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Abstract

Mimusops laurifolia (Forssk.) Friis is an endangered medicinal plant and natural propagation of this
plant through seeds is found to be very difficult due to its hard seed coat. To conquer this problem,
an efficient in vitro seed germination as well as subsequent in vitro regeneration technique has been
developed in conserving this endangered plant species. Seed germination was achieved on half
strength of MS (HMS), full strength MS (FMS) and MS medium supplemented with different
concentration and combination of Plant Growth Regulators (PGR) like BA, Kn and GA. The highest
seed germination rate (18%) was obtained from water soaking de-coated seeds inoculated on full
strength of MS (FMS), on the other hand, 12% germination of seeds was recorded on HMS
medium, but both the conditions required more than 90 days to germinate. A similar rate of
germination was also found on MS with PGRs, but it required 55-60 days. Best responses towards
seed germination with elongated shoots (2.8 cm and 3.0 cm) were obtained when seeds were
inoculated on MS with 3.0 mg/l BA, 0.5 mg/l Kn and 0.2 mg/l GA. After a long period of period of 8
months following germination, seedlings produced elongated tap roots only. Rooted seedlings
were successfully transferred to soil for their further growth and development. Apart from this, for
in vitro regeneration of shoots, explants of nodal segments and shoot tips from the natural plant
were cultured on woody plant medium (WPM) supplemented with various combination and
concentration of BAP, Kn and TDZ. In these cases, there was no positive response recorded
towards the initiation of shoots from nodal segment and shoot tips.
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Introduction

Mimusops laurifolia (Forssk.) Friis is a large evergreen tall (15-25 m), broad-canopied tree
belonging to the Sapotaceae family. It has small white fragrant flowers and small,
rounded, or ovoid, green, sweet edible, hard seeded fruits. Leaves usually densely
clustered and the plants look like rounded crowns from the upper side. Locally it is
called ‘Dudh phol’ or ‘Phirni gach’ due to the presence of milky latex. It is native to
Yemen, Saudi Arabia, Ethiopia, and Somalia.

It has been cultivated in Egypt since Pharos times as it is frequently found in their
tombs (Friis 1980, Friis 1992). M. laurifolia the persea tree was known to the ancient
Egyptians as the “Tree of Life”. In Bangladesh only two plants are located at the Institute
of Leather Technology of University of Dhaka.

The genus Mimusops is considered as an important medicinal plant in the Indian
traditional medicine as febrifuges, purgatives, astringents, and stimulants (Shahu et al.
1995, Shah et al. 2003). Recently, M. laurifolia regained popularity since the extract from
bark of this plant was patented for leather tanning, skin-conditioning and moisturizing
effects as part of preparations used in cosmetics, bath formulations and detergents
(Ohara et al. 2001). Seeds of this plant are known to produce nine kinds of saponins and
their ulcer protective and anti-inflammatory activities (Eskander et al. 2006). The leaves
of M. laurifolia contain saponins with wide range of antimicrobial and antivirulence
activities reported by Mostafa et al. (2023). Leaves of M. laurifolia can be considered as the
natural medicinal plant with a potential anticancer and hepatoprotection due to its
bioactive ingredients in both HF (n-haxen) and EAF (ethyl acetate) (Hifnaway et al. 2012).

Propagation of this plant through seeds is not very efficient as the germination
frequency of the seeds is very poor because of hard seed coat and very slow growing
properties. Thus, conventional propagation through seeds and vegetative cuttings are not
adequate to meet the demand of this important medicinal as well as endangered plant.
M. laurifolia is a characteristic species of the threatened southwest Arabian valley forest
habitat. The main threats to this species are the loss of valley forest habitat through
overgrazing and road construction, overexploitation of M. laurifolia for wood as well as
climate change. Many of those were extremely old trees with little or no regeneration.
Attempts to multiply this slow growing tree have so far failed (Kilian et al. 2004). M.
laurifolia was classified as endangered in the region on the IUCN red list (Hall et al. 2010).
It is also a poorly studied plant species in Bangladesh. Therefore, it is essential to take
proper strategy for the propagation as well as conservation of M. laurifolia.

In tree species seed germination is difficult task due to hard seed coat and dormant
embryos (Jaiswal and Chaudhary 2005) and they often fail to germinate even under
favorable conditions like optimum availability of moisture, oxygen, and soil conditions
(Urgenc and Cepel 2001). As M. laurifolia is a naturally slow growing tree, its flowering
and fruiting takes a very long time, and the seed coat is too hard. In such cases, tissue
culture gives a ray of hope for quick propagation of species. Also, there is an increased



In vitro Seed Germination and Seedling Development 145

felt need to alter economically important plants to make them survive under changed
environmental conditions. If this is delayed, there is a risk of losing a few commercially
viable plant species which will become extinct due to unfavorable climate and
unconducive conditions.

To develop conservation strategies, seed germination studies of this medicinal
endangered plant, has been useful (Kandari et al. 2007). Moreover, in vitro propagation is
another possible way to conserve this plant species by which many genetically uniform
plants can be propagated. But there are no reports for in vitro seed germination and
propagation of M. laurifolia. A very few reports are available on the in vivo germination
and growth of Mimusops laurifolia (Alshehddi 2020) and M. elengi (Gami et al. 2010).
Under these circumstances, this study was undertaken to develop an efficient in vitro
seed germination protocol, in vitro regeneration system as well as the nature of seedling
development under controlled environment for Mimusops laurifolia.

Materials and Methods

The immature and mature fruits of M. laurifolia were collected from the mother tree
located at the Institute of Leather Technology, University of Dhaka (Fig. 1a). The seeds
were collected twice during the fruiting season in the month of April and at the end of
July-August. To reduce the level of surface organisms the seeds were washed first with
running tap water. Then some seeds were sun dried for testing of viability (Fig. 1b). The
pulp was manually separated from the seeds using a knife. The seed viability test was
carried out by using 2, 3, 5-tri-phenyltetrazolium chloride (TTC). Tri-phenyltetrazolium
chloride (TTC) is a clear, water-soluble compound which is reduced by respiring tissues
to yield tri-phenylformazan, a water insoluble red pigment. Before the test, seeds were
soaked in distilled water for 1 hour and then de-coated the seeds by using a surgical
blade. After removing the hard seed coat, they were placed in TTC solution containing
Petri dish and were incubated at 30°C for 2 - 3 hours in a dark chamber. After incubation,
stained seeds were then rinsed several times with distilled water until the water became
clear. The seed coat of Mimusops laurifolia was so hard and it was visibly difficult to
germinate them (Fig. 1c). Therefore, hot water treatments were done to test the capability
of seed germination. Mature seeds without green pulp were soaked in a beaker
containing 100 mL distilled water which was maintained at 100°C for 20-, 40- and 60-min.
Seeds were then washed with cold distilled water and germinated on a petri dish
containing Whatman filter paper. The observations for seed germination were recorded
regularly up to 30 days.

On the other hand, surface sterilization must be needed to perform in vitro seed
germination and seedling development. For this, seeds with green pulp were washed
thoroughly in running tap water followed by treating with detergent for 2-3 mins and
then 2-3 drops Tween 20 for 5-10 mins. Then again washed with distilled water 3-5 times
by shaking to remove sterilizing agents completely. Green pulp was removed by using a
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surgical blade and these seeds were washed with distilled water several times to remove
milky latex. After that, they were soaked in distilled water for 24 hrs and placed in dark.
Next day, Seeds were washed several times by using sterile distilled water in a Laminar
Air Flow cabinet. Subsequently they were sterilized on the surface with 0.1% HgCl
solution by shaking gently for 8 minutes and again washed well in sterilized distilled
water to remove the traces of HgClz. Then the seeds were immersed in 70% (v/v) ethanol
for 3-5 minutes followed by washing thoroughly with sterilized distilled water for 2-3
times. They were kept in a petri dish containing sterile filter paper to remove excess
water. Then the sterilized seeds were inoculated on two strengths of MS medium without
any growth regulators, namely, full strength of MS media (FMS) and half strength of MS
media (HMS). After 28-30 days, the black color hard seed coat was cracked on the media.
The cracked seed coat was discarded by using a sterilized scalpel and forceps in the
Laminar Air Flow cabinet. In another experiment seeds without seed coat were cultured
in a fresh MS containing PGR (Plant Growth Regulators). MS with different combination
and concentration of PGR were used for in vitro seed germination and seedling
development. For this purpose, MS medium supplemented with BA (6-Benzyle adenine),
Kn (6-furfuryl amino purine) and GA (Gibberellic acid) were used. The MS medium
consisted of 3% sucrose and 0.8% agar and adjusted to the desired pH 5.8 using HCI or
NaOH. The medium was sterilized in an autoclave at 121°C for 15 min.

Fresh explants namely nodal segment and shoot tip were collected from the mother
plant which were used for in vitro regeneration. Explants were prepared by washing
thoroughly under running tap water for 20 min to clean the dust and surface
contaminants. They were surface sterilized with detergent for 2 - 3 min and then with 2 -
3 drops of Tween-20 in water for 3 - 5 min by shaking. Again, explants were washed with
distilled water several times for removing the sterilizing agents. The materials were then
dipped into 0.1% HgCl. solution with shaking for 5-6 mins in a laminar air flow cabinet.
HgCl: solution was removed by washing them thoroughly 3 - 5 times with sterilized
distilled water. After that the explants were sterilized by rinsing with 70% ethanol for 1-2
min and washed with autoclaved distilled water 2 - 3 times. After sterilization, nodal
segments and shoot tips were cultured on Woody Plant Medium (WPM) supplemented
with various combinations of BAP, Kn and TDZ (thidiazuron). All the in vitro cultures
were maintained under a 16h and 8h light and darkness, respectively, at 25 + 2°C with a
photosynthetic light intensity of 3000 lux.

Results and Discussion

The viability test of seeds is necessary to know the germination capability. Mimusops
laurifolia plant produces many seeds in a season but their natural germination rate is very
poor because of hard seed coat (Figs 1b and c). Seed viability indicates the capability of
seeds to germinate and produce normal seedlings under suitable germination conditions
(Copeland and McDonald 2001). It has been known that three factors; temperature, seed
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moisture content and oxygen pressure are most important for viability. Because of this 2,
3, 5-tri-phenyltetrazolium chloride (TTC) solution was used for testing the viability of
seeds. For testing the seed viability, seed endosperm and embryos were isolated from the
seeds. (Figs 1d and e). Viable and non-viable seeds can be differentiated by this TTC
solution. Highly viable seeds were uniformly red, whereas non-viable seeds were white
and/or speckled white and some seeds were found light pink in color (Fig. 1f). The
viability of M. laurifolia seeds was observed to be 35.46% (Table 1). A similar type of
experiment was reported by Hoque et al. (2020).

Table 1. Viability of M. laurifolia seeds as determined by 0.1% TTC solution.

Lot no. No. of seed No. of viable % of viable Viability
tested seeds seeds (%)
1. 70 25 35.71
2. 65 22 36.84 35.46
3. 57 21 33.84

Fig. 1. (a) Mimusops laurifolia; Representative plants at Institute of Lather Technology, University of Dhaka. (b)
Mature and immature fruits from the mother plant. (c) Stereomicroscope view of mature seed showing the
hard seed coat 12x. (d) Seed showing endosperm and embryo chamber with the embryo under
stereomicroscope 12x. (e) Magnified view of embryo under stereomicroscope before dipping into TTC
solution. (f) Viable embryos became red in color after incubation in TTC solution used for viability test.
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To our knowledge, there are no reports on in vitro seed germination of this
endangered plant species. However, one report has been published on in vivo seed
germination and growth of Mimusops laurifolia from Saudi Arabia. The result was
completely negative and there was no germination after the treatment of nanoparticles
and Sulfuric acid (Alshehddi 2020). The seed coat of this plant is very hard and maybe
that is the main reason for the low rate of germination of seeds in nature. As a result, this
plant is almost lost from our nature. The hard seed coat renders the seeds impermeable
to water and oxygen needed for germination process (Baskin and Baskin 1998). So, the
main objectives of this study were to develop a suitable protocol for in vitro seed
germination as well as development of plantlets so that the protocol can be utilized in
raising the required number of plants of this valuable and endangered species.

Different pretreatments are essential for effective germination. Depending on the
plant species and type of dormancy, various methods like scarification, stratification,
removal of inhibitors and treatment with growth regulators are used to break dormancy
(Baskin and Baskin 1998, Hidayati et al. 2012). For this, hot water treatment was carried
out in this investigation, and it had no positive effect on seed germination. Similar kind
of results observed on germination of Mimusops elengi reported by (Gami et al. 2010).
Seed did not germinate in hot water; maybe high temperature damages the embryo.
Apart from this, full and half- strength of MS medium without any PGR were used for in
vitro seed germination. This kind of medium was also used for in vitro seed germination
of Adansonia digitata L. an endangered medicinal tree which was reported by Singh et al.
(2010). Water soaking (24 hrs.) seeds showed better response for the softening of their
seed coat than normal seeds. The normal seeds showed delayed and reduced percent
germination than the water soaking seeds.

After 20-30 days of inoculation of water soaking seeds, swelling, and cracking of the
seeds was observed, but no germination occurred on full strength of MS medium. Then
seeds were de-coated by using sterile forceps and scalpel. These de-coated seeds are
again inoculated on the same media for germination. Radical and plumule were emerged
out after 80 days of inoculation. But in case of half- strength of MS medium, more time
required for swelling and cracking. The normal seeds failed to germinate on both HMS
and FMS medium after 90 days of inoculation. 18% germination was observed when
water soaking seeds were placed on full strength of MS (FMS) medium and 12% was
observed on half strength of MS in agar solidified medium (HMS). However normal
seeds on different germination medium as referred to above showed delayed
germination (15-20 days) and reduced germination when placed on FMS (11%) and HMS
(4%). Soaking in water prior to sowing is also known to enhance germination percent and
rate in different tree species (Bedell 1998).

On the other hand, MS medium with different PGR had less significant effect on the
percentage of germination compared to without PGR medium. But PGR has been found
to play a significant role in seedling development. Only GA and Kn did not show any
positive effect on seed germination as well as seedling development. Different
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combination and concentration of BA with Kn and GA was effective towards seedling
development. Among all the concentrations 3.0 mg/l BA with 0.5 mg/l Kn showed the
best response to increase the length of seedlings (Table 2). It took less time (55-58 days) to
germinate than was observed in other experiments. After a few months, 3.0 cm long
seedlings were found (Fig. 2a). Initially cotyledonary leaves were a little green in color
but in the later stages turned into dark green in color. 3.0 mg/l BA with 0.2 mg/l GA also
showed similar results. One important observation was that PGR had no significant
effect on root morphology. Although seeds of Mimusops laurifolia germinated on both MS
medium (with and without PGR), formation of lateral root was not observed (Figs 2b and
c). These observations with PGR supplements were partially like that of Gami et al.
(2010). Sarika and Mahendra (2005) also employed almost the same in vitro technique for
Buchanania lanzan (Spreng.) to overcome hard seed coats that led to low germinating
capacity.

Due to slow growth, the seedlings of M. laurifolia were subsequently sub-cultured for
proper elongation. After 8 months of germination, well-developed plantlets were
transferred aseptically to the small pot containing autoclaved soil covered with
polythene bag for hardening in the growth room (Fig. 2d). Following proper
acclimatization plantlets were transferred to larger pots into the green house (Figs 2e and
f). Among them only one plant survived and transferred to the Botanical Garden of
Dhaka University. Currently the endangered plant species is adorning the Botanical
Garden of University of Dhaka with proper care and maintenance (Fig. 2 g).

Table 2. Effect of different PGR on in vitro seed germination and seedling development of Mimusops

laurifolia

MS Medium with Concentration Shoot Length Days of germination
(mg/l) (cm)
1.0+05 2.1 65-75
20+05 2.6 60 - 70

BA + Kn
3.0+05 3.0 55 -58
40+05 1.8 80 - 85
1.0+0.2 2.0 60 - 65
20+0.2 2.4 58 - 60

BA + GA
3.0+0.2 2.8 58 - 60
40+0.2 1.78 75 -80

Afterwards, some experiments were carried out for in vitro regeneration of M.
laurifolia. Micropropagation of woody plants by in vitro techniques is a challenging task,
as most of the tree species are recalcitrant. To our knowledge there are no published
reports on in vitro regeneration system of this endangered plant. In regeneration system,
meristem is one of the most promising ways. In that sense nodal segment and shoot tip
were used as explants for shoot regeneration.
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Fig. 2. Various stages of seedling development and establishment of in vitro raised plants of Mimusops laurifolia:
(a) Germination of seed with cotyledonary leaves coat on MS media. (b) and (c) Elongation of shoots on
MS with 3.0 mg/l BA and 0.5 mg/l Kn where no lateral root formation was noticed. (d) Hardening of in
vitro raised seedlings on soil containing small pot. (e and f) Developing plants following hardening. (g)
Mature plant transferred to the Botanical Garden of University of Dhaka.

Cytokinins (BAP, Kn, TDZ and Zeatin) are commonly used PGR in different woody
plant species for regeneration. Further, in many woody species, BAP was reported to be
more effective than Kn for shoot induction and multiplication (George 1993, Sharma and
Vashistha 2010, Sharma et al. 2015). Bunn (2005) and Asthana et al. (2011) reported that
BAP resulted in the highest shoot multiplication rates when compared to Kn and Zeatin
on the micropropagation of tree species. Micropropagation of Madhuca latifolia
(Sapotaceae) was achieved by culturing excised nodes on WPM supplemented with
different PGR. The best shoot elongation was obtained on WPM supplemented with
kinetin (1.66-2.32 pM) which was reported by Yogendra et al. (2000). Multiple shoots
were induced from shoot tips and nodal segments of Cinnamomum camphora on Woody
Plant Medium (WPM) supplemented with BAP and kinetin reported by Babu et al.
(2003). Besides these growth regulators, TDZ plays a promising role in the entire
regeneration processes. Many workers used TDZ in their culture medium and found
positive effects on shoot induction and multiplication.

For the above reasons we also tried WPM with BAP, Kn and TDZ on
micropropagation of Mimusops laurifolia. Different combinations of BAP (1.0 - 4.0 mg/l)
and Kn (0.5 - 2.0 mg/l) were used with WPM to look at their effects on regeneration of
shoots of M. laurifolia. In this case, after four weeks of inoculation, no significant
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difference was observed among the culture media. Apart from this, WPM supplemented
with (0.5 - 2.0 mg/l) TDZ were also used for proliferation of shoots. All explants failed to
initiate shoots after 8 weeks of inoculation (Fig. 3a). However, the explants were turned
black in color (Fig. 3b). It was also noticed that most cultures were found to be
contaminated by fungus. The nodal segment and shoot tip of M. laurifolia contain latex
and this latex could not be taken out completely from these explants. Similar results were
observed in Micropropagation of Mimusops elengi reported by Bhore and Preveena (2011).
Few contaminations free explants were sub-cultured to fresh media in every 15 days and
20 days. It is very important that subculture interval should not exceed more than 20
days. Even after 3 months we had no positive results towards in vitro regeneration of
Mimusops laurifolia.

Fig. 3: (a) Shoot tip explants on WPM medium supplemented with 3.0 mg/l BAP and 0.5 mg/l Kn
after eight weeks where no responses were noticed. (b) Explants of nodal segment cultured on
WPM medium supplemented with 2.0 mg/l TDZ after eight weeks the explants were deep
brown in color.

From the present investigation, it can be concluded that the hard seed coat of
Mimusops laurifolia was the main obstacle for seed germination. In this endangered plant
the germination of seeds can be achieved by seed pretreatments and removing the hard
seed coat followed by their germination on plant growth supplemented media. This
technique might be the first step towards the in vitro seed germination and subsequent
plantlet development of this endangered species. The outcome of this study could be
very useful in future research on the propagation as well as conservation of Mimusops
laurifolia.
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