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ABSTRACT: The experimental trial was consummated throughout two 
successive seasons (2008 and 2009) at Ornamental Plants Research and 
Landscape Design Dep., Hort. Res. Inst, Giza. This study was conducted to 
investigate the combined effect of different pulsing solution (distilled water 
(0 W).D. W + benzyladenine (BA 25mg/I). D.W + calcium chelate EDTA (Ca") 
130 mM/I), D.W + Benziladinine (BA25mg/l) + calcium chelate EDTA (Ca")(30 
mM/I). D. W + sucrose (SUC 30g/l) + benzyladenine (BA 25mg/1) + 8­
hydroxyquinoline citrate (8- HOC 250 mg/f) + calcium chelate EDTA (Ca") (30 
mM) + citric acid (ca 200 mg/I), d. W + sucrose (suc 30g/1) + 8­
hydroxyquinoline citrate (8- HOC 250 mgJl) + calcium chelate EDTA (Ca") (30 
mM/I) + citric acid (ca 200 mg/I). storage position (vertIcal and horizontal 
position) and storage periods at 5'C for 3 and 7 days on quality of 
Moluccella laevis L. cut spIkes. 
The obtained results emphasized that the spikes pulsed in the different 
solutions for 24 hr then stored in vertical position at 5'C for 3 and 7 days 
showed improved water uptake. Increased in percentage of flower weight, 
decreased weight loss during storage periods (3 and 7 days), decreased 
curvature. increased vase life, decreased degradation of chlorophyll (a and b) 
and decreased caroteniods content as compared with control (D. W). This 
indicated that calcium chelators EDTA inhibited the gravitropic bending of 
moluccella cut flower stalks. Results obtained with various pulsing solutions 
Indicated that calcium may play essential roles in gravitro,oismMreJated 
processes of cut flower stalks. Finally, it could be concluded that the best 
treatment was pulsing in the preservative solution D. W + sucrose (sue 30g/1) 
+ benzyladenine (BA 25mg/l) + 8- hydroxyquinoline citrate (8- HOC 250 mg/I) 
+ calcium chelater (Ca") (30 mM/1) + citric acid (ca 200 mg/I) and then stored 
In a vertical position for 3 days at 5'C.
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INTRODUCTION 
Moluccella is a genus of four species of annual and short - lived perennial 

plants native to northwestern India to the Mediterranean.Cut spikes of 
Moluccella laevis L. belong to family Labiatae or Lamiaceae. Common name 
of Moluccella laevis is bells of Ireland or shellflower. 
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Description of cut spikes: tiny flowers surrounded by clusters of bells 
(calyxes). Flowers are rarely seen. the calyx is considered the blossom. Color 
of flower IS flowers- white, calyx-green.Bloom size is 16 to 24 inches in 
height. 

Flowers are sensitive to geotropic bending (gravitropism) and must be 
transported in an upright position. 

The major postharvest problem with some cut flowers is upward bending 
as a response to gravity. mainly during transport when flowers are held 
horizontally. Since gravitropic bendlllg is a growth process, it occurs only in 
flower shoot regions capable of linear growth after harvest. mainly during the 
first 24 hours in the vase (Halevy and Mayak, 1981). 

Gravitropism in shoots and roots of higher plants is the result of a 
symmetric growth. (Li et al.. 1991. and Trewavas, 1992). The negative 
gravitropic response of grass seedlings coleoptiles is brought about by 
gravity, which induces redistribution of auxin towards the lower side of this 
gravireacting organ. this causes the growth a symmetry that leads to 
coleoptiles reorientation. 

The role of calcium (Ca') as a second messenger in mediating auxin 
redistribution and effects that lead to the gravitropic response has been 
suggested (Slocum and Roux. 1983): such a role was recently demonstrated 
by visualization of rapid changes in cytosolic calcium of oat coleoptiles that 
were directly correlated with the increase of gravity stimulated cell 
elongation (Gehring et aJ.. 1990). 

The gravitropic bending would be prevented without affecting cell 
elongation or other auxin dependent functions. This would enable a beller 
strategy for postharvest handling of graviresponding cut flowers to be 
designed (Philosoph et al.• 1996), 

Calcium ICa') is an important element that is found in 3% of the earth s 
crust ICmpbel 1983). It is essential to living organisms and to plant growth 
and development. Some of these benefits include stronger cell walls 
iAnghiieri. i982), increase postharvest iife of fiowering plants, and as weii as 
disease resistance (Starkey and Pederson. i997). Ca is a major component In 

the cell wall of most plants in the form of Ca pectate. It is a relatively 
immobile element. but can become more mobile as the plant ages (Anghlleri. 
1982). Plants that a deficient in Ca may have pale leaf margins and burned 
leaf edges amon~ other symptoms ISchraer, 1970) 

Caicium (Ca ) may increase postharvest longevity of cut flowers, Such 
;ncreas€ may be due to the physlo:ogical events ielated to senescence, such 
as a decrease in water uptake, increase of water transpiration loss, decrease 
of fresh weight. stem bending or prevention of disease during propagation 
(Patel and Mankad, 2002). 

Ca promoted flower opening, enhance initial fresh weight and delay its 
reduction rate. Ca treatment delay the decrease in petal membrane protei:ls 
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and phospholipids and slow down the rate of electrolyte leakage from petals. 
it also suppressed ethylene production (Torre et al.1999) 

Extending the longevity of cut flowers is very important. Calcium has 
heen found to increase postproducllon longevity and bud opening in cut 
rose flowers. When Ca was applied as Ca (NO,)" it lengthened vase life of cut 
rose flowers and promoted bud opening. Treatments were applied either 
alone or with 2% sucrose and 200 ppm of 8- hydroxyquinoline citrate, they 
were continuously or as a short term pulse (Michalczuk et al., 1989). 

The abscission of leaves. flowers and fruits is presumed to be brought 
ahout through the weakening of the cell walls in the abscission zone; the 
functions of Ca in the plant have included the cementing of cell walls, and 
also roles in the structure of membranes, in the structure of chromosomes. 
and as actlvatDrs Df certain enzyme (Jones and Lunt, 1967). 

Flowers abscissiDn resulting from the pectins were degraded and the 
cellulose was partially brDken down in cell separation. The Ca level in the 
"bsclssion zone decreased and lost from the walls of cells in the abscission 
layer during abscission (StOsser et al., 1969). 

The economic success of ornamentals depends on the quality of 
pigmentation. and taded cDIDurs decreases product value (Shamlr et al.. 
2003). 

Many cut flowers can be stored in the dark for up to two weeks. but low or 
no light during long storage periods can induce leaf yellowing In some 
specIes. Includind alstroemeria ( A/stroemeria spp.), lilies IUlium spp.), and 
chrysanthemum (Nowak and Rudnicki, 1990). 

Pulse conditioning with benzyladenine was effective on prolonging vase 
life both in stored and non stored cut Hosta leaves relative to not treated with 
SA. (Wachowicz er al., 2007). 

The objective of this study was to evaluate twD storage position (vertical 
and horizDntal), different pulsing solutions and tWD storage periDds (3 and 7 
days) to improve postharvest quality of Moluccella laevis L.and to maintain 
tho::'jr ~!p!'"1ght du!"!ng cold storage and trarlsportation. 

MATERiALS AND METHODS 
The experimental trial research was carried out at the Ornamental Plant 

Research and Landscape Design Department, Horticultural Research 
Institute: Giza. Egypt throughDut tWD successive seasons (2008 and 2009). 

Freshly cut Moluccella spikes were obtained from local commerCial 
growers. F:o-......crs wcr€ harvested 'vvhen flOWE-iS are ~/] open and green {Fig 11) 
In the early morning and transported vertically to the laboratory during 1 hr, 
Pre-cooling of flowers was performed by placing them in ice cold water for 3 
hr. The pre-coDling is an important postharvest operation, which removes the 
field heat and greatly improves quality and enhances the vase life of cut 
spikes. The flowers were selected for uniformity in terms Df development; the 
stems were trimmed tD an equal length (80 em). 
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Flower stems (288) were pulsed for 24 hr. in one of the following a 
preservative solution: 
1- Distilled water (D.W). (48 flowers) as a control.
 
2- OW + benzyladenine (SA 25mgll). (48 flowers).
 
3- OW + calcium chelate EOTA (Ca ") (30 mM/I). (48 flowers).
 
4- OW + benzyladenine (SA 2501glll + calcium chelate EOTA (Ca') (30
 

mM/I). (48 flowers). 
5- OW + sucrose (sue 30g/l) + benzyladenine (SA 25mg/l) + 8­

hydroxyquinoline citrate (8- HQC 250 mgll) + calcium chelate EDTA (Ca') 
(30 mMII) + citric acid (ca 200 mg/l). (48 flowers). 

6- D.W + sucrose (suc 30g/l) + 8- hydroxyquinoline cotrate (8- HQC 250 mgll) 
+ calcium chelate EOTA (Ca") (30 mM)+ citric acid (ca 200 mg/l). (48 
flowers!. 

After that the flower stems in all pulsing solution were divided into four 
groups: the first group (12 flowers) was wrapped in Kraft paper and packed 
vertically in cardboard boxes (33'33'125 cm) then, stored at 5° C for 3 days. 

The second group (12 flowers) was wrapped in Kraft paper and packed 
vertically in cardboard boxes (33'33'125 cm) then, stored at 5' C for 7 days. 

The third group (12 flowers) was wrapped in Kraft paper and packed 
horizontally in cardboard boxes (33'33'125 cm) then. stored at 5° C for 3 
days. 

>"{;:,, • 

Fig. (1): Flowers were harvested when flowers are V, open and green. 

The fourth group (12 flowersl was wrapped In Kraft paper and packed 
horozontally in cardboard boxes \33'33'125 cm) then, stored at 5' C for 7 
days. 

After the end of storage periods, flower boxes were kept at 10°C for 3 hrs, 
as preconditioning treatment to avoid temperature stress of the normal 
atmosphere. Flowers were kept in vases containing distilled water under lab 
condition. i.e. 15- 20' C, 60-70% RH till end of the longevity of flowers. 

1616 



Inhibition of the gravitropic response of Moluccella laevis L. cut... 

Measurements: 
1- Weight loss percentage was recorded after the end of storage periods (3 

and 7 days). 
2- Flower vase life (days) was considered ended when green bell- like 

calyxes surround tiny fragrant white flowers began wilting. 
3- Percentage of flowers abscission was estimated at the end of experiment. 
4- Water uptake (cm 3

) by the cut spikes was estimated by subtracting the 
amount of water at the end of experiment from the initial volume. 

S Flower fresh weight percentage increase. 
G- Stem angle: in order to measure the stem angle, after the end of storage 

peflods. the spikes were placed on a sheet of paper on which the outline 
of the stem had been drawn. The angle was then determined using a 
goniometer according to Botondi et af.. (1998). 

7- Chlorophyll and caroteniods contents (mg1100g f.w.) were determined in 
calyxes cOlorimetrically according to Saric et al. (1967) when the vase life 
of the flowers was terminated. 

This experiment was carried out in a complete randomized design 
factorial ICRO) with three factors. pUlsing solution (factor A) was applied in 6 
pulsing solutions. storage period (factor B) was applied in 2 levels (3 and 7 
days) and storage position (factor C) was also applied in 2 levels ( vertical 
and horizontal). 

Statistical analysis: 
All data were subjected to statistical analysis according to the procedure 

reported by Snedecor and Cochran (1982) and means were compared least 
significant difference (L.S.O) test at the 5% level of probability in the two 
seasons. 

RESULTS AND DISCUSSION 
Effect of pulsing solutions, storage position, storage periods 
~nd their interaction on Mo!uGcella !aevis L.Clll spikes after dry 
cold storage at SoC for 3 and 7 days: 
1- Weight loss percentage: 

Data in Table (1) show that Moluccella cut flowers pulsed in the different 
preservatives solutions gave the lowest percentage of weight loss during dry 
co!d storage than those pulsed in distilled water (control) in both two 
seasons. 

Moluccella cut spikes pulsed for 24 hr in solution containing suc (30gll) + 
8-HOC (250mgll) + CA (200mgil) + ca chelator (EOTA) 130mMII) + BA (25mgll) 
reduced the percentage of weight loss followed by solution containing sue 
(30g/11 + 8-HOC (Z50mg/l) + ca (200mg/l) + Ca chelator (EOTA) (30mMII), as 
compared with other pulsing solutions. 
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Table (1):	 Effect of pulsing solution, storage position, storage period and their Interaction On weight loss (I) 

percentage of Moluccella laevis L. cut flowers after dry cold storage for 3 and 7 days at SoC in two 0 
III
 

season, (2008 and 2009). 

Treatment 

Pliising solution 

SA (25 mgll) 

8A (25 m51\I) + Ca': chelator \30 mMII) 

~ 
BA (25 mg\f) + Ca+Z chelator (30 rnM'.I)"'suc: (30 9\1) + 

a> 8-HOC (250 rng\l) -!- C.1 (200 rng\l) 
~ 

ex> 
OW 

Ca+ 2 cholator (30 mMII) 

Sue (30 g\l) ... B-HaC ,250 mgll) + ca ( 2(10 r'1g\I)+ 
Ca"~ chelator (30 mM'd) 

Mean of storage position 

Mean of storage period 

Q.. 
l:> 

Storage position 

~ 
2008 

2009	 ::-;
 
:>"
Vertical Horizontal Verticdl HOriLontal III

:;,

Storage period (riay) 
~. 

3 7 3 7 Mean 3 7 3	 7
 
Mean	 III
 

0 

1 53 365 275 669 3.65 2.20 5.4 281	 7 19 440 I~
... 
III
 

1 38 2.65 1,82 562 287 1 87 4,81 1 98	 6 10 3.69 I:t>
 
!f!I
 

, (I)0.96 1 60 1 48 320 1 81 1.51 J 10 ~ 66	 365 i 2.48
 ,	 III
I I
 
I
 '<;I	 III
 

Q..2.30 4.81 3.10 B.l1 473 2,62 6 10 293	 7,92 01.89
 
III
 

'" 
1.41 3.10 1.93 654 3.25 1 92 5,11 2 15	 665 i 3.96
 I~ 

l1l 

1.20 235 1.71 I 5,45 2.68 1.70 4.11 1.93 5'36 3.43 I~ 
;r. 

225 408 3 37 424 I~
 
Q..
 
III
 

3 nay 7 day 3 day 7 clay 

1,80 453 211 5.51
J I~ 
:>" 
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This is in harmony with that obtained by Khenizy er al., (2009) who stated 
that pulsed chrysanthe,"um cut flowers in a preservative solution containing 
sucrose (3%) + 8-HOC (250 mg/l) + silver nitrate (25 mg/l) + citric acid (150 
mg/II for 18 hr gave lower percentage of flower weight loss than those pulsed 
in the distilled water in both seasons vertical storage position of moluccella 
cut spikes reduced the weight loss percentage compared to the horizontal 
storage position. These results are in agreement with Halevy and Mayak 
119811 who found that the major postharvest problem of cut flowers is their 
upward bending as a response to gravity. mainly during transport when 
flowers ere held horizontally. 

Data in Table (11 clearly indicate that dry storage period for 7 days 
exhibited more loss in weight than cut flowers stored for 3 days in both 
seasons. Similar results were found by laky (2008) who indicate that the 
percentage of Eucalyptus branches weight loss was gradually increased 
when dry cold storage period exceeded two weeks to reach its maximum 
loss at three weeks cold storage. 

The results of interaction indicated that pulsing moluccella cut spikes for 
24 hr in a solution containing suc ((30g/l)) + 8-HOC (250mg/l) + ca (200mg/l) + 
Ca" chelator (EDTA) (30mMII) + BA (25mg/l). placed in a vertical position 
during storage and stored for 3 days was the best treatment compared with 
other treatments used in both seaSOns. These results coincided with the 
findings of EI· Saka (1996) who found that weight loss percentage of Iris cut 
flowers was gradually increased by the extension of dry storage period. Also, 
Rekha et al.. (2001) mentioned that sucrose + 8- HOC and sucrose + GA 
reduced the tranpirational loss of water of gladiolus spikes. 

2- Flower vase life: 
The results in Tables (2. 3) indicate that in comparison to the control 

(D.WI. all puising solution treatments prolonged the vase life of moluccella 
cut spikes, '" both seasons. 

Pulsing ua::idi er-luS oi rnoiuccena cut fiowers in a sQlution containing sue 
(30giij + 8-HQC ((250mgil;; + ca (200mgii) + Ca+2 dH;~idtor (EOTA) (3G.nM/i) + 
SA 125mgll). was the most effective treatment for IIlcreaslllg vase life as 
compared with other treatments. 

In this regard, Anuradha et at., (2002) found that a holding solution 
containing benzyladenllle In combination with sucrose and 8-hydroxyquiolin 
recorded the maximum total vase life of Anthurium cut flowers. 
AlsG,Setyadjit, et al.. (2004) ieported that exogenous treatments with 
cytokinins, such as 6- benzylaminopurine (BA), can delay senescence of 
some plant tissues., Mortazavi er al., (2007) mentioned that the cytokinin and 
calcium application decreased senescence percentage of Rosa hybrid L. cv. 
Iliona. Singh and Kumar (2008) found that the pre- storage pulse treatment 
(300 ppm 8-HO for 1 hr and 20% sucrose for 12 hr) enhanced thevase life of 
gladiolus cut flowers. 
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Table (2): Effect of pUlsing s,olullon, storage position. storage period and their interaction on vase life 
(days I of Moluccelia 'aevis L. cut flowers during (2008). 

Trf>atment 
Storage position (B~ 

I[
l:> 

vC'rt le"'l HOflzontill Mean I~ 

Storage period (C) 
):: 
::,­

P,ilsrng solution (Al 3 
days 

7 days 
Mb'dll 

A'S 
3 

days 
7 

days 

: Mean 
A'S 

IA) IA'C) ("C) '" '" N' 
':<: 

SA (2.5 mg\\\ 9 )0 5.33 

1 
7 17 9.00 5.33 , ,, 

7.17 I 717 9.00 5.33 CO 
0 
l/) 
::,­

SA (25 Il1gll) + Ca' chelator (30 mM',I) 14.67 ! 1 ~ .67 13.17 14.33 11 00 12.6 r 12 92 14.50 11 33 ill 
l:> 

~ 

<7> 

SA (25 mg\l) ..­ C,,'2 chelator (30 mM\I)l-sliC (30 
9\1) .. 8-HOC (250 m~\ll + C<l (200 mglll 2200 19 00 2050 22.00 18.67 20.33 20.42 220{) 1t!.!)) 

, 
!p 

IV 
a 

D\'V 6.33 533 5.83 600 533 5,67 575 

I 
, 

6.17 5.::;3 
I
, 

V> 
0> 

"" '" Q. 
Ca·;: Chelator (30 rnlVl\l) 9.33 900 9.17 900 857 883 9.00 917 883 10>

'" Q. 

Sue (30 g\l} + a-HOC (250 mglJ) 
Ca'~ chelator (30 mN',i\1} 

+ ca ~ 21)0 mgll)+ 
18.67 i 15.00 16 83 18,67 13.33 16.00 "j 6.4 2 18.67 14.17 I~:;,. 

0> 

'" 
I Mean (B*C) 13.33 10.89 "12.11 ! 13.17 10.39 11 78 - .-.­ j 3.25 

, 

10.64 l=t 
l:> 

L.S.D al 5 % levelFactor -.---­ .­ -f'-ulsing 

S_OI_L1tiofl (A) 
L.S.D at 5 % 

level 1.28 

, 
i 

Stofc:ge 
p,~s'tjon (B) 

I) 74 

Storage 
period (c) 

0.74 
I 
I 

(A"B) 

1.82 

(A'C) 

1.05 

iSOC) 

1 82 

\A'WCI 

2_57 

I, 

0­
g.-
~-Q1'
::,­



TabiL' (3): Effect of pUISlllg SOllltlOl1. storage position, storage period and tht'!r 1!11et'acfl0ll 0(', vase lIfe 

(daysl of Moluccella 'a(lv,s L cut flowers during (2009). ~ 
Slorage position (B) §:-reatmCrlt o· 

Vertical HorllOnl;JI Mean '" 0...., 

PUlsing solution (Al 3 
days 

Storage period (C) 

Mean 37 d<'lys A'S d<lys 
7 

days 

Mc(~n 

4·S (A) (A·C) IA'CI I!
III 

SA (25 mg\l) 833 533 683 8 33 5 33 11 67 683 833 5.33 
<: 
I~ 

BA (25 rng\!) +- Ca'· chelator (30 mWll) 12 67 10 67 19.17 1300 9.67 5.33 11.50 12 83 w.n 
"t>I;:;· 
;;; 

~ 

0> 
IV 

BA (25 rnglJ) +- Ca+~ chelator (30 mM'h SliC (30 
gIl) + 8-HOC (250 mg\l) +­ ca (200 rngll) 20.00 1833 8 33 20.33 17 67 15 83 19 08 2017 18.00 ~ 

0 
::: 

~ lI> 
DW 557 5,00 6.33 600 567 11 13 558 583 5,33 l1> 

0...., 
Cil':' chelator (30 mrvl\l} 867 800 1900 8.00 7 33 5.83 800 833 757 I~

0c: 
Sue (30 9\1) +­ 8-HOC (250 mgll) 
Ca'~ chcl<'ltor (30 mlVl\l) 

+­ ca ( 2)0 Tlg11)+ 
17.67 1400 7 67 17.67 1200 14 S~ 15 33 17 67 13.00 I I~--III-Mean {B"C) 12,17 10,22 11.19 12.22 9.61 1092 -_._--­ 12 19 9.92 1% 

<: 
L.S.D at 5 % level 

Factor Pulsing 
solution (A) 

L.S.D at 5 % level 
1.25 

Storage 
position (8) 

O.~' 2 

Stoiage 
period. (c) 

0.72 

(A'S) 

1.76 

(A'C) 

1.02 

(S'C) 

1.76 

rA'BTCj 

2.49 
I~ 
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Regardi~g the effect of storage position. it can be concluded from Tables 
(2 and31that storage in a vertica' position of moluccella cut spikes gave the 
highest values of vase life (12.11 and 11,19 days) in the first and second 
seasons respectively than those stored in a horizontal position. 

Similar results were obtained by Joiner et ai" (1973) who found that 
snapdragon inflorescences show a rapid gravitropic response when placed 
horizontally, thereby causing a serious problem during their postharvest 
handling. 

As shown In fables (2 and 3) vase life of moluccel!a cut spikes was 
decreased by mcreasing dry storage period from 3 to 7 days in the two 
seasons. 

These agreed with results obtained by Song et a/., (1995) who found that 
as storage duration increased of cut flowers of DeJphinum elatum, vase life 
was decreased. Also. EI- Saka (1996) mentioned that a long period of dry 
storage can be harmful to the quality and vase life of Iris cut flowers. 

The combination between pulsing solution of sue (30gll) + 8-HOC 
((250mg/l) I) + ca (200mg/) + Ca" chelator (FOTA) (30m Mil) + BA 125mgll), 
storage position (vertical position) and storage period (3 days) increase the 
longevity of moluccella cut spikes ( 18.67 and17,67days in the first and 
second seasons. respectively) as compared with all tested treatments. These 
results are in agreement with those of EI-Saka (1996) who reported that vase 
life of Iris cut flowers was highly significant decreased by extending dry 
storage period. 

Also, Halevy (1995) found that manipulation of cytosohc Co': level may 
become a novel means for controlling flower senescence and geotropic 
bendmg of flower,Singh and Kumar 12008) also found that post-harvest 
treatment of pre-storage pulsing of gladiolus cut flowers with 300 ppm 8-HO 
for 1 hr + 20% sucrose for 12 hr, post storage treatment of 300 ppm 8-HO+ 
5% sucrose, led to a delay m flower senescence. 

3- Floret abscission: 
lJat~ jllustrat~d in Tab!e~ {4 anti 5} sho\~"! that placing basal stem ends of 

moluccella cut spikes in different pulsing solutions decreased floret 
abscIsSion in the two seasons when compared with cut spikes treated Nith 
distilled water as a check. Pulsing solution containing suc (30g/l) + 8-HOC 
1(250mgll)) + ca (200mgll) + Ca" chelator (EDTA) (30mMII) + BA 125mgll) 
decreased the floret abscission more than other pulsing solutions. In this 
concern. Poovaiah and Leopold (1973) found an inhibition of abscission in 
bean petiole explants by the application of Ca'2 Also, Khalil et al., (2006) 
fou~d that the foliage of lentil plants sprayed twice at (70 and 80 days from 
sowing with kinetin solution of 10. 20 and 40 mgll showed decreased the 
percentage of abscessed floweis. 
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Table (4): Effect of pUlsing solution, storage position, storage period and their IIlteractlnn 011 abscissior :;­
percentage of Moluccelia laevis L cut flowers during 2008. :;,­

Storage position (S) §' 
::!:

1 reatrnent 0 
Vertical Horilont<J1 Mean :> 

0..., 
Stordge period lei :;,­

PlJls.lrI~ so~ution tA) Mean Mean 
-

3 3 77 days A'R A'B IA) IA'CI IA'C) 'Cl'" ddyS days days ... 
<; '"-,SA (25 rng\l) 7313 82.67 7800 7600 90.00 83 00 80.50 7467 8633 ~ 
0 

"0 
BA (25 rng\1l t Ca~~ chelator (30 rnM'l) 3500 40.00 3750 5033 6500 57.67 4758 42.67 52.50 1':;'... 

C1l 
III 

~ lu.OO 1~.00 12 50 20 00 4500 3250 22.5D 1500 3000 "0
SA (25 rng\l) + Ca·~ chelator (30 rnM,I)"suc (30 
g\l) + 8-HOC (250 mg'l) + ca (200 mg\l: 0 

N :>'" III 
C1l "" OW 1000 100.0 1000 1000 100 0 100_0 100_0 100 0 100.0 
0..., 

Ca'~ chelator (30 rnM\I) 50.0 60.00 5500 DO.OO 86.00 83.00 6900 65.00 nOD IS:
0-c: 

Suc (30 gIl) + 8-HOC :250 rngll) + c~ ( 2(10 rng\I)+ 
2000 2500 22.50 40.00 5500 4750 3500 30.00 4000Ca~:' chelator (30 rnMII) I~:::::

Mean (B*C) 

.,­4806 5378 50.92 61.06 73.50 67.28 5456 63 64 I~ 
<;

cr.'LS,D at 5 % level 
Factor Pulsing Storage Storage 

r­
(A'S) (A'CI (S'C) IA'S'CI':;olution (Al r:o~,iti()n (B) period (c) C"l

j t:L.S.O at 5 % level 
1 75 1.01 1.01 2.47 1.43 2.47 3.50 -



Table (5): Effect Df pulsing solution. storage position, storage period and their Interaction 
percentage of Maluece'" laevis L cut flowers during 2009. 

Storage position (8) 

Treatment 

on ahsclssion til 
0., 
0. 
l>o 

Vertical HOrlzont,ll Mc~n ~ 

Pulsing solution lA) 3 
days 

Storage periOd (C I 

Mean 37 clays '"S clays 
7 

days 

Mear' 
A"S '.Al (A"C) (A"C) 

" If. 
~ 

SA (25 mg\l) 7400 82.00 78.00 78 QO 9500 8650 82.25 76.00 88.50 ItlJ
0 

'"-SA (25 mg\l) + Ca+ 2 ·:helator (30 mM"I) 4000 4500 4250 5400 6567 59.83 51 17 4700 55.33 15 
:t> 

~ 

c:n 

'"... 
8A (25 mgU) T Cd'? chelator (30 nlM\ )+5\1'; (30 
gIl) + 3·HOC (250 mglj) + ca (200 mg\11 

DW 

Ca+2 chelator (30 mM.I) 

15 CW 

1000 

54.00 

1700 

100.0 

6300 

16.00 

100.0 

58.50 

2300 

1000 

8300 

5000 

100.0 

9000 

! 36.50 

100.0 

86.50 

26 25 

100 0 

72 50 

1900 

100 a 

6850 

3350 

1000 

76.5:) 

l'T1.. 
til., 

'<: 
<1l 
0. 

I"::. 
0. 

Sue (30 gIl) + 8-HOC 1250 mg\l) 
Ca +~ chelator (30 mM\!) 

+ ca ( 200 rngll)+ 
i 2000 28.00 24.00 45.00 58.00 51 50 37.75 3250 43 00 Ig> 

~ 

I Mean (S'Cl 50_SO 5583 5317 6383 76.44 70.14 ------­ 57.17 66.14 

til 
::. 

I::r:: 
L.S.D at 5 % level 
'" Factor 

L.S.D at 5 % level 

Pulsing 
s~lution (A) 

1.73 

5it':>I"i'lge 
Il051tl0'1 (8) 

1 00 
, Storage 

period (c) 

1 00 

IA'B) 

2.44 

(AT) 

1.41 

(S'C) 

244 

(A"S"C) 

3.46 

:t> 
0­
0. 
<1l-;;r--til::.­



Inhibition of the gravitropic response of Moluccella laevis L. cut . 

Results In Tables (4 and 5) show that stored moluccella cut spikes in a 
vertical position decreased the floret abscission more than the spikes stored 
in a horizontal position. in both seasons. 

The results presented in Tables (4 and 51 pointed out that the period of 
storage for 3 days for moluccella cut spikes decreased the floret abscissIOn 
than spikes stored for 7 days, in both seasons.These results confirmed those 
obtained by AI- Saqri et al.. (2003) who mentioned that abscission of 
undeveloped flower buds in Hibiscus rosa- sinensis increased with shipping 
duration. 

The results of interaction in Tables (4 and 5) proved that moluccella cut 
spikes stored at a vertical position for;) days and pulsed with either suc 
(30gll) + 8-HOC (250mg/l) + ca (200mgll) + co' chelator (EOTA) 30mMil + SA 
(25mgll) or suc (30gll) + B-HOC (250 mgll) + ca (200mgll) + Co" chelator 
(EOTA) (30mM/I) show decreased floret abscission over the other treatments 
m both season. 

4- Water uptake: 
It ,s clear from data presented in Tables (6 and 71 that pUlsin~ solution 

containing suc (30gll) + 8-HOC 1250mgll) + ca (200mgll) + co' chelator 
lEOTA) (30mMIlI + SA (25mg/l) was the most effective solution for increasing 
water uptake of moluccella cut spikes as compared with other pulsing 
solutions. This is in harmony with the obtained by Rekha et al., (2001) who 
mentioned that the preservatives solutions in combination with sucrose. 
sucrose +B-HOS and sucrose + GAo increased the water uptake of gladiolUS 
spikes. 

Data in Tables (6 and 7) clearly indicate that water uptake of moluccella 
cut spikes was decreased in spikes stored in a horizontal position compared 
to spikes stored in a vertical position, in both seasons. The same trend was 
also found in water uptake of moluccella cut spikes which decreased with 
increasiilg sturage peiiod from :3 to 7 days, in both seasons aii indicated iii 
Tauies (6 dlld 7j. 

Similar results were obtained by Song et a/.. (1995) who found that as 
storage duration of cut flowers of Delphinium elatum increased. solution 
uptake was decreased. 

The results of interaction stated that the highest water uptake of 
moluccella cut spikes was olJtained by pUlsing cut flowers in a solution 
containing suc (30glll + B-HOC (250mgil) + ca (200mgfl) + C~·J chelator 
(EoTA) pOmMII) + SA (25mglll and stored for 3 days in a vertical position. 
than the other treatments in the two seaSOns. 
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Table (6) Effect of pulsing solution, storage position, storage period and their interaction on water uptake CIl 
(em) of MOluecel/a ,.'?VIS L. cut flowers during 2008 0 

OJ 
0.. 
h

Storage positron (6) 

Treatment 
Vertical Horizontal Mean 

" 
~ 

Storage period (el 
Pulsing solutlO'l (A) Mean Mean3 3 77 d<:tys A'S A'S \AI (A·C) lAC)days days days II.

~ 

SA (25 mg\l) ! 120.0 110 0 115 0 1'\5.0 108 0 111.5 ~ 13 3 1" 7.5 109.0 IOJ 
0 
en 

l:rI SA (25 mgU) + Ca" chelator (30 mM\I) 1500 140.0 150 a 1,50 0 137 0 1435 146.8 1550 13RS Ol 
h 

BA (25 mg\l) + ('a'; chelator {3D mIVlII)+slIC (30 
~ 195.0 182.0 188 5 190.0 180.0 1850 186 8 1S'2.'i 181.0 rn

gIl) ~ 8-HQC (250 m9\1) + C~~ (200 I11gll) ';'­'" '" + CIl 
OJ '" DW 100.0 95.0 97.5 9800 920 , 95.0 963 99.0 935 
~ 
0.. 

Co'l chelator (30 rnM\t) 148.0 137.0 142.5 142,0 133.0 137,5 140.0 145.0 1350 IOJ

0.. '" 
Sue (30 g\!).o- 8·HOC (250 mg\l) + ca' 200 I11gll).o­

180 0 168.0 i 1740 176.0 153.0 , 54.5 169.3 178.0 160.5Ca+' chelator (30 mM\,I) I~ 
OJ:::. 

Mean (B~C) '50 5 138 7 1446 145.2 133.8 1395 .... - 147.8 136.3 1:1: 
h 

L.S. D at 5 % level 0­
Factor Pulsing Stol'agc -Storage 

(A'S\ IA·C/ IS'CI (A'B'C) ~ 
solution (AI pC?,silion (8) period (c) ;;rL.S.D at 5 % level 

3.09 1 76 177 430 2.48 4.30 6,08 -~ :r 



0 

Table (7)' Effect of pulsmg solution, storage pGSltlon, storage period and theIr inter<lctton on water uptake 
(em) of Molueeella ,'a"vls L eut flowers (juring 2009. IS

Treatment Storage POSItion (B) ~ --.
Vertical Horizontal Mean I"" 

0.... 
Storage period (C) ::r-

IIIPlllsing solution (A) Mean Mean3 3 7
7 days A'B ~'B ~A) IA'C} (A'Ci lQdays days days 

OJ 
BA (25 mgll) 1250 I 117 0 121.0 120,0 115 0 117.5 119.J 122.5 116 0 '" I~ 

0 
't> 

BA (25 rng\l) + Ca< chelator (30 rnMd) 1700 155.0 162.5 160.0 1500 155,0 I '158.8 165.0 152.5 I ;:;. 
~ 

BA (25 mg\/) + Ca'2 crlelator (30 mM'I)-suc (30 
~ 2000 191.0 195.5 195,0 187 0 191 0 193.3 197,5 1890g\I) + 8-HOC (250 mg\l) + ca (200 mg\i)en 
N..., 

Ow 

Ca+? chelator (30 mMII) 

Sue (30 g\l) + 8-HQC (250 mg\1) 
Ca'2 chelator (30 mlVl\l) 

Mean (B~C) 

L.S.D at 5 % level 
Faclor PulSing 

..... ,­ 11950 90,0 925 1000 B70 935 93.0 97.5 88 I) 
0 .... 

150 0 143.0 146,5 1450 1390 142 0 144 3 147.5 141 0 I~ 
t: 

+ ca : 200 '11911)+ 
195.0 180.0 187.5 193,0 i 1770 185.0 1833 194,0 178.5 I[

iii' 
;1155.8 1460 1509 152.2 142.5 147 3 ------- 1540 144.3 1% 

iii''" 
r-

Storage Storage 
(~'BI (A'C) (WC) (A'B'Cj '"solutlon (A) po',ilion (8) period (c). c: 

L.S.D at 5 % level 1 44 0:38 088 2.09 1,77 2.09 288 -



Soad A M. Khen;zy, Boshra A. £1- Sayed and Gehan H. Abdel Fattah 

5- Fresh weight percentage of cut spikes: 
Data registered in Tables (8 and 9) show that treating moluccella cut 

tlowers with solutions containing sue (30gll) + 8-HOC (250mg/l) + ca 
(200mg!l) + Ca" chelator (EDTA) (30mM!!) + SA (25mg/l) and suc (30g/l) + 8­
HOC (250mgil) + ca (200mgll) + Ca+' chelator (EDTA) (30mMIl) show 
Increased the fresll weight percentage compared with other treatments. in 
the two seasons. 

In this regard, Reddy et al.. (19971 stated that flower spikes of tuberose 
treated with 8- hydroxyquinoline suifate (8-HOS) and 8-HOS + citric acid 
exhibited the highest fresh weight. Also,Rekha et <11 .. (2001) indicated that 
sucrose + GA 3 increased fresh weight of gladiolus cut flowers. 

Moluccella cut spikes treated with all pulsing solutions placed In a vertical 
position during dry storage increased the fresh weight percentage compared 
with cut flowers stored in a horizontal position, in both seasons (Tables 8 
and 9) 

Data In Tables (8 and 9) show that moluccella cut spikes stored for 3 days 
enhanced the fresh weight percentage more than the cut spikes stored for 7 
days, in the two seasons.Similar results were found by Song et al., (1992) 
who stated that as the storage period of cut gladiolus spikes increased, fresh 
weight was markedly decrease. Also, EI-Saka and Auda (1997) showed that 
four weeks storage were less efficienty than two weeks for fresh weight of 
Hippeastrum vittatum. 

The results of interaction between pulsing solution x storage position x 
storage period showed that pulsing moluccella cut spikes in the solution 
containing sue (30gll) + 8-HOC 1250mgil) + ca (200mglll + Ca' chelator 
IEDTA) (30mMIl) + SA (25mgil) and placed in a vertical position for 3 days in 
dry storage resulted In highest increase in fresh weight percentage than 
other treatments, in both seasons These findings are in agreement with 
those previously obtained by Song et al.,(1995) who mentioned that. as 
storage duration increased of Delphinium elatum pulsed with STS (0.4mM) + 
sucrose (7%1 + GA, (iOO ppm) + Mncl; Ii mM) for 2 hr. fresh weight was 
decreased. 

6- Chlorophyll content: 
Moluccella cut spikes treated with all pulsing solutions retarded the 

degradation of the leaf chlorophyll (a and b) contents compared to pulsing 
distil/ed water (control) in both seasons (Fig 2, 3, 4 and 5). 
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Table (8): Effect of pulsing solution, st.orage position ,storage period and their Hltcractlon on fresh weight :;
(glflower) of Molucce'j" JaRvis L. cut flowers during 2008 ::r 
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Table (9): Effect of pUlsing solution. storage positron. storage period and their illteractiol1 

(g\f1ower) of Malueee"" laevis L cut flowers during 2009 
Trc·atment 

Storage posItion lSI 

Vertical 
Honzontal 

Storage period (C) 

Pldslllg solution (A) Mean Mean [A)3 3 7
7 days A'a A'Bdays days days 

SA (25 mg\1) 1 30 1 18 1_24 125 1 05 1 15 1 20 
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Inhibition of the gravitropic response of Molucce//a laevis L. cut,"" ,. 

, 
! 

01 i 

[]j2
chI a 

03 

04 

05 

06 

, 

--------~ 

Distilled water (D.W) 2· Benzyladenine [BA25mg/l) 

3· DW + calcium chelater (Ca") (30 4- Benzyladenino (BA25mg/l) + 
mM) calcium chelater (Ca-) (3D mM/I) 

5·Suc (30g/l) + BA(25mg/ll + 8· 6- Suc (30g/l) + 8- HQC(250mgll)+ 
HQC(250mgll)+ calcium chelater(Ca +) calcium chelater(Ca') (30 mMII) + 

(30 mM/I) + citric aCid (200mg/l) citriC acid (200mg/l) 

Fig 12):	 Effect of pulsing solution, storage position and storage periods 
chlorophyll (a) content Img/100g t.w.) ot moluccella cut spikes 
during 2008. 

Honzorlta i 

Storage position + Storage periods 
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01 

chI a 
03 

04 

Co 
3days days 3dayo ? days 

Storage position + Storage periods 

1- Distilled water (OWl 2· Benzyladenine (BA25mg/il 

3- D.W + calcium chelater (Ca+) PO 4- Benzyladenine (BA25mg/l) + 
mM) calcium chelater (Ca'i (30 mMllI 

5-Suc (30g/l) + BA(25mglll + 8­ 6- Suc 130gll1 + 8- HQC(250mg/l)+ 
HQC(250mgll)+ calcium chelater(Ca) calcillm chelater(Ca') (30 mM/I) + 
(30 mM1l1 + citriC acid (200mg/l) citric acid (200mgll) 

Fig (3): Effect of pulsing solution, storage position and storage periods on 
chlorophyH (a} content (mg/100g f.w.) of moluccella cut spikes 
dUi;ng 2009. 
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Inhibition of the gra~·itropic response of Moluccella laevis L. cut.. .. ... 

[J 1 

m2chi b 

04 

n5 

G6 

3days 7 Jays JC<lVS "7 days 

Storage position + Storage penods 

1- Distilled water (DW) 2- Benzyladenine IBA25mg/l) 

3- 0 W + calcium chelatN ICa~) (30 4- Benzyladenine (BA25mg/l) + 
mM) calcium chelater (Ca-) (30 mM/I) 

5-Suc (30g/l) + BA(25mg/l) + 8­ 6- Sue (30gll) + 8- HQC(250mg/I)+ 
HQC(250mgll)+ calcium chclater(Ca~) calcium chelater(Ca+) (30 mMII) + 
(30 mMfI) + citric acid (200mgfl} citric acid (200mgf!) 

Fig (4): Effect of pulsing solution. storage position and storage periods on 
chlorophyll (b) content (mg/100g f.w., of moluccella cut spikes 
di..iiing 2008. 
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[:1 

[Jl?
cl11 b 

-3days 1 days 3days 7 days 

l-forlzonlal 

Storage position + Storage pehods 

1- Distilled water (D,W, 2- Benzyladenine IBA25mgfl) 

3- OW + calcium chelater (Co') (30 4- Benzyladenine iBA25mglli + 

mM) calcium chelater (Cal (30 mM/11 

5-Suc (30g/l) + BA(25mg/l) + S­ 6- Suc (30gll) + 8- HQC(25Dmgfl)+ 
HQC(25Dmgll)+ calcium cheiaINiCa') calcium chelater(Ca} (30 mM/I) + 
(30 mMII) + citric acid (200mg/l) citric acid (200mq/l) 

Fig IS):	 Effect of pulsing solution. storage position and storage periods on 
chlorophyll (bl content (l11g/100g f.w.) of moluccella cut spikes 
during 2009. 

Pulsing rnoiuceiia cui spikes in suc (Jugll) + H-HOC (250mglll + ca 
1200I11g/l) + Ca< chelator (EOTA) (30mM/I) + SA (25 mgll) solution was the 
most effective treatment m retardmg chlorophyll (a and bl content followed 
by suc (30 gil) + B-HOC (250 mg/I) + ca (200mgll) + Ca chelator (EOTA) 
(30mM/I) in the two seasons.These results were in agreement with those of 
Hicklenton (19911: and Ben Jacoov et al" (1985) who mentioned that 
inhibitors of chlorophyll degiadation such as cytokinins and giLbereilic acid. 
are able to delay leaf yellowing in some sensitive cut flowers like alstromeria. 
lilies and other potted plants. Also. Young ef al., (1996) on Asiatic hybrid lily. 
found that the use of preservative solution containing HaC + sucrose + GA, 
+ MnCI, kept the foliage green until the end of vase life. Moreover, Skutnik ef 
a/.. (2006) found that chlorophyll content remained high in shoots of 
Asparagus setacens treated with BA (benzyladenine). 
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Inhibition of the gravitropic response of Moluccella laevis L. cut.. .. ,., 

Moluccella cut spikes placed in 3 vertical position during dry storage 
exhIbIted the highest contents of chlorophyll (a and b) compared with cut 
spIkes placed In a horizontal position. in both seasons. 

Data oresented in Figures (1. 2, 3 and 4) demonstrate that chlorophyll (a) 
and (b) conlents in moluccella cut spikes decreased with increasing dry 
storage period from 3 to 7 days, in both seasons. Similar results were found 
by Khenizy and Zaky (2008) who revealed that tuberose spikes stored for 
(!,fferent periods recorded a continuous decrease in chlorophyll a and b 
content with prolonging the storage period. 

The results of i"teractio" revealed that the highest contents of chlorophyll 
raJ and ;bl were obtained by pulsing moluccella cut spikes for 24 hr before 
dry storage in a solution containing suc (30 gil) • 8-HOC (250 mgll) • ca (200 
mg/li. Ca"' chelator (EOTA) (30 mM II) • SA (25 mgll) combined with placing 
cut spikes in a vertical position during dry storage for 3 days. 

This results are in agreement with Khenizy (2000) who mentioned that 
holding carnation cut flowers in vase solution containmg sucrose. 8- HQC • 
CA. / or without Tween 20 and stored for different periods decreased 
clliorophyll contents witll extending storage period. 

7-Caroteniods content: 
Data ,n Figures (6 and 71 sllow tllat pulsing solution containing sue (30 gil) • 
8-HOC (250 mg/I) • ca (200 mgll) • Ca" chelator (EOTA) (30m M /1) • SA (25 
mgll) decreased tile carotenoids content in moluccella cut spikes, tllan all 
pulsing solutions in both seasons. 

In this result. Han (2001) on Lillium sp. found tllat pulsing solution 
containing 25 mgll each of SA and GA, for 4 hr prevented leaf yellowing. 
Also. Zaky (2008) found that the branches of Eucalyptus with Florissant-400 
(4 mill) • sucrose (4%) • GAo (150 ppm) for 48 hr. was the most effective 
treatment for reducing leaf yellowing. 
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\e~lcal Horl7on!al 

Storage position + Storage periods 

1- Distilled waler (OW) 2- Benzylademne (BA25mg/l) 

3- D.W + calCIum chelater (Ca") (30 4- Benzyladenme (BA25mgll) + 
mMI calcium chelater (Ca) (30 mMII) 

5-Suc (30g/l} + BA(25mgflj ~ 3­ 6- Sue (30gll) + 8· HQC(250mg/l)+ 
HQC(250mg/l)+ calcium chelalerlCa) calCium chelater(Ca) (30 mMII) + 
(30 mM!I) + citric aCid (200mg!l) citriC acid (200m gil) 

Fig {5,: Cffect of pulsing s01utiun, tilorage position and storage periods on 
caroterruids cOlltent (mgi'iOOg f.w.' of moiuccella cut spikes during 
2008. 
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Inhibition of [he gravitropic response of Moluccelfa laevis L. cut..", " 

3days 7 days 3days 

r
I 01-1'1 

~i 112 

123 

! I 84
l, 

:::J5 
-; 

I ::::Jo 

7 days 

nClrIzonlal 

Storage pos!tion + Storage periods 

1- Distilled water (DW) 2- Benzyladenine (BA25mgll) 

3· D W + calcium chelater (Ca') (30 4- Benzyladenine (BA25mglll + 
rnMI calcium chelater ICa) (30 rnMllj 

5·Suc (30gll) + BA(25mglll + 8· 6· Suc (30g/l) + 8- HQC(250mg/l)+ 
HQC(250mgll)+ calcium chelater(Ca) calcium chelaterlCa 0) (30 m Mil) + 
(30 mM/11 + citnc acid (200mg/l) Citric aCid (200mglll 

Fig (7): Effect 01 pulsing solution. storage position and storage periods on 
carotenoids content (mg/100g I.w.) 01 moluccella cut spikes during 
2009. 
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Data ,n Fig. (6 and 7) show that stored moiuccella cut spikes in a vertical 
position showed decreased carotenoids contents compared with cut spikes 
placed in a horizontal position, in both seasons. 

Data illustrated in Fig. (6 and 7) indicate that the extension of the dry 
storage period from 3 to 7 days increased the carotenoids in moluccella cut 
spikes. in both seasons. These results are in agreement with those of 
Khenizy (2000) who indicated that carotenoids increased in leaves of 
carnation cut flowers with extending storage periods. 

From Figures (6 and 7) it is clear that treated moluccella cut spikes with 
pulsing solution containing sue (30 gil) + 8-HOC (250 mgll) + ca (200 mgll) + 
Ca" chelator (EDTA) (30 mM/L) + SA (25 mg/I) for 24 hr, and then placed in a 
horizontal position for 7 days in dry storage at 5°C, increased carotenoids 
contents over the other treatments in both seasons. In this concern, Khenizy 
(2000) mentioned that holding carnation cut flowers in vase solution 
containing sucrose + 8- HOC + CA+ I or without Tween 20 and stored for 
different periods showed increased caroteniods with extending storage 
perIOd. 

8-Curvature: 
Results in Tables (10 and 11) show that gravitropic bending response of 

moluccella cut spikes was significantly inhibited by application of all pulsing 
solutions containing Ca' chelator (EOTA). 

Pulsing solution containing sue (30 gil) + 8-HOC (250 mg/I) + ca (200 mgll) 
+ Ca' chelator (EDTA) (30 mMII) + SA (25 mg/l) greatly reduced a geotropic 
bending angle compared with other treatments (Tables 10 and 11) (Figures 8, 
9 and 10). 

Fig (8):	 Effect of treatment with pulsing solution containing sue (30 gil + 8­
HOC (250 mgll) + ca (200 mgll) + calcium chelator EDTA (30 mM II) + 
SA (25 mgll) for 240 hr. 
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Fig (9): Effect of treatment with pulsing solution containing distilled water for 
24 hr. 

Fig (10): Effect of treatment with different pulsing solutions for 24 hr. from 
left to right: 

1- Distilled water (OW) 2- Benzyladenine (BA25mg/l) 

3- OW + calcium chelater (Cal (30 4- Benzyladenine (BA25mgll) + 
mM) calcium chelater (Ca) (30 mM11) 

5-Suc (30gll) + BA(25mgll) + 8­ 6- Suc (30g/l) + 8- HQC(250mglll+ 
HQC(250mgll)+ calcium chelater(Ca) calcium chelater(Ca) (30 mMII) + 
(30 mMII) + citric acid (200mg/l) citric acid (200m gil) 
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Table (10); Effect of pUlsing so ution, storage position. storage period and ttleir interaction on curvature VJ 
(angle) of MofuccPlfa laevis L. cut flowers rluring (2008. 0 

OJ 
Treatment Q.Storage position IB) 

:t-
Vertical N',:anHonzo nta I 

?l: 
Storage period (C) 

~ 
Pulsing solutIon (A)	 Me;tn Mean (A) (A' C) (A'C) ::,­3	 3 77 days	 CDA'S	 A'Sdays days ! d<lys ,	 ::> 

N' 
BA (25 mgll) 175 170 172,5 75 65 70 121 3 125 117 1::<: 

OJ 
0 

SA (25 mgt\) + Cd+ 2 chelator (3D rnf.'jll) 180 180 180 130 125 127,5 1538 155 152 I~ 
~ 

SA (25 mgll) + Ca"' chelator (30 IllMII)+suc (30	 h 
91	

180 180 180 15S 1AO 147.5 I 163.8 167 5 160,1) + 8-HQC 1,250 rn~I\I} + r:a (200 mg\ 1~ rn<T; 
~ 

'"C- OW	 168 165 166,7 70 60 65 "'\ 15 8 119.2 122 5 VJ 
OJ 

: ..	 '<: 
CD 

Ca'~ chelator (30 rnM\ll 180 180 180 120 115 117 5 I 1488 150 1475 Q. 
OJ 
::> 

Suc (30 g\l) + B-HOC (250 Illg\1) + ca ( 200 mgll)+ ,180 180 180 140 130 135 I 157 5 160 155
! Ca+ 2 chelator PO mM\I) I~ 

::,­
OJ 

Mean ,S+C) ! 177 2 1"15 B 176.5 115 1058 110,4 ------ 146.1 140.8 I::> 
;t 

LS.D at 5 % level	 :t­
0 ­Factor Pulsing 'Storage Storage 
Q.IA'B) (A'C) IB'C) (A'B'C)solution (A) pr s,tlOn (Sl period Ic) CD

LS.D at 5 % level -456 263 263 6.45 3.73 6.45 9 12 ." 
OJ-iii 
". 



Table (11). Effect of pulsing solution. storage position. storage period and their interaction on curvature Oi 
::t 

(anglel of Mo!uccelia lanvis L. cut flowers_ during. 2009. b' 
5toraUe position (8) 

-,-,-01 rcatment Vertical :>
H(HIl:Ontal Mean 

0 

I 

SA (25 mglll 

SA (25 mgll) + 

Pulslr-g solution (A) 

Ca': shelator (30 mMII) 

j 

3 
days 

'60 

180 

Storage periDd (C) 

Mean 3
7 days A'S days 

158 159 70 

180 180 120 

7 
days 

50 

100 

Mp.an 
A'S 

60 

110 

(A, 

109,5 

145 

IA'CI 

115 

-!50 

(A'C) 

104 

qO 

..... 
S 
CO 

(Q 

OJ 
<: 
~. 

"t:l 
0 

~ 

'"... 
~ 

SA (25 mgll) + C;'l·1 I:helator (30 IllMII)+suc (30 
gIl) + 8-HQC (250 mgll) + COl (200 mgll; 

180 180 180 150 130 140 160 165 155 

OJ 

'" "t:l 
0 
:> 

'"DW 170 1,40 155 60 35 475 101 3 115 87.5 CO 
0 ..... 

Ca'; chelalor (30 mM\I) 180 180 180 110 100 105 142.5 145 140 I~-r::: 
Sue (30 gIl) + a-HQC (250 rng\!) 
Ca" chel;>,tor (30 rnMII) 

+ ca ( 200 mg\I)+ 
180 180 180 130 120 125 1525 155 150 I~:::: 

'"-Mean (S~C) 175 169.7 \723 106,7 892 91.9 140.8 1294 I'"CO 
<: 

L.S.D at 5 % level 
Factor Pulsing 

soll~~ion (A) 
L .5.0 at 5 "I" level 

1,34 

:)torage 
pcsltioll (S) 

(1.7i 

Storage 
period (c) 

0.77 

(A'S) 

1.90 

.~ 

(A'C) 

1.1 

(B'C) 

1 90 

(A'S'C) 

2.68 Ii 
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These conclusions are in agreement with those of Nowak (1992) who 
found that pulsing cut gerbera inflorescences in 8-HOC at 200 mg/l with 
sucrose at 100 gil for 24 hr at 20'C reduced the number of bent of folded 
stalks. Also. Halevy (1995) mentioned that manipulation of cytosolic Ca" 
levels may become a novel means for controlling geotropic bending of 
flowers. Seiichi and Koudai (2002) found that cut snapdragon flowers kept in 
water showed inflorescence bent. while those pretreated with 1 % CaCl, for 
16 hr did not show such symptoms. Friedman ef al., (2003) mentioned that a 
differential stem growth pattern was obtained during gravistimulation. which 
was significantly abolished by calcium antagonists to inhibit stem curvature 
of snapdragon. 

Two storage positions were tested for effectiveness in controlling a 
geotropic bending angle in moluccella cut spikes (Tables 10 and 11). Cut 
spikes stored at vertical position showed decreased geotropic bending angle 
as compared with cut spikes placed in a horizontal position. 

Data in Tables (10 and 11) show that as the storage period mcreased 
from 3 to 7 days geotropic bending angle increased in molucceila cut spikes, 
in both seasons. 

Data in Tables (10 and 11) indicate the results of interaction between 
using suc (30gll) + 8-HOC (250 mg/l) + ca (200 mgll) + Ca' chelator (EDTA) 
(30 mMII) + BA (25 mgll) as a pulsing solution and kept in an upright position 
and storage periods of moluccella cut flowers for 3 days exhibited higher 
effect on reduCing geotropic bending angle over all treatments, in both 
seasons. 
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