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Mass Propagation of an epiphytic orchid Acampe papillosa (Lindl.)
through in vifro sced germination
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Absiract

A methed of i vitro propagation of a medicinally impertant epiphytic orchid of NBU campus Acawmpe papiliesa has

been developed. Three dilferent categories of media (152 M

5. MS and Knudson C)were used for in vitro asymhbiotic

seed germination for conservation and commercial uses, Seed germination was observed in all the media without any
wrewth supplement or additives although not efMiciently. Seeds showed positive germination response in all the three
media but the frequency and onset of germination, protocorm formation and associated morphogenic changes
leading to plantlets establishment varied with the nature of additional growth stimulus. Different concentrations and
combinations of suxin and cytokinins were used to enhance the germination and seedling development. The diffierent
concentration of coconut water (CW) was used as additive supplement in this study and 15% CW showed good
germination within 22 days in KnC medium. Various concentrations and combinations of plant growth regulators -
BAP(ImgHwodmg ') NAADSmglitol mg ') and 1BA (.5 mg | to 2 mg ') were added into the three calegones
of media as growth stimulants. The induction of PLBs was observed in the absence of any cxogenous supply of
PGRs, but the addition of BAP (4 mg ') with KnC medium improved the shoot growth significantly and enhanced the
PLBs development (35% efficiency) with highest shoot length (2.5 em) after six months of culture. Minimum number

of days was required for seedling development (148 days)

when cultured into the KnC medium supplement with

combinations of BAP (4 mg I') and IBA (2 mg I'). Addition of small quantity of MAA (0.5 mg 1" to2 mg '} was nu!
improved the PLBs or seedling development in compared to BAF and IBA. Rooting was improved by addition of 154

(0.5 mg I 1o 2 mg ') into the media. High rate of rooting e

ficiency was recorded when combinations of auxin and

cytokinin was used. Frequency of rooting (95%) was studied in KnC medium containing BAP (4mgand [BA 12 mig

I"). Seedling of 2.5 cm long with 3-4 leaves were transferred to carthen pot containing wood charcoal and coco poo
for acclimatization under green house conditions. Hardened plantlets showed significantly high survival rate (E1%
after seven months of transfer, Therefore, the present method of micro-propagation could be used swccessfully

propagate this important orchid for commercial production amd conservation purposes.
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INTRODUCTION

Orchid has extremely high Roricultural appeal
because of their extraordinarily beautifl and highly
enchanting NMowers with incredible range of variation
in floral shape, size, coloration and fragrance
belonging to family Orchidaceae (Nongdam and
Nirmala, 2012). Their distribution is found around
the globe except the freezing Antarctic region and
deadly hot desent aress (Suzak and Crzdener, 2006).
The family Orchidaceae is probably the largest
among all angiosperms and considered as most
advanced flowering plants, with an estimated 25000
species (Chugh er ., 2000). About 70% of orchid
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species are epiphytic that mostly inhabit in the
tropics and near about 163 genera and 1100 species
have been recorded in India. Among these 300
species are endemic, The Morth-eastern region of
India {(which is amongst the 8 hottest biodiversity
hatspots of the world) harbors arcund 876 orchid
species constituting nearly 70% of the total orchid
flora of India (Medhi and Chakrabarti, 2009}
remaining are found in the region of the Eastern
and the Western Himalayas. Apart from their
ornamental sesthetic value, a large number of
species are also medicinally important (Handa,
1986: Piri ef al,, 2013}, The beautiful campus of
the University of North Bengal having small forest
vegetation with orchid biodiversity and lies between
Latitude of 26" 84A North and Longitude of 887
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44A East, near Sihigun, Dist- Dargecling, W, India,
total area 300 acres. The aren 15 seasonally dry
and water logged, which generally falls under sul-
tropecal climatic zone. The average minlall ranges
from 1060-300 cm with relative humidity an 80-90%;,
during the rainy season accompanied with varied
temperature of 20°C to 38°C during the summer
and during winter temperature ranges from 7°C -
20°C. These varying physiographical features
coupled with suitable climatic condition of this region
otTer the best natural habitat for a number of orchid
specics. I is reported the presence of about 5-10
orchid specics under 5 genera in this campus.
However, orchid population is reducing at the
alarming rate due 1o extensive collection for illegal
orchid trade and habitat destruction. Most orchids
show extremely slow rate of vegetative
multiplication and propagation through sced
germination is also time taking because they need
suitable symbiotic association with a mycorrhizal
fungus and thus considered very difficult for
commercial cultivations. Breakthrough came when
it was first established that fungal requirement can
be compensated by supply of sugars and other
mincral nutrients for i vitre asymbiotic artificial
orchid seed germination (Knudson, 1922; Arditti e/
al., 1982). It is still to be learnt about the nutrient
requirements of commercially important and/or
endangered orchid species due to its large numbcr
of genotypic variation, Acampe papillosa (Lindl.),
15 an epiphytic orchid of the NBU campus, has
omamental potential for its evergreen, clustered
foliage and multi-flowered, pendulous racemes,
with yellow green flowers with anti-rheumatism
property of s roots (Bi er wl., 2005). Its natural
populations are on decline due to commercial
eallection and habitat destruction.

In the present study an attempl was made to mass
propagate this medicinally important epiphytic
orchid through ir vitro asymbiotic seed germination
for conservation purposcs.

Materials and methods
Surface sterilization of capsile

I'he green and undehisced capsule of live-month
old (Figure 1 A) was harvested from live plants

(NBU campus) of Acemrpe popiliove served
sorrce for voung seeds witl immature embryos
The pod was washed under tap water (30 minutes)
Followed by reatment with 7.5 % (viv) Lizol for
30 minutes and surface sterilized for 7 min with
HgCl, solution (0. 1%), with | 10 2 drops of ‘teepol”
s welling agent prior to washing with sterilized
distilled water. The pod was also treated with
streptomycin (0.03%) for 5 min and also dipped in
1% Bavistin (repeatedly washed with sterilized
double distilled water so as o remove all the traces
ol sterilizing agents), and subscquently, pod was
dipped in T0% cthyl alcohol for 30 s, flame sterilized,
and was Splil open longitudinally with a sterilized
blade to scoop out the immature embryos, under
aseptic conditions and seeds were inoculated into
different nutrient media.

In viiro seed germination

The seeds were scoped and transferred on different
nutrient media such as 2 MS, MS (Murashige and
Skﬂ-ﬂg, 1962}, Knudson C (Knudson, 1922)
supplemented with coconut water (10-25% viv) 1o
study their germination percentage and subseguent
scedling development in 4. papillosa. Different
concentration and combinations of auxin and
cytokinin (plant growth regulators) such as BAP
(0, 1,2, 4mgl'), NAA (0, 0.5, 1, 2 mgl')and IBA
(0, 1, 2, 3 mgl') were added for shooting and
rooting. The pH of the culture media was adjusted
to 5.6 and was autoclaved at 121°C for 20 minutes
under 15 |b inch pressures,

Maintenance of culture

The cultures were incubated at 25£2°C under 12 h
photoperiod provided by cool white fluerescent
tubes Philips (40 pmol m-* 5-*). Effeet of different
growth additives |AC {activated charcoal; 0.294),
YE {yeast extract; 2 g/1.)] was also assessed during
the experimentation. Data of different
morphogenctic responses were collected after one
month intervals up to six months of culture in three
replicates. Sub-culturing was done at four week
intervals

Havdeming of planifers
The well-developed seedlings { 3-4 cm height) witl)
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Figure 1. Jn vitro asymbiotic orchid (Acampe papiliosa) seed germination, PLB formation and plantlet development

g et A 4 " Ty

for mass propagation. (A) Natural habitat of 4 papillosa in the NBU campus. (B} Immature seeds at the time of
inoculation (x40 {C) Vertical section through germinating embryo (x20); (D) Protocomm-like body (PLE)emerged out
by rupturing seed coat (x30); (E) Leafy shoot tip and root like structure at the base of a PLB; (F) Multiplication of
PLEs (insel enlarge view of PLB). (G) Shoot development from the PLBs; {H) Seedling development and mulupiica-
tion: (1) Healthy seedlings with root; (K) Plantlet transferred to a pot for hardening under green house conditions

2 ta 3 leaves were removed from culture vessels
and thoroughly washed with tap water 1o remaove
adhering medium completely withoul causing
damage to the roots. Then plantlels were treated
with Tungicide solution (Bavistin) at 4%
concentration and streptomycin (0.03%%) for 5 min
I'hese were then transferred 1o perforated plastic
pots Mlled with a mixtuwre of uniform, small charcoal
pieces, brick pieces, sphagnuim moss, and pine bark
(1:1:1:1). After a through wash of the pots and the
potling maxture i waler and treatment with 0,2%
diethane M-45 tungicide, the secdhing were

transplunted. The potted plants were kept under a
green house (25% light) and mist irrigated
conditions. It showed 70% survival rate of the
plantlets. After 2 weeks both misting and folar
application of NPK (17:17:17) were followed

Results and discussion
Need germination ond PLEs formation

Three categories of media (172 MS, M3 and knl’)
were used to study the efficiency of mass
multiplication of an epiphytic orchid of NB
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campus Acampe papillosa for conservation
purposes and commercial use (Table 1) containing
various concentration of additives and plant
hormones. Seed germination efficiency was quite
high in % MS and KnC when supplemented with
additives (CW 15%) and plant growth regulators
(PGR) - cvtokinin and auxin. On set of in virro
seed germination was initiated within 22 days in '3
MS and KnC media supplemented with 4 mgl”
BAP in one category and in combination of both 4
mgl' BAP and 2 mgl' TIBA. In spite of additives
{(BAP, NAA, TBA, CW) the seed germination rate,
PLB formation and plantlets developments was low
in MS media. Seed germination started after three
weeks of culture initiation and considered to have
occurred when the embryo emerged from the
ruptured seed testa (Figure 1 B-C). Swelling of
the embryvos were first noticed within 12 days and
maximum 35 days recorded by MS medium while
the minimum period 20 days was required by KnC
medium supplemented with 4 mgl' BAP (Table 1).
Germination of orchid seeds is not like other seeds
because longevity of some orchid seeds is highly
variable and may lose their viability in nine months
while other in two months or less, Huge numbers
. of orchid seeds are produced within capsules which
are extremely minute in size containing
undifferentiated embryo composed of 80- 100 cells
without any functional endosperm. One of the
metabolic machinery (glyoxosome) is not present
for conversion of their lapidaceous reserve food
material into more utilizable forms (Harrison, 1977)
in the seed. Seed requires a symbiotic association
with a mycorrhizal fungus in nature { Bernard, 1904 ).
Ever since Knudson (1922, 1925) germinated the
seeds of Carleya, Laelia and Epidendrum on a
sugar rich medium in vitro, thus bypassing their
fungal requirement. In the present investigation,
the seed germination of Acampe papillosa was
recorded minimum 20 days in KnC medium with
plant growth regulator, BAP (4 mg 1) and
maximum 35 days in MS medium. A similar resule
was observed by other rescarcher (Hossein et al.,
2013) in Acampe papillosa. It was reported that
minimum 5 1 to 55 days required for germination of
Dendrobium sp. in MS medium. Due 10 non-
endospermic nature of the seed, its germination i

vivi is a unique phenomenon and requires symbiotic

fungal association. Different nutrient media were

suggested for orchid seed germination and
propagation by several authors {Arditti, 1979; Emst,
1974; Nagaraju and Parthasarathi, 1995;
Temjensanba and Chitta 2005; Park ef al, 2002).
Germinated embryo comes out from the seed coat
and form a special structure is called protocorm
and then develops into seedling (young plantiet)

Protocorm was initially white without any visible
shoot apex, but soon they turned green and form
leafy primordia at the apex and clusters of rhizonds
from the basal parts (Figure | D-E) and ultimately
form complete seedling with shoot and root. These
stages are commaon to most orchid species (Arditti,
1967). PLB formation during in vifro germination
is a general phenomenon in the family orchidaceac.
They are actually somatic embryo and originate
from a single cell (Chang and Chang, 1998).

PLBs {protocorm like body) are formed during seed
germination which is a rhizome like small globular
structure (Figure 1, D). High rate of PLB formation
was recorded in KnC medium supplemented with
4 mgl' BAP after 56 days of culture inoculation
(Table 1). Protocorm formation was observed in
the three categories of media (1/2 M5, MS and
KnC) with different concentration of CW, BAP,
MAA, and combinations of BAP and IBA (Table
1). Highest protocorm like bodies was produced
on the KnC medium containing 4 mgl' BAP,
followed by a combination of 4 mgl”' BAP and 2
mgl' IBA, which also showed multiple shoot
formation (Figure | G-H). Lowest number of PLBs
was produced on the MS medium contained lmg
1" NAA (Table 2).

Root formation was noted following transfer of the
PLBs to the media containing rooting plant hormone
(NAA, IBA). Highest frequency of rooting was
recorded on the KnC mediom supplemented with
both 4 mgl!' BAP and 2 mgl" IBA followed by 4
mgl' BAP (Table 2). Generally, auxins stimulate
root Tormation and eytokinins ¢enhance shoot
development and cell division. Inthe present study,
it was observed that orchid seedlings had
significantly higher growth in presence of auxin and
cytokinin combinations. Multiplicatiom of
protocorms was observed in CW supplemented
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Tahle 1. Eftect of different nutrient media on onset of seed germination, PLBs formation and seedling
development during asymbiotic orchid seed culture of Acampe papiliosa

o i Nutrien! media = 'i
Treatment ~_WMS MS R =
{Supplements) Owuse Plbs | Seedlings | Omset | PLbs | Seediings | Omset | Plbe | Seedlings

perminati | [duys) {dmys) gominati | (deys) | (deys) | germinatl | (deys) (days)
o fdays) | on {dya) on (days)
ot 0 T0 174+ LS T | 1762 26 65 + 165 &
104 | 097 L.78 102 2% 1.99 2.09 107 112
W 242 62 % 157+ 6+ 65 & 168 + & A2+ -f 155 %
(15% wiv) 2.0 0.7 L.09 112 1.31 L1 1.32 2.01 057 |
w{‘mrl} 21+ -ﬁt 151+ 244 [y i IEH* Zﬂ't ji‘i -ijﬂ*
; .;.Hr 1.21 1.06 2.08 0.12 .07 145 2.7 111
NAA I + 60+ 1612 FLE" 61+ 1654 M= il & 157 &
bl EY T T 9 | 221 | s | 2m
BA X * 59 & s M+ 63 & 154 £ M4 652 1574
Gme') | 133 | 200 | 1 19 |09 | 128 | 02 | 154 | 18
BAP(dmgly+ | 22+ 1 146 % T 57 | 1532 Vx| 60 148+
IBA (2 mgl") 0.34 1.5% 0.78 1.22 1.37 0.55 1.65 J 1.9 | L7

Mean £ SD) |5 samples in three replicates]

Table 2. Effects of different media and additives on PLB formation frequency, shoot length (after six
months) and root initiation in Acampe papillosa

Mutrient media S
5 ¥ MS MS ::E: ]
restmenl  [TFrequency | Sheot Shoot PequUENSY e
(Supphements) | ofrLn | lengh | PR | ormin | dengh | TOGFY | ofPLB | lengh T
formation | (cm) & formuatbon | (em) 6 formaticn | (em) & aociing
(%) | months | "€ (%) | months | "0 (%) | meaths '
Contral 50 1.5 30 43 15 30 50 1.3 0
CW 1 5% viv) 70 2.0 50 L11] 1.2 45 72 1.5 62
BAP {4 mgl™) o 24 50 58 1.4 45 9% 2.5 62 _|
NAARmgl) | 37 1.5 0 35 12 35 42 o I
IBA2Zmgl) 3t 13 90 30 13 40 a0 20 92 |
BAP (4 mgl) 1 2 95
+ IBA (2 mgl") &5 2.5 B0 i) 1.3 45 J 88 6 | 5|

Mean + SD [5 samples in three replicates]

cultures which favoured germination in Carrleya,
Cymbidium, Rhynchostylis retusa, Dendrobium
and Paphiopedilum purpuratum (Chung et al.,
| 985: Chang et al., 2003).

Plantiets development and acclimatization

PLBs were frequently sub-cultured in different
media supplemented with 1- 4 mgl' BAP for
plantlets developments. After 2 months shoot
development was observed protruding from the
PLBs (Figure 1E-F). Upon sub-culturing into fresh
medium, plantlets with well-formed leaves and

roots were obtained after 6 months (Figure 1 1-1).
Plantlets were transferred into earthen pof
containing wood charcoal and coco peat and
acclimatized under green house conditions
according to Maitra er al. (2009). Hardened
plantlets showed significantly high survival rale
(81%%) after seven months of transfer (Figure 1K).
The cxperimental results revealed that KnC
medium supplemented with coconut water (Cw
15%) and BAP (4 mg I') influenced asymbiotic
seed germination and PLB formation. It was
noticed that induction of PLB could oceur in the
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absence of any exogenous supply of plant growth
regulator, addition of BAF improved the PLI
formation and multiphication considerably and IBA
enhanced root initiation significantly. The in vitro
raised plantlets were successfully transferred 1o
potting medium and hardened in the green house
coenditions with high survival elTiciency (81%). The
present investigation opens up the procedures for
in vifro mass propagation of omamentally and
medicinally important orchid Acampe papillosa of
NBU campus for conservation as well as
commercial purposes.
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