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Manyflower betony (Stachys floridana Schuttl.ex Benth)
is an annual herb vegetable species, indigenous to China and
has now been naturalized in other parts of the world such as
Japan, Europe and America (Zhong et al. 2006a). The root
stems of manyflower betony can be eaten and usually is
enjoyed as an appetizer in the meal due to its nutritious value
and good flavour. Currently, it is one of the special food for
Chinese astronaut (Zhong et al. 2006b). Manyflower betony
contained abundant stachyose, vitamin C and amino acid
(Zhong et al. 2006a). Stachyose has the function to soften the
blood vessel, improve the blood cycling, resist the diseases
from intestines, inhibit the development of hypertension and
prevent the dementia of old people (Hayashi et al. 1994,
Huang et al. 2006, Zhao and Yang 2007). Nowadays,
stachyose in the market is mainly coming from corns or
soybeans (Nakakuki 2002). However, these products are not
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ABSTRACT
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pure enough (Conkerton et al. 2006). Therefore, the stachyose
coming from the rhizome of manyflower betony has
remarkable advantages owing to its purity (Zhong et al.
2006a).

Manyflower betony is propagated traditionally by
rhizome sprouting. However, the seed rhizomes always have
delayed germination and have a very low germination rate,
which makes its germplasm preservation and propagation
difficult (Zhang et al. 2003). In addition, the seed rhizomes
are difficult to store, they often die after desiccation. To
overcome these problems, investigating an efficient
micropropagation method for manyflower betony has become
necessary. In vitro culture methods for adventitious bud
production have been developed for several Stachys species
(Li et al. 2002, Legkobit and Khadeeva 2004).

In this study, culture parameters including the types and
concentration of plant growth regulator, sucrose
concentration, incubation temperature and photoperiod were
evaluated. An efficient protocol for shoot regeneration from
leaf explants, and in vitro rhizome induction from regenerated
plantlets were developed. Micropropagation can enhance
propagating capacity and supply many seedlings for large-
scale planting. Furthermore, in vitro microrhizome induction
act as bioreactors, a promising approach to produce
metabolites of interest, such as stachyose.

MATERIALS AND METHODS

Plants of manyflower betony (Stachys floridana var.
erxiyicu) grew in a walk-in plant growth chamber (model
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PGV36; Conviron Systems of America, Pembina, ND) at
College of Horticulture, Northwest Sci-Tech University of
Agriculture and Forestry were used in this study. Fully-
expanded young leaves of the 15- to 20-cm tall plants of the
manyflower betony were used as explants.

Harvested leaves were excised into 1 cm × 2 cm and
surface disinfected in 70% (v/v) ethanol for 30 s, then in
sodium hypochlorite (0.5%, w/v) and a few drops of Tween
20 for 7 min, followed by four rinses in sterile, deionized
water and cut into 0.3 to 0.5 cm2 explants, then were placed
horizontally in Erlenmeyer flasks containing 30 mL of
Murashige and Skoog (MS) medium (Murashige and Skoog
1962) supplemented with 30 g/L sucrose, 1.0, 2.0, 3.0, 4.0,
or 5.0 mg/L Benzylaminopurine (BA) in combination
with 0.1, 0.2, 0.5, or 0.8 mg/L 1-naphthaleneacetic acid
(NAA), or 0.01, 0.1, or 0.5 mg/L thidiazuron (TDZ) in
combination with 0.5 mg/L NAA, and solidified with 7 g/L
agar (Eiken, Tokyo, Japan). The pH of the medium was
adjusted to 5.8 then autoclaved at 121 °C for 20 min. The
experiment was replicated four times with 20 explants per
treatment, per replicate. The cultures were incubated at 25
°C under a 16-hr photoperiod provided by cool-white
fluorescent lamps (60 µmol/m2/s) and transferred to fresh
media every 14 d. After 30 d, the percentage of bud
regeneration, the number of buds per explant and the length
of buds were recorded.

After 30 d of induction culture, the leaf explants with
buds were transferred onto the shoot elongation medium
consisting of MS medium supplemented with 30 g/L sucrose,
2.0 mg/L BA, 0.5 mg/L NAA, and 0, 0.5, 1.0, or 2.0 mg/L
gibberellic acid (GA3). After 20 d, the length of normal
elongated shoots per explant was measured.

Elongated shoots, about 2.0 to 3.5 cm in length from the
leaf explants, with at least two expanded leaves were excised
and rooted on root-induction medium, which consisting of
MS medium supplemented with 30 g/L sucrose, 0, 0.1, 0.5,
1.0, 1.5 mg/L NAA, or 0.1, 0.5, 1.0, 1.5 mg/L indole-3-acetic
acid (IAA), respectively. Number of roots and root length
were recorded after 20 d.

After 10 d on rooting medium, rooted plantlets were
transplanted into plastic pots containing moist, autoclaved
substrate composed with perlite and vermiculite (1/1, v/v).
The pots were covered with plastic film to provide a high
relative humidity. Potted plants were placed in growth
chambers under a 16-hr photoperiod (65.5 µmol/m2/s) and
25 °C. Plantlets were watered weekly, and gradually
acclimatized (over a period of 2 weeks) to room temperature
and humidity conditions by progressively opening the plastic
film until plants were ready for transfer to the greenhouse. In
the greenhouse, the plantlets were repotted in big pots and
watered as needed to avoid water stresses. In mid-April
plantlets were transplanted to field conditions.

The plantlets initiated from the leaf explants with 5 to 6
nodes were further used for rhizome induction experiments.

Shoot segments (1–1.5 cm) containing one node and two
leaves were excised from the aseptically plantlets and were
vertically inserted into rhizome induction medium with the
upper part upward. Four kinds of rhizome induction media
were used, as follows: 1) MS medium supplemented with
10% sucrose; 2) MS medium supplemented with 1.0, 3.0,
5.0, or 10.0 mg/L BA and 10% sucrose; 3) MS medium
supplemented with 5.0 mg/L BA and 500 mg/L (2-chloroethyl)
trimethylammonim chloride (CCC) and 10% sucrose; 4) MS
medium supplemented with 5.0 mg/L BA and 500 mg/L
CCC and 3% sucrose. Temperature (10, 15, 20, 25 °C) and
photoperiod (0-hr, 8-hr and 14-hr photoperiod) treatment on
rhizome induction were also investigated here. After 42 d,
the number of rhizomes per plantlet and length and fresh
weight of rhizome were investigated.

Analysis of variance (ANOVA) was used to test the
statistical significance, and the significance of differences
among means was carried out using Duncan’s (1955) multiple-
range test at the 5% level.

RESULTS AND DISCUSSION

Buds regeneration from leaf explants
Callus began to form on the wounded margins of leaf

explants at 10 d after the explants were placed on MS
medium supplemented with BA and NAA, or TDZ and
NAA, with single shoot bud or bud clusters subsequently
formation after 30 d (Fig 1 A). Percentage of bud
regeneration, the mean number of buds per explant and the
length of buds varied from 0% to 79.8%, 0 to 5.4 and 0 cm
to 0.72 cm, respectively, with different medium. The highest
percentage of bud regeneration (79.8 ± 4.25%), the highest
mean number of buds per explant (5.4 ± 0.35) and the
highest length of buds (0.72 ± 0.03 cm) occurred on MS
medium supplemented with 2.0 mg/L BA plus 0.5 mg/L
NAA (Table 1).

The effect of BA on the buds regeneration depended
strongly on the concentration of NAA. At lower BA
concentration (< 2 mg/L), the percentage of bud regeneration,
the number of buds per explant increased significantly with
the increase of NAA concentration except for treatment with
NAA 0.8 mg/L. Higher BA concentration (< 3 mg/L) show
decreased ability in shoot induction. Medium with TDZ also
generated relatively high number (3.5 ± 0.10) of buds, but
TDZ inhibited bud elongation and decreased the average
percentage of bud regeneration (Table 1).

Shoots elongation
Bud clusters were transferred into different shoot

elongation medium with varied GA3 concentration. GA3 has
significant effects on the length of shoots (Table 2).
Adventitious buds grew quickly, and the shoots were normal
and strong on MS medium supplemented with 2.0 mg/L BA,
0.5 mg/L NAA, and 0.5 mg/L GA3 (Fig 1 B).
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Table 1 Effect of plant growth regulators on adventitious buds
regeneration from leaf explants

Plant growth Bud Mean number Length of
regulators(mg/L) regeneration explant buds/ buds
BA TDZ NAA (%) explant (cm)

1.0 0.1 0 l 0 l 0 k
1.0 0.2 10.8 ± 0.33 k 2.6 ± 0.09 f 0.42 ± 0.02 f
1.0 0.5 26.2 ± 0.59 hi 3.4 ± 0.18 de 0.38 ± 0.01 g
1.0 0.8 23.5 ± 0.45 i 4.0 ± 0.06 c 0.41 ± 0.01 f
2.0 0.1 41.6 ± 1.45 e 2.7 ± 0.07 f 0.50 ± 0.02 cd
2.0 0.2 50.4 ± 2.15 d 3.3 ± 0.15 e 0.52 ± 0.03 c
2.0 0.5 79.8 ± 4.25 a 5.4 ± 0.35 a 0.72 ± 0.03 a
2.0 0.8 71.0 ± 3.48 b 4.6 ± 0.13 b 0.65 ± 0.01 b
3.0 0.1 60.8 ± 2.74 c 4.1 ± 0.08 c 0.46 ± 0.02 e
3.0 0.2 52.6 ± 2.49 d 2.0 ± 0.08 g 0.32 ± 0.02 h
3.0 0.5 40.2 ± 2.51 ef 0.9 ± 0.05 i 0.43 ± 0.01 f
3.0 0.8 37.6 ± 1.68 f 1.0 ± 0.05 i 0.48 ± 0.02 de
5.0 0.1 40.2 ± 1.69 ef 0.3 ± 0.02 k 0.50 ± 0.02 cd
5.0 0.2 28.2 ± 0.88 gh 0.6 ± 0.04 j 0.31 ± 0.02 h
5.0 0.5 20.4 ± 0.91 j 0.4 ± 0.03 k 0.36 ± 0.01 g
5.0 0.8 19.35 ± 0.90 j 0.7 ± 0.04 j 0.37 ± 0.03 g

0.01 0.5 30.2 ± 0.93 g 1.3 ± 0.05 h 0.32 ± 0.01 h
0.1 0.5 25.4 ± 0.73 hi 3.3 ± 0.19 e 0.27 ± 0.01 i
0.5 0.5 10.2 ± 0.40 k 3.5 ± 0.10 d 0.22 ± 0.02 j

Values represent means ± standard deviation. Means within a
column followed by the same letter are not significantly different
by Duncan’s multiple range test (DMRT) at 0.05 probability level.

Table 2 Effect of plant growth regulators on shoot elongation

Plant growth regulators Shoot Mean length
(mg/L) regeneration of shoot

BA NAA GA3 (%) (cm)

2.0 0.5 0 100 0.72 ± 0.05 d
2.0 0.5 0.5 100 3.31 ± 0.31 a
2.0 0.5 1.0 100 2.75 ± 0.16 b
2.0 0.5 2.0 100 2.41 ± 0.23 c

Table 3 Effect of auxin type and concentration on root formation.

Auxin Number of Length of Root
(mg/L) roots/ root formation

NAA IAA shoots (%)

0 0 6.3 ± 0.4 e 1.12 ± 0.09 a 100

0.1 9.6 ± 1.0 d 0.87 ± 0.16 b 100

0.5 13.0 ± 1.0 a 0.78 ± 0.08 b 100

1.0 11.6 ± 0.9 bc 0.49 ± 0.04 cd 100

1.5 12.4 ± 0.7 ab 0.37 ± 0.06 d 100

0.1 7.3 ± 0.5 e 0.92 ± 0.21 b 100

0.5 10.0 ± 1.2 d 0.79 ± 0.08 b 100

1.0 10.6 ± 0.6 cd 0.56 ± 0.08 c 100

1.5 11.3 ± 0.8 bc 0.42 ± 0.08 cd 100

Values represent means ± standard deviation. Means within a
column followed by the same letter are not significantly different
by Duncan’s multiple range test (DMRT) at 0.05 probability level.

Values represent means ± standard deviation. Means
within a column followed by the same letter are not
significantly different by Duncan’s multiple range test
(DMRT) at 0.05 probability level.

Rooting and transplanting
Regenerated shoots (2.0 to 3.5 cm in height) were excised

from bud clusters for rooting. Healthy and strong roots were
observed after 5 d on the medium supplemented with 0.5 mg/
L NAA (Fig 1 C and D). In medium supplemented with IAA,
rooting initiated at day 7. In medium without auxin, rooting
initiated at day 9 and the roots were relatively slender and
fragile. Auxin NAA is better than IAA in root induction. It
should be noted that auxin decreased the root length, treatment

Fig 1 Plants regeneration from leaf explants of manyflower betony.
A, Callus induction and multiple adventitious buds emergence
from cultured leaf explants; B, Buds developed into shoots
on elongation medium; C, A regenerated plantlet; D,
Development of roots on root induction medium; E,
Acclimatized plants were transplanted into soil.
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could enhance the rhizome length and the fresh weight.
Taken together, the MS medium supplemented with 10%
sucrose, 5.0 mg/L BA and 500 mg/L CCC was optimal for
rhizome formation.

Effect of temperature and photoperiod on rhizome
induction

Complete darkness was essential for rhizome formation.
The axillary buds from explants grew bend downwards into
medium to form rhizomes under complete darkness condition
(Fig 2A). However, they grew upwards and gradually develop
into lateral branches under the illumination condition,
regardless the short (8 hr/d) or the long photoperiods (14 hr/
d) (Fig 2B).

without auxin gave the highest values of average root length
with 1.12 cm (Table 3).

Three hundred and eighty-six rooted plantlets were
transplanted in pots, and 92.5% of plants survived in
greenhouse conditions after 42 d of acclimatisation tage
(Fig 1 E). There was no detectable variation among the
acclimatized plants with respect to morphological and growth
characteristics.

Effect of sucrose, BA and CCC on rhizome induction
The regenerated plantlets were used for further in vitro

rhizome induction and the results show that sucrose play a
crucial role in rhizome formation (Table 4). The rhizome was
barely produced with lower sucrose concentration (= 5%).
BA can also facilitate in vitro rhizome formation, and 5.0
mg/L BA was suitable (Table 4). The average rhizome number
and the fresh weight of rhizome per plantlet increased slightly
with the concentration of BA increased, whereas the average
rhizome length and the fresh weight of individual rhizome
decreased. With the concentration of BA increasing from 1.0
mg/L to 10.0 mg/L, the average rhizome number and the
fresh weight of rhizome per plantlet increased by 39.1% and
21.5%, whereas the rhizome length and the fresh weight
decreased by 19.8% and 15.4%, respectively. The fresh weight
of rhizome per plantlet increased with the concentration of
BA enhancement mainly due to the increase of the rhizome
number. The medium supplemented with 500 mg/L CCC

Table 4 Effect of sucrose, plant growth regulators and temperature on in vitro rhizome induction.

Treatment Number of the induced Length of rhizome Fresh weight of Fresh weight of
rhizome per plantlet (cm) individual rhizome (g) rhizome per plantlet (g)

Sucrose (%)
2 0.00 c 0.00 c 0.000 c 0.000 c
3 0.00 c 0.00 c 0.000 c 0.000 c
5 0.00 c 0.00 c 0.000 c 0.000 c
8 1.00 ± 0.11 b 2.91 ± 0.12 b 0.273 ± 0.015 b 0.271 ± 0.022 b
10 1.21 ± 0.13 a 3.16 ± 0.13 a 0.294 ± 0.009 a 0.356 ± 0.017 a

BA and CCC
10% sucrose 1.00 ± 0.07 d 3.24 ± 0.10 a 0.307 ± 0.019 a 0.307 ± 0.011 c
10% sucrose + BA 1.0 1.15 ± 0.07 cd 3.03 ± 0.06 b 0.273 ± 0.004 b 0.314 ± 0.012 bc
10% sucrose + BA 3.0 1.47 ± 0.06 bc 2.91 ± 0.05 b 0.243 ± 0.005 c 0.357 ± 0.059 bc
10% sucrose + BA 5.0 1.56 ± 0.05 bc 2.68 ± 0.09 c 0.239 ± 0.007 c 0.373 ± 0.017 ab
10% sucrose + BA 10.0 1.60 ± 0.11 bc 2.43 ± 0.11 d 0.231 ± 0.008 c 0.370 ± 0.012 ab
3% sucrose + BA 5.0 + CCC 500 2.26 ± 0.14 a 1.32 ± 0.07 e 0.067 ± 0.005 d 0.151 ± 0.010 d
10% sucrose + BA 5.0 + CCC 500 1.75 ± 0.09 b 2.54 ± 0.12 cd 0.242 ± 0.009 c 0.424 ± 0.019 a

Temperature (°C)
10 0.00 c 0.00 d 0.000 d 0.000 c
15 1.89 ± 0.16 a 2.31 ± 0.13 c 0.187 ± 0.006 c 0.353 ± 0.022 b
20 1.63 ± 0.15 a 2.72 ± 0.15 b 0.268 ± 0.009 b 0.437 ± 0.018 a
25 1.25 ± 0.18 b 3.23 ± 0.43 a 0.304 ± 0.008 a 0.380 ± 0.014 b

Values represent means ± standard deviation. Means within a column followed by the same letter are not significantly different by Duncan’s
multiple range test (DMRT) at 0.05 probability level.

Fig 2 In vitro rhizome induction of manyflower betony. A, Rhizome
formation under complete darkness. B, Axillary buds
developed into lateral branches instead of rhizome formation
under illumination condition (8 hr/d or 14 hr/d).
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micropropagated shoots of manyflower betony rooted when
cultured on MS auxin-free medium, but the maximum number
of roots and faster root emergence were exhibited on medium
with auxin. Both NAA and IAA achieved comparable rates
of rooting in vitro, but NAA led to higher levels of shoot
development, compared with IAA. The preference of a species
to a specific auxin has been reported (Omura and Hidaka
1992, Goh et al. 1995). The superior effect of NAA on both
root and shoot development has been previously documented
in other plant species (Bergmann and Whetten 1998).

Our study is in agreement with previous reports that in
vitro rhizome formation is highly dependent on sucrose
concentration (Xu et al. 1998). MS medium supplemented
with lower concentration sucrose (2%–5%) are recalcitrant
to produce rhizomes. Higher levels of sucrose are also a
requirement for microtuber formation in potato as reported
by (Wang and Hu 1982) and (Khuri and Moorby 1995).
Sucrose possibly acts as an energy source or a signal for
rhizome induction. However, lower sucrose (3%) combination
with 5.0 mg/L BA and 500 mg/L CCC produced the maximum
number of rhizomes (Table 4). This indicated that CCC and
BA can compensate the deficiency of sucrose and may be
explained by the presence of CCC, which can reduce GA3

biosynthesis and increases tuberonic acid synthesis,
stimulating the rhizome formation (Stecco and Tizio 1982,
Tovar et al. 1985, Vecchio et al. 1994).

Complete darkness was crucial during rhizome
induction,and this has been observed in many other plant
species (Hussain et al. 2006). Illumination changes the
pathway of rhizome formation, and had a significant effect
on the morphogenesis. (Dobranszki et al. 1999) and (Donnelly
et al. 2003) demonstrated that microtuberization efficiency
has been increased by short-day exposure or continuous
darkness during culture condition. Light can stimulate GA3

synthesis which inhibits rhizome induction while darkness
enhanced tuberonic acid synthesis, which promotes rhizome
formation (Alisdair and Willmitzer 2001, Jackson 1999,
Simko et al. 1996).
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