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ABSTRACT

Under natural conditions, the lack of endosperm limits the orchid’s germination including Vanilla sp. Only 1 to 2%
of orchids germinate under difficulty after an extensive period of dormancy. This work aims to find out the
efficient in vitro protocol to speed up Vanilla planifolia Andrews (Orchidaceae) strains propagation. Two in vitro
methods were applied during this work such as the asymbiotic germination using different pods stages
development of vanilla seeds and the nodal segments propagation using different MS media in combination with
various phytohormones. High rate protocorms of 87.28% were induced with mature pods of 9 months using MS
basal medium supplemented with 2 mg/ml each of NAA and BAP and that of MS/2 medium supplemented with
1% of Myo-inositol and 0.1% Thiamine-HCI was identified the best to develop 100% of plantlets from protocorms.
MS/2 basal medium supplemented with 1 mg/ml of BAP and 1 mg/ml of Kin was the most efficient for nodal
culture by developing in 5 days of incubation only the first node and giving liana with 6 nodes at 45 days after
cultivation, reaching 77%.These methods could be used and tested for the same species of V.planifolia and to
others strains for a rapid multiplication and development under in vitro conditions.

KEYWORDS: Vanilla planifolia, in vitro multiplication, asymbiotic germination, nodal culture, growth
hormones.

1. INTRODUCTION genetic improvement. Moreover, Philip and Nainar

Vanilla is a liana plant belonging to the Orchidaceae
family, one of the largest families of flowering plants
which contains 800 genus and 25 000 species (Cameron
et Molina, 2006). Vanilla genus is the unique orchid that
gives a comestible fruit keeping the second most
expensive spice after saffron (Ranadive, 2005). Three
species including Vanilla planifolia, V.tahitensis, and
V.pompona are well-known and among the most
cultivated around the world for their aromatic chemical
component principles (De Oliveira et al., 2022). Among
them, V.planifolia is the most commercialized in
Madagascar and around the word due to its quality
(Harinarivo et al., 2024). The germination of vanilla
seeds under natural conditions is very limited due to the
absence of endosperm (Salazar-Mercado, 2012;
Bhattacharjeeand Md Islam, 2014) that limits also its

(1988) reported that only 1 to 2% of orchids germinate
with difficulty under natural conditions after an extensive
period of dormancy and up to date the micro-cutting
method is always the way to multiply vanilla. The pool
of primary gene is heavily threatened by the increased
pressure landed and the destruction of its natural biotope
(Duval etal., 2006). The climatic risks are also the
uncontrollable factors and destructor of vanilla
cultivation in the country. In front of this situation and
conscious that Madagascar is the famous first vanilla
producer in the world, several studies on the strategies of
multiplication and conservation of orchid varieties
including the Vanilla spp. were carried out focusing
mainly on varietal improvement and its intensive
cultivation (Palama et al., 2010).
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Knudson (1922) succeeded in developing the first
asymbiotic germination technique for some orchid seeds
including Cattleya, Laelia, Epidendrum and also Vanilla
on agar medium containing sugar. As for the Vanilla
spp., asymbiotic germination techniques have been
developed since 1937 by Bouriquet and Boiteau by using
various medium but they obtained a low germination rate
after 7 months of seeding (Knudson, 1950). Later, the in
vitro germination technique has already been applied to
several orchid species having ornamental value and
medicinal activity (Bhattacharjee and Islam, 2014). Most
of the studies carried out for in vitro seeds germination
of Orchidaceae family including the Vanilla genus have
shown that the time and the rate of germination depend
on the culture medium components, the type and the
concentration of growth hormone used and the age of
pods (Kaur and Bhutani, 2011). Murashige and Skoog
medium (MS) was found among of the best medium for
the germination and growth of several orchids species
(Ramanampamonjy, 2004), and has shown optimal
results (Salazar-Mercado, 2012). In 2009,

In order to contribute to the development of the
Madagascar’s economy by ensure the continued
production of Vanilla genera and the conservation of the
best quality, this work aims to develop in vitro culture
techniques able to speed up V. planifolia seeds
germination, nodal multiplication and its development.

2. MATERIALS AND METHODS

2.1. Asymbiotic seeds germination

Plant material: V.planifolia green pods of 4 months and
mature pods of 9 months were collected at Kianjavato
FOFIFA station (21°22°567S, 47°52°03”E, at 64 m
above sea level) at Mananjary District in the Vatovavy
region of Madagascar.

Explant sterilization: Pods surfaces were washed with
liquid detergent, rinsed with tap water, then soaked in
1% of dithane M45 (Dow AgroSciences, France)
solution for 1 hour and rinsed again with sterile distilled
water. Then, they were disinfected under sterile laminar
flow hood by soaking in 15% of calcium hypochlorite
(Thermo ScientificAcros, USA) solution added with 3
drops of Tween 20 during 10 minutes, and then rinsed
six times in sterile distilled water. Finally, pods were
flamed on burner with 96° ethanol.

Protocorm induction: Vanilla seeds were removed from
the disinfected pod via a longitudinal cut followed by
delicate scraping. Seeds were then sown on different
culture media for protocorm induction. Seven different
media (T;-T;) were tested. They were formulated from
the Murashige and Skoog basal medium added with
0.2% of activated charcoal, 3% of sugar and solidified
with 0.8% of agar. T, to Tg were supplemented with
different concentrations of growth hormones and/or
biological additives including naphthalene acetic acid
(NAA), benzyl aminopurine (BAP) and kinetin (Kin) or
furfuryl aminopurine, the combination proportions of
each medium are reported in the table 1. T, was served as
the control medium with hormone and biological
additive free. The pH media was adjusted at 5.6 to 5.8.
Seeds were sown under a binocular loop and one
hundred of mature and immature seeds per Petri dish
were poured and plated onto different fresh media (table
1), then Petri dishes were sealed with parafilm,
transferred in the room culture and incubated at 25°C for
protocorm induction illuminated of 3600 lux under
photoperiod 12/24 h condition. One (01) Petri dish per
type of culture medium forms one replication, and in
total, 10 replications were done for each culture medium.

Table 1: Different culture media component used for protocorm induction of V. planifolia.

Media NAA BAP Kin Coconut water
(mg/ml) (mg/ml) (mg/ml) (mg/ml)
T, 1 1 0 0
T, 2 2 0 0
T3 1 0 0,5 0
T, 1 0 1 0
Ts 1 0 0 200
T 0 0 0 200
T; 0 0 0 0
NAA: naphthalene acetic acid; BAP: benzyl aminopurine; Kin: Kinetin

Plantlets regeneration: After 3 months of incubation,
green embryos obtained aged of 15 days after their
appearance were transferred onto four different media
(R1, Rz, Rzand Ry) for seedling regeneration. Those media
were made by MS/2 added with 2% of sugar and 0.6% of
agar (Ramanampamonjy, 2004). R; and R, were
formulated from hormonal combinations composed of
BAP and Kin whose respective concentrations are
reported in Table 2. Rz is hormone free and added with
1% of Myo-inositol and 0.1% of Thiamine-HCI. Ry,

hormone and amino acids free was used as a control
medium. Twenty embryos per Petri dish were plated and
10 Petri dishes per type of medium were prepared, where
one Petri dish represents one replication. Observations
were carried out every 5 days.
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Table 2: Modification of MS/2 medium used for plantlet regeneration.

Media BAP Kin | Myo-inositol | Thiamine-HCI
(mg/l) | (mg/l) (%) (%)
R; 1 1 0 0
R, 2 2 0 0
R; 0 0 1 0.1
R, 0 0 0 0
BAP: benzyl aminopurine; Kin: kinetin

2.2. Nodal segments culture

Explant sterilization: V.planifolia nodes were collected
from the vanilla culture in the IMRA (InstitutMalgache
de RecherchesAppliquées) greenhouse. Nodes were
washed with liquid detergent and rinsed with tap water.
Then, they were immersed in a 1% of dithane for 1 hour,
and rinsed again with tap water. Disinfection was
followed by immersing nodes in 400 ml of sterile
distilled water, added with 5 drops of Tween 20 for 15
min and soaked in 7% of Calcium hypochlorite solution
for 10 min, and then rinsed six times with sterile distilled
water.

Nodes plating: The 2 parts of the disinfected node were
removed away by cutting with a scalpel at an angle and

horizontally plated onto the fresh medium in order to
facilitate and accelerate the nutrients penetrating into the
explant. The segment nodal media tested were made by
MS basal with 3% of sugar and 0.8% of agar. The two
first media (Tg and Tc) were supplemented with
hormones combination where their concentration were
reported in table 3, however, the third (T ) was hormone
free and used as medium control. One node was planted
in one test tube containing 40 ml of medium. 30 tubes
per type of medium were used, and one tube represents
one replication. Observations were carried out every 5
days during 50 days.

Table 3: Concentration (mg/m) of the supplemented hormones on the medium used for the nodal segments

culture.
Media BAP GA; Kin
Ta 0 0 0
Ts 1 0,5 0
Tc 1 0 1
BAP: benzyl amino purine; GAs: Gibberellic acid; Kin: kinetin

2.3. Statistical analysis

Data were statistically analyzed using Student’s t-test
and the analysis of variance (ANOVA) followed by
Tukey’s HSD (honestly significant difference) with
multiple range test using the SPSS version 20.0. All the
differences showing a p < 0.05 were accepted as
statistically significant. The results were expressed as
mean + standard deviation (SD).

3. RESULTS

3.1. Asymbiotic germination
Protocorm induction: The four months-old pods did not

. |
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Photo 1: White and friable induced
protocorms on medium T2 (bar = 1
cm)

Induced protocorms (%o)

induce any protocorm after 6 months of cultivation on all
tested media. While embryogenic protocorm white and
friable (Photo 1) were induced onT; T, and T4
mediafrom 9 months-old pods after 20 days of
cultivation (Figure 1). T, was the best medium for
asymbiotic seeds germination of Vanilla seeds which has
recorded 86.90 % 7.40 % of induced protocorm, followed
by T, showing 61.20 + 8.83 % and the last one is T, by
keeping 55.70 + 7.94%. The other media did not respond
to the Vanilla seeds germination.

100 - 86.90*

2
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Figure 1. Rate of induced protocorms derived 9-months old-pods in
different media (T, — T-) after 20 days of cultivation (*: p < 0.001 vs
Tyand vs T,)
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After 3 months of culture, the embryogenic protocorms on T, and T, media became green embryos (Photo 2) with 30.40
+12.20 % and 67.20 = 7.07 % transformation respectively (Figure 2). However, no green embryos were obtained with

T, medium.

of

Photo 2: Green embryos on T2 medium (bar
=1lcm)

Seedling development: Only transferred embryos on Rj
have shown roots and leaves formation (Photo 3A)
before becoming a small liana after 45 days (Photo 3B).
The percentages of plantlet formation after 15, 20 and 25
days of embryos transfer on the R; media were given in
the Figure 3. The increase of plantlet formation

'vc"

Rate of Green embryo (%0)

100 -
67.20%*
75 -
50 - 30.40
T
25 4
0 T 1
1 2
Medium T

Figure 2: Green embryos rates obtained on T1 and T2
media after 3 months of culture (*: p <0.001 vs T1),

percentages was time-dependent (p < 0.001 with
ANOVA). The more the time is running, the more the
percentage of plantlets formation increases. No seedling
development was observed 60 days after transfer on Ry,
R, and R, media.

Photo 3: Embryos evolution (A: roots and leaves formation after 15 days; B: young liana with 2 nodes after 6

weeks) after transfer on R; medium (bar =1 cm).
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Figure 3: Rate of plantlets formation after 15, 20 and 25 days of embryos transfer on R; medium. (*: p < 0.001 vs

15 days and vs 20 days; p < 0.001)
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3.2. Node culture

The first node appearance (Photo 4A) was recorded after
only 5 days of culture on T¢ medium while, after 10 days
for the Ta (control) and Tg media. The 2" node was
appeared after 15 days of culture on T¢ medium, while it
was 30 and 40 days for the culture on Tg and T, media
respectively. Liana has shown 6 nodes after 45 days of
plating on T ¢ medium (Photo 4B) with a high rate of

-

HARINARIVO ,2019.

77%, compared to that of Tg and T media respectively 3
and 2 nodes only. But after 50 days of transfer on T, Tg
and Tc media, all tested media were able to develop
young plantlets of lianas still with 2, 3 and 6 nodes
respectively. Results have shown that Tc medium was
the most appropriate for nodal culture. The evolution of
node number formation on different media was
highlighted on figure 4.

RINARIVO,2019.

-
| ————

Photo 4: Node evolution of Vanilla planifolia strains (A: first new node appears in 5days; B: 6 nodes appeared 45

days after transfer) on T¢ medium (bar =1 cm)
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Figure 4: Node number evolution plated on different media (T o= control).
4. DISCUSSION V.planifolia, Dendrobium ovatum, Cleisostomaracem

Since the first investigation of Knudson and Bernard
(1884-1958), germination of orchid seeds has grabbed
more attention (Kauthet al., 2008). Asymbiotic
germination is an in vitro germination technique where
seeds are plated onto synthetic medium whithout
Rhizoctonia fungus inoculation which was always used
for symbiosis under natural soil conditions of classic
culture (Teixeira da Silva et al., 2015). In this study, no
germination was observed for seeds collected from 4-
month-old pods, it could be due to its improper stage of
embryos which does not reach its maturation. Pods
developmental age has played an important role in
Vanilla planifolia seed germination. This result confirms
that reported by Philip and Nainar (1988); Temjensangba
and Deb (2006); Kumar et al., (2009); Vasudevan and
Van Staden (2010); Thejaswini and Narasimhan (2017)
who worked in similar studies on orchid including

iferum and Anseliia Africana. Kaur and Bhutani (2011)
have described that growth regulators must be associated
with the basal environment for asymbiotic orchids
germination. Our results have demonstrated that the use
of NAA at different concentration in T4, T, and T, media,
have stimulated the protocorm induction of Vanilla
species, and we can pronounce that NAA is a useful
precursor growth regulator of orchids during asymbiotic
germination. The more the concentration is higher, the
more the high rate of induced protocorm. Our result on
protocorm appearance after 20 days of seeding was
better than that of Md Islam et al, (2014) with asymbiotic
germination of Vanda roxburghii using the NAA which
allowed 24 to 26 days for protocorm formation. This
good results of NAA corroborates that mentioned by
Kaur and Bhutani, (2011) and that of Cai et al, (2022).
The combination of NAA with BAP was identified the
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best for inducing Vanilla protocorms and the rate was the
mixture concentration dependent. This combination
could be recommended for orchid seeds asymbiotic
germination and for Vanilla shoots multiplication, where
it has shown positive results by giving green embryos in
T, and T, media and the highest rate was observed after
3 months of seeding in T, medium (Figure 2).
Therefore, asymbiotic germination of V. planifolia seeds
are BAP-dependent. This observation is similar to that of
Kauth et al., (2008) and Erawati et al., (2020) who
observed that the combination of NAA and BAP has
shown positive results for Vanilla asymbiotic
germination and to other orchid species including
Dendrobium ovatum (Thejaswini and Narasimhan,
2017), Acampepremorsa, Agrostophylum khasianum and
Phalaenopsis cornorerris three native species of
Bangladesh (Bhattacharjee and Islam, 2014), and
Cymbidium aloifolium (Pradhan et al, 2013). Coconut
water was not able to promote vanilla seeds germination
even supplemented with NAA. MS/2  medium
supplemented with 1% of Myo-inositol and 0.1% of
Thiamine-HCI in R; medium has allowed 100% of
protocorm development to plantlets at 25 days after
embryos transfer (Figure 3). This type of medium has
already been used by Ramanampamonjy (2004) and
showed promising results for protocorm development of
other genera Aeranthes grandiflora (Orchidaceae
Family). Murashige and Skoog medium diluted by half is
often used in plant cell and tissue culture thanks to its
significant quantity in macro elements compared to other
culture media (Nartop, 2018). Besides, the culture media
rich in nitrogen, potassium and phosphorus promote buds
neoformation as mentioned by Pasqua et al., (2002).
Additionally, an advantage was taken for rooting and leaf
formation, which were developed simultaneously
through the use of Myo-inositol and Thiamine-HCI
combination associated with MS/2 medium hormone-
free.

Nodal culture is widely used among the rapid
multiplication techniques thanks to the ease plant and
materials preparation. In addition, the node is the place
where leaves, branches and aerial roots develop from the
stems (Matkowsky, 2008). The presence of BAP in Tg
and Tc media has significantly increased the nodes
development (p < 0.05 vs T,). According to Abebe et al.,
2009), the first node appeared 9 days after cultivation,
where MS/2 was associated with the combination of GA3
+ BAP (Tg), however, for Tc medium associated with
the BAP + Kin, it was observed in only 5 days.
Therefore, its presence in the culture media enhances
node development to plantlets by giving liana with 6
nodes in 45 days. Plantlets development was increased
with all tested media (p < 0.001, Figure 4). The obtained
results are found better and advantageous, does not
consume more media than that of previous studies on V.
planifolia nodal culture where Abebe et al, (2009) used 4
types of culture media to develop plantlets regeneration
and the culture required acclimatized environment; and
to that of De Oliveira et al. (2013) and Zuraida et al.

(2013), who needed to add supplement subculture media
every 30 days to the initial culture media.

5. CONCLUSION

Two simple, rapid and effective in vitro mass
propagation techniques of V. Planifolia strains were
developed by testing different concentrations of growth
regulators and nutrient conditions. The supplemented MS
medium with NAA (2 mg/ml) and BAP (2mg/ml) was
the most efficient for asymbiotic germination of Vanilla
seeds while that of Myo-inositol (1%) and Thiamine-HCI
(0.1%) using MS/2 medium was found the best for
plantlets regeneration showing 100% of seedling
development,which does not require hormonal treatment
for rooting. For nodal culture, the MS/2 medium
supplemented with BAP (1 mg/ml) and Kin (1 mg/ml)
was the most effective for node development. In vitro
asymbiotic germination could be well applied for all
Vanilla strains propagation and for its improvement since
V. Planifolia is pollinated manually. On the other hand,
the double beveled excision close to the nodes of both
ends of the cutting, horizontally plated onto the medium
could be a great of success, boosting the nutrients
penetrating into the explant vessel by developing in a
few days the first node, and accelerating new strains
cloning which is much faster than micro cuttings.
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