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a greater regeneration rate than did other concentrations of 
cytokinin and auxin. The numbers of shoots per cotyledon 
and cotyledonary node explant were 7.33 and 6.67. The opti-
mal inoculation method for cotyledons was that the distal 
end of the explants was placed in contact with the medium. 
The optimal adventitious shoot differentiation medium for 
cotyledon explants was MS medium containing 0.3 mg/L 
6-BA and 0.2 mg/L NAA, producing a 3.4 cm height of 
shoot on average. This study established an efficient regen-
eration system for T. ciliata with cotyledons and cotyledon-
ary nodes as explants.
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Introduction

The economic value of broadleaved trees is acknowledged 
by the increasing market valuation of their wood products. 
Research into the use of valuable broadleaved tree species has 
received unprecedented attention (Ito et al. 2019). Because of 
their hard wood with its high density, beautiful appearance 
and bright color, timber from such valuable broadleaved tree 
species is a scarce resource in the market (Jiang 2013). Toona 
ciliata, known as “Chinese Mahogany”, is a member of the 
family Meliaceae and listed as a level II national key protected 
wild plant in China (Li et al. 2018). T. ciliata grows rapidly 
when young and its growth exceeds many commonly culti-
vated broadleaved tree species, suggesting its developmen-
tal potential (Li et al. 2015). Because of its straight trunks, 
red wood and desirable grain, it has become the focus of the 
development of fast-growing timber species in southern China 
(Heinrich and Banks 2005; Liu et al. 2019). However, it has 
been found that the species is susceptible to problems such as 
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insect pests and freezing damage, and it has proved difficult 
to screen for provenances with strong resistance. Specifically, 
the tender tips of T. ciliata are highly susceptible to damage 
caused by Hypsipyla robusta when feeding; this species can 
cause fatal injuries to the tree or seriously limit its growth 
and development (Zhang et al. 2016). Genetic engineering can 
play a huge role in improving resistance (Raza et al. 2017). A 
stable and efficient genetic transformation system is the basis 
of genetic engineering, and the establishment of an efficient 
and consistent regeneration system has always been a difficult 
problem to be solved to facilitate this (Li et al. 2019).

At present, in most studies, stem segments from mature 
trees or seedlings have been used as explants for the develop-
ment of the tissue cultures of T. ciliata. Li et al (2018) first 
successfully established a regeneration system of T. ciliata 
using hypocotyls. However, the experimental results were 
not optimal, because the adventitious shoot induction rate 
was only 59%, and only four shoots were obtained from each 
explant (Li et al. 2018). In the cotyledonary node, there are 
primary germ cells that can directly induce a larger number 
of shoots through organogenesis and these can be used to 
culture new plants (Paz et al. 2006). Moreover, the cotyle-
donary node has many advantages: rapid in vitro growth of 
adventitious shoots, limited mutation, and they are simple 
to work with (Behera et al. 2019). They have been used in 
regenerative systems of other plants, such as Tectona gran-
dis, Cicer arietinum L., peanut and seedless watermelon 
(Compton et al. 1996; Anuradha et al. 2006; Anwar et al. 
2008; Tambarussi et al. 2017). Cotyledons are also a com-
mon type of explant used in regeneration systems (Du et al. 
2015; Armas et al. 2017; Gambhir et al. 2017; Anandan 
et al. 2019; Cui et al. 2019; Sivanandhan et al. 2019). In 
this study, cotyledons and cotyledonary nodes of T. ciliata 
sterile seedlings were used as explants, and a regeneration 
system was developed using callus induction with adventi-
tious shoot differentiation (cotyledons as explants) and direct 
regeneration of adventitious shoots (cotyledonary nodes as 
explants). At the same time, in view of the varying regenera-
tive ability and response to external induction in the same 
explants resulting from different inoculation methods and 
seedling ages, this study also optimized the conditions for 
the culturing of cotyledons. The high-efficiency regenera-
tion system of the two types of explants is important both 
theoretically and practically for genetic improvement and 
genetic modification of T. ciliata.

Materials and methods

Plant materials

We experimented with T. ciliata seeds from Pupiao, Yunnan 
Province, China (99° 06′ E, 25° 04′ N, elevation 1513 m, 

annual average temperature 14 °C). All seed capsules were 
collected from healthy, strong, mature trees within the spe-
cies’ natural range. Seeds were collected from cracked fruits 
in sunny conditions, and then stored at 4 °C in the molecu-
lar laboratory of the South China Agricultural University in 
Guangzhou.

Culture medium and conditions

MS medium (PhytoTechnology Laboratories, Kansas, USA) 
was used as the base medium for callus induction and adven-
titious shoot differentiation and elongation; it contained 3% 
sucrose (w/v) and 0.5% agar (w/v) (Murashige and Skoog 
1962). The pH of the medium was adjusted to 5.8 with HCl 
or NaOH (Dingguo Changsheng Biotech Co. Ltd., Beijing, 
China) before the agar was added, then autoclaved at 121 °C 
for 20 min. Plant material was cultured under cool white 
fluorescent light (30 µmol m−2  s−1 photosynthetic photon 
flux) at 25 °C ± 2 °C under a 12/12-h light/dark cycle.

Seed sterilization

The seeds were sterilized following Li et al. (2018). After 
soaking the T. ciliata seeds in warm water, they were steri-
lized with 75% alcohol (Guangzhou Chemical Reagent Fac-
tory, Guangzhou, China) for 1 min, followed by 10% NaClO 
(Guangzhou Chemical Reagent Factory, Guangzhou, China) 
for 20 min, then washed 3 times with sterile water, and inoc-
ulated onto MS medium without addition of hormones to 
obtain healthy aseptic seedlings.

Callus and adventitious shoot induction 
from cotyledons

In order to investigate the effects of 6-BA and KT on dif-
ferent explants with respect to callus and adventitious shoot 
induction, we used healthy cotyledons (about 2–3 cm long) 
from the aseptic seedlings (Fig. 1B). The cotyledons were 
inoculated onto the MS medium containing varied concen-
trations of 6-BA (0.3, 0.5 and 1 mg  L−1), KT (0.5, 1 and 
2 mg  L−1) and NAA (0.1 or 0.05 mg  L−1). The plant growth 
regulators used in the experiment were purchased from Mil-
liporeSigma, Inc., St. Louis, MO, USA.

Adventitious shoot induction of cotyledonary nodes

Once the seedlings had developed fully-expanded cotyle-
dons, these were removed and the cotyledonary nodes were 
inoculated onto growing media containing varied concentra-
tions of 6-BA (0.3, 0.5 and 1 mg  L−1) and KT (0.5, 1 and 
2 mg  L−1) (Fig. 1A). The concentration of NAA in the MS 
medium was 0.05 mg  L−1.
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Optimization of culture conditions for cotyledon 
explants

The cotyledons of 15, 20, and 25 d seedlings were inocu-
lated onto the optimum shoot induction medium to inves-
tigate the effect of seedling age on callus and adventi-
tious shoot induction and differentiation. Two inoculation 
methods were investigated in relation to shoot and cal-
lus induction: either the distal or the proximal part of the 
cotyledons was placed in contact with the medium. The 
regeneration capacity of cotyledons of different genotypes 
was recorded. The effect of light was investigated by plac-
ing the culture flask with the explants under 12 or 0 h light 
conditions, and the callus and adventitious shoot induction 
recorded.

In all experiments, the medium without growth regula-
tors was included as a control. Each treatment consisted of 
three replicates with 10 culture flasks, each containing five 
explants. The callus and shoot induction were recorded 
after 35 days of culturing, enabling calculation of callus 
and shoot induction rates for the different treatments.

Shoot elongation

The adventitious shoots induced by the cotyledons were 
transferred to the elongation medium containing different 
concentrations of 6-BA (0.1, 0.3 and 0.5 mg  L−1) and NAA 
(0.1, 0.2 and 0.3 mg  L−1) for elongation culture. Each treat-
ment consisted of three replicates with 10 culture flasks, 
each containing five explants. Elongation was recorded after 
35 days of culturing.

Rooting and field acclimation

The adventitious shoots that were robust were cut, then 
rooted and cultured according to Li et al. (2018). When the 
roots were 3-5 cm in length, the culture flask was opened 
and left for 1 day, then the residual medium was washed off 
the root, and plantlets were transplanted into plastic cups 
containing sterilized substrate. The cups were covered with 
plastic film to ensure that moist conditions were maintained. 
Watering was gradually reduced as new leaves grew. The 

Fig. 1  Plant regeneration from cotyledonary and cotyledonary nodes 
explants of T. ciliata and acclimatization. A 2-week-old seedlings 
and cotyledonary nodes; B 2-week-old seedlings and cotyledons; C 
shoots induction from cotyledonary nodes in T. ciliata on MS media 
containing 0.5 mg/L 6-BA, 0.5 mg/L KT and 0.05 mg/L NAA. a The 
explant that was cultured for 20  days, buds inducted; b the explant 
that was cultured for 30  days, shoots elongated continuously, D 
shoots induction from cotyledons in T. ciliata on MS media contain-
ing 0.5 mg/L 6-BA, 0.5 mg/L KT and 0.05 mg/L NAA. a: the explant 
that was cultured for 10 days, callus inducted; b: the explant that was 

cultured for 12  days, callus inducted continuously; c: the explant 
that was cultured for 15 days, shoots elongated from the calli; d: the 
explant that was cultured for 20 days, shoots elongated continuously; 
E shoot multiplication and elongation on MS medium containing 
0.3  mg/L 6-BA and 0.2  mg/L NAA after15days; F roots formed in 
half-strength MS with 0.1 mg/L NAA, 1.5% sucrose (w/v) and 0.5% 
agar (w/v); G acclimatized plantlet after 20  days; H acclimatized 
plantlet after 50  days. Each treatment consisted of three replicates 
with 10 culture flasks, each containing five explants
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plastic film was then removed and the plants were watered 
as required.

Statistical analysis

Callus and shoot regeneration rates were calculated using 
the formula: callus and shoot regeneration rate = the num-
ber of cotyledon explants producing callus and shoots/total 
number of cotyledon explants × 100%. Shoot regeneration 
rates were calculated using the formula: shoot regeneration 
rate = the number of cotyledonary node explants producing 
shoots/total number of cotyledonary node explants × 100%. 
The number of shoots per explant was calculated using the 
formula: number of shoots per explant = the total number 
of shoots produced by cotyledon or cotyledonary nodes 
explants/total number of explants producing callus and 
shoots. The rooting rate was calculated using the formula: 
rooting rate = the number of shoots with roots/total number 
of shoots used for the test × 100%. Range analysis was con-
ducted using Excel 2017. Analysis of variance (ANOVA) 
was conducted in SAS 10.0, followed by Duncan’s multiple 
range test at the P ≤ 0.05 level.

Results

Effects of growth regulator combinations on shoot 
induction in cotyledonary nodes

Because the explants of cotyledonary nodes are interca-
lary meristems with primary germ cells and strong divi-
sion and differentiation abilities, adventitious shoots can 
be produced in the medium without hormone addition, 
but induction efficiency is poor and few adventitious 
shoots appear. An auxin concentration of 0.05  mg/L 

significantly increased the adventitious shoot regeneration 
rate with the different hormone combinations (Table 1). 
The combination resulting in the highest induction rate 
was MS + 0.5 mg/L 6-BA + 0.5 mg/L KT + 0.05 mg/L 
NAA, which promoted robust, elongated adventitious 
shoots. When the cotyledonary nodes were cultured in this 
medium for 30 days, the average number of adventitious 
shoots was 6.67(Fig. 1Ca, b).

Effects of growth regulator combinations on callus 
induction in cotyledons

In the absence of exogenous hormones, even if a small 
amount of callus appeared on the explant, it gradually 
turned brown, and a large and healthy callus was not pro-
duced. Cytokinin (6-BA and KT) in the culture medium 
had a significant effect on callus induction by cotyle-
dons of T. ciliata. At constant concentrations of NAA, 
the adventitious shoots of cotyledons responded more to 
6-BA than to KT (Table 2). As the concentration of 6-BA 
increased, the callus induction rate in cotyledons initially 
increased but then declined. When the concentrations of 
6-BA and KT were 0.5 mg  L−1 and NAA was 0.05 mg 
 L−1, after 10 days of culture, callus was formed at the inci-
sion and gradually enlarged. Thereafter, many green bud 
spots appeared (Fig. 1D, a), which then differentiated into 
adventitious shoots (Fig. 1Db, c, d). The differentiation 
rate reached 77.23%, significantly higher than for any of 
the other hormone combinations. In other media, explants 
from cotyledons tended to die immediately, or there were 
no green bud spots on the callus, and eventually death 
occurred. Therefore, the optimal medium for callus induc-
tion and differentiation of cotyledons in T. ciliata was 
MS + 0.5 mg/L 6-BA + 0.5 mg/L KT + 0.05 mg/L NAA.

Table 1  Effect of different 
concentrations of cytokinin and 
auxin on shoot induction of 
cotyledonary nodes in T. ciliata 
on MS

Values are mean ± standard error in triplicate, each with 50 explants. The different letters behind data mean 
significantly different from each other at P ≤ 0.05 level, according to Duncan’s multiple range test

No. Plant growth regulators and concentration Percentage of shoot 
regeneration (%)

Number of 
shoots per 
explant6-BA (mg  L−1) KT (mg  L−1) NAA (mg  L−1)

T-cn1 0 0 0 7.46 ± 1.44e 4.67 ± 0.58b
T-cn2 0.1 0.5 0.05 85.83 ± 10.10ab 5.33 ± 0.57ab
T-cn3 0.1 1 0.05 72.96 ± 4.20abcd 6.00 ± 1.00ab
T-cn4 0.1 1.5 0.05 81.76 ± 9.23abc 5.00 ± 1.00ab
T-cn5 0.5 0.5 0.05 88.83 ± 2.68a 6.67 ± 0.58a
T-cn6 0.5 1 0.05 64.17 ± 8.48d 5.67 ± 1.15ab
T-cn7 0.5 1.5 0.05 68.67 ± 15.66cd 5.67 ± 1.15ab
T-cn8 1 0.5 0.05 67.85 ± 3.34cd 5.00 ± 1.00ab
T-cn9 1 1 0.05 74.30 ± 3.34abcd 5.33 ± 0.57ab
T-cn10 1 1.5 0.05 76.98 ± 10.88abcd 5.67 ± 0.58ab



971A regeneration system using cotyledons and cotyledonary node explants of Toona ciliata  

1 3

Optimization of regeneration conditions for cotyledons 
of T. ciliata

Effects of seedling age on callus induction 
and differentiation in cotyledons

Age of seedling affected the regeneration capacity of coty-
ledon explants (Table 3). Vigorous calluses were induced in 
20-day explants, and the callus induction efficiency exceeded 
68.65%. Our results show that it is possible for seedlings to 
be too young to use in this process, resulting in poor callus 
production. However, older seedlings are also not ideal: cal-
lus induction rates decreased with increasing seedling age 
(> 20 d) and callus mortality increased accordingly.

Effects of inoculation method on callus induction 
and differentiation in cotyledons

The inoculation method of explants had a great influence 
on the callus induction of cotyledons. Inoculation was per-
formed by placing either the abaxial leaf surface close to the 

medium or the paraxial leaf surface close to the medium. 
We found that when the abaxial surface was close to the 
medium, the callus induction rate was only 35.85%, com-
pared to 73.39% when the paraxial surface was near the 
medium (Table 4).

Effects of genotype on callus induction and differentiation 
in cotyledons

Genotype affected callus production. Even when different 
genotypes were cultured under the same conditions in the 
same optimal medium, we recorded significant differences 
in callus production. The best induction rate was 100%, but 
some genotypes produced no calluses at all (Table 5).

Effects of illumination conditions on callus induction 
and differentiation in cotyledons

When the medium was placed in the dark, the callus 
induction of the cotyledon explants was slower than when 
under light, and the induction rate was significantly lower. 
This indicates that a 12 h light treatment was appropriate 
(Table 6). Further data on the effects of light intensity are 
required to optimize conditions.

Table 2  Effect of different 
concentrations of cytokinin and 
auxin on shoot induction of 
cotyledons in T. ciliata on MS

Values are mean ± standard error in triplicate, each with 50 explants. The different letters behind data mean 
significantly different from each other at P ≤ 0.05 level, according to Duncan’s multiple range test

No. Plant growth regulators and concentration Percentage of callus and 
shoot regeneration (%)

Number of 
shoots per 
explant6-BA (mg  L−1) KT (mg  L−1) NAA (mg  L−1)

T-c1 0 0 0 0f 0e
T-c2 0.1 0.5 0.05 46.17 ± 9.02bcd 4.00 ± 1.00c
T-c3 0.1 1 0.05 26.94 ± 18.15e 5.33 ± 0.58abc
T-c4 0.1 1.5 0.05 31.10 ± 12.19de 5.67 ± 0.58abc
T-c5 0.5 0.5 0.05 77.23 ± 3.08a 7.33 ± 1.53a
T-c6 0.5 1 0.05 61.90 ± 15.99ab 5.33 ± 0.58abc
T-c7 0.5 1.5 0.05 57.46 ± 3.05bc 4.33 ± 2.08bc
T-c8 1 0.5 0.05 57.68 ± 8.92bc 5.00 ± 1.00abc
T-c9 1 1 0.05 39.66 ± 6.17cde 3.67 ± 0.58c
T-c10 1 1.5 0.05 46.09 ± 12.81bc 6.67 ± 2.89ab

Table 3  Effect of aseptic seedling age on adventitious shoot induc-
tion from cotyledons of T. ciliata 

Values are mean ± standard error in triplicate, each with 50 explants. 
All the culture media contained 0.5 mg  L−1 6-BA, 1 mg  L−1 KT and 
0.1 mg  L−1 IBA. The different letters behind data mean significantly 
different from each other at P ≤ 0.05 level, according to Duncan’s 
multiple range test

Seedling age Percentage of shoot induc-
tion (%)

Number of 
shoots per 
explant

15-day old 42.44 ± 16.79b 5.33 ± 0.58b
20-day old 68.65 ± 3.80a 7.67 ± 0.58a
25-day old 36.86 ± 7.22b 5.00 ± 1.00b

Table 4  Effect of the inoculation method of explants on adventitious 
shoot induction from cotyledons of T. ciliata 

Values are mean ± standard error in triplicate, each with 50 explants. 
All the culture media contained 0.5  mg  L−1 6-BA, 0.5  mg  L−1 KT 
and 0.05 mg  L−1 NAA

Inoculation Percentage of shoot 
induction (%)

Number of 
shoots per 
explant

Distal end down 35.85 ± 3.73 4.67 ± 0.58
Distal end up 73.39 ± 2.36 5.33 ± 0.58



972 H. Song et al.

1 3

Effects of combinations of growth regulators 
on the shoot elongation of cotyledons

Compared with the medium optimized for callus induction 
and differentiation, the concentration of 6-BA was reduced 
in the elongation medium and the concentration of NAA, 
which promotes elongation of plant cells, was increased 
(Table 7). NAA played a major role at this stage. At a con-
centration of 0.3 mg/L, the regenerated seedlings exhibited 
obvious vitrification, the color of seedlings was lighter, 
and the leaves were small. NAA concentration of 0.1 mg/L 
yielded slower shoot growth and produced shorter shoots 
than under optimum conditions. The calluses grew longer 
adventitious shoots in MS + 0.3 mg  L−1 6-BA + 0.2 mg  L−1 
NAA, with seedlings reaching a maximum height of 3.4 cm.

Rooting of adventitious shoots, acclimation 
and transplantation

Reducing sucrose concentration and nutrient composition in 
the growing medium (using 1/2 MS) can reduce the depend-
ence of regenerated seedlings on carbohydrates obtained 
from the culture medium, stimulate rooting, and achieve an 
ideal speed of root formation. Adventitious roots formed at 
the base of shoots after about 5 days. After 10 days, the root-
ing rate exceeded 98.23%, and the average number of roots 

was 13.75 (Fig. 1F). After transplanting the seedlings, the 
survival rate was 88.89% after 20 days (Fig. 1G). The plants 
grew well with roots developing, leaves expanding and new 
leaves growing. Two months after transplanting, the aver-
age seedling height of the regenerated seedlings exceeded 
30 cm (Fig. 1H).

Discussion

Selecting the correct combination of growth regulators was 
key when attempting to maximize the formation of calluses; 
the response also varied according to genotype (Xhulaj and 
Doriana 2019). Plants respond to both endogenous and 
exogenous hormones, and achieving the correct balance is 
important (Zhang et al. 2019). In combination with auxin, 
the cytokinin 6-BA and KT was often used exogenously to 
promote rapid callus production (Ayala et al. 2019; Lin et al. 
2019). Li et al. (2018) used IBA in combination with the 
two cytokinin to induce adventitious shoot production from 
hypocotyls, but our preliminary research indicated that this 
was not the optimum auxin to use for callus production from 
cotyledons or cotyledonary nodes. Therefore, we used NAA 
in our experiments.

In our study, the callus induction rate (when the parax-
ial surface was placed near the medium) was about three 
times that when the abaxial surface was near the medium 
(Table 4). This is the opposite to experimental results for 
Azadirachta indica (Gairi and Rashid 2005), but similar to 
results for Pongamia pinnata (Sujatha et al. 2008), the rea-
son being that the proximal region of the cotyledons might 
be the source of highly regenerative cells (Murthy et al. 
1995). Simultaneously, seedling age affects the viability, 

Table 5  Effect of genotype of cotyledons on adventitious shoot 
induction of T. ciliata 

Values are mean ± standard error. All the culture media contained 
0.5 mg  L−1 6-BA, 0.5 mg  L−1 KT and 0.05 mg  L−1 NAA. The differ-
ent letters behind data mean significantly different from each other at 
P ≤ 0.05 level, according to Duncan’s multiple range test

Genotype of cotyle-
dons

Percentage of shoot induc-
tion (%)

Number of 
shoots per 
explant

TC1 0c 0 ± 0c
TC2 66.67 ± 57.74ab 4.33 ± 4.04abc
TC3 16.67 ± 28.87bc 1.67 ± 2.89bc
TC4 100 ± 0.00a 5.67 ± 1.15ab
TC5 100 ± 0.00a 6.67 ± 0.58a

Table 6  Effect of illumination conditions on callus induction of T. 
ciliata 

Values are mean ± standard error. All the culture media contained 
0.5 mg  L−1 6-BA, 0.5 mg  L−1 KT and 0.05 mg  L−1 NAA

Illumination conditions Percentage of 
callus induction 
(%)

12 h of light + 12 h of dark 63.59 ± 3.85
24 h dark 37.57 ± 8.51

Table 7  Effects of different concentrations of cytokinin and auxin on 
shoot elongation of cotyledons in T. ciliata on MS

Values are mean ± standard error in triplicate, each with 50 explants. 
The different letters behind data mean significantly different from 
each other at P ≤ 0.05 level, according to Duncan’s multiple range test

No. Plant growth regulators and concen-
tration

Shoot height (cm)

6-BA (mg/L) NAA (mg/L)

T-cE1 0.1 0.1 2.9 ± 0.3bcd
T-cE2 0.1 0.2 3.2 ± 0.2abc
T-cE3 0.1 0.3 3.1 ± 0.1abc
T-cE4 0.3 0.1 3.3 ± 0.2a
T-cE5 0.3 0.2 3.4 ± 0.1a
T-cE6 0.3 0.3 3.3 ± 0.3ab
T-cE7 0.5 0.1 2.8 ± 0.2cd
T-cE8 0.5 0.2 2.7 ± 0.3d
T-cE9 0.5 0.3 3.0 ± 0.0abcd
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division rate and morphogenesis of explants. Compared with 
explants of slightly older seedlings, younger explants are 
generally characterized by a strong capacity for differentia-
tion, which was related to the high regeneration capacity of 
parenchyma cells (Stavridou et al. 2019).

Among the many factors affecting plant regeneration sys-
tems, genotype was important. The main reason that geno-
types greatly affected callus induction of explants was that 
different genotypes exhibit different responses to stimulation 
resulting in different callus production (Sebastiani and Fic-
cadenti 2016). Zimik and Arumugam (2017) reported that 
sesame (Sesamum indicum L.) cotyledons of 10 different 
varieties showed different induction rates of buds. Similarly, 
Rathinapriya et al. (2019) reported that different genotypes 
of millet [Setaria italica (L.) Beauv.] had different bud sur-
vival rates in the construction of regeneration systems.

Conclusions

T. ciliata is highly susceptible to damage caused by 
Hypsipyla robusta, which can be fatal or seriously limit the 
growth and development of this species. We consider that 
genetic engineering and genetic improvement are the one 
method by which the species can be protected. Therefore, 
an efficient and stable regeneration system is fundamental. 
In our study, cotyledons and cotyledonary nodes of ster-
ile seedlings of suitable seedling age were used as explants 
to obtain two efficient regeneration systems of T. ciliata. 
One method is to produce adventitious buds directly based 
on cotyledonary nodes; the other is to use cotyledons as 
explants to obtain many adventitious buds by inducing cal-
luses. The small plants produced using this scheme were uni-
form, healthy, and had high survival rates after transplanting 
to soil. The regeneration program reported here might be 
used for genetic transformation research that could provide 
technical support for the genetic improvement of T. ciliata.
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