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Abstract

Experiments were conducted to evaluate the response of different originated (the same mother
plants with different growers from different cities in Ethiopia) cut rose flowers to various
relative humidity (RH) and recut (recut and non-recut). Three different experiments (E1, E2
and E3) using three RH (60, 75 and 90%) and three Ethiopian growing areas (Fleur, Liki and
Longonot) with 10 replications were designed. Cut rose flowers from three growing area were
recut to 5 cm and placed in 60, 75 and 90% RH as a commercial supply chain. Rose flowers
without any recut were selected as control. Mean comparison in three experiments revealed
that by increasing storage time in cold room, flower vase life significantly decreased. 75% RH
produced the highest flower vase life compared to 60 and 90% RHs. However, mean
comparisons showed that cut rose flowers originated from Liki growers significantly had the
highest vase life compared to others which followed by Longonot and Fleur ones. The results
revealed that 5 cm cut the end of flower stem significantly increased flower vase life
compared to control. Mean comparison of bacterial populations in commercial supplies of the
three experiments, declared the highest amount of bacteria in E1 than the other experiments.
Cut rose flowers originated from Liki growers had the highest bacterial populations at the
bottom part of the stem compared to the other growers. The results also showed that the end
part of stems contain more bacterial agent compared to upper parts.
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Introduction

Roses (Rosa hybrida L.) are the most
important ornamental plants around the
world which belong to Rosaceae family
(Butt, 2003). Roses called “The Queen of
Flowers” (Mohy Eldeen, 2011) are important
ornamental crops because of theirs high
commercial value and  widespread
cultivation. Cut roses account for about 31%
at the European auctions (Heinrichs, 2008;
Korban et al., 2007). Cut rose cultivars
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varied considerably in vase life from 4.5 to
18.8 days at 21 °C depends on genotypes
(Macnish, 2010). Depends on cultivars, cut
rose flowers are sensitive to improper storage
and shipping temperatures, microbes in
hydration and vase solutions, and other
handling practices that damage flower
quality (Silvanda et al., 2011; Lobe et al.,
2004; Van doorn, et al., 1997; Van Meetern,
2001; Bleeksma and van Doorn, 2003). The
short vase life of cut rose flowers could be
related to excessive water loss from the rose
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leaves, resulting in leaf desiccation and
development of bent necks (Mortensen and
Fjeld, 1998). Furthermore, it has been also
reported that the variation in rose flower
longevity has been associated mainly with
vascular obstruction that affects water
conduction through the stem (Torre and
Fjeld, 2001; van Doorn, 1997). Three main
parameters affect cut rose flower senescence
including: water balance, supply of
carbohydrates and susceptibility to ethylene
(Paulin, 1997). Keeping cut flowers in water
frequently developed water deficiency that is
caused by xylem occlusion at the basal part
of the stem (Dixon & Peterson, 1989).
Several parts of cut flowers compete for
water when the transpiration rate is more
than water uptake, due to vascular occlusion,
cavitation or air embolism, (Zieslin et al.,
1978). However, it was found that various
cut rose cultivars showed a range of
responses to ethylene treatment, such as
inhibition of opening, acceleration of
opening, abnormal opening, petal and leaf
abscission, and loss of petal glossiness (Reid
et al., 1989). Wilting of rose petals is caused
by either excessive water loss or lack of
absorption and vascular blockage. In the
process of respiration, when flowers are
placed in warm environments with low
humidity, water loss is often increased.
However, stem blockage was the most
common cause of poor absorption. The
xylem becomes clogged and no water
movement can occur in the stem (Reid et al.,
1989). In some cut rose cultivars, wilting the
flower stem and bent neck can occur due to
vascular occlusion which inhibits water
transduction. In fact, loss of cell turgor at the
unlignified pedicel will occur and cause
"bent neck" (Burdett, 1970; Zieslin et al.,
1989). Bent neck syndrome is a widespread
problem damaging millions of cut rose
flowers before the end of inherent vase life.
Moreover water status, structure and function
of peduncles, exactly, tissue strength, may
determine bent-neck susceptibility (Uzaki, et
al., 2012). However, it has been reported that
bent neck in roses occurred with high RH

exposure (Tore et al., 2000). Commercially,
cut rose flowers are usually harvested at the
open bud stage and are extremely susceptible
to water deficit stress during postharvest
handling. Abnormal flower opening, flower
wilting, wilting of the pedicel (bent neck),
and failure to open are the results of water
deficit stress (Jin et al., 2006; Xue et al.,
2008).

Antimicrobial compounds in the vase
water applied at adequate concentrations
inhibited bacterial growth and delayed both
a bacterial blockage in the xylem and
flower wilting (van Doorn, 1997 & 2012).

The aim of the present experiment was
to investigate the effects of various RH,
growing areas and recut on vase life of cut
H30 rose flowers.

Materials and Methods

Plant material

Cut H30 rose flowers at the commercial
stage of bud opening (petals starting to
reflex) were obtained from MM Flower
Factory (flowers imported from Ethiopia
according to standard condition for flowers
transport by airplane) in Cambridge and
transferred to Reading University and were
held in a cold room (4°C) and then
transported to the experiment chambers
(phytotrons). Three different experiments
(experiment one=E1, experiment two=E2
and experiment three=E3) based on
Completely Randomized Designs (CRD)
with factorial arrangement (three RH, recut
and non-recut and three growing areas) with
10 replications were conducted. Cut H30
rose flowers obtained from MM Flower
Factory in Cambridge which imported from
three Ethiopian growing areas (Fleur, Liki
and Longonot areas) were used. All obtained
cut H3O flowers (180 stems) cut to 40 cm
height and stripped leaves, then divided to
three groups (each group included 60 stems)
according to growing areas (Fleur, Liki and
Longonot areas), placed in bucket and kept
in phytotron (The phytotrons condition was
2242°C, 60% RH, 10 pmol. m?s?
irradiance with 12 h photoperiod.) as a



Response of Cut Rose Flowers to Relative Humidity and Recut During ... 147

commercial supply chain for four days. Half
of each group recut to 5 cm and half of them
as non-recut flowers for control. After four
days keeping flowers in phytotrons based on
commercial supply chain, each group
divided to three sections. Each section
included 20 stems (10 stems recut and 10
stems non-recut) and transferred to bottles
containing 200 ml distilled water and Crysal
(each stem in one bottle).

After that, all bottles contain cut H30
rose flowers from each section transferred
to phytotrons with different RHs (60, 75
and 90%). The phytotrones condition was
22+2°C with 10 umol. m2s? irradiance
from cool white florescent lamps and 12 h
photoperiod).

Assessments

Vase life

Vase life was recorded as the numbers of days
after treatment (day 0) that flowers reached
the end of their longevity due to bent neck or
advanced signs of fading on all petals (Mayak
and Halevy, 1974, Liao et al., 2000).

Relative fresh weight (RFW)

Relative fresh weight of stems was
calculated every two days using the
formula: RFW (%) = (Wt/W) x 100;
where Wt = weight of stems (g) at t = days
0, 2, 4, 6, etc. and W= = weight of the
same stem (g) on day 0.

Solution Uptake

Vase solution usage was determined every
two days after transferring from bucket to
vases using the formula: Solution uptake
(ml day™ g* fresh weight) = (St;-St)/Wi=o;
where, St = solution weight (g) at t = days
1, 2, 3, etc. Si.1 = solution weight (g) on the
preceding day, and Wty = fresh weight of
the stem (g) on day O.

Bacterial count:

Preparation of nutrient agar for total
plate count

standard plate count agar (APHA) (11.75 g)
(Oxoid Ltd, Basingstoke, Hampshire, UK)

was diluted in 500 ml of distilled water in
500 ml Scott Duran bottle and was stirred on
a hot plate using a magnetic stirrer until
boiling giving the concentration of 2.4%
(w/v). Then, it was sterilized for 15 min at
121 °C. The media were kept in 50 °C water
bath (Grant Operation, Cambridge, UK) to
maintain the liquid state. The media were
transferred to falcon tube prior of usage and
the temperature was measured by using
sterile  thermometer to confirm the
temperature did not exceed 50 °C.

Preparation of maximum recovery diluent
for sampling preparation

9.5 g of maximum recovery diluent (MRD)
(Sigma Aldrich, Missouri, USA) was
diluted in 1 L of distilled water (0.95%)
(w/v) in 1 L Scott Duran bottle and stirred
using magnetic stirrer until completely
dissolved. MRD diluent was poured in 100
ml Scott Duran bottle with 90 ml in each
bottle. Then, it was sterilized for 15
minutes at 121° C. The mixture was cooled
down in laminar flow hood before being
used or was kept in 4° C cold room for
longer term storage.

Bacterial count:

To count bacterial population, 5 cm of stem
end and 5 cm from upper part of stem were
cut. The selected parts of stems were
sterilized by careful blotting with ethanol
(98% v/v). After that, further cut the stem
into segments of 2 mm and weighted
individually. The prepared segments
transferred to falcon tubes and added 9 ml of
maximum recovery diluent (MRD) (Sigma
Aldrich, Missouri, USA) and vortexed for 1
min. Homogenized/inoculum (1 ml) was
sampled from the falcon tube and it was
serially diluted in 9 ml MRD to obtain 10?,
103, 10* until 10° Then 1 ml of the
respective solution was placed on 15 ml
nutrient agar with temperature between 45°C
to 50°C on petri dish using pour plate
technique and the plates were swirled to mix
evenly. The inoculated plates were allowed
to cool at room temperature until the liquid
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solidified. The plates then were incubated at
30°C in inverted condition. After 24 + 1h of
incubation, numbers of colonies per plate
were counted using a colony counter. Plates
with colonies more than 300 colonies are
labeled with TNTC (too numerous to count)
and plates with colonies less than 30 colonies
were discarded. Three stems of each
treatment were used for bacterial count.

Data Analysis

All obtained data were subjected to analysis
of variance (ANOVA) using Statistical
Analysis System Ver. 9.2. (SAS Institute,
Cary, NC, USA). All data was analyzed
based on Completely Randomized Designs
(CRD) with factorial arrangement (factors
included three rages of RH, recut and non-
recut and three growing areas) with 10
replications. T-test was used to compare the
differences among measured traits of three
different experiments (E1, E2 and E3). Mean
differences  between treatments  were
compared using Duncan’s Multiple Range
Test at P< 0.05. Graphs were then plotted
using Excel spread sheet .

Results

In all figures and tables:
RH60= 60% Relative humidity, RH75=
75% Relative humidity, RH90= 90%
Relative humidity.

Sol1= Solution uptake at day 1,...Sol 9=
Solution uptake at days 9.

FW1= Relative fresh weight at day
1...FW9= Relative fresh weight at days 9.

P1= Fleur grower, P2= Liki growers &
P3= Longonot growers.

e=end part & t= top part of stem.

El, E2 &E3= Experiment 1, Experiment
2 & Experiment 3.

Vase life

Analysis of variance revealed that various
RH significantly (P<0.05) affected flower
vase life in various storage times. In first
experiment, the highest and significant
vase life was found in flowers placed in 75
% RH compared to 60% RH. However,

75% relative humidity had no significant
differences with flowers placed in 90% RH
(Fig. 1A).

In second and third experiments, there
were significant (P<0.05) differences
among all relative humidities. In fact, in
two last experiments, 75% and 90% RH
produced the highest flower vase life
compared to 60% RH conditions (Fig. 9A).
However there was a significant (P<0.05)
difference between 90 and 60% RH.
Flower vase life in 90% RH, was higher
than vase life of flowers in 60% RH. Mean
comparison in three experiments revealed
that with increase in storage time in cold
room, flower vase life was decreased.
Exactly, the highest reduction was
happened in 60% RH and no significant
(P<0.05) difference was found between
75% and 90% RH (Fig. 1A).

The results revealed flowers originated
from various growers form Ethiopia
significantly (P<0.05) affected flower vase
life. However, mean comparisons showed
that cut rose flowers originated from Liki
growers significantly had the highest vase
life compared to others which followed by
Longonot and Fleur growers (Fig. 9 B).
Moreover, there were significant (P<0.05)
differences among all other origins (Fig. 1B).

In case of recut, the result revealed that
5 cm cut the end of flower stem
significantly increased flower vase life
compared to no cut ones (Fig. 1C).

Relative fresh weight

The result of experiment revealed that
different relative humidities significantly
affected relative fresh weight during
experiment except for day 1 and day 13. In
other days, cut flowers placed in 75%
relative humidity significantly (P<0.05)
maintained higher fresh weight compared to
60% relative humidity. However, cut flowers
placed in 90% relative humidity had no
significant differences (P<0.05) with ones
that placed in75% relative humidity.
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Fig. 5. Effects of recut and non-recut on relative
fresh weight of cut rose flowers in different
experiment (E1, E2 &E3).

The result of experiment revealed that

different storage time affected relative
fresh weight. In fact, with increasing
storage time in cold room, relative fresh
weight of flowers decreased. Highest
decrease in relative fresh weigh was
happened in last storage time (Fig. 3).
Mean comparisons revealed that relative
fresh weight of flowers originated from

Fig. 6. Effects of different RH on solution uptake
of cut rose flowers in different experiments (E1,
E2 &E3).

various growers from Ethiopia significantly
(P<0.05) differed. However, in all three
experiments, cut rose flowers originated from
Fleur growers, significantly had the lowest
RFW during experiment time compared to
the others. In fact, cut H3O rose flowers
harvested from Liki greenhouse, after days 7
had the highest and significant RFW during
experiment time which significantly followed
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(except days 5) by Longonot ones during the
rest of experiment (Fig. 4). The results of
experiment revealed that recut flowers
significantly (P<0.05) had higher RFW
compared to non-recut flowers during whole

experiments. However, the results also
showed that with increasing storage time in
cold room, RFW of both recut and non-recut
flowers decreased (Fig. 5).
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Fig. 7. Effects of different growing area on
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Fig. 8. Effects of recut and non-recut on solution
uptake of cut rose flowers in different
experiments (E1, E2 &E3).
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Solution uptake

The result of experiment revealed that cut
rose flowers placed in 90% and 60% relative
humidity significantly (P<0.05) had the
highest and lowest solution uptake during
whole  experiment time  respectively.
However, in first experiment after obtaining
flower from MM flowers Company, cut rose
flowers placed in 75 % relative humidity had
the highest solution uptake compared to the
others. However, no significant difference
was found between 75 and 90% RH. In
second and third experiments after storage in
cold room, mean comparison showed that
cut rose flowers placed in 90% relative
humidity considerably and significantly
(P<0.05) maintained solution uptake
compared to the other RHs (Fig. 6).
However, the results also revealed that with
increasing storage time in cold room,

solution uptake of flowers in all RH
decreased (Fig. 6).

Mean comparisons revealed that
solution uptake of flowers originated from
various growers from Ethiopia
significantly (P<0.05) differed. However,
in all three experiments, cut rose flowers
originated from Liki and Fleur growers,
significantly (P<0.05) had the highest and
lowest solution uptake in all experiments
respectively (Fig. 7).

The results of experiment revealed that
recut flowers significantly (P<0.05) had
higher solution uptake compared to non-
recut flowers during whole three
experiments. However, the results also
showed that with increasing storage time in
cold room, solution uptake of both recut
and non-recut flowers decreased (Fig. 8).

Fig. 9. Effects of different relative humidity (A) and growing area (B) on cut rose flowers. (P1=
Fleur grower, P2= Liki growers & P3= Longonot growers; RH60= 60% Relative humidity,
RH75= 75% Relative humidity, RH90= 90% Relative humidity).
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Bacterial count

The results of experiment revealed that cut
rose flowers originated from various
growers from Ethiopia significantly
(P<0.05) differed in bacterial count. Mean
comparison showed that E1 (first
experiment) significantly had highest
bacterial population compared to E2
(second experiment) and E3 (third
experiment). However, there was no
significant (P<0.05) difference between E2
and E3. It means that keeping flowers in
cold room significantly decreased bacterial
population on the stem (Fig. 2B). The
result showed that cut rose flowers
originated from various growers from
Ethiopia significantly (P<0.05) differed in
microbe population. Cut rose flowers
originated from Liki growers significantly
(P<0.05) had the highest microbe
population in the bottom part of stem
compered to others. However, cut rose
flowers from Fleur significantly differed
from Liki and Longonot originated flowers
(Fig. 2A). The results revealed that cut
H3O rose flowers obtained from Longonot
growers did not included more bacteria in
the stem (30 to 300 per stem was included
in calculation). Mean comparison showed
that the end of stems contain lots of
bacteria compared to top of stem (Fig. 2C).

Discussion

The result revealed that by increasing RH
from 60% to 90%, flower longevity
significantly  (P<0.05) increased. The
highest vase life was found in flowers
placed in 90% RH compared to 60 and
75% RH. In fact, in the present study high
RH significantly improved all measured
traits. In fact, there was no dried leaf in
90% RH (data not shown). Doi and
colleagues (2000) reported that for
prolonging vase life of cut flowers and
maintaining its turgidity, it should be kept
in 90-92% relative humidity. Vieira and
colleagues (2014) reported that ideal RH
for Strelitzia flowers was 85-90% which
caused an increase in flower vase life.

Paull (1987) reported that high RH (90-
95%) during postharvest storage increased
cut anthorium flower vase life. Our
experiments revealed that by increasing
flower vase life relative fresh weight,
solution uptake and flower diameter and
chlorophyll  content were improved.
Evaluation of Heliconia psittacorum L.
over a 10 day storage period at various
RHs showed that those flowers stored at
90% RH had the lowest fresh weight loss
(Bafiuelos-ernédndeza et al., 2016). It has
been reported that reduction of vase life
may be due to reduced water uptake and
early senescence which resulted in vascular
blockage (Song et al., 1996; Ahmad et al.,
2014). However, to improve water uptake
in cut flowers and foliage reduction in leaf
area, keep them in an environment
conducive to less water loss (viz. low
temperature and high RH was needed
(Jones et al., 1993; Aliniaeifard and van
Meeteren, 2016). In cut roses, water stress
is a main proof of vase life reduction due to
lack of proper flower opening, wilting of
foliage and/or bent neck (van Doorn and
Perik, 1990; Knee, 2000). Water loss or
insufficient uptake due to adverse
postharvest  condition  (water  vapor
pressure deficit or low humidity and high
temperature) is one of the most important
reasons for reduction of flower longevity
(van Meeteren and Aliniaeifard, 2016). So,
lack of sufficient RH for cut produces, will
accelerate shortening of cut produce
display life. In fact, occlusions due to
microbial, physiological and physical
plugging of xylem vessels affected water
uptake by cut stem (e.g. Nijsse et al., 2000;
van Doorn and Cruz, 2000). It has been
reported that low RH condition caused
greater absorption of pulsing solution
(Shimizu-Yumoto and Ichimura, 2007)
which confirmed our finding results.
However, our results was not confirmed by
results of Faragher et al., 1986 which
reported that although storage of cut rose
flowers (Rosa hybridaL. cv. Mercedes) at a
RH of 65% reduced petal water content by
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20% in comparison with flowers stored at
95% RH, it did not shortened the vase life,
which is in accordance with the obtained
results for RFW. However, in case of
flower vase life it did not confirm our
results, which can be due to variation in
preharvest condition. Natural senescence
was due to vascular occlusion, which
inhibits water supply to the flowers (Van
Doorn, 1997) because of bacteria
(Durkin,1980), air emboli and
physiological responses of stems to cutting
(Van Doorn, 1990). However, in our
experiment, there was no relationship
between bacteria and reduction of vase life.
It should be because of recut 5 cm of the
stem end. In fact, most of bacterial
population was seen in the end of stem.
Therefore, with recut the end of stem as
much as 5 cm, most of them was discarded.
In recut flowers, bacteria did not affected
flower vase life. However, in non-recut
rose flowers obtained from Fleur, the top
part of stem contained considerable
bacterial colonies. Low vase life confirmed
that bacteria affected flower vase life. It
was reported that bacterial accumulation in
the end of cut stem flowers or solution
uptake significantly decreased flower vase
lives, which confirm our research results in
case of non-recut flowers (Durkin, 1980,
Zagory and reid, 1986, W.G. van Doorn
and Y. de Witte, 1997).

Our results revealed that in three
relevant experiments with increasing
storage time in cold room, all measured
traits especially vase life of flowers
significantly (P<0.05) decreased. Ahmad
and colleagues (2014) reported that
inflorescences of both cultivars of ‘Line
Dance’ and ‘Tap Dance’ eremurus stored
for 1 week had similar vase life as of un-
stored stems irrespective of dry or wet
storages. Storage longer than 1 week
greatly reduced the vase life of both
cultivars. Cut stems of several species such
as dahlia (Dahlia x hybrida Cav.),
trachelium (Trachelium caeruleum L.), or
zinnias are susceptible to damage by

extended storage at low temperatures and
have resulted in shorter vase life following
storage (Dole et al., 2009; Ahmad et al.,
2012).

It can be concluded that cut flowers that
recut for 5 cm had the highest vase life,
relative fresh weight, and solution uptake,
flower diameter and chlorophyll content
compared to non-recut ones. It was found
that bark removal at the base of cut rose
stems increased water uptake and a 25%
increase in FW compared to control (de
Stigter and Broekhuysen, 1986). Florists
sometimes advocate splitting or crushing
stems and also removing bark at the base of
the stem to increase water uptake and extend
vase life (Jones, 2001; Milner, 2009). Bark
removal increased vase life of fresh-cut rose
with better maintenance of RFW and
sustained vase solution usage (Ahmad,
2011).

The result of experiment revealed that
flowers originated from various growers
from Ethiopia significantly (P<0.05)
affected flower qualities. However, cut
rose flowers originated from Liki growers
significantly had the highest vase life
compared to the other growers which
followed by Longonot and Fleur ones. Our
finding confirmed by study that growing
environment can affect cut rose flower
vase life. This effect is mainly related to
changes in stomata responsiveness,
regulating water loss, whereas cut flower
carbohydrate status appears less critical
(Fanourakis et al., 2013).

References

1. Ahmad I, Dole M.J, Amjad A, Ahmad S. 2012.
Dry storage effects on postharvest performance
of selected cut flowers. HortTechnology 22,
463-469.

2. Ahmad I, Dole J.M, Carlson A.S, Blazich F.A.
2013a. Water quality effects on postharvest
performance of cut calla, hydrangea, and
snapdragon. Scientia Horticulturae 153, 26-33.

3. Ahmad I, Dole J.M, Clark E.M.R, Blazich F.A.
2014a. Floral foam and/or conven-tional or
organic preservatives affect the vase-life and
quality of cut rose (Rosa hybrida L.) stems.



156

Int. J. Hort. Sci. Technol; Vol. 5 ,No. 2; December 2018

10.

11.

12.

13.

14.

15.

Journal of Horticulture  Science and

Biotechnology 89, 41-46.

Ahmad I, Joyce D.C, Faragher J.D. 2011
Physical stem-end treatment effects on cut rose
and acacia vase life and water relations.
Postharvest Biology and Technology 59, 258-
264.

Ahmad I, Dole J.M, Saleem M, Khan M.A,
Akram A, Khan A.S. 2013b. Preserva-tives and
packaging material have an impact on the post-
harvest longevity ofcut Rosa hybrida L.
‘Kardinal’ flowers. Journal of Horticulture
Science and Biotechnology 88, 251-256.

Ahmad I, Dole M.J, Schiappacassec F, Saleemb
M, Manzano E. 2014b. Optimal postharvest
handling protocols for cut ‘Line Dance’ and
‘TapDance’ Eremurus inflorescences. Scientia
Horticulturae 179, 212-220.

Aliniaeifard S, van Meeteren U. 2016. Stomatal
characteristics and desiccation response of
leaves of cut chrysanthemum (Chrysanthemum
morifolium) flowers grown at high air
humidity. Scientia Horticulturae 205, 84-89.

Bafiuelos-Hernandeza K.P, Garcia-Navaa J.R,
Leyva-Ovalleb O.R, Pefia-Valdiviaa C.B,
Ybarra-Moncadac M.C. 2016. Flowering stem
storage of Heliconia psittacorum L. f. cv.
Trépica. Postharvest Biology and Technology
112, 159-169.

Bleeksma H.C, Van Doorn W.G. 2003.
Embolism in rose stems as a result of vascular
occlusion by bacteria. Postharvest Biology and
Technology 29, 334-340.

Burdett A.N. 1970. The cause of bent neck in
cut roses. Journal of the American Society for
Horticultural Science 95, 427-431.

Butt S.J. 2003. A Review on Prolonging the Vase
Life of Roses. Pakistan Rose Annual. Published
by Pakistan National Rose Society 49-53.

Celikel F.G, Cevallos J.C, Reid M.S. 2010.
Temperature, ethylene and the postharvest
performance of cut snapdragons (Antirrhinum
majus). Scientia Horticulturae 125, 429-433.

De Stigter H.C.M, Broekhuysen A.G.M. 1986.
Cut-rose performance: Result of a touchy
balance. Acta Horticulture 1989, 137-142.

Dixon M.A, Peterson C.A. 1989. A re-
examination of stem blockage in cut roses.
Scientia Horticulturae 38, 277-288.

Doi M, Hu Y, Imanishi H. 2000. Water
relations of cut roses as influenced by vapor
pressure deficits and temperatures. Journal of

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

the Japanese Society for Horticultural Science
69, 584-589.

Dole J.M, Viloria Z, Fanelli F.L, Fonteno W.C.
2009. Postharvest evaluation of cutdahlia,
linaria, lupine, poppy, rudbeckia, trachelium,
and zinnia. HortTechnology19, 593-600.

Durkin, D.J. 1980. Factor affecting hydration
of cut flowers. Acta Horticulture 113,109-117.

Fanourakis D, Pieruschka R, Savvides A,
Macnish ~ AJ, Sarlikioti V, Woltering E.J.
2013. Sources of vase life variation in cut
roses: A review. Postharvest Biology and
Technology 78, 1-15.

Faragher J.D, Mayak S, Tirosh T. 1986.
Physiological response of rose cut flowers to
cold storage. Physiologia Plantarum 67, 205-10

Halvey A.H, Mayak S. 1979. Senescence and
postharvest physiology of cut flowers.
Hurticulture Review 1, 204-234.

Heinrichs F. 2008. International statistics flowers
and plants. AIPH/Union Fleurs 56, 16-90.

Jin J.S, Shan N.W, Ma N, Bai J.H, Gao J.P.
2006. Regulation of ascorbate peroxidase at the
transcript level is involved in tolerance to
postharvest water deficit stress in the cut rose
(Rosa hybrida L.) cv. Samantha. Postharvest
Biology and Technology 40, 236-243.

Jones R. 2001. Caring for Cut Flowers, second
ed. Land Links Press, Collingwood, Victoria,
Australia.

Jones R.B, Faragher J.D, van Doorn W.G.
1993. Water relations of cut flowering branches
of Thryptomene calycina (Lindl.) Stapf.
(Myrtaceae).  Postharvest  Biology and
Technology 3, 57-67.

Knee, M. 2000. Selection of biocides for use in
floral preservatives. Postharvest Biology and
Technology 18, 227-234.

Macnish A.J, Leonard R.T, Borda A.M, Nell T.A.
2010. Genotypic Variation in the Postharvest
Performance and Ethylene Sensitivity of Cut
Rose Flowers. HortScience 45, 790-796.

Milner G. 2009. Fresh-Cut Flowers. Jojo
Publishing, Melbourne, Australia.

Mohy E.E. 2011. Vase Life Extension of Rose
Cut Flowers (Rosa Hybirida) as Influenced by
Silver Nitrate and Sucrose Pulsing. 2011.
American  Journal of Agricultural and
Biological Sciences 6 (1), 128-133.

Mortensen L.M, Fjeld T. 1998. Effects of air
humidity, lighting period and lamp type on


http://www.sciencedirect.com/science/article/pii/S0925521412002670
http://www.sciencedirect.com/science/article/pii/S0925521412002670

Response of Cut Rose Flowers to Relative Humidity and Recut During ... 157

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

growth and wvase life in rose. Scientia

Horticulture 73, 229-237.

Nijsse J, van Meeteren U, Keijzer C.J. 2000.
Air in xylem vessels of cut flowers. Acta
Horticulture 517, 479-486.

Paull R.E. 1987. Effect of storage duration and
temperature on cut anthurium flowers.
HortScience 22(3), 459-460.

Paulin A. 1997. Poscosecha de Las Flores
Cortadas. Bases fisioldgicas, Hortitecnia Ltda,
Espafia.

Reid M.S, Evans R.Y, Dodge L.L. 1989.
Ethylene and silver thiosulphate influence
opening of cut rose flowers. Journal of the
American Society for Horticultural Science
114(3), 436-440.

Shimizu-Yumoto H, Ichimura K. 2007. Effect
of  Relative  Humidity and  Sucrose
Concentration on Leaf Injury and Vase Life
during Sucrose Pulse Treatment in Cut
Eustoma Flowers. Horticulture Research
(Japan) 6 (2), 301-305.

Silvanda M.S, Daniely M.A, Barbosa J.A,
Ricardo E.A, LuizMosca J. 2011. Effects of
sucrose pulsing and silver nitrate on longevity
of two cultivars of cut roses. International
Society for Tropical Horticulture 54, 36-38.

Song C.Y, Bang C.S, Huh K.Y. 1996. Effects
of preservatives and cold storage on vase life
and quality of hybrid stock (Matthiola incana).
Korean Journal of Agriculture Science 38, 598-
603.

Torre S, Fjeld T. 2001.Water loss and
postharvest characteristics of cut roses grown at
high or moderate relative air humidity. Scientia
Horticulture 89, 217-26.

Van Doorn W. G. 1997. Water relations of cut
flowers. Horticulture Review 18, 1-85.

Van Doorn W.G, Groenewegen G, van de Pol
P.A, Berkholst C.E.M. 1991. Effects of
carbohydrate and water status on flower
opening of cut Madelon roses. Postharvest
Biology and Technology 1, 47-57.

Van Doorn W.G, Cruz P. 2000. Evidence for a
wounding-induced xylem occlusion in stems of
cut chrysanthemum flowers.  Postharvest
Biology and Technology 19, 73-83.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Van Doorn W.G, Perik R.RJ. 1990.
Hydroxyquinoline citrate and low pH prevent
vascular blockage in stems of cut rose flowers
by reducing the number of bacteria. Journal of
American Society for Horticulture Science 115,
979-981.

Van Doorn W.G, Perik R.R.J, Belde P.J.M.
1993. Effects of surfactants on the longevity of
dry stored cut stems of rose, Bouvardia and
Astilbe. Postharvest Biology and Technology
3, 69-76.

Van Doorn W.G, De Witte Y. 1997. Sources of
the bacteria involved in vascular occlusion of
cut rose flowers. Journal of the American
Society for Horticultural Science 122, 263-266.

Van Meeteren U, Aliniaeifard S. 2016. Stomata
and postharvest physiology. Postharvest
ripening physiology of crops, CRC press. 157-
216.

Vieira M.R.S, Simoes A.N, Souza P.A. 2014.
Recommended temperature and  relative
humidity for storage of Brazilian tropical
flowers. African Journal of Biotechnology
13(11), 1198-1201.

Xue J.Q, Li Y.H, Tan H, Yang F, Ma N, Gao
J.P. 2008. Expression of ethylene biosynthetic
and receptor genes in rose floral tissues during
ethylene-enhanced flower opening. Journal of
Experimental Bottany 8, 2161-2169.

Zagory D, Reid M.S. 1986. Role of vase
solution micro-organism in the life of cut
flowers. Journal of American Society for
Horticuture Science 111,154-158.

Zieslin N.H, Kohl J.R, Kofranek M.C, Halevy
A.H. 1978. Changes in the water status of cut
roses and its relationship to bent-neck
phenomenon. Journal of American Society for
Horticulture Science 103, 176-179.

Zieslin N, Starkman F, Zamski E. 1989.
Growth of rose flower peduncles and effects of
applied plant growth regulators. Plant Growth
Regulation 8, 65-76.

Zieslin N, Starkman F, Zamski E. 1989.
Bending of rose peduncles and the activity of
phenylalanine ammonia lyase in the peduncle
tissue. Plant Phys. Biochemistry 27(3): 431-
436.



