
Page 1/17

A plant regeneration protocol from callus cultures
of medicinal and ornamental shrub Rhodomyrtus
tomentosa
Ling Yang 
(

yangling31@scbg.ac.cn
)

South China Botanical Garden
 https://orcid.org/0000-0003-4425-9770
Kunlin Wu 

South China Botanical Garden
Shengxiang Qiu 

South China Botanical Garden
Honglin Cao 

South China Botanical Garden
Shulin Deng 

South China Institute of Botany: South China Botanical Garden

Research Article

Keywords: Rhodomyrtus tomentosa, plant regeneration, PGRs, tissue culture, adventitious shoot bud

Posted Date: July 14th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1825313/v1

License:


This work is licensed under a Creative Commons Attribution 4.0 International
License.
 
Read Full License

Version of Record: A version of this preprint was published at Plant Cell, Tissue and Organ Culture
(PCTOC) on February 25th, 2023. See the published version at https://doi.org/10.1007/s11240-023-
02464-z.

https://doi.org/10.21203/rs.3.rs-1825313/v1
mailto:yangling31@scbg.ac.cn
https://orcid.org/0000-0003-4425-9770
https://doi.org/10.21203/rs.3.rs-1825313/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s11240-023-02464-z


Page 2/17

Abstract
Rhodomyrtus tomentosa (Ait.) Hask is a multifunctional shrub of the Myrtaceae, which uniquely
combines ornamental, medicinal and health purposes. In this study, for the first time, a regeneration
system was established in R. tomentosa. At least three types of calli varied in color, shape and texture
were induced from explants of leaf, stem, petal or stamen, among which, the light yellow-green, rigidity
and granule calli had great potential for differentiation. Adventitious shoots were steady obtained when
the calli were grown on 1/2 MS medium with 6-BA 1 mg/L and NAA 0.1 mg/L at 26 °C and 120 µmol
m−2s−1 light intensity. Unexpectedly, two types of adventitious roots initiated from the stems above the
cutting sites were observed within 15 d when the regenerated plantlets were transferred to PGR-free 1/2
MS medium. When rooted plantlets were transferred to a sandy soil, over 90% survived within 2 months.
The established in vitro regeneration system provided a solution for the germplasm preservation and
large-scale clonal propagation of elite lines of R. tomentosa.

Introduction
Myrtaceae, a large family of dicotyledonous woody plants, approximately consists of 5650 species from
130~150 genera worldwide, the distribution overlaps the world’s biodiversity hotspots partially, such as
southern and southeast Asia (Grattapaglia et al. 2012). Several genera of Myrtaceae are well known for
their economic value, and are cultivated worldwide for their fleshy fruit, antiseptic oils, and as important
sources of timber or fiber for multiple industrial purposes (Biffin et al. 2010).

Rhodomyrtus tomentosa (Ait.) Hask is an evergreen shrub belong to the family Myrtaceae, which forms a
potential resource for exploring novel, structure diversified and biological active metabolites (Biffin et al.
2010; Zhao et al. 2020). Recently, many studies have focused on the functional properties of R.
tomentosa extracts. These extracts have been traditionally used to combat various diseases, and
possess the pharmacological activities to protect the plant from biotic or abiotic stresses (Mordmuang
and Voravuthikunchai 2015). Rhodomyrtone, an extract from R. tomentosa, is used for treating the
infections of methicillin-resistant Staphylococcus aureus (MRSA) (Srisuwan and Voravuthikunchai 2017;
Zhao et al. 2018). Moreover, R. tomentosa is useful to make food products, such as wine, jam and tea (Vo
and Ngo 2019). Volatile terpenoids are substantial in R. tomentosa, of which play important roles in our
life and health, such as the respiratory medicine Myrtol Standardized and the marketable perfume Mirto
di Panarea (Asgarpanah and Ariamanesh 2015). The continuously increasing demand and lack of
protection awareness causes a sharp decline in R. tomentosa, which make it urgent to develop efficient
propagation strategy for the sustainable use of this precious resource.

Conventionally, the propagation of R. tomentosa mainly relies on seed. The seeds of R. tomentosa are
quite tiny and have a very low germination rate in natural conditions (Huế et al. 2013). Propagating
through seeds faces several problems, including poor seed set, short seed viability, low germination and
highly heterogeneous seedling populations (Kaur et al. 2022). Culm cuttings and rootstocks allow us to
avoid the problem of seed propagation, but the availability of propagules and seasonal dependence are
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still the major constraints (Liang et al. 2013). Therefore, new plant propagating strategy is especially
required for R. tomentosa.

In vitro regeneration by tissue culture is a potential approach to obtain mass production of excellent
plantlets. Typically, it is necessary to obtain high-quality embryogenic callus through suitable explants,
and then proliferate and differentiate into new shoots or roots and other tissues (Pinto et al. 2002; Ikeuchi
and Iwase 2013). However, tissue culture and rapid propagation technologies are mostly based on the
"bud to bud" method in R. tomentosa currently (Latiff 1992), which is with low shoot proliferation
coefficient. It is beneficial to achieve a synchronization on plantlets propagation, and obtain a high
number of regenerated plantlets rapidly and efficiently. Furthermore, callus induction and plant
regeneration are the basis for genetic transformation to investigate their giant characteristics for most
plants.

The establishment of plant regeneration is effected by varied factors. The type of explants, the age and
maturity of mother tree are limiting factors for the success of propagation programs. Recently, Mela et al.
(2020) reported the successful callus induction from leaves of R. tomentosa seedlings byusing different
concentrations and combinations of 2, 4-D, TDZ and 6-BA growth regulators, but lacked a further
investigation of adventitious buds differentiation. Most in vitro regeneration researches in Myrtaceae has
been reported in Eucalyptus, which include several trees with great economic values. For example, Nugent
et al. (2001) published research on somatic embryogenesis in E. globulus, and Guan et al. (2004) studied
the ability to differentiate adventitious shoot bud differed among the leaves ofE. camaldulensis and
explants with shorter leaf age were desired. These studies provide new insights into the in vitro
regeneration of R. tomentosa.

Here we used tender leaves and stems from seedlings as explants to establish a stable system for callus
induction, differentiation, rooting and transplanting of R. tomentosa. We investigated the effect of
different explant, PGRs (NAA, 6-BA, TDZ, IBA), the type of basal medium, temperature and light intensity
on the regeneration capacity and obtained regenerated plantlets with normal growth. Unconventionally,
we found a high light density is necessary for the callus differentiation and PGR-free 1/2 MS
medium was the best choice for rooting in R. tomentosa. Additionally, the rapidly formed adventitious
root from the exposed stem near the incision provided a new clue to obtain regenerated plantlets quickly
in R. tomentosa. The successful of plants regeneration from embryonic callus of R. tomentosa provided a
theoretical basis for its transgenic or genome-editing breeding and molecular biology study.

Materials And Methods
Plant material

Seeds and the explant materials of R. tomentosa were collected from South China Botanical Garden
Chinese Academy of Sciences in Guangzhou, China (113° 21’ 46.77” E, 23° 10’ 52.68” N). 
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The flower bud, tender leaves and stems from branch shoots of mature tree were disinfected with 70%
(v/v) ethanol for 1 minutes, then disinfected 3 minutes with 0.1% (v/v) mercury bichloride and 8 minutes
with 3% (v/v) sodium hypochlorite. After that the explants were washed with sterile water, rinsed and
dried. Seeds were disinfected with 75% (v/v) ethanol for 1 minutes, then disinfected with 0.1% (v/v)
mercury bichloride and 3% (v/v) sodium hypochlorite with Tween (5 drops in 100 ml) for 10 minutes,
respectively, washed with sterile water, rinsed and dried (Kaur et al. 2016). Seeds were germinated and
grown on the MS (Murashige and Skoog 1962) medium. Sterile cultured young seedlings about 6 cm in
height were used as the source of explants directly.

Medium and growth condition

All medium were supplemented with 30 g/L sucrose and 5 g/L plant agar. The pH of media was adjusted
to 5.8 with 1M KOH, autoclaved at 121 °C for 20 min. All the cultures were maintained in a growth
chamber under cold white fluorescent light. 

Optimization of callus induction

The injured parts due to sterilization were excised from explants, then the tissue of different explants,
such as the tender leaves (from seedlings, branch shoots of mature tree, or in vitro culture), tender stems
(from seedlings, branch shoots of mature tree, or in vitro culture), petal, and stamen, were inoculated in
MS media containing PGRs (6-BA, NAA and TDZ), and cultured adaxial-side down on medium for callus
induction. calli were subcultured to induce adventitious buds on MS medium with PGRs (6-BA and NAA). 

Differentiation and proliferation of adventitious buds

To study the effects of different combinations of PGRs concentrations and different basal medium on
the induction of adventitious buds, we selected light yellow-green, rigidity and granule callus, used MS,
1/2 MS, and B5 as basal medium, with different conditions of 6-BA and NAA concentrations, respectively,
to investigate the differentiation of adventitious buds. Each treatment consisted of 50 clumps of callus
with three replicates, five clumps of callus were placed on one plate and grew at 26 ℃ and 120 µmol
m−2s−1 illumination under a 16h-light/8h-dark cycle. The percentage of adventitious shoots were counted
after two months of culture. To investigate the effect of temperature and light intensity on regeneration,
we cultured callus with similar growth state at different temperatures (20 ℃, 26 ℃ or 32℃) and light
intensity (60 µmol m−2s−1 or 120 µmol m−2s−1) to induce adventitious bud. The orthogonal experimental
test was repeated three times. Periodic subcultures placed on glass flask were carried out for two months,
then the number and growth state of calli and shoots were recorded. 

Rooting medium, transplanting and acclimatization

To study the effect of PGRs (IBA, NAA) on rooting of the differential bud of R. tomentosa, the
differentiated plantlets were cut and cultured on rooting medium with different PGRs ratios. Four
plantlets were placed on one glass flask (6 cm diameter and 9 cm height) for rooting, and one treatment
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used ten glass flasks with three replicates. Plantlets were grown at 26 ℃ and 120 µmol
m−2s−1 illumination under a 16h-light/8h-dark cycle. When the roots were grown to about 2 cm in length,
the plantlet were transplanted into sandy soil, and maintained a moist soil environment. The rooting rate
and growth status were recorded after 60 days. 

Statistical analysis

All experiments were repeated three times within one week. The values used for statistical analysis were
the means obtained for each treatment. The treatment effects were analyzed by ANOVA and means were
compared by Duncan’ s multiple range test (P = 0.05).

Results
Effect of different explants in callus induction

During the period of callus induction, the callus induced by different types of explants (leaf, stem, petal
and stamen) showed significant differences. We found that the tender leaves from seedlings formed light
yellow-green callus quickly, with about 15 days cultured in dark, which started to differentiate
to adventitious buds whithin 30 days (Fig. 1a). Afterwards, light green granular callus gradually grew
around the periphery with tight texture surface (Fig. 1b). After subcultured 60 days, the ratios of callus
induction (98.48%) and shoot initiation (77.07%) were higher than that of other explants (Table 1). The
tender stems from seedlings swelled and formed light yellow-green callus after 30 days (Fig. 1c). Then
the callus became green or light pink, rigidity and granule during the light culture for 45 days (Fig. 1d). At
the end of this period, the callus induction and shoot initiation rate were reached to 96.93% and 66.94%,
respectively (Table 1). But the tender leaves and stems from in vitro cultures formed white or light yellow
callus slowly (Fig. 1e, f), and the shoot initiation rate were reached to 58.54% and 35.80%,
respectively (Table 1). The tender leaves and stems from branch shoots of the adult plant failed to
differentiate to adventitious buds and formed white or light yellow, incompact and friable callus, which
browning occurred easily (Fig. 1g, h). The stamens formed light pink, transparent and loose calli after 45
days (Fig. 1i), while the petals formed pink or light yellow, transparent and tight callusing tissue on the
edge of injury after 45 days (Fig. 1j). And they both failed to differentiate into adventitious buds although
the callus induction rate up to 85.43% and 83.73%, respectively (Table 1). Collectively, tender leaves and
tender stems from the seed seedlings and in vitro culture as explants were appropriate for the
regeneration of R. tomentosa, especially the tender leaves.

Effect of various combinations of 6-BA, NAA and TDZ in callus induction

To investigate the effect of PGRs on regeneration, we tested twelve MS medium with different
combination of PGRs (6-BA, NAA and TDZ). Treatment of 6-BA 0.5 mg/L + NAA 0.05 mg/L and 6-BA 1
mg/L + NAA 0.5 mg/Lwere both promoted callus induction, but excessive concentrations of PGRs (6-BA 2
mg/L + NAA 2 mg/L) inhibited the formation of effective buds. In addition, high TDZ concentration (0.02
mg/L) caused less callus formation. Our results indicated that optimum callus occurred at the basal
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medium with 0.5 mg/L 6-BA + 0.05 mg/L NAA + 0.005 mg/L TDZ, while the callus induction reached to
97.33% with 88.36% shoot initiation rate (Table 2). 

Adventitious shoots differentiation potential of different type of calli

Calli originated from different explants varied greatly in color, texture and shape. To examine the
differentiation potential of different type of calli, we cultured 50 clumps of each callus on the same
medium and calculated the differentiation rate. Based on three independent experiments, we found that
more than 90% of the group A calli ( light yellow-green, rigidity and granule) generated adventitious
shoots after 60 d induction, which is significantly higher than that of the group B calli (dark brown, rigidity
and nubbly) (Table 3). The callus of group C (white, incompact and friable) failed to differentiate into
embryoids and buds (Table 3). The results indicated that the light yellow-green, rigidity and granule calli
were competent to form adventitious shoots and embryoids. 

Effect of basal medium and PGRs on adventitious shoots differentiation

Among the different combination of basal media, 6-BA and NAA, we found that 1/2 MS supplemented
with 1 mg/L 6-BA and 0.1 mg/L NAA was the best recipe to produce cluster or single
shoot organogenesis with the frequency of regeneration response rate of 78.00% (Fig. 2a, b, Table 4). MS
and B5 media both induced cluster adventitious shoots with a low level efficiency down to 24.67% and
28.67%, respectively (Fig. 2c, d, Table 4). Together, we identified that the basal medium and PGRs
affected the induction of adventitious shoots, especially in the proliferation of cluster or single shoots.

Effect of temperature and light intensity on the proliferation of shoot bud in R. tomentosa

The proliferation and differentiation of the adventitious shoots were suitable at 26 ℃ and 120 µmol
m−2s−1 or 32 ℃ and 120 µmol m−2s−1 with comparable regeneration response rate around 85%.
Meanwhile, cluster and single shoot bud grew quickly with many embryoids and few glassy plantlets
under such conditions (Table 5). Low temperature and light intensity (20 ℃, 60 µmol m−2s−1) strongly
induced light green glassy plantlets and inhibited buds differentiation with 4.33% frequency of
regeneration response rate (Table 5). Cluster bud grew slowly at low light intensity while the single bud
growth was dramatically inhibited. The results indicated that high light intensity and temperature
promoted the proliferation of shoot bud in R. tomentosa.

Rooting and acclimatization

Clusters of shoots were divided into individual shoots and transferred to rooting medium for rooting. We
surprisingly found that roots arose in all shoots on PGR-free 1/2 MS medium (Table 6, Fig. 3a). Moreover,
the adventitious root was also occurred rapidly on the stem near the incision exposed to the medium
within 15 days (Fig. 3a). Rooting on the medium with NAA 0.05 mg/L was inhibited and down to 56.67%
(Table 6, Fig. 3b). The addition of IBA 0.5 mg/L effectively reduced the rooting rate to 71.11% with 6 ~ 8
roots per shoot (Table 6, Fig. 3c). Rooting was occurred about 1cm above the cut site after 15 days and
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the rooting rate was about 45% with 2 ~ 3 roots per shoot under the medium with IBA (0.5 mg/L) and
NAA (0.05 mg/L) (Table 6, Fig. 3d). Callus was easily formed from the cutting site but rooting was at a
low level with a percentage of 11.11% when treated with 0.5 mg/L NAA (Table 6). The regenerative
plantlets with roots were transplanted to sandy soil and 90% plantlets were survived (Fig. 3e, f). Our
results indicated that the PGR-free 1/2 MS medium was suitable for rooting in R. tomentosa, moreover
the rapidly formed adventitious root from the exposed stem near the incision provided a novel and quick
rooting solution to obtain regenerated plantlets in R. tomentosa. 

Discussion
Plant regeneration system is an important asexual propagation method and forms the basis for genetic
transformations for most plant species. We have established the R. tomentosa regeneration system from
callus for the first time, which would undoubtedly fasten the molecular breeding and functional study for
this new resource plant (Vo and Ngo 2019; Zhao et al. 2020). We found that the tender leaves and stems
from different part of maternal plants, petals and stamens were all suitable for callus induction but only
the callus originated from tender leaves and stems of young seedlings were potent for shoots
differentiation. The various potential of dedifferentiation-differentiation of explants have also been
reported in E. globulus, a tree plants from the same family Myrtaceae, in which the shoot initiation was
succeeded from hypocotyls but failed for leaf or stem explants (Azmi et al. 1997). Composition and
proportion of PGRs plays critical roles during callus induction and proliferation. TDZ, a novel cytokinin
like PGRs have been widely used in woody plant tissue culture (Huetteman and Preece 1993; Azmi et al.
1997; Anzidei et al. 2004; Yucesan et al. 2007). However, TDZ played a distinctive role in callusing in R.
tomentosa, which depended on the concentration. A high concentration of TDZ (2 mg/L) combined with
auxin was used to R. tomentosa callus induction and gained good results (Mela et al. 2020), but no
further bud differentiation was observed. We found the shoot initiation rate was more than 88% when a
low level of TDZ (0.005 mg/L TDZ, 0.5 mg/L 6-BA and 0.05 mg/L NAA) was used in callus induction. Too
high concentration of TDZ is interruptive to R. tomentosa buds differentiation, which have also been
reported in other plants (Dewir et al. 2018).

Typically, the addition of PGRs is critical for rooting during plant regeneration. However, the additional
PGRs in rooting medium inhibited rooting in R. tomentosa differentiated shoots, which was consistent
with the results in Cerasus serrulata (Luo et al. 2021). We speculated that PGRs were involved in all
periods before rooting of plantlets which led to hormone sensitivity and reduced the hormone
dependence of plantlets at a later stage in R. tomentosa. It’s also possible that hormone autotrophic
adaptation occured during the regeneration process in tissue culture and acquired the ability of hormone
independence. In consistence with this, the regenerated plantlets had more branches and grew vigorously,
as shown in Fig. 3c.

The root primordium was grown from the cut site and then differentiated into roots in E. globulus (Fett-
Neto et al. 2001), which was general in the rooting process during in vitro regeneration. Surprisingly, Two
kinds of root (darker sturdier adventitious root and translucent fragile aerial root) grew from the stem that
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uncontacted with the medium were observed in the case of R. tomentosa. There was few roots originated
from the cutting site that merged into the medium. The regenerated plantlets grow normally after
transplanting into sandy soils. Cutting off the regenerated plantlets usually caused browning and
callusing from the incision, which hindered the absorption of water and nutrient. We speculated that the
plantlets generated roots on the stem to reduce the damage and ensure water and nutrient absorption in
R. tomentosa. The rooting characters greatly shortened the rooting time and increase the survival rate of
regeneration plantlets. Understanding the molecular mechanism of this distinctive rooting system would
conduce to resolve the recalcitrance to rooting during the regeneration and promote the application of in
vitro propagations.

Conclusions
In this study, we have investigated the effect of explant, PGRs, basal medium, temperature and light
intensity on the regeneration of R. tomentosa. Taken together, it indicated that tender leaves and tender
stems were among the suitable explants for regeneration and the tender leaves of seedlings were the first
choice. TDZ had a significant influence on the differentiation of R. tomentosa. Unconventionally, high
light intensity was required for the calli induction and PGR free 1/2 MS medium benefited for rooting of R.
tomentosa. We obtained regenerated plantlets with normal growth, which contributed a solution for the
germplasm preservation and large-scale clonal propagation of elite lines of R. tomentosa.
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Table 1 Callus induction and differentiation from different explants in R. tomentosa



Page 11/17

Kinds of explant Callus induction (%) Shoot initiation (%)

Tender leaves from seedlings 98.48 ± 0.37a 77.07 ± 1.91a

Tender stems from seedlings 96.93 ± 0.70a 66.94 ± 2.06b

Tender leaves from in vitro cultures 88.01 ± 3.59b 58.54 ± 0.70c

Tender stems from in vitro cultures 89.47 ± 3.81b 35.80 ± 3.04d

Tender leaves from branch shoots of the adult plant 43.95 ± 2.15c 0

Tender stems from branch shoots of the adult plant 36.00 ± 2.61d 0

Stamen 83.73 ± 0.82b 0

Petal 85.43 ± 1.32b 0

Results are presented as mean ± SE, within each column, mean value with the same letter(s) are not
statistically significant based on Duncan’s multiple range test at P = 0.05.

Table 2 Effect of various combinations of PGRs (6-BA, NAA, TDZ) on adventitious shoots regeneration
in R. tomentosa
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PGR (mg/L) Callus induction (%) Shoot initiation (%)

6-BA NAA TDZ

0.1 0.01 0 58.67 ± 4.37d 47.85 ± 8.66d

0.5 0.05 0 78.67 ± 1.76c 76.39 ± 2.83b

1 0.5 0 77.33 ± 4.37c 58.47 ± 2.89c

2 2 0 94.00 ± 2.00a 51.81 ± 1.96d

0.1 0.01 0.005 47.33 ± 3.71e 77.26 ± 1.78b

0.5 0.05 0.005 97.33 ± 0.67a 88.36 ± 2.43a

1 0.5 0.005 87.33 ± 1.33b 74.02 ± 1.02b

2 2 0.005 96.00 ± 1.15a 32.60 ± 1.46e

0.1 0.01 0.02 70.00 ± 4.16c 38.83 ± 1.91e

0.5 0.05 0.02 92.67 ± 3.53a 26.85 ± 2.99f

1 0.5 0.02 72.00 ± 4.16c 14.61 ± 3.65g

2 2 0.02 62.67 ± 5.21d 9.86 ± 2.21g

Results were presented as mean ± SE, within each column, mean value with the same letter(s) were not
statistically significant based on Duncan’s multiple range test at P = 0.05.

Table 3 Differentiation potential of various calli from R. tomentosa.  
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Callus No. of total
adventitious shoot/50
callus

No. of regeneration
bud/50 callus

Frequency of
regeneration response
(%)

A: Light yellow-green,
rigidity and granule

49 47 93.33 ± 1.76a

48 45

49 48

B: Dark brown, rigidity
and nubbly

13 2 2.67 ± 0.67b 

12 1

9 1

C: White, incompact
and friable

0 0 0c

0 0

0 0

Results were presented as mean ± SE, within each column, mean value with the same letter (s) were not
statistically significant based on Duncan’s multiple range test at P = 0.05.

Table 4 Effect of basal medium and PGRs (6-BA and NAA) concentrations in adventitious shoots
differentiation in R. tomentosa 

Medium PGR (mg/L) Frequency of regeneration response (%)

6-BA NAA

MS 0.5 0.1 6.67 ± 1.76e

MS 1 0.1 24.67 ± 1.76c

MS 1 0.5 12.67 ± 1.76d

1/2 MS 0.5 0.1 36.67 ± 1.33b

1/2 MS 1 0.1 78.00 ± 2.31a

1/2 MS 1 0.5 14.67 ± 1.76d

B5 0.5 0.1 14.00 ± 2.31d

B5 1 0.1 28.67 ± 2.40c

B5 1 0.5 14.67 ± 1.33d
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Results are presented as mean ± SE, within each column, mean value with the same letter(s) are not
statistically significant based on Duncan’s multiple range test at P = 0.05.

Table 5 Effect of different temperature and illuminance on shoot bud proliferation in R. tomentosa

Temperature
(℃)

Illuminance
(µmol
m−2s−1)

Frequency of
regeneration
response (%)

State of growth

20 60 4.33 ± 0.88e Easy to induce white or light pink glassy
plantlets

120 24.67 ± 0.88d Uneasy to induce glassy plantlets, clustered
and single shoot bud grew slowly

26 60 34.67 ± 1.20c Clustered shoot bud grew slowly and
browning easily

120 86.67 ± 1.45a Cluster and single shoot bud grew quickly,
with many embryoids

32 60 53.00 ± 1.15b Many light red fleshy glassy plantlets,
callus browning easily

120 84.33 ± 0.88a Few glassy plantlets, normal growth of
single shoot bud

Results are presented as mean ± SE, within each column, mean value with the same letter(s) are not
statistically significant based on Duncan’s multiple range test at P = 0.05.

Table 6 Effect of IBA, NAA on rooting of the adventitious shoots in R. tomentosa within 60d

PGR
(mg/L)

Rooting rate
(%)

State of growth

IBA NAA

0 0 100a Normal root system on the stem near the incision exposed to the
medium, 10 ~ 12 roots

0.5 0 71.11 ±
1.11b

6 ~ 8 roots occurred at the stem on the media surface

0 0.05 56.67 ±
1.93c

3 ~ 5 roots occurred at the stem on the media surface

0 0.5 11.11 ±
2.94e

More callus formed on cut, rooting inhibited 

0.5 0.05 45.56 ±
1.11d

Callus formed on cut, 2 ~ 3 roots occurred at the stem on the media
surface
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Results are presented as mean ± SE, within each column, mean value with the same letter(s) are not
statistically significant based on Duncan’s multiple range test at P = 0.05.

Figures

Figure 1

Callus induction with different explants in R. tomentosa. (a) Callus from leaves of seedlings after 30 d;
(b) Callus from leaves of seedlings after 45 d; (c) Callus from tender stems of seedlings after 30 d; (d)
Callus from tender stems of seedlings after 45 d; (e) Callus from tender leaves from in vitro cultures after
30 d; (f) Callus from tender stems from in vitro cultures after 30 d; (g) Callus from tender leaves from
branch shoots of the adult plant after 45 d; (h) Callus from stems from branch shoots of the adult plant
after 45 d; (i) Callus from stamen after 45 d; (j) Callus from petal after 45 d. All callus were induced on
MS medium with 0.5 mg/L 6-BA, 0.05 mg/L NAA and 0.005 mg/L TDZ. Bar = 0.5 cm.
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Figure 2

Shoot organogenesis from tender leaf and stem explants of R. tomentosa. (a) Shoot organogenesis at
1/2 MS medium after 15d; (b) Single adventitious shoot at 1/2 MS medium after 30d; (c) Cluster
adventitious shoots at MS medium after 30d; (d) Cluster adventitious shoots at B5 medium after 30d.
Shoots proliferation and differentiation were induced with PGRs (1 mg/L 6-BA, 0.1 mg/L NAA) and
cultured at 26 °C and 120 µmol m−2s−1. Bar = 0.5 cm.
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Figure 3

Rooting and plant regeneration in R. tomentosa. (a) Rooting of regenerated plantlets on PGR-free 1/2 MS
medium after 60d; (b) Rooting of regenerated plantlets on the medium with NAA 0.05 mg/L after 60d; (c)
Rooting of regenerated plantlets on the medium with IBA 0.5 mg/L after 60d; (c) Rooting of regenerated
plantlets on the medium with IBA 0.5 mg/L and NAA 0.05 mg/L after 60d; (e, f) Plantlets were transferred
into sandy soil with a moist sandy soil environment after 30d and 60d. Bar = 1 cm.


