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ABSTRACT 
 

The present investigation was carried out to 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% NaOCl) 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, IAA 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/L TDZ + 0.50 mg/L NAA. 
Abbreviations: 2,4-D; 2,4-dichlorophenoxyacetic acid, BAP; 6-benzylamino purine, 

IBA; 3-indolebutyric acid, MS; Murashige and Skoog (1962) basal 
medium, NAA; Naphthaleneacetic acid, TDZ; Thidiazuron, Kin; N6-
furfuryladenine (Kinetin), IAA; 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(1989). 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 Floriculture Department, 
Faculty 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 ml sterilized glass jars, contained 30 ml 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 HCl after adding growth regulators 
to the media and before agar was added. All media were autoclaved at 121 
oC 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) × 100. 

2- Contamination%= (Number of the contaminated seeds / All number 
of the cultured seeds) × 100. 

3- Mortality %= (Number of the mortality seeds / All number of the 
cultured seeds) × 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) × 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 
cultured explants) × 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, IAA 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 / All number of the cultured 

shoots) × 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 plantlets 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 following 
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; survival% 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 at 2.0 
mg/L, BAP at 5.0 mg/L+ NAA at 1.0 mg/L,  2.4-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) × 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 × 0.5 cm2 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) × 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 Cº ± 2 Cº, photoperiod also was adjusted to 16 hours light 
and 8 hours dark, controlled automatically. Illumination 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 (√X) 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 √% transformation of 
Snapdragon seeds after 2 weeks from culturing. 

Data presented in Table (1) cleared that using sodium hypochlorite  
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 hypochlorite for 5.00 min, as it was 63%, followed by 57% 
when 5.00 ethyl alcohol 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 Ethyl 
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 Ethyl alcohol and the mortality percentage, since increasing 
the sodium hypochlorite and Ethyl alcohol durations were followed by 
increasing in the mortality percentage with all treatments. 
 

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

 
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% (v/v) ethanol 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 

sodium hypochlorite (1.3 
%) (A) 

min 

contamination % Survival % mortality % 
Ethyl alchol (70%) (B) 

Min 

0.50 1.00 0.50 1.00 0.50 1.00 

3.00  66.00 54.00 24.00 30.00 00.0 12.0 

5.00  18.00 12.00 63.00 57.00 18.0 27.0 

10.00  0.00 0.00 51.00 36.00 39.0 54.0 

LSD at 5% (A×B) 18.75 25.65 23.58 
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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 5.66 and 4.00 shoots 
respectively, but it was still higher than the control. 

These results agreed with the results of (Özturk 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 plantlets. 
           Measurements 

 
 
Treatments (mg/L)  

 
Shoot number 

 
Shoot length 

(cm) 

 
Leaves 
number 

Control mg/L  0.00 1.89 7.22 5.77 
 
TDZ Conc.  mg/L 

0.10 10.44 3.73 4.60 

0.20 11.44 2.77 3.37 

1.00 5.66 2.31 2.54 

2.00 4.00 2.12 2.42 
BAP Conc.  mg/L 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 (ÇÖÇÜ 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). Also 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 (like 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 arcsine√% transformation roots [number and length 
(cm)] of Snapdragon plantlets.  

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 result 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 (Control). However, these roots get easily detached from 
the microshoots during transplantation comparing with IBA and IAA. On the 
other hand, the lowest roots number of 4.05 has been produced from media 
supplemented with IAA 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 results 
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 callus tissue. In 
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 arcsine√% transformation 
roots [number and length (mm)] of Snapdragonr plantlets. 

 
Ex vitro establishment: 
Effect of transplanting medium on survival % after arcsine√% 
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 plantlets from tissue culture vessels 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 

Auxin type (A) 

Rooting % Roots number Roots length (cm) 

Auxin conc. (mg/L)  (B) 

0.00 0.50 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 90.00 60.00 7.00 5.28 6.00 4.50 1.90 4.00 4.58 3.46 

IAA 60.00 78.20 60.00 54.70 7.00 4.05 5.17 5.00 1.90 3.26 3.12 2.65 

NAA 60.00 57.90 55.10 43.10 7.00 12.83 12.0 6.17 1.90 1.85 1.58 1.56 

LSD at 5% (A×B) 32.0 2.34 0.73 
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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 results were in agreement with 
these obtained by Faisal and Anis (2006) on Psoralea corylifolia 
transplantlets. 
 

      
Figure (2): Effect of the interaction between auxin type and auxin 

concentration 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 well adapted plant 
Indirect micropropagation method: 
Callus induction:  
Effect of   auxin and cytokine concentrations on callus formation % 
after arcsine√% 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 IAA 
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 arcsine√% 

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 soil (1:1) 90.00 9.67 

Peat moss + Vermiculite + Loamy soil 
(1:1:1) 

78.20 
 

9.00 

LSD  at 5% 37.65 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 callus 
formation % after arcsine√% transformation and callus 
volume. 

Treatments 

Measurements 

Callus 
formation 

% 

Callus formation % 
after arcsine√% 
transformation 

Callus 
volume 

cm3 

NAA 1.0 mg/L 66.7 54.70 0.86 

2.4 D 1.0 mg/L 77.8 66.50 0.66 

2.4 D 3.0 mg/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 

L.S.D at 5% ---- 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 cm3 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 

http://link.springer.com/search?facet-author=%22Rosaria+Perrini%22
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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 (6) 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 shoots 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/L 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 2.4D + 
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 supplemented 
with 2.4D 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 

Treatments 

Measurements 

Shoot regeneration 
number 

Callus fresh 
weight (g) 

Callus dry 
weight (g) 

NAA 1.0 mg/L 0.00 0.84 0.07 

2.4 D 1.0 mg/L 0.00 0.38 0.03 

2.4 D 3.0 mg/L 0.00 0.51 0.03 

TDZ 1.0 mg/L 2.00 2.69 0.88 

TDZ 2.0 mg/L 3.33 1.80 0.61 

TDZ 4.0 mg/L 7.00 3.02 1.43 

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 

2.4D 1.0 mg/L+ Kin 2.0 
mg/L+IAA 2 mg/L 0.00 0.56 0.04 

2.4D 1.0 mg/L+BAP 5.0 
mg/L+NAA 5 mg/L 2.67 0.97 0.06 

L.S.D at 5% 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 arcsine√% transformation, shoots [number per 
callus, 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 GA3. Visser et al. (1992) referred this 
result to the role of TDZ in saving the auxins and cytokinins requirements 
on geranium tissue culture. 

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 GA3 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 ÇÖÇÜ 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 arcsine√% transformation, shoots 
[number per callus, length (cm)], and leaves number of 
Snapdragon. 

Treatments 

Measurements 

Callus 
rediffere
ntiation 

% 

Callus 
redifferentiation 

% after 
arcsine√% 

transformation 

Shoot 
number per 

explants 

Shoot 
length 
(cm) 

Leaves 
number per 

shoot 

BAP 1.0 mg/L+ NAA 0.5 mg/L  85.0 70.7 6.00 3.17 5.33 

BAP 2.0 mg/L+ NAA 0.5 mg/L 75.0 65.0 7.67 3.67 6.67 

TDZ 2.0 mg/L+GA3 0.5 mg/L 25.0 30.0 1.33 6.83 2.00 

TDZ 2.0 mg/L+ NAA 0.5 mg/L 100.0 90.0 29.33 2.33 2.00 

L.S.D at 5% ------ 26.72 4.416 2.07 3.60 

 

          

      
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/L 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 GA3 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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 المعملى لنبات حنك السبع طرق االكثار

و محمةع صة   , أحمةع عبةع المةنعال ى لةى  على منصور حمزة ، أميمة  محمةع عبةع الكةا ى 
   المنجى

 جامع  المنصورة -كلي  الزراع  -قسال الخضر والزين  
            
رة جامعةة المنوةو –كليةة الزراعةة  –أجرى هذا البحث بمعمل زراعة األنسجة بقسم الخضر والزينةة   

وذلةك . بواسةةة تكنيةك زراعةة اجنسةجة معمليةا حنك السةب  نبات بهدف اكثار. 1121 –1122خالل الفترة من 
وقد اتبعت ةريقتان لإلكثار الدقيق: اكثةار دقيةق .لتقليل تكلفة اجنتاج وانتاج شتالت متاةبقة وراثيا والحفاظ عليها

أفضل ةريقة لتعقةيم بةذور حنةك السةب  تم الووول الى  لإلكثار الدقيق المباشر  .مباشر واكثار دقيق غير مباشر
ولمدة  نوف دقيقةة باإلضةافة الةى عسةتعمال الكلةوروكج التجةارى  %01هى استخدام الكحول اإليثيلى بتركيز و

السةويقة  مةن كةال زراعةة دراسة تةثثير .دقائق 5( ولمدة %1.2) هيبوكلوريت الووديوم بتركيز  %11بتركيز 
علةةى النسةةبة المئويةةة للبقةةا   عةةدد ألتقةةيم عقةةدة واجوراا الفلقيةةةعلى بيئةةة موراشةةي  وسةةكوج الجنينيةةة العليةةا وال

للحوةول علةى أعلةى عةدد  وجةد مةن الدراسةة انة  األفرع/الجةز  النبةاتى  عةدد األوراا وةةول النمةوات الناتجةة.
المةزودة بالبنزيةل  بيئة موراشةي  وسةكوج الحامل ألكبر عدد من األوراا استخدام نمو(5.21)للنموات الخضرية

للتجذير المعملةى وةممت  جرام/اللتر. 11ملليجرام/اللتر والسكروز بتركيز  11.2و1551أمينو بيورين بتركيز 
نفثةالين حمةض  و انةدول حةامض الخليةك   اندول حمض البيوتريكتجربة لدراسة تثثير نوع األكسين المستخدم )

ملليجرام/اللتةر( علةى النسةبة المئويةة للتجةذير   عةدد و  151و  251  1551الخليك( وتركيز كال منهما ) وفر  
( IBA) البيوتريةةكحةةامض  بانةةدولوالتةةى زودت   موراشةةي  وسةةكوجأظهةةرت النتةةائ  ان بيئةةة ةةةول الجةةذور. 

بينمةةا اسةةتخدام نفةةج البيئةةة  .(%01نسةةبة مئويةةة للتجةةذير)علةةى أملليجرام/اللتةةر قةةد سةةجلت  2511و  5.1 بتركيةةز
 4555ممليجرام/اللتةةر  قةةد اعةةةت اةةةول الجةةذور )  11.2ز بتركيةة بةةنفج اجنةةدول ولكةةنالسةةابقة والتةةى زودت 

 155( بتركيةةز NAAاسةةتخدام نفةةج البيئةةة السةةابقة والتةةى زودت نفثةةالين حةةامض الخليةةك ) ولكةةن عنةةد متر(سةةنتي
خلةةوة أقلمةةة النباتةةات الناتجةةة فةةى المووجةةد ان . جةةذر( 21551) للجةةذور عةةدد أعلةةىعةةةت أممليجرام/اللتةةر  قةةد 

بةالحجم( كةان األفضةل فةى اعةةا  اعلةى نسةبة بقةا  وكةذلك اكبةر  2:2)الفرميكيوليت + التربةة الةمييةة( بنسةبة )
)بيةت مةوج : فيوميكيوليةت   بيةت )مخةالية اجربة زيادة فى ةول األفرع ولكن لم يكن هناك فروا معنوية بةين 

بةالحجم  2:2وميكيوليةت : تربةة ةمييةة بنسةبة موج : تربة ةميية   فيوميكيوليت : تربة ةميية   بيت مةوج : في
 القمةم الناميةة زراعةةتةم  وللحوول علةى الكةالج لإلكثار الدقيق الغير مباشراما  ..فى الوفة األخيرة للجمي  (. 

للحوةول علةى و .وذلةك بتركيةزات مختلفةة والسةيتوكينينات األكسةينات بعةدة انةواع مةنعلى بيئات مغذية زودت 
 11.4و  11.1, 11.2اعةةةة علةةى بيئةةة مغذيةةة مضةةةاف اليهةةا ثيةةديازيورون بتركيةةةز)أفضةةل كةةالج يفضةةل الزر

نقةةل الكةةالج   عنةةدمالحوةةول علةةى أعلةةى عةةدد للنمةةوات الخضةةرية المتكشةةفة مةةن الكةةالج  وتةةم ا .ملليجرام/اللتةةر(
ك ملليجرام/اللتةةر و بنفثةةالين حةةامض الخليةة 1511المتكةةون علةةى بيئةةة مغذيةةة مضةةاف اليهةةا ثيةةديازيورون بتركيةةز 

 ملليجرام/اللتر. 155بتركيز 

 
 قاال بتحكيال البحث
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