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ABSTRACT 
 

In the present investigation, an efficient procedure of plant regeneration via somatic embryogenesis for 
seven elite wheat cultivars (Triticum aestivum L.) with emphasis of high agronomic productivity and qualities 
(cvs; Gemmeza 10, Sakha 93, Sakha 69, Sids 13, Sids 12, Giza 170 and Giza 164) was established. Cultivars 
were evaluated to study its plant regeneration response affected by different combinations of two callus 
induction media (CIM1 and CIM2) and five regeneration media (WRM1, WRM2, WRM3, WRM4 and 
WRM5). Generally, results showed high significant cultivar effect. Moreover, it was revealed that Giza 164 
surpassed significantly all tested cultivars. Also, WRM2 medium scored the highest number of shoots per 
cultured callus. Moreover, the highest significant number of regenerated shoots per cultured callus (30.98) was 
obtained from Giza 164 cultivar calli induced from CIM1 medium and regenerated onto WRM2 medium. 
Regenerated plants were acclimatized in controlled environment growth chamber and successfully established in 
the greenhouse. Accordingly, currently optimized regeneration protocols for those seven elite cultivars, will 
facilitate improvement of these important cultivars with genes of agronomical characteristics via gene transfer 
technologies. 
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Introduction 
 

Wheat (Triticum aestivum L.) represents the major food for wide range of countries including Egypt. The 
wheat production in Egypt is decreased significantly due to infection with wide range of pests and pathogens 
(e.g., rusts, insects). The major obstacle in wheat has been that the poor tissue culture performance restricts the 
number of wheat cultivars which can be transformed (Varshney and Altpeter, 2001). Although the wheat breeding 
had been improved by classical breeding methods for a long time, the genetic engineering as breeding tool entice the 
breeder's solicitude. However, advances in plant biotechnology make it possible to use genes originating from organisms, 
which are not sexually compatible with wheat. Also, the progress made towards cereal transformation has been slow, 
mainly because of difficulties encountered in the establishment of embryogenic cultures since successful transformation 
of plant demands that target tissues is competent for regeneration of de novo plants. The recovery of transgenic plants 
requires a fine tuning of the regeneration strategy. The fundamental problem of regeneration method for wheat is 
genotype dependence and development in transformation system needs the availability of a reproducible and efficient 
regeneration system. In brief, to obtain transgenic plants, should satisfy a basic demand which is an establishment of 
efficient regeneration protocol. Frequency of shoot regeneration depends on cultivar and growth regulators especially 
auxins and cytokinin. By optimizing growth regulators in the culture medium, more efficient regeneration system can be 
developed. In the beginnings, Karadimova et al. (1985) indicated that genotypes played a significant role in 
wheat plant regeneration. Also, Bhaskaran and Smith (1990) observed that the genotypic variances in 
morphogenesis could be due to the variations in endogenous hormonal balance. Moreover, significant genetic 
variability were scored in plant regeneration among tested wheat cultivars Moieni and Sarrafi (1995).  Likewise, 
Sidana et al. (1995) pointed out that there were differences in regeneration ability ranged from 2.8 to 30.0% 
among tested varieties. Subsequently, bread wheat  cultivars and elite advanced lines were evaluated for their 
regeneration ability, where, number of shoots produced per explant recorded ranged from 6 to 42 (Fennell et al., 
1996). Correspondingly, relative importance of genotypic effect prevailed over growth regulators were noticed 
on wheat regeneration response (Maes et al., 1996). Moreover, Rao and Chawla (1998) recognized that number 
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of shoots per shooted callus was particularly affected by cultivar. It was clearly proved that wheat cultivar is a 
main element that affects plant regeneration efficiency and that notable effect were in agreement with those 
attained by different authors as (Chen et al. 1998b), Anshulika et al. (1999), Varshney et al. (1999), Bennaceur 
et al., (2000), Bohorova et al. (2001), Yadava and Chawla (2002), Talukder et al. (2004), Chen et al. (2006), 
Chauhan  et al. ( 2007), Vendruscolo et al. (2008), Shah et al. (2009), Ren et al. ( 2010), Tao et al. ( 2011) and 
Murín et al. (2012). Moreover, Plant growth regulator plays an important role in morphogenesis regulation; both 
exogenous and endogenous growth regulators affected cell and organ culture and manipulate its performance. 
Induction of morphogenesis among genera, species, and even cultivars varied with either type or concentration 
of required auxins and cytokinins. Nadar et al. (1978) in cereals, suggested that somatic embryogenesis had 
been achieved by two simultaneous phases, namely the cell induction with embryogenic competence (on the 
attendance of high concentrations of auxin); and the development of the embryogenic masses into embryos in 
the absence or/and the presence of auxin concentration reduction. Also, Sears and Deckard (1982) indicated that 
regeneration of callus induced from wheat immature embryo cultures could be controlled by manipulating of 
auxin concentration used in induction medium. Moreover, wheat gave the highest regeneration frequency when 
cultured onto regeneration medium containing a proportional medium of both auxin and cytokinin Sidorova et 
al. (1988). Furthermore, Hossain and Islam (1993) optimized regeneration system for wheat using immature 
embryos and medium supplemented with 2,4-D for callus culture and supplemented with BA and IAA for 
regeneration. Subsequently, regenerated shoots were produced from wheat embryogenic callus on a medium 
supplemented with IAA and BA (Mohammed, 1993). Benzyl adenine addition significantly affected wheat 
embryo development and allowed direct embryogenesis up to 47% of the globular embryos (Fischer and 
Neuhaus, 1995). Meanwhile, Lacock and Botha (2000) achieved wheat plant regeneration onto BA regeneration 
medium. Shoot regeneration onto regeneration medium containing combination of IAA and benzyladenine were 
reported by different authers as Dahiya et al. (2003), Moon et al. (2003), Shah et al. (2003), Sharma et al. 
(2003), Farooq et al. (2004), Kashyap and Punia (2004), Malik et al. (2004) and Kashyap et al. (2005). Lately, 
Sikandar et al. (2007) obtained callus and plant regeneration using 2,4-D induction medium and regeneration 
medium containing  IAA in combination with BAP. Similar findings were reported by many authors as Raja et 
al. (2008), Rashid et al. (2009), Munazir et al. (2010) and Raziuddin et al. (2010). 

Important Note: At the outset of this work, preliminary experiments were performed to investigate the 
regeneration efficiency of the seven used cultivars and the results indicated that (data not shown) it could reach 
the maximum of regeneration efficiency with a value over 95% with all tested cultivar using immature embryos, 
but the main problem was the low number of regenerated plants per cultured callus (each callus derived from 
scutellum of immature embryo) that was ranged between 1 to 3 regenerated plants/cultured callus in average for 
all tested cultivars.  

Therefore, the aim of the present study was establishment of an efficient regeneration system for elite 
Egyptian wheat cultivars via somatic embryogenesis to increase the number of regenerated plantlets/ cultured 
callus which of great importance for establishing of an efficient transformation protocol for wheat. In the present 
research, a reliable efficient regeneration system via somatic embryogenesis for the seven Egyptian elite wheat 
cultivars  cvs; Gemmeza 10, Sakha 93, Sakha 69, Sids 13, Sids 12, Giza 170 and Giza 164, was established 
using the stimulating influences of the interaction of cultivar effect, two callus initiation media and five 
regeneration media. It was evidently verified that auxin inducing medium step followed by subculturing onto 
enriched cytokinin:auxin regeneration medium is intensely needed for successful plant regeneration for our 
seven elite wheat cultivars. 

 
Materials And Methods 

 
Plant material and explant: 

 
Seven Egyptian wheat cultivars i.e. Gemmeza 10, Sakha 93, Sakha 69, Sids 13, Sids 12, Giza 170 and Giza 

164 were obtained from the Department of Wheat, Field Crops Institute, Agricultural Research Center (ARC), 
Ministry of Agriculture and Land Reclamation, Egypt. Immature caryopsis of seven Egyptian wheat cultivars 
were collected approximately two weeks post anthesis. Seeds were surface sterilized with 20% commercial 
Clorox® (5.25% Sodium hypochlorite) supplemented with few drops of Tween 20, followed by soaking of 
Immature caryopsis for 2 min in sterile de-ionized H2O (pH 3.0) to equilibrate the high alkalinity of Clorox®, 
then washing five times in sterile de-ionized H2O (pH 7.0). Semi-transluscent immature embryos in size 1-1.25 
mm were aseptically dissected from young caryopses of each cultivar under a stereo binocular microscope. 
 
Callus initiation: 

 
For callus induction, fifty immature embryos were cultured with the up-side of the scutellum (embryo axis 

side) placed in contact to the callus induction medium (CIM) to inhibit the germination of embryos, then after 
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three days the embryo axis was removed using fine-tip forcepses, two different callus induction media were 
used to evaluate their effects on number of regenerated shoots per cultured callus derived from immature 
scutellum. The two tested media basically contains MS salts (Murashige and Skoog, 1962)  supplemented by 
1mg/l thiamine-HCl, 0.5 mg/l pyridoxine-HCl, 0.5 mg/l nicotinic acid, 100 mg/l myo-inositol, 1g/l casein 
hydrolysate, 0.69g/l proline, 0.15 g/l Asparagine, 5µM CuSO4. 5H2O, 20 g/l sucrose, 500 mg/l MES 
monohydrate: 2-(N-morpholino) ethanesulfonic acid as a buffering agent,  2.5 g/l Phytagel as a solidifying agent 
and pH at 5.7. The first callus induction medium (CIM1) contains 2 mg/l Dicamba; and the other medium 
(CIM2) contains 2 mg/l 2,4-D. Cultures were then incubated in the dark for two weeks in controlled growth 
chamber at 25C. Subsequently, cultures were then subcultured onto same fresh medium for two more weeks.  

 
Plant regeneration: 

 
After four weeks from culturing, five different regeneration media had been used to evaluate their effects on 

plant regeneration. Induced four week-old calli with embryo-like structures were then transferred onto wheat 
regeneration media (WRM) in (120 x 20mm) Petri dishes containing 50 ml of MS medium (MS salts and 
vitamins, 30 g/l maltose and 2.5 g/l Phytagel) supplemented with different growth regulators combinations i.e. 
free from growth regulators (WRM1) as a control or 1 mg/l BA with 0.2 mg/l IAA (WRM2) or 1 mg/l  BA with 
0.5 mg/l IAA (WRM3) or 2 mg/l  BA with 0.2 mg/l IAA (WRM4) or 2 mg/l BA with 0.5 mg/l IAA (WRM5) at 
25°C and kept under cool white fluorescent light with 10000 lux under 16 hr / 8 hr light/ dark cycle. Calli of different cultivars 
were subcultured three times with two weeks interval, then the regenerated plantlets of each cell line were 
transferred onto Magenta box (Sigma, GA7) containing 50 ml of root development medium (RDM) which was 
MS medium (MS salts and vitamins, 30 g/l sucrose and 2 g/l Phytagel) supplemented with 0.1 mg/l IBA, and 
kept in the growth chamber under the same light and environmental conditions as previously stated for three 
weeks.  
 
Acclimatization: 

 
Obtained plantlets were then transferred to soil mixture peat moss : sand (3:1) respectively, in small pots 

and covered with plastic pages, and then placed in a controlled growth chamber at 25 °C with high humidity 80 
% for 3 weeks, then successfully transferred to big pots and placed in the greenhouse until maturity.  
 
Statistical Analysis: 

 
Data obtained was recorded and were exposed to the proper statistical analysis of complete randomized 

design (Snedecor and Cochran, 1969) in three replicates. Means obtained were differentiated using Duncan’s 
new multiple range test as described by (Duncan, 1955). 

 
Results And Discussion  

 
Callus induction and plant regeneration: 

 
Establishment of an efficient regeneration system for wheat cultivars is of a prospective distinction for crop 

agronomical and quality characteristics amelioration; whilst, successful transformation cannot be attained 
without efficient plant regeneration system. The goal of this research was to establish an efficient regeneration 
system for seven elite wheat cultivar, via influencing effects of the interaction between the two tested callus 
induction media and the five regeneration media. 
 
I. Cultivar effect: 

 
Wheat cultivars, which can be transformed, are limiting transformation mostly due to its poor tissue culture 

performance. Variation in tissue culture performance in wheat is mainly genetically controlled and had been 
deliberated by many researchers. Wheat genotype effect plays an imperative role in plant regeneration, 
Karadimova et al. (1985). In Table (1), plant regeneration responded variedly with different cultivars. Number 
of shoots/cultured callus were affected significantly among the studied cultivars i.e. Gemmeza 10, Sakha 93, 
Sakha 69, Sids 13, Sids 12, Giza 170 and Giza 164, whereas, Giza 164 scored the highest values, while  Sakha 
69 scored lowest. The differences were enough to reach the 5 % level of significance.  Variances among the 
studied cultivars in plant regeneration may be regarded to gene action effect of the plant genotype, which in turn 
could adjust the endogenous hormonal reaction affecting this process. Likewise, Sharma et al. (2003b) pointed 
out that number of shoots per callus ranged from three to eight and the highest number of shoots was observed 
in WH 542 cultivar. Similarly, genotype dependency was focused to be particularly high in wheat plant 
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regeneration as suggested by many investigator as Agarwal and Tiwari (1995), Gonazalez et al. (2001), 
Varshney and Altpeter (2001), Mzouri and Amssa (2002), Yadava and Chawla (2002), Li et al. (2003), Yu et al. 
(2003), Khatri et al. (2006),  Nasrclar et al. (2006), Tiwari et al. (2006), Bi et al. (2007),  Danci et al. (2008 ), 
Dodig et al. (2008), Vendruscolo et al. (2008), Shah et al. (2009), Afzal et al. (2010), Raziuddin et al. (2010), 
Tao et al. (2011) and Murín et al. (2012). 

 
Table 1: Effect of cultivars on number of shoots per cultured callus 

Cultivar Number of 
shoots/cultured callus 

Gemmeza 10 13.0 C 
Sakha 93 7.7 E 
Sakha 69 7.4 E 
Sids 13 12.5 CD 
Sids 12 12.0 D 

Giza 170 15.2 B 
Giza 164 24.5 A 

- Means followed by different capital letters in columns are significantly different at P = 0.05 according to Duncan’s multiple range test. 

 
II. Induction medium effect: 

 
Induction media hormonal contains has a vital influence in manipulating in vitro culture initiation and plant 

regeneration (Jiang, et al. 1998). Data presented in Table (3), show that significant effects were scored in plant 
regeneration as affected by the two tested callus induction medium i.e. CIM1 and CIM2 and differences reached 
the 5% level of significance. CIM2 exhibited significant supremacy and proved to be the encouraging medium 
which achieves as complementary factor with cell endogenous hormones for production of the highest number 
of regenerated shoots per cultured callus as shown in Table (2). In general, it could be suggested from data 
presented in Table (2) that the 2,4-D induction medium (CIM2) considered to be the optimum induction medium 
for wheat plant regeneration, and acts significantly in plant regeneration processes as a complementary factor 
with the endogenously cell hormones more than Dicamba induction medium (CIM1). Also, it could be proposed 
that cell sensitivity to growth regulators addition onto induction medium, regulate many circumstances 
expressed by cells including callogenesis and consequently morphogenesis. Similar results were reported by 
Hossain and Islam (1993), He and Lazzeri (2001), Chen et al. (2006), Nasrclar et al. (2006), Sarker et al. 
(2007), Sikandar et al. (2007), Danci et al. (2008),  Raja et al. (2008 ), Yu, et al. (2008), Rashid et al. (2009),  
Afzal et al. (2010), Raziuddin et al. (2010), Ren et al. (2010), Tao et al. (2011), Yin et al. (2011) and Murín et 
al. (2012).  

 
Table 2: Effect of Induction medium on number of shoots per cultured callus 

Induction medium Number of 
shoots/cultured callus 

CIM1 12.5 B 
CIM2 13.9 A 

- Means followed by different capital letters in columns are significantly different at P = 0.05 according to Duncan’s multiple range test. 

 
III. Regeneration medium effect: 

 
Exogenously plant growth regulators type and concentration play essential roles in morphogenesis 

regulation and cell potency towards differentiation. Data presented in Table (3) show the effect of regeneration 
media formulation on number of shoots per cultured callus. Number of shoots per cultured callus was affected 
significantly among the five different regeneration media (WRM1, WRM2, WRM3, WRM4 and WRM5) where 
WRM2 showed a tendency in superiority (Table 3). It was suggested that cytokinin: auxin ratio is important for 
shoot initials proliferation. Similar findings were reported by Mohammed, 1993 whom regenerated shoots from 
wheat embryogenic callus on a medium supplemented with IAA and BA. Then, Fischer and Neuhaus (1995) 
pointed that benzyladenine addition had a significant effect allowing direct embryogenesis. Also, Chen et al. 
(I998b) indicated that regeneration medium affected plant regeneration efficiency. Number of wheat plants 
regenerated per explant was enhanced with means of 34 plants per explant on regeneration medium 
containing cytokinin (He and Lazzeri 2001). While, plant regeneration were obtained from wheat calli on MS 
medium supplemented with 1 mg/l BAP and 0.2 mg/l IAA where number of shoots per callus was in the range 5 
to 12 (Sharma et al.  2003). In addition, Kashyap et al. (2005) reported that plants were regenerated from wheat 
calli using MS medium containing a combination of either 0.5 mg/l IAA and 1.0 mg/l BA or 1.0 mg/l IAA and 
0.5 mg/l BA. Moreover, Malik et al. (2004) assayed seven combinations of BAP and IAA for wheat plant 
regeneration. They obtained the highest frequency of plant regeneration with 0.1 mg/l BAP in combination with 
0.5 mg/l IAA. Also, Farooq et al. (2004) studied different combinations between BAP and IAA and found that 
0.5 mg/l IAA and 1.0 mg/l BAP was the appropriate treatment for wheat regeneration. Synchronized  data were 
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reported by Lacock and Botha (2000), Dahiya et al. (2003), Moon  et al. (2003), Shah et al. (2003), Farooq et al. 
(2004), Kashyap et al. (2005), Sikandar et al. (2007), Raja et al. (2008 ) and Raziuddin et al. (2010).  

 
Table 3: Effect of regeneration medium on number of shoots per cultured callus 

Regeneration medium Number of 
shoots/cultured callus 

WRM1 10.2 D 
WRM2 16.0 A 
WRM3 13.6 B 
WRM4 12.6 C 
WRM5 13.5 B 

- Means followed by different capital letters in columns are significantly different at P = 0.05 according to Duncan’s multiple range test. 
 

IV. Cultivar × Induction Medium Interaction Effects: 
 
In Table (4) interaction between cultivars (Gemmeza 10, Sakha 93, Sakha 69, Sids 13, Sids 12, Giza 170 

and Giza 164) X induction medium (CMI1 and CMI2) showed significant response in number of 
shooted/cultured callus. Gemmeza 10, Sids 13, Sids 12, Sakha 93, and Sakha 69 scored the highest and the 
lowest significant response of number of shoots/cultured callus when cultured onto CIM2 media, respectively, 
while Giza 164 and Giza 170 cultivars scored the highest and the lowest significant response of number of 
shoots/cultured callus when cultured onto CIM1 media; respectively. Also, Przetakiewicz et al. (2003) tested the 
influence of three auxins; dicamba, picloram and 2,4-D on plant regeneration in wheat and recorded that mean 
number of plants per explant differed significantly (from 2 to 58).  

 
Table 4: Effect of interactions between cultivar and induction medium on number of shoots per cultured callus 

Cultivar Induction medium 
CIM1 CIM2 

Gemmeza 10 9.1 Eb 16.9 Ba 
Sakha 93 6.6 Fb 8.9 EFa 
Sakha 69 6.5 Fb 8.3 Fa 
Sids 13 12.4 Ca 12.7 Da 
Sids 12 11.3 Db 12.7 Da 

Giza 170 16.7 Ba 13.8 Cb 
Giza 164 25.1 Aa 23.8 Ab 

Means followed by different capital  letters in columns and those followed by  different  small  letters  in  rows  are  significantly  different  
at  P = 0.05 according to Duncan's multiple range test. 

 
Meanwhile, Rashid et al. (2009) investigated four commercially grown wheat varieties of Pakistan, namely 

Inqilab-91, Chakwal-97, Tatara and Manthar and found 2,4-D was the optimum for Inqilab-91, Chakwal-97 and 
Manthar.  

Furthermore, Munazir et al. (2010) investigated the effects of varying concentrations of growth regulators 
including 2, 4-D, BAP, IAA and Kinetin for primary callus induction, embryogenic callus formation and 
regeneration of two elite wheat varieties viz., Sahar and embryogenic calli were induced in Sahar and GA-02 
cultivars onto MS medium supplemented with 2, 4-D. Tao et al.  (2011)  evaluated two auxins i.e. 2,4-D and 
dicamba for highly significant effect on plantlet production, although they confirmed that induction medium 
were genotype-dependent. It could be suggested that cell sensitivity for differentiation to growth regulators 
addition onto both induction medium among tested cultivars was probably affected by differences in cell 
endogenously hormonal levels and it is realistic to suppose that these differences in response were due to the 
genetic variances amongst tested cultivars.  

 
V. Cultivar × Regeneration Medium Interaction Effects: 

 
Observation in Table (5) scored statistically significant effects in number of shoots/cultured callus as 

affected by effect of cultivars X regeneration medium. WRM2 medium scored its highest values with Giza 164, 
Giza 170, Sid 12 and Sakha 69 cultivars; respectively, also, WRM5 medium showed the same attitude with 
Sakha 93 and Gemmeza 10; respectively. While, Sids 13 cultivar responded best when cultured on WRM3 
medium as reported in Table (5). 
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Table 5: Effect of interactions between cultivar and regeneration medium on number of shoots per cultured callus 
 

Cultivar 
Regeneration medium 

WRM1 WRM2 WRM3 WRM4 WRM5 
Gemmeza 10 8.8 De 11.6 Ed 14.6 Cb 14.5 Cc 15.6 Ba 

Sakha 93 4.4 Ee 9.2 Gb 7.5 Gc 6.8 Fd 10.6 Ea 
Sakha 69 4.8 Ed 10.2 Fa 8.6 Fb 6.6 Fc 6.7 Fc 
Sids 13 9.5 Cd 13.3 Db 17.3 Ba 11.1 Dc 11.4 Dc 
Sids 12 8.7 Dd 16.7 Ca 10.6 Ec 10.1 Ec 13.9 Cb 

Giza 170 12.8 Bc 24.3 Ba 12.9 Dc 15.0 BCb 11.2 DEd 
Giza 164 22.3 Ad 26.5 Aa 24.0 Ac 24.5 Abc 25.1 Ab 

Means followed by different capital  letters in columns and those followed by  different  small  letters  in  rows  are  significantly  different  
at  P = 0.05 according to Duncan's multiple range test. 

 

 
Fig. 1: (A) Giza 164 cultivar calli showing embryogenesis after 4 week onto CIM1 just before being transferred 

to regeneration medium. (B) In focus somatic embryos like structures (arrows). (C) Germination of 
somatic embryos and development of green plantlet of Sids 12 cultivar after 2 weeks onto regeneration 
medium (WRM2). (D). In focus mature somatic embryos and developed plantlets from germinated 
embryos. (E) Regenerated green plantlets of Gemeza 10 on WRM5 just before being transferred to root 
development medium in magenta boxes. (F) In focus germinated embryos produced green plantlets with 
roots system (arrows). (G) Regenearated green plants of Sakha 93 after 3 weeks on root development 
medium in magenta box. (H) A group of mature fertile regenerated plants of the seven tested wheat 
cultivars in the greenhouse. 
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In these results, auxin-cytokinin medium proved a significant impact and remarkable increments on 
germination of somatic embryos and the development of regenerated plantlets for all tested cultivars as shown in 
(Table 5 and Fig. 1).  Several workers were obtained similar results with different wheat cultivars, Kashyap and 
Punia (2004) whom resolute a suitable medium for plant regeneration for different wheat cultivars onto MS 
medium supplemented  with  0.5 mg/l IAA and 1 mg/l BA.  Subsequently, Sikandar et al. (2007) optimized the 
tissue culture conditions for two cultivars of wheat and mentioned that both cultivars were regenerated into 
whole plantlets on a medium containing 1 mg/l IAA in combination with 2 mg/l BAP. Then, Yu et al. (2008) 
performed a regeneration system for elite wheat cultivars using subculture medium supplemented with 
appropriate combination of 1 mg/l BA and 0.1 mg/l NAA. Also, Rashid et al. (2009) investigated four 
commercially grown wheat varieties of Pakistan, namely Inqilab-91, Chakwal-97, Tatara and Manthar for 
regeneration by using different concentrations of IAA and BAP where Tatara scored maximum regeneration on 
0.1 mg/l IAA and 2 mg/l of BAP. Meanwhile, Munazir et al. (2010) investigated the effects of varying 
concentrations of growth regulators for regeneration of two elite wheat varieties viz., Sahar and GA-02 and 
reported that, maximum embryogenic callus formation was observed in MS medium supplemented with 0.1 
mg/l IAA in combination with 1.5 mg/l BAP. Lately, Raziuddin et al. (2010) obtained significant differences in 
plant regeneration from wheat cultivars onto MS medium supplemented with various combinations of IAA and 
BAP. It could be concluded that, in wheat regeneration via somatic embryogenesis, the balance between plant 
growth regulators with type and concentration of required auxins and cytokinins in regeneration medium play an 
essential role in the direction of morphogenesis in developed somatic embryos, thus, both exogenous and 
endogenous growth regulators affected the development of shoot and root morphogenesis from their meristems 
in somatic embryos, and it was recorded that this balance is varied among wheat cultivars.  

 
VI. Induction Medium × Regeneration Medium Interaction Effects: 
 

Data in Table (6) shows the effect of induction medium x regeneration medium Interaction on plant 
regeneration. Number of shoots/cultured callus was significantly affected by the interaction between induction 
medium and regeneration medium. Generally, highest number of shoots/cultured callus where scored onto 
WRM2 regeneration medium when applied following CIM1 induction medium. On the other hand, lowest 
number of shoots/cultured callus where scored onto WRM1 regeneration medium when applied following CIM2 
induction medium. It could be concluded that   the high regeneration characteristics scored by the interaction 
between regeneration medium (WRM2) and callus induction medium (CIM1) containing 2mg/l of dicamba may 
be due to the effect of dicamba on induction and formation of high frequency of somatic embryos and the 
successful germination and development of regenearated plantlets on WRM2 medium which containing an 
appropriate balance between cytokinin and auxin, 1 mg/l BA and 0.2 mg/l IAA. Several authors drew the 
attention to the effect of induction and regeneration media on stimulation of plant regeneration as Dahiya et al. 
(2003), Przetakiewicz et al. (2003), Shah et al. (2003), Sikandar et al. (2007), Raja et al. (2008), Yu, et al. 
(2008), Rashid et al. (2009), Afzal et al. (2010),  Munazir et al. (2010) and Raziuddin et al. (2010. In brief, it 
could be pointed out that maintaining of explants onto enriched auxin induction media proved to be the 
appropriate medium not only for callus induction but for the encouragement of cell differentiation and further 
wheat plant regeneration. 

 
Table 6: Effect of interactions between induction medium and regeneration medium on number of shoots per cultured callus. 

Induction medium Regeneration medium 
WRM1 WRM2 WRM3 WRM4 WRM5 

CIM1 10.3 Ac 17.3 Aa 11.7 Bb 11.6 Bb 11.8 Bb 
CIM2 10.1 Ad 14.7 Bb 15.6 Aa 13.7 Ac 15.2 Aab 

Means followed by different capital letters in columns and those followed by  different  small  letters  in  rows  are  significantly  different  
at  P = 0.05 according to Duncan's multiple range test. 

VII. Cultivar × Induction Medium × Regeneration Medium Interaction Effects: 
 
Auxin used in callogenesis process and auxin-cytokinin ratio onto regeneration medium was found to be a 

cultivar specific factor and acting as a significant role in de novo plant regeneration. One of the most important 
approaches of cell and tissue culture recalcitrance is the optimization of plant growth regulators; nevertheless, 
cultures are under the control of both endogenous and exogenous plant growth regulation, therefore, achieving 
the proper exogenous balance of the key growth regulators; auxin and cytokinin can be vital, also, their fitted 
application can efficiently conquer certain recalcitrance problems (Benson, 2000). Effect of interactions 
between initiation medium and regeneration medium on plant regeneration were presented in (Fig. 2), where, 
number of regenerated shoots per cultured were affected significantly at different tested regeneration medium 
i.e. WRM1, WRM2, WRM3, WRM4 and WRM5 along with the two tested initiation medium (CIM1  and 
CIM2) and were high enough to reach the 5% level of significance. In general, Gemmiza 10 and Sids 13 
produced its highest regeneration values by using CIM2 induction medium followed by WRM3 regeneration 
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medium, while, Sakha 93 and Sids 12 produced its peak values using CIM2 induction medium too but followed 
by WRM5 and WRM2 regeneration medium. On other hand, Sakha 69, Giza 170 and Giza 164 scored its 
highest values onto CIM1 induction medium followed by WRM2 regeneration medium .It be concluded that this 
consequences is most likely due the existence of different in situ endogenous hormonal levels on the cellular 
level, which possibly affect the cell potency behavior towards shoot and root differentiation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Effect of interaction between cultivars, induction media and regeneration media on number of shoots per  
            cultured callus. 
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Conclusion: 
 
In this study, it could be concluded that, regeneration of wheat via somatic embryogenesis proved to be the 

solution for the problem of low number of regenerated plants in elite commercial wheat cultivars. Induction of 
regenerative callus was successful onto induction medium treatment (CIM2) with significant difference than 
induction medium treatment (CIM1). Enriched cytokinin regeneration medium (WRM2) scored the highest 
significant increase in number of regenerated shoots per cultured callus. The interaction between the induction 
medium and regeneration medium found to be significant. The best results were obtained with WRM2 after 
induction medium (CIM2) where plantlets rooted well and grew vigorously. Regenerated plantlets were then 
transferred into pots in controlled growth chamber incubator and were then successfully established in the 
greenhouse. 
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