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ABSTRACT

The experimental trail was consummated in Plant Tissue Culture
Laboratory at El-Zohria Botanical Garden, Horticulture Research
Institute, Agriculture Research Center, during 2008 — 2010 years. It
intended to find out the most suitable treatments for propagation of
Gladiolus primulinus var Atom by using tissue culture technique.
Buds from corms of Gladiolus primulinus were effectively surface
sterilized with a mixture of Clorox (commercial bleach) and mercuric
chloride (Hg,Cl) at 40 % Clorox plus 2.0 g/l Hg,Cl. Explants were
transferred to a solidified MS medium containing 1.0 mg /1 NAA for
establishment stage. The second stage, shoots were transferred to MS
medium containing of 2.0 mg/l BA which was used in the current
study to improve number of shoots production. Sucrose and MS
strength was used to try in vitro producing of higher number of
cormels. Sourbitol or manitol and MS medium were more appropriate
for germplasm from shoots conservation. The addition of sucrose at
90 g/l to 3/4 MS-strength medium enhanced number of cormels/shoot.
The same and the best results of medium for rooting stage was 3/4 MS
+ 2 mg/l IBA.

Key words: Micropropagation, In vitro, Tissue culture, Gladiolus,
Shoot tips, cormel and germplasm.

INTRODUCTION

Gladiolus (Family Iridaceae) is considered one of the most
important flowering bulbs grown in Egypt. The flowers are very
popular for local use and also demanded for exportation. The
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production of flowers and corms faces yield decline yearly under local
condition. So, the solution of this problem is very necessary in this
concern. Accordingly, the work embodied in this paper was an attempt
to solve this problem by using tissue culture technique in propagation
of such plant.

Stolon tips and root explants were used for the in vitro
propagation of gladiolus. Explants were washed thoroughly under
running tap water, and surface sterilized with 0.1% HgCI2 for 10 min.
Corms were rinsed in a distilled water. Shoot tips and axillary buds
were excised and corms were cut into segments. Shoot tips, axillary
buds and corm segments were surface sterilized with 80 % (v/v)
sodium hypochlorite for 15 min. They were then rinsed three times in
a sterile distilled water (Mohamed-Yasseen, 2000).

MS medium plus NAA with or without kin were capable of both
callus formation and root development in gladiolus. MS free-hormone
was considered better for callus formation on corm segments. MS plus
0.5 mg/l BAP resulted in plant regeneration from callus. It was found
that with the increase of sucrose concentrations, a noticeable gradual
increase was recorded in all growth parameters studied including
number of cormels/shoot. Sucrose at 120g/l was used for in vitro
cormel formation of gladiolus which would give higher number of
cormels (Lasheen et al., 2001).

Slices of cormel sprouts of Gladiolus primulinus cv. Golden
Wave were cultured in MS with 4.0 mg/l NAA, 2.0 mg/l BAP or 1.0
mg/l 2,4-D to induce callus initiation. Highest number of shoots was
regenerated in MS with 2.0 mg/l BAP from one-month-old callus
which was initiated in the medium with NAA (Pinaki and Shyamal,
2002). Gladiolus grandiflorus were established using intact cormels in
MS medium. Shoot proliferation was maximum in MS medium
fortified with 4 mg/l BA + 0.5 mg/l NAA. Low concentrations of BA
(1 or 2 mg/l) were suitable for further shoot multiplication
(Priyakumari and Sheela, 2005). Cormel and meristem explants of
Gladiolus showed maximum multiplication on MS medium containing
Img/l BAP. Thus, cormel explants proved to be a better source for
shoot multiplication as compared to meristem (Faheem et al., 2007).
An In vitro propagation method was developed for Gladiolus
anatolicus (Boiss.) Stapf using corm sections. The highest rate of
callus formation occured in MS medium containing 8.5 mg/l NAA.
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The highest number of shoots was obtained in MS medium containing
0.2 mg/l BA and 2 mg/l NAA. Corm formation in the base of shoots
was observed in the medium with 0.1/ mg BA. Additionally, 5-6
cormel per shoot occured during subculturing (Yelda and Beng,
2007).

The shoots produced roots in half strength of MS with 2.0 mg/l
IBA and 6 % sucrose. Rooted shoots produced cormels at the base of
shoots in the same nutrient medium. About 80 - 90 % cormels
germinated when sown in the field and 20 % of them blossomed in the
first year (Pinaki and Shyamal, 2002). The treatment of 2 mg /1 IBA
produced earliest rooting and longest roots of Gladiolus grandiflorus
(Priyakumari and Sheela, 2005). Rooting of in vitro grown shoots
was achieved on MS medium supplemented with 0.5mg/l NAA or
2mg/l IBA of Gladiolus plants (Faheem et al., 2007).

The aim of this study was to investigate the best protocol for in
vitro propagation of Gladiolus primulinus for commercial production,
producing cormels and conservation plants. Accordingly, the
following steps were studied: The effect of sterilization treatments,
effect of NAA on establishment stage, the effect of BA on
multiplication stage, the effect of IBA and MS strength on rooting
behavior, effect of sucrose and MS strength on producing cormels and
the effect of sourbitol or manitol on germplasm shoots conservation.

MATERIALS AND METHODS

This study was carried out in the Laboratory of Tissue Culture,
Zohria Botanical Garden, Cairo, Horticulture Research Institute,
Agriculture Research Center, Ministry of Agriculture. The experiments
were conducted during the period from 2008 to 2010. The objective of
this study was to investigate the most suitable treatments for
micropropagation of Gladiolus. The mother plants were imported from
Holland. The parts used as explants were corm buds.

Number of measurements were taken on Gladiolus primulinus var.
Atom i.e., number of survived explants, number of leaves, shoot length
(cm), number of shoots, number of roots, root length (cm), number of
cormels per shoot, cormel height (mm), cormel width (mm) and number
of survived plants after six months.

Growth regulators of NAA were used during establishment stage,
cytokinin, i.e. BA were used for multiplication stage, IBA and MS
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strengths were used during rooting stage and sucrose, sorbitol or manitol
was used during in vitro cormel formation stage and conservation of
plants.

1-Experiment 1: Effect of some sterilization treatments on
contamination of explants:

The aim of this experiment was to study the effect of some
sterilization treatments, i.e. Clorox at 20, 30, 40 and 50 % with mercuric
chloride (Hg,Cl) solution at concentrations of 1, 2, 3 and 4 g/l on survival
of Gladiolus explants in vitro.

Buds of Gladiolus were excised from the corms, initially 1-2 ¢cm in
length then were washed by a soapy water for 5 minutes followed by 1
hour under a running tap water. The explants were sterilized by
immersion in mercuric chloride (Hg,Cl) solution at the rate of 1, 2, 3 and
4 g/l containing 3-5 drops of Tween-20 for 5 minutes, followed by
rinsing three times in a sterile distilled water, then immersed in a
commercial Clorox solution at 20, 30, 40 and 50 % containing 3-5 drops
of Tween-20 for 20 minutes. Finally, explants were washed 5 times with
a sterile distilled water. Each sterilized explant was cultured separately
under sterile conditions in 100 ml jar.

For surface sterilization of explants, 16 treatments were initiated,
each treatment consisted of 10 jars.

2. Experiment 2: Effect of NAA and kin on explant establishment:

Murashige and Skoog (MS) medium (Murashige and Skoog,
1962) was used as culture medium.

For establishment stage, 4 treatments were studied, i.e. NAA at 0.0,
0.5, 1.0 or 1.5 mg/l.

3. Experiment 3: Effect of BA on multiplication stage:

For multiplication stage, 18 treatments were studied using BA at
0.0, 0.5, 1.0, 1.5, 2.0 or 2.5 mg/l and three subcultures.

4. Experiment 4: Effect of sucrose on in vitro cormel formation:

For cormel formation, 15 treatments were studied using sucrose at
10, 30, 50, 70 or 90 g/l and three MS-strength; (full, /2 MS or Y4 MS)
were used.

5. Experiment 5: Effect of IBA and MS-medium strength on rooting
growth:
In rooting stage, 15 treatments including combinations of 5 IBA

levels (0.0, 0.5, 1.0, 1.5 or 2.0 mg/l) and three MS-strength; (full, 2 MS
or ¥4 MS) were used.
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6. Experiment 6: Effect of sorbitol and manitol on conservation of
plants:

For conservation of plants, 10 treatments were studied using
sorbitol and manitol at 0.1, 0.3, 0.5, 0.7 or 0.9 mol/l and this was
prolonged for six months.

7. Experimental design and statistical analysis:

A complete randomized design was employed in all of the
experiments. Analysis of variance was used to show the least statistical
differences between treatments using the L.S.D at 5% probability level
(Snedecor and Cochran, 1989).

RESULTS AND DISCUSSION

1. Effect of different concentrations of sodium hypochlorite and
mercuric chloride for surface sterilization on explant survival:

Results registered in Table (1) indicate that the effect of clorox
(sodium hypochlorite) as commercial bleach was positive for surface
sterilization of Gladiolus buds. Number of uncontaminated was explants
increased with the increase of clorox concentration, when mercuric
chloride was present.

For clorox effect, number of uncontaminated explants was
increased in survival of explants with the increase of concentration from
clorox. But, Clorox at 40% produced 5.8 explants when compared to 0.03
at control on explants. There were non significant differences between 40
and 50 % of Clorox.

Regarding, the use of mercuric chloride (Hg,Cl) on surface
sterilization of explants, it was augmented when clorox was
supplemented to the solution of surface sterilization.

The interactions between clorox and mercuric chloride were
significant with the highest value of disinfected explants (0.9) when the
mixture of 40 % clorox and 4 g/l mercuric chloride was used.

Results obtained here are in harmony with those obtained elsewhere
when HgCl12 were used on its own (Mohamed-Yasseen, 2000).

2. Effect of different concentrations of NAA on explants
establishment:

For the establishment stage (Table, 2), it was found that the best
medium treatment was that which contained 1.5 mg/l NAA in both
growth parameters investigated. However, there were no significant
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differences in between 1.0 mg/l and 1.5 mg/l NAA treatments for shoot
length.

After four weeks in 1.5 mg/l NAA the mean shoot length was 1.23
cm and number of leaves was 5.25 which was significant when compared
with control only.

For the interaction, 1.5 mg/l NAA at the four weeks gave the
highest values of shoot length and number of leaves. However, the
highest value of shoot length (1.5 cm) the number of leaves (8) was at 1.0
mg/L NAA after four weeks.

Results here are in agreement with the reports elsewhere with using
MS medium and for establishment stage of Gladiolus (Pinaki and
Shyamal, 2002).

Table (1): Effect of different concentrations of Clorox and mercuric
chloride on surface sterilization explants of Gladiolus primulinus

Hg:Cl (g/l)
Clorox % 1 2 | 3 4 Mean (A)
20 0.00 | 0.00 | 0.00 0.10 0.03
30 0.00 | 0.20 [ 0.50 0.50 0.30
40 0.30 | 0.50 | 0.60 0.90 0.58
50 0.60 | 0.60 | 0.70 0.70 0.65
Mean (B) 023 | 033 | 045 0.55
LSD at 5% Clorox (A) 0.13
Hg:Cl (B) 0.13
AxB 0.27

Table (2): Effect of different concentrations of NAA on explants
establishment of Gladiolus primulinus.

NAA (mgll) shoot length (cm) No. of leaves
No. of weeks No. of weeks
Mean Mean
1 2 3 4 (A) 1 2 3 4 (A)
0.0 0.0 0.0 0.5 0.5 0.25 0.0 0.0 1.0 2.0 0.75
0.5 0.0 0.0 0.5 1.0 0.37 0.0 0.0 2.0 4.0 1.50
1.0 0.0 0.5 1.0 1.5 0.75 0.0 1.0 4.0 8.0 3.00
1.5 00 | 05 1.0 15 0.75 0.0: .20 5.0 7.0 3.75
Mean (B) 0.00 | 0.25 | 0.75 | 1.23 0.00 | 0.75 | 3.00 | 5.25
LSD at 5% NAA (A) 0.47 0.42
Weeks (B) 0.47 0.42

AxB 0.93 0.83
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3. Effect of different concentrations of BA on multiplication stage:

Data recorded in Table (3) demonstrated that number of shoots
was increased by increasing the concentration of BA when compared
with the control. However, all concentrations of BA used resulted
significantly shorter shoot length when compared to control.
Following the same line, number of leaves was decreased as a result
of BA concentrations.

Regarding subculturing effect, it was found that all studied
parameters were positively increased with the subculture progress.
The mean shoot length was fixed on 5.33 cm during the three
subcultures of multiplication stage.

Raising the concentration of BA resulted in a significant increase
in number of shoots (32 shoots at 2 mg/l BA after three subcultures).
Meanwhile, the highest value of shoot length (11 cm) was formed at
control level, whereas, the number of leaves (7) was recorded at
control level.

Table (3): Effect of different concentrations of BA on multiplication
stage of Gladiolus primulinus.

Number of shoots Shoot length (cm) Number of leaves
BA (mg/l) Subeulture Subculture Subculture
1 2 3 ‘:i")“ 1 2 3 '\:i‘;“ 1 2 3 Mean (A)

0.0 20 | 30 | 40 | 300 | 70 | 90 | 110 | 900 | 30 | 50 | 70 5.00
0.5 30 | 70 | 180 | 933 | 70 | 80 | 80 | 767 | 30 | 40 | 50 4.00
1.0 70 | 150 | 210 | 1433 | 60 | 60 | 50 | 567 | 40 | 50 | 50 167
15 50 | 120 | 240 | 1367 | 50 | 40 | 40 | 433 | 40 | 40 | 30 367
20 70 | 180 | 320 | 1900 | 40 | 30 | 30 | 333 | 30 | 30 | 20 267
25 |60 | 110 | 180 | 1067 | 30 | 20 | 10 | 200 | 30 | 20 | 20 233

Mean (B) | 5.00 | 1050 | 19.50 533 | 533 | 5.33 333 | 383 | 400

LSDat5% BA(A) 1.62 0.73 0.61

Subculture (B) 1.15 0.52 0.43

AXB 281 1.27 1.06
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3.5. Effect of different concentrations of sucrose and MS-strength
on cormel formation:

Data demonstrated in Table (4) and plate (1) indicate that the
highest number of cormels/shoot (0.73) was formed at 90 g/l sucrose.
The same trend of results was also observed in cormel height and
cormel width at 90 g/l sucrose (9.20 and 9.73 mm, respectively).

For MS-strength, maximum number of cormels/shoot, cormel
height and cormel width were obtained at 3/4 MS-strength, in a
respect order. It was found that the best medium was that which
contained 3/4 MS-strength for every growth parameter investigated.

Also, the same concentrations of 90 g/l sucrose and 3/4 MS-
strength showed the highest value of number of cormels/shoot, cormel
height and cormel width (1.0, 12.0 and 12.6 mm, respectively).

Table (4): Effect of different concentrations of sucrose and MS-strength
on cormel formation of Gladiolus primulinus.

Number of cormels/shoot Cormel height (mm) Cormel width (mm)
Ms | 3amis | 1ams | (I;‘;“ MS | 34MS 12MS ‘:;‘;" MS |34MS 1/2MS | Mean (A)
00 [ 04 | 02 0 02 | 00 | 62 42 | 347 | 00 | 68 | 46 | 380
30 02 [ 04 [ 02 7 027 [ 34 | 84 [ 50 | 3560 | 34 [ 90 | 54 | 593
50 02 [ 06 | 04 T 040 | 46 | 92 | 58 | 653 | 48 | 98 | 60 | 687
70 04 | 08 | 06 | 060 | 62 [ 104 | 70 | 787 | 64 | 108 | 74 | 820
90 06 [ 10 [ 06 [ 073 [ 74 [ 120 82 [ 920 | 78 [ 126 | 88 | 9m
Mean(B) | 028 | 064 | 040 | 432 [ 924 | 604 | 448 | 980 | 644
18D at5% Sucrose () 009 ' 011 ' (011
WS-strength (B) 0.07 0.08 0.09

AxB 0.15 0.18 0.19
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Plalte 1: Micropropagation of Gladiolus primulinus var. Atom and
cormel formation.
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6. Effect of different concentrations of IBA and MS-strength on in
Vitro rooting:

Results presented in Table (5) demonstrate that 2 mg/l IBA affected
number of roots and root length (8 and 6 cm, respectively). IBA induced
the formation of roots on Gladiolus shoots when compared with the
remaining treatments.

The MS medium at three quarter MS strength was superior over
other MS strengths for number of formed roots (6.96) and root length
(5.60 cm).

The interaction between the different concentrations of IBA and
MS strength treatments showed that the largest number of roots and root
length was found when the shoots were cultured on three quarter MS-
medium and 2 mg/l IBA (11.2 and 9.5 cm, respectively).

This later reported result seemed to be in harmony with the results
obtained here with on Gladiolus, which on the whole seems at the end to
favor IBA for the rooting stage of Gladiolus (Priyakumari and Sheela,
2005 and Faheem et al., 2007).

Table (5): Effect of different concentrations of IBA and MS-strength on
in vitro rooting of Gladiolus primulinus.

M strength Number of roots Root length (cm)

BAmEY | MS | 3/4MS | 1/2MS “ff;" MS | 3/4MS | 12MS “f;a}“
0.0 0.0 2.0 0.8 0.93 0.0 1.5 0.5 0.67
0.5 1.0 44 2.6 2.67 0.5 2.5 1.0 1.33
1.0 34 6.8 52 5.13 1.5 6.0 3.0 3.50
1.5 42 10.4 74 7.33 3.0 8.5 4.5 533
2.0 48 11.2 8.0 8.00 35 9.5 5.0 6.00

Mean (B) 2.68 6.96 4.80 1.70 5.60 2.80

LSD at 5% IBA (A) 0.11 0.26
MS-strength (B) 0.09 0.20
AxB 0.19 045

7. Effect of sorbitol and manitol on conservation of plants:

In plants the growing points that contain undifferentiated cells
are called meristems. The meristematic cells can be tissue cultured to
produce tissues, organs and whole plants. Tissue culture produced
tissues, organs and plantlets, that constitute germplasm, can be
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cryopreserved regenerated at a later date when needed using tissue
culture protocols. This facility provides for the conservation of plant
germplasm in germplasm banks, variously called in vitro banks or
tissue banks or gene banks.

Data recorded in Table (6) demonstrate that number of survived
shoots was increased by increasing the concentration of sorbitol or
manitol when compared with other treatments. So in general, for
number of survived shoots, sorbitol concentrations utilized were better
than manitol ones.

Number of survived shoots was progressively increased from
0.57 at 0.1 mol sorbitol to 0.87 at 0.5 mol sorbitol. Meanwhile, there
were significant differences between sorbitol and manitol when
compared with all concentrations.

Table (6): Effect of different concentrations of sorbitol and manitol on
conservation of plants.

No. of months
Concentration Mean Mean
1 2 3 4 5 6
(mol) A B
o 0.8 0.8 0.6 06 | 04 | 02 0.57
0.3 1.0 0.8 0.8 0.6 | 04 | 02 0.63
Sorbitol 0.5 1.0 1.0 1.0 0.8 | 0.8 | 06 0.68 0.87
0.7 1.0 1.0 0.8 08 | 0.6 | 0.4 0.77
0.9 0.8 0.8 0.6 06 | 04 | 02 0.57
) 0.8 0.8 0.6 06 | 04 | 02 0.57
0.3 0.8 0.8 0.8 06 | 06 | 02 0.63
Manitol 0.5 1.0 0.8 0.8 0.8 | 0.6 | 04 0.65 0.73
0.7 1.0 0.8 0.8 0.6 0.6 0.4 0.70
0.9 0.8 0.8 0.8 06 | 04 | 02 0.60
Mean C 0.90 | 0.84 | 0.76 | 0.66 | 0.52 | 0.30
LSD at 5% (A) 0.0694
(B) 0.1097
AB 0.1551
(0) 0.1202
AC 0.1699
BC 0.2687

ABC 0.3800
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As for time, on the six month of culture on media shoots death
was increased in all treatments. Decreasing number of survived shoots
was positively correlated with prevailing in the medium.

There was a steady decrease in number of survived shoots with
prolonging steadying in the medium. After the six month, the greatest
number of survived shoots (0.6) was obtained when compared to other
treatments.
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