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ABSTRACT  

 
Two growth regulators 2,4-D and KIN and three egyption wheat cultivars were used in the current research 

to evaluate and detect the most suitable concentrations for callus induction, furthermore, different concentration 
of Cytokinin (BAP) and Auxin (NAA) for the same cultivars were used for plant regeneration from mature 
explants of the three wheat cultivars (Triticum aestivum L.);  namely,  ''Sids 13, Gemmeiza 10 and Sakha 93''. 
The concentrations of growth regulators were 0.00, 0.50, 1.00, 1.50, 2.00and 0.00, 0.25, 0.50 mg/l for 2,4-D and 
KIN, respectively. While the concentrations for plant regenerations were 0.00, 0.50, 1.00,1.50, 2.00 and 0.00, 
0.25, 0.50 mg/l for BAP and NAA. In this respect, The results indicated that MS medium and with 2.00 mg/l 2, 
4-D combined with 0.00 mg/l KIN the callus induction was obtained and responded, moreover, perfect 
regeneration was observed on the same medium with 1.50 mg/l BAP combined with 0.50 mg/l NAA.  
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Introduction 
 

The regeneration of whole plants from selected tissues is required for the successful application of 
biotechnology in crop improvement. Wheat is one of the most important species of food crop. Therefore, it has 
been extensively investigated with respect to plant regeneration from In vitro culture. Shoot regeneration is of 
crucial importance in the realization of the potential of cell and tissue culture techniques for plant improvement 
(Purnhauser et al., 1987). Wheat is the most important cereal crops it is stable diet for more than one third of the 
world population and contributes more calories and protein to the world plant diet than any other cereal crop. 
Nowadays, in Egypt, these are an urgent need to increase the productivity level of wheat to reduce the food gap 
resulting from population increase.  The breeders have to develop a new set of varieties with higher yield. The 
true knowledge of the gene action for wheat traits is useful in making decisions with regard to appropriate 
breeding system (Abd-El-Haleem et al., 2009). Anticipated global demand of wheat by 2020 may range 
from 840 to 1050 million tons; to reach such a high level, overall grain production should rise every year 
by 1.6-2.6% in comparison with present average yield reaching approximately 570 million tons. World 
consumption of wheat by 2020 is estimated to increase by 40% and by the year 2050, grain production 
must increase at an annual rate of 2% on the land area that will not increase much beyond present 
frontiers (Abdelsalam, 2009). 

Tissue culture technique is unique possibilities for overcoming the barriers of interspecific cross, asexual 
gene introgression, period of dormancy etc (Quraishi et al., (2000). The authors summarized that, tissue culture 
technique offers creation of variation through somaclonal and gametoclonal variations. These variations could 
be exploited for crop improvement program; therefore, plant regeneration from callus cultures could provide 
useful germplasm for plant breeding program. Yadav et al., (2000) recognized the importance of genotype in 
determining the in vitro response of wheat tissues and the efficiency of callus induction, callus growth rate and 
plant regeneration frequency have all been reported to be genotype dependent. Different explant sources have 
been used for embryogenic callus formation and plant regeneration in wheat species, mature and immature 
embryos (Ozgen et al., 1998), infloroscences, coleoptile (Benkirane et al., 2000), shoot apical meristems 
(Ahmad et al., 2002), and anthers (Armstrong et al., 1988). These tissues vary in their ability to regenerate 
whole plants (Delporte et al., 2001). Embryos are the most frequently used explants for the initiation of wheat 
tissue culture for either callus culture or direct DNA delivery techniques (Chawla, 2002). Moreover, mature 
embryos are readily available throughout the year and being used for transformation studies in the recent years 
(Patnaik et al., 2006), thus, necessitating the need for optimization of tissue culture protocols. 

Growth and morphogenesis is remarkably affected by supplementing tissue culture medium with plant 
growth regulators (PGR) including auxins and cytokinins. Various studies investigated factors which affect the 
plant regeneration in tissue culture including composition of culture medium, genotype and environmental 
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factors (Wang and Wei 2004). The callus is a rapidly proliferating undifferentiated mass of cells, which can be 
obtained by culturing explants on nutrient media containing specific growth hormones (Naqvi et al., 2002). 
Media composition-mainly the hormonal balance-is an important factor influencing in vitro culture initiation 
and plant regeneration from embryos (Jiang et al.,1998) The auxin 2, 4-dichlorophenoxy acetic acid (2, 4-D) 
alone or in combination with cytokinins, is widely used to enhance callus induction and maintenance 
(Castillo et al., 1998). Type and amount of plant growth regulators play important role in plant tissue culture. 
Common auxin type of plant growth regulator used in wheat and other cereals is 2, 4-D (Filippov et al., 2006). 
In tissue culture of cereals including wheat, 2,4- dichlorophenoxyacetic acid (2,4-D) is often used for callus 
induction, and different combinations of auxin such as napthaleneactic acid (NAA) and indoleacetic acid (IAA) 
and cytokinin (including zeatin, kinetin and 6-benzyladenine (6-BA) etc.) were used for stimulating plant 
regeneration from calli (Bhaskaran et al.,1990). The main objective of experiment is to evaluate the most 
suitable concentration of growth regulators for callus induction and plant regeneration from mature embryo 
explants of three wheat cultivars in Egypt. 

 
Materials And Methods 

 
Three wheat cultivars ''Sids -13, Gemmeiza- 10 and Sakha – 93'' were selected to conduct this part of the 

study. 
Mature seeds were used as explant source, wheres seeds of each cultivars were washed under running tap 

water for 10-15 mint and then surface-sterilized sequentially with 70% ethanol for 3-5 minutes followed by 
three rinses with autoclaved double distilled water DDW in the laminar flow cabinet. The mature seeds were 
sterilized with 10% commercial bleach Clorox (5.5% sodium hypochlorite, v/v) supplemented with 1–2 drops of 
Tween 80 for 20 min followed by three rinses with sterilized double distilled water (DDw). Sterilized seeds 
were rinsed five times with sterilized water in order to remove excess of the chemical and imbibed in sterile 
water 20-22 h, at room temperature (22 °C ) in complete darkness (Yin et al. 2011 and Ashraf and Osama 
2004). The mature embryos of each cultivars were aseptically isolated from the freshly imbibed seeds with a 
sharp knife and ten mature embryos were cultured with scutellum side by scalpel and forceps in petri dish with 
10 cm diameter containing about 25-30 milliliters MS medium salts (Murashige and Skoog, 1962).The MS 
medium  (Murashige and Skoog, 1962) supplemented with 3% (w/v) sucrose, solidified with 0.8% agar and 
various concentrations of auxin 2,4-dichlorophenoxyacetic acid ( 2,4- D ) at 0 ,  0.5 , 1.0 , 1.5 , 2.0 mg/l,  and 
various concentrations  of the cytokinin  kinetin (KIN) at 0 , 0.25 , 0.5 mg/l , and their combination  for  callus 
induction. The tested media were adjusted to pH 5.8 and autoclaved for 20 minutes at 121°C.  Ten embryos 
were isolated and cultured on each Petri dish for each treatment of the different cultivars. Petri dishes were 
sealed with polyethylene film and were placed in a growth culture room under a photoperiod of 16h light/8h, at 
temperature varied between 22 – 25°C.  

The frequency of callus induction defined as the embryos forming over the total number of embryos (X 
100), organogenesis with callus induction, and organogenesis without callus induction for both cultivars was 
assessed 10 days after inoculation, callus volume and callus induction was recorded (Hala et al., 2012, Yin et 
al., 2011 and Ashraf and Osama  2004) .The experiment was laid out following as Complete Randomized 
Design (CRD) with three replications. 

After five weeks of culture, all calli produced by the embryos were transferred to Leonard-jar containing 
regeneration medium.  The regeneration media consisted of MS medium, supplemented with 3% (w/v) sucrose, 
solidified with 0.8% agar  and various concentrations of the  auxin (NAA) at 0 ,  0.25 , 0.5 mg/l, various 
concentrations  of  the  cytokinin (BAP) at 0 , 0.5 , 1.0 , 1.5 , 2.0 mg/l  for plant regeneration. The media were 
adjusted to pH 5.8 and autoclaved for 20 minutes at 121°C.  Equal pieces of callus, more or less were cultured 
on each jar for each treatment of the different cultivars at three replicates . Jars were placed in a growth culture 
room under a photoperiod of 16 h light/8h, at temperature (22 – 25 °C). The experiment was laid out following 
complete randomized design (CRD) with three replications as followed by Imran et al., (2012). 

 The data were collected and recorded after 5 weeks of culture on regeneration media on shoot regeneration 
freqyency and measured as the number of plantlets/total number of calli (X100).The number rooted/shooted 
calli and no. roots per callus, the number of shoots per callus (Ashraf and Osama 2004). 

 
Results And Discussion 

 
A- Callus induction: 

 
Results presented in Table (1) describe the effect of various levels of KIN (mg/l), 2,4-D (mg/l), and their 

combinations on three cultivars of wheat ''Sids -13, Gemmiza - 10 and Sakha – 93'' on their, in vitro, callus 
induction stage.  However, the obtained data exhibted that both tested factors and their interaction had highly 
significant effect on all traits of this stage.  
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Concerning the main effect of KIN on the studied characters, in general, there was an inverse relationship 

between KIN levels and the given traits, i.e. as KIN level increased, the given traits decreased, especially at nill 
(0.00 mg/l) level, and without significant difference between both added KIN levels into the culture medium. On 
the other hand, the trait of callus induction without organogenesis, whereas, augmenting KIN at 0.25 mg/l led to 
the highest value, compare to the other two tested levels. 

Regarding the main effect of 2,4-D on the studied traits; no definite trend was obvious, whereas, the highest 
values of the given traits of callus induction, callus induction frequency, callus weight, callus induction with 
and/or without organogenesis were 6.22, 59.25, 0.39, 4.52 and/or 7.96, respectively. 

Concerns for the tested cultivars; there was significant differences among the tested cultivars. For instance, 
the cultivar ''Sakha-93'' (fig .1. Middle) genotype had the highest values for callus induction, callus induction 
frequency, callus weight which were 5.27, 52.44, and 0.33, each in turn. Meanwhile, the cultivar ''sids-13'' (fig 
.1. Upper) had the highest values of both callus induction with or without organogenesis, which were 3.64 
and/or 5.02, consecutively. On the other extreme, ''Gemmeiza-10'' (fig .1. Bottom) cv. had the lowest values of 
various traits, in general. However, the first and second order interactions were highly significant. The second 
order interaction had the highest values of the tested traits.The above-mentioned results indicated, generally, that 
increasing KIN and the concomitant events, may be attributed to accumulation supra-optimal level of cytokinin 
within tissues which exerts adverse effects on growth performance. Hence, MS (1962) without KIN resulted in 
the highest mean values of callus induction was taken place. This finding could be attributed to the mode of its 
action on callus induction; for instance, Irfan  et al ., (2012) and Ashraf et al., (2004) reported that the major 
problem of inducing and maintaining callus in wheat specifically has been resolved to an extent by using 2 mg/l 
(2,4-D).  

From the viewpoint of callus induction and callus weight, mature embryos represented more and bigger 
calluses (Tyankova and Zagorska 2001). In mature embryo culture, there was more capable embryo to represent 
callus structure. This procedure observed in all cultivars. Due to the more hormone used, the more callus 
produced in mature tissue culture (Kintzios et al., 1996; Stals and Inze 2001). 

In general, wheat callus inductions from tissue cultures are influenced by culture medium, explant and 
genotype (Maddock et al., 1983; He et al., 1989; Bommineni and Jauhar, 1996; Özgen et al., 1998). Here, in 
this study, our result shows that only 2,4-D induced yellow compact callus on wheat mature embryo. The 
superiority of 2,4-D for wheat callus induction was reported in  a  previous study (Abdrabou and Moustafa, 
1993). Moreover, in other studies (Barro et al., 1998; Arzani and Mirodjagh, 1999), 2,4-D was reported as the 
most widely used growth regulator for callus induction and maintenance in wheat.  Among the different 
concentrations of 2,4-D used in this study,  the result showed that 2,4-D at 2.0 mg/l induced the best result for 
callus weight (Table 1). These results are consistent with the findings of Yu et al.,  (2008), who reported that 
wheat callus induction frequency peaked with 2.0 mg/l 2,4-D in the induction medium. 

 
Table 1: Effect of different levels of KIN, 2,4-D (mg/l), and their combinations and three wheat (Triticum aestivum L.) cultivars on mean 

callus induction, callus induction frequency, callus volume, callus induction with/without organogenesis during callus induction 
stage. 

 
Treatment 

Callus 
induction 

Callus 
induction 
frequency 

Callus 
volume 
 

Callus induction 
with 
organogenesis 

Callus  induction 
without 
organogenesis 

A- Kin 
0.00 5.20 a 48.67 a 0.36 a 3.69 a 4.78 c 
0.25 4.33 b 43.33 b 0.23 b 2.47 b 5.73 a 
0.50 4.53 b 45.33 b 0.23 b 2.80 b 5.27 b 
B- 2,4-D 
0.00 3.52 c 35.19 b 0.17 d 3.18 b 6.44 b 
0.50 6.00 ab 60.00 a 0.42 a 1.85 c 3.96 c 
1.00 5.77 b 57.78 a 0.24 c 4.52 a 4.11 c 
1.50 1.93 d 16.67 c 0.15 e 1.70 c 7.96 a 
2.00 6.22 a 59.25 a 0.39 b 3.67 b 3.81 c 
C- Cultivars 
Sids- 13 4.89 b 47.11 b 0.25 b 3.64 a 5.02 a 
Sakha- 93 5.27 a 52.44 a 0.33 a 3.00 b 4.69 b 
Gemmeiza-10 3.90 c 37.78 c 0.24 c 2.31 c 5.02 c 
Interaction (x) 
A x B 0.75** 7.60** 0.02** 0.99** 0.73** 

A x C 0.69** 6.32** 0.02** 0.92** 0.68** 

B x C 0.75** 7.60** 0.02** 0.99** 0.73** 

A x B x C 1.19** 10.79** 0.03** 1.58** 1.16** 

Means followed by same letter (s) within each column are not significantly different at 0.05 level of probability.       
** = Highly significant at 0.05 level of probability. 
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B- Plant regeneration:  

 
Results presented in Table (2) display that the effect of various levels of BAP (mg/l), NAA (mg/l), and their 

combinations on the cultivars, of wheat ''Sids -13, Gemmiza - 10 and Sakha – 93'' on their in vitro plant 
regeneration stage.  However, the obtained data demonstrated that both tested factors and their interaction had 
highly significant effect on all traits of this stage. Meanwhile, NAA levels alone was not so on both traits no. of 
shooted calli, frequenecy of shoot regeneration and their interaction between cultivars was not so on the trait no. 
of shooted calli. 

Concerning the main effect of BAP on studied characters, no definite trend was obvious; whereas, the 
highest values of the given traits of no.of rooted/shooted calli , No.of roots/shoots per callus, frequenecy of 
shoot regeneration were 2.29, 1.41, 9.89, 1.44 and/or 41.94, respectively. 

Regarding the main effect of NAA on the studied traits, in general, there was an inverse relationship 
between NAA levels and the given traits, i.e. as NAA levels increased, the given traits decreased, especially at 
nill (0.00 mg/l) levels, i.e., no. of rooted calli , no. of roots  per callus and no. shoots per callus. Meanwhile, 
there were no significant difference for no. of shooted calli and frequency of shoot regeneration. 

Concerns for the tested cultivars; there was significant differences among the tested cultivars. For instance, 
the cultivar ''Sakha-93'' (fig .2. Middle)  genotype had the highest values for no. rooted and/or shooted calli, no. 
shoots per callus, frequenecy of regeneration which were 1.73, 1.44, 1.49 and 47.37, each in turn, Meanwhile, 
the cultivar ''sids-13'' (fig .2. Upper) had the higest values for no. roots per callus, which were 7.64. On the other 
extreme, ''Gemmeiza-10'' (fig .2. Bottom) cv. had the lowest values of various traits, in general.However, the 
first and second order interactions were highly significant. The second order interaction had highest values of 
the tested traits. 

In some cases, media supplemented with 0.5 mg/l BAP but no IAA allowed shoot and root differentiation. 
Although, the role of cytokinins (BAP) is conferring competence to regenerate in cereals is not very clear 
(Bhaskaran & Smith, 1990), but their low levels are known to promote shoot differentiation (Ignacimuthu, 
1997) and shoot forming cultures have been able to produce viable plants by subsequent rooting (Bhaskaran and 
Smith, 1990). Shoot regeneration is crucial and important in the realization of potential of cell and tissue culture 
techniques for plant improvement (Nasircilar et al., 2006). 

These results are supported by those of Mohammad et al.,(2003) and Varshney  et al., (1996), who worked 
on immature embryos of Triticum aestivum and Triticum durum. In contrast, Chen et al.,(1992) observed plant 
regeneration in hybrids between Triticum aestivum and Agropyron cristatum on hormone free MS medium. 
Purnhauser  et al., (1987) stated that auxins  which are essential for callus  induction play a negative role in plant 
regeneration and are generally reduced or excluded from culture media used for shoot regeneration. 
Furthermore, previous studies (Bregitzer, 1992; Daaloul et al., 1992) reported that wheat regeneration was 
obtained when calli were transferred to MS basal salts without hormones.  

 
Table 2: Effect of different concentrations of BAP, NAA (mg/l) and their combinations, three wheat (Triticum aestivum L.) cultivars on 

mean no. of rooted/shooted calli , no. of roots/shoots per callus, frequency of shoot regeneration during callus regeneration stage.  
 
Treatment 

No. rooted 
calli 

No. roots 
per callus 

No. shooted 
calli 

No. shoots 
per callus 

Frequency of shoot 
regeneration 

A- BAP 
0.00 1.44 c 5.93 d 1.00 c 1.00 d 33.30 b 
0.50 2.29 a 9.89 a 1.26 b 1.33 b 41.90 a 
1.00 1.00 d 4.63 e 1.01c 1.01 d 33.30 b 
1.50 1.74 b 6.89 b 1.41 a 1.44 a 41.94 a 
2.00 1.44 c 6.44 c 1.19 b 1.22 c 39.47 a 
B- NAA  
0.00 1.84 a 7.09 a 1.10 a 1.20 ab 37.00 a 
0.25 1.60 b 6.80 b 1.30 a 1.13 b 38.48 a 
0.50 1.31 c 6.38 c 1.27 a 1.27 a 38.48 a 
C- Cultivars 
Sids- 13 1.60 b 7.64 a 1.04 b 1.04 b 33.30 b 
Sakha- 93 1.73 a 6.53 b 1.44 a 1.49 a 47.37 a 
Gemmeiza -10 1.42 c 6.09 c 1.02 b 1.06 b 33.33 b 
Interaction (x) 
A x B 0.31** 0.59** 0.34** 0.21** 6.98** 

A x C 0.31** 0.59** 0.34** 0.21** 6.98** 

B x C 0.29** 0.55** 0.31NS 0.20** 6.51** 

A x B x C 0.49** 0.94** 0.53** 0.35** 11.16** 

Means followed by same letter (s) within each column are not significantly different at 0.05 level of probability. 
 ** = Highly significant at 0.05 level of probability.     N.S.  = Non significant at 0.05 level of probability. 

 
These different responses may be attributed to genotypic effect, these results are in agreement with those of 

Machii et al. (1998) who reported that wheat regeneration via tissue culture varies with the genotype. Generally, 
in  wheat both somatic embryogenesis and regeneration are complex morphogenic processes and have been 
shown to be genotype-dependent (Mathias and Simpson, 1986; Fennell et al., 1996; Maes et al., 1996; 
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Afsharsterle et al., 1996) and influenced by the components of the culture media used (He et al., 1989; Fellers et 
al., 1995). 

As far as explant is concerned these results are similar to many researchers, as Zale et al.,(2004) who also 
proved that mature embryos can produce sufficient number of regenerated plants. These results are also in 
agreement with Özgen et al.,(1998), according to whom mature embryos have a high frequency of callus 
induction and regeneration capacity, therefore, being available throughout the year, can be used in wheat tissue 
culture. Delporte et al. (2001) used mature embryos, successfully and produced calli, which is in agreement with 
this research, but instead of using the whole seed or embryo, they have used fragments of embryos. Yu et al., 
(2008) also used mature embryos in wheat tissue culture.Similar results were also reported by many researchers 
(Rashid et al., 2002; Sarker and Biswas, 2002; Li et al., 2003; Zale et al., 2004; Kamil  et al., 2005; Chen et al., 
2006; Patnaik et al., 2006; Ahmet and Adak, 2007; Bi et al., 2007). 

 

 

 

 
Fig. 1: Callus induction from mature embryo of some Egyptian wheat under 2.00 mg/l of 2,4-D and 0.00 mg/l 

KIN, for Sids -13(Upper), Sakha -93(Middle) and Gemmeiza -10 (Bottom). 
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Fig. 2: Shoot regeneration from calli of some Egyptian wheat under 1.50 mg/l of BAP and 0.50 mg/l NAA, for 
Sids-13(Upper), Sakha-93(Middle) and Gemmeiza -10(Bottom). 

 
Consulsion: 

 
The various cultivars used in this study responded differently to growth regulator types for callus induction 

and plant regeneration. MS medium containing 2 mg /l. 2, 4-D was found to be superior for the induction of 
callus. However, for plant regeneration MS medium containing 0.50 mg /l.NAA and 1.50 mg /1. BAP was 
suitable. It is hoped that these will serve as beacon light for plant scientists to achieve a higher number of plants 
in the wheat transgenesis. 
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