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Abstract 
 

Broccoli(Brassica oleracea subsp. italica) cv. Green Dragon King and cabbage (Brassica oleracea subsp. capitata) cv. 
Gianty are important vegetable crops grown in Cameron Highlands, Malaysia. The cotyledons of both cultivars were used as 
explant source for in vitro shoot regeneration. The objective of this research was to examine the influence of the growth 
regulators thidiazuron (TDZ) and�-naphthaleneacetic acid (NAA) on adventitious shoot formation in these cultivars. This 
system of adventitious shoot regeneration from cotyledon explants could be useful as a tool for genetic transformation of the 
subspecies. 

Cotyledon explants of both cultivars excised from 5-day-old in vitro germinated seedlings were placed on shoot 
induction medium containing basal salts of Murashige and Skoog (MS) and various concentrations of TDZ and NAA. The 
highest percentage of cotyledon explant of broccoli cv. Green Dragon King producing shoot (76.66%) and the highest mean 
number of shoots produced per explant (0.9) were obtained on 0.1 mg/l TDZ with 0.1 mg/l NAA. Meanwhile, the highest 
percentage of cotyledon explant of cabbage cv. Gianty producing shoots (86.67%) and highest numberof shoots produced 
per explant (1.1) were recorded on 0.5 mg/l TDZ with 0.1 mg/l NAA. Therefore, 0.1 mg/l TDZ with 0.1 mg/l NAA and 0.5 
mg/l TDZ with 0.1mg/l NAA are the recommended combinations for adventitious shoot regeneration from cotyledonary 
explants of broccoli cv. Dragon King and cabbage cv. Gianty respectively. 

 
Introduction 
 

Brassica oleracea comprises the major vegetables of 
the Brassicacea family and almost every part of the plants 
are utilized including the leaves (cabbage and kale), 
terminal (early cauliflower) and axillary buds (Brussels 
sprout), flower buds (broccoli), floral primordia (late 
cauliflower) and stem (kohlrabi) (Katz, 2003). Brassica 
oleracea crops have many medical uses. Cabbage and 
broccoli are highly vulnerable to high temperature and 
these vegetable crops grow best in cool climate (Warland et 
al., 2006), they are mostly cultured during the winter or 
early spring or on the highlands. The high temperature 
stress, affect both their vegetative and reproductive stages 
(Singh et al., 2006). 

The most popular method of adventitious shoot 
formation in Brassica crops which has been widely 
reported is through organogenesis. Other micropropagation 
techniques, such as somatic embryogenesis, is less applied 
in this genus (Cardoza & Stewart, 2003). Various tissues 
have been used in organogenesis of Brassica crops like 
hypocotyls (Cardoza & Stewart, 2003; Munir et al., 2008), 
cotyledons and leaves (Kennedy et al., 2005; Javed et al., 
2012), shoot tip (Widiyanto &  Erytrina, 2001; Abbas et al., 
2012; Asim, 2012) thin layers of epidermal and 
subepidermal cells (Klimaszewska &  Keller, 1985), roots 
(Kranthi et al., 2005), and protoplasts (Kaur et al., 2006). 
Direct organogenesis has been achieved in a variety of 
Brassica species such as from the stem sections ofBrassica 
juncea (Barfield & Pua, 1991) petioles of Brassica napus 
(Ghnaya et al., 2007), hypocotyls of Brassica napus 
(Phogat et al., 2000) andcotyledonary explants of Brassica 
compestris ssp. pekinensis (Zhang et al., 1998). 

In vitro regeneration is influenced by many factors 
such as culture environment, culture medium composition, 

explant source and genotype (Zhang et al., 1998; Rajicic et 
al., 2001; Bano et al., 2010). The system is often used as a 
model for various physiological, biochemical, genetic and 
structural investigations in plants (Viana & Mantell, 1989). 
Cotyledon explant is commonly used in plant tissue culture 
technique to stimulate shoot initiation and the combination 
of BAP and NAA has been applied for shoot regeneration 
in many species (Guo et al., 2005; Dai et al., 2009; 
Garshasbi et al., 2012). However, reports on regeneration 
of adventitious shoots from cotyledon explant of Brassica 
oleracea were few and faced with limited success (Teo et 
al., 1997; Ravanfar et al., 2011). Therefore, the main 
objective of this study was to determine the effect of TDZ 
either alone or in combination with NAA on in 
vitroadventitious shoot formation from cotyledon explants 
of broccoli cv. Green Dragon King and cabbage cv. Gianty. 
 
Materials and Methods 
 
Seed sterilization and germination: Hybrid seeds of 
broccoli cv. Green Dragon King and cabbage cv. Gianty 
(Leckat Corporation Sdn Bhd) were surface sterilized for 
1 minute in 70% ethanol solution followed by continuous 
agitation for 10 minutes in 20% Clorox solution (1.05% 
sodium hypochlorite) with two drops of Tween 20. The 
seeds were rinsed four times in sterile distilled water. 
Seeds of broccoli were surface sterilized for 2 minutes in 
80% ethanol solution followed by continuous agitation for 
18 minutes in 30% Clorox solution (0.53% sodium 
hypochlorite) with three drops of Tween 20. Seeds were 
rinsed four times in sterile distilled water. The seeds of 
both cultivars were finally cultured on germination 
medium consisting of half- strength MS salts (Murashige 
& Skoog, 1962) with 3% sucrose and 2.8 g/l phytagel. 
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Explant preparation and culture: Well expanded 
broccoli and cabbage cotyledons from 5-day-oldin vitro 
germinated seedlings were cut into halves and inoculated 
horizontally on the surface of medium. pH of media was 
adjusted to 5.7±0.02 prior to autoclaving at 121ºC, 1.03 
kPa for 20 minutes. Explants were cultured in 100 ml 
flasks containing 40 ml medium and sealed with 
aluminum foil. The cultures were maintained at 24±2ºC 
and 16-h photoperiod using cool white fluorescent light 
providing an intensity of 60 µmol m-² s-¹.  
 
Experiment 1: Effect of TDZ and NAA on multiple 
shoot formation from broccoli explants (cv. Green 
Dragon King): The concentrations of thidiazuron (TDZ) 
were 0, 0.05, 0.1, 0.5 and 1 mg/l combined with �-
naphthalene acetic acid (NAA) at 0, 0.1 and 0.5 mg/l. 
Data on percentage of explant producing shoots and mean 
number of shoots produced per explant were recorded 
after eight weeks of culture.Shoots were sub-cultured to 
fresh medium every four weeks. 
 
Experiment 2: Effect of TDZ and NAA on multiple 
shoot formation from cabbageexplants (cv. Gianty): 
The concentrations of TDZ were 0, 0.05, 0.1, 0.5 and 1 
mg/l combined with NAA at 0, 0.1 and 0.5 mg/l. Data on 
percentage of explant producing shoots and mean number 
of shoots produced per explant were recorded after eight 
weeks of culture.Shoots were sub-cultured to fresh 
medium every four weeks. 
 
Experimental design and statistical analysis: 30 explants 
for each treatment were arranged in a Completely 
Randomized Design (CRD) with 3 replication. Data were 
statistically analyzed according to Compton, 1994. Duncan 
New Multiple Range Test (DNMRT) at α= 5% was used 
for comparison between treatment means. Data on mean 
and percentage of shoot formation on broccoli and cabbage 
were transformed with log10(y+ 0.1) and the best treatments 
in both experiments were analyzed by two independent 
sample test (T-Test) (Hara & Kotze, 2010). 
 
Results and Discussion 
 

Cotyledon segments of broccoli cv. Dragon King were 
placed on MS medium containing different concentrations 
and combinations of TDZ and NAA. The explants began to 
expand after three weeks of culture. After 8 weeks, 
significant differences were observed between the 
treatments on percentage of explants forming shoot (Fig. 
1). The highest percentage of shoot formation (76.66%) 
was in treatment containing 0.1 mg/l TDZ and 0.1 mg/l 
NAA. It showed significant difference to the rest of the 
treatments except with 0.1 mg/l TDZ + 0.5 mg/l NAA and 
0.5 mg/l TDZ. Meanwhile no significant difference in 
percentage of explants with shoots was observed between 
0.1mg/l TDZ and 0.5 mg/l TDZ + 0.1 mg/l NAA. NAA 
alone (0.1 and 0.5 mg/l) and in combination with TDZ 
(0.05 and 1 mg/l) also did not differ significantly from each 
other in terms of percentage of shoot formation. 

The highest mean number of shoots per cotyledon 
explant (0.9) of broccoli cv. Green Dragon King was 
obtained in treatment containing 0.1 mg/l TDZ and 0.1 mg/l 
NAA (Fig. 2) which differed significantly from the other 
treatments. No significant difference in mean shoot number 
was observed between 0.1 mg/l TDZ and 0.5 mg/l TDZ + 

0.1mg/l NAA. Plate 1 shows shoot formation from cotyledon 
explants of broccoli cv. Green Dragon King on MS medium 
containing different concentration of TDZ with NAA. 

We observed in cabbage explants (cv. Gianty) that the 
cotyledons swelled after the first week of culture and by the 
fourth week shoots emerged. By the 8 week of culture 
multiple shoots were formed. The highest percentage of 
shoot formation (86.67%) was observed in treatment 
containing 0.5 mg/l TDZ + 0.1 mg/l NAA (Fig. 3). This 
treatment did not show significant difference with treatments 
0.05 mg/l TDZ+0.1 mg/l NAA, 0.05 mg/l TDZ+0.5 mg/l 
NAA, 0.1 mg/l TDZ, 0.1 mg/l TDZ+0.1 mg/l NAA, 0.1 mg/l 
TDZ+0.5 mg/l NAA and 0.5 mg/l TDZ, on percentage of 
explant with shoot. Meanwhile, media containing only NAA 
(0.1 and 0.5 mg/l) and in combination with 1mg/l TDZ did 
not produce any shoot (Fig. 3). 

TDZ at 0.5 mg/l+0.1 mg/l NAA also produced the 
highest mean number of shoots per cotyledon explant 
(1.1) followed by 0.5 mg/l TDZ (0.6) (Fig. 4). No 
significant difference on mean number of shoot per 
explant was observed among treatments incorporated with 
only NAA but those treatments differed significantly with 
the rest of the treatments except 0.05 mg/l TDZ, 1 mg/l 
TDZ, 1 mg/l TDZ+0.1 mg/l NAA and 1 mg/l TDZ+0.5 
mg/l NAA (Fig. 4). Plate 2 shows multiple shoot 
formation from cotyledon explants of cabbage cv. Gianty 
on medium incorporated with 0.5 mg/l TDZ and 0.1 mg/l 
NAA after 4 and 8 weeks of culture.  

Table 1 compares the best combination of TDZ and 
NAA on percentage of shoot formation and mean number 
of shoots produced per cotyledon explant of broccoli and 
cabbage through T-TEST. Significant difference was 
observed on the percentage of shoot formation between 
broccoli and cabbage, whereby cabbage produced higher 
percentage of shoot formation (86.67) than broccoli 
(76.66). However no significant difference was observed 
in terms of mean number of shoot formed per explant 
between the best combinations of TDZ and NAA for the 
two subspecies. 

In this study, the wide range of TDZ concentration 
used, with or without NAA, influenced adventitious shoot 
proliferation on cotyledon explants of broccoli cv. Green 
Dragon King and cabbage cv. Gianty.The low 
concentration of 0.1 mg/l TDZ alone caused low number 
of adventitious shoot proliferation with or without callus 
formation in broccoli (Fig. 1).  

The best treatment on multiple shoot formation from 
cotyledon explants of broccoli was 0.1 mg/l TDZ with 0.1 
mg/l NAA, producing 76.66 % shoot formation and 0.9 
shoots per explant respectively. TDZ (0.1- 0.5 mg/l) alone 
or in combination with NAA (0.1- 0.5 mg/l) stimulated 
adventitious shoot formation of broccoli and also 
enhanced shoot elongation (Fig. 1, Plate 1D).Media 
containing only NAA at 0.1 and 0.5 mg/l did not produce 
any shoots in broccoli cv. Green Dragon King (Plate 1A). 
The addition of 0.5 mg/l NAA into MS medium with high 
concentration of TDZ (1.0 mg/l) caused explant swelling 
instead of producing shoots (Fig. 2). There was also no 
shoot formation on 1.0 mg/l TDZ alone.TDZ at 
highconcentration (1 mg/l and above) reduced shoot 
multiplication and TDZ at 0.1 mg/l with 0.1 mg/l NAA, 
besides enhancing shoot multiplication, also trigged 
elongation in broccoli cv. Green Dragon King. 
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Fig. 1. Effect of different concentrations of TDZ in combination with NAA on percentage of cotyledon explants of broccoli cv. Green 
Dragon King producing shoots after eight weeks of culture.Means with the same letter were not significantly different at 0.05 
probability level according to DNMRT test. 
 

 
 

Fig. 2. Effect of different concentrations of TDZ in combination with NAA on mean number of shoots produced per cotyledon explant 
of broccoli cv. Green Dragon King after eight weeks of culture. Means with the same letter were not significantly different at 0.05 
probability level according to DNMRT test. 
 

This study shows that the use of TDZ in an 
appropriate ratio with NAA increased shoot formation 
from cotyledon explants of broccoli cv. Green Dragon 
King. Guo et al., (2005) reported that the combination of 
TDZ and NAA produced more shoots than BAP alone 
on cotyledon and leaf segment of stem mustard 
(Brassica juncea var. tsatsai). However, according to 
Ravanfar et al., (2009 and 2011), BAP gave the highest 
number of shoots per hypocotyl and cotyledon segment 
with or without NAA on different cultivar of broccoli 
(Brassica oleracea subsp. italica cv. Green Marvel. 

Varied responses could be due to genotypic differences 
of the cultivar or plants reacting differently during 
micropropagation.  

In experiment 2, cotyledons of cabbage cv. Gianty 
cultured on 0.5 mg/l TDZ in combination with 0.1 mg/l 
NAA initially exhibited swelling and then differentiated 
to produce shoots (Fig. 3 and 4, Plate 2A). The culture 
of cotyledon segments on MS medium containing 
different concentrations of NAA alone did not produce 
any shoots, instead the cotyledon segments turned brown 
after eight weeks of culture (Figs. 3 and 4).  
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Fig. 3. Effect of different concentrations of TDZ in combination with NAA on percentage of cotyledon explants of cabbage cv. Gianty 
producing shoots after eight weeks of culture.Means with the same letter were not significantly different at 0.05 probability level 
according to DNMRT test. 
 

 
 

Fig. 4. Effect of different concentrations of TDZ in combination with NAA on mean number of shoots produced per cotyledon explant 
of cabbage cv. Gianty after eight weeks of culture. Means with the same letter were not significantly different at 0.05 probability level 
according to DNMRT test.  
 

Table 1. Comparison of the best combination of TDZ with NAA on percentage of shoot formation and mean 
number of shoots produced per cotyledon explants of broccoli and cabbage after eight weeks of culture.  

(*) significant at 0.05 level and (NS) no significant difference. 
Groups Shoot formation (%) Sd Se T p-value 
Broccoli 

(0.1 mg/l TDZ+0.1 mg/l NAA) 76.66 5.77 3.33 -3.48 0.025* 

Cabbage 
(0.5 mg/l TDZ+0.1 mg/l NAA) 86.67 5.77 3.33   

Groups Mean no. of shoot per explant Sd Se T p-value 
Broccoli 

(0.1 mg/l TDZ+0.1 mg/l NAA) 0.9 0.1 0.05 -2.43 0.072 NS 

Cabbage 
(0.5 mg/l TDZ+0.1 mg/l NAA) 1.1 0.1 0.05   
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Plate 1. Multiple shoot formation from cotyledon explants of broccoli cv. Green Dragon King on different concentrations of TDZ in 
combination with NAA. A (0.5 NAA), B (0.1 mg/l TDZ +0.1 mg/l NAA), C (0.5 mg/l TDZ) after four weeks of culture and D (0.1 
mg/l TDZ +0.1 mg/l NAA) after eight weeks of culture. Red arrow = shoot. (A, B and C) bar = 5 mm (D) bar = 7 mm. 
 

  
 

  
 

Plate 2. Multiple shoot formation from cotyledon explants of cabbage cv. Gianty on 0.5 mg/l TDZ with 0.1 mg/l NAA. (A and B) 
Shoot emergence after four weeks of culture. (C and D) Multiple shoot formation after eight weeks of culture. Red arrow= shoot.  (A, 
B and C) bar = 3.5 mm (D) bar = 10 mm. 

A B

C D

A B

C D
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Up to a maximum of 10 shoots was attained from a 
single cabbage cotyledon explant after 2 successive sub-
cultures on medium containing 0.5 mg/l TDZ 0.1 mg/l 
and NAA. Similarly, other researchers have reported the 
enhanced effect of TDZ in combination with NAA on 
shoot regeneration from cotyledon and hypocotyl explants 
of Brassica rapa L. ssp. Rapifera (turnip) (Guang et al., 
2008). Treatments of low concentration of TDZ alone 
(0.05- 0.1 mg/l) could stimulate shoot formation from the 
cabbage cotyledon explants, but the number of shoots 
produced per explant was low. The higher concentration 
of 1 mg/l TDZ initiated some shoots but the shoots were 
abnormal and there was increased callus formation. 
However the abnormal shoots became normal upon 
culturing on MS medium without any hormones for one 
month. Reports have indicated shoot proliferation without 
callus formation and abnormality on medium containing 
low TDZ concentration (0.3 mg/l) in Brassica napus 
(Jonoubi et al., 2004) and Brassica juncea(Guo et al., 
2005). Adventitious shoot formation increased over 
successive culture on medium containing TDZ in 
combination with NAA but eventually resulted in more 
aberrant shoot development (Jonoubi et al., 2005). 

The study indicated that the ability of shoot 
formation from cotyledon explants of cabbage cv. Gianty 
was more than broccoli cv. Green Dragon King. About 
86.67% of cabbage produced shoots on medium 
containing 0.5 mg/l TDZ and 0.1 mg/l NAA after eight 
weeks of culture. However the highest regeneration of 
broccoli was 76.66% in treatment containing lower 
concentration of 0.1mg/l TDZ with 0.1 mg/l NAA. 

The few or no shoot formation on media containing 
0.5 mg/l NAA in both the experiments on broccoli and 
cabbage could be due to the auxin having a more 
important role in cell division and callus formation. 
Nevertheless, the presence of a cytokinin, which in this 
study was TDZ enhanced adventitious shoot formation as 
has been reported in often researches (Pierik, 1999; 
George et al., 2008; Rafat et al., 2010). 
 
Conclusion 
 

The study showed that the cotyledon explants of both 
the broccoli and cabbage cultivars were potential explants 
for in vitro shootregeneration. The use of TDZ as a 
cytokinin and NAA as an auxin in an appropriate ratio 
was most essential for shoot induction and multiplication 
from the cotyledon explants. Experimental results also 
showed that cotyledon explants of cabbage (cv. Gianty) 
have higher ability of producing shoots than broccoli cv. 
Green Dragon King. The media containing only TDZ or 
NAA caused explant swelling and produced fewer or no 
shoots. TDZ at 0.1 mg/l with 0.1 mg/l NAA and TDZ at 
0.5 mg/l with 0.1 mg/l NAA were the recommended 
combinations for shoot regeneration from cotyledon 
explant of broccoli cv. Green Dragon King and cabbage 
cv. Gianty respectively. 
 
Acknowledgements 
 

The authors are thankful to the Department of 
Agriculture Technology, Faculty of Agriculture, for the 
laboratory facilities provided.  

References 
 
Abbas, H., M. Qaiser and S.W. Khan. 2012. In vitro response of 

Convolvulus scindicus to different growth hormones - an 
attempt to conserve endangered species.  Pak. J. Agri. Sci., 
49: 41-45. 

Asim, M. 2012. Micropropagation of lentil (Lens culinaris 
Medik.) using pulse treatment of immature plumular 
apices. Pak. J. Agri. Sci., 49: 149-154. 

Bano, R., M.H. Khan, R.S. Khan, H. Rashid and Z.A. Swat. 
2010. Development of an efficient regeneration protocol for 
three genotypes of Brassica juncea. Pak. J. Bot., 42(2): 
963-969. 

Barfield, D.G. and E.C. Pua. 1991. Gene transfer in plants of 
Brassica juncea using Agrobacterium tumefaciens 
mediated transformation. Plant Cell Rep.,10:308-314. 

Cardoza, V. and C.N.Jr. Stewart. 2003. Increased 
Agrobacterium mediated transformation and rooting 
efficiencies in canola (Brassica napus L.) from hypocotyl 
explants. Plant Cell Rep., 21: 599-604. 

Compton, M.E. 1994. Statistical methods suitable for the 
analysis of plant tissue culture data. Plant Cell Tiss. Org. 
Cult., 37(3): 217-242. 

Dai, X.G., X.P. Shi, Y.M. Ye, Q. Fu and M.Z. Bao. 2009. High 
frequency plant regeneration from cotyledon and hypocotyl 
explants of ornamental kale. Biol. Plantarum, 53: 769-773. 

Garshasbi, H., M. Omidi, S. Torabi and D. Davodi. 2012. The 
study of phytohormones and explants on callus induction 
and regeneration of sainfoin (Pnobrychis sativa). Pak. J. 
Agri. Sci., 49: 319-322. 

George, E.F., M.A. Hall and G.J.D. Klerk. 2008. Plant 
propagation by tissue culture:volume 1. The background, 
3th edn. Springer Publisher, Dordrecht, London.  

Ghnaya, A.B., G. Charles and M. Branchard. 2007. Rapid shoot 
regeneration from thin cell layer explants excised from 
petioles and hypocotyls in four cultivars of Brassica napus 
L. Plant Cell Tiss. Org. Cult., 92: 25-30. 

Guang, M.A., Z. Bo and L. Yu-hua. 2008. Establishment and 
optimization of a high-frequency shoot regeneration system 
of turnip (Brassica rapa L. ssp. rapifera). Act. Hort. Sin., 
35(6): 833-84. 

Guo, D.P., Z.J. Zhu, X.X. Hu and S.J. Zheng. 2005. Effect of 
cytokinins on shoot regeneration from cotyledon and leaf 
segment of stem mustard (Brassica juncea var. tsatsai). 
Plant Cell Tiss. Org. Cult., 83: 123-127. 

Hara, R.B. and O.D.J. Kotze. 2010. Do not log-transform count 
data. Meth. Ecol. Evol., 1(2): 118-122. 

Javed, B., Farhatullah, S.H. Shah and I. Ali. 2012. In vitro 
analysis of callus induction in interspecifically hybridized 
f4-5 populations of Brassica. Pak. J. Bot., 44(2): 787-790. 

Jonoubi, P., A. Mousavi, A. Majd, A.H. Salmanian, M. Jalali 
Javaran and J. Daneshian. 2004. Improved Brassica napus 
L., regeneration from hypocotyls using thidiazuron and 
benzyladenine as cytokinin sources. Pak. J. Bot., 36(2): 
321-329. 

Jonoubi, P., A. Mousavi, A. Majd, A.H. Salmanian, M. Jalali 
Javaran and J. Daneshian. 2005. Efficient regeneration 
of Brassica napus L. hypocotyls and genetic transformation 
by Agrobacterium tumefaciens. Biolog Plantarum., 49(2): 
175-180. 

Katz, S.H. 2003. Cabbage and Crucifer plants.Encyclopedia of Food 
& Culture, Vol. 1. Gale Cengage. eNotes.com. 2006.Available 
online at http://www.enotes.com/food-encyclopedia/cabbage-
crucifer-plants.accessed 5 August 2010. 

Kaur, N.D., M. Vyvadilova, M. Klima and M. Bechyne. 2006. A 
simple procedure for mesophyll protoplast culture and plant 
regeneration in Brassica oleracea L. and Brassica napus L. 
Czech J. Genet. Plant Breed., 3: 103-110. 



IN VITRO SHOOT REGENERATION FROM COTYLEDON OF BRASSICAUSING TDZ AND NAA 

 

335

Kennedy, Y.A., H. Yoshida and Y. Takahata. 2005. Efficient 
plant regeneration from leaves of rapeseed (Brassica napus 
L.): the influence of AgNO3 and genotype. Plant Cell Rep., 
24: 649- 654. 

Klimaszewska, K. and K. Keller. 1985. High frequency plant 
regeneration from thin cell layer explants of Brassica 
napus. Plant Cell Tiss. Org. Cult., 4:183-197. 

Kranthi, S., K.R. Kranthi, A.A. Bharose and S.N. Syed. 2005. 
Regeneration of plants from root explant of two Indian 
cultivars of Brassica campestris L. through somatic 
embryogenesis. Current Science., 89: 8-25. 

Munir, M., H. Rashid, M. Rauf, Z. Chaudhry and M.S. Bukhari. 
2008. Callus formation and plantlets regeneration from 
hypocotyl of Brassica napus by using different media 
combinations. Pak. J. Bot., 40(1): 309-315. 

Murashige, T. and F. Skoog. 1962. A revised medium for rapid 
growth and bioassay with tobacco tissue cultures. Physiol. 
Plant., 15: 473-497. 

Phogat, S.K., P.K. Burma and D. Pental. 2000. High frequency 
regeneration of Brassica napus varieties and genetics 
transformation of stocks containing fertility restorer gens 
for two cytoplasmic male sterility systems. J. Plant Bioch. 
Biotech., 9: 73-79. 

Pierik, R.L.M. 1999. In vitro cultureof higher plants. 4th edn. 
Dordrech, Martinus Nijhoff Publishers. 

Rafat, A., M.A. Aziz, A.A. Rashid, S.N.A. Abdullah, H. 
Kamaladini, M.H.T. Sirchi and M.B. Javadi. 2010. 
Optimization of Agrobacterium tumefaciens-mediated 
transformation and shoot regeneration after co-cultivation 
of cabbage (Brassica oleracea subsp. capitata) cv. KY 
Cross with AtHSP101 gene. Sci. Hort., 124: 1-8. 

Rajicic, T.S., D. Stevanovic, R. Djordjevic, M. Veelickovicand 
Z. Susic. 2002. Maintenance of Prospective Cabbage 

(Brassica oleracea var. capitata) Lines by 
Micropropagation. Acta Hort. 579:II Balkan Symposium on 
Vegetables and Potatoes. 

Ravanfar, S.A., M.A. Aziz, M.A. Kadir, A.A. Rashid and F. 
Haddadi. 2011. In vitro adventitious shoot regeneration and 
acclimatisation of Brassica oleracea subsp. italica cv. 
Green Marvel. African J. of Biotech., 10(29): 5614-5619. 

Ravanfar, S.A., M.A. Aziz, M.A. Kadir, A.A. Rashid and 
M.H.T. Sirchi. 2009. Plant regeneration of Brassica 
oleracea subsp. italica (broccoli) cv. Green Marvel as 
affected by plant growth regulators. Afr. J. Biotech., 8(11): 
2523-2528. 

Singh, J., A.K. Upadhyay, A. Bahadur, B. Singh, K.P. Singh and M. 
Rai. 2006. Antioxidant phytochemicals in cabbage (Brassica 
oleracea L. var capitata). Scientia Hort., 108: 233-237. 

Teo, W., P. Lakshmanan, P. Kumar, C.J. Goh and S. Swarup 
1997. Direct shoot formation and plant regeneration from 
cotyledon explants of rapid-cycling Brassica rapa. In vitro 
Cell. Dev. Biol. Plant., 33(4): 288-292. 

Viana, A.M. and S.H. Mantell. 1989. Callus induction and plant 
regeneration from excised zygotic embryos of the seed-
propagated yams Dioscorea composita Hemsl. and D. 
cayenensis Lam.  Plant Cell Tiss. Org. Cult., 16: 113-122. 

Warland, J., A. Mackeown and M.R.Mac Donald. 2006. Impact 
of high air temperature on Brassica crops in southern 
Ontario. Can. J. of Plant Sci., 86(4): 1209-1215. 

Widiyanto, S.N. and D. Erytrina. 2001. Clonal propagation of 
broccoli, Brassica oleracea L.var. italica through İn vitro 
shoot multiplication. J. Math. Sci., 6(1): 101-111. 

Zhang, F.L., Y. Takahata and J.B. Xu. 1998. Medium and 
genotype factors influencing shoot regeneration from 
cotyledonary explant of Chinese cabbage (Brassica 
campestris, L. ssp. Pekinensis). Plant Cell Rep., 17: 780-786. 

 
(Received for publication 15 March 2012) 


