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Abstract 
 
Efficient plant regeneration through somatic embryogenesis was established for safflower (Carthamus tinctorius L.)  
cv. NARI-6. Embryogenic calli were induced from 10 to 17-d-old cotyledon and leaf explants from in vitro seedlings. 
High frequency (94.3 %) embryogenic callus was obtained from cotyledon explants cultured on Murashige and Skoog’s 
germination (MSG) basal medium supplemented with thidiazuron, 2-isopentenyladenine and indole-3-butyric acid. 
Primary, secondary and cyclic somatic embryos were formed from embryogenic calli in a different media free of plant 
growth regulators, however, 100 % cyclic somatic embryogenesis was obtained from cotyledon derived embryogenic 
calli cultured on MSG. Somatic embryos matured and germinated in quarter-strength MSG medium supplemented with 
gibberellic acid. Cotyledons with root poles or non root poles were converted to normal plantlets and produced 
adventitious roots in rooting medium. Rooted plants were acclimatized and successfully transferred to the field. 
Additional key words: Asteraceae, medicinal plant, plant growth regulators, secondary somatic embryogenesis. 
 
 
Introduction 
 
In vitro clonal propagation has the potential for fast 
multiplication of superior genotypes, allowing the 
exploitation of maximum genetic gain in the breeding 
programs. When compared to other methods of in vitro 
propagation, somatic embryogenesis offers several 
advantages (Jain 1999), cryopreservation, selection of 
clones that have been genetically modified, as well as 
propagation of elite plants (Aitken-Christie 2001). 
Indirect somatic embryogenesis is a multistep 
regeneration process starting with the formation of 
proembryogenic cell masses, followed by somatic 
embryo formation, maturation, desiccation and plant 
regeneration (Von Arnold and Eriksson 1981).  
 The cells forming the embryo are characterized by 
dense cytoplasmic contents, large starch grains, and a 
relatively large nucleus with a darkly stained nucleolus. 
Each pro-embryonic cell is capable of passing through 
the sequential stages of embryo formation. Two critical 
events are involved in the early programming of this 
process: 1) the induction of cytodifferentiation of the pro-
embryonic cells, and 2) the unfolding of the 

developmental sequences by these pro-embryonic cells 
(Kohlenbach 1978).  
 Safflower (C. tinctorius L.) is an annual oil seed 
medicinal plant belonging to the family Asteraceae, 
which is well adapted to semi-arid conditions in the 
tropics and sub-tropics. Somatic embryogenesis in 
safflower has been firstly described only with the need of 
hormone requirements (Mandal et al. 1995). Explant age, 
carbon source and ethylene effect on direct somatic 
embryogenesis of safflower were later described by 
Mandal et al. (2001). The histology of direct somatic 
embryogenesis was later described by Mandal and Dutta 
Gupta (2002). Low cytokinin with high auxin 
concentrations efficiently induced direct somatic embryos 
in safflower (Mandal and Dutta Gupta 2003). The above 
mentioned papers were not focused on further develop-
ment of somatic embryos, their germination and 
conversion into plantlets. Therefore, our aim has been to 
define a protocol for cyclic somatic embryogenesis of 
safflower, as well as to characterize the conversion of the 
somatic embryos into fully acclimatized field plants.  
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Materials and methods 
 
Plants and callus initiation: Seeds of safflower 
(Carthamus tinctorius L.) cv. NARI-6 collected at the 
Nimbhkar Agricultural Research Institute, Maharashtra, 
India were used for establishing embryogenic cultures. 
Seeds were immersed in 1.0 % Teepol solution for 2 min, 
and then were kept under tap water for 20 min. Seeds 
were further sterilized with 70 % ethanol for 1 min and 
rinsed twice with sterile distilled water for 2 min. Then, 
the seeds were again sterilized with 0.1 % mercuric 
chloride for 2 min. The surface sterilized seeds were 
rinsed three times with sterile distilled water, and were 
aseptically germinated in Murashique and Skoog’s 
germination (MSG) medium (Becwar et al. 1988). 
Cultures were initially incubated in darkness for 12 h at 
23 - 25 °C and then at 25 - 26 °C and 12-h photoperiod.  
 Cotyledon and leaf explants excised carefully from  
10 to 17-d-old in vitro seedlings were cut transversely 
into 0.5 to 1.0 cm long pieces and slight incision was 
made on the surface of explants. They were abaxial side 
down cultured on MSG media supplemented with 
different combinations and concentrations of plant growth 
regulators (PGR) [thidiazuron (TDZ; 3.5 mg dm-3) + 2-iso-
pentenyladenine (2-ip; 1.5 mg dm-3), TDZ (5.0 mg dm-3) 
+ 2,4-dichlorophenoxyacetic acid (2,4-D; 1.0 mg dm-3), 
TDZ (7.0 mg dm-3) + indole-3-butyric acid (IBA;  
2.0 mg dm-3), TDZ (6.0 mg dm-3) + 2-ip (1.5 mg dm-3) + 
IBA (2.5 mg dm-3) or TDZ (6.0 mg dm-3) + 2-ip  
(1.5 mg dm-3) + 2,4-D (2.0 mg dm-3)], 3.0 % sucrose and 
8.0 g dm-3 agar. The pH of the culture media was adjusted 
to 5.7 using 0.1 M NaOH and 0.1 M HCl, before 
autoclaving at 121 °C for 20 min. The cultures were 
maintained at 25 ± 2 °C and 10 to 12-h photoperiod with 
irradiation of 30 µmol m-2 s-1 (white fluorescent tubes). 
There were 10 replicates, and the experiment was 
repeated 4 times. The callus was initiated from the cut 
end of explant after 2 weeks of culture. The culture 
conditions remained the same for all experiments unless 
otherwise specified (Table 1).  
 
Isolation and proliferation of embryogenic calli: Pro-
embryogenic callus was isolated from non-embryogenic 
callus clumps and subcultured every two weeks 
thereafter. In each subculture, 5 pro-embryogenic cell 
clumps were cultured (approximately 0.5 cm3 each 
clumps) per 250 cm3 conical flask (Borosil, Mumbai, 
India) containing fresh MSG medium and maintained 
under the above mentioned conditions. After second 
subculture, embryogenic callus appeared with different 
colour and shape. The percentage and fresh mass of 
embryogenic callus was recorded after 70 d of culture 
(Table 1). 
 
Induction of primary somatic embryos: Cotyledon and 
leaf derived embryogenic calli (CDEC, LDEC; 50 mg) 
were isolated from various culture conditions tested, and 
were subcultured in PGRs free half-strength B5 (Gamborg 

et al. 1968), SH (Schenk and Hildebrandt 1972) and 
MSG (Becwar et al. 1988) basal medium containing myo-
inositol (400 mg dm-3), casamino acid (200 mg dm-3),  
L-glutamine (500 mg dm-3), thiamine HCl (250 mg dm-3), 
pyridoxine HCl (250 mg dm-3), nicotinic acid  
(300 mg dm-3) and L-asparagine (50 mg dm-3), 7.0 g dm-3 
agar and 1.5 % sucrose for the induction, proliferation 
and maturation of somatic embryos. The early globular, 
heart, torpedo and early cotyledonary stage embryos 
developed on the surface of the calli after 2 weeks of 
culture. All the cultures were subcultured at every week 
and maintained at day/night temperature of 25/16 °C and 
12-h photoperiod. The mature bipolar early cotyledonary 
stage embryos were developed directly from the torpedo 
stage embryos, and were maintained on same medium 
with the same culture conditions for further development. 
Total number of primary somatic embryos and percentage 
of response was recorded at the end of 30 d of culture 
(Table 2).  
 
Secondary and cyclic somatic embryogenesis: Primary 
somatic embryos at different stages (globular, heart, 
torpedo and cotyledon) cultured on the above mentioned 
media could be converted into proembryogenic mass 
(PEM) in which secondary somatic embryos were 
formed. The cultures were incubated at 25 ± 2 °C in the 
same medium for further proliferation of secondary 
somatic embryos. The embryo culture was routinely 
subcultured and maintained onto the same medium which 
also produced cyclic embryos. There were 10 replicates 
per treatment and the experiment was repeated 6 times. 
After 60 d of culture, the percentage of secondary 
embryogenesis and total number of embryos was 
recorded. The cyclic production of embryos was also 
recorded after 90 d of culture (Table 2).  
 
Germination and plant regeneration: For germination, 
mature cotyledon stage embryos were cultured in 
darkness in semi solid quarter-strength MSG with 1.5 % 
sucrose, 250 mg dm-3 glutamine, 100 mg dm-3 arginine, 
10 mg dm-3 proline and different concentrations of 
gibberellic acid GA3 (0.1, 0.3, 0.5, 0.7 and 0.9 mg dm-3). 
There were 6 flasks per experiment and the experiment 
was repeated 4 times. Germination frequency was 
recorded after 2, 4 and 6 weeks. For plant conversion, the 
mature cotyledonary stage embryos were grown under 
16-h photoperiod with irradiance of 30 µmol m-2 s-1 in 
filter paper bridges containing 1.0 % sucrose. Plant con-
version rate was recorded after 10 d of culture (Table 3). 
Well-germinated mature cotyledon stage embryos with 
root poles and non-root poles were transferred into 
rooting medium [quarter-strength MSG basal salts 
supplemented with naphthalene-acetic acid (NAA;  
2.0 mg dm-3) + benzyladenine (BA; 0.1 mg dm-3) or NAA 
(1.5 mg dm-3) + kinetin (KN; 0.3 mg dm-3), and 
putrescine (0.5 - 3.0 mg dm-3)]. After 1 month, the 
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rooting results were recorded (Table 4). The experiment 
was repeated 4 times. The plantlets with adventitious 
roots were carefully washed with tap water to remove 
medium, and then transferred to plastic pots containing 

sand, garden soil and Vermiculite (1:2:1). Potted plants 
were incubated at 25 ºC for 10 d under irradiance of  
30 µmol m-2 s-1. After emergence of new leaves, the 
acclimated plants were transplanted into greenhouse.  

 
 
Results 
 
Embryogenic calli initiation and proliferation: The 
adaxial surface of the cotyledon and leaf explants induced 
primary callus after 14 d of culture in MSG basal medium 
with 3.0 % sucrose. Differences were obtained depending 
on the various concentrations of PGRs tested (Table 1). 
The analysis of variance showed that the type of explants 
and hormone used (auxin or cytokinins) significantly 
affected the percentage of callusing. In this case, TDZ 
and 2-ip alone or in combinations with IBA in the 
medium induced yellow-creamy pro-embryogenic callus 
from the cotyledon and light-creamy pro-embryogenic 
callus (PEC) in leaf explants. However, in TDZ and  
2,4-D supplemented media, cotyledon explants produced 
light yellow friable callus whereas white friable calli 
were obtained in leaf explants. Moreover, addition of 
TDZ, 2-ip and 2,4-D produced light-creamy yellow PEC 
from cotyledonary and light-creamy white in leaf 
explants. Among the media strengths, full-strength MSG 
supplemented with 6.0 mg dm-3 TDZ + 1.5 mg dm-3 2-ip  
 

+ 2.5 mg dm-3 IBA produced highest fresh mass (655 mg) 
with 94.3 % of embryogenic callus in cotyledons after  
70 d of culture (Table 1, Fig. 1A). Occasionally few 
globular like structure were found from the embryogenic 
callus (data not shown). All the selected PEC showed 
stable growth for at least 3 - 4 months.  
 
Primary somatic embryogenesis in PGRs free culture: 
White and yellow creamy PEC from various culture 
conditions were shifted to PGRs-free media (for detail 
see Materials and methods) in which embryogenic cells 
were proliferated and changed their morphological nature 
to light golden yellow embryogenic cells within 14 d. The 
embryogenic cells produced numerous embryos (globular, 
heart, torpedo and cotyledon) within 2 - 3 weeks of 
culture in all the three media tested (Fig. 1B,C,D). In this 
case, we noticed higher frequency (72.5 %) of primary 
somatic embryos from cotyledon (CDEC) than from leaf 
derived embryogenic calli (LDEC; 63 %) in half-strength  
 

Table 1. Effect of growth regulators on embryogenic callus induction from cotyledon and leaf explants of safflower. Data were 
scored after 70 d of culture. Means of 80 explants ± SE. Means with the same letters are not statistically significant at P < 0.05. 
 

TDZ 2-ip 2,4-D IBA Cotyledon  Leaf  
[mg dm-3] [mg dm-3] [mg dm-3] [mg dm-3] embryogenic callus 

[%] 
callus fresh mass   
[mg] 

embryogenic callus 
[%] 

callus fresh mass 
[mg] 

3.5 1.5 0 0 532 ± 3.6b 83.7 ± 0.8ab 428 ± 4.7b 72.5 ± 0.4b 
5.0 0 1.0 0 149 ± 5.9e 40.1 ± 0.7c 102 ± 1.2e 36.2 ± 0.9d 
7.0 0 0 2.0 340 ± 3.3c 61.2 ± 0.4b 283 ± 4.1c 58.3 ± 0.5c 
5.5 1.5 2.0 0 252 ± 2.7d 52.0 ± 0.8bc 188 ± 8.4d 46.2 ± 0.7cd 
6.0 1.5 0 2.5 655 ± 3.5a 94.3 ± 0.7a 590 ± 2.9a 78.5 ± 0.8a 

 
Table 2. Effect of different half-strength media devoid of growth regulators on primary, secondary and cyclic somatic embryogenesis 
from cotyledon (CDEC) or leaf (LDEC) explants of safflower. The frequency of embryo-forming explants and the mean number of 
embryos per explant were scored. Means of 120 embryogenic calli ± SE. Means followed by the same letter within the column are 
not statistically significant at P < 0.05.  
 

Medium Explant Primary SE [after 30 d]  Secondary SE [after 60 d]  Cyclic SE [after 90 d]  
  embryogenesis 

[%] 
number of  
embryos [callus-1]

embryogenesis   
[%] 

number of  
embryos [callus-1] 

embryogenesis   
[%] 

number of  
embryos [callus-1]

B5 CDEC 33.0 ± 1.1cd 19.1 ± 1.2bc 46.0 ± 1.7cd 28.0 ± 1.5bc   69.6 ± 3.4bc   57.0 ± 2.8bc 
MSG CDEC 72.5 ± 1.6a 48.5 ± 3.6a 85.0 ± 3.2a 61.0 ± 5.4a 100.0 ± 2.6a 152.0 ± 3.9a 
SH CDEC 40.4 ± 0.7c 25.7 ± 4.9b 57.6 ± 3.0c 33.0 ± 2.5b   77.2 ± 0.7ab   91.5 ± 1.2b 
B5 LDEC 22.0 ± 3.5e 12.3 ± 1.0bc 32.1 ± 0.8e 19.2 ± 1.5bc   39.0 ± 1.2d   47.3 ± 3.0b 
MSG LDEC 63.0 ± 2.6ab 33.0 ± 3.7a 77.0 ± 3.4ab 53.5 ± 3.7a   92.8 ± 1.6a 104.1 ± 2.9a 
SH LDEC 30.0 ± 2.3cd 17.7 ± 1.7b 40.4 ± 1.0cd 25.0 ± 2.6b   66.3 ± 1.8bc   75.6 ± 3.2ab 
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Fig. 1. Cyclic somatic embryogenesis from cotyledon and leaf derived embryogenic callus of safflower: A - Embryogenic callus 
formed from cotyledon and leaf explants after 70 d of culture (bar = 3.2 mm); B - Primary SE developed from embryogenic callus 
(bar = 3.0 mm); C, D - Proliferation of embryos after 30 d of culture (bar = 3.5 and 7.5 mm); E, F - Secondary and cyclic production 
of SE from embryo culture after 90 d of culture (bar = 3.7 and 4.5 mm); G - early globular, heart and torpedo stages of SE 
(bar = 0.85 mm). 
 
MSG after 30 d. However, we also found 33 and 40.4 % 
of primary embryos from cotyledon and 22 and 30 % 
from leaf in B5 and SH media, respectively (Table 2).  
 
Secondary and cyclic somatic embryogenesis: 
Secondary somatic embryos were formed after 60 d 
culture (Fig. 1E). When secondary somatic embryos were 

maintained under the same culture condition cyclic 
somatic embryogenesis was obtained by the end of 90 d 
(Fig. 1F). Among the three media tested, we noticed  
85 % secondary somatic embryogenesis from cotyledon 
and 77 % from leaf derived embryos after 60 d of culture 
in MSG basal medium. However, we have noticed 100 % 
cyclic production of somatic embryos from cotyledon 
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derived secondary embryo culture within 90 d (Table 2). 
In this case, MSG media with the addition of myo-
inositol, casamino acids, L-glutamine, thiamine HCl, 
pyridoxine HCl, nicotinic acid and L-asparagine showed 
highest response for the production of primary, secondary 
and cyclic somatic embryogenesis. The cultures were 
maintained under continuous irradiance and subcultured 
in two weeks in the same medium for more than  
8 months.  
 
Germination and transplantation of plants: Light 
white and light yellow globular, heart and torpedo stage 
embryos turned to green immature cotyledon stages from 

primary, secondary and cyclic embryonic mass (Fig. 1G) 
and then placed into germination medium under darkness 
from which mature cotyledon embryos produced distinct 
epicotyls with shoot pole and hypocotyl with root poles. 
In our system, 38.7 % of embryo germination was 
achived in quarter strength MSG with 1.5 % sucrose,  
0.2 mg dm-3 GA3, 250 mg dm-3 glutamine, 100 mg dm-3 
arginine and 10 mg dm-3 proline at the end of 6th week of 
culture. However, about 61 % plant conversion rate was 
the maximum response in filter paper bridges containing 
1.0 % sucrose (Table 3, Fig. 2A). When shoots with root 
poles and non-root poles were transferred to rooting 
medium 43.3 % of rooting was observed. However,  

 

 
Fig. 2. Developmental stages of plant regeneration of safflower: A - Germination of somatic embryos with shoot and root poles 
(bar = 5.3  mm); B - Germinated embryos showing normal growth with distinct cotyledonary leaves in root induction medium 
(bar = 3.7  mm); C - Adventitious roots formed from the root poles after 30 to 40 d of culture (bar = 5.2  mm). D - Regenerated 
plantlets transferred to plastic cups containing soil mixture (bar = 8.2 mm); E, F - Plants regenerated through cyclic somatic 
embryogenesis growing in the field (bar = 14 and 22 cm); G - Ex vitro capitula developed with subsequent blooming after 8 weeks 
(bar = 22 cm). 
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Table 3. Effect of GA3 on embryo germination and conversion into plantlets. Means of 80 mature embryos ± SE. Means followed by 
the same letter within the column are not statistically significant at P < 0.05. 
 

GA3 Number of embryos germinated at   Embryo germination  Plant conversion  
[mg dm-3] 2nd week 4th week 6th week [%] [%] 

0.1 13.0 ± 0.4ab 18.7 ± 1.5ab 26.0 ± 1.0ab 32.5 ± 0.8ab 42.5 ± 3.3b 
0.3 17.0 ± 1.5a 21.3 ± 1.1a 31.0 ± 1.6a 38.7 ± 1.3a 61.0 ± 1.0a 
0.5 11.8 ± 1.6bc 15.4 ± 1.2b 20.2 ± 2.2b 25.2 ± 1.9b 20.0 ± 2.6c 
0.7   5.1 ± 1.7c   8.3 ± 3.5c 12.7 ± 2.6c 15.8 ± 3.1c   8.2 ± 1.3d 
0.9   3.5 ± 0.6d   5.5 ± 2.6d   9.5 ± 1.3d 11.8 ± 1.6d   1.5 ± 0.0e 

 
 
Table 4. Effect of growth regulators on rooting of germinated 
embryos. Means of 120 shoots ± SE. Means followed by the 
same letter within the column are not statistically significant at 
P < 0.05.  
 

Growth regulators Number of 
roots 

Root length Rooting 
frequency 

[mg dm-3] [plantlet-1] [mm] [%] 

NAA+BA (2.0+0.1) 2.2 ± 0.0ab   9.2 ± 1.1ab 25.0 ± 1.3b 
NAA+KN (1.5+0.3) 2.7 ± 0.3ab 10.5 ± 1.7ab 43.3 ± 2.6ab
Putrescine (1.5) 3.5 ± 0.5a 15.6 ± 1.2a 64.1 ± 2.5a 

 

surprisingly putrescine (1.5 mg dm-3) alone produced 
64.1 % rooting (Table 4, Fig. 2B,C) in this genotype. 
After 30 to 40 d on the rooting medium, the selected 
regenerated plants were transferred to potting mix  
(Fig. 2D). Healthy plants were morphologically uniform 
and grew well to mature plants in ex vitro within a period 
of 95 d (Fig. 2E,F,G). In embryo derived plantlets, shoots 
and roots grew much slower than normal plants. Over  
98 plantlets with well developed roots were successfully 
transferred to soil from which 52 plants were grown into 
mature plants in the field condition.  

 
Discussion 
 
The embryogenic callus induction is influenced by the 
genotypes, seedling age of explants, type of callus and 
different mediua. In earlier studies of safflower, age and 
position of the explant significantly affected direct 
somatic embryogenesis in the presence of different 
carbon source and ethylene inhibitors (AgNO3, NiCl2, 
DNP) and promoters (ACC, CEPA) in cv. Girna (Mandal 
et al. 1995, 2001). Mandal and Dutta Gupta (2002) 
reported the differentiation of multicellular proembryonal 
complex and development of somatic embryos on NAA 
and BA supplemented medium. Walia et al. (2007) 
reported that the endosperms derived calli cultured on 
adenine sulphate supplemented medium promoted the 
induction of somatic embryos. We focused on induction 
of embryogenic callus from cotyledon and leaf explants 
and the production of primary, secondary and cyclic 
somatic embryogenesis of safflower cv. NARI-6 and their 
conversion to plants. In our observations, embryogenic 
callus induction frequency was significantly increased in 
TDZ, 2-ip and IBA supplemented medium. The 
expression of the embryogenic and non-embryogenic 
callus capacity depended on both the cytokinins and 
auxin concentrations applied on explants.  
 We suggested that an interactions between 
embryogenic callus and different medium strengths 
(MSG, B5 and SH) have an effect on primary somatic 
embryo initiation but not on callus proliferation. We 
observed pro-embryogenic cells with white and light 
green granules, dense cytoplasm, conspicuous nuclei and 

thick cell walls under continuous irradiance. Their further 
divisions led to globular, heart, torpedo and cotyledonary 
stages of embryos within 15 d. No vascular connection 
could be noticed between embryo and embryogenic cell 
mass. This finding was consistent with earlier studies in 
Carthamus tinctorius (Mandal and Dutta Gupta 2002). 
Somatic embryogenesis from embryogenic callus has also 
been reported in many other plant species (e.g. Nakano  
et al. 2000, Suzuki and Nakano 2001, Fki et al. 2003, 
Jameel and Al-Khayri 2004, Ganesh Kumari et al. 2008).  
 Our study also showed the development of secondary 
and cyclic somatic embryos from the primary 
embryogenic culture in the absence of exogenous plant 
growth regulators in half-strength B5, MSG and SH 
medium. In this case, PEM were directly generated from 
the surface of primary embryos. Among the various 
stages of primary embryos, globular, heart and torpedo 
stage embryos showed the highest response for induction 
to secondary and cyclic somatic embryos. Maturing 
primary, secondary and cyclic somatic embryos 
possessed distinct bipolar structures with expanded 
cotyledons. Other plants have also shown secondary and 
cyclic somatic embryogenesis, e.g., cassava (Sofiari et al. 
1997, Ihemere 2003), ceara rubber (Joseph et al. 2000) 
and black pepper (Ramakrishnan Nair and Dutta Gupta 
2006).  
 In all three different media tested we found an 
improved production of primary, secondary and cyclic 
somatic embryos of safflower as compared to previous 
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reports (Mandal and Dutta Gupta 2003) when we used 
PGRs free culture. This kind of induction and 
maintenance of embryos in PGRs free culture was 
previously reported in several crops (e.g. Bellarosa et al. 
1992, Korlach and Zoglauer 1995, Li et al. 1998a,b, Lelu 
et al. 1999, Vengadesan et al. 2002, Mori and Nakano 
2004, Silveira et al. 2004, Kim et al. 2005, Ramakrishnan 
Nair and Dutta Gupta 2006).  
 Upon germination, somatic embryos (8 to 10 mm) 
sprouted cotyledons, hypocotyls and root poles 
synchronously. GA3 had a positive effect on the 
elongation of hypocotyls as it has been reported in 
Cryptomeria japonica (Igasaki et al. 2003) and ginseng 
(Zhou et al. 2006). Elongated shoots produced efficient 

rooting on putrescine supplemented medium. Rooting of 
safflower (cv. NARI-6) plants is not in agreement with 
earlier reports (Sujatha and Dinesh Kumar 2007). 
 On the basis of our results we concluded that 
embryogenic callus maintained in a PGR-free half 
strength MSG basal medium produced a high frequency 
of primary, secondary and cyclic somatic embryos. 
Furthermore, we manage to set the conditions for 
successful acclimatization of in vitro produced plants to 
field. Such a system of regeneration of safflower might 
be highly applicable to many cultivars and allows a more 
rapid evaluation of the germplasm for the genetic 
transformation of safflower.  
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