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Abstract In recent years, the domestic and international
market demand for Bletilla striata has increased rapidly
because of its wide use in medical, pharmaceutical, chemi-
cal, health, cosmetology, and other fields. The increased
demand and a shortage of wild herbal resources have led to
the development of large-scale introduction and cultivation
programs. Using our research results and the relevant liter-
ature, this paper characterizes the original B. striata plant, as
well as seedling propagation techniques and its main culti-
vation modes, and discusses some problems in the B. striata
production process. This work will provide a reference for
industry development and the promotion of B. striata.

Keywords Bletilla striata - Medicinal uses - The original
plant - Seedling propagation - Cultivation modes

Introduction

Bletilla striata (Thunb.) Reichb. f. (Orchidaceae) is a
herbaceous perennial plant (Chinese Academy of Sciences
“Chinese Flora” Editorial Board 1999). The dried tuber of
B. striata is a traditional Chinese herbal medicine and has
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been widely used for thousands of years to treat hemoptysis,
hematemesis, trauma and bleeding, ulcers and swelling,
pain, burns, and skin chapping. Modern pharmacological
research has so far isolated ~ 125 compounds from B.
striata, including bibenzyls (Feng et al. 2010; Li et al. 1993;
Takagi et al. 1983; Yamaki et al. 1991), dihydrophenan-
threnes, biphenanthrenes, phenanthrenes (Bai et al. 1990;
Feng et al. 2010; Li et al. 1991; Morita et al. 2005; Yamaki
et al. 1989, 1990, 1993a, b), triterpenoids and their sapo-
nins, steroids and their saponins, cyanidin glycosides,
phenanthraquinones, anthraquinones, lignans, organic
acids, and glucosyloxybenzyl 2-isobutylmalates (He et al.
2017). Additionally, B. striata is rich in polysaccharides.
With hemostasis, anti-tumor (Zhan et al. 2014), anti-bac-
terial, anti-inflammatory (Diao et al. 2008), wound-healing
promotion (Luo et al. 2010), cell growth promotion, anti-
angiogenesis (Liu et al. 2008), anti-hepatic fibrosis (Wang
et al. 2014), immune regulation (Peng et al. 2014), and other
pharmacological effects, B. striata can significantly reduce
tumors and oxidative damage, as well as promote antimi-
crobial wound healing. In addition to its wide application as
a Chinese herbal remedy, B. striata has been made into a
variety of Chinese traditional patent medicines, such as Bai
Ji granules, Bai Ji syrup, and Yunnan Baiyao, for the
treatment of clinical diseases (Zhang et al. 2012). Since B.
striata seeds have no endosperm, they lack a supply of
nutrients during germination and require symbiotic fungi
under natural conditions. Thus, the B. striata reproduction
rate is extremely low and this coupled with over-exploita-
tion has made wild resources scarce (Li et al. 2012). Bletilla
striata is listed in Appendix I of the Convention on Inter-
national Trade in Endangered Species of Wild Fauna and
Flora and is under the second-class protection of the
national wild plant conservation list in China (the second
batch). Recently, with the increasing demand for B. striata,
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the market gap between supply and demand has increased
yearly and is now very prominent. Therefore, the scale of
cultivation of B. striata has expanded rapidly. In this paper,
based on a review of relevant literature and field investi-
gations of domestic B. striata production enterprises, we
provide a reference for promoting the effective preservation
of B. striata germplasm resources, achieving sustainable
utilization of wild B. striata, and resolving the shortage in
B. striata resources.

The original plant

The genus Bletilla consists of about six species worldwide,
which are mainly distributed in China, North Korea, Japan
and Burma (Li et al. 1993). There are four species in China,
namely B. striata, B. formosana (Hayata) Schltr, B.
ochracea Schltr, and B. sinensis (Rolfe) Schltr (Table 1).
At present, only B. striata is recorded in the Chinese
Pharmacopoeia as a medicinal plant (Zhao et al. 2013).
Bletilla striata was first mentioned in Shennong’s Classic
of Materia Medica, and is also recorded in the main ancient
Chinese herbal literature (Sun et al. 2010). However, there
is a phenomenon of mixed cultivation of B. formosana, B.
ochracea and B. striata, which leads to confusion of
provenances and affecting B. striata medicinal effective-
ness and safety. Therefore, identifying the morphological
differences among the four species of genus Bletilla helps
to ensure the reliability of B. striata provenance.

Techniques for seedling reproduction

The B. striata capsule is cylindrical, with six longitudinal
edges, and contains a large number of seeds. The seeds are
mature at the proembryo stage. The mature seeds are very
small, and the seed shell consists of one row of transparent
dead cells. The embryo remains at the proembryo stage, and
has the following characteristics: undifferentiated mature
embryo, degraded suspensor and exalbuminous (Li et al.
2012). The natural reproduction rate of B. striata is low, and
traditional asexual reproduction methods are time-con-
suming, have a low propagation efficiency, and are difficult
to perform on a large scale (He et al. 2008; Jingchao et al.
2013). At present, the seedling propagation techniques for
B. striata are mainly tuber reproduction, direct seed sowing,
aseptic seed culture, plant division-based propagation, rapid
propagation in vitro and artificial seeding (Fig. 1).

Tuber reproduction

As B. striata seeds germination is difficult, traditional
cultivation mainly relies on tuber propagation, in which a
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pseudobulb with a bud is directly planted as a seed stem.
Tuber propagation is generally used for the artificial
domestication of wild B. striata and small-scale cultiva-
tion. B. striata is generally collected from October to
November, and 1-year-old pseudobulbs with old stems and
buds, of similar size, with many bud eyes, no diseases or
insect pests, and without damage are selected as planting
materials. The pseudobulbs are divided into small pieces,
each of which has at least 1-2 buds. When the incisions are
dry or after they are dipped in plant ash, the pieces are
planted carefully to try not to damage the pseudobulb
epidermis and buds. Bletilla striata is a shallow-rooted
medicinal plant, and is best planted in sandy loam with a
thick soil layer that is fertile, loose, well-drained, and rich
in humus. The planting density is 20 cm x 30 cm, and the
depth is 8-10 cm; pseudobulb pieces are placed with the
buds upward, covered with soil, and given adequate water
(Yunnan academy of agricultural sciences institute of
flowers 2015). This method is simple, convenient, and easy
to perform. The disadvantages are the low propagation
coefficient and the long time required to accumulate a large
number of seedlings, making it unsuitable for large-scale
planting (Ren et al. 2016).

Direct seed sowing

Orchidaceae seed structure is simplified and endosperm-
free. However, the parenchymal cells of the embryo of B.
striata seeds store large amounts of protein, fat and car-
bohydrates, which can be used as nutrients for seed ger-
mination like endosperm. Thus, B. striata seeds
germination capacity is better than other orchids under
conventional conditions (Guo and Xu 1990). The seedling
substrate should consist of bark powder, humus, nutrient
soil, fowl dung and peat soil in a volume ratio of
15:20:8:1:5, and seedlings should be grown at an air tem-
perature 20-35 °C and a relative humidity of 60-80%.
Spraying the seeds with different nutrient solutions peri-
odically at different stages of seed germination can
increase the seed germination rate from 5% to
69.7% =+ 3.13% under natural conditions. The diameter of
the pseudobulb is generally 1-1.5 cm at 180 days after
sowing (DAS) (Niu and Wang 2016).

The storage duration of B. striata seeds is negatively
correlated with the germination rate and growth. Using
mature seeds stored for a short time as a seed source is
recommended for the production of B. striata seedlings
(Yang et al. 2016). The germination rate of wild B. striata
seeds was found to be 35.2% after treatment with ethylene,
which was 13.6% and 19.8% higher than with a warm
water (50 °C) treatment and at normal temperature,
respectively (Huang 2013).



603

Physiol Mol Biol Plants (May—June 2019) 25(3):601-609

uoneorjdde sso1

pueqiey[, ‘(Aunod 1z3usw) ueuun X

ueuuNX ‘noyzing ‘uenyorg

qun[ Ul SI 90UISAIO[] "S[ASSE) JO UOTIRLISS
Jo oSumy e ym oeqowre] dif oy) uo
qe[[owe] ¢ ‘Paqol-¢ JoUnSIp J0U IO paqofun
STWNJ[oqe] 9Y) ‘JOPUIAR] PUE [[eWS oIe
SIOMOY (SIOMOY ()]—€ YIIM SIOUIISAIOPU]
unf 0) AR Wwolj SuLIOMO[]
"Kaem a1e deqowre] tdif ay) uo oe[oure]
G ‘peqo[-¢ wn[[eqe[ ‘M A[eIel ‘QoeyIns
[eUISNUL Y} UO )IYM [SIMO[[L Yoreq
S$J1 UO UQAIT YSIMO[[A IO DIIYM YSIMO[[QA
are spejod pue sfedos a3re[ wnipow

3s0qo[3qns

K)ISOOSIA UT YOLI
‘SINUISAYD Iajem 1|
Sulr oY) yIIm dA0Qe

SOABJ] [eseq
se ST ‘eye[oaoue[-ondI[e

IO JJB[0JOUR] ‘SIARI[ ¢—7  SISudUlS 'g

IXueyg pue  ‘Ixgueno ‘ueuny ‘oqnH ‘UeudH ‘nsuen) QIB SIOMOJ SNONJIO) SI SIXE JOUIISAIOPUI ‘padeys Aprengornn
uenyoIS ‘ueuun § JO 1seayINOS Y} ‘IXUBYS JO YINOS YL, 0SET—00E {SIOMOY ()]—€ UM SQOUISAIOPUL 10 IOPIOAO QJe[qQ  QJe[0dUR] SUOQO ‘SOABJ] §  DIVAYIO “g
uny
10 AeJ 03 [11dy WOy SULIOMO[] "AABM QI
(nAnAy) ueder ‘uemre], se[oure] d1] 9y} U0 QB[[OWE] G ‘PAqO[-¢
‘(nke7z) 19q1], JO ISBAYINOS AY) ‘UeUUN X wnj[eqe] ‘3uof ww [7—GT noqe are syeyad KJISOOSTA UT YOLI
Surtb3uoyH JO 1SOMTIIOU 0} [BXUID ) ‘nOYZInD pue sedas ‘ayym Ajorer yuid 1o IopuoABR]  pUB ‘SINUISIYD IAjeMm Apeai3 paLrea
pue noyzino ‘uenyolg ‘rx3ueno) ‘1sSuelf ‘nsuen) pUE [[EWS I SIOMOJ} ‘SNON3IO) ST SIXE NI Sulr oyl YIIM  SOABQ[ JO YIPIM pue YISUS]  DUDSOULIOS
‘uenyoIg JO 1seayInos oy ‘IXueyS JO YInos YL  001£-009 QOUQDSAIOYUI (SIOMO[ 9—C UM QWIAJRY  9AOQE ‘PIOAO B[O QUL ‘MOLIBU ‘SOABI] G—¢ g
KeN 0) [udy woij SuLromorq
uedep ‘Kaem ore gefowre] dif oy uo Qe[[owe| Surdseo
pUEB B[NSUIUSJ UBAIOY Y], ‘MOYZIND) G ‘paqol-¢ wnj[eqe| :3uo] W ()§—Gg pue Juryieays A[molreu
‘uenyoI§ ‘rxsuenn) ‘Suop3uenn) jnoqe are sfejed pue spedos ‘oyym K)TSOOSTA st jred Teseq ‘ojeurwnoe
‘ueuny ‘roqny ‘uerlng ‘rx3uerp Arorer “yuid 1o par ysidind pue a31e| ur you ‘synujsayo st xade ‘ore[0doue]
eroodooeurreyq ‘Fueiloyz ‘myuy ‘nsSuelf ‘nsuen QIE SIOMO[J SNONJIO} SI STIXE 9OUISAIO[UL 19)em Y1 Sulr Yy 1o Fuojqo Amolreu
asaury) JO 1seayInos Ay} ‘IxueyS Jo Ynos YL  00TE—001 SIOMOY] ()]—€ YIIM SQOUQOSAIOPU] YIM 2A0QE D1e[qO ‘peoIq A[[ensn ‘SoAed] 9— pIvLS g
(w)
uoneorddy uonnquusip [eoryderSoen  uoneadrq oMol qnqopnasd Jeo] saroadg

(6661) BUIYD JO BIO[] 224108 "BUIYD) UL P]j112]g JO so10ads 1noj oYy jo uostredwods [eosrSojoydiojy | d[qel,

pringer

A



604

Physiol Mol Biol Plants (May—June 2019) 25(3):601-609

Fig. 1 Techniques for seedling reproduction of B. striata. a Tuber reproduction. b Directly sowing seed. ¢ Aseptic seed culture. d Training

plantlet

Aseptic seed culture

Seed sterile culture is a kind of tissue culture technique.
Using explants from seeds for the rapid propagation of B.
striata has the following advantages: first, the number of B.
striata seeds is large compared with the limited number of
green tubers, as each capsule contains about 100,000 small
seeds; second, the seeds are easy to store and convenient to
use; third, the capsules are easy to disinfect and the con-
tamination rate is low; and fourth, the cultured seeds sprout
fast and grow rapidly, and the seedlings are robust. In
general, tissue culture of B. striata using seeds as explants
offers a shortcut to rapid propagation (Wei et al. 2008).
Bletilla striata seeds for aseptic culture are generally
collected from uncured mature capsules, and washed with
tap water to remove sand and dust. After washing, they are
soaked in water for 20 min, washed repeatedly with tap
water, cleaned in reverse osmosis water and placed on a
sterile bench. The disinfection steps are as follows: soak in
75% ethanol for 1 min, rinse twice in sterile water, soak in
NaClO solution (available chlorine > 5%) for 10 min,
wash five times with sterile water, dry the surface moisture
using sterile filter paper, longitudinally cut with a scalpel,

@ Springer

and spread the seeds evenly on the prepared germination
medium (Nie et al. 2016). The tissue culture processes used
after the seeds germinate and form protocorms, differ.
Researchers mainly use the following tissue culture pro-
gram: “protocorms — induction of protocorm prolifera-
tion — induction  of  shoot  differentiation — root
induction”, in which proliferation occurs mainly through
the induction of protocorm proliferation. However, other
methods for subculture of protocorms are also used, such as
“protocorms — induction of multiple shoot prolifera-
tion — induction of shoot differentiation — root induc-
tion”, which uses multiple shoots, or
“protocorms — induction of shoot differentiation — root
induction” and “growth and differentiation — root
induction”, which have no proliferation or subculture steps
(Guan et al. 2010). Although B. striata seeds are numerous,
the cultivation program involving directly inducing proto-
corm differentiation into seedlings is generally selected to
make the cultivation process easier and reduce the cost
(Ren et al. 2016). The development of B. striata has four
stages: embryo, protocorm, rhizome, and pseudobulb. After
imbibition, B. striata seeds differentiate green buds oppo-
site the suspensor end. The buds develop into cotyledons,
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and the embryo breaks the seed coat to form a protocorm.
Groups of white villous rhizoids form opposite the
cotyledons. The development of the meristem tip of pro-
tocorms follows the tunica-corpus theory. With the internal
differentiation of multiple vascular bundles, B. striata
transitions from the protocorm to the rhizome stage. Root
primordium development begins with the rhizome vascular
bundle. As the rhizomes gradually expand, the internal
ground meristem differentiates into mature parenchyma,
and a pseudobulb begins to form (Nie et al. 2016). The
effects of basic culture medium type, light cycle, and
sterilant, sucrose, and activated carbon concentrations on
the seed germination of B. striata were investigated using
MS medium as the basic medium. The optimum conditions
for the germination of B. striata were 1/2 MS medium as
the basic medium, with 1% NaClO, 2% sucrose, and 0.1%
activated carbon, and a 10-15 h/days photoperiod, which
resulted in a germination rate > 80% (Su-Qin 2010). The
germination rate was positively correlated with embryo age
and the embryo rate of seeds, whereas the germination time
was negatively correlated with these factors. For seeds with
16-week-old embryos, the germination rate reached 84%
on medium supplemented with 1 g/LL Huabao-1 and 2 g/L
Huabao-2. The germination rate of seeds with 20-week-old
and older embryos was not affected by the culture medium
and reached 100%. Moreover, the germination time was
only 7 days. The best culture medium for the multiplica-
tion of cluster shoots was 1/2 MS + 4.0 mg/L. 6-benzy-
laminopurine  (6-BA) + 0.2 mg/L.  1-naphthaleneacetic
acid (NAA) + 100 g/L coconut milk, on which the mul-
tiplication rate was 4.41. Medium with 1/2 MS + 0.2 mg/
L NAA was favorable for root growth, and the rooting rate
was 90% (Fu et al. 2006). Cryopreservation and preser-
vation under normal temperature conditions are not effec-
tive for fresh capsules of B. striata. The best storage
temperature for fresh capsules is 5 °C. After 60 days
storage, the seed germination rate begins to decline slowly,
and is ~ 50% after 5 months of storage. Cryopreservation
has almost no effect on the longevity of dry seeds (Zhao
et al. 2007).

Rapid propagation in vitro

In addition to aseptic seeds, B. striata tubers, lateral buds,
stem tips, roots, or other vegetative organs or tissues can be
used as explants in tissue culture systems to obtain tissue
culture seedlings. Proliferating buds can be successfully
induced by stem tips and lateral buds (Yu et al. 2005).
Pseudobulbs, leaves, and roots of B. striata have also been
used as explants. Pseudobulbs easily formed callus, with an
induction rate of 83.3%. The induction rate from roots was
23.3%, but the calli induced were white and loose, and the
differentiation rate in subsequent culture was low. Leaves

could form callus only on a specific medium, and the
induction rate was only 3.3%. Thus, the optimal explants
are pseudobulbs of B. striata, and roots and leaves are not
suitable as callus-inducing explants (Shi et al. 2013). Lei
Xiang and others who used young leaves of B. striata as
explants for tissue culture could not induce calli (Lei et al.
2014).

Many factors affect the rapid in vitro propagation of B.
striata, such as the choice of explant, the basic culture
medium, and the different concentrations and combinations
of growth regulators and organic additives. The tissue
culture and rapid propagation of B. striata were studied on
MS medium. Lateral buds and tubers of B. striata were
used as explants and sterilized with 0.2% HgCl, for dif-
ferent times to select suitable explants and sterilization
times. The basic MS medium or 1/2 MS medium was used
with different concentrations of 6-BA or NAA to induce
and multiply cluster buds and roots in cultures of B. striata.
Lateral buds of B. striata were suitable explants, and the
best sterilization effect was produced by 0.2% HgCl, for
8 min. MS medium + 1.5 mg/L 6-BA + 0.1 mg/L NAA
showed good induction of cluster buds from lateral bud
explants. The best multiplication medium for cluster buds
was MS + 2.0 mg/L 6-BA + 0.2 mg/L NAA, which pro-
duced a multiplication coefficient of 5.0 every 30 days.
The best medium for the induction of roots was found to be
172 MS + 1.0 mg/L NAA + 0.1 mg/L. 6-BA, which pro-
duced a rooting rate of 83.3% (Shi et al. 2009). Different
hormone combinations affect the induction, proliferation
and differentiation of B. striata callus. The callus induction
rate was highest (89.89%) when 6-BA and 24-
dichlorophenoxyacetic acid (2,4-D) were added to the MS.
2,4-D is a key growth regulator of B. striata. Adding only
6-BA did not induce callus formation, but the addition of
both 2,4-D and 6-BA promoted callus induction. Addi-
tionally, the callus-induction rate increased as the 2,4-D
concentration increased, but the quality of the calli
decreased. The addition of NAA and thidiazuron (TDZ) to
the differentiation medium promoted callus differentiation
in B. striata. The differentiation rate increased as the NAA
concentration increased, and the differentiation effect of
NAA was better than that of TDZ (Xu et al. 2016). Adding
indole-3-butytric acid (IBA), banana slurry, or tomato juice
could induce effective rooting of B. striata. The addition of
activated carbon or gibberellic acid (GA3) to the rooting
medium may also be beneficial for root growth and seed-
ling viability, while peptone has an inhibitory effect on
rooting. Various additives can affect the total phenol con-
tent distribution in B. striata tissue culture seedlings, which
influences proliferation and differentiation, as well as
rooting and other phenomena (Cui et al. 2016).
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Artificial seeds

Although tissue culture, to a certain extent, can solve the
problem of rapid propagation of B. striata seedlings, the
tissue culture-based seedling production cycle is long and
costly, and the transplant domestication process is also
lengthy. Artificial seed technology is a new way to prop-
agate seedlings of B. striata. B. striata seeds can be
embedded in a shell containing nutrients, which also pro-
vide a protective function. Bletilla striata artificial seeds
were manufactured by instillation and taking germinated B.
striata seeds as an embedding material. The effects of
artificial endosperm components, the artificial seed coat
matrix, storage conditions and the germination matrix on
artificial seed germination and seedling rates were studied.
The highest growth and seedling rates were produced with
an artificial seed coat matrix of 4.0% sodium algi-
nate + 0.2 mol L™! CaCl, + 0.4 mg L' peni-
cillin + 0.3% carbendazim powder 4+ 0.2% sodium
benzoate, and MS 4 1.0 mg L™' NAA +20mgL™'
kinetin (KT) as artificial endosperm components. Artificial
seeds stored at 4 °C for a long time maintained high

viability (Li et al. 2012). Artificial seeds made from B.
striata are small in size, fast to produce, easy to transport
and store, and can be successfully sowed in an artificial
environment. However, before artificial seeds can be used
in the commercial market, the preparation costs need to be
lowered and the embedding material formula and other
parameters need to be optimized.

Cultivation modes

To protect wild B. striata resources and meet market
demand, in recent years, many provinces in China,
including traditional and non-traditional B. striata-pro-
ducing areas, have been vigorously carrying out cultivation
of wild B. striata. This includes the development of
intensive greenhouse cultivation processes, interplanting
cultivation, imitation wild cultivation and potted cultiva-
tion modes (Fig. 2). As B. striata requires strict environ-
mental conditions during its growth and development,
creating an artificial environment suitable for plant growth
is the key to successful greenhouse cultivation.

Fig. 2 Different cultivation modes of B. striata. a Greenhouse intensive cultivation. b Potting cultivation. ¢ Imitation wild cultivation under

Phyllostachys pubescens Forests. d Intercropping under fig trees

@ Springer
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Intensive greenhouse cultivation

Intensive greenhouse cultivation is a facility cultivation
mode. Facility cultivation refers to creating artificially
controlled environmental conditions that allow plants to
grow and develop normally, without adverse environmen-
tal effects on production, to ensure stable production and
access to high-yield, high-quality agricultural products
(Wang et al. 2012b). According to the Good Agricultural
Practice for Chinese Crude Drugs guidelines, the cultiva-
tion base should be land with good ecological conditions,
clean water, good drainage, and open ground, and be well-
ventilated. It is also required that the site has no industrial
waste within 5 km and is contaminant-free with no garbage
or other sources of pollution, and that main roads are
500 m outside the production area. Bletilla striata-con-
taining greenhouses can be divided into two categories,
simple greenhouses and steel tube canopies.

Bletilla striata tissue-cultured seedlings are generally
adapted for ~ 15 days. They are then rinsed with water at
the base to remove the planting medium, and soaked in
1000 x carbendazim before transplanting. The transplant
season is spring, when temperature gradually increases.
This helps the transplants to adapt to the natural environ-
ment (Meng 1996). Transplanting should be shallow and
the tubers should be just covered without compressing the
soil. The effects of different transplanting conditions on the
growth of B. striata are varied. A slow transition is
required for light and temperature training to avoid
excessive injury to the seedlings. A moderate light intensity
(6000 Ix) is beneficial to seed survival, while low (3000 1x)
and high (9000 Ix) light intensities are not conducive to
seedling survival. Planting plots should be located at an
altitude of 600-1500 m in warm and humid areas, with
loose fertile, rich humus and well-drained sandy loam soil
(Fang et al. 2011). Low-altitude plots should be partially or
entirely shaded, while high-altitude plots should be
exposed to the sun (Chen et al. 2013). The main diseases of
B. striata are caused by nigrities artis and root rot. Nigrities
artis is treated by 1000 times the liquid control of 70%
thiophanate methyl WP. Anthrax is treated by 800 times
the liquid control of thiram, and then, the old and sick
leaves are removed. Root rot occurs in spring and summer
rainy seasons, and it can be prevented by good drainage
and waterproofing. The main pest of B. striata is the black
cutworm, whose larvae bite or chew B. striata seedlings
and shoots, affecting plant growth. The pest is treated using
90% crystal trichlorfon as bait to trap larvae, and
800 x 80% trichlorfon WP or 1000 x 50% phoxim EC to
irrigate the roots.

Imitation wild cultivation under forest conditions

Imitation wild cultivation is based on medicinal plant
growth and development habits, as well as the requirements
of the ecological environment, using forest resources,
including appropriate shade trees (Shao et al. 2016). Ble-
tilla striata is a shade plant that is mainly distributed at
elevations in the range between 500 and 1500 m. It grows
on hillsides, in gullies, near streams and in sparse forests,
and prefers humid soil and fertile sandy loam. The canopy
density has an effect on the growth of interplanted B.
striata in Phyllostachys pubescens forests, affecting plant
height, diameter at ground height, tiller number, tuber
diameter and tuber fresh weight, with the most significant
effect on tuber fresh weight. The tuber fresh weight varies
according to the canopy density. When the canopy density
is 0.40-0.59, the tuber fresh weight is the largest, followed
by 0.20-0.39 and the smallest with canopy density of more
than 0.60. If the forest canopy density is too low, the
environment will be too dry; if the forest canopy density is
too high, light conditions will be relatively poor. Such
conditions are not conducive to the growth of B. striata
(Luo 2016). The light environment in the forest can be
regulated by measures such as moderately thinning trees
and removing weeds under the forest. For imitation wild
cultivation in a forest, it is better to select a hillside site
with relatively flat terrain, a southern or eastern slope of
10°-15°, and convenient water management. In addition,
the soil should be fertile and loose, such as well-drained
light soil or sandy loam, and the soil thickness is not less
than 30 cm. The planting belt ditch should have a width of
20 cm and be 15 cm deep. A base fertilizer of 1500 kg/hm?
calcium and magnesium should be applied, and then the
soil covered and mixed evenly. A grass border of 10 m
should be maintained, which is conducive to forest water
and soil conservation (Lian 2014).

Pot cultivation

Bletilla striata not only has medicinal value, but also high
ornamental value. The flower has a specialized form, in
which the stamens and pistils are fused into the column,
and the petals are specialized into various shapes including
the lip. The flower is mauve and has a long flowering
period. The full-bloom stage of a population is ~ 12 days.
At the individual level, the flowering duration for each
plant is 11-27 d, which is proportional to the number of
flowers per plant. Bletilla striata is an ideal shade-tolerant
flowering plant. Thus, it can be potted as an indoor orna-
mental (Anders 1992; Schiestl and Schliiter 2009; Wang
et al. 2012a).

Flowerpots should be soaked in 5% chlorine disinfectant
before planting. Peat soil, pine bark, organic fertilizer,
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vermiculite, or river sand can be used in the cultivation
substrate, and should be mixed in proportions that not only
meet the requirements for water retention, ventilation, and
air permeability, but also promote plant fixation. The
transplanted seedlings can be domesticated tissue culture
seedlings or planted seedlings. Fertilization is mainly based
on slow-acting fertilizers. In addition to spraying water,
cooling, and humidification, it is necessary to maintain
good ventilation and air permeability, otherwise growth is
poor and diseases readily occur.

Conclusion and perspectives

Bletilla striata tissue culture has the advantage of being
simple and can meet production needs to a large extent,
which include providing seedlings for large-scale cultiva-
tion. This will help meet the market demand for medicinal
B. striata resources and can also increase the population
numbers, improve the endangered status of B. striata, and
provide a basis for sustainable use and protection of B.
striata germplasm resources. At present, large-scale pro-
duction of B. striata mainly uses tissue-cultured seedlings.
In recent years, the scale of B. striata cultivation has
rapidly expanded, and to save money and improve com-
petitiveness, some directly sowed seedlings have been
used. However, the growth vigor of these seedlings is
weaker than that of tissue culture seedlings, and there is a
large mortality rate in the second year after the seedlings
are grown. It is possible that directly sowed seedlings are
not as strong as tissue culture seedlings, with poor resis-
tance and vulnerability to viral damage. In addition, it is
important to determine the optimum active ingredients
necessary for B. striata production, separation, and purifi-
cation, as well as collection and utilization, using plant cell
culture technology.

Progress has been made in improving cultivation sub-
strates, transplanting methods, fertilizer and water man-
agement, pest control, and other key technologies.
However, B. striata cultivation lacks fine varieties. Dif-
ferences in the geographical environment, cultivation and
management practices can result in great differences in
quality. It is difficult to blind introduction or collection of
wild resources without knowing the biological character-
istics, active ingredient contents, or regional adaptability.
Thus, collecting and evaluating germplasm resources of B.
striata, including breeding fine varieties and determining
their active component contents, yield, and adaptability, is
an important direction for future research. To control the
quality standards of B. striata, only morphological and
TLC-based (thin-layer chromatography) identifications, as
well as control requirements for moisture, total ash and
acid-insoluble ash content, were published in the 2005

@ Springer

edition of the Chinese Pharmacopoeia. The 2010 and 2015
editions removed the acid-insoluble ash content, and the
2015 edition added the determination of sulfur dioxide
residues. However, quality control of components related
to pharmacological activities was not included. To date,
most studies have determined the quality of B. striata by
measuring the polysaccharide content, and the contents of
other ingredients have seldom been reported. Conse-
quently, quality and safety evaluation methods for B. stri-
ata need to be reinforced. These methods should include a
combination of quantitative analysis of index components,
fingerprints of the main active ingredient group, and heavy
metal and pesticide limitation indicators.

Acknowledgements This work was supported by Major Science and
Technology Projects of Breeding New Varieties of Agriculture in
Zhejiang Province (2016C02058).

References

Anders NL (1992) Orchid pollination biology. Trends Ecol Evol
7:255

Bai L, Yamaki M, Inoue K, Takago S (1990) Blestrin A and B,
bis(dihydrophenanthrene)ethers from Bletilla striata. Phyto-
chemistry 29:1259-1260

Chen Z, Sang Z, Tan S, Tan Z, Li B, Chen Z (2013) Research on
high-yield cultivation techniques of Bletilla striata. Pract For
Technol 55-56

Chinese Academy of Sciences “Chinese Flora” Editorial Board
(1999) Flora of China (China version). Science Press, Beijing

Cui R, Chen K, Xu L (2016) Research advances on seedling breeding
techniques of rare medicinal plants Bletilla striata. Res Pract
Chin Med 30:79-83

Diao H, Li X, Chen J, Luo Y, Chen X, Dong L, Wang C, Zhang C,
Zhang J (2008) Bletilla striata polysaccharide stimulates
inducible nitric oxide synthase and proinflammatory cytokine
expression in macrophages. J Biosci Bioeng 105:85-89

Fang H, Jiang J, Li M (2011) Effects of light intensities endogenous
hormones of Bletilla striata during acclimatization. China J Chin
Mater Med 36:2941

Feng JQ, Zhang RJ, Zhao WM (2010) Novel bibenzyl derivatives
from the tubers of Bletilla striata. Cheminform 91:520-525

Fu Z, Zhang J, Li H, Yang B (2006) Study on seed germination and
rapid propagation of Bletilla striata Rchb.f. J] Wuhan Bot Res
6:707

Guan CD, Jing YE, Xiao-Jun Z, Chen TT, Hai-Ying MA (2010)
Progress on rapid propagation techniques of Bletilla striata.
J Yunnan Univ 32:416-421

Guo SX, Xu JT (1990) Studies on the changes of cell ultrastructure in
the course of seed germination of Bletilla striata under fungus
infection conditions. Acta Bot Sinica 32:594-598

He ZJ, Lv LF, Yang LY, Xu ZZ, He JW, Cheng ZQ, Kang PD, Yuan
LC (2008) Genetic diversity of Bletilla Rchb. f. germplasms by
ISSR analysis. Southwest China J Agric Sci 21:1081-1085

He X, Wang X, Fang J, Zhao Z, Huang L, Hao G, Zheng X (2017)
Bletilla striata: medicinal uses, phytochemistry and pharmaco-
logical activities. J Ethnopharmacol 195:20-38

Huang Y (2013) Preliminary study on artificial domestication and
cultivation techniques of wild Bletilla striata in Yuanjiang
county. For Invent Plan 38:124-126



Physiol Mol Biol Plants (May—June 2019) 25(3):601-609

609

Jingchao LI, Lei C, Hao S, Liu X, Wang Y, Jiang F, Chen N (2013)
Genetic diversity analysis of wild Bletilla striata produced in
Zhejiang province by ISSR. Chin Arch Tradit Chin Med
31:294-296

Lei X, Huang M, Chang Y, Jing Y, Chen K (2014) Study on tissue
culture techniques for radicle of Bletilla striata. China Pharm
17:613-614

Li B, Kato T, Inoue K, Yamaki M, Takagi S (1991) Blestrianol A, B
and C, biphenanthrenes from Bletilla striata. Phytochemistry
30:2733-2735

Li B, Kato T, Inoue K, Yamaki M, Takagi S (1993) Stilbenoids from
Bletilla striata. Phytochemistry 33:1481-1483

Li WP, Tian SS, Lu GY, Lv D, Wang YN, Jiang FS, Ding ZS (2012)
Rapid propagation of Bletilla striata by synthetic seeds tech-
nology. China J Chin Mater Med 37:3386-3390

Lian X (2014) Study on artificial cultivation techniques of Bletilla
striata in Cunninghamia. China Agric Inf p 9

Liu MZ, Tang JZ, Zhang JS, Chou Q, Huang YY (2008) Angiogen-
esis inhibition in vascular endothelial cells by terpenoid com-
pounds from Bletilla striata is via apoptosis pathway. J Mol Cell
Biol 41:383-392

Luo S (2016) Effects of different canopy densities and slope positions
on interplanted Bletilla striata under Phyllostachys edulis
porests. Anhui For Sci Technol 42:14-15

Luo Y, Diao H, Xia S, Dong L, Chen J, Zhang J (2010) A
physiologically active polysaccharide hydrogel promotes wound
healing. J Biomed Mater Res Part A 94:193

Meng A (1996) Review on the rapid propagation of in vitro seedlings
of Dendrobium. J Guangxi Acad Ofences 12:35-39

Morita H, Koyama K, Sugimoto Y, Kobayashi JI (2005) Antimitotic
activity and reversal of breast cancer resistance protein-mediated
drug resistance by stilbenoids from Bletilla striata. Bioorg Med
Chem Lett 15:1051-1054

Nie N, Zhu Y, Tian M, Hua JW, Wang L, Qin MJ (2016)
Morphological and cytohistological observations of seed germi-
nation and protocorm development of Bletilla striata. China J
Chin Mater Med 41:1446

Niu J, Wang Z (2016) The new direct seeding and breeding method of
Bletilla striata. J Shaanxi Norm Univ 44:83-86

Peng Q, Li M, Xue F, Liu H (2014) Structure and immunobiological
activity of a new polysaccharide from Bletilla striata. Carbohydr
Polym 107:119

Ren FM, Yan L, Ying LI, Yang TJ, Feng H, Song JY (2016) Resource
distribution and breeding of medicinal plants in genus Bletilla
Reichb. f. Chin Tradit Herb Drugs 47:4478-4487

Schiestl FP, Schliiter PM (2009) Floral isolation, specialized polli-
nation, and pollinator pehavior in Orchids. Annu Rev Entomol
54:425-446

Shao QS, Shen-Yi YE, Zhou AC, Wang HZ, Zhang AL, Jian-Wei XU
(2016) Current researches and prospects of seedling propagation
and cultivation modes of Jinxianlian. China J Chin Mater Med
41:160-166

Shi YP, Li F, Ling ZZ (2009) Tissue culture and rapid propagation
technique for Bletilla striata. Guangxi Agric Sci 40:1408-1410

Shi YP, Zhao ZG, Tang FL, Fu CM, Huang NZ (2013) Induction,
proliferation, and differentiation of Bletilla striata callus. Chin
Tradit Herb Drugs 44:349-353

Sun L, Yang Y, Liu J (2010) Herbal textual research on Bletilla
striata. J Chin Med Mater 33:1965-1968

Su-Qin YU (2010) The study on seed germination effect of Bletilla
striata under the different culture condition. J Anhui Agric Sci
38:8421-8422

Takagi S, Yamaki M, Inoue K (1983) Antimicrobial agents from
Bletilla striata. Phytochemistry 22:1011-1015

Wang CX, Tian M, Quan-Jian LI, Liu F (2012a) Floral syndrome and
breeding system of Bletilla striata. Acta Hortic Sinica
39:1159-1166

Wang H, Du Y, Cui X, Guo Y (2012b) Effect of plastic greenhouse
cultivation on inoculation and growth of Cistanche tubulosa.
Chin Agric Sci Bull 28:279

Wang Y, Liu D, Chen S, Wang Y, Jiang H, Yin H (2014) A new
glucomannan from Bletilla striata: structural and anti-fibrosis
effects. Fitoterapia 92:72-78

Wei K, Liu Y, Qin J, Feng X (2008) Study on screening of explants of
tissue culture in Bletilla striata. Mod Chin Med 10:13-14

Xu D, Shen F, Qian G, Qiao X, Chu S, Li L (2016) Effect of different
hormone combinations on the induction, proliferation and
differentiation of callus in Bletilla striata. North Hortic
pp 157-161

Yamaki M, Li B, Inoue K, Takagi S (1989) Biphenanthrenes from
Bletilla striata. Phytochemistry 28:3503-3505

Yamaki M, Bai L, Inoue K, Takagi S (1990) Benzylphenanthrenes
from Bletilla striata. Phytochemistry 29:2285-2287

Yamaki M, Kato T, Bai L, Inoue K, Takagi S (1991) Methylated
stilbenoids from Bletilla striata. Phytochemistry 30:2759-2760

Yamaki M, Li B, Kato T, Inoue K, Takagi S (1993a) Three
dihydrophenanthropyrans from Bletilla striata. Phytochemistry
32:427-430

Yamaki M, Li B, Kato T, Inoue K, Takagi S, Yamagata Y, Tomita KI
(1993b) Blespirol, a phenanthrene with a spirolactone ring from
Bletilla striata. Phytochemistry 33:1497-1498

Yang P, Zhang J, Luo M, Song Z (2016) Effects of different storage
time on the germination and growth of Bletilla striata seed.
Agric Technol Serv 33:24-107

Yu C, Li Z, Wang Y (2005) Tissue culture and rapid propagation of
wild Bletilla. J Southwest Agric Univ 5:601-604

Yunnan Academy of Agricultural Sciences Institute of Flowers
(2015) Standardized cultivation techniques of Bletilla striata.
Appl Technol Rural Areas pp 33-34

Zhan X, Jia L, Niu Y, Qi H, Chen X, Zhang Q, Zhang J, Wang Y,
Dong L, Wang C (2014) Targeted depletion of tumour-associ-
ated macrophages by an alendronate—glucomannan conjugate for
cancer immunotherapy. Biomaterials 35:10046—10057

Zhang YW, Jiang FS, Wang Y, Ding ZS (2012) Present status and
sustainable development of Rhizoma Bletillae industry. Chin
Arch Tradit Chin Med 30:2264-2267

Zhao R, Luo G, Zhang X, Wan D, Cai C, Feng Q (2007) The effect of
different storage temperature on seed life-span of Bletilla striata
Reichb. f. Guizhou Agric Sci 124:185-193

Zhao YX, Deng YR, Zhang XJ, Chen F (2013) Advances in chemical
constituents and pharmacology of genus Bletilla. Nat Prod Res
Dev 25:1137-1145

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Bletilla striata: a review of seedling propagation and cultivation modes
	Abstract
	Introduction
	The original plant
	Techniques for seedling reproduction
	Tuber reproduction
	Direct seed sowing
	Aseptic seed culture
	Rapid propagation in vitro
	Artificial seeds

	Cultivation modes
	Intensive greenhouse cultivation
	Imitation wild cultivation under forest conditions
	Pot cultivation

	Conclusion and perspectives
	Acknowledgements
	References




