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ABSTRACT. Natural regeneration of 
Taxus baccata L. is constrained due to the 
depth of seed dormancy requirements 
(often taking two or more years) and low 
seed germination. Further, the 
conventional method of vegetative 
propagation by cuttings is associated with 
difficulties in rooting. Hence, for the first 
time, this study describes an efficient and 
reproducible in vitro protocol for breaking 
the dormancy of seeds from the 
endangered forest tree T. baccata L. via 
zygotic embryo culture. Embryos isolated 
from 100% sterile seeds were cultured on 
DCR medium that contains sucrose (30 g/l), 

agar (8 g/l), and activated charcoal (5 g/l), 
fortified with different concentrations of 
Plant Growth Regulators (PGRs), and held 
at a temperature of 25 ± 2ºC in a growth 
room. The results revealed that the in vitro 
embryo germination percentage was 
mostly affected by gibberellic acid (GA3) 
and thidiazuron (TDZ). Among the nine 
treatments, the treatments with 0.5 mg/l 
TDZ and 1 mg/l GA3 showed the highest 

germination (100%), while the other 
treatments all increased the germination 
percentages significantly, compared to the 
control (37.5%). The 1/2 DCR medium 
with the addition of 0.1 mg/l indole-3-
butyric acid (IBA) resulted in the highest 
rooting ratio (94%). However, the greatest 
root and hypocotyl elongation (59.37 ± 
3.77 and 62.75 ± 4.43 mm, respectively) 
occurred when seedlings were cultured on 
1/2 DCR medium containing 0.5 mg/l BA. 
Plantlets were transplanted into plastic 
pots containing an autoclaved garden soil, 
sand, and vermiculite mixture (1:1:1) and 
held at a temperature of 25 ± 2 ºC in a 
growth room for 4 weeks before being 
transplanted into the greenhouse. These 
results indicated that the protocol 
developed during the current study will be 
useful to overcome seed dormancy and for 
multiplication and conservation of the 
species T. baccata L. 
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INTRODUCTION 

 

Taxus species, belonging to the 
family Taxaceae, are small trees or 
shrubs valued for their medicinal 
properties (Hao et al., 2015; 
Romo et al., 2017). There are seven 
closely related species worldwide 
(Gegechkori, 2018), including Taxus 
baccata L., which is the only 
representative in Algeria. T. baccata 
L., commonly known as yew, is a 
gymnosperm shrub or tree with 
evergreen needle-leaves reaching 
heights of up to 28 m, frequently with 
many trunks and pyramidal or rounded 
canopy (Nasr et al., 2007; Chauhan, 
2017). T. baccata L. is a valuable 
medicinal plant, especially for its taxol 
(Paclitaxel) content, an important 
chemo-therapeutic agent for treating 
several types of cancer as well as 
AIDS-related Kaposi’s sarcoma 
(Osuna-Torres et al., 2015). Besides, 
this species is also valued for its 

hardwood, which is used for musical 

instruments and furniture making 
(Lanker et al., 2010; Romo et al., 
2017).  

Natural regeneration of common 
yew is constrained mainly due to the 
depth of seed dormancy requirements 
(often taking two or more years) and 
low seed germination (Liao et al., 
2006; Hosseini Tafreshi et al., 2011). 
According to Shakarishvili (2009), 
special pretreatment is necessary for 
seed dormancy breaking in Taxus 
species. Devillez (1978) showed that 
the seeds of T. baccata cannot 
assuredly germinate if they have not 
been subjected to the succession of a 

warm and cold period. According to 
the same author, the best method is to 
place the seeds at 15-25°C for 
6 months, then stratify them at 5°C for 
3 months, and finally incubate them 
for about 20 days at 10-20 °C. Suszka 
(1985) recommended that T. baccata 
seeds should be placed at 15-20°C for 
6 to 6.5 months, then stratified at 3°C 
for 4 to 4.5 months, and finally 
incubated for about two weeks at 20°C. 
However, using these stratification 
techniques will require, depending on 
the case, 9.5 to 12 months to obtain all 
possible germinations. 

Previous studies have been 
carried out on dormancy breaking in T. 
baccata L. Most of them concern in 
vitro zygotic embryo culture (Liao et al., 

2006; Zarek, 2007; Nasr et al., 2007). 
They found that the dormancy of T. 
baccata embryos was produced by two 
things: the existence of endogenous 
inhibitors (abscisic acid, ABA) and the 
immaturity of zygotic embryos. The 
removal of inhibitors requires the 
soaking of seeds in water and use of 
gibberellins (Ibrahim et al., 2016). The 
immaturity could be overcome by 
maintaining isolated embryos on a 
proper medium under in vitro 
conditions (Liao et al., 2006). 
Nonetheless, the use of these protocols 
was insufficient to obtain a 
germination ratio higher than 62% in 
the best case (Liao et al., 2006; Nasr 
et al., 2007).  

On the other hand, the species 
faces the threat of extinction because 
of the strong demand for both taxol 
and wood production and the difficulty 
of propagation (Lanker et al., 2010; 
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Peragón et al., 2015; Romo et al., 
2017). Common yew is now cataloged 
as an endangered species in Algeria 
and protected by Executive Presidential 

Decree No. 12-03 of 1 April 2012 in 
the list of uncultivated plant species 
protected.  

In view of the above, there is an 
urgent need to develop a protocol for 
multiplication and conservation of T. 
baccata. Plant embryo culture is a 
valuable tool for overcoming the 
difficulties encountered in propagation 

of plants through conventional 
methods (Kagithoju et al., 2013; 
Yurievna et al., 2019). Hosseini 
Tafreshi et al. (2011) considered in 
vitro embryo culture of T. baccata a 
successful strategy to overcome 
dormancy of Taxus seeds and rapidly 
develop germinated embryos. Thus, 
zygotic embryos from certain Taxus 
species, such as T. chinensis, T. 

brevifolia, and T. Canadensis, have 
been successfully cultured and the 
plantlets have been obtained 
(Liao et al., 2006).  

The present investigation was 
undertaken to develop an efficient and 
reproducible protocol for overcoming 
seed dormancy and producing plantlets 

by embryo culture of T. baccata L. 
 

MATERIALS AND METHODS 
 

1. Germplasm collection 
Red female cones (Fig. 1A) enclosing 

mature seeds (Fig. 1B) of T. baccata L. 
were collected during November–
December 2018 at Glacière station (36° 
26’ 0215 N -  2° 52’ 3701 E) from Chrea 
National Park, Blida Province, in the 
North West of Algeria. After removing red 
arils, the seeds were carefully washed with 
running water, dried at room temperature, 
and then kept refrigerated at 4°C. 

 

 
Figure 1 - Seeds of T. baccata L. 

(A) Red female cones, (B) mature seeds, and (C) scarified seed 
 

2. Seed germination test 
To determine a baseline and identify 

whether seeds of T. baccata L. were 
dormant, a germination test was performed 
in the laboratory under controlled 
conditions. The scarified seeds (Fig. 1C) 
were disinfected and inoculated on DCR 
medium (Gupta and Durzan, 1985), 
enriched with 5 g/l activated charcoal, 8 

g/l agar, and 30 g/l sucrose, and held at a 
temperature of 25 ± 2 ºC in a chamber 
room for 6 months. 

 
3. Seed sterilization and 
zygotic embryo isolation 

The seeds were husked before 
surface disinfection for 30 seconds in 70% 
ethanol, rinsed twice in sterile water, 
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soaked for 10 min in 12°C sodium 
hypochlorite, and then rinsed three times 
in sterile water to completely remove the 
sterilization agent. The zygotic embryos 
were excised aseptically from the 

surrounding megagametophyte by using 
fine forceps and a scalpel and were then 
transferred onto the culture medium 
prepared previously (Fig. 2a). 

 

 
Figure 2 - Zygotic embryo culture and establishment of plantlets of T. baccata L.: 

(a) Zygotic embryo excised from the seed; (b) Separation of the cotyledons and 
greening of the apical pole; (c) Radical elongation after 21 days of inoculation; (d) 

Seedling with leaves and primary root after 11 weeks of inoculation on ½ DCR 
containing 20 g/L sucrose supplemented with 0.5 mg/L BA; (e) Plantlet development 
on ½ DCR containing 20 g/L sucrose supplemented with 0.5 mg/L BA after 16 weeks 
of incubation; (f) Acclimatization of plants in small pots containing garden soil, sand, 

and vermiculite (1:1:1) 
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4. In vitro culture media and conditions 
As Salaj et al. (2019) found that 

DCR medium (Gupta and Durzan, 1985) 
was a better nutrient medium for conifer 
tree embryo culture. In the present study, 
DCR medium was used as a basal medium 
for embryo germination. All media 
contained 5 g/l activated charcoal, 8 g/l 
agar, and 30 g/l sucrose. The pH of all 
media was adjusted to between 0.56 and 
0.58 and the media were then autoclaved 
at 121 °C for 20 min. Embryo cultures 
were kept in the chamber room at 25 ± 2ºC 
in darkness for 15 days, followed by 16 h 
light and 8 h dark. 

 

5. Plant growth regulators  
The plant growth regulators (PGRs) 

used in this study were gibberellic acid 
(GA3), N-Phenyl-N'-1,2,3-thidiazol-5-
ylurea (TDZ), and 6-benzylaminopurine 
(BA) in concentrations of 0.5, 1, and 5 
mg/l each. The treatments were repeated 
five times at the rate of 20 embryos for 
each treatment, and the control 
corresponds to the untreated seeds. All the 
plant growth regulators were obtained 
from Biochem Chemopharma (France) and 
prepared using water under alkaline 
conditions. 

 

6. In vitro root development 
and plantlet establishment 

Seedlings with two cotyledons at 3 
to 4 weeks old were transferred into 22 
mm × 200 mm test tubes containing 15 
ml of half-strength DCR medium (1/2-
DCR), 20 g/l sucrose, 7.5 g/l agar and 
5.5 g/l activated charcoal, supplemented 
with 0.1 mg/l naphthalene acetic acid 
(NAA), 0.1 mg/l indole-3-butyric acid 
(IBA), or 0.5 mg/l 6-benzylaminopurine 
(BA), and incubated at a temperature of 25 
± 2ºC with a photoperiod of 16 h light / 8 h 
dark. After 16 weeks, the plantlets were 
gently removed from the agar, placed 
individually in small pots containing 

sterilized garden soil, sand, and 
vermiculite (1:1:1), and covered with 
transparent polyethylene bags with small 
holes to increase the atmospheric 
exchange. All the plantlets were held at a 
temperature of 25 ± 2ºC for 1 month 
before being transferred to the greenhouse. 

 

7. Statistical analysis 
The data were expressed as means of 

three replicate determinations ± standard 
deviation (SD). The data on zygotic 
embryo germination were evaluated after 
three weeks of culture. Each experiment 
was repeated at least five times and each 
treatment consisted of 20 embryos. The 
differences were considered to be 
significant at p < 0.05. All statistical 
analyses were performed with SPSS 
version 19.0. 

 
RESULTS 

 

Germination of seeds 
After 6 months of culture on 

DCR nutriment medium, no seedlings 
were obtained from the scarified seeds 
(without seed coats). These results 
indicate that the presence of the hard 
and impermeable seed coat is not the 
main cause of the dormancy of 
T. baccata seeds (Ibrahim et al., 2016). 
This correlates with the observations 
of Liao et al. (2006) and Zarek (2007), 
who found that the megagametophyte 
of Taxus seeds contained endogenous 
inhibitors such as ABA, which makes 
germination impossible. 

 

Isolated zygotic embryo germination 
To allow zygotic embryo 

isolation, the seeds of yew must be 
swollen; if not, the zygotic embryo 
cannot be separated from the 
surrounding tissues. In this study, 
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preliminary experiments showed that 
putting the embryo on the DCR culture 
medium along with certain 
megagametophyte residues 
independently of the medium 
composition produced negative results. 

These findings are similar to the 
findings of Flores and Sgrignoli 1991, 
who tried to culture T. baccata 
embryos together with their embryo 
sacks. 

 
Table 1 – Effect of various plant growth regulators on zygotic embryo 

germination of T. baccata L. after 21 days of in vitro culturing 

Plant growth 
regulators 

Concentration 
(mg/l) 

Percentage 
germination of 
embryos (%) 

Embryo length 
(mm) 

TDZ 
0.5  100a 5.41 ± 0.76c 
1 90ab 8.86 ± 0.74b 
5 70b 5.52 ± 0.41c 

GA3 
0.5 95a 9.66 ± 0.72ab 
1 100a 12.07 ± 0.45a 
5 55c 4.44 ± 0.5d 

BA 
0.5  75b 13.33 ± 0.28a 
1 75b 8.37 ± 0.82b 
5 65bc 8.16 ± 0.72b 

PGR-free 
medium 

- 37.5c 8.69 ± 0.92b 

GA3: gibberellic acid; TDZ: N-phenyl-N'-1,2,3-thidiazol-5-ylurea; BA: 6-benzylaminopurine. 
The values are presented as the mean of three replicates ± the standard deviation. 

The data marked with different letters share significance at p < 0.05 (based on the LSD test). 
 

According to previous studies, 
the embryo in T. baccata seeds is 
surrounded by tissues containing 
endogenous inhibitors like ABA, 
making germination impossible. Only 
embryos which are removed from the 
surrounding megagametophyte and 
placed on a suitable medium will 
germinate (Zarek, 2007; Ibrahim et al., 
2016). 

 

Effect of plant growth regulators 
(PGRs) on germination percentage 

To determine the most efficient 
PGRs for embryo germination in T. 
baccata, the zygotic embryos were 
cultured on DCR medium that contains 
30 g/l sucrose, 8 g/l agar, 5 g/l 

activated charcoal, and fortified with 
different concentrations of PGRs. 

The germination pattern was 
identical in all treatments. The first 
visible change observed was the 
swelling of the embryos (Fig. 2a), 
which results in a large greening of the 
apical pole, followed by the separation 
of the cotyledons from each other (Fig. 
2b), and finally the growth of the 
radicle (Fig. 2c). Afterwards, further 
development of the seedlings 
continued until healthy plantlets were 
obtained (Fig. 2f). 

The results in Table 1 show that 
GA3 and TDZ have the most influence 

on the germination percentage of 
embryos. However, the greatest 
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seedling length (13.33 ± 0.28 mm) was 
produced at 0.5 mg/L BA. 

Among the nine treatments, the 
treatments with 0.5 mg/l TDZ and 
1 mg/l GA3 showed the highest 
germination (100%), while the other 
treatments all increased the 
germination percentages significantly 
compared to the control (37.5%). 

The effects of GA3 (1 to 2 mg/l) 
and BA (0.5 to 2 mg/l) on the 
germination of T. baccata zygotic 
embryos were investigated by Liao 
et al. (2006), who found increased 
germination as compared to untreated 
embryos. However, the use of this 
method was insufficient to obtain a 
germination ratio higher than 62% in 
the best case. The results of our 
investigation are superior to those 
mentioned above. As a result, it 
confirms the efficiency of the protocol 
adopted for breaking the dormancy of 
seeds from T. baccata. 

Plant growth regulators including 
phytohormones are found to play an 
important role in seed and embryo 
germination (Nikolić et al., 2006; 
Ghosh et al., 2018). The stimulating 
effects of plant growth regulators, 
including thidiazuron (TDZ) and 6-
benzylaminopurine, on seed 
germination have been reported in 
many plants (Tar et al., 2018; Kim 
et al., 2019).  More recently, it has 
been shown that GA3 is extremely 
important for seed and embryo 
germination. Gibberellins are known 
as growth-promoting hormones, which 
are involved in several processes 
during plant development, such as 
dormancy release, seed germination, 
seedling growth and root proliferation 

(Vishal and Kumar, 2018). In this 
context, the results of our investigation 
are in accordance with those 
mentioned above, which reported that 
plant growth regulators, such as GA3, 
TDZ, and BA significantly stimulate 
the zygotic embryo germination. 

Very few studies have been 
conducted to evaluate the effect of 
plant growth regulators on germination 
of T. baccata embryos. For example, 
Zarek (2007) and Ibrahim et al. (2016) 
suggested that the dormancy of T. 
baccata embryos was induced by two 
effects: the immaturity of zygotic 
embryos and the existence of internal 
inhibitors (ABA). The immaturity 
could be overcome by maintaining 
isolated embryos on a proper medium 
under in vitro conditions. To remove 
inhibitors, it is necessary to add GA3 
or wash out inhibitors (ABA) by 
leaching in running tap water for 7 
days. However, the use of these 
methods was insufficient to obtain a 
germination ratio higher than 84% in 
the best case. 

 

In vitro root development 
and establishment of plantlets  

For in vitro root development, 
seedlings with two cotyledons at 3 to 4 
weeks old were transferred into 1/2 
DCR medium supplemented with 5 
g/l activated charcoal, 7.5 g/l agar, and 
20 g/l sucrose and fortified with 0.1 
mg/l NAA or 0.1 mg/l IBA 
individually (Table 2). IBA 
applications induced more rooting than 
NAA and BA. The 1/2 DCR medium 
supplemented with 0.1 mg/l IBA 
resulted in the highest rooting ratio 
(94%). However, the greatest root and 
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hypocotyl elongations (59.37 ± 3.77 
and 62.75 ± 4.43 mm, respectively) 
occurred when seedlings were cultured 

on 1/2 DCR medium containing 0.5 
mg/l BA (Table 2) 

 
Table 2 - Effect of plant growth regulators on root development and hypocotyl length 

Plant growth 
regulators 

Rooting 
percentage 
(%) 

Root length 
(mm) 

Hypocotyl length 
(mm) 

0.1 mg/l IBA 94.73a 58.00 ± 5.14a 20.31 ± 1.85c 
0.1 mg/l NAA 75.00c 32.00 ± 2.16b 20.66 ± 1.63c 
0.5 mg/l BA 72.22c 59.37 ± 3.77a 62.75 ± 4.43a 
PGR-free medium 84.21b 32.83 ± 2.84b 48.5 ± 4.42b 

NAA: naphthalene acetic acid; IBA: indole-3-butyric acid. 
The values are presented as the mean of three replicates ± the standard deviation. 

The data marked with different letters share significance at p < 0.05 (based on the LSD test). 
 

The induction of rooting is an 
important step in micropropagation 
protocols. However, it has often 
proved difficult, particularly in the 
case of woody plants (Sharma et al., 
2017). Use of auxins such as IBA and 
NAA for the in vitro rooting stage has 
also been reported by many other types 

of research (Peña-Baracaldo et al., 
2018; Arab et al., 2018); in a study on 
Prunus, the highest rooting percentage 

(100%) was found on half-strength MS 
medium (1/2-MS) containing 0.5 
mg/l IBA (Sadeghi et al., 2015). IBA 
has been the most commonly applied 
auxin for rooting in different woody 
plants (Henrique et al., 2006; Teixeira 
da Silva et al., 2019). Furthermore, 
IBA is more stable and less sensitive 
to auxin-degrading enzymes (Frick and 
Strader, 2018).  

On the other hand, the stimulatory 

effect of BA on shoot elongation has 
been reported in many plants: 
T. baccata (Liao et al., 2006), Pinus 
pinaster Ait. (Álvarez et al., 2009), and 
Pinus tecunumanii (Zanella et al., 
2018). Similarly to the present 

findings, a significant increase in shoot 
elongation (90 mm) occurred when 
shoots of Juniperus phoenicea L. were 
cultured on 1/2 MS medium 
containing 0.5 mg/l BA (Al-
Ramamneh et al., 2012).  

The results of our investigation 
are in accordance with those 
mentioned above which reported that 
IBA and BA promoted the rooting 
percentage and shoot elongation in 
woody plants.  

Otherwise, rooted plantlets of 
T. baccata were transplanted into 
plastic pots containing a mix of 
autoclaved garden soil, sand, and 
vermiculite (1:1:1) and held at a 
temperature of 25 ± 2 ºC in a growth 
room for 1 month before being 
transplanted to the greenhouse. 

 
 
 

CONCLUSION 
 

The seeds of T. baccata L. have a 
complex dormancy. When the seed 
coats and the megagametophytes were 
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removed, in vitro germination of 
zygotic embryos was achieved. The 
findings exposed here report an 
efficient method for in vitro 
multiplication of T. baccata L. via 
zygotic embryo culture. Unlike the 
stratification technique, which requires 
9.5 to 12 months to break dormancy in 
T. baccata seeds, this protocol can be 
applied for rapid propagation and 
conservation of an endangered forest 
tree T. baccata L. 
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