
MEDICINAL PLANTS

An efficient micropropagation protocol for Monochasma savatieri
Franch. ex Maxim through seed germination and direct shoot
regeneration

Fengqing Li1 & Suzhen Liu1
& Mansheng Zeng1

Received: 2 April 2020 /Accepted: 1 July 2020 / Editor: Baochun Li
# The Society for In Vitro Biology 2020

Abstract
Monochasma savatieri Franch. exMaxim is a valuable medicinal plant that is currently threatened due to human over excavation.
Therefore, an efficient plant micropropagation protocol forM. savatieri through seed germination and direct shoot regeneration is
described. The effects of different seed germination treatments, explant source on shoot induction, plant growth regulators on
shoot multiplication, and survival rate of regenerated plants were examined. The highestM. savatieri seed germination rate was
over 90% onMurashige and Skoog (MS) medium supplemented with 0.1 mg L−1 6-benzylaminopurine (6-BA) and 0.01 mg L−1

α-naphthaleneacetic acid (NAA), with the survival rate reaching 86.0% one-mo after transplanting to soil. Direct shoot prolif-
eration was achieved with two explant types, but the use of nodal stem explants gave best results in comparison to shoot tip
explants regarding shoot multiplication frequency and average number of shoots obtained per explant. For nodal segments,
medium supplemented with 0.5 mg L−1 6-BA and 0.2 mg L−1 NAA gave the highest multiplication frequency of 90.0%. Among
the various treatments tested for shoot multiplication, the best response occurred onMSmedium containing 0.5 mg L−1 6-BA and
0.5 mg L−1 gibberellin (GA), with the number of shoots per explant reaching 27.6 and the average height of 4.25 cm. To obtain
thick, elongated, and good quality buds, 6-BA at 0.1 and 0.5 mg L−1 along with 0.4 mg L−1 GA should be used interchangeably.
Four-mo after transplantation, the survival rates were significantly affected by the types and concentrations of plant growth
regulators used during plant tissue culture. The most effective combination of plant growth regulators 0.2 mg L−1 was 6-BA and
0.5 g L−1 ABT (mixture composed of 20% α-naphthaleneacetic acid content and 30% indole-3-acetic acid as active ingredients)
with a survival rate of 85.5%. The in vitro propagation protocol for M. savatieri reported here will be useful for the rapid and
large-scale propagation of this species.
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Introduction

Monochasma savatieri Franch. ex Maxim is a perennial
herb that belongs to the Scrophulariaceae family and only
grows in the Zhejiang, Fujian, Jiangxi, and other Southern
Provinces in China and Japan, on sunny hillsides and under
Pinus massoniana Lamb. forests. It is a semi-parasitic
plant with alternated double leaves, which are long round
lanceolate to linear lanceolate, that grow to a length of 15

to 23 cm and are silvery white due to the presence of wooly
trichomes (Zhang et al. 2015). This plant is used for
treating a number of diseases in Traditional Chinese
Medicine including the common cold, cough, and
menoxenia, toothache (Fu et al. 2010; Shi et al. 2013).
Recently, it has been reported that M. savatieri contains
chemical constituents, such as glycoside, chlorogenic acid,
alkaloids, saponins, and anthraquinone (Li et al. 2012;
Zheng et al. 2012), which possess antimicrobial, anti-in-
flammatory, and antioxidant activities (Fu et al. 2008; Liu
et al. 2013; Shi et al. 2013; Gao et al. 2017). At present,
the pharmaceutical industry still relies on naturally occur-
ring M. savatieri, of which the existing populations have
decreased sharply due to the destruction of habitat and
overexploitation (Zhang et al. 2015) which does not meet
the market demand.
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To strengthen its natural conservation, development, and
utilization of plant resources, there is an urgent need for an
efficient in vitromicropropagation and plant regeneration pro-
tocol. Micropropagation has the advantage of rapidly increas-
ing the number of plants, as well as allowing for the mainte-
nance of both an in vitro and in vivo germplasm collection and
is a critical tool for basic and applied plant research (Chen
et al. 2016a; Kulus 2020). Previous studies published on the
tissue culture propagation ofM. savatieri showed that adven-
titious shoots could be induced from stem and root explants,
but there was no survival of regenerated plants up to several
months after transplantation even with haustoria to obtain nu-
trients from a host plant (Yang 2009; Zhang et al. 2017;Wang
and Qiu 2018a, b). In the present study, we established a rapid
propagation protocol for M. savatieri through seed germina-
tion and direct shoot regeneration and report for the first time
the successful plant survivial ex vitro without haustorial anat-
omy and capable of completing their life cycle. This study lays
a foundation for large-scale in vitro propagation of
M. savatieri which is of great significance for the commercial
supply of this species.

Materials and Methods

Explant preparation and surface sterilization - Seed collection
In May 2016, mature uncracked M. savatieri capsules were
collected on top of the hillside in Shuichuan village, Fenyi
County in Jiangxi Province, China. According to the position
on the branch, each capsule was divided into an upper, middle,
and lower parts. All seeds from each part of the capsule were
quickly and separately detached after collection. Gravity sep-
aration was used to float the wizened seeds away so the re-
maining seeds were thoroughly washed with a 0.1% (w/v)
Tween and Carbendazim solution for 30 min. Various steril-
ization methods and times were tested to establish an aseptic
culture system (Table 1). The surface-sterilized seeds were
washed three and five times with sterile distilled water after
being treated with 75% (v/v) alcohol and mercuric chloride
(HgCl2), respectively, before placing on Murashige and
Skoog (MS; Murashige and Skoog 1962) medium containing
0.1 mg L−1 6-BA and 0.01 mg L−1 NAA for germination
(Yang 2009). After adding all media components, the pH
was adjusted to 5.8 ± 0.1 (with 0.1 M HCl and/or 0.1 M
NaOH) before the addition of 0.58% (w/v) agar (Dingguo
Changsheng Biotechnology CO. LTD, China) and boiled to
dissolve the agar. The medium was dispensed as 30-mL ali-
quots into 200-mL glass jars and sealedwith plastic caps, prior
to autoclaving at 121°C and 105 kpa for 17 min (autoclave
SMS ASVE, Guangzhou, China). All cultures were incubated
at 25 ± 2°C for an 8-h photoperiod with a density of
40 μmol m−2 s−1, which was provided by cool white fluores-
cent lamps (12w; Phillips, China).

Explant material preparation In April 2017, stems were col-
lected from plants at the same location stated above. Stem
cuttings were placed into 0.1% (v/v) dishwashing liquid (di-
luted with water) for 2 min, after which the surface of the
segment and leaf was finely brushed under tap water to re-
move the surface dirt. Stems were cleared of leaves, after
which they were cut into 2-cm-long pieces. Because the stem
surface is densely covered with glandular and cotton hairs to
which dust and bacteria easily adhere, it is necessary to thor-
oughly sterilize each explant. Ten different sterilization pro-
cedures were tested, the details of which are presented in
Table 2. Each procedure involved 18 to 21 pots with one
explant per pot.

After freshly cutting small nodal segments (1 to 2 cm),
sterile explants were inoculated on Murashige and Skoog
(MS) (Murashige and Skoog 1962) medium supplemented
with 2.5 mg L−1 6-BA, 0.2 mg L−1 NAA, and 3% (w/v) su-
crose (Wang and Qiu 2018b), solidified with 0.2% (w/v)
gelrite (Sigma-Aldrich, St. Louis, MO). All cultures were
maintained at 25 ± 2°C and cultured under a 12-h photoperiod
with a light intensity of 40 μmol m−2 s−1, which was provided
by cool white fluorescent lamps (12w; Phillips, Beijing,
China). After new shoots were induced, shoots were separated
and transferred to fresh MS basal medium as described above
at a 3-wk interval. Shoot tips and nodal stems from successive
secondary cultures (3 to 4 cycles) were excised and used as a
source of explants.

Shoot induction and multiplicationMS medium supplement-
ed with various concentrations of 6-BA and NAA was used
for shoot multiplication (Table 3). To compare the shoot in-
duction ability of different explants, one to two cm long shoot
tip and nodal stem segments were tested. The culture condi-
tions were the same as those used for the shoot induction of
field grown plants. Each treatment was replicated four times
with 10 to 14 explants per replicated treatment. The time
elapsed until buds breaking and the multiplication frequency
(number shoots per explant) was recorded.

Focus was placed on nodal stem segments due to a higher
in vitro multiplication frequency and number of shoots.
Healthy in vitro shoots were excised, cut into nodal stem seg-
ments (1.5 to 2.0 cm long with two leaves), and placed onMS
medium supplemented with various hormone combinations
(Table 4). To quantify the optimal shoot induction protocol,
the number of shoots per explant, micro-shoot length, and
shoot characteristics and quality were recorded after three cy-
cles of subculture at a three-wk interval. Each treatment was
replicated four times (one bottle for each replicated treatment
with 10 explants per bottle).

Rooting and acclimatization To obtain hardened plantlets,
isolated shoots (1.5 to 2.5 cm long) were excised from adven-
titious shoots and subcultured on MS medium supplemented
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with 0.1 mg L−1 6-BA and 0.04 mg L−1 NAA for 2 wk, then
transferred to medium with different plant growth regulators
(PGRs, see Table 5 for PGRs). For acclimatization, plantlets
(subcultured on medium with PGRs in Table 5) were trans-
ferred to a climate-controlled greenhouse set to 27 ± 2°C, 60
to 70% relative humidity, and natural light and photoperiod
(10 to 12 h). Initially, both rooted (aerial root) and unrooted
plantlets were carefully removed from the medium and gently
washed to remove anymedium adhered to the base of the stem
under running water. Subsequently, rooted plantlets were
transferred to a tray with sterile mixed media (2 peat/2 rotten
bark/2 carbonated husk/3 soil), in which the bark decayed
more than one-y and husk was heated to carbonization in
insufficient air. Unrooted plantlets were quickly dipping in
rooting agent consisting of 0.2 mg L−1 6-BA and 0.5 mg L−1

ABT (mixture composed of 20% α-naphthaleneacetic acid
content and 30% indole-3-acetic acid as active ingredients;
Beijing ai-bidi Biotechonology CO. LTD, China) for 30 s
before transplanting. Plantlets were covered using transparent
plastic and maintained in an environment with semi-
controlled light and temperature conditions. The presence of
fungi was controlled with Carbendazim sprayings and after
20-d plastic mulch was opened gradually over a two-d period.

Percent plant survival and plant morphology were recorded
four-mo after transplantation.

Analysis A single factor experimental design with three repe-
titions per treatment and four vessels per repetition was
adopted for statistical analysis. The data were analyzed by
one-way analysis of variance (ANOVA) and a Tukey’s mul-
tiple comparison test at a probability level of 0.05 using SPSS
v.18.0 (IBM Chicago, IL).

Results

Seed germination M. savatieri seed germination in vitro
showed no signs of microbial contamination or effect of ster-
ilization agent on germination rate (data not shown). Any
differences in seed germination rate are therefore likely to be
due to seed dormancy and capsule/seed position/maturation
stage. Under all conditions, the germination rate of seeds treat-
ed with GA was slightly higher and the germination time was
earlier than that of untreated seeds. Furthermore, the germina-
tion rate of seeds from the upper part of the capsule was
reduced when compared with those from the lower part of

Table 1. Effect of different treatments onMonochasma savatieri Franch. ex Maxim seed germination

Treatment number Position of capsule
per seed

GA treatment
(yes/no)

Sterilization Germination
time (d)

Germination rate (%)

T1 Upper Yes 75% alcohol
30 s

7 54.25c

0.1% HgCl2
5 min

T2 No 75% alcohol
30 s

14 49.00c

0.1% HgCl2
5 min

T3 Middle Yes 75% alcohol
45 s

10 63.75bc

0.1% HgCl2
6 min

T4 No 75% alcohol
45 s

14 56.75c

0.1% HgCl2
6 min

T5 Lower Yes 75% alcohol
45 s

9 91.50a

0.1% HgCl2
7 min

T6 No 75% alcohol
45 s

16 88.00b

0.1% HgCl2
7 min

Values within a column followed by different letters showed statistically significant differences between the treatments according to the Duncan test at
P ˂ 0.01

GA gibberellin, HgCl2 mercuric chloride
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the capsule (Table 1). The highest germination rate of
M. savatieri seeds was over 90% on MS medium with
0.1 mg L−1 6-BA and 0.01 mg L−1 NAA under a 16-h photo-
period with a light intensity of 40 μmol m−2 s−1. The earliest
germination started after seven-d and the germination rate was
between 54.25 and 91.50%. Cotyledons emerged after two-

wk, and seedlings with a height of 1.0 to 1.5 cm, but still
unrooted, were obtained after three-wk (Fig. 1b, c).
Complete seedlings were obtained after subcultured on MS
medium without any PGRs, and the survival rate reached
86% 1 mo after transplantation (Fig. 1d, e). The detailed re-
sults are presented in Table 1 and Fig. 1.

Table 2. Effect of different surface sterilization treatments on Monochasma savatieri Franch. ex Maxim explants

Treatment number Sterilization measures and procedures Total contamination (%) Survival of explants (%)

T1 Carbendazim (1000 mg L−1) 10 min, ethanol (75%) 20 s and
HgCl2 (1000 mg L−1) 5 min

94.40e 0.00e

T2 Carbendazim (1000 mg L−1) 20 min, ethanol (75%) 20 s and
HgCl2 (1000 mg L−1) 5 min

76.19d 4.76de

T3 Carbendazim (1000 mg L−1) 20 min, ethanol (75%) 30 s and
HgCl2 (1000 mg L−1 with 3 to 4 drops 0.1% Tween added)
7 min

55.00c 20.00c

T4 Carbendazim (1000 mg L−1) 10 min, ethanol (75%) 20 s,
streptocycline (500 mg L−1) 10 min and HgCl2
(1000 mg L−1) 3 min

63.64c 9.09d

T5 Carbendazim (1000 mg L−1) 20 min, ethanol (75%) 20 s,
streptocycline (500 mg L−1) 10 min and HgCl2
(1000 mg L−1) 5 min

55.56c 11.11 cd

T6 Carbendazim (1000 mg L−1) 10 min, ethanol (75%) 20 s,
penicillin (500 mg L−1) 10 min and HgCl2 (1000 mg L−1)
3 min

59.09c 18.19c

T7 Carbendazim (1000 mg L−1) 10 min, ethanol (75%) 20 s,
Penicillin (500 mg L−1) 10 min and HgCl2 (1000 mg L−1)
5 min

45.00c 19.99c

T8 Carbendazim (1000 mg L−1) 10 min, ethanol (75%) 20 s,
streptocycline (300 mg L−1) 10 min, penicillin
(300 mg L−1) 10 min and HgCl2 (1000 mg L−1) 5 min

40.74c 44.44c

T9 Carbendazim (1000 mg L−1) 30 min, ethanol (75%) 20 s,
streptocycline (300 mg L−1) 10 min, penicillin
(300 mg L−1) 10 min and HgCl2 (1000 mg L−1) 5 min

16.67a 55.56b

T10 Ethanol (75%) 30 s, streptocycline (300 mg L−1) 10 min,
penicillin (300 mg L−1) 10 min and HgCl2 (1000 mg L−1)
7 min

27.78b 66.67a

Values within a column followed by different letters showed statistically significant differences between the treatments according to the Duncan test at
P ˂ 0.01

Table 3. Effect of two type tissues (shoot tip or nodal stem segments) along with various combination of cytokinins and auxins on shoot/bud induction
of Monochasma savatieri Franch. ex Maxim

Plant growth regulators (mg L−1) Type of tissues

Shoot tip Nodal stem segment

6-BA NAA Time of
bud break (d)

Multiplication
frequency (%)

Number of
shoots/explant

Time of bud
break (d)

Multiplication
frequency (%)

Number of
shoots/explant

0.1 0.2 20 12.86 1.29c 9 73.39bc 5.96c

0.5 0.2 19 19.17 5.42a 8 90.00a 11.51a

1.0 0.2 22 16.49 3.33b 13 63.04de 9.33b

0.1 0.4 17 13.33 2.54bc 10 70.78 cd 3.64d

0.5 0.4 18 23.75 3.92b 9 80.12b 8.89b

1.0 0.4 23 12.74 3.13b 12 61.37e 10.13ab

Values within a column followed by different letters showed statistically significant differences between the treatments according to the Duncan test at
P ˂ 0.01

6-BA 6-benzylaminopurine, NAA α-n acid
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Surface sterilization Various treatments for explant steriliza-
tion were tested. Extending carbendazim and mercuric chlo-
ride treatment time resulted in reduced contamination and in-
creased survival rate. The synergistic effect of a lower con-
centration of both penicillin and streptomycin improved effec-
tiveness over the use of a single antibiotic at a high concen-
tration. Among the ten different treatments tested, T9
(1000 mg L−1 carbendazim for 30 min, 75% ethanol for
20 min, 300 mg L−1 streptocycline for 10 min, 300 mg L−1

penicillin for 10 min, and 1000 mg·L−1 mercuric chloride for
five-min) and T10 (1000 mg·L−1 carbendazim for 30 min,
300 mg L−1 streptocycline for 10 min, 300 mg L−1 penicillin
for 10min, and 1000mg L−1 mercuric chloride for seven-min)
were found to be the most effective, having a contamination
percentage and survival rate of 16.67% and 55.56%, 27.78%
and 66.67%, respectively. The detailed results are presented in
Table 2.

Shoot induction and multiplication Shoot and bud multiplica-
tion treatments were evaluated to improve micropropagation
ofM. savatieri. Approximately 10% of the shoot tips and 60%

of the nodal stem explants produced new buds when cultured
for four-wk on MS medium containing various combinations
of 6-BA and NAA. After several cycles of cultivation, the new
buds were divided into different explants (nodal stem and
shoot tip), which were then used for shoot/bud multiplication
experiments.

Out of these two different types of tissues, nodal stem ex-
plants gave better results compared to shoot tips in both shoot
multiplication frequency and average number of shoots per
explant. Shoot tip explants grown on medium containing
0.5 mg L−1 6-BA and 0.4 mg L−1 NAA required 18-d to bud
break with a shoot multiplication frequency of 23.75%. By
comparison, nodal segments cultured onmedium supplement-
ed with 0.5 mg L−1 6-BA and 0.2 mg L−1 NAA gave the
highest multiplication frequency of 90.00% with only eight-
d required to bud break. The reason for the bud break delay
with shoot tips is because when it grew to a certain height
(approximately five cm), and if the tip is dead or damaged,
axillary buds will be induced, making the time needed for bud
break longer than for nodal segments. Furthermore, when cul-
tured onmedium supplemented with 0.5 mg L−1 6-BA and 0.2

Table 4. Effect of plant growth regulators on shoot multiplication from nodal stem plantlets of Monochasma savatieri Franch. ex Maxim

Medium Types and concentrations
(mg L−1) of plant growth
regulators

Number of
shoots per explant

Height (cm) Shoot characteristics and quality (1 mo after subculture)

A1 6-BA 0.5 23.3b 1.23 The top of the stem induces the white green
adventitious buds, the buds is thick, but not elongated

A2 6-BA 1.0 15.9c 2.89 Adventitious buds are induced at the base, slightly hyperhydric

A3 6-BA 2.0 9.6d 2.64 Many adventitious buds, short and hyperhydric

A4 6-BA 0.5 and GA 0.2 21.9b 1.76 Many good adventitious buds are induced and elongated

A5 6-BA 0.5 and GA 0.4 27.6a 4.25 Many good adventitious buds are induced and the buds are strong

A6 6-BA 0.5 and NAA 1.0 12.1d 5.58 Many aerial roots, cluster and slender buds

A7 6-BA 0.5 and IAA 0.5 15.5c 5.42 Few aerial roots, strong buds

A8 6-BA 0.1 5.9e 1.54 Few adventitious buds

Values within a column followed by different letters showed statistically significant differences between the treatments according to the Duncan test at
P ˂ 0.01

6-BA 6-benzyladenine, GA gibberellin, NAA α-nacid, IAA indoleacetic acid

ba d ec

Figure 1. In vitro Monochasma savatieri Franch. ex Maxim seed
germination. (a) Seeds turning green after seven-d in vitro. (b)
Cotyledons appeared after two-wk. (c) Unrooted seedlings obtained

after three-wk. (d) Seedlings with roots after four-wk. (e) Four wk after
transplantation of seedlings. Bars 1 cm.
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to 0.4 mg L−1 NAA, shoots induced from nodal stem explants
were larger and stronger than those formed from shoot tip
explants. The detailed results are presented in Table 3.

The mean number and quality of induced shoots were sig-
nificantly affected by the concentration of PGRs in the medi-
um (Table 4) where 0.5 mg L−1 6-BA induced more buds than
0.1 mg L−1 6-BA. A further increase of the 6-BA concentra-
tion inhibited bud induction with many buds becoming
hyperhydric (Fig. 2a). When 0.2 to 0.4 mg L−1 GA was added
to medium containing 0.5 mg L−1 6-BA, good quality buds
were formed that elongated noticeably (Fig. 2b). However,
when shoots lacking apical buds were subcultured for more
than two cycles onto medium containing 0.5 mg L−1 6-BA,
shoots became slender and fragile. To overcome this problem,
continued sub-culturing on medium containing 0.1 mg L−1 6-
BA induced thicker, elongated, and good quality buds. Aerial
roots were induced when cultured on medium containing aux-
in, both NAA (1.0 mg L−1) and indoleacetic acid (IAA,
0.5 mg L−1) (Fig. 2c, d). When the culture period was extend-
ed to five-wk, shoot and leaves at the top became yellowish,
and eventually, the whole plant died.

Rooting and acclimatization Plant survival was evaluated after
transplanting to soil substrate. Based on previous experimen-
tal results, a low number (two to three) and frequency (5 to
10%) of roots or aerial roots were induced from regenerated
plants on agar medium (Fig. 3c, d). When plantlets were di-
rectly transplanted to mixed media (2 peat/2 bark/2 husk/3
soil), the survival rate was 0% 30 d after transplantation.
However, when apical buds (2-cm top segments containing
apical buds) were first transferred to MS basal medium sup-
plemented with 0.2 mg L−1 6-BA and different auxins (NAA
and ABT; Table 5) for two-wk (Fig. 3b), they were
transplanted to soil, and the survival rate was more than
90% 1 mo after transplantation in all treatments tested (Fig.
3e). With the extension of transplanting time (up to four-mo),

survival rates decreased and were significantly affected by the
types and concentrations of plant growth regulators used dur-
ing plant tissue culture.

We found that applying the auxin ABT in tissue culture
was more effective at promoting prolonged survival after
transplantation than NAA. The survival rate decreased
(45.5%) with use of an increasing concentration (0.4 to
1.0 mg L−1) of NAA, with ABT showing the opposite trend
(Table 5). The most effective combination of plant growth
regulators was 0.2 mg L−1 6-BA and 0.5 g L−1 ABT with a
survival rate of 85.5% (Table 5).

Roots emerged at the cut ends of shoots, with a well-
developed root system after four-wk of culture (Fig. 3e).
Plant height reached around eight-cm approximately 2 mo
after transplantation (Fig. 3f). Moreover, new buds sprouted
from the plant base with the death of above ground parts four-
mo after transplantation (Fig. 3g). In the spring of second year
after transplantation, plants flowered both on light substrate (1
carbonated husk/3 sawdust/2 rotten bark/3 peat/1 perlite) and
mixed substrate with soil (2 peat/2 rotten bark/2 carbonated
husk/3 soil) (Fig. 3h).

Discussion

Seed germination In vitro germination and growth of
M. savatieri were established quickly and with relative ease.
However, direct soil germination was not successful, although
30% of seeds did germinate, less than one percent of seedlings
could grow into plants (data not shown). This is likely because
it is a semi-parasitic plant at the seedling stage in its natural
environment (Zhang et al. 2015; Zhang et al. 2017). To over-
come this problem, whole plants were grown through aseptic
seed culture with a germination rate of over 90%, which
exceeded a previously reported rate by Yang (2009), who
obtained a 67.5% and 86.9% germination rate via treatment

a b dc

Figure 2. Multiple shoot architectures ofMonochasma savatieri Franch.
ex Maxim under different in vitro plant growth regulator treatments. (a)
Slightly hyperhydric adventitious buds induced from the base of the stem
when cultured on medium with 1.0 mg L−1 to 2.0 mg L−1 6-BA. (b)
Strong and elongated adventitious buds induced on the medium
supplemented with 0.5 mg L−1 6-BA and 0.4 mg L−1 GA. (c) Aerial roots,

cluster, and slender buds induced on MS medium containing 0.5 mg L−1

6-BA and 1.0 mg L−1 NAA. (d) Low number of aerial roots and strong
buds formed on medium with 0.5 mg L−1 6-BA and 0.5 mg L−1 IAA.
Bars 1 cm. 6-BA 6-benzyladenine; GA gibberellin; NAA α-n acid; IAA
indoleacetic acid.
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with cold stratification and 200 mg L−1 GA soaking (48 h),
respectively. This may also be related to the use of newly
collected seeds in this study, which have an improved germi-
nating rate.

We found that GA slightly promoted the germination of
newly harvested seeds, similar to what Yang et al. (2009)
found in M. savatieri and other medical plants (Ou et al.
2010; Chen et al. 2016b). This could be due to GA-

mediated cell expansion which initiated the seed-to-seedling
transition (Stamm et al. 2017). However, the germination rate
of mature seeds stored at 4°C for more than two-wk decreased
significantly, even reached 0%, and the reason for which re-
mains unknown.

Explant type and PGR concentration affect in vitro shoot for-
mation The successful choice of explant is based on its

a

e

b dc

f g h

Figure 3 . In vitro Monochasma savatieri Franch. ex Maxim seedling
production and acclimatization/planting. (a) Selection of in vitro
seedlings. (b) Shoots cultured for 25 to 30 d were transferred for
acclimatization. (c) Roots induced on medium were low in number
(two to three roots per shoot) and frequency (5% to 10%). (d) Many
aerial roots grew above the agar medium surface. (e) Seedlings without
roots cultured in light substrate (1 carbonated husk/3 sawdust/2 rotten

bark/3 peat/1 perlite) or mixed substrate with yellow soil (2 peat/2 rotten
bark/2 carbonated husk/3 soil). ( f ) Seedlings grew into whole plants 30 d
after transplantation and the plants grew to approximately 8 cm in height
two-mo after transplantation. (g) In November, new buds sprouted at the
base of tissue culture seedlings. (h) Plantlets flowered in the second y after
transplantation. Bars 1 cm.

Table 5. Effect of plant growth regulators on survival rate of Monochasma savatieri Franch. ex Maxim

Treatment Types and concentrations
(mg L−1) of plant growth regulators

Survival rate four-mo
after transplanting (%)

Growth four-mo after transplanted

1 6-BA 0.2 NAA 0.4 45.5bc The growth of stem and leaf is
robust, and the height is about 8 cm

2 6-BA 0.2 NAA 0.6 32.7cd The internodes are long and the upper
part of the ground is dead, but the
base sprouts new buds

3 6-BA 0.2 NAA 1.0 19.8d The plant growth slowly and the overground withers

4 6-BA 0.2 ABT 0.5 85.5a The growth of stem and leaf is robust,
and the height is 15 to 20 cm and
new buds sprout from the base or stem

5 6-BA 0.2 ABT 1.0 59.8b The growth of stem and leaf is robust,
and the height is 8 to 11 cm

Values within a column followed by different letters showed statistically significant differences between the treatments according to the Duncan test at
P ˂ 0.01

BA 6-benzyladenine, NAA α-naphthaleneacetic acid, ABT ABT plant growth regulators
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physiological state, which determines whether it remains qui-
escent or starts actively dividing in vitro. A single non-zygotic
plant cell has the unique ability to recover an entire organism
through its totipotency. Plants produced by direct organogen-
esis show higher genetic fidelity than those regenerated by
indirect organogenesis (with an intermediate callus stage),
and the latter may lead to higher rates of somaclonal variation
(Skała et al. 2015; Pérez-Alonso et al. 2018; Bhusare et al.
2018). In the Scrophulariaceae family, direct organogenesis of
medicinal herbs has been previously reported (Jitendra et al.
2013; Martínez-Bonfil et al. 2011). To the best of our knowl-
edge, this is the first report of an efficient in vitro propagation
method of M. savatieri through direct organogenesis from
nodal stem segments and apical meristems. We found the
potential for in vitro shoot induction of nodal stem segments
to be significantly higher than that of shoot tips. This may be
due to shoot tips containing apical meristem that exerts strong
apical dominance and inhibits bud development (Raja and
Arockiasamy 2008). Similar results have also been reported
in Morinda officinalis (Rubiaceae; Deng et al. 2015).

Cytokinins play a key role in the in vitro shoot induction of
a number of plants within the Scrophulariaceae family, which
includes some well-known medicinal herbs. For each species,
a different combination of the choice of cytokinin and the type
of explant yields the best results. In Digitalis purpurea L., for
example, shoots were induced from nodal, leaf, and petiole
segments at decreasing efficiency, with 6-BA giving higher
induction than thidiazuron (TDZ) and KIN (Jitendra et al.
2013; Bhusare et al. 2018). In M. savatieri, the cytokinin
TDZ gave the highest multiple shoot induction when nodal
segments were used (Zhang et al. 2017). However, in
Castilleja tenuiflora Benth., KIN was the most effective cyto-
kinin in comparison to TDZ and 6-BA (Martínez-Bonfil et al.
2011). In the current study, the best shoot multiplication rates
were obtained on MS medium supplemented with 6-BA
(Table 2; Fig. 2), similar to what was found for Rosa canina
L. as reported by Pahnekolayi et al. (2015). Furthermore, we
found that the use of naphthaleneacetic acid (NAA) and IAA
reduced the number of shoots, but that a combination of NAA
and 6-BA positively influenced shoot hardening. Results op-
posite to this finding were obtained in the species Anthurium
andreanum cv. Nitta., where addition of NAA to a medium
that contained 6-BA effectively induced shoots (Islam et al.
2010). Although the combination of 6-BA and NAA inhibited
shoot differentiation, it promoted shoot elongation in
Anthurium andraeanum Lind. cv. Nicoya (Liendo and
Mogollón 2009).

Ex vitro rooting Zhang et al. (2017) observed that
M. savatieri roots may be hydrophobic and succeeded in
obtaining a high survival rate of transplanted plants by using
vermiculite as a substitute for agar. Furthermore, when co-
cultured with cuttings of hosts Kuhnia rosmarinifolia and

Lonicera japonica, M. savatieri plantlets could survive for a
few months (October to May) in the South China Botanical
Garden (SCBG), Guangzhou, Guangdong province, possibly
because Guangzhou is not its natural habitat. In the present
study, the process was simplified, in which rooting in medi-
um was eliminated, and the rootless tissue culture plantlets
were directly transplanted into light substrate (1 carbonated
husk/3 sawdust/2 rotten bark/3 peat/1 perlite) and mixed sub-
strate with soil (2 peat/2 rotten bark/2 carbonated husk/3 soil).
The survival rate of transplanting was more than 90% while
controlling the appearance of fungi. Their ex vitro adaptation
revealed the relative ease of acclimatization of M. savatieri
plantlets to surviving in the environment of artificial control
with the temperature that ranged from 25 to 32°C and 70%
average daily relative humidity. Previous studies reported that
M. savatieri is a semi-parasitic plant in terms of host range
and haustorial connection and parasitizing up to 27 species
from 25 families that constitute shrubs and herbs with multi-
branched and shallow root systems. The maximum number of
acceptable hosts was determined by genetics and tissue in-
compatibility (Zhang et al. 2015), with the host range de-
pending on the relationship between geography of host dis-
tribution and ecology, particularly diffusion biology and en-
vironment factors (Joel et al. 2013). However, in this study,
we found that plantlets could survive in Fenyi, Jiangxi prov-
ince for the entire year, without parasitic host co-culture and
were blooming in the second year after transplantation. This
protocol avoids root induction in vitro where the agar was
replaced by vermiculite media and reduces transplantation
of regenerated plantlets with roots, thus eliminating the pos-
sibility of damaging roots and improving the survival of
transplanted plantlets (Table 5). The survival rate after four-
mo transplantation was higher (85.5%) than that reported by
Zhang et al. (2017). The successful survival of plantlets with-
out host shows that M. savatieri can also obtain all of the
water and nutrition required to complete its life cycle under
non-parasitic conditions via its own root system. This was
also confirmed by the anatomical structure of mature
haustoria with some of the fine rootlets terminating in
haustoria (Zhang et al. 2015). Therefore, in the future, to
optimize the cultivation process, an appropriate host could
be selected to promote M. savatieri growth and yield. In
summary, our study provides an effective method to
micropropagate M. savatieri and shows that it is possible to
do so without using any hosts for co-culture.
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