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Abstract — Aegle marmelos L. is an important medicinal tree and it is commonly known as bael tree. In the present study, an
efficient and improved plant regeneration protocol was developed for A. marmelos. Axillary bud and shoot tips from the in
vitro germinated seedlings of A. marmelos were used as explants. Murashige and Skoog (MS) medium used as basal medium
and MS medium devoid of any growth regulators was used for the in vitro germination of seeds. MS medium supplemented
with different concentration and combinations of growth regulators such as 6-benzyl aminopurine (BAP), indole-3- butyric
acid (IBA) and a-naphthaleneacetic acid (NAA) were employed. The medium fortified with 11.11uM/L of BAP and 1.07uM/L
of NAA was found to be effective one for the initiation and multiplication of shoots with highest mean number of shoots (24.20
+ 3.85) and maximum mean length of the shoots (6.02 £ 0.64). Half strength MS basal medium supplemented with 14.76 uM/L
of IBA was found to be effective one for rapid and maximum root induction per micro shoot. The well rooted in vitro raised
plants were successfully hardened house with survival rate of 80%. This effective and improved protocol may be useful for the

large scale production of this plant.
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I. INTRODUCTION

Indian bael tree scientifically called as Aegle marmelos (L.),
belongs to the family Rutaceae, has been widely used in
Indian medicinal systems due to its various medicinal values
[1]. It has also known by many other common names like
bengal quince, golden apple, Japanese bitter orange, stone
apple or wood apple. It is a highly reputed ayurvedic
medicinal tree with rich source of bio chemical compounds
like Skimmianine, Aegeline, Lupeol, Cineol, Citral,
Citronella, Cuminaldehyde, Eugenol, Marmesinine, Fagarine,
Marmelosin, Luvangetin, Aurapten, Psoralen, Marmelide,
Tannin, alkaloids, coumarins, steroids, polysaccharides,
carotenoids, phenolic compounds etc., [2, 3]). In India, Bael
tree is considered to be very sacred by Hindus. The history of
this tree has been traced to Vedic period (2000 B.C - 800
B.C). The mention of bael fruit has been made in one of the
oldest books in the Indian Vedas called Yajurveda. The bael
tree has great mythological significance and abundant in the
vicinity of traditional Hindu Temples especially in Shiva
temples. This medium sized tree is indigenous to dry forests
on hills and plains of India.
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Almost all the parts of this tree are used to treat aliments. The
roots are used to cure diarrhoea, dysentery, and dyspepsia.
The leaf is used for opthalmia, diabetes and asthmatic
complains. Unripe fruit is useful for treating diarrhoea,
dysentery, and stomachalgia. The aqueous extracts of the
stem and root bark are used to treat malaria, fever, jaundice,
and skin disease such as ulcers, utricaria, and eczema.
Chronic diarrhoea or dysentery responds well to bilva this
therapeutic  effect being included in the British
pharmacopoeia [4-6]. Various bio activities has been reported
such as anti diabetic activity [7], hepatoprotective activity [8],
antimicrobial activity [9], analgesic anti-inflammatory and
antipyretic activity [10], antifungal activity [11], anticancer
activity [12], radioprotective activity [13], antiulcer activity
[14], anti thyroid activity [15], insecticidal activity [16], anti-
lipid peroxidative activity [17] and antioxidant property [18].
Plant tissue culture is a proven technique to produce millions
of identical plants under aseptic condition. It is not only
reducing the time and space but also gives greater output and
allows further augmentation of elite disease free propagules.

The commercial production of this tree is restricted due to the
shortage of desirable planting material or due to various other
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factors like urban development, deforestation, and
indiscriminate collection of plants. Tissue culture can play an
important role in rapid propagation of new cultivars of this
medicinal tree. Plant tissue culture techniques are becoming
increasingly popular as alternative means of plant vegetative
propagation. The production of millions of plants through
direct and indirect, suspension cultures and embryogenesis
can be achieved. Medicinal plants and herbs are one of the
crucial components as far as the contribution of biodiversity
to society is concerned. Many researchers have developed
mass propagation technique for this medicinal tree using
various explants like nodal segments [19-23], cotyledon
tissues [24-26], leaf primordial [27], fertilized ovules of
immature fruits [28]. The mass propagation technique using
seeds via embryo culture of this medicinal tree is very
limited. Hence, the main objective of this study was to
standardize the micropropagation protocol for A. marmelos
— an important medicinal tree and to check the suitability of
axillary bud and shoot tip from the in vitro germinated
seedlings as an explants for the plant regenaration.

Il. MATERIALS AND METHODS

Source and preparation of explants

The healthy ripped fruits of A.marmelos were collected from
Lord Shiva temple Koimbedu, Chennai, Tamilnadu, India.
The seeds were separated from the fruit and rinsed with
tween-20 solution and washed with running tap water and
then immersed in to 70% ethanol for 10 minutes. The washed
seeds were surface sterilized with 0.1% of (w/v) of
disinfectant mercuric chloride (HgCl,) for 5-10 min. After
the surface sterilization the seeds were rinsed 3 times with
sterile water to remove the traces of HgCl, adhering to the
surface of the seeds. The seed coat was removed with the help
of sterile blade in aseptic condition under the Laminar air
flow chamber (LAF) without damaging of cotyledons and
embryos. The excised seeds with embryo were subjected to in
vitro seed germination on Murashige and Skoog (MS) [29]
basal medium supplemented with 3% of sucrose without
growth regulators. All the media used were autoclaved for 20
minutes at 121°C and 15 psi of pressure and the pH of the
media were adjusted to 5.8. The nodal regions and shoot tips
from in vitro germinated seedlings were excised and were
used as explant for this investigation.

Inoculation and culture condition

The explants such as axillary buds and shoot tips from in vitro
germinated seedlings were excised and size was about 0.5-1.0
cm length. The explants were used without surface
sterilization and they were inoculated on MS basal medium
fortified with different concentrations and combinations of
plant growth regulators. The nine different combination (MS-
1 toMS-9) of growth regulators such as 6-benzyl amino
purine (BAP) and of a-Napthalne acetic acid (NAA) were
used to study their effect on multiplication of shoots and six
different concentrations (MS-10 to MS-15) Indole 3-butyric
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acid (IBA) 0.2-1.00 mg/L was used to study their effect on
root induction.

All the cultures were incubated under the temperature of 25 +
2°C and the light intensity of 2000 - 4000 Lux. The
photoperiod regime for cultures was 16 hr light and 8 hr dark
and the relative humidity was maintained between 50 - 60%.

Multiple shoot initiation and subculture

Axillary bud and shoot tip explants were inoculated in each
culture bottles containing MS medium fortified with nine
different combinations (MS-1 toMS-9) of growth regulators
such as 6-benzyl amino purine (BAP 2.22 — 11.11 pM/L) and
of a-Napthalne acetic acid (NAA 0.54 and 1.07 uM/L) were
used to study their effect on multiple shoot induction. MS
medium without any growth regulators served as control.

The young multiple shoots initiated were removed and sub
cultured on fresh culture bottles containing MS medium
fortified different combinations of growth regulators for
further multiplication. The cultures were observed regularly
and the results were recorded for every sub culture. The
number and the length of shoots were recorded in 30 days old
culture.

Root induction and hardening

After the multiplication phase, the in vitro developed shoots
were excised (3 - 4cm in length) and transferred to rooting
medium. Indole 3-butyric acid (IBA) was used to study their
effect on rooting. For the root induction, the medium is
constituted with half and full strength of MS basal medium
supplemented with different concentrations of IBA (4.92 -
19.68 pM/L). The number and the length of roots were
recorded to assess the best treatment.

The well developed and healthy plant lets with roots were
taken out and washed thoroughly and then transferred to
protrays containing the primary hardening mixtures of sand
and vermiculite (1:1) under the green house conditions.

Statistical Analysis
The collected data were analyzed by analysis of variance
(ANOVA) followed by Tuky’s HSD test values to compare
the significant differences among means at 5 % level of
significance. All the data were expressed in the Mean
+Standard Deviation.

I1l. RESULTS AND DISCUSSION

In vitro seed germination

The sterilized and excised seeds were inoculated on MS basal
medium (MS-0) without any growth regulator in culture
room. Cotyledons were opened completely within five days
and the cotyledons were turned in to green colour (Figure 1a).
The induction of plumule and radical was noticed after seven
days of inoculation. The plumule elongated with leaf
primordium, where as the radical did not elongate. The shoot
grew to the length of 3.5 to 4.0 cm within fifteen days of
incubation. After 25 days, the cultures produced well
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developed shoots with 3 - 4 leaf per shoot and the cotyledons
were remain fresh without shrinking (Figure 1b). The axillary
bud and shoot tip explants were selected from these in vitro
grown seedlings and it was used for initiation of shoots.

Initiation of shoots

The explants were inoculated on MS basal medium
supplemented with different concentrations of BAP (2.22,
4.43, 6.65, 8.87 and 11.11 pM/L) and some in combination
with NAA (0.54 and 1.07uM/L). All the media (MS-1 to MS-
9) responded to initiation of shoots but the percentage of
shoot induction, number and length of shoots were varied
(Table 1). The shoot induction was poor on the MS-1 medium
supplemented with 2.22uM/L of BAP alone which showed
the induction percentage of 15.17 + 1.65%. The medium
fortified with 11.11pM/L of BAP and 1.07 uM/L of NAA
(MS-9) were yielded highest percentage (81.40 + 8.70%) of
shoot induction and also produced highest mean number of
shoot buds per explant (6.00 £ 1.63) with mean shoot length
of 2.31 + 0.71cm (Figure 1c). This result were akin to the
results of Raghu et al., [30], who reported that, an in vitro
clonal propagation technique of this endangered medicinal
tree by enhanced axillary shoot proliferation from mature
single node in which they obtained an average of 6.2 shoots
per explant.

Multiplication of shoots

Shoot multiplication is the second phase of in vitro
micropropagation. In this phase the young shoots were sub-
cultured on to the fresh medium with same composition. The
multiplication of shoots was occurred in all media
combinations but with varied response in terms of number of
shoots (Table 1). The maximum percentage of multiplication
(83.70 + 9.59) was noticed on the medium fortified with
11.11pM/L of BAP and 1.07 uM/L of NAA (MS-9). This
medium were also produced the highest number of (24.20 +
3.85) shoots with mean length of 6.02 + 0.64 cm (Figure 1d).
Gupta Sandhya et al., [31] had reported that the BAP of 0.5
mg/L along with IAA of 0.1 mg/L was best for shoot
multiplication of bael tree. Ajit kumar and Seeni [22] had also
achieved Rapid clonal multiplication of A. marmelos with by
enhanced axillary bud proliferation and they found nodal
explants responded most favourably at low BAP (0.05 - 0.1
mg/L) but in our study it is clear that our explants responded
most favourably in MS-9 containing combination of BAP-
11.11pM/L and NAA-1.07 pM/L. Hence, it was found to be
the suitable one for in terms of initiation and multiplication of
shoots successfully. The concentration of BAP and NAA used
significantly affected the percentage of shoot regeneration,
number and shoot length. In the present study, BAP fortified
medium showed comparatively less effects on initiation and
multiplication of shoots than that of the medium enriched
with the combination of BAP and NAA and the similar effect
also reported in Gentiana kurroo [32]; Mentha arvensis [33].

Root induction and hardening
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The thirty days old well developed shoots were excised (3-
4cm in length) and transferred to rooting medium. The root
induction was responded in all media combinations. Among
the various media combinations, full-strength MS-10 with
IBA - 4.92uM/L showed poor rooting response (23.80 +
4.49%) with mean number of 1.35 £ 0.52 roots with the mean
length of 3.46 + 0.53 (Table 2). The half strength MS medium
supplemented with 19.68uM/L of IBA (MS-15) was
responded maximum percentage of root induction (84.00 £
6.14) and also produced highest mean number of roots (4.5 £
1.08) per shoot with mean length of 5.45 + 0.83cm (Table 2;
Figure 1e). IAA of 0.1 mg/L was effective for rooting in
Aegel marmelos [31], But there In vitro rooting was
inconsistent compared to our result and our survival rate of
plantlets was higher than the Raghu et al., [30] reports
(83.9%). Whereas the media combinations MS-11 and MS-13
fortified with (1/2 MS + IBA 4.92 and 9.84uM/L) showed
moderate percentage of root induction. The morphology of all
the roots appeared white in colour but later it turned in to
light green in colour. It was noticed that there was no
branches on the produced roots in all combinations. Ajit
kumar and Seeni [22] were also observed shoot cuttings were
best rooted in half-strength MS medium with 0.5 mg/L of
IAA (70%) or 10.0 mg/L indole-3-butyric acid (90%). In our
study we found the best rooting was achieved in the half-
strength MS medium with IBA of 19.68uM/L. The half
strength medium was significantly efficient than the full
strength MS basal medium for root induction.

The well rooted in vitro developed plantlets were transferred
to protrays containing hardening mixture of sand and
vermiculite in the ratio of 1:1 for primary hardening under the
green house condition with 80% of survival rate. In the
present study, micropropagation protocol was achieved up to
primary hardening phase. Singh Sugandha [34] reported that
the conventional plant propogation method for woody trees
are often difficult and slow because of high levels of
heterozygosity and the long generation time between
successive crosses. Plant tissue culture is the science and art
of growing plantlets from a single plant cell, tissue, or organ
using artificial media. The role of plant tissue culture is
invaluable in the conservation and rejuvenation of endangered
medicinal woody plants.

IV. CONCLUSION

The standardized protocol of this study could be effective for
rapid multiplication and reintroduction of this important
endangered woody medicinal tree to the field. The explants
axillary bud and shoot tip from in vitro germinated seedlings
were found to be suitable for successful micropropagation.
However it is necessary to use molecular marker to check the
genetic fidelity of this in vitro grown A. marmelos species
with the mother plant used to validate its true to type. Further
studies will be on the genetic fidelity analysis using advanced
molecular markers.
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Figure 1: Different stages of micropropagation of Aegel marmelos.

a- Seeds are start germinate and cotyledons opened and turned in to green colour after 5 days of inoculation. b- In vitro germinated 25 days
old seedlings. c- initiatiated shoots. d- Multiple shoots 30 days after subculture. e- Rooting stage.
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Table 1: Effect of plant growth regulators on initiation and multiplication of shoots

Plant growth
Medium regulators Initiation of shoots Multiplication of shoots
Percentage | Number of Percentage of | Number of
BAP | NAA of shoot shoots per Shoot shoot shoots per Shoot
(UM/L) | (UML) induction explant length (cm) | multiplication | micro shoot length (cm)
MS-1 2.22 - 15.17+1.65° | 1.40+0.65* | 1.02+0.55° | 12.80+3.15 2.95+0.98" | 3.10%0.65
MS-2 4.43 - 27.67+452° | 2.20£0.91% | 1.34+0.42® | 36.60+4.47° 7.93+1.13° | 3.22+0.60°
MS-3 6.65 - 33.66x7.87° | 2.90+0.73* | 1.55+0.49™ | 41.80+4.46™ 11.90+1.91° | 4.32+0.70°
MS-4 8.87 - 57.50+6.81° | 3.40+0.84™ | 1.65+0.47® | 46.00+5.65° 16.10£1.91% | 4.92+0.79"
MS-5 1111 | - 61.90+7.44° | 3.90+0.99°" | 1.66+0.47* | 57.70+5.41° 19.50+3.37° | 4.93+0.62"
MS-6 8.87 0.54 65.20+5.47°% | 4.30+1.49°® | 1.82+0.61™ | 66.10+5.46° 22.70+4.00°" | 4.61+0.85™
MS-7 8.87 1.07 79.30+9.017 | 5.60+2.17% | 1.73+0.41%° | 79.00+6.54" 23.00+2.78" | 5.53+0.65°"
MS-8 11.11 | 0.54 71.70+5.01% | 5.40+1.57% | 1.95+0.43" | 77.90+7.56 22.10+2.28%" | 5.82+0.80%
MS-9 11.11 | 1.07 81.40+8.70" | 6.00+1.63° | 2.31+0.71° | 83.70+9.59" 24.20+3.85" | 6.02+0.64°
F-value 127.110 14.475 4.89 149.343 79.573 21.563
P-value 0.00 0.00 0.00 0.00 0.00 0.00
Table 2: Effect of IBA on root induction
Medium IBA Percentage of root Number of Roots Root length
(mg/L) induction (%) per shoots (cm)

MS-10 4.92 23.80+4.49° 1.35+0.52° 3.46+0.53

MS-11* 4.92 59.70+5.85° 2.50+0.81™ 4.71+0.91°

MS-12 9.84 54.40+5.98° 1.70+0.82® 3.80+0.62°

MS-13* 9.84 75.70+7.42° 2.90+0.99° 4.99+0.58°

MS-14 14.76 48.8045.55" 2.10+0.99%* 4.95+0.83°

MS-15* 14.76 84.00+6.14° 4.50+1.08° 5.45+0.83°

F-value 126.686 15.80 10.828
P-value 0.00 0.00 0.00

Note: * Half strength MS medium.

The values represent the Mean+SD of ten replicates and all experiments were repeated thrice, mean difference of significant is
at the 0.05 level. Means with different letter within column are significantly different from each other at P < 0.05.
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