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ABSTRACT

The present investigation was carried out o study the direct and indirect
micropropagation of Antirrhinum majus In order to reduce the cost of production
and to ensure the production of genetically identical ornamental plantlets for
further field culture as well as for medium- term conservation for future use
and research. For the direct micropropagation addition of 70.0 % Ethyl alcohol for 30
sec and 30.0% commercial Clorox (1.30% NaQCI) for 5.00 minute were the best
treatment for seeds sterilization. Hypocotyl, cotyledon and cotyledonary node were
excised from in vitro grown seedlings. These explants were cultured for adventitious
shoot regeneration. Using MS medium supplemented with BAP at 0.50 and 1.00 mg/L
produced the highest shoots number of 13.50 shoots for both of them. Microshoots
were rooted on MS medium containing IBA, 1AA or NAA at 0.0, 0.50, 1.00 or 2.00
mg/L. Ninety percent of the microshoots were rooted on MS medium supplemented
with 0.50 and 1.0 mg/L IBA. The rooting which achieved on medium fortified with NAA
at 0.50 mg/L significantly recorded the highest roots number of 12.83 roots. A total of
90% survival was achieved and an increase in shoots length (12.71cm) when rooted
explants were acclimatized ex vitro using 1. 1 soil: vermiculite mixture. On the other
hand, for indirect micropropagation, explants successfully formed callus by using MS
medium supplemented with TDZ at 1.00, 2.00 or 4.00 mg/l. The highest shoots
number derived from callus was recorded for callus cultured on MS medium fortified
with 2.00 mg/k. TDZ + 0.50 mg/L NAA.

Abbreviations: 2 4-D; 2 4-dichlorophenoxyacetic acid, BAP; 6-benzylaminc purine,
IBA; 3-indolebutyric acid, MS; Murashige and Skoog (1962) basal
medium, NAA; Naphthaleneacetic acid, TDZ; Thidiazuron, Kin, N6&-
furfuryladenine (Kinetin), lAA; indole acetic acid '

INTRODUCTION

Antirrhinum majus L. (snapdragon) family (Scrophulariaceae) is a
herbaceous perennial plant, cultivated as ornamental plant for its attractive
view. Snapdragons have right stems dressed with two-lipped tubular flowers
that come in an almost endless palette of colors Blamey and Grey-
Wilson(1988). Moreover Antirrhinum majus is important commercially as a cut

- flower, annual bedding plant, and potted plant, flower pigmentation.

Snapdragon if propagated by seeds cannot ensure genetic uniformity
may produce undesired phenotypes and subsequently influence the quality
and regeneration potential of the plants, as the plants may be randomly
selected without taking necessary care. This will result in negative economic
implications on mass production of this plant. Thus, the development of in
vitro culture techniques would increase the knowledge about its germplasm
with potential relevance as an ornamental crop. A rapid propagation system
for Antirrhinum majus would assist breeding programs and commercial
propagation of highly desirable cut-flower and nursery industries. This could
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help develop a new type of ornamental that can be produced year round with
a high quality / price ratio and distributed far more widely than classically
propagated methods (Hall, 1999; Beyl, 2000).

Thus the use of tissue culture in the production of A. majus would
alleviate these problems, aiding in the commercial success of the crop. The
present study was undertaken to develop a protocol for mass propagation of
A. majus through in vitro culture to produce a large number of plants with high
quality.

MATERIALS AND METHODS

The current research was conducted at the experimental station and
tissue culture laboratory of the Vegetable. and Fioriculture Department,
Facuity of Agriculture, Mansoura University during the seasons of 2011-2013.
Direct micropropagation method:

Seeds sterilization: The plant material was obtained from hybrid plants of
Antirrhinum majus seeds (Apple Blossom) that were imported from France.
Seeds were thoroughly washed with running tap water containing a few
amount of house hold detergent for 20 min, and immersed in70% ethyl
alcohol for 0.50 or 1.00 minute and 30% Commercial Clorox solution (1.3%
sodium hypochlorite)for 3.0, 5.0 or 10.0 minutes. Then the seeds were rinsing
four times in sterilized distilled water under laminar air flow cabinet. The
seeds were cultured on 250 mi sterilized glass jars, contained 30 mi of
Murashige and Skoog (1962) nutrient medium supplemented with sucrose
(30 g/L). The medium was solidified with 7g agar/L (w/L) and the pH of the
medium was adjusted to 5.8 with NaOH or HCI after adding growth regulators
to the media and before agar was added. All media were autaclaved at 121
°C at 1.5 kg/cm2 for 20 min. Data were recorded after 2weeks for:
1- Survival %= (Number of the germinated seeds / All number of the
cultured seeds) x 100.
2- Contamination%= (Number of the contaminated seeds / All number
of the cultured seeds) x 100.
3- Mortality %= (Number of the mortality seeds / All number of the
cultured seeds) x 100. '
This experiment included 6 treatments each of which consisted of 5

replications, each replicate included 5 jars and each jar have 4 seeds.

Shoot multiplication: Hypocotyl, cotyledon and cotyledonary node explants

were taken from the previous sterilized seeds at length of 1-2 cm

approximately. Then, each explant was cultured on (MS) basal medium

supplemented with thidiazuron (TDZ) at different concentrations (0.0, 0.1, 0.2,

1.0 and 2.0 mg/L) or benzylaminopurine (BAP) at (0.5 and 1.0 mg/L). Data

were recorded after 4 weeks for:

1-  Survival%= (Number of the grown explants / All number of the cultured
explants) x 100.

2- Shoots number per explant. 3- Shoots length (mm).

4- Leaves number per explant.  5- Dry and fresh weight of shoots (g).

6- Callus formation % = (number of explants formed callus / All number of the

cuttured explants) x 100.
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A simple experiment in randomize complete block design was used with
3 replicates included 9 jars for each treatment.

In vitro rooting formation: Shootlets which were cultured on MS medium
containing BAP at 0.50 and 1.00 mg/L and sucrose at 30 g/L (the best
proliferation treatment) were grown on the nutrient medium supplemented
with IBA, 1AA and NAA at concentrations of 0.0, 0.5, 1.0, and 2.0 mg/L.

. Data were recorded after four weeks for:

1- Rooting %= (Number of the rooted shoots / Alt number of the cuitured

shoots) x 100. .

2- Roots number per explant. 3- Roots length (mm).

This experiment included 12 treatments each of which consisted of 3
replicates of 3 jars per replicate.
Ex vitro establishment. Well developed rooted plantiets were taken out of
the culture jars and washed with warm water to eliminate any medium
surplus, then transferred into plastic pots containing one of the foliowing
autoclaved media; [(Peat moss + vermiculite (1:1), (Peat moss + Loamy soil
(1:1), Vermiculite + Loamy soil (1:1) and Peat moss + vermiculite + Loamy
soil (1:1:1) by volume)]. Data were recorded after 4 weeks for; survivai% and
average increase in shoots length (cm).

The experiment included 4 treatments (media) each of which consisted
of 3 replicates of 3 pots for each. Every pot contained one plantlet and
covered with transparent plastic bag to maintain high relative humidity around
plants. The plastic bags were bored gradually starting from the second day of
transplanting in order to get rid of excess humidity as well as exposing the
plantlets to the normal atmosphere condition. On the fifth day from
transplanting, these bags were removed completely. The plantlets were
irrigated with tap water whenever needed.

Indirect micropropagation method:
Callus induction: Shoot tips of shootlets with length of 1-2 cm were taken
as explants. Explants were cultured on MS solid medium supplemented with
different hormones such as NAA at 1.0 mg/L, 2.4-D at 1.0 mg/L and 3.0
mg/L, TDZ at 1.0 mg/L, 2.0 mg/L and 4.0 mg/L,, NAA at 1.0 mg/L+2.4-D at2.0 -
mg/L, BAP at 5.0 mg/L+ NAA at 1.0 mg/Lk, 24-D at 1.0 mg/L+ Kin at 2
mg/L+IAA at 2 mg/L and 2.4-D at 1.0 mg/L+ BAP at 5.0 mg/L+ NAA at 5.0
mg/L).
Data were recorded after four weeks for:

1-  Callus formation % = (Number of explants formed callus / All number of

the cultured explants) x 100.

2- Callus fresh and dry weight (g).  3- Callus volume (cm3)

4-Rooting percentage. 5- Shoots number per callus.

This experiment included 10 treatments each of which consisted of 3
replicates: of 3 jars per replicate, and every jar contained 30 ml of of the
nutrient media and 3 explants
Callus redifferentiation: The calluses derived from the best result in the
previous experiment were examined, cut and piece of 0.5 x 0.5 cm? and used
in this experiment. Calluses were cultured on MS solid medium fortified with
different treatments such as BAP at 1.0 mg/L+ NAA at 0.5 mg/L, BAP at 2.0
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mg/L+ NAA at 0.5 mg/L, TDZ at 2.0 mg/L+GA3 at 0.5 mg/L and TDZ at 2.0
mg/L+NAA at 0.5 mg/L.
Data were recorded after four weeks for:
1- Callus redifferentiation % = (Number of calluses formed shoots / All
number of the cultured calluses) x 100.

2- Shoots number per callus.
3- Shoots length (mm). 4- Leaves number.

This experiment included 4 treatments each of which consisted of 3
replicates in 3 jars.
Incubation conditions: All the previous experiments were incubated at
temperature of 25 C° + 2 C°, photoperiod also was adjusted to 16 hours light
and 8 hours dark, controlled automatically. lllumination intensity was 1500 lux
at top culture vessels level from fluorescent lamps (60cm long).
Statistical analysis:

A complete randomize design for each experiment was subjected to
analysis of variance (ANOVA) by the general linear models (GLMs)
procedure using (SAS) Statistical Analysis System (2000). Mean
comparisons were performed using the least significant difference (LSD)
method according to (Gomez and Gomez, 1984). A significance level of 5%
was used for all statistical analyses. Data given in percentage were subjected
to arcsine (VX) transformation according to (Snedecor and Cochran, 1967)
before statistical analysis.

RESULTS AND DISCUSSION

Direct micropropagation method:

Seeds sterilization:

Effect of the interaction between sodium hypochlorite and Ethyl alcohol on
contamination, survival and ’mortality % after arcsine V% transformation of
Snapdragon seeds after 2 weeks from culturing.

Data presented in Table (1) cleared that using sodium hypochiorite
for 3.00 min and Ethyl alcohol for 0.50 min produced the highest
contamination percentage, as it was 66.00%, followed by 54.00% for using
sodium hypochlorite for 3.00 min and Ethyl alcohol for 1.00 min. On the other
hand, no contamination was observed when seeds sterilized by either Ethyl
alchol for 0.5 or 1.00 min and sodium hypochlorite. Concerning the interaction
effects it was observed from Table (1) cleared that the highest survival
percentage were produced when the seeds treated with Ethyl alcohol for 0.50
min and sodium hypochiorite for 5.00 min, as it was 63%, followed by 57%
when 5.00 ethyl aicohol and 1.00 sodium hypochlorite were used . On the
other hand, using sodium hypochlorite for 3.00 min with Ethyl alchol for 0.50
and 1.00 min produced the lowest survival percentages, as they were 24.00
and 30.00 % respectively. Also, increasing sodium hypochlorite duration with
Ethyl alchol for 0.50 and 1.00 min reduced the survival percentage to 51.00
and 36.00 % respectively.

As for the effect of interaction between sodium hypochlorite and Ethyi
alchol on mortality %, data Table(1) showed that using sodium hypochlorite
for 10 min with Ethyl alchol for 0.50 and 1.00 min produced the highest
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mortality percentage, as they were 39.00 and 54.00 % respectively. But, it
was observed that using the lowest duration of sodium hypochlorite (3 min)
with the lowest duration of Ethyl alchol (0.50 min) significantly produced the
lowest mortality percentage, as it was 0.00 %.

In general, a relationship was detected between the sodium
hypochlorite and Ethy! alcohol and the mortality percentage, since increasing
the sodium hypochlorite and Ethyl alcohol durations were followed by
increasing in the mortality pefcentage with all treatments.

Table (1): Effect of the interaction between sodium hypochlorite and
Ethyl alcohol on contamination, survival and monrtality %
after arcsine V% transformation of Snapdragon seeds after 2
weeks from culturing.

= -
;ﬁium hypochlorite (1.3H_/_contammat|on ﬂEthjZﬁZ::: (/7"0% Y (B)

%) (A) Min

min 050 | 1.00 | 050 100 | 050 | 1.
3.00 66.00 | 5400 | 2400 | 3000 | 00.0 | 12.0
5.00 18.00 | 12.00 | 63.00 | 57.00 | 18.0

10.00 000 | 000 | 51.00 | 36.00

LSD at 5% (AxB) 18.75 25.65

The obtained results may be due to the response of the explants tissues
was vary with treatment duration depending on the type and physiological
stage of the same plant resulting in establishment of aseptic culture. The
morphogenetic pattern of cell changes according to the physiological age of
the plant material resulting in direct correlation between the sensitivity of the
tissue to sterilizing agent and.the physiological age of the explant.

It is also important to be cautious that a surface sterilization is also toxic
to the explants tissue, therefore concentration of the sterilizing agent and
duration of the treatment should be optimum to minimize tissue mortality of
the explants due to over sterilization.

The obtained results are in harmony with a number of reports (Betino et
al 1996, Shimasaki and Fukumoto 1998; Yang et al. 1999; Minlong et al.
2000) for sterilization of seeds of Antirrhinum majus with ethanol and sodium
hypochlorite at different concentrations. Also our results was similar to that
recorded by Cui et al. (2004) on Antirrhinum majus cv, who revealed that
seeds were surface sterilized by a brief rinse in 70.00% (viv) ethanoi and
then in1.00% sodium hypochlorite for 6.00 min , followed by washing five
times with sterile distilled water.

Shoot multiplication:
Effect of the BAP and TDZ concentrations on shoots [number, length
(cm)], and leaves number of Snapdragon plantlets.

It is appeared from Table (2) and Figure (1) that adding BAP at
concentration of (0.50 or 1.00 mg/L) gave the highest value for number of
shoots, as it was 13.50 shoots for both of them. Incompartion to the control
medium which resulted in the lowest shoots number value of 1.89 shoots. It
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was also observed that increasing TDZ concentration to reach 1.00 or 2.00
mg/L significantly decreased the shoots number to 566 and 4.00 shoots
respectively, but it was still higher than the control.

These results agreed with the results of (Ozturk et al. 2004) on Ludwiga
repens who revealed that a higher maximum number of new shoots was
obtainded on MS medium supplemented with 0.5 mg/L BA and 0.1 TDZ.

Table (2): Effect of the BAP and TDZ concentrations on shoots [number,
length (cm)], and leaves number of Snapdragon plantiets.

Measurements
Shoot number Shoot length Leaves
(cm) number
Treatments (mg/L. .
Control mg/L 0.00 1.89 7.22 577
0.10 10.44 3.73 4.60
TDZ Conc. mgiL 0.20 11.44 277 3.37
1.00 5.66 231 2.54
2.00 4.00 212 2.42
BAP Conc. mgiL 0.50 13.50 4.89 4.17
1.00 13.50 5.05 5.40
L.S.D at 5% 2.45 1.71 1.35

Moreover results were similar to results achieved by Abdl- Kafie (1988)
on Cassia fistula and Delonix regia who observed an increase in shoot
number which may be related to the known fact of cytokinins inhibiting apical
dominance and stimulating axillary shoots.

As for shoots length, the results in Table(1) and Figure (1) revealed that
the control medium (0.00 mg/L) significantly produced the tallest shoot length
of 7.22 cm, followed by 5.05 cm for medium contained BAP at 1.00 mg/L.
Also, it was observed that no significant difference between the media which
contained BAP at (0.50, 1.00 mg/L) as it was 4.89 cm and 5.05 cm
respectively.

The formation of stunted or fascinated of shoots on TDZ supplemented
medium has been reported by (COGU et al. (2004). The inhibition of shoot
elongation may be due to the high cytokinin activity of TDZ were as presence
of a phenyl group in TDZ may be the possible cause of shoot bud fasciations
(Huetteman and Preece 1993).

Regarding the leaves number results in Table (2) revealed that using the
control medium produced the highest number of leaves (5.77 leaves/shoot).
No significant difference among the TDZ and BAP concentrations in
comparison the control treatment (the hormone free medium). Aiso it was
observed that the lowest number of leaves of 2.42 was produced when the
medium was supplemented with TDZ at concentration 2.00 mg/L. This effect
of BAP concentrations on leaves number is actually derived from the role of
BAP on enhancing cell division, by extension the leaves number is
increasing. In addition, when the leaves number is increasing, it stimulates
the photosynthesis process and consequently the content of the microshoots
from growth substances (iike carbohydrate) is increasing. This result confirm
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the results of Sheyab et al. (2010) on Antirrhinum majus who stated that in
medium supplemented with BA, shoot length was taller than the control, and
the number of leaves was increased in all treatments when compared with
the control.

Figure (1): Effect of BAP and TDZ concentrations on average shoots
number of Snapdragon plantlets, and indicated that BAP at
0.50 and 1.00 mg/L was considered the best proliferation
medium for producing the highest shoots number.

In vitro rooting formation:

Effect of the interaction between auxin type and auxin concentration on
rooting %, after arcsineV% transformation roots [number and length
(cm)] of Snapdragon plantiets.

Examining the response of the interaction between auxin type and
auxin concentration, the results in Table (3) showed that there were
significant differences in most cases. The tremendous rooting percentage of
90.00% was achived with MS medium supplemented with IBA at 0.50 and
1.00 mg/L. The pre-mentioned treatments had an increment effect on rooting
percentage than all the other treatments. The extremely low percentage of
43.10% was obtained when media had supplemented with NAA at
concentrations of 2.00 mg/L. On the other hand auxin-free medium (control)
produced 60.00 % with no significant difference than highest root
percentage(90%) which obtained from IBA at 0.5 or 1.00 mg/L. however it was
not the lowest value. The same resuit was obtained by Sheyab et al. (2010)
on Antirrhinum majus who declared that a small percentage of rooting
produced in the absence of auxins, and the low concentration of auxins were
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effective in including rooting. Also, data in Table(3) and Figure (2) revealed
that adding NAA to the nutrient medium at concentration of 0.50 and 1.00
mg/L. significantly recorded the highest roots number of 12.83 and 12.00 roots
respectively comparing with all other treatments, followed by 7.00 roots for
using free medium (Controf). However, these roots get easily detached from
the microshoots during transplantation comparing with IBA and lAA. On the
other hand, the lowest roots number of 4.05 has been produced from media
supplemented with 1AA at concentration of 0.50 mg/L. The matter was"
differed with IBA one, as a positive relationship was found between IBA
concentration and roots number. Since, using IBA at the concentration of
1.00 mg/L recorded value of 6.00 roots, which was higher than the other IBA

treatments.

Regarding the interaction between auxin type and auxin concentration,
a data in Table (3) and Figure (2) indicated that IBA in all concentrations
increased the value of roots length. Since, adding IBA to the nutrient media at
concentration of 0.50 and 1.00 mg/L significantly measured the tallest roots
length of 4.00 and 4.58cm respectively when compared with other cases. It
was also obvious that adding NAA at concentration of 2.00 mg/L significantly
decreased the roots length to 1.56 cm, than other treatments. These resulis
were in the same line with the findings of Shajiee (2007) on Saintpaulia
ionantha, who found that increasing IBA caused rooting and regeneration, but
increasing NAA led to dedifferentiation and eventually caflus tissue. (n
general, it was noticed that IBA had the upper hand in that respect, since
adding at any concentration gave higher values in most of cases, when
compared with the corresponding NAA or IAA.

Table (3): Effect of the interaction between auxin type and auxin
concentration on rooting %, after arcsinev% transformation
roots [number and length (mm)] of Snapdragonr plantlets.

Rooting% | Roots number |  Roots length (cm)
Auxin type (A} Auxin conc. (mg/L) (B, ]
0.00 [ 6.50 [ 1.00 [ 2.00 [0.00] 0.50 [1.00[2.00] 0.00 | 0.50 [1.00]2.00
IBA 60.00[90.00(30.0060.00/7.00] 5.28 |6.00/4.50] 190 | 4.00 |4.58]3.46
1AA 60.00(78.20(60.00|54.70|7.00] 4.05 |5.17 | 5.00] 1.90 | 326 [3.1212.65
NAA 60.00(57.90]55.1043.10[7.00[12.83[12.0[6.17] 1.90 | 1.85 |1.58/1.56
LSD at 5% (A*B) 320 234 0.73

Ex vitro establishment:

Effect of transplanting medium on survival % after arcsinev%
transformation and increase in shoots length (cm) of Snapdragon
transplants.

The benefit of any micropropagation system can be fully realized only by
the successful transfer of plantiets from tissue culture vesseis to the ambient
conditions found ex vitro. Most species grown in vitro require an
acclimatization process in order to ensure that sufficient number of plants
survive and grow normally and vigorously when transferred to soil. So, the
aim of this experiment was conducted to study the effect of transplanting
media on survival % and shoot length. It was clear from data in Table (4) that
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’

culturing the plantlets of Snapdragon on loamy soil mixed with vermiculite
(1:1 by volume) increased the survival percentage, as it reached the highest
value of 90.00%. This may be attributed to the occurrence and the balance of
nutrients in this mixture, in addition to the more suitable physical properties
as compared with other media. The following value of 78.20% was for using
loamy soil mixed with peat moss and vermiculite (1:1:1 by volume). On the
other hand, using peat moss mixed with vermiculite or loamy soil (1:1 V)
resulted in less values of 60.00 and 66.50%, respectively and no significant
difference was detected between them. These resuits were in agreement with
these obtained by Faisal and Anis (2006) on Psoralea -corylifolia
transplantlets.

g2

ction between auxin type and auxin
concentrahon on roots (number and length). And showed
that adding IBA at 1.00 mg/L onto MS medium gave the tallest
roots length, but adding NAA at 0.5 mg/L produced the
highest root number.

Reviewing data in Table (4) and Figure (3) showed that using the
mixture of vermiculite and loamy soil stimulated the plantlets length, as it
reached 9.67cm, followed by 9.00cm when the mixture of peat moss,
vermiculite and loamy soil was used. But, no significant difference was found
between them. Using the mixture of peat moss and vermiculite recorded the
shortest plantlets of 3.67cm. These results may be attributed to the
interaction effects of the two transplanting media, as presence of loamy soil
and vermiculite saved nutrient elements (containing potassium and
magnesium for the aforementioned one) in an available form. Thus, these
factors acted on saving the suitable conditions for good growth - and
development of Snapdragon plantlets during this stage and consequently
production of weil adapted plant
Indirect micropropagation method:

Callus induction:
Effect of auxin and cytokine concentrations on callus formation %
after arcsineV% transformation and callus (volume, fresh and dry
weight) and shoot regeneration number.

Concerning callus formation percentage data in Table (5) cleared that all
the media which were supplemented with 3.00 mg/L 2.4D and TDZ at (1.00,
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2.00 and 4.00 mg/L) significantly produced the highest values (90 %). In the
same trend , the same results were produced from media contained 5.00
mg/L BAP +1.00mg/L. NAA, 1.00 mg/l. 2.4D + 2.00 mg/L kin + 2.00 mg/L 1AA
and 1.00 mg/L 2.4D +5.00 mg/L BAP + 5.00 mg/L NAA.

Table (4):Effect of transplanting medium on survival % after arcsineV%
transformation and increase in shoots length (cm) of
Snapdragon transplants.

Transplanting media ) Survival % shoots length (cm)

Peat moss + Vermiculite (1:1) 60.00 3.67

Peat moss + Loamy soil (1:1) 66.50 4.33

Vermiculite + Loamy soail (1:1) 90.00 9.67

Peat moss + Vermiculite + Loamy soil 78.20

9.00
(1:1:1) | | J
[LSD at5% I 3765 ] 3.32

Figure (3): Effect of the transplanting media on increase in shoots
length (cm). and can be observed that Loamy soil
augmented with vermiculite (1:1 by volume) was the best for
shoot length
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Table (5): Effect of auxin and cytokine concentrations on calius
formation % after arcsineV% transformation and callus

volume.
Measurements
Callus |callus formation %| Callus
formation after arcsineV% volume
Treatments % transformation cm3
NAA 1.0 mg/L 66.7 54.70 0.86
24D 1.0mg/L 77.8 66.50 0.66
24D 3.0mg/L 100 90.00 0.55 |
TDZ 1.0 mg/L 100 90.00 1.25
TDZ 2.0 mg/L 100 90.00 2.51
TDZ 4.0 mg/L 100 90.00 2.83
NAA 1.0 mg/L+2.4D 2.0 mg/L 77.8 66.50 0.55
BAP 5.0 mg/L+ NAA 1.0 mg/L 100 90.00 2.35
2.4D 1.0 mg/L+ Kin 2.0 mg/L+IAA 2 mg/L 100 _ 90.00 0.78
2.4D 1.0 mg/L+BAP 5.0 mg/L+NAA 5 mg/L 100 90.00 0.77
LS. Dat5% - 15.51 0.49

On the other hand the lowest  callus formation percentage were
produced from media supplemented with 1.00 mg/L NAA , 1.00 mg/L 2.4D
and 1.00 mg/l. NAA +2 mg/L 2.4D, as they were 54.70, 66.50 and 66.5%
respectively, and there were no significant differences between them.

This result was similar with the findings of (Tawfik (1992) who cleared
that TDZ could alone induce nodular meristematic callus, and Perrini et al.
(2009) who found that Callus of Helichrysum italicum were found to form on
the basal medium only when it was supplemented with thidiazuron (TDZ)
alone or in combination with naphthalene acetic acid (NAA). . Simon and
Petrasek (2011) referred to the important roles of auxin in cell enlargement,
stimulating cell division and elongation by increasing the plasticity of the cell
wall. When extensibility of the wall is increased, the wall pressure around the
cell decreases and the pressure caused by osmotic forces in the vacuolar
sap causes water to enter the cell, resulting in cell enlargement.

Regarding the effect of auxin and cytokine concentrations, data in
Table (5) and Figure (4) indicated that all media which contained TDZ at
concentration of 2.00 and 4. 00 mg/L produced the highest callus volume, as
they were 2.51and 2.83 cm® respectively, followed by 2.35 cm3 for using
5.00 mg/L BAP +1.00 mg/L NAA as it reduced the callus volume, but there
was no significant difference between them. On the other hand the lowest
callus volumes (0.55) were significantly obtained from media supplemented
with 3.00 mg/L 2.4D or 1.00 mg/L NAA +2 mg/L 2.4D. These results were
mentioned by Simon and Petrasek (2011) who suggested that auxin may
function by activating a messenger-type of RNA that induces the synthesis of
specific enzymes. These enzymes would cause insertion of new materials
into the cell wall, resulting in its extension. In addition, the concentrations of
the used auxins may be in the optimal range. These results were in harmony
with those obtained by Wang et al. (2007) on Capparis spinosa. Whenever
the callus volume increases, the number of the derived shoots also
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increases, so the callus volume is one of the most important parameter in the
indirect micropropagation technique.

The concerned results in Table (8) and Figure (4) indicated that the
media which were supplemented with 4.00 mg/L TDZ and 5.00 mg/l. BAP
+1.00 mg/L. NAA significantly induced the highest shoot regeneration number,
as they were 7.00 and 5.67 shoats respectively when compared with other
values, followed by 3.33 and 2.00 shoots for using 2.00 and 1.00 mg/L. TDZ.
As the all media which supplemented with TDZ produced shoot regeneration.
On the other hand the media which contained 1.00 mg/it. NAA, 1.00 mg/L
2.4D, 3.00 mg/L 2.4D, 1.00 mg/L NAA +2 mg/L 2.4D and 1.00 mg/L 24D +
2.00 mg/L kin + 2.00 mg/L IAA did not produced shoots. These results were
in harmony with those obtained by Xiaofang et al. (1992) on Antirrhinum
majus that combinations of the concentrations of BA 7.00-9.00 mg / L and
NAA 0.1-0.5 mg/ L were advantageous to the regeneration of buds and NAA
was very important for callus growth. Data in Table (6) cleared that the
heaviest callus fresh weight of 3.02 g was obtained when the media were
supplemented with TDZ at concentration of 4.00 mg/L, followed by 2.99 g
when the media were supplemented with 5.00 mg/L BAP +1.00 mg/L NAA,
also it was observed that previous media significantly produced the heaviest
callus fresh weight, and there was no significant difference between them.
And all media which contained TDZ produced heavy callus fresh weight when
compared with most of other weights. In contrast, the lighter callus formation
(0.38 g) was performed from explants cultured on the medium suppiemented
with 24D at concentration of 1.00 mg/L. In this concern, medium
supplemented with 4.00 mg/L TDZ presented the heaviest callus dry weight
of 1.43g.

Photo (4): Effect of auxin and cytokinin ‘concentrations on callus volume and
shoot regeneration number of Snapdragon, and indicated that TDZ
at 4.00 mg/L. was the best for shoot regeneration number.
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Table (6): Effect of auxin and cytokine concentrations on callus (fresh
and dry weight) and Shoot regeneration number

[ Measurements ]
Shoot regeneration { Callus fresh | Callus dry
Treatments number weight (g) weight (g)
NAA 1.0 mg/L 0.00 0.84 0.07
24D 1.0 mg/L 0.00 0.38 0.03,
24D3.0mgL 0.00 0.51 003 |
TDZ 1.0 mg/L ] 2.00 2.69 0.88 |
TDZ 2.0 mg/L 3.33 1.80 061 |
TDZ 4.0 mg/L 7.00 3.02 1.43 _4
NAA 1.0 mg/L+2.4D 2.0 mg/L 0.00 0.41 0.04
BAP 5.0 mg/L+ NAA 1.0 mg/L 5.67 2.99 1.12
24D 1.0 mg/L+ Kin 20
mg/L+IAA 2 mg/L 0.00 0.56 0.04
24D 1.0 mg/l+BAP 50
mg/L+NAA 5 mg/L 2.67 0.87 0.06
LS.Dat5% ’ 1.42 0.30 0.33

On the other hand, the media which fortified with 2.4D at concentration
of 1.00 and 3.00 mg/L significantly produced the lightest callus dry weight

(0.3 g) for each one.

Callus redifferentiation:

Effect of auxin and cytokinin concentrations on callus
redifferentiation% after arcsineV% transformation, shoots [number per
calius, length (cm}], and leaves number of Snapdragon.

it was obvious from data presented in Table (7) that media
supplemented with 2.00 mg/L TDZ + 0.5 mg/L NAA promoted the highest
callus redifferentiation %, since it was 90.00 %, followed by 70.07%, when
medium was fortified with 1.00 mg/L BAP + 0.5 mg/L NAA, The lowest
value 30.00% of callus redifferentiation was recorded for medium
containing 2.00 mg/L TDZ + 0.5 mg/L GA;3. Visser et al. (1992) referred this
result to the role of TDZ in saving the auxins and cytokinins requirements
on geranium tissue cuiture.

Also it was clear from data Table (7) and shown in Figure (5) that
nutrient medium which was fortified with 2.00 mg/L TDZ + 0.5 mg/L. NAA
significantly promoted the shoots number per callus, since it was 29.33
shoots when compared with adding other auxins and cytokinins to the
medium. The next positive value of 7.67 shoots was recorded for callus
cultured on medium augmented with 2.00 mg/L BAP + 0.5 mg/L NAA,
While, it was clear that the media which contained 2.00 mg/L. TDZ + 0.5
mg/L GA; resulted in the lowest values in these respects, as it was 1.33
shoots only. In the same line, Our results was similar with these recorded
by COCU et al. (2004) on Calendula officinalis who find that the highest
number of shoots per explant was achieved on media supplemented with
0.75 mg /L. TDZ alone or 0.75 mg /L TDZ and 0.05 mg /L NAA.
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Table (7):Effect of auxin and cytokinin concentrations on callus
redifferentiation% after arcsineV% transformation, shoots
[number per callus, length {cm)], and leaves number of

Snapdragon.

Measurements ]
Gallus
Callus redifferentiation
rediffere % after Shoot Shoot Leaves
ntiation arcsinev% number per| length |number per
Treatments % transformation explant (cm) | shoot
[BAP 1.0 mg/L+ NAA 0.5 mg/L_| 850 70.7 6.00 37 5.33
BAP 2.0 mg/L+ NAA 0.5 mg/L 75.0 65.0 767 | 3.67 6.67
TDZ 2.0 mg/L+GA; 0.5 mg/L 25.0 30.0 1.33 6.83 2.00
TDZ 2.0 mg/L+ NAA 0.5 mgiL. 100.0 90.0 29.33 2.33 2.00
LsDat5% | —— 2672 | 4416 207 360 |

Photo (5): Effect of auxin and cytokinin concentrations on shoots
(number per callus and length cm) of Snapdragon callus, and
‘revealed that2.00 mg/L TDZ + 0.5 mg/L NAA recorded the

highest callus redifferentiation % and largest shoot number.

Concerning shoot length data in Table (7) and Figure (5) indicated
that the tallest shoots length (6.83cm) was obtained from the media
supplemented with 2.00 mg/L TDZ + 0.5 mg/L GA3, followed by (3.67 cm)
when using 2.00 mg/L. BAP + 0.5 mg/L NAA was added to the culture
medium. The extremely shortest shoots length of 2.33 cm was recorded
when the media was supplemented with 2.00 mg/L TDZ +.0.5 mg/L NAA
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compared to other media. Also it was observed from data in Table (7) and
Figure (5) that callus which was cultured on medium included 2.00 mg/L BAP
+ 0.5 mg/lL NAA significantly counted the greatest leaves number (6.67
leaves), followed by 5.33 leaves for medium supplemented with 2.00 mg/L
BAP + 0.5 mg/L. NAA. But, 2.00 mg/L TDZ + 0.5 mg/L GA; and 2.00 mg/L
TDZ + 0.5 mg/L NAA significantly possessed the weakest value of 2.00
leaves when compared with other media.
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