and NaHCO3 resulted in a
pattern of fresh weight change similar to that in
tap water (Fig. 1B), while using deionized water
resulted in a rapid decrease in fresh weight after
1–3 days of vase life. The lowest concentration of
the chemicals tested by Waters (1968), however,
varied between 100 and 500 mg·l−1. Calcium
chloride and NaHCO3 were tested in the ranges
500–3000 and 250–1000 mg·l−1, respectively,
which is much higher than in our experiments. In
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Table 4
Hydraulic resistance (Rh) of stem segments after 4 days of vase life in various solutionsa

Rh (kPa·m−1·mmol−1·s−1)Vase solution

1.5 mM NaHCO3+0.7 mM CaCl2+0.005 mM CuSO4Deionized waterTap water

15.992.9 116.1912.8Mean9SE 17.495.4
4 3n 4

a Stem segments (length 20 cm) included the original cut surface and were taken from flowers represented in Fig. 1B.

their review, Halevy and Mayak (1981) concluded
that most ions are toxic to cut flowers and reduce
water uptake. However, for some specific ions,
namely calcium, aluminium, boron, silver, nickel,
zinc and copper, they reported positive effects on
keeping quality of several cut flowers. A positive
effect of 1000 and 2500 mg·l−1 Ca(NO3)2 (�9.8
and 24.5 mM, respectively) on vase life of roses
was reported by Goszczynska et al. (1989). Also
for roses, a reduced water loss:water uptake ratio
and an increased vase life with 2 mM CaCl2 was
found by Nagarajaiah and Reddy (1991).

The rapid decrease in fresh weight in deionized
water in our experiments was accompanied by an
increase in hydraulic resistance of the stem. The
resistance was �2 kPa·m−1·mmol−1·s−1 in fresh
cut stem segments (Fig. 6) and 116
kPa·m−1·mmol−1·s−1 after 4 days of vase life
(Table 4). This increase in hydraulic resistance
during vase life was limited to approximately
eight times in tap water as well as in the solution
containing CuSO4, CaCl2 and NaHCO3 (Fig. 6;
Table 4). Copper retarded growth of bacteria in
the vase water (Fig. 2B). Decline in daily fresh
weight increase in time will not only be the result
of a rise in the number of bacteria, but also due to
changes in development stage of the flower. How-
ever, the regression between daily fresh weight
increase and number of bacteria (Fig. 2C) could
indicate that \105.5 colony forming units (cfu)
ml−1 vase water causes a negative water balance
of the flowers. This is in accordance with reported
numbers (105–108 cfu·ml−1) for various flower
species, that when added to vase water cause a
reduction in water uptake (van Doorn, 1997). As
the main blockage due to bacteria will be in the
basal stem part of cut flowers (van Doorn et al.,
1989), Cu2+ will retard the increase in hydraulic

resistance at the cut surface and in the lower stem
part. Laurie (1936) reported prolongation of vase
life of several flowers by the use of copper con-
tainers, copper wire, copper shavings, copper shot
and brass shot. The concentration of Cu2+ in tap
water will vary due to the use of pipe material, the
period water stays in the pipes, and the copper-
dissolving ability of the water. The last variable is
affected by pH of the water among other things.
The threshold concentration in our experiments
(0.002–0.005 mM) was within the concentration
range measured in tap water samples in our labo-
ratory (0.002–0.006 mM). Therefore, Cu2+ con-
centration could be an important source for
variability between experiments using tap water.

Fig. 6. Effect of 10 mM CaCl2 on hydraulic resistance of a
stem segment from a fresh cut flower; the CaCl2 solution
contained 0.005 mM CuSO4 · 5H2O. Measurement of two
flowers was started using deionized water. After �7 min,
water was replaced by the CaCl2 solution or by fresh deionized
water; when a stable value was measured, both solutions were
replaced again by deionized water.
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Table 5
Hydraulic resistance (Rh) of stem segments after 7 days of vase life in various solutionsa

Rh (kPa·m−1·mmol−1·s−1)Vase solution

CaCl2 (0.7 mM) CaCl2 (3.3 mM)Deionized water NaHCO3 (1.5 mM)

8.490.7 7.190.4 23.793.4Mean9SE 22.892.8
4 4 44n

a Stem segments (length 20 cm) were recut 3 cm above the original cut surface prior to the resistance measurement. Copper
sulphate (0.005 mM) was included in the CaCl2 and NaHCO3 solutions.

Calcium chloride affected different parameters
of water use, all with positive effects on the water
relations of cut flowers. Concentrations as low as
0.7 mM immediately lowered hydraulic resistance
of stem pieces by �7% (Fig. 6). This was not a
specific effect of Ca2+, as comparable results were
obtained using KCl or NaCl. Zimmermann (1978)
showed a decrease in hydraulic resistance of sugar
maple stem segments of 15% by replacing distilled
water by tap water. He obtained the same effect
using solutions of KCl (5 or 10 mM). During vase
life the hydraulic resistance of the stem increased
markedly, including when the lower 3 cm of the
stem base that could contain bacterial clogging
was excluded. A low concentration of CaCl2 (0.7
mM) reduced this long-term increase in hydraulic
resistance above the basal 3 cm (Table 5). This
observation was consistent with the water uptake
rate in solutions containing CaCl2 (Fig. 4). The
mechanism(s) by which CaCl2 influence(s) short-
term as well as long-term hydraulic stem resis-
tance is (are) not known. The effective Ca2+

concentrations in our experiments have approxi-
mately the same magnitude as reported for xylem
sap from various plants (0.2–13.6 mM) (Atkinson
et al., 1992; Ruiz and Atkinson, 1993; Schurr and
Schulze, 1995). A relatively high CaCl2 concentra-
tion (10.7 mM) lowered transpiration rate (Fig.
5C). While strong inhibition of stomatal opening
by Ca2+ is well known (Ruiz and Atkinson, 1993;
Blatt and Grabov, 1997; Allen et al., 1998), we are
not aware of any data on the effects of Ca in vase
water on the transpiration rate of cut flowers.

We could not find any effect of NaHCO3 on
hydraulic stem resistance or transpiration rate.
The 1.5 mM concentration used, however, af-
fected fresh weight during vase life positively

when combined with CuSO4 (Fig. 3). This fresh
weight effect was accompanied by a positive effect
on water uptake rate (Fig. 4). An explanation
could be the increase of the osmotic concentration
in leaf and/or flower tissues. Mayak et al. (1978)
showed that inorganic salts in vase water could
increase the osmotic concentration in carnation
petals. This effect on osmotic adjustment was not
restricted to a specific ion, although they did not
test NaHCO3.

None of the salts tested by themselves gave a
pattern of fresh weight change similar to that in
tap water. This is probably because different pro-
cesses of bacterial blockage, short-term and long-
term changes in hydraulic resistance, decrease of
transpiration rate, and osmotic adjustment are
involved. This seems in contrast to previous re-
ports about positive effects of simple inorganic
salt solutions in carnations (Mayak et al., 1978)
and Ca(NO3)2 in roses (Goszczynska et al., 1989;
Nagarajaiah and Reddy, 1991). However, Mayak
et al. (1978) pre-treated carnation stems with
AgNO3 and Goszczynska et al. (1989) included
8-hydroxy quinoline citrate to inhibit growth of
micro-organisms. Nagarajaiah and Reddy (1991)
did not mention whether they used distilled,
deionized or tap water. The different processes
affected by CuSO4, CaCl2 and NaHCO3 probably
also explain why a combination of all three chem-
icals resulted in the most consistent effects.

The absence of osmotically active substances in
distilled or deionized water differs from xylem sap
in intact plants. Total solute concentration in
xylem sap of Leucaena leucocephala and Zea mays
varied between 10 and 40 and 20 and 100
mOsmol·kg−1 respectively (Liang and Zhang,
1997). This is comparable to the osmotic value
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advised by Zimmermann (1978) during hydraulic
resistance measurements of stem segments, which
was based on empirical data. Our complete solu-
tion (number 3) had approximately the same os-
molality (Table 2).

Most growers, retailers, or consumers will not
use deionized water for their cut flowers. It is
clear from our results that postharvest experi-
ments using deionized water do not simulate vase
life behaviour of cut chrysanthemums in practice.
Accelerated wilting of leaves of Bou6ardia cut
flowers placed into deionized water as compared
to tap water (G. Slootweg, Research Station for
Floriculture and Glasshouse Vegetables,
Aalsmeer, The Netherlands, personal communica-
tion) indicates that the negative effect of deionized
water on the water balance is not specific for cut
chrysanthemums. This is further supported by the
finding that Acacia amoena stems in distilled wa-
ter showed water stress, the initial cause of which
was not related to the number of bacteria in the
vase solution (Williamson and Milburn, 1995).
Therefore, we propose to use a ‘standard vase
solution’ in postharvest research of cut flowers
instead of deionized or distilled water.

Calcium, (bi)carbonate and copper will nearly
always be present in most tap waters. Based on
the experimental results as well on their presence
in tap water, a simple solution of low concentra-
tions of CuSO4, CaCl2 and NaHCO3 seems to be
a good candidate as a standard vase solution.
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