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ABSTRACT

The present investigation was carried out at Hort. Res. Inst., Giza. The
spikes of Selidago canadensis, cv. *Tara ~were harvested in two stages, viz., 10
and 30-40% of the inflorescences were opened . Four pulsing solutions were
tested for 19 hours: i.e. distilled water (control), aluminum sulfate (0.4%) + 3%
sucrose + 250 mg/l 8- HQC, GA; (300 ppm) + 250 mg/l 8- HQC + 3% sucrose
and silver thiosulfate (1:4 m M} + 250 mg/l 8- HQC + 3% sucrose. After pulsing,
the spikes were divided to two groups, the first group was placed in vases
(control) containing distilled water whereas the second one was stored dry for 4
days at 5° C, before being placed in the vase solution (distilled water) in the
laboratory. The obtained results revealed that stage II (30 — 40 % opening) gave
the longest vase life and increased flower quality in stored and unstored spikes
compared to stage I. The treatment of STS (1:4 m M) + 250 mg/l 8- HQC + 3%
sucrose¢ was the most effective pulsing solution in enhancing flower quality,
increasing flower fresh weight percentage and chiorophyll content followed by
GA; and aluminum sulfate descendingly in stored and unstored spikes. Harvest
stage II (30 — 40 % opening) when pulsed in STS produced the highest
inflorescence and leaves longevity and enhanced general appearance in stored and
unstored spikes,

INTRODUCTION

The goldenrod (Solidago canadensis) is a rhizomatous perennial which
belongs to Family Compositeae (Schwabe, 1980), and its single shoots bearing
leaves and yellow inflorescences, are in demand as cut flowers, Flowering
branches of goldenrod placed in water tend to show rapid leaf yellowing, even
when kept in the light. The carly leaf yellowing is the primary factor contributing
to the loss of postproduction longevity of this cut flower. Leaf yellowing
symptoms appear after only 2-3 days of vase life, while the longevity of the
inflorescence varies between 5 and 9 days. One of the commonest means to retard
leaf senescence and chlorophyll breakdown in cut flowers kept in darkness is by
the application of growth regulators such as, cytokinins and gibberellins, the
effects of which vary greatly among plant species. Gibberelling have been
implicated in delaying foliar senescence of various cut flowers (D' Hont et al.,
1991: Han, 1995). Silver thiosulfate (STS) was used in various treatment
techniques (basal, pre- treatment, pulsing and spraying) to defer senescence and
to increase the vase life of cut sun flowers cv. Japanese Miniature (Eyini et al.,
1996).
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Aluminum sulfate increased vase life as well as floret opening of.cut
tuberose. Aluminum sulfate exerted a dual effect in delaying the senescence of cut
tuberoses by increasing the water uptake and reducing the water loss and thereby
maintaining better water balance, leading to increased fresh weight and vase life
(Bhaskar et al., 1999). The storage of cut flowers makes it possible to adjust the
supply to market demands. Moreover, storage makes it possible to accutnulate large
quantities of cut flowers for a single shipment or the ability to preserve seasonally
produced flowers extends the period of their distribution to the market and to
consumers. The storage of flowers effectively extends those sales season for such as
gladiolus and snapdragons (Nowak and Rudnicki, 1990). This study examined the
efficiency of GA;, an ¢thylene antagenist (STS) and aluminum sulfate in retarding:
leaf vellowing, increasing vase life of inflorescence and test the response of solidago
floret opening if floret harvested early at tight stage besides the effect of dry cold
storage pertod on longevity of solidago cut spikes and some other characteristics were
also considered.

MATERIALS AND METHODS

This research was carried out at the Omamental Department, Horticultural
Research Institute, Giza, Egypt for two successive seasons of 2006 and 2007. Spikes
of Solidago canadensis, cv. "Tara "were freshly cut from a local nursery in two stages,
when 10 and 30-40 % of the inflorescences are opened and immediately brought to
the laboratory. The stem ends were trimmed to a uniform length of 80 cm and pulsed
for 19 hours in the tested pulsing solutions:

1) distilled water (control).

2) STS (silver thiosulfate) 1:4 m M + 250 mg/1 8- HQC (Hydroxyquinoline citrate)
+ 30 g /1 sucrose,

3) 300 ppm GA5+ 250 mg /1 8- HQC + 30 g/ sucrose.

4) 0.4 % Aluminum sulfate + 250 mg /1 8- HQC + 30 g/1 sucrose.

After pulsing the spikes were divided to two groups, the first was placed in
vases containing 500 ml distilled water in the laboratory (20-22° C, 40-50% relative
humidity and 24 hours photoperiod were supplied by fluorescent lamps 1000 lux).
‘Whereas, the second one was stored dry in horizontal carton boxes {102 x 50 x 30 cm)
for 4 days at 5° C, before being placed in the vase solution {500 ml distilled water) in
the laboratory.

Parameters:

1- Inflorescence longevity was defined as the number of days in vase life required
for inflorescence to reach browning of up 15% of the flowers.

2- Longevity of leaves was defined as the number of days in vase life required for
50% of the leaves to reach initiation of yellowing in 25% of leaf area.

3-  General appearance refers to quality of the whole spike including leaves and
inflorescence. Evaluation was based on a scale ranging from 1 to 5, when 1=
good quality spikes with green leaves and semi- open flowers: 2= initiation of
yellowing of lower leaves, part of the inflorescence fully opened: 3= browning of
lower leaves, initiation of yellowing in leaves below the last inflorescence and
inflorescence fully opened: 4= initiation of yellowing in the upper leaves with
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inflorescence beginning to show symptoms of semescence: 5= wilting and
browning of all leaves and whole inflorescence.

4- Evaluation of flower weight loss (%).at end of storage period.

5-  Flower fresh weight increase (%) was determined by weighting the fiowers at the
beginning of the treatment and 4 day intervals. o

6- Chlorophyll content (mg/g): was determined in fresh leaves calorimetrically
according to Saric ef al. (1967), from samples of cut leaf segments (0.5 g) taken
on days 5, 7 and 10 of vase life,

Layout of the experiment:

The experimenial design was completely randomized design in the two
experiments. Experiment I (unstored spikes) consisted of 8 treatments (2 stages x 4
pulsing solution) and general appearance consisted of 24 treatments (2 stages x 4
pulsing solution x 3 period vase life (6,8,10 day). Experiment II (stored spikes)
consisted of 8 treatments (2 stages x 4 pulsing solution) and general appearance
consisted of 24 treatments (2 stages x 4 pulsing solution x 3 period vase iife (6,8,10
day). Each treatment was replicated three times, each replicate consisted of 4 spikes.

Statistical analysis:

All data were subjected 10 statistical analysis according to the procedure
reported by Snedecor and Cochran (1982) and means were compared by New Less
Significant Different (L.S.D) range test at the 5 % level of probability in the two
SEasons.

RESULTS AND DISCUSSION

Experiment 1
The effect of harvest stage, pulsing solution and their interaction on Sofidago
canadensis, cv. "Tara "were examined:

1- Inflorescence and leaves longevity:

The resuits of Table (1) showed that the longevity of inflorescence and
leaves were decreased as the spikes were harvested at the early stage 1 and the
differences were significant in the second season. Also all puising solutions were
significantly effective in increasing inflorescence and leaves than control. The most
positive effect on both inflorescence and leaves longevity was obtained by STS +
sucrose +8- HQC followed by GA, + sucrose +8- HQC. The highest effect of STS in
enhancing inflorescence and leaves longevity were attributed to the effect of silver ion
on preventing ethylene action as a causing flower senescence (Beyer, 1976 and
Abeles ef al., 1992), The application of gibberellin to isolated carnation petals delayed
their senescence (Garrog and Harris, 1978).

The results of interaction between harvest siage and pulsing solutions
indicated that harvest spike at any stage and using STS + sucrose +8- HQC as a
pulsing solution significantly increased inflorescence and leaves longevity over than
the other treatments except (GA; + sucrose +8- HQC) the differences was non
significant in both season. Nichols and Sussex (1982) mentioned that STS treatment
of carnation cut flower increased flower life, especially when applied on the day, the
flowers were cut.



Table (I): Effect of harvest stage and pulsing solution on longevity of inflorescence and leaves in Sol:dago candensis CV."Tara "cut
' spikes during two seasons (2006 and 2007).

| Stage I [ Stage H| Mean | Stage I | Stage 11| Mean | Stage I] Stage II [ Mean
2006 2007

. 2006
Control (distilled water) 930 10.17 9.76 870 1000 | 935 | 600 6.30 6.15
Aliminium  sulfate
sucrose + 8- HQC 1070 | 1100 | 10.85 1050 | 1185 | 1418 ) 7.00 7.60 7.30
1217 1 1267 { 1242 | 1200 { 1290 {1245 920 | 1050 9385
13.33 1380 | 1357 | 1300 | 1400 , 1025 | 11.25 | 10.75
11.39 . 11.0s | 1219 A 891
L.S.D at 5%
Inflorescence Leaves
2006 2007 2006 2007
Factor (A) B (A XB) {A) (B) (AXB) (A)

B) | (AXB) | (A) (B) | (AXB)
Value [ 085 [ 120 | 170 | o8 | 121 | 173 [ o8 [ 122 | 171 | o088 [ 125 | 177

(A) = Harvest stage, (B} = Pulsing solution, (AxB) = Harvest stage x Pulsing solutio

9091
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2- General appearance: '
Results in Table (2 a, b) indicated that stage II showed the higher value of

general appearance than stage [ in both season.

The pulsing solutions STS + sucros¢ +8- HQC and GAs + sucrose +8- HQC
retarded leaf yellowing, These two treatments were also the best ones in maintaining
the quality of the whole spikes, which reached quality scores of 3.44 or 3.35 and 3.60
or 3.53, after 10 day of vase life in the first and second season, respectively.

Treatment GA; + sucrose +8- HQC was the most effective in enhancing
general appearance as compared to other treatments, The results of interaction proved
that stage I was the best combined with GA, -~ sucrose +8- HQC and STS + sucrose
+8- HQC as a pulsing sohution in both season. In this regard, Hadas ef al., (1996} on
Solidago Canadensis mentioned that STS and BA both considerably delayed leaf
vellowing and inhibited flower senescence in cut spikes during vase life.

3- The percentage of flower fresh weight increase in vases; Table (3) the results
indicate that stage II showed higher value of increase in spike fresh weight than stage
I in both season. Also all pulsing solutions were significantly effective when
compared to control in both season.

The interaction (harvest stage x pulsing solutions) show that the most
effective treatment in this regard was stage I x STS + sucrose + 8- HQC as a pulsing
solutions in both seasons. El Saka (1992) pointed out an increase in fresh weight of
cut tuberose spike up to 8 days when pulsed by STS or GA; in both season.

4-Chlorophyll content in leaf:

Data in Fig. (1 a.b) show that stage II increased the chlorophyll content as
compared to stage I in both season. All pulsing solution increased chlorophyll content
during vase life compared to control in both season.

The interaction between harvest stages and pulsing solution showed that
" stage II with all pulsing solution surpassed stage I and the highest chiorophyll content
was recorded in the combination between stage I and STS or GA; treatments in both
scason, In general, chlorophyll loss is delayed by auxins, cytokinins and gibberellins
(Nooden, 1988).

Experiment IT:
Effect of dry cold storage period on the keeping quality of solidago spikes:
1- Spikes weight loss percentage during dry cold storage at 5° C:

The data in Table (4) clearly indicate that stage I exhibited more loss int
weight than stage II in both season. The highest weight loss in either two stages was
achieved with controt followed by Aluminum sulfate, Gibberelin and STS were
nearly similar in both season.

The results of interaction proved that stage II and pulsed with either STS or
gibberellin was the best treatment in both season, The loss in fresh weight during
storage period was originally due to loss of water and may very slightly to some
consumption of respired materials.



Table (2 a): Effect of harvest stage, pulsing solution and vase life (6,8,10 day) on general appearance of Solidage candensis cv. " Tara"
cut spikes durin season (2006).

Treatment| Control (distiled water) Alurmmum;:u}l;’a(n)tg+ sucrose + 8- HQC
Vaselife
Day | Day Means| Day | Day Means| Day | Day | Day | Means Day | Day |Means
6 8 6 8 6 8 10 8 16
367 | 450 | 5 439 [ 290 | 383 3.78 (220 250|350 ] 273 270 | 3.60 | 2.87
3.00 | 4.00 | 5. 400 ] 220 | 333 | 4. 318 | 190 ] 233|320 248 240 | 3.28 | 2.55
333 14255 420 | 2.55) 358 4. 348 | 205 242 ) 3.35 | 261 2.55 | 3.44

On a scale of 1= bud stage to 5= senescence {see materials and methods).

Mean of days
Treatment Day 6 Day 8 Day 10 Means
Stage I 2,77 3138 _ 4.18 344
Stape 1 2,27 3.02 3.87 3.05
Means 2.52 3.20 4,02
L.S.D at 5%
Factor Stages (A) Pulsmig]:;)l ution AxB Vase life C) AxC BxC AxBxC
Value 047 0.66 0,94 0.58 0.81 1.15 1.63
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Table (2 b): Effect of harvest stage, pulsing solution and vase life (6,8,10 day) on general appearance of Solidago candensis cv. "' Tara"
cut spikes during season (2007).

- Aluminipm sulfate + sucrose + GA3 + sucrose +
ater’ + e + 8-
Control (distilled water) 8- HQC 8- HQC STS + sucrose + 8- HQC
Treatment Vase life
Day | Day | Day | Means | Day | Day | Day | Means { Day | Day | Day { Means | Day | Day | Day | Means | Means
6 8 10 6 8 10 6 8 10 6 8 10
StageI 370 1420|500 430 (28537014350 | 368 |262]|270|370| 3.01 270 |280}380| 3.10 3.52
StageIl [300 (3963500 399 (2353151420 323 (200[2501335] 262 |237[255]340| 278 3.15
Means ;335 [4.08|500) 414 |2.60 )343435) 346 1231)2.60)353) 281 ;254268360 294
On a scale of 1= bud stage to 5= senescence (see matenals and methods).
Mean of dgy._{
Treatment Day 6 Day 8 Day 10 Means
Stage [ 279 3.35 4.25 346
Stage I1 2.43 3.04 3.99 3.15
Means 2.70 3.20 4.12
LS.D at 5%
Factor Stages(a) | T “'S'"EBS)‘"““"“ AxB | VaselifeC) |  AxC BxC AxBxC
Value 0.47 0.66 6.94 0.58 0.81 1.15 1,63
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Fig (1 a): Effect of harvest stage and puising solution on chlorophyll content (mg
/g FW) of Solidage candensis cv. {Tara) cur spike during vase life in
season (2006).
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Fig (1 b): Effect of harvest stage and pulsing solution on chiorophyil content (mg
/g FW) of Sclidago candensis cv.(Tarujcut spike during vase life in
season (2007).



Extending The Vase Life Of Solidago Cut Flowers By Using...1611

2- The fresh weight increase percentage of spikes in vases following of storage. -

riod:
Pe Da:amTable(S)statcthathawmstageIIsmpassedharvms_mgeLm
gainingincmscintbeﬁ-eshweightofspikmplacedmvass.Themcmnem
percentage of harvest stage II ranged between 6.37- 6.16 %, where harvegtstagel
ranged between 5.24 — 5.53 % during the two season, respectively and the differences
were significant only at the first season. The effect of pulsing solution proved that all
pulsing solution significantly enhanced the fresh weight of spikes placed in vases after
storage period than those pulsed in distilled water (control) in both season. However
STS or GA, pulsing gained more weight increase than Aluminum suifate and the
differences were significant in both season.

 The results of interaction (harvest stage x pulsing solution) show that all
pulsing solution with harvest stage I resulted in more increase in fresh weight % than
harvest stage L.

Table (3): Effect of harvest stage and pulsing solution on flower fresh weight %
of Solidago candensis cv. "Tara™ cut spikes during two seasons (2006

and 2007).
. GA+ STS +
Treat | Control | Aluminum sulfate + mc:;e + | sucrose+ | Mean
W) sucrose + 8- HQC 8 HOC 8- HQC
2006
Stage 1 3.85 6.24 7.07 273 6.47 |
Stage I 425 7.00 8.57 9.30 7.28
Mean 4,05 6.62 7.82 9.02
2007
Stage 1 3.65 6.00 8.05 9.00 6.68
Stage I 4.80 7.21 . 9.00 10.25 7.82 |
Mean 4.23 6.61 8.53 9.63
L.5S.D at 5% 2006 2@7
Factor (A) @3 (AxB) [N (B) (AxB)
Value 0.85 1.20 1.70 08 | 122 |1 172

(A) = Harvest stage, (B)= Pulsing solution, (AxB)= Harvest stage x Pulsing solution

Table (4): Effect of harvest stage and pulsing solution on weight loss % of
Solidago candensis cv. "Tara” cut spikes after storage for 4 day at
5°C during two season (2006 and 2007).

Weight loss %
Treatment Stage 1 | Stage 11| Mean | Stage! | Stage 11| Mean
2006 2007
Control (distilled water) 220 { 200 2.1 280 | 223 | 2.52
f’;‘_”;"Q"g' sulfate + sucrose | 1 56 | 133 | 147 | 130 | 120 | 125
GA; + sucrose + 8 HQC 1.07 | 100 | 104 | 1.00 | 0.85 | 0.93
STS + sucrose + 8- HQC 104 | 083 | 054 | 090 | 057 { 0.74
Mean 147 [ 130 | 139 | 150 [ 121 [ 1.36
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However, the best treatment in this regard, the treatment of harvest stage Il
X pulsing in STS in vases following of storage period in both seascn. In this regard El
— Saka and Auda {1997) on Hippeastrum vittatum pointed ot that the spikes stored 5
— 6 weeks deteriorated in their feature and lost more weight.

Table (5): Effect of harvest stage and pulsing solution on the fresh welght
increase % of Solidago candensis cv. "Tara" cut spikes after storage
for 4 day at § °C during two season (2006 and 2007).

Fresh weight increase %

Treatment [Stage 1 Stage 1| Mean | Stage I] Stage 11| Mean
2006 2007
Control (distilled water) 300 | 355 | 3.28 | 285 | 3.40 | 3.13

Alumingum sulfate + sucrose
+8 HQ C 500 591 5.46 537 580 | 559
GA3 + sucrose + 8- HOC 6.26 7.82 704 6.88 745 7.17

STS + sucrose + 8- HQC 669 | 818 | 744 | 7.00 | 8.00 | 7.50
Mean 524 | 6.37 553 | 6.16
LS.Dat5% - 2006 2007
Factor (A) (B) | (AxB) (A) (B) | (Ax
Value 0.36 122 172 0.91 1.29 1.83

{A) = Harvest stage, (B)= Pulsing solution, (AxB)= Harvest stage x Pulsing solution

3- Inflorescence and leaves longevity (days):

Results presented in Table (6) show that harvest stage II exhibited more
inflorescence and leaves longevity than stage I but the difference was non significant
in both season.

The effect of pulsing solution proved that ail puising solution significantly
increased inflorescence and leaves longevity over the control except Alumiramn:
sulfate treatment on leaves longevity, the difference was non significant in both
season, The spikes pulsed in STS or GA; were nearly siizilar in this regard,

The results of interaction proved that stage II and puised with either STS or
GA,; significantly increased inflorescence and leaves longevity over than the other
treatments in both season These resulis are in agreement with El — Saka and Auda
(1997) stated that harvest stage I or II stored two weeks pulsed pre- storage with
ancymidol or STS fasted in vases from 13.33 — 16.33 day.

4- General appearance in vases following of storage period:

Data show in Table (7a, b) reveal that stage II showed the higher value of
general appearance than stage I and the difference was non — significant in both
season. All pulsing solution maintained the quality of the whole spikes than control
and the differences were significant in both season except with aluminum sulfate +
sucrose + 8- HQC at the first season. The highest effective puising solution in this
regard was GA; + sucrose + 8- HQC followed by STS + sucrese +8- HQC and
alyminum sulfate + sucrose +8- HQC descendingly.
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Table (6): Effect of harvest stage and pulsing solution on longevity (day) of

inflorescence and leaves in Solidago candensiy cv. "Tara” cut spikes
apge for 4 day at 5 °C during two season 2006and2007)

j Control (distilled water)

Abaminummy'm+sum

| + & HQC

| Control (distilled water)

Aluminum suifate + sucrose
+ 8 HOC

| GA;+ sucrose + 8- HQC

| STS + sucrose + 8- HQC

Mean

1L.S.D at 5%

Inflorescence

Leaves

2606

2007

2006 2007

Factor

A

(B)

B | (A)

®)

{AxB)

GY)

(B)

@ | (A) | B) >

Value

0.86

1.22

1.72 |0.92

1.30

1.84

0.82

1.17

1.65 10.86 |1.22 {1.73

(A) = Harvest stage, (B)= Pulsing solution, (AxB)= Harvest stage x Pulsing solution

The data of interaction (harvest stage x pulsing solution) indicate that stage
1T combined with GA; + sucrose + 8- HQC was the best treatment compared to other
treatments in both season.

5-Chlorophyil content in leaf following of storage period:

Data in Fig. (2 a,b) show that harvest stage II enhanced the chiorophyll
content as compared to harvest stage I in both season. All pulsing solution increased
chiorophyll content compared to control in both season. Treatment STS had the
highest content of chlorophyll while the control had the least values in this respect.

The results of interaction state that the highest chlorophyll content was
obtained by harvest stage IT combined with STS and GA,; in both season.

Stqelisugenf Mean | ' g



Table (7 a): Effect of harvest stage, pulsing solution and vase life (68,10 day) on general appearance of Solidago candensis cv. " Tara"
cut spike storage for 4 day at 5° C during season (2006).

Control (distilled water)

Aluminium sulfate +
sucrose + 8- HQC

Treatment

Day | Day | Day Day | Day | Day

Means Means Day } Day

Fi91

6 8

10

6 8 i0

8

10

Means

4.00 {49

500 4.63

330 ) 416 ; 300

4.15

290

400

3.17

3451 4.50

500 4.32

300 | 352 | 480

3.77

2.65

3.85

2.96

3.73 | 4.70

On a scale of 1= bud stage to 5= senescence (see materials and methods).

500 | 448

3.15 | 384 | 490

3.96

2.78

3.93

3.06

Mean of days
Treatment Day 6 Day 8 Day 10 Means
Stage 1 310 3.69 448 3.76
Stage IT 271 3.9 431 3.44
Means 2.90 349 4.39 -
L.S.D at 5%
Factor Stages(A) | | “'s‘“%';")‘"““"“ AxB | Vaselife©) | AxC BxC AxBxC
Value 0.48 0.68 0.96 0.59 083 18 1.67

2002 “()s# 104 “woyonysopy 2§ duly Jo spoyuy



Table (7 b): Effect of of harvest stage, pulsing solution and vase life (6,8,10 day) on general appearance of Solidago candensis cv.
"Tara" cut spike storage for 4 day at 5° C during se¢ason (2007),

§ | Control istiied water) | AT IS Faucrose | GAS T See s STS + sucrose + 8- HQC

% Vase life

Pt Dzy D;y D;:)y Means| Day 6 | Day 8 | Day 10 | Means D‘:;y D:y Dl?]y Means Dzy D;y Dli:)y Mean s | Mean:
Stage1 | 4.00 | 5.00 | 500 | 4.67 | 325 | 4.00 | 4.90 | 4.05 | 2.80 [3.20| 437 | 3.46 | 285|335 4.15 | 345 | 391
Stage II | 3.56 | 4.80 | 500 | 4.45 | 3.00 | 3.70 | 470 | 3.80 |2.30|3.00] 3.80 | 3.03 |2.40|3.17] 3.88 | 3.15 | 3.61
Means | 3.78 | 4.90 | 5.00 | 4.48 | 3.13 | 3.85 | 480 | 3.9 | 2.55| 3.10| 4.01 | 2.88 | 2.63 | 3.26 | 4.02 | 3.06

On a scale «f 1= bud stage to 5= senescence (see materials and methods).

Vase life
Treatment Day 6 Day 8 Day 10 Means
Stage 1 3.23 ) 3.89 4.61 391 _
Stage IY 282 367 | 435 3.61 ;
Means 3.02 3,78 4.48 L
L.S.D at 5% ;
Factor Stages (A) P“'s‘"%;;"““““ AxB | VaselifeC) |  AxC BxC AsBxC
Value 0.48 0.68 0.96 0.59 0.83 1,18 1.67

STO1"+Suurs)) g ssomod ) oSopyos JO AT 0 ML Sugprory
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Effect of harvest stage and pulsing solution on chiorophyll content
(mg /g ¥W) of Solidago candensis cv, (Tara) cut spike during vase life
following of 4 day simulation of transport at 5° C in season (2006).
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Treatments

Fig (2 b): Effect of harvest stage and pulsing selution on chlorophyll content (mg

/g ¥W) of Solidago candensis c¢v.(Tara) cut spike during vase life
following of 4 day simutation of transport
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