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Tuberose (Polianthes tuberosa L.), a high temperature tolerant geophyte is being successfully grown with minimal care,
which makes it the only choice for the cut flower growers during summer season in Punjab, Pakistan. Currently growers,
retailers and consumers hold their cut tuberose spikes in tap water. However, presence of salts in tap water poses threat to cu
spikes and may shorten their postharvest longevity. Therefore, a study was conducted to evaluate the effect of water collectec
from various sources on postharvest longevity and keeping quality of cut tuberose spikes. The results demonstrated that
spikes kept in carbonated plus distilled water (1:1) had longest vase life, with highest water uptake, and relative fresh weight.
Moreover, it delayed floret opening time, increased open florets percentage and produced superior quality spikes as
compared to other water sources. Spikes kept in distilled, deionized and reverse osmosis water also extended postharvest
longevity of cut tuberose spikes. On the other hand, canal water or tap water available in local markets found unfit for
handling cut tuberose spikes as these reduced vase life. Therefore, it is recommended that carbonated plus distilled watei
(1:1), distilled, deionized or reverse osmosis water should be used by the stakeholders instead of tap or canal water for

extending vase life and maintaining quality of cut tuberose spikes.
Keywords: Tuberose, postharvest management, flower longevity, stakeholders, carbonated water.

INTRODUCTION

Tuberose (Polianthes tuberosa L.) is native to Mexico and a
member of family Amaryllidaceae. Tuberoses spikes have
10-20 pairs of florets, which open from base to upwards,
makes excellent cut flowers and are popular for their
fragrance (De Hertogh and Le Nord, 1993). It is very
popular cut flower in Punjab-Pakistan and in fact is the only
major cut flower available in the florist shops during
summer and very much appreciated by the consumers for its
fragrance (Ashfaq et al., 2015).

Water composition affects cut flower longevity and therefore,
a major concern for florists and consumers (Marandi et al.,
2011). For instance, cut flowers take up acidic water quickly.
The growth of microorganisms is checked by acidity of vase
water (pH 3.0-5.5) (Kuiper ef al., 1995). However, effects of
vase water quality on longevity of cut flowers are variable
and recommendations vary regarding the use of tap or
deionized water (Ahmad et al., 2013). Some characteristics
of water are very important and they should be understood
due to their effect on flowers, viz. Temperature, pH, soluble
salts, alkalinity and hardness. Unless water is pure, it will
have dissolved mineral salts in it, which affect the pH and
contribute to the salinity, hardness and alkalinity of the
water. They can interfere with water uptake because they
change the osmotic potential of the water. They can burn
leaves and petals because they can accumulate in the tips.
Therefore, water with low soluble salt content is best for

holding cut stems (Gast, 1997). On the other hand, certain
ions in water may delay senescence of leaves (Mayak ef al.,
1978). Saleem et al. (2014) studied keeping quality of cut
gladiolus flowers kept individually in glass vases containing
200 mL water collected from different commercial flowers
markets, viz. Faisalabad, Pattoki, Lahore and Rawalpindi
together with distilled water, deionized water, canal water
and carbonated water (diet 7 Up). They reported that vase
water from different sources had inconsistent effect on
relative fresh weight (RFW) of gladiolus stems during the
vase life evaluation period.

As the composition of tap water varies from place to place,
therefore, there is no authenticity about its use as vase water.
Moreover, higher bacterial populations are often present in
water used by growers, wholesalers, retailers and consumers
to hydrate cut flowers (Macnish et al., 2005). Tap water is
mostly used as vase solution; however, its composition also
affects the efficacy of chemical solutions being made from it,
including pulsing, holding and bud opening solutions
(Brecheisen et al., 1995). Tap water might significantly
differ in mineral composition. Common salts in tap water
include CaSO4 and Ca (HCO3), and these salts determine
water hardness. European guidelines suggested 100 mg L-!
calcium as the maximum concentration (Anonymous, 1980)
while sulphate should be 25-250 mg L in tap water.
According to Regan and Dole (2010), tap water has many
other elements such as copper (Cu), iron (Fe), potassium (K),
magnassium (Mg), managanese (Mn), phosporous (P) and
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zink (Zn), which may adversely affect the vase life and were
not included in the water. The presence of several different
ions may have other physiological effects in addition the
increase in EC.

Most researchers routinely used deionized water (DIW) for
their postharvest studies; however, most farmers, retailers
and consumers hold their flowers in ordinary tap water
because it is cheap and readily available. As a result, the use
of DIW has the danger of exaggerating results as it does not
represent practical holding conditions of cut flowers (van
Meeteren et al., 2001). Poor water uptake by cut flowers is
the result of using hard water which contains minerals that
make water alkaline, while the use of low pH in hydrating
solutions improve water uptake and the overall flower
keeping quality (van Doorn, 1997). Water available for
postharvest handling of cut flowers varies from place to
place. The quality and composition of the water is quite
variable and this implies that the postharvest performance of
cut flowers will also vary according to the type of water used
to make vase solutions.

Keeping in view popularity of tuberose among local growers
and high market demand in local flower markets and use of
variable sources of water at retail and consumer level, it was
necessary to develop proper postharvest handling protocols

for this popular cut flower. Therefore, a study was conducted
to evaluate the effects of water quality on postharvest
longevity and keeping quality of cut Polianthes tuberosa L.
‘Single’ spikes.

MATERIALS AND METHODS

Plant material: Flowers grown in open fiecld were harvested
from a commercial farm early in the morning before 10:00
a.m., packed in cardboard boxes and immediately
transported in air-conditioned vehicle to Postharvest and
Floriculture Laboratory, Institute of Horticultural Sciences,
University of Agriculture, Faisalabad, Pakistan, within 5
hours of harvest. Upon arrival, spikes were recut to 60 cm
length for the removal of any air embolism. All leaves were
removed from lower side of spikes except upper two and
spikes were placed in separate jars according to the
treatments having 500 mL of distilled water, in a vase life
evaluation room at 23+2°C temperature, 60=10% R.H. and a
photosynthetically active photon flux of 12 umol m?s™! with
12h photoperiod from cool white florescence tubes.

Water samples were collected before start and at the end of
experiment and analyzed to note their Initial physico-
chemical properties (Table 1) and Change in pH and EC of

Table 1. Initial physico-chemical properties of different types of water used in the study.

Water types/sources Sodium NOs HCOs Residual Cr Na* Ca'*and K* PO,
adsorption (mgL') (mgL?) Sodium (mgL') (mgL') Mg (mgL') (mgL?)
ratio Carbonate (mg L)
(meq L")
Distilled water (DD) 0.50 12.1 3.0 0.5 2.0 4.4 2.5 6.0 0.11
Deionized water (DIW) 0.24 2.8 2.0 0.1 1.4 1.6 1.9 3.0 0.08
Reverse osmosis water 0.60 18.2 3.0 0.9 4.1 35 35 8.0 0.55
Lahore tap water 2.07 22.9 5.0 1.1 8.5 3.2 4.8 16.0 0.01
Faisalabad tap water 2.65 51.2 5.0 2.4 4.0 53 6.7 21.0 0.19
Islamabad tap water 0.47 33.6 4.0 1.1 3.7 3.8 4.5 12.0 0.47
Pattoki tap water 18.20 112.1 9.0 3.3 6.5 11.2 4.8 19.0 0.01
Canal water 3.60 41.6 4.0 2.0 33 3.2 4.5 11.0 0.32
Carbonated water+DD (1:1) 2.38 90.4 3.0 0.2 2.3 2.5 4.5 21.0 0.28

Table 2. Change in pH and EC of vase water, while total soluble solids (TSS) change in florets. Values are averages

of 15 readings.

Water types/sources pH pH EC (dS m™) EC TSS TSS
Initial Final change Initial Final change Initial Final change
Distilled water (DD) 7.1 7.4 0.3 0.35 0.39 0.04 7.9 70 -09
Deionized water (DIW) 7.2 7.5 0.3 0.02 0.03 0.01 8.0 72 -0.8
Reverse osmosis water (ROW) 7.5 7.7 0.2 0.53 0.55 0.02 7.8 72 -0.6
Lahore tap water 8.1 8.3 0.2 0.95 0.98 0.03 7.9 74  -0.5
Faisalabad tap water 8.4 8.7 0.3 1.20 1.24 0.04 7.8 72 -0.6
Islamabad tap water 8.2 8.5 0.3 0.82 0.86 0.04 8.0 7.5 -0.5
Pattoki tap water 7.8 8.1 0.3 2.30 2.33 0.03 7.8 73 -05
Canal water 8.3 8.8 0.5 1.22 1.25 0.03 7.8 73 -05
Carbonated water + DD (1:1) 3.7 3.8 0.1 0.41 0.45 0.04 7.8 8.1 +0.3
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vase water, while total soluble solids (TSS) change in florets

(Table 2). Treatments included water from eight sources, viz.

distilled water (DD), de-Ionized water (DI), reverse osmosis
water (ROW), tap water used by the flower retailers at
Lahore, Faisalabad, Islamabad or Pattoki flower market,
canal water, and carbonated water (7up) + DD (1:1).
Measurements: For spike characteristics, data were
collected on vase life, time from harvest to the condition
when half of the florets were wilted or had bent neck
(Ahmad ef al., 2011), water uptake, measured in mL on day
five of vase life by recording remaining volume of vase
water and calculated as: Water uptake (mL) = (So — Ss),
where, So is the amount of vase water on day 0 and Ss is the
amount of vase water on the day 5 (Kazemi and Ameri,
2012), and relative fresh weight (% of initial FW), on day 5
was calculated as:

Water uptake (mL) = (So — Ss)
Where FWs was the fresh weight (g) of stem on day 5 and
FW, was the fresh weight (g) of the same stem on day 0 (He
et al, 2006; Ahmad et al., 2011). Number of days was
counted from day 0 to when 50% of the total florets were
completely opened on the spike and dry weight of same
spike was measured whose fresh weight was measured
earlier on day O from each replication. For dry weight
estimation, cut spikes were packed in brown paper bags and
kept in oven at 70°C for 48 hours (Ahmad, 2009), and dry
weight percentage was calculated by using following
formula: Dry weight % age = (DW/FW) x 100. Flower
quality was rated by three different judges (postgraduate
floriculture students) adopting the method described by
Cooper and Spokas (1991) and Dest and Guillard (1987), in
numbers using a scale ranging from 1 to 9, where 1 = Poor
quality, 5 = Medium quality, 9 = Good quality.
For floret characteristics, average life of floret (h) was
calculated by counting the numbers of hours starting from
the opening of bud till floret lose its freshness. Length of
two fully opened uppermost florets from each spike in each
replication was measured on the last day of vase life with a
measuring scale. Total number of open florets was
calculated at termination as: Open florets (%age) = (florets
opened/ total florets) x 100.
Initial and final pH and EC of vase water were recorded
using pH and EC meter (Hanna-HI9813-6) to observe
changes in pH and EC during the study. Total soluble solids
of florets were measured on day 0 and at the end of vase life
using six fully open florets to obtain sap from each
replication. TSS in the sap was measured with the help of
hand refractometer with a rage of 0 to 30 °Brix by placing
one drop on the prism as described by Bayleyegn et al.
(2012). Between samples, prism of refractometer was
washed with alcohol, rinsed by distilled water and dried
using tissue paper.
Statistical analysis: Experiment was arranged in a
completely randomized design with five replications in each

treatment having three cut spikes in each experimental unit
(glass Jar). Data were analyzed using General Linear Model
(GLM) procedures of the Statistix 8.1 analytical software.
Means were separated using Least Significant Difference
test (LSD) at P<0.05 (Steel et al., 1997).

RESULTS

Change in total soluble solids (TSS) of florets (°Brix): Data
regarding difference between initial and final TSS contents
of florets showed a decreasing trend in all water sources
except in carbonated plus distilled water 1:1 in which
increase in TSS was noted (Table 2). The maximum TSS
loss was observed in florets of those spikes which were kept
in distilled water (0.9 °Brix) followed by deionized water
(0.8 °Brix). However, minimum loss in TSS (0.5 °Brix) was
observed in Lahore, Islamabad, and Pattoki tap water or
canal water each. On the other hand, increase (0.3 °Brix) in
TSS was observed in the florets of spikes which were kept in
solution containing carbonated plus distilled water (1:1).
Spike characteristics:

Vase life (d): Data revealed highly significant differences
(P<0.0001) among various sources of water for vase life
(Table 3). Spikes kept in carbonated plus distilled water (DD)
(1:1) had longest vase life (8.6 d) than other treatments and
lasted 4.2 days longer than spikes kept in canal or tap water
from Pattoki with vase life (4.4 d). Similarly, vase life of the
spikes kept in distilled and deionized water had 7 and 6.8
days respectively. Spikes kept in tap water from the retail
flower markets of Islamabad, Lahore, Faisalabad and Pattoki
or canal water had shortest vase life and statistically had no
difference among each other.

Water uptake (mL): Data showed highly significant
differences (P<0.0001) among various sources of water for
water uptake (Table 3). Spikes kept in carbonated plus
distilled water (1:1) absorbed significantly greater volume of
water (128 mL) than other sources of water, which was 40
mL greater than the water absorbed by the spikes kept in
canal water, which had minimum water uptake (88 mL).
Volume of water taken up by the spikes kept in distilled
water (113 mL), deionized water (111 mL) and reverse
osmosis water (108 mL) was greater than tap water from
different sources but statistically similar. Moreover, non-
significant differences were noted in the volume of water
taken up by spikes kept in tap water from Lahore (101 mL),
Faisalabad (101 mL), Islamabad (102 mL) and Pattoki (100
mL) and statistically less than carbonated water, DD water,
or DI water but greater than canal water.

Relative fresh weight (RFW) (% of initial FW): Data
depicted highly significant differences (P<0.0001) among
various sources of water for relative fresh weight (Table 3).
Spikes kept in carbonated plus distilled water (1:1) exhibited
highest relative fresh weight (118.9%) on day five of the
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Table 3. Effect of different water sources on various spike characteristics of tuberose.

Water types/sources Vase life (d)*  Water uptake”  Relative fresh  Days to open Dry weight Spike
(mL) weight™ (%)*  50% Florets” (%)™ quality”
Distilled water (DD) 7.0£0.32b* 113£1.4b 115.0+0.5 ab 3.6£0.24b 10.9+0.2bc 7.0£0.3b
Deionized water (DI) 6.8+0.2 be 111£1.5 be 112.5£2.2 be 3.4+0.24b 10.8+0.2bc 6.5+0.2 be
Reverse osmosis water (RO) 6.2+0.2 ¢ 108£1.4 bed 109.942.0 cd 3.2+0.20 bc  11.0£0.3 bc 6.4+0.1 ¢
Lahore tap water 4.9+0.2d 101£1.4 cd 105.9+0.6 d 2.6+0.24 cd 11.3+0.3bc 5.4+0.2d
Faisalabad tap water 4.6£0.24d  101+1.1cd 105.6+0.8 d 24+0.24d 11.240.4bc 4.9+0.1 ef
Islamabad tap water 5.0£0.24d  102+0.7 cd 105.9+0.8 d 24+0.20d 11.8404b 5.3+0.2de
Pattoki tap water 4.4+0.01d 100+1.2 d 106.1£0.5 d 2.240.24d 10.6£0.4c 4.6+0.1f
Canal water 44+0.24d  88+0.7¢ 105.6£3.6d 2.2+0.24d 11.440.6bc 4.4+0.2 f
Carbonated water + DD (1:1) 8.6£0.24 a 128+1.1a 1189+1.2 a 44+0.02a 13.4+04a 79+02a
Significance® <0.0001 <0.0001 <0.0001 <0.0001 0.0003 <0.0001

“Relative fresh weight of spike (% of initial FW) = (FWs/FWy) x 100; YDry weight (%) = (DW/FW) x 100; *Means
separation within column by Least significant difference test at P < 0.05; “P values were obtained using General Linear
Model (GLM) procedures of Statistix 8.1; *Values are averages of 15 replicate spikes; “*Values are averages of 5 replicate

spikes.

vase life but statistically similar with RFW of spikes kept in
distilled water (115%). Non-significant differences were
observed in the RFW of spikes kept in the reverse osmosis
water (109.9%), Lahore tap water (105.9%), Faisalabad tap
water (105.6%), Islamabad tap water (105.9%), Pattoki tap
water (106.1%) and canal water (105.6%).

Days to open 50% florets (d): Highly significant differences
(P<0.0001) were recorded among various sources of water
for days to open 50% florets (Table 3). Spikes kept in
carbonated plus distilled water (1:1) took more days to open
50% florets (4.4 d) than the spikes kept in other water
sources which were 2.2 days longer than the spikes kept in
Pattoki or canal water (2.2 d). Days taken to open fifty
percent florets by spikes kept in distilled water, demonized
water and reverse osmosis water were 3.6, 3.4 and 3.2 days
respectively and were statistically at par. Moreover, non-
significant differences were observed regarding days to open
50% florets among the spikes kept in tap waters from retail
flower markets of Lahore (2.6 d), Faisalabad (2.4 d),
Islamabad (2.4 d) and Pattoki or canal water (2.2 d).

Dry weight (%): Data revealed highly significant differences
(P<0.0003) among various sources of water for dry weight
percentage (Table 3). Spikes kept in carbonated plus distilled
water (1:1) showed 13.4% dry weight, which was
significantly higher than spikes kept in other water sources
and 2.8% greater than the spikes kept in Pattoki tap water,
which exhibited minimum dry weight percentage (10.6%).
However, non-significant differences were observed among
the dry weight percentages of the spikes kept in distilled
(10.9%), deionized (10.8%), reverse osmosis (11%), tap
water from Faisalabad (11.2%), Lahore (11.3%) and
Islamabad (11.8%) or canal water (11.4%).

Spike quality: Significant differences in the spike quality
were observed (P<0.0001) among various sources of water
(Table 3). Significantly superior spike quality (7.9) was
recorded for spikes kept in carbonated plus distilled water

(1:1) than the spikes kept in other water sources, followed by
spikes kept in distilled water (7.0) and deionized water (6.5).
Spike quality kept in canal water was inferior (4.4).

Florets characteristics:

Floret life (h): Highly significant differences (P<0.0001)
were observed among various sources of water for floret life
of tuberose spikes. Significantly longer floret life (87.2 h)
was observed in spikes which were kept in carbonated plus
distilled water (1:1) as compared to other water sources and
was 34.2 h. longer than minimum floret life noted in spikes
kept in canal water (53.0 h). Non-significant difference was
observed in the florets life of the spikes kept in distilled
water and deionized water, viz. 77.8 and 74.9 h, respectively.
However, their floret life was greater than the floret life of
spikes kept in all other water sources except carbonated plus
distilled water (1:1) (Table 4).

Floret length (cm): Significant differences were observed
(P<0.0001) among various sources of water for floret length
(Table 4). Longest floret length (5.4 cm) was noted in spikes
kept in carbonated plus distilled water at (1:1). It was 0.8 cm
longer than the floret length noted in the spikes kept in canal
water (4.6 cm). Non-significant difference was observed in
the floret lengths of spikes kept in distilled water (5.1 cm),
deionized water (5.1 cm) and reverse osmosis water (5.0 cm).
Likewise, floret length recorded in spikes kept in the tap
waters of Islamabad (4.9 cm), Lahore (4.9 cm), Faisalabad
(4.9 cm), and Pattoki (4.9 cm) also exhibited non-significant
differences among each other.

Open floret (%): Highly significant differences (P<0.0001)
were recorded among various sources of water for open
florets percentage (Table 4). Highest percentage (83.0%) of
opened florets was observed in the spikes kept in carbonated
plus distilled water (1:1) than all other water sources and
was 45% greater than the minimum percentage (38.0%)
recorded in canal water. Non-significant difference was
observed between deionized (64.4%) and reverse osmosis
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Table 4. Effect of different water sources on various floret characteristics of tuberose spikes.

Water types/sources Life (hr)" Length (cm)” Open florets (%)
Distilled water (DD) 77.8+0.3 b* 5.1£0.05 b 70.0+1.4b
Deionized water (DIW) 74.9+£0.2 b 5.1£0.07 be 64.4+1.8 ¢
Reverse osmosis water (ROW) 70.0£0.2 ¢ 5.0+0.1 bed 60.6£1.4 ¢
Lahore tap water 64.9+0.2d 4.9+0.1d 50.2+1.8d
Faisalabad tap water 62.2+0.2 de 4.9+0.1 de 49.6+£1.8d
Islamabad tap water 60.0£0.2 ¢ 4.9£0.1 cd 47.4+1.1d
Pattoki tap water 61.0£0.0 ¢ 4.9+0.05 de 452+3.1d
Canal water 53.0£0.2 f 4.6+0.1¢ 38.0£13 ¢
Carbonated water + DD (1:1) 87.2£0.2 a 5440.1a 83.0£1.2 a
Significance? <0.0001 <0.0001 <0.0001

“Means separation within column by Least significant difference test at P < 0.05; YP values were obtained using General
Linear Model (GLM) procedures of Statistix 8.1; NS = Non-significant at P>0.05; “Values are averages of 30 replicate

florets; **Values are averages of 15 replicate spikes.

water (60.4%) for this parameter. Furthermore, the open
florets percentage of tuberose spikes kept in tap water of
Lahore (50.2%), Faisalabad (49.6%), Islamabad (47.7%),
and Pattoki (45.2%) were at par.

Change in EC (dS m™) and pH: Vase water pH and EC of
all treatment increased during vase life evaluation period
(Table 4). Maximum increase in the pH of vase solution (0.5)
was recorded in spikes which were kept in canal water.
Whereas, minimum escalation in pH was recorded in spikes
kept in carbonated plus distilled water (1:1). On the other
hand, maximum increases in EC (0.04) was noted in the vase
solution comprised of distilled water, Faisalabad or
Islamabad tap water and carbonated Plus distilled water
(1:1). Minimum increase in EC was observed in deionized
water (0.01).

DISCUSSION

In present study, the spikes kept in carbonated plus distilled
water (1:1) performed best for spike characteristics, viz. vase
life, water uptake, relative fresh weight, days to open 50%
florets, dry weight percentage and spike quality (Table 3).
Besides, the floret characteristics, viz. floret life, floret
diameter, floret length and open florets percentage (Table 4)
were also better for spikes kept in carbonated plus distilled
water (1:1). The better performance of various studied
attributes in vase solution containing carbonated water might
be attributed to the presence of anti-microbial compound and
low pH, which effectively controlled microbial populations
and blockage of stem ends with bacteria and thus regulating
the flow of vase water through the stem vessels (Saleem et
al.,2014).

On the other hand, spikes kept in canal water had poor
performance in all studied parameters, which might be
ascribed to stem end blockage of spikes due to profusion of
microbes and dirt particles present in canal water (Saleem et
al., 2014; Macnish et al., 2008). Similar results were also

reported by de Witte and van Doorn (1988), Hoogerwerf and
van Doorn (1992) and Macnish et al. (2005). Similarly,
spikes kept in distilled water also maintained good keeping
quality in studied attributes.

Water is the most important component of floral
preservatives as it keeps flowers turgid. It is the medium for
the solutes diffusion, maintenance of plant tissue turgor,
solvent for most biochemical reactions and helps to maintain
tissue temperature (van Meeteren et al., 2001). Water
composition affects cut flower longevity and therefore, a
major concern for florists and consumers (Marandi et al.,
2011). For instances, cut flowers take up acidic water
quickly. The growth of microorganisms is checked by
acidity of vase water (pH 3.0-5.5) (Kuiper et al., 1995).
Water characteristics like pH, temperature, soluble salts,
alkalinity and hardness have pronounced effect on flower
longevity. Water has dissolved mineral salts which affect the
pH and contribute to the salinity, hardness and alkalinity of
the water. They interfere with water uptake because they
change the osmotic potential of the water. They also caused
leaves and petals necrosis due to higher salts accumulation
in the tips. Therefore, use of quality water with low soluble
salt contents is a prerequisite for handling cut flowers (Gast,
1997).

The study reconfirmed the suitability of distilled water for
extending the longevity of flowers (Rogers, 1973). Distilled
water significantly increased the vase life compared to tap
water (Jowkar and Salehi, 2005). Stems placed in distilled
water had greatest water uptake, whereas, stems in tap water
reported the least water uptake (Saleem et al., 2014). The cut
flowers kept in distilled water lost minimum fresh weight.
Besides, the stems kept in distilled water had higher water
uptake (Ahmad et al., 2013). The presence of ions in the
vase solution may increase the overall vase life (da Costa,
2015).

The poor performance of tuberose spikes kept in tap water
from various sources of tap water could be due to greater
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variation in physico-chemical properties which greatly affect
postharvest longevity and water relations of the cut flowers
(Saleem et al., 2014). Dias and Patil (2003) reported a
negative water balance where tap water was used which was
attributed to an excessively high transpiration loss. Besides,
use of tap water for handling cut flowers is prohibited since
long time because of varying salts composition of tap water
which causes variations in the keeping quality of cut flowers
(van Meeteren et al., 2000). Moreover, higher bacterial
populations are often present in water used by growers,
wholesalers, retailers and consumers to hydrate cut flowers
(Macnish et al., 2005) which might also be a reason of low
vase life.

Tap water is mostly used as vase solution by the florists;
however, its composition also affects the efficacy of
chemical solutions being used as preservatives, including
pulsing, holding and bud opening solutions (Brecheisen et
al., 1995). 1t is evident from the results that TSS of florets
decreased at the end of vase life in all water sources except
in carbonated plus distilled water (1:1) where TSS contents
increased. It may be due to the fact that carbonated water has
high quantity of sugar, which was absorbed by the spikes
and translocated to the florets and thus increase the TSS. The
pH and electrical conductivity (EC) of vase solution disturbs
the cut flowers keeping quality by affecting various spike
and floret characteristics as observed in present study in
which various sources of water were used. As different
sources of water had different physico-chemical properties,
therefore this variation changes the pH and EC of the vase
solution and thereby vase life of tuberose cut flowers as
observed in present study (Table 1).

In present investigation, various sources of tap water along-
with canal, distilled, Deionized, Reverse osmosis and
carbonated water were used. All these sources had different
physiochemical properties (Table 1). Therefore, they had
different pH and EC and thereby affected spike (Table 3)
and floret (Table 4) characteristics of tuberose cut flowers
differently. It was observed that pH and EC of the vase
solution increased while TSS decreased except carbonated
plus distilled water (1:1) in which TSS increased. Electrical
conductivity (EC) of vase solution is one of the parameters
that influence the water uptake by cut spikes. The excellent
keeping quality of tuberose cut flowers kept in carbonated
plus distilled water (1:1) might also be attributed to lower
pH and EC of vase water (Table 1) which improved water
uptake and extended the keeping quality. Similar results
were observed by Kuiper ef al. (1995), who reported that cut
flowers take up acidic water quickly. Besides, the growth of
microorganisms is checked by acidity of vase water (pH 3.0-
5.5). On the other hand, shorter vase life of tuberose cut
spike (Table 3) and florets (Table 4) characteristics in vase
solution containing canal water and various sources of tap
water might be related to higher pH, EC and soluble salts
(Table 1). Presence of ions in the vase solution may increase

the overall vase life and improve water uptake of flowers
with favorable optimal EC between 0.60 to 0.87 dS m! (da
Costa, 2015).

The study concluded that tuberose spikes kept in carbonated
plus distilled water (1:1) had longer vase life, highest water
uptake, more relative fresh weight, delayed florets opening
time, more open florets percentage and superior quality as
compared to all other water sources followed by in distilled,
deionizes and reverse osmosis water. So, their use as vase
water/solution is recommended for the stakeholders instead
of tap water to maintaining quality of cut tuberose spikes for
extended period of time.
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