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Abstract

Artificial seed technology is a method of considerable potential for mass propagation
and conservation of rare, endangered and threatened species. In the present investi-
gation, artificial seeds were obtained through encapsulation of three weeks old pro-
tocorm (3.0 = 1.0 mm diameter) of Cymbidium aloifolium with calcium alginate. Ar-
tificial seeds were cultured on liquid Murashige and Skoog (MS) or Knudson (Kn C)
medium at different strength (x1.0, 0.5, 0.25) and full strength (1.0) of both media
supplemented with 0.5 mg/l 6-benzyl aminopurine (BAP) and 0.5 mg/l a-naphtha-
lene acetic acid (NAA). Full strength of MS medium without plant growth regulators
was found to be the most favourable condition for efficient plantlet regeneration of
C. aloifolium (9.83 shoot and 2.66 roots per culture). The storage potential of artifi-
cial seed was tested at 4°C and room temperature (RT, 21°C + 2°C) for up to 90 days
on both media and found 83.33% viability at 4°C storage on MS media. Eighty five
percent of plantlets regenerated from artificial seeds culture were successfully hard-
ened in a potting mixture of cocopeat, clay and sphagnum moss (2:1:1). Hence, the
methodology can be used for propagation and conservation of C. aloifolium through
artificial seed system.
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1. Introduction

Artificial seed technology involves the production of embryogenic or non-embryogenic

regenerative explants enclosed in a protective capsule (coating) with the ultimate prod-
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uct behaving like a seed for many functions including germination and plant regenera-
tion and establishment. The coating protects the explants from mechanical damage
during handling and allows germination and conversion into seedling. Artificial seeds
have also been referred to as Synthetic seed or Synseed. The concept of Synseed or Arti-
ficial seed was first propounded by Murashige in 1977 [1] which was later described by
several other investigators due to a recent increase in research interest in Synseed tech-
nology [2]-[4]. Previously, the artificial seeds were largely developed by encapsulation
of somatic embryo. However, the rate of production of uniform high quality embryo is
lower in most species and as a result the preparation of efficient quality artificial seeds
has been successful in only few crops like carrot and alfalfa [5]. Bapat et al (1987) pro-
posed the making of Synseed through the encapsulation of in vitro derived non-em-
bryogenic propagules such as axillary meristems as in Morus indica [6]. This concept
was successfully tested in a number of species subsequently [7]-[11].

Cymbidium aloifolium is one of the threatened epiphytic orchids of Nepal with me-
dicinal and ornamental value [12] [13]. It has attractive long-lasting beautiful flowers
making it an important floriculture species. C. aloifolium is now on the verge of extinc-
tion from its natural habitat due to deforestation, over exploitation for trade and ab-
sence of pollinators due to indiscriminate use of pesticides or other modifications of the
biome [14]. Another reason for its decline is their slow germination rate in nature as
they require specific mycorrhizal fungi for successful seed germination [15]. Hence, an
efficient propagation strategy is required to save this threatened, economically impor-
tant orchid. Tissue culture techniques have been widely used for the in vitro mass mul-
tiplication of several commercially important orchids. Nayak et al. (1997); Hossain et al.
(2009); Nongdam and Chongtham (2011) and Pradhan et al (2013) had already re-
ported the in vitro multiplication of C. aloifolum by using different explants [16]-[19].
However, little is known about the artificial seed system for C. aloifolium. Artificial
seeds technology, with its advantage of storage has enormous potential as a mass
propagation system for C. aloifolium producing field-ready propagules. Therefore, the
present investigation was aimed to develop a reliable protocol for production, short to
mid-term storage and efficient regeneration of plantlets from artificial seeds containing
protocorms of C. aloifolium. The present study is the further progress of our previous
work in this orchid species [20]. This protocol could be useful for commercial propaga-

tion and ex-situ conservation of this species.

2. Materials and Methods
2.1. Plant Material

Three weeks old in vitro grown protocorms of Cymbidium aloifolium was used for the
present investigation. Protocorms were obtained from in vitro germinated seeds of C.
aloifolium. Seeds resided in a capsule; a single capsule contains many seeds. In order to
produce protocorms, immature capsules of C. aloifolium, collected from the wild, were
washed under running tap water for 20 minutes, agitated soaked and shaken in deter-

gent water with two drops of tween 20 for 15 minutes and then washed with running
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tap water until all the detergent was removed. The capsules were then surface sterilized
by dipping it in 70% alcohol for 2 minutes, followed by 1% sodium hypochlorite solu-
tion for 15 minutes. They were subsequently rinsed in sterile water for at least three
times. The surface sterilized capsules were dried on filter paper under aseptic condition
and cut longitudinally using a sterile sharp surgical blade to expose the seeds. Seeds
were then inoculated on quarter (0.25), half (0.5) and full strength (1.0) of Murashige
and Skoog (MS; Murashige and Skoog, 1962) [21] or Knudson (Kn C; Knudson, 1922)
media [22] and full strength (1.0) of MS and Kn C media supplemented with 0.5 mg/l
6-benzyl aminopurine (BAP) and 0.5 mg/l a-naphthalene acetic acid (NAA). The cul-
tures were maintained at 25°C £ 2°C under 16/8 h photoperiod from cool-white-light,
giving 500 - 1000 lux at culture level. After ten weeks of culture, small green globular
protocorms were formed. Three weeks after protocorms started appearing, they were

ready for producing artificial seeds.

2.2. Culture Medium and Incubation

Murashige and Skoog (MS) and Knudson (Kn C) media were used as the basal medium
for all in vitro germination and seedling development from artificial seed are reported
here. MS medium is highly enriched with basal salts. It contains macronutrients,
micronutrients, iron sources and vitamins however Knudson medium contains low
concentration of similar components without vitamins. Both, MS & Kn C liquid media
[full (1.0), half (0.5) or quarter (0.25) strength] supplemented with or without plant
growth regulators viz. BAP (0.5 mg/l) and NAA (0.5 mg/l) were used for this investiga-
tion. Basal medium were fortified with 30g/l sucrose and with or without different BAP
& NAA (Table 1). The pH of all media was adjusted to 5.8 using 0.1 N NaOH or HCL

Table 1. Effect of MS & Kn C liquid media on in-vitro germination and regeneration of plantlets from artificial seeds of Cymbidium aloi-

folium.
Concentrations (mg/1)) (weeks) Mean £ 5.8 (cm) Mean £ 5. (cm) Mean £ 5.8 (cm)
0.25 MS - 7.00 £ 0.36 8.16 £ 1.77 7.56 = 0.65 10.66 £ 1.66 3.63 £ 0.58 2.16 £ 0.98 2.50 £ 0.96
0.5 MS - 7.00 £ 0.25 8.83 £2.18 6.78 £ 1.14 9.00 £ 1.77 3.18 £0.82 1.33 £ 0.33 2.30 £ 1.06
1.0 MS - 7.00 £ 0.36 9.83 £ 2.52 4.7 £1.56 9.16 £ 3.17 2.63+1.18 2.66 + 1.08 3.03x1.61
1.0 MS 0.5BAP + 0.5NAA 7.00 £ 0.36 3.16 £ 0.30 1.65 £ 0.36 1.50 + 0.61 0.33+£0.13 0.33 £0.21 0.26 £ 0.16
p-value 1.0 0.015 0.008 0.014 0.013 0.223 0.237
0.25Kn C - 6.83 £ 0.30 8.66 £ 1.78 5.61 £0.82 9.16 £ 1.10 3.23+£0.63 2.00 + 0.68 2.95+0.78
0.5Kn C - 6.66 + 0.21 9.16 £ 1.77 4.50 + 1.00 10.5 +2.74 2.10 £ 0.66 2.50 £ 0.99 2.15+0.94
1.0Kn C - 6.16 £ 0.16 8.66 + 1.82 1.81 £ 0.70 2.66 + 1.42 0.66 = 0.39 0.66 + 0.33 0.21 £0.14
1.0Kn C 0.5BAP + 0.5NAA 8.50 £ 0.88 2.50 £ 0.75 1.93 £ 0.37 1.66 £ 0.71 0.50 £ 0.15 0.50 £ 0.34 0.35+0.22
p-value 0.034 0.021 0.007 0.011 0.005 0.203 0.064

Culture conditions: -Various strength of MS & Kn C liquid media, 25°C + 2°C, 24 weeks, 16/8 hrs. photoperiod, 6 replicates were used in each condition, p-values

based on one-way ANOVA (df 3.23).
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About 20 ml of medium was dispensed into each culture tube (150 x 25 mm, Borosil)
and autoclaved at 121°C for 20 min at 1.05 kg/cm? pressure. All cultures were main-
tained at 25°C £ 2°C under 500 - 1000 lux illuminance for 16/8 h (light/dark) photope-
riod using cool white light (Philips, India).

2.3. Encapsulation and Inoculation

Artificial seeds were produced by encapsulation of three weeks old protocorms. Proto-
corms were mixed in the encapsulation matrix [4 % (w/v) sodium alginate and calcium
chloride dihydrate (CaCl,-2H,0) solution (0.2M)]. Protocorms were drawn up with so-
dium alginate and dropped into CaCl,-2H,O solution using a sterilized micropipette.
The encapsulated protocorms were left in CaCl,-2H,O solution for at least 30 minutes
for hardening. Each bead contains a single protocorm. The beads, now on called artifi-
cial seeds, were washed with sterile water and then blotted dry in sterilized filter paper.
Freshly prepared artificial seeds were inoculated on different experimental media for
their germination and subsequent development (Table 1). The cultures were kept at
25°C + 2°C under 16/8 h photoperiod from cool-white-light in culture room with 70%
- 80% relative humidity depending upon the temperature. A set of 300 artificial seeds
were kept in sterile petridish sealed with parafilm and stored at 4°C as well as at room
temperature (21°C £ 2°C) for 90 days. They were sampled monthly and inoculated in
full strength liquid MS and Kn C media for germination and plantlet development

studies.

2.4. Acclimatization

Culture tubes containing rooted plants were opened and kept in the culture room for
one week before transferring to greenhouse. Plantlets from the open culture vessels
were removed, washed thoroughly with tap water, then dipped in 0.1% fungicide (Bav-
istin) solution for 5 minutes and washed with sterile water. They were then planted in
earthen pots containing cocopeat, clay or sphagnum moss individually as well as in
combination (2:1:1 v/v) for hardening. The potted plants were covered with a perfo-
rated plastic bag to maintain the humidity and kept under greenhouse until the seed-
lings were established. They were watered daily and fertilized with 5% Hyponex solu-
tion (nitrogen, phosphorous and potassium in a ratio 20:10:10 were prepared in 100

ml) and sprayed once a week. The acclimatized plants were observed regularly.

2.5. Statistical Analysis

The results are expressed as mean + SE of each treatment. There were 6 replicates per
treatment and each experiment was repeated twice. Statistical analysis was carried out
by using an analysis of variance (ANOVA) one way classification system. The data were
analyzed by using application software-Micros of texcel. The significant difference be-
tween the medium and medium supplemented with different growth hormones were
analysed at < 0.05 using SPSS version 16.0 (SPSS Inc., USA).
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3. Results

In the present investigation, three weeks old protocorm were used as primary explants
for production of artificial seeds. Though there are several gelling agents such as
polyox, agar, agarose, alginate, carboxy methylcellulose, carrageenan, guar gum, etc. for
artificial seed production; sodium alginate was selected as a gelling agent for this inves-
tigation because of its low toxicity, low cost, quick gellation and bio compatibility char-

acteristics [23].

3.1. Effect of Media on Regeneration of Plantlet from Artificial Seed

Freshly produced artificial seeds through protocorms with mean size 3 £ 1 mm in di-
ameter were inoculated on liquid MS and Kn C media (full, half and quarter strength)
with or without 0.5 mg/l BAP & NAA (Table 1). The initiation of artificial seed germi-
nation was started after 7 weeks of culture in all the concentrations of MS medium
whereas in Kn C medium, germination of artificial seed occurred earlier, from 6-week
onwards, on hormone-free full strength formulation.

Germinated artificial seeds developed into plantlets within 15 - 20 days of culture.
From the observation (Table 1), it was found that maximum proliferation of shoot
(9.83 £ 2.52) and root (2.66 + 1.08) was found on hormone-free full strength MS me-
dium followed by quarter strength MS. As germination was started at almost same time
in all the tested conditions, the poorest development of shoot and root was observed on
1.0 MS medium supplemented with 0.5 mg/l BAP and 0.5 mg/l NAA than hormone-
free medium. Leaf number and length of shoot and leaf were highest on 0.25 MS and
0.5 MS however; the time taken for their development was longer than hormone-free
full strength MS media (data not shown). One way ANOVA showed that among the
growth parameters studied only the number and length of shoot and leaf varied signifi-
cantly among different conditions of MS medium (p < 0.05; Table 1). In Kn C medium,
the highest number of shoot (9.16 + 1.77), leaf (10.5 £ 2.74) and roots (2.50 + 0.99)
were observed on 0.5 Kn C medium whereas maximum length of shoot (5.61 + 0.82),
leaf (3.23 % 0.63) and roots (2.95 * 0.78) were found on 0.25 Kn C medium (Table 1).
One way ANOVA showed that the value of all the growth parameters except number of
root and length of root varied significantly among different conditions of Kn C me-
dium (p < 0.05; Table 1).

3.2. Effect of Storage Conditions: Temperature and
Duration for Viability

In this investigation, the artificial seed of protocorm contained only calcium alginate
and were devoid of any other nutrients or plant growth regulators. In both MS and Kn
C media, artificial seeds stored at 4°C were green, fresh and remained intact inside the
calcium alginate beads until 90 days; whereas those stored at RT became pale and re-
duced its size. In RT, artificial seeds ruptured slowly after 10 weeks of inoculation and
most of them become contaminated; while at 4°C the germination was started within 7

- 8 weeks of inoculation on MS medium. In case of Kn C medium, stored artificial seeds
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germinated within 8 weeks of culture at 4°C and 10 - 11 weeks of culture at RT. On MS
medium, 83.3% of artificial seeds stored for 30 days at 4°C were viable but it declined
substantially with time. A similar trend was evident in Kn C medium as well. On the
other hand, the artificial seed of protocorm stored at RT showed only 30% viability on
day 30 with no viability or regeneration after 60 days (Table 2).

4. Discussions

Artificial seeds offer many advantages and opportunities especially in cross pollinating
species where seed production and germination is difficult and expensive [24]. There-
fore, the present investigation was carried out for the purpose of germplasm storage,
delivery and conservation of the threatened medicinal orchid Cymbidium aloifolium
through artificial seeds. Both MS and Kn C media have been found suitable for artificial
seed germination and regeneration of plantlets. The germination time of artificial seeds
was found to be different with media and growth conditions.

Although all tested media were successfully supported the conversion of encapsu-
lated protocorms into whole plantlet with shoot, leaf and root growth showed varied
responses. It might be due to the compositional variation of two different media in-
cluding plant hormones. Many shoot buds were regenerated directly from a single en-
capsulated protocorm which later developed into a whole plant (Figure 1(a) and Fig-
ure 1(b)). Though earlier germination was observed on hormone-free Kn C medium,
healthy and chlorophyllous shoots and roots were developed earlier on hormone free

full strength of MS medium (Figure 1(c)). It could be due to the low amount of macro

Table 2. Effect of media, storage temperature and duration of storage on germination and plantlet development from artificial seeds of

Cymbidium aloifolium.

Media Storage Duration of Total no. of No. of unruptured No. of ruptured Conversion of artificial
temperature storage (days) tested artificial seeds artificial seeds artificial seeds seeds into plantlets (%)
4°C 30 30 5 25 83.33
MS 60 30 14 16 53.33
90 30 17 13 43.33
RT 30 30 21 9 30.00
60 30 30 0 -
90 30 30 0 -
4°C 30 30 20 10 33.33
KnC 60 30 23 7 23.33
90 30 25 5 16.66
RT 30 30 27 3 10.00
60 30 30 0 -
90 30 30 0 -

Culture conditions: MS & Kn C liquid media, 90 days of storage, RT-room temperature (21°C £ 2°C).
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Artificial seed coat

| Shoot bud

Figure 1. Production, germination and plantlet regeneration of artificial seed containing proto-
corms of Cymbidium aloifolium. (a) Production of artificial seed using 4% sodium alginate and
0.2M calcium chloride solution; (b) Germinated artificial seeds gave rise to shoot bud on 0.25 MS
medium; (c) Development of healthy roots and shoot buds on hormone free 1.0 MS medium; (d)
Multiplication of shoots with well developed roots on hormone free 1.0 MS medium; (e) Har-
dening of in vitro plantlets on potting mixture of cocopeat, clay and sphagnum moss of 2:1:1 ra-
tio.

and micro nutrients present in Kn C medium. Whereas MS medium was enriched with
high concentration of nutritional compounds which made the suitability for efficient
regeneration of healthy plantlet from artificial seed of Cymbidium aloifolium. Hence,
MS medium was significantly more effective for germination and seedling development
rather than Kn C medium. In this medium, shoot buds were developed by cracking the
alginate beads of artificial seeds of protocorms after 8 weeks of inoculation; complete
plant with shoot and root were developed after 14 - 15 weeks of culture (Figure 1(d)).
The most appropriate condition for the germination of the artificial seed was depend-
ent on the time taken for germination, efficiency of germination, growth and develop-
ment of seedlings. It can be concluded from this investigation that plants get physio-
logically stressed in hormone attributed both MS and Kn C media as a result they could
not undergo proliferation sufficiently as much as like hormone free MS and Kn C me-
dia. In case of lower strength of MS media Ze. 0.25 MS & 0.5 MS, plant didn’t get suffi-
cient nutrition as they required for their optimum development [19].

The present result was similar to the findings of other researchers: Gupta (2016) in

Renanthera imschootiana [25], Teixeira da Silva (2012) in hybrid Cymbidium [26],

K2
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Nagananda et al (2011) in Flickingeria nodosa [27], Sarmah et al. (2010) in Vanda co-
erulea [28], Mohanraj et al (2009) in Coelogyne breviscapa [15] in the aspect of pro-
duction of artificial seed or Synseed from protocorm or protocorm like bodies for re-
generation. However, the present findings are in contrast with the result obtained by
other researchers in the aspect of culture of artificial seed in high concentration of
hormone attributed medium. Zhang ef al (2011) reported that Maltose 4%, 6-BA/NAA
12:1, active carbon 0.3%, sodium alginate 4% and time of ion exchange for 5 minutes
were optimum condition for artificial seed production with PLB’s in Dendrobium can-
didum [29]. As well, Qin et al. (2008) found that modified MS with 4% maltose and BA
(1 mg/l) and NAA (1 mg/l) favoured germination and seedling of orchid Dendrobium
huoshanesises by using 4% sodium alginate [30]. Moreover, Datta et al (1999) found
that modified Knudson medium supplemented with BAP (1 mg/l) and NAA (1 mg/l)
was the most effective condition for germination of artificial seed of Geodorum densi-
florum (Lan) Schltr. [5]. Further, Saiprasad and Polisetty (2003) reported 100% conver-
sion of encapsulated PLBs when cultured on MS medium supplemented with BA (4.44
uM) and NAA (0.54 uM) on Dendrobium and NAA alone on Oncidium and Cattleya
[31]. Finally, Mohanty and Das (2013) found that MS medium supplemented with 2
mg/l BAP was efficient for 100% conversion of encapsulated PLB’s into plantlets on
Dendrobium densiflorum Lindl. ex Wall. [32].

Besides germination and mass propagation of artificial seeds containing protocorms
of Cymbidium aloifolium, the viability of stored artificial seeds were observed until 90
days in two different temperatures ie. room temperature (RT, 21°C £ 2°C) and 4°C. In
both media, it was found that the viability percentage of artificial seeds of protocorms
decreased gradually with increase in storage time. The decline in germination and plant
development as a result of prolonged storage of tissue could be due to the inhibited res-
piration of tissues [32] [33]. The maximum percentage of viability was observed in 30
days stored artificial seed (83.33%) at 4°C inoculated on MS medium. This result re-
vealed that the germination and regeneration capacity of the stored artificial seeds at
4°C was quite higher rather than stored at RT. It might be due to the chilling effect of
low temperature, which not only store the calcium alginate beads for prolonged period
by reducing their growth but also enhance its regeneration capacity when transferred to
re-growth medium containing essential nutrients. Here, the storage temperature and
duration of storage were played an important role on conversion of artificial seeds into
plantlets (Table 2). The present result was supported by the findings obtained by vari-
ous researchers: Pradhan ef al (2014) successfully stored the artificial seed of Cymbi-
dium aloifolium up to 28 days on MS medium with 97.5% conversion rate [20]. Na-
gananda et al. (2011) encapsulated the PLBs of Flickingeria nodosa and achieved 95%
conversion after 3 months storage at 4°C [27]. Zhang et al (2011) produced artificial
seeds of Dendrobium candidum with protocormlike bodies as propagator and achieved
the germination rate 87.70 £ 0.46 after 5 days and 14.87 + 0.31 after 20 days of storage
in refrigerator at 4°C which was lower compared to the present investigation [29].
Similarly, Datta et al. (1999) found 86% viability of artificial seeds of Geodorum densi-
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forum when stored at 4°C and 44% viability when stored at room temperature for 120
days. Nutrient medium also plays a crucial role on germination and development of ar-
tificial seed [5]. In present investigation, MS medium was found to be the most favour-
able condition for regeneration of plantlet from fresh as well as stored artificial seed
containing protocoms of C. aloifolium. The use of MS medium only for regeneration of
plantlet from stored artificial seed also provides a way to reduce the costs by eliminat-
ing the need for plant hormones.

The ultimate objective of producing artificial seed was to recover the whole plantlet
from artificial seed under in vitro condition. In present investigation, in vitro plant with
well-developed roots obtained from artificial seeds, cultured on both MS and Kn C me-
dia after attaining the height of 4 - 5 cm was selected for acclimatization. They were
transferred to earthen pot containing different acclimatization substrates. The combi-
nation of cocopeat, clay and sphagnum moss in ratio 2:1:1 was found to be a suitable
potting mixture for hardening (Figure 1(e)). Eighty five percentage of seedlings were
successfully survived under this condition. Hence, this result suggests that the mixture
of cocopeat, clay and moss will be favourable for the acclimatization of epiphytic or-

chids as in Cymbidium aloifolium.

5. Conclusion

Many researchers have successfully produced and propagated artificial seed of many
crops but very limited in orchids. The present investigation revealed that full strength
of liquid MS medium without plant growth regulators was found to be the most effec-
tive condition for germination as well as for development of efficient plant regeneration
from artificial seeds of Cymbidium aloifolium than other tested conditions of MS and
Kn C medium. 30 days stored artificial seeds have showed highest percentage of viabil-
ity fe. 83.33% at 4°C on MS medium as compared to 60 and 90 days of storage. The
development of protocol for direct recovery of plant from artificial seeds may have
greater impact on tissue culture methods. Therefore, the present investigation con-
cluded that artificial seeds have the excellent potential to be used as alternative planting
materials for in vitro clonal mass multiplication, short to medium term storage, easy
handling and transportation and ex-situ conservation of economically important spe-
cies like Cymbidium aloifolium. Hence, the protocol established from present investi-
gation can be employed for large scale propagation of C. aloifolium which may be not
only useful for fulfilling the urgent local needs for effective conservation but also reli-
able for plant breeders and local orchid growers for storage of plant genetic resources,
easy delivery and their commercial production by using minimum space with lower

labour and maintenance cost.
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