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ABSTRACT

Different types of explants were used for callus induction in Gladiolus tissue culture of cultivars ‘ChaCha’ and ‘Priscilla’. Different
concentrations of 2,4-dichlorophenoxyacetic acid (2,4-D) or a-naphthaleneacetic acid (NAA) were tested. Explant polarity was studied
for leaves by placing fragments of these organs horizontally and vertically on the culture medium. Also, explants were taken from the
apical, middle and basal parts of leaves and petals. Apical buds, leaves and flower stalks showed excellent callus formation (100%).
However, petals were characterized by a low callus formation ability (10%) while floral stems, bracts and floral spikes showed no callus
formation. The rate of callus development was significantly higher for horizontally cultured leaves and decreased from basal explants to
middle and apical ones. The highest rate of callus formation was obtained on media containing either 2,4-D (1 or 3 mg 1"') or NAA (2 or 5
mg I')). Callus budding was significantly higher on medium supplemented with 1 mg I"' BA. The budding rate of callus obtained from
apical buds was 93.3 and 100%, respectively, for cultivars ‘Priscilla’ and ‘ChaCha’. For callus derived from leaf fragments, the rate of

budding was 100% for both cultivars.

Keywords: callus formation, budding, in vitro, polarity

Abbreviations: BA, N6-benzyladenine; 2,4-D, 2,4-dichlorophenoxyacetic acid; KIN, kinetin; MS, Murashige and Skoog basal medium;

NAA, a-naphthaleneacetic acid

INTRODUCTION

Species of Gladiolus (Iridaceae) are of great horticultural
value. Modern cultivated gladioli evolved through succes-
sive natural and artificial hybridization of Gladiolus species
originating from the Mediterranean area and South Africa
(Buch 1972; Wilfret 1980) including over 180 species with
more than 10,000 cultivars. Approximately 20 cultivars are
grown for commercial flower production (Nhut et al. 2004).

This genus has been subject of in vitro propagation ex-
periments (Ziv et al. 1970; Hussey 1977; Bajaj et al. 1983;
Kamo et al. 1990; Ziv and Lilien-Kipnis 1990; Sen and Sen
1995). Gladiolus micropropagation was achieved from axil-
lary buds (Begum and Haddiuzaman 1995; Boonvanno and
Kanchanapoom 2000), apex (Hussain et al. 2001; Aftab et
al. 2008), corms (Nagaraju and Parthasarathy 1995; Emek
and Erdag 2007) and inflorescence (Ziv and Lilien-Kipnis
2000).

Many authors (Bajaj et al. 1983, 1992; Kamo 1995;
Remotti and Loffler 1995; Torabi-Giglou and Hajieghrari
2008; Pragya et al. 2012) studied Gladiolus callus for-
mation from different explants: inflorescence, flower stems,
early flower, bract, perianth, corm, cormel and leaf frag-
ments. The best callus formation was observed in segments
of flower stems and the best shoot l‘production was achieved
on medium containing 0.5-1 mg I N6-benzyladenine (BA)
and 6-9% sucrose, and maintained at 15°C.

In this paper we study the effects of the position and the
polarity of leaf explants on callus formation in Gladiolus
using different culture media. Shoot regeneration is also
studied from different explants derived callus.

MATERIALS AND METHODS
Plant material

The starting material was gladioli (Gladiolus hybridus Hort.
‘ChaCha’ and ‘Priscilla’) corms having 10/12 cm circumference.

Explants used were:

- apical buds 4-5 mm long taken from bulbs,

- leaf fragments of 25 mm’ taken from in vitro plants 4-weeks
old; explants were taken from the apical, middle and basal parts of
leaves,

- flower stalk sections 5 mm long and a diameter of 2-3 mm,

- petals of 25 mm?® taken from apical, middle and basal parts,

- floral stems 5 mm long and a diameter of 4-6 mm,

- bracts of 25 mm?,

- floral spikes 5 mm long and 2-4 mm in diameter.

All floral part explants were obtained from plants cultivated in
an open field in the region of Sousse (latitude 35°49’ North), Tuni-
sia.

Explants were disinfected with 70% ethanol. After washing
them in sterile distilled water, they were soaked in 10% hydrogen
peroxide (H,0,) for 10 min, rinsed twice (15 min each) with ste-
rile distilled water then soaked again in 0.1% HgCl, for 10 min,
rinsed four times (15 min each) with sterile distilled water and
used for culturing. Explant polarity was studied for leaves: frag-
ments were laid horizontally or stuck vertically with the basal end
into the medium at 2 mm depth.

Culture media and experimental conditions

Culture medium was Murashige and Skoog (1962; MS) which was
supplemented with 3% sucrose and 8% agar (Bacto Difco, Panreac
Quimica) and the pH was adjusted to 5.8. Explants were cultured
individually in tubes of 24 mm diameter and 150 mm length,
containing 15 ml of MS medium. Cultures were conducted in a
growth chamber at 24 + 1°C, under 16-h photoperiod under cool
white light at 35 umol m™s™' provided by white fluorescent tubes
(18W/54 Philips). Callus formation was conducted in darkness
(Bettaieb 2003).

Induction of callus

Callus formation media were MS supplemented with 2,4-dichloro-
phenoxyacetic acid (2,4-D) at different concentrations (0, 1, 2, 3
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Fig. 1 Polarity differences in callus production from leaf fragments of gladiolus (Gladiolus hybridus Hort. ‘Priscilla’ and ‘ChaCha’) when placed
horizontally or vertically on MS medium with 2,4-D or NAA. Duration of culture: 8 weeks. Number of explants per treatment: 24. Different letters

indicate significant differences at P = 0.05 (Duncan’s multiple range test).

mg I'") (Kim er al. 1988; Ziv and Lilien-Kipnis 2000; Giglou and
Hajieghrari 2008), or a-naphthaleneacetic acid (NAA) at different
concentrations (0, 1, 2, 5, 10 mg l'l) (Bettaieb 2003; Aftab et al.
2008). Cultures were maintained for 8 weeks with a subculture
after 4 weeks.

Shoot regeneration

Eight weeks old callus was put on regeneration media; MS with
different concentrations of BA (0, 0.5, 1, 2 mg 1""). Each medium
treatment (BA concentration) contained 15 explants.

Data analysis

Several parameters were recorded: induction of callus (+/-); rate of
budding: number of calli which formed buds/total number of calli;
bud (number of newly-formed buds per callus) and shoot pro-
liferation (number of shoots per callus); morphological appearance
of calli and shoots (structure, color, etc.).

Analysis of variance (ANOVA) was performed for all data
using SPSS software. Statistically significant differences between
means were determined using Duncan’s multiple range test at o =

0.05.

RESULTS

Callus formation

1. Induction of callus from leaves

In cultures without plant growth regulators (control), there
was no callus formation in either cultivar for leaves laid

horizontally or vertically on the culture medium (Fig. 1).
Callus formation rate increased with the concentration of
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Fig. 2 Formation of callus on leaf fragments of gladiolus (Gladiolus
hybridus Hort. ‘Priscilla’) cultured for 4 (A) or 8 weeks (B) on MS
medium with 3 mg 1" 2,4-D.

auxin and was the highest using 3 mg "' 2,4-D: 60 and 70%
for horizontal explants, respectively, for Priscilla’ and
‘ChaCha’, 30% for vertical explants of both cultivars. For
NAA, the best concentration was 5 mg I, which had a
callus formation rate of 100% for horizontal leaves and 50,
70% for vertical leaves, respectively, for ‘Priscilla’ and
‘ChaCha’ (Fig. 1). At a higher concentration of NAA (10
mg 1), induction of callus was very low and did not exceed
10% for both cultivars. Explants laid horizontally were
better for callus formation than those laid vertically, but
differences were significant only for the concentration of 3
mg 1" for 2,4-D and 5 mg 1" for NAA.

Calli formed were nodulous or crumbly with some cells
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Fig. 3 Effect of explant position on callus production from leaf fragments of gladiolus (Gladiolus hybridus Hort. ‘Priscilla’ and ‘ChaCha’)
cultured on MS medium with 2,4-D or NAA. Duration of culture: 8§ weeks. Number of explants per treatment: 24. Different letters indicate significant

differences at P = 0.05 (Duncan’s multiple range test).
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Fig. 4 Callus production from flower stalks of gladiolus (Gladiolus hybridus Hort. ‘Priscilla’ and ‘ChaCha’) cultured on MS medium with 2,4-D
or NAA. Duration of culture: 8 weeks. Number of explants per treatment: 24. Different letters indicate significant differences at P = 0.05 (Duncan’s

multiple range test).

containing chlorophyll (yellow-greenish color: Fig. 2). For
explant position on the leaf, induction of callus was pos-
sible only with basal and middle explants. Basal explants
had the highest rate of callus formation which was 70% for
‘ChaCha’ and 50 to 70% for ‘Priscilla’, according to the
type of auxin. There was no callus formation with apical ex-
plants (Fig. 3).

2. Induction of callus from flower stalks
Without hormones, there was no callus formation on flower

stalks (Fig. 4). The presence of 2,4-D was very favourable
for callus formation and its rate reached 100% for both
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cultivars using 1 mg 1" 2,4-D. On media containing higher
concentrations of 2,4-D, callus formation rate was un-
changed for ‘Priscilla’ (100%) but decreased to 70% for
‘ChaCha’. Induction of callus increased with NAA concen-
tration reaching its maximum (100%) with 2 or 5 mg I
NAAI, respectively, for ‘Priscilla’ and ‘ChaCha’. Using 10
mg I NAA, callus formation rate decreased to 50 and 70%,
respectively, for ‘ChaCha’ and ‘Priscilla’. Calli were globu-

lar, whitish and characterized by a compact structure (Fig.
5).
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Fig. 5 Formation of callus on flower stalks of gladiolus (Gladiolus hyb-
ridus Hort. ‘Priscilla’) cultured for 8 weeks on MS with 1 mg I"' 2,4-D.
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Fig. 6 Callus production from apical buds of gladiolus (Gladiolus
hybridus Hort. ‘Priscilla’ and ‘ChaCha’) cultured on MS with 2,4-D
or NAA. Duration of culture: 8 weeks. Number of explants per treatment:
15. Different letters indicate significant differences at P = 0.05 (Duncan’s
multiple range test).

3. Induction of callus from apical buds

With these types of explants, medium without hormones
allowed callus formation but its rate was low: 16.6 and
20.8%, respectively, for ‘ChaCha’ and ‘Prlsc1lla (Fig. 6).
Using either 1 mg 1" 2,4-D or 2 mg I NAA permitted
maximal (100%) callus induction for both cultivars. On
media supplemented with higher concentrations of 2,4-D,
callus formation rate was unchanged for ‘Priscilla’ (100%)
but decreased sensibly for ‘ChaCha’ to 80 and 70% with 2
and 3 mg I 2,4-D, respectively. Using higher concentra-
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Fig. 7 Formation of callus from apical buds of gladiolus (Gladiolus
hybridus Hort. ‘Priscilla’) cultured on MS with 1 mg I'' 2,4-D. Swel-
ling and early callus formation (A), callus after 4 weeks of culture (B).

tions of NAA, this parameter decreased for both cultivars
but did not fall under 60%.

Callus was nodulous, crumbly, not chlorophyllous and
yellowish for both cultivars (Fig. 7).

4. Induction of callus from petals

Petals were taken from apical, middle and basal parts of
these organs. Apical and middle explants of both cultivars
did not develop callus on any culture media. On medium
containing 1 mg I 2,4-D, only basal explants showed
swelling after 4 weeks while spongy, dark brown callus was
formed after 8 weeks. The callus formation rate was very
low (£10%) for both cultivars. For the other types of
explants (floral stems, bracts, floral spikes), there was no
callus initiation at all.

Shoot regeneration
1. From leaf fragments derived callus

On the control medium (without BA), callus budding oc-
curred at 20 and 47%, respectively, for ‘ChaCha’ and ‘Pris-
cilla’ (Table 1). Rate of budding increased with BA con-
centratlon and was the highest on medium containing 1 mg
I'" BA reaching 100% for both cultivars after 4 weeks of
culture. The number of newly-formed buds was signifi-
cantly the best on the same medium and was 2.4 and 2.6
buds per callus, respectively, for ‘ChaCha’ and ‘Priscilla’.
Using a higher concentration of BA (2 mg 1), the number
of buds per callus was reduced to 1.3 and 1 buds, respec-
tively, for ‘ChaCha’ and ‘Priscilla’.

The number of shoots per callus increased Wlth concen-
tration of BA and was the highest with 1 mg I'' BA (Table
1): 1.9 and 2.5 shoots per callus for ‘ChaCha’ and ‘Priscilla’,
respectively. On medium containing 2 mg I BA, shoot
regeneration decreased to 0.94 for both cultivars.

Shoot regeneration from leaf callus was generally better
for ‘Priscilla’ but results were not significantly different
(Table 1).

2. From apical buds derived callus

The number of newly-formed shoots per callus depended on
cultivar and BA concentration. Indeed, on control medium
without BA, shoot regeneration was possible, but its rate
did not exceed 13.3 and 26.7%, respectively, for ‘ChaCha’
and ‘Priscilla’, significantly lower than the treatments with
BA (Table 2) Budding rate of apical buds derlved callus
was the highest on medium containing 1 mg I'' BA (Table
2). In addition, budding on this medium was the fastest and
reached for both cultivars 53.3% after 10 days of culture
and 93.3 and 100% after 4 weeks of culture, respectively,
for ‘Priscilla’ and ‘ChaCha’ (Table 2).
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Table 1 Rate of budding (%), number of buds/callus and number of shoots/callus from gladiolus ‘ChaCha’ and ‘Priscilla’ leaf fragment derived calli.

Culture conditions: regeneration medium = Murashige and Skoog (MS) + BA; 16-h photoperiod; light intensity 35 pmol m? s~

explants per treatment: 15.

!: 24 + 1° C. Number of

Regeneration medium Cultivar Rate of budding (%) Number of buds per callus Number of shoots per callus
MS (control) ChaCha 20.0 026+0.19a 026+0.11a
Priscilla 46.7 0.67+0.31a 040+0.20a
MS + 0.5 mg I BA ChaCha 60.0 1.00+0.54 b 0.90+£0.50 b
Priscilla 73.3 1.40+0.80b 1.06 +£0.63 b
MS +1mgl'BA ChaCha 100 240+1.10¢ 1.90+£0.90 ¢
Priscilla 100 2.60+130c 250+120¢
MS +2mgl' BA ChaCha 80.0 1.30+0.76 b 0.94+£0.50b
Priscilla 60.0 1.06 £0.66 b 0.94+0.48b

Values in the same column followed by different letters are significantly different (P < 0.05) according to DMRT.

Table 2 Rate of budding (%), number of buds/callus and number of shoots/callus from gladiolus ‘ChaCha’ and ‘Priscilla’ apical bud derived calli.

Culture conditions: regeneration medium = Murashige and Skoog (MS) + BA; 16-h photoperiod; light intensity 35 pmol m?s”

explants per treatment: 15.

!: 24 + 1° C. Number of

Regeneration medium Cultivar Rate of budding (%) Number of buds per callus Number of shoots per callus
MS (control) ChaCha 13.3 0.13£0.09 a 027+0.12a
Priscilla 26.7 040+0.23 a 020+0.11a
MS +0.5mg "' BA ChaCha 533 1.20+0.61b 1.07+0.51b
Priscilla 60.0 1.13£0.55b 0.87+0.43b
MS + 1 mgl'BA ChaCha 100 220+1.06¢ 1.67+091 ¢
Priscilla 93.3 250+1.02¢ 240+134¢
MS +2mg ' BA ChaCha 66.7 1.06+0.53 b 0.73+0.46 b
Priscilla 60.0 1.0+0.61b 0.93+0.48b

Values in the same column followed by different letters are significantly different (P < 0.05) according to DMRT.

Table 3 Rate of budding (%) and number of buds/callus from gladiolus
‘ChaCha’ and ‘Priscilla’ flower stalk derived calli. Culture conditions:
regeneration medium = Murashige and Skoog (MS) + BA; 16-h photo-
period; light intensity 35 pmol m? s'; 24 + 1° C. Number of explants per
treatment: 15.

Regeneration medium Cultivar Rate of Number of
budding (%)  buds per callus
MS (control) ChaCha 0 0
Priscilla 0 0
MS + 0.5 mg I'' BA ChaCha 0 0
Priscilla 0 0
MS +1mgl'BA ChaCha 0 0
Priscilla 0 0
MS +2mg1' BA ChaCha 0 0
Priscilla 0 0

The number of buds per callus was significantly h1gher
than all other treatments on the medium with 1 mg "' BA:
2.2 and 2.5 buds, respectively, for ‘ChaCha’ and ‘Prlsc1lla
(Table 2). For hlgher concentrations of BA (2 mg I'"), the
number of buds/callus was reduced to only 1 bud for both
cultivars.

The number of shoots/callus increased with the concen-
tration of BA and was significantly h1gher at 1 mg I"'. For
higher concentrations of BA (2 mg 17), the number of
shoots decreased by more than half.

Analysis of variance showed significant differences
between the control and all BA concentration, however, dif-
ferences between the two concentration of BA (0.5 and 2
mg 1) were not significant. Differences between cultivars
were not also significant.

3. From flower stalks derived callus

For calli derived from flower stalks, shoot regeneration was
completely inhibited, and degeneration affected all calli
after four weeks of culture (Table 3). There was no shoot
regeneration from petals derived callus.
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DISCUSSION
Callus formation

Callus induction was achieved on MS medium supplemented
with various concentrations of 2,4-D or NAA, similar to
previous results using the same auxins (Bettaiecb 2003;
Emek and Erdag 2007; Aftab et al. 2008).

For increased callus induction, cultures were placed in
darkness at 24 + 1°C (Bettaieb 2003).

Callus could be induced from various explants: leaves,
apical buds, flower stalks and petals, but not other types of
explants (floral stems, bracts and floral spikes). These
results are not in agreement with those of Bajaj et al. (1983)
who reported that callus formation was obtained for Gladi-
olus ‘Snow Princess’ and ‘Oscar’ from various explants:
1nﬂorescences floral stems, bracts and perianths on 10 mg
1" NAA and 0.5 mg.1"' KIN. These differences could be
attributed to the callus induction media and/or genotype.
Callus could be obtained also from corm sections in MS
medium with 8.5 mg 1" NAA (Emek and Erdag 2007) and
from cormels on 4.44 uM BA and 2.32 pM KIN and 2.68
uM NAA (Pragya et al. 2012).

For leaf explants, media containing 3 mg 1" 2,4-D or 5
mg "' NAA appeared most favourable to callus formatlon
and both cultivars were comparable (Fig. 1). Aftab et al.
(2008) showed that induction of callus from leaf explants
was possible on MS with 3 mg "' 2,4-D or 2 mg I'' NAA.
Lower or higher NAA concentrations did not permit callus
induction. However, Bettaieb (2003) reported that leaf ex-
plants of Gladiolus ‘Peter Pears’ and ‘White friendship’ on
different media containing 2,4-D or NAA did not induce
callus. Clearly, cultivar (genotypic) differences warrant tes-
ting of varying plant growth regulators concentrations to
maximize callus formation.

The explants of both cultivars placed horizontally on
the media showed a better ability to callus induction than
those placed vertically (Fig. 1). This is probably related
with the surface of the explant in contact with the culture
medium. Explants taken from the basal part of the leaf gave
the best results (Fig. 3). This is in agreement with Kasumi
et al. (1999) on Gladiolus ‘Topaz’, where leaf explants taken
from the basal part and cultivated in darkness for 60 days
on MS with 5 mg "' NAA produced 100% callus. Wernicke
and Milkovits (1987) showed for young leaves segments of
wheat (Triticum timopheevi Zukh) that the most basal cells
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divided readily in culture and complete the mitotic cycle.

Flower stalks showed a strong ability for callus produc-
tion, reaching 100% on most media (Fig. 4). Petals did not
generate callus, being inhibited for explants derived from
apical and middle parts of the petal. For basal explants, in-
duction of callus was very low (<10%) on medium con-
taining 1 mgl” 2,4-D. Kasumi er al. (2001) indicated that
callus was not induced for the apical parts of the perianth,
but it was possible for the basal parts (56% on MS sup-
plemented with 5 mg I'' NAA).

Shoot regeneration

The formation and number of buds on calli was possible in
presence of BA (Table 1). After 2 weeks of culture, meriste-
matic protuberances appeared on the calli and evolved in
shoots (Fig. 2). Shoot formation was also poss1ble without
BA at a significantly lower rate than 1 mg I"' BA (Tables 1,
2). Indeed, Margara (1984) noted that the formation of new
buds in monocots from calli on a medium without plant
growth regulators was found. According to our results,
shoot regeneration from callus was possible on media with
or without BA (0, 0.5, 1, 2 mg 1) (Tables 1, 2).

There were s1gn1ﬁcant differences between BA concen-
trations but not between cultivars for callus production
(Tables 1, 2). The highest number of shoots per callus was
obtained on medium containing 1 mg I BA (Tables 1, 2).
De Bruyn and Ferreira (1992) indicated that the best pro-
duction of shoots per explant was achieved on a medium
containing 0.5 to 1 mg 1" BA. The highest shoot induction
(98.3%) and number of shoots was obtained from cormel
sprouts on MS with 4 mg I'' BA (Memon ef al. 2010). Sha-
heenuzzaman et al. (2011) reported that the highest percen-
tage of shoot regeneration (91.6%), for calli derived from
leaf discs, was observed in MS medium containing 3 mg I’
BA and 0.5 mg 1" KIN. However, Bettaieb (2003) showed
that the best formation of buds on callus was obtained using
0.5 mg 1" BA and 10 mg "' AgNO;. Thus, the concentration
of BA could depend on cultivar and the addition of metal
ions such as Ag’ is needed in some cases to stimulate the
formation of buds (De Block 1988; Hannachi 1996; Haou-
ala 1999). AgNO; acts by inhibiting ethylene, unfavourable
factor for regeneration (Rethmeier et al. 1991).

CONCLUSIONS

Callus production in Gladiolus depends on type of explants,
polarity and position, plant growth regulators type, concen-
tration and genotype. Indeed, callus induction was possible
from leaves, flower stalks, apical buds and petals. However,
floral stems, bracts and floral spikes did not permit callus
initiation at all. Leaf explants laid horizontally were more
favourable for callus formation than those laid vertically. A
basipetal gradient was observed in leaf explants and callus
formation was possible only with basal and middle ones
while only basal petal explants formed callus. Induction of
callus was possible either with 2,4-D or NAA at various
concentrations according to type of explants. However, only
2,4-D produced callus from petals. Genotype-specific callus

production was not significantly different in this experiment.

Shoot regeneration was possible for calli derived from leaf
fragments and apical buds but completely inhibited from
that of flower stalks. The rate of budding, number of newly-
formed buds and number of shoots per callus were highest
on medium containing 1 mg I" BA. Shoot regeneration
from leaf callus and apical buds did not differ between
genotypes.
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