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ABSTRACT

Postharvest treatments and dry cold storage periods can delay senescence and
improve vase life of Solidago canadensis cv. "Tara" cut stems at different harvest stages.
This investigation was carried out during 2010 and 2011 seasons on Solidago canadensis
cv. "Tara" cut stems in Plant Production Department, faculty of agriculture Saba Basha,
aiming to study the effect of pulsing cut stems with five concentrations of gibberellic acid
(GAg) at zero, 0.25, 0.50, 0.75, 1.00 mM, and five concentrations of silver thiosulphate (STS)
at zero, 1.00, 1.50, 2.00, 2.50 mM, before dry cold storage at seven periods (control-
1,2,3,4,5,6 weeks) at two harvest stage of florets opening H1 30% and H2 10%.Results
revealed that GAs; and STS at 1.00 and 2.00 mM., respectively, achieved the best results for
vase life. Besides, the cold storage period up to 6 weeks followed by possible days of vase
life were achieved by using GAa (1.00 mM) and STS (2.00 mM) for the two harvest stage.
Number of days from starting the vase life to full opening of the flowers and number of days
after full opening of the flowers to fading increased by increasing the concentrations of
pulsing solutions and decreased by increasing the dry storage durations.

Key words: Solidago canadensis, cut flowers, postharvest, preservation, harvest stage, cold
storage, vase life, silver thiosulphate, gibberellic acid.

INTRODUCTION

Solidago canadensis have been introduced into Europe in the 17"
century (Schmid and Weiner, 1993). This taxon presently ranges from lItaly
to southern Scandinavia and from Ireland to Russia; the species has also
been introduced {0 Asia and Australia (Weber, 2000). In Europe, S.
canadensis "Tara" now accounts for nearly 100 % of the Dutch imports of
all Solidago cultivars since it seemed more robust than most other cultivars
and now lies the sixth in the import ranking which is excellent for a one
variety, one colour flower (Partwee, 2000). Cut flowers have significantly
been one of the most important sources of national income in many
countries. Including Egypt Sofidago canadensis, L or goidenrod is now a
mainstream cut flower, produced in the fields and the greenhouses as well,
wherever cut flowers are grown. Florists and designers incorporate them in
mixed bouquets and arrangements. Plants exhibit ease of cuiture, high
yield, and exceilent vase life. The crop looked much easier and highly
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profitable for the Egyptian growers under open-field conditions {Armitage

and Laushman, 2003).

Silver thiosulphate (STS), is thought to be a chemical that suppress
ethylene action. The effectiveness of Ag+ in reducing ethylene action
declines as the ethylene concentration is increased and delay flowers
senescence. Pulsing Solidago canadensis cut stems with an aqueous
solution of STS for 19 h, delayed leaf yellowing in cut spikes during vase
life, and also inhibited flower senescence (Hadas-Philosoph et a/.,1997).
The treatment with STS by exposing the flower bases to 0.4 mM for 6 h
increased the vase life of leaves as well as the inflorescence of cut
Solidago canadensis spikes compared to the control (Hassan et af., 2003).
Gibberellic acid (GA3) is a growth regulator that has been used as post
harvest treatment for cut flowers, it also may retards the senescence of leaf
and floral organs (Serek and Andersen, 1995 and Beata and Marek, 2004).
Gibberellic acid retard early leaf yellowing in flowering shoots of Solidago
canadensis cv. Yellow Submarine while preserving overall quality, GA;
considerably delayed leaf yellowing in cut spikes during vase life, and
inhibited flower senescence (Hadas-Philosoph ef al., 1997).

Harvest stage may affect the post harvest quality, Brahmankar et
al., (2005) studied the effects of different harvesting stages of golden rod
{Solidago canadensis), i.e. unopened stage (H:) with fully mature buds,
25% opened stage (H;) and 50% opened stage (H;) and found that,
harvesting at less advanced stages (both uncpened and 25% opened
stages) recorded higher panicle weight, delayed senescence and enhanced
vase life along with good quality maintenance. The unopened stage and
25% opened stage exhibited excellent flower quality with excellent flower
colour maintenance, turgidity and freshness.

With respect to the effect of storage durations on the post-harvest
guality, Koyama et al. (1995) reported that with a view to supplying high
quality cut carnations flowers in summer, flowers were preconditioned with
STS and 10% sucrose and then stored at 1 °C for 12 weeks. They found
that the vase life of cv. “Nora” and cv. “"Coral” flowers was extended after
the 12 weeks of cold storage by STS treatment.

The aims of the present study were to:

1- Determine the effectiveness of some chemical materials as preservation
treatment added before or during storage period to reduce flower
senescence and increasing vase life during long term storage, and

2- Study the effect of dry storage period on Sclidago flowers.

MATERIALS AND METHODS
Two separated experiments were carried out; the first with GA; and

the second with STS.
1. cut flowers materials
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The cut flowers used for this investigation were Solidago
canadensis cultivar “Tara” obtained from a well known commercial nursery
at Cairo.

Cut flowers were cut in uniform size and shape at two harvest stages (VBN,
1999 and Brahmankar et af., 2005).

1 — Harvest stage 1 where only 30 % of florets are opened.

2 — Harvest stage 2 where only 10 % of florets are opened.

1.1. cut flowers preparation

Cut flowers were cut in early morming, wrapped using polyethylene, and
then quickly moved to the laboratory under dry condition. Fiower length was
65 cm long.

Flowering stems were trimmed before pulsing treatments to a uniform
length of 50 cm (Khimani et al., 2005) then placed in glass containers which
contained the pulsing solution in tap water. As soon as possible, lower
leaves were removed at the end of the third part of stems.

2. Chemicals used in the two experiments

2.1. Pulsing solution treatment before storage

2.1.1. Silver thiosulphate (STS)

Stock solution of STS was prepared as described by Reid etal. (1980).
Silver thiosuiphate was prepared on the day of the experiment of stock
solution of 4mM/ Silver nitrate (AgNO;) (0.1M} and 16mM/ sodium
thiosulphate (Na,S:03.5H;0) (0.1M). Cut flowers were held to a depth of
3cm using tap water with concentrations of (1.00, 1.5, 2.00 and 2.50 mM)
befare storage for four hours.

2.1.2. Gibberellic acid (GAs)

GA; was used with concentrations of (0.25, 0.50, 0.75 and 1.00 mM) in
DI water before storage, by using (0.087, 0.173, 0.259 and 0.348 g/l) from
the pure chemical to form the concentrations, respectively
2.2. Control

Control cut flowers were held in tap water at the same time of the
other treatments.

3. Storage duration

Cut flowers were stored at 7 periods (0, 1, 2, 3, 4, 5 and 6 weeks)
under dry conditions wrapped in Kraft paper and put in flower export carton
boxes (100x40x30 cm).

3.1. Storage temperature

Storage temperature used was (2°C - 4°C) and relative humidity
{90-95 %) as was recommended for Solidago and described by Nowak and
Rudnicki (1990) and Hamza et al. (2008).

Temperature and relative humidity were recorded during the storage
periods at the two seasons and in the laboratory, during the vase life
period. The average temperature in the laboratory was from (17° to 22°C)
and the relative humidity was from (40 to 80%) in the two seasons.
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4. Holding solution

Flowering stems were trimmed before pulsing treatments to a
uniform length of 50 cm then placed in glass containers which contained
tap water to calculate the vase life and the tested parameters.

5. Experimental layout and statistical analysis

The experimental design was a split-split plot design containing 3
replications (Steel and Torrie, 1980). The harvest stage {H) was considered
as the main factor, while the concentrations (C) of chemicals were the sub
factor, on the other hand, the storage durations (S) were the sub-sub factor.
The total number of treatments were then 70 (2 harvest stage x 5
concentrations » 7 storage duration). Each plot contained 3 replicates,

The first experiment started at 19/12/2010. Six cut flowers per plot
were used for each treatment in the replicate. Three replicate were used,
each replicate contained 70 treatments. The plot contained six plants for
each treatment in the replicate. The total number of flowers was 1260
flowers. On the other hand, the second experiment started at 19/11/2011.
6. The collected data

1. Flower duration [vase life (days)]: was determined as the numbers of
days from starting the vase life after cold storage to the fading stage.

2. Full opening stage (days): The number of days taken from the
starting of the vase life to the full opening stage

3. Fading stage (days): the number of days from the full opening stage
to the fading stage.

RESULTS AND DISCUSSION
1. Experiment (1) effect of GA3

Means and the least significant differences test for the effect of
harvest stage (H), GA; concentrations (C), storage durations (S) and their
interactions on the total vase life, full opening and fading durations in the
first and second seasons are given in Table1.

1.1. Effect of harvest stage

Data in Table 1 showed that the harvest stage had a significant
effect on vase lfe in the two seasons. The second harvest stage resuited in
the greatest vase life (13.22 and 15.46 days, for the first and second
seasons; respectively) while the shortest vase life were obtained by the first
harvest stage (9.73 and 12.14 days, for the first and second seasons;
respectively). Full opening and fading durations significantly increased in
the second harvest stage resulted in the greatest value (6.67-6.55 and
8.19-7.27 days, for the first and second seasons; respectively).
1.2. Effect of concentrations

Data in Table 1 cleared that the vase life was increased by
increasing concentrations in both seasons. The highest concentration of
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GA; resulted in the longest vase life {14.05 and 16.52 days, for the first and
second seasons; respectively). The full opening and fading durations
significantly increased by increasing the GA; concentration resulted in the
maximum vailue (7.00-7.05 and 8.38-8.14 days, for the first and second
seasons; respectively).

1.3. Effect of storage durations

Results in Table 1 showed that vase Ife was decreased by
increasing storage durations in both seasons. The zero storage durations
(control) resulted in the longest vase life (18.18 and 19.40 days, for the first
and second season; respectively).While the longer-term storage durations
{week six) resulted in the shortest vase life (4.03 and 6.38 days, for the first
and second seasons respectively). The full opening and fading durations
significantly decreased by increasing the storage durations resulted in the
shortest duration at week six (2.15-1.88 and 3.42-2.97 days, for the first
and second seasons; respectively).

1.4. Effect of interactions

Data in Table 1 showed that there were significant and highiy
significant interactions between the harvest stage (H), GA5 concentrations
(C) and storage durations (S) on vase life, full opening and fading durations
in the two seasons.

From the previously mentioned results, it might be concluded that all
the harvest stages used gave a clear effect on vase life especially H2. The
increase in storage duration resuited in the shortest vase life. Moreover, as
expected, the higher concentration of GA; gave the longest vase life; this is
because gibberellic acid have been proven to extend the vase-iife and
delayed leaf senescence as reported by Patil and Dhaduk (2010) and
Tiwari et al. (2010).The decreasing of vase life may be due to the
respiration process during the dry cold storage of flowers. Respiration leads
to higher rates of carbohydrate consumption and food depletion which was -
reflected on the number of days of vase life as found by Finger et a/. (2003)
and Verma ef al. (2006).
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Table 1: The effect of harvest stage, GA; concentrations, storage durations

and their interactions on the full opening vase life, fading vase life
and total vase life of Solidago canadensis cv. “Tara” flowering
stems in the first and second seasons

Full opening Fading (days) Total vase life
Treatments (days) (days)
2010 2011 2010 2011 2010 2011
Harvest stage (H %)
H 1 (30%) 4.03 5.45 5.71 6.74 9.73 12.14
H 2 (10%) 6.67 8.19 6.55 7.27 13.22 15.46
L.S.D (0.05) 0.42 0.39 0.35 0.39 0.39 0.42
Concentrations (C mM)
C1 3.77 5.27 4.10 4.67 7.87 9.94
C2 4.50 6.23 5.83 6.74 10.33 12.96
C3 5.35 6.58 6.62 7.73 11.96 14.31
C4 6.11 7.50 7.07 7.88 13.18 15.38
Cs 7.00 8.38 7.05 8.14 14.05 16.52
L.8.D (0.05) 0.36 0.34 0.13 0.34 0.34 0.36
Storage durations (S week)
S0 10.45 11.28 7.73 8.12 18.18 19.40
81 7.78 9.40 8.78 8.87 16.57 18.27
52 6.12 8.18 8.23 8.88 14.35 17.07
S3 4.48 6.47 7.87 8.30 12.35 14.77
S4 3.58 4.80 5.30 7.28 8.88 12.08
S5 2.88 4.00 3.13 4.65 6.02 8.65
S6 215 3.42 1.88 297 4.03 6.38
L.S.D (0.05) 0.41 0.34 0.21 0.34 0.34 0.41
Interactions
HXC . - o . . -
HXS o o - - - -
CXS - ok - > . -
H X C x S Jk * & dek Fk *H E]

H: harvest stage, C: concentrations and S: storage durations.
**, * Highly significant at 0.01 and significant at 0.05 level of probability
respectively. L.S.D least significant difference at 0.05 level of probabifity.
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2. Experiment (2) effect of STS

Means and the least significant differences test for the effect of
harvest stage {H), STS concentrations (C), storage durations (S) and their
interactions on the total vase life, full opening and fading durations in the
first and second seasons are given in Table 2.
2.1, Effect of harvest stage

Data in Table 2 showed that the harvest stage had a significant
effect on vase life in the two seasons. The second harvest stage resulted in
the greatest vase life (12.93 and 13.57 days, for the first and second
seasons; respectively) while the shortest vase life were obtained by the first
harvest stage (8.57 and 10.33 days, for the first and second seasons;
respectively). Full opening and fading durations significantly increased in
the second harvest stage resulted in the greatest vaiue (6.21-6.71 and
7.04-6.54 days, for the first and second seasons; respectively).
2.2. Effect of concentrations

Data in Table 2 showed that the vase life was increased by
increasing concentrations in both seasons and then decreased. The 2.00
mM concentration of STS resulted in the longest vase life {(13.56 and 14 .63
days, for the first and second seasons; respectively). The full opening and
fading durations significantly increased by increasing the STS
concentration to 2.00 mM and resulted in the maximum value (6.21-6.85
and 7.38-7.26 days, for the first and second seasons; respectively).
2.3. Effect of storage durations

Results in Table 2 showed that vase life was decreased by
increasing storage durations in both seasons. The zero storage durations
(control) resulted in the longest vase life (16.95 and 17.28 days, for the first
and second season; respectively).While in the longer-term storage
durations (week six) resuited in the shortest vase life (4.43 and 5.53 days,
for the first and second seasons; respectively}. The full opening and fading
durations significantly decreased by increasing the storage durations
resulted in the shortest duration at week six (2.08-1.85 and 2.57-2.96 days,
for the first and second seasons; respectively).
2.4. Effect of interactions

Data showed that there were highly significant interactions between
the harvest stage (H), STS concentrations (C) and storage durations (S) on
vase life, full opening and fading durations in the two seasons (Table 2).

From the previously mentioned results, it might be concluded that ail
the harvest stage used gave a clear effect on vase life especially H2. The
increase in storage duration resulted in the shortest vase life. The 2.00 mM
concentration of STS gave the longest vase life; this is because the
effectiveness of Ag+ in reducing ethylene action deciines as the ethylene
concentration is increased and delay flowers senescence as reported by
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Hadas-Philosoph et al. (1997), Hassan et al (2003) and Finger et al
{2008). The decreasing of vase life may be due to the respiration process
during the dry cold storage of flowers. Respiration leads to higher rates of
carbohydrate consumption and food depletion which was reflected on the
number of days of vase life as found by Koyama et al (1995) and
Pompodakis et al. (2005).

Table 2: The effect of harvest stage, STS concentrations, storage durations
and their interactions on the full opening vase life, fading vase life
and total vase life of Solidago canadensis cv. “Tara" flowering
stems in the first and second seasons

Full opening Total vase life

Fading{days)

days days
Treatments  —gpre L agTT 2010 20T B0i0  p0i1
Harvest stage (H %)
H 1 (30%) 3.36 4.85 522 5.48 8.57 10.33
H 2 (10%) 6.21 7.04 6.71 6.54 12.93 13.57
L.S.D (0.05) 0.35 0.39 0.95 0.60 1.31 0.99
Concentrations (C mM)
C1 3.18 4.58 340 3.44 7.08 8.62
c2 4.38 5.30 4.93 5.60 9.81 10.90
C3 4.95 6.17 5.81 6.47 11.26 12.64
C4 6.21 7.38 6.85 7.26 13.56 14.63
C5 5.20 6.32 6.37 7.27 12.07 13.60
L.5.D (0.05) 0.16 0.11 0.23 0.21 0.33 0.24
Storage durations (S week)
S0 9.52 9.82 6.93 7.47 16.95 17.28
81 6.68 9.43 8.03 6.83 1521 16.27
S2 5.05 6.54 8.07 7.74 13.62 14.28
S3 4.25 5.54 6.32 6.77 11.07 12.32
S4 3.33 4.22 3.82 5.55 7.65 9.77
S5 2.58 3.53 3.28 4.73 6.37 8.27
56 2.08 2.57 1.85 2.96 4.43 5.53
L:5.0 (0.05) 0.38 0.31 0.29 0.28 0.42 0.37
Interactions

H x C * *k i *k ok * %

H X S *& & *k *%x o %

C X S e dr * ok ok *% * ¥k L

H x C X S ke * Fede * % % de K

H: harvest stage, C: concentrations and S: storage durations.

** Highly significant at 0.01 level of probability.

L.S.D least significant difference at 0.05 level of probability.
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