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ABSTRACT

Saponins are a major family of secondary metabolites which consist of a sugar moiety glycosidically linked to a hydrophobic
aglycone (sapogenin), often found as a chief components in the traditional oriental medicines. Because of the increasing demand for
this product in various bio-industries more effort is being expanded in looking for plants from which commercial saponins can be
extracted. In this context, Balanites aegyptiaca (L.) Del. could be a viable alternative. In the present study, an efficient and rapid
protocol for large scale propagation of Balanites aegyptiaca (L.) Del., through mature seeds is developed. The seeds directly cultured
on Gibberellic acid (GAs3) - containing medium induced multiple shoots after 4 weeks of culture. The best treatment was 4-wk
incubation on MS medium supplemented with 2.0 uM GA; followed by 4-wk culture on MS medium supplemented with 12.5 uM 6-
benzyladenine (BA) which resulted in the formation of 8.53 + 0.31 microshoots per seed. Further, by repeated subculturing onto MS
medium supplemented with BA (12.5 uM) and NAA (1.0 uM), a 2-fold shoot multiplication rate was established where the number
of shoots was increased upto third subculture passage with an average of 20.20 + 0.20 shoots per seed. In vitro rooting was achieved
with half strength MS medium containing 1.0 uM indole-3-butyric acid (IBA) which was most effective in inducing roots as 80% of
the microshoots produced roots. Micropropagated plants (85%) established in field were uniform and identical to donor plants with
respect to growth characteristics and vegetative morphology. The protocol developed here could be worked as useful tool to
increase the biomass and yield of pharmaceutically important active principles (saponins) accumulated in B. aegyptiaca cultures.
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INTRODUCTION

alanites aegyptiaca Del. (Balanitaceae), popularly

known as ‘Desert Date’, is a widely grown

spinescent semi arid tree with a multitude of
potential uses. It is found throughout the Sudanese-
Sahelian region of Africa and in other arid areas of Africa,
the Middle East, India and Burma. It is one of the most
drought-resistance and low smoke fuelwood tree in the
arid regions. Extracts from several parts of this tree have
been intensively used throughout the world for various
medicinal purposes. Its extract was shown to exhibit
antifeedant, antidiabetic, molluscide, anthelmintic,
antifertility, antitumor, antianalgesic and anti-
inflammatory activities"®. Most of these studies have
reported that the presence of saponins (diosgenin,
yamogenin) is the main cause behind these activities.
Inspite of the rich medicinal importance, it grows only as
a wild forest plant and enlisted as an endangered plant
speciesg. Besides its medicinal uses, trees are widely used
as fodder and for timber purposes. Recently, it has been
used as a model for the utilization of bioresources in the
Israeli Arava desert and potentially other similar areas for
cost-effective biodiesel production™. The tree is naturally
propagated by seeds, which have short viability period.
Vegetative propagation by root suckers is possible, but
the growth of propagules is slow. Certain limitations of
conventional propagation methods, such as being labor-
intensive, the need of large areas for ex- situ
conservation, out-breeding, a long juvenile phase, and

seasonal dependence, make it necessary to apply in vitro
technologies. Propagation of plants through tissue culture
offers a unique advantage over conventional propagation
methods such as rapid multiplication of valuable
genotypes, expeditious release of improved cultivars,
production of disease-free plants, non-seasonal
production, germplasms conservation and facilitating
their easy exchange. With resurgence of public interest in
plant- based medicine and the rapid expansion of
pharmaceutical industries, these in vitro techniques have
been proved useful in the production of valuable drugs
and conservation of germplasm. In Balanites aegyptiaca,
few procedures are available for inducing in vitro plant
regeneration using different explants**™. However, these
protocols involved several stages and were time taking.
The objective of the present study was to develop a rapid
and reproducible plant regeneration procedure through
direct differentiation of multiple shoots from seeds,
eliminating any explants preparation and recovery of
seedlings capable of multiple shoot formation under the
influence of cytokinins and auxin regime in Balanites
aegyptiaca.

MATERIALS AND METHODS
Plant material and initiation of aseptic cultures

Mature seeds obtained from 10 year old candidate plus
tree growing at Arid Forest Research Institute, Jodhpur,
India were used in this study. The seeds were thoroughly
washed in running tap water for 30 min to remove
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adherent particles, immersed in 1% (w/v) solution of
Bavistin, a fungicide for 30 min, then treated with 5%
(v/v) Teepol solution for 20 min and rinsed thrice with
sterile distilled water followed by surface sterilization in
0.1% (w/v) mercuric chloride solution under sterile
conditions for 10 min and rinsed thrice with sterile
distilled water. The disinfected seeds were inoculated
aseptically on sterile culture medium.

Culture of seeds on media containing GA; and
subsequent shoot multiplication and elongation on
media containing cytokinins and auxin

MS™ medium containing GA; at different concentrations
(0.5, 1.0, 2.0, 2.5 and 5 uM) singly was tested for seed
germination. MS medium devoid of plant growth
regulators was used as control. After 4 weeks, multiple
shoots developed on seeds incubated in GA; containing
medium were transferred to MS medium supplemented
with cytokinins BA and TDZ singly at different
concentrations (0.5-15.0 uM) as well as in combination
with auxin NAA (0.5-5.0 uM) for further multiplication
and elongation. Subculturing was performed at 4 weeks
intervals. Data on the shoot induction and multiplication
per seed was recorded after 4 and 8 weeks respectively.

Culture conditions

All the media were supplemented with 3 % (w/v) sucrose
and gelled with 0.8 % (w/v) bacteriological grade agar
(Qualigens, India). The medium was adjusted to pH 5.8
using 1 N NaOH or HCl and sterilized by autoclaving at
121°C for 15 min. One seed was inoculated per culture
bottle with 10 seeds per treatment; shoots developed on
seeds were cultured in a 25 X 150 mm culture tube
(Borosil, India) containing 20 ml of sterilized semisolid
media for multiplication and 100- ml conical flasks
(Borosil, India) containing 50 ml of semisolid media were
used for shoot elongation. The cultures were maintained
in a culture room, illuminated by two cool white
fluorescent lamps (40 W, Philips, India) at photon fluence
density of 50 pmol® s* for 16 h per day with the
maintained temperature of 25 + 2°C.

In vitro rooting and acclimatization

Microshoots with fully expanded leaves were excised and
transferred for rooting on half strength MS medium
supplemented with IBA, NAA and IAA (0.1- 5.0 uM) singly.
All the culture conditions were similar as described for
the shoot cultures. Data on percent rooting, number of
roots per shoot and root length were recorded after 4
weeks.

Shoots with well developed roots were removed from the
culture vessel and rinsed with running water to remove
agar. Plantlets were transferred to 10-cm-diameter
thermocol cups containing Soilrite™ (Keltech Energies
Ltd., India). Potted plantlets were covered with
transparent plastic bags to ensure high humidity and
watered at regular intervals with half strength MS salt
solution lacking vitamins. Plastic bags were opened and
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gradually removed over a period of 10 days. The plants
were then transferred to soil under natural conditions.

Statistical analysis

Ten replicates were used in each treatment and all
experiments were repeated thrice. The data of different
treatments was quantified and subjected to statistical
analysis using One Way Analysis of Variance (ANOVA) and
pair wise means compared using Duncan’s Multiple Range
Test procedure (p < 0.05). The results were represented
as mean = standard error (SE). All the statistical analyses
were performed using the SPSS statistical package
software, version 10 (SPSS Inc., Chicago, USA).

RESULTS

Effect of GA; on seed germination and formation of
multiple shoots

Seed germination took place within 2 weeks of
inoculation. The seedling from the control (MS basal
medium) developed one main shoot per seed with two or
three nodes whereas those from GA; containing medium
developed 2-4 shoots per seed, each containing one to
two nodes after 4 weeks of culture. Elongation of the
main shoot was inhibited, and axillary shoots were
formed flanking the cotyledonary node. However, no
shoots were differentiated from the cotyledons or
hypocotyl. The main root was long and thick without
lateral roots. The green cotyledons remained unchanged
in color and size compared to those on control. The bud
clusters were formed on shoots which were not in
contact with the medium (except for the roots). On
medium containing 1.0 pM GAs, 2.93 + 0.58 shoots were
produced per seedling after 4 weeks. Moreover, the
number (4.23 £ 0.17) of shoots per seedling was greatest
at the 2.0 uM GA; and attained shoot length of 2.00 +
0.28 cm in 4 weeks (Table 1, Fig. 1a). Though, new shoot
initials continued to form even after 4 weeks on GA;
containing medium, the older shoots started browning
and withered away.

Table 1: Effect of GA; at different concentrations in
MS medium on germination and multiple shoot
formation in seeds after 4 weeks of culture

6y (uM) 9oResponse SIS lonath (om)
0.0 82 1.00+0.00°  0.53+0.17°
0.5 29 1.73+0.27°  1.00+0.11™
1.0 60 2.93+0.58°  1.50+0.28"
2.0 88 423+0.17°  2.00+0.28°
2.5 51 2.70£0.15°  1.23+0.14%
5.0 4 1.20+0.28°  0.80+0.05™

Values represent means + SE. Values followed by the different letters
within columns are significantly different (P = 0.05) using Duncan’s
multiple range test
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Figure 1: (A-D) Multiple shoot and plantlet regeneration
from intact seedling of Balanites aegyptiaca

A. Multiple shoots with expanded leaves developing from
intact seedling on GA;3 (2.0 uM) containing medium after 4
weeks of culture initiation.

B. Prolific elongation of multiple shoots excised from intact
seedling on MS medium containing BA (12.5 pM) and NAA
(1.0 pM) after 8 weeks of culture.

C. Rooted plantlet
D. The acclimatized plants hardened in soil
Synergistic effect of cytokinin (BA) and auxin (NAA)

To overcome the initial low morphogenic response, the
multiple shoots developed from seeds were excised and
transferred to MS medium augmented with BA (12.5 uM)
in synergy with NAA at different concentrations (0.5, 1.0,
2.0 and 5.0 puM). On medium containing BA (12.5 uM) and
NAA (0.5 uM), 80% cultures showed the formation of 9.20
+ 0.62 shoots per culture after 8 weeks (Table 2). These
BA-NAA conjunctions accentuated the morphogenic
response and facilitated the growth of axillary shoots
significantly. Among all concentrations of the BA-NAA
combination used, the maximum number (12.7 + 0.14) of
shoots and shoot length (6.53 £ 0.37 cm) per culture were
obtained at 12.5 uM BA with 1.0 uM NAA after 8 weeks of
culture (Table 2; Fig. 1b).

Effect of TDZ and subculturing

The effect of TDZ at different concentrations was also
tested to enhance the multiplication rate of the multiple
shoots obtained from seeds. Among different
concentrations used, TDZ (5.0 uM) produced maximum
number of shoots per seed (4.50 £ 0.28) with shoot length
of 2.86 £ 0.12 cm after 4 weeks whereas at the higher
concentrations (10.0-15.0 uM) the number of shoots
declined (Table 3). However, the shoot multiplication rate
was increased when the shoot clusters were transferred
to TDZ free MS medium and subcultured for five
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passages. At third subculture, the shoot number reached
to 5.80 £ 0.30 with an average length of 4.00 £ 0.05 cm.
However, maximum number (7.33 + 0.38) of shoots was
recorded at fourth subculture passage and thereafter the
number got stabilized at fifth passage (Fig. 2). The
regenerated shoots obtained were healthy with well
developed leaves.
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Figure 2: Growth and development of shoots obtained
from intact seedlings subcultured for different number of
passages on MS medium without TDZ. Bars represent
means + SE. Bars denoted by the same letter within
response variables are not significantly different (P=0.05)
using Duncan’s multiple range test.

Table 2: Effect of NAA at different concentrations with an
optimal concentration of BA (12.5 uM) on shoot
multiplication of intact seedlings after 8 weeks of culture

NAA(uM) %Response O IE S e
0.5 80 9.20+0.62°  5.26+0.74®
1.0 85 12.76 +0.14°  6.53+0.37°
2.0 75 6.56+0.65°  3.90+0.17°
25 60 460+0.34°  4.16+0.76"

Values represent means + SE. Values followed by the different letters
within columns are significantly different (P = 0.05) using Duncan’s
multiple range test.

Table 3: Effect of TDZ on multiple shoots excised from
intact seedlings after 4 weeks of culture

TOZ(uM) %Response  GectIe B ey
1.0 20 230£0.11°  1.76+0.14°
2.5 29 2.90 +0.20" 2.23+0.24™
5.0 67 450+0.28°  2.86+0.12°

10.0 30 2.26+£0.14°  2.56+017%
12.5 18 2.16+£0.16°  1.23+0.14°
15.0 15 2.00£0.00° 1.16+0.27°

Values represent means + SE. Means followed by the same letter within
columns are not significantly different (P =0.05) using Duncan’s multiple
range test.
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Rooting

To promote the development of the root system, 4-5 cm
long shoots were transferred on half strength MS medium
augmented with IBA, NAA and IAA alone at different
concentrations (Table 4). Half-strength hormone-free MS
medium failed to induce roots from excised shoots after 4
weeks of culture. The addition of auxin in half strength
MS medium was essential for root induction. The
development of roots took place within 2 weeks of
incubation without an intervening callus phase on all the
auxin containing rooting media. The augmentation of IBA
to half strength MS medium enhanced rooting
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significantly with the formation of healthy and longer
roots. On the medium containing NAA and IAA singly,
roots were thick and stunted. The best rhizogenic
response was recorded at 1.0 uM IBA where an average
of 8.10 + 0.60 roots with 4.3 £ 0.37 cm root length was
recorded after 4 weeks of culture (Table 4, Fig.1lc).
Plantlets were successfully hardened-off (Fig. 1d)
according to the procedure explained in ‘Materials and
methods’ and about 85% of the plantlets transferred to
garden soil survived after 8 weeks and they did not show
any detectable variation in morphology or growth
characteristics when compared to the donor plants.

Table 4: Influence of different auxins in %2 MS medium on in vitro rooting of the microshoots after 4 weeks of culture

Auxins (LM)

% Rooting
IBA NAA IAA

Mean no. of roots /shoot

Mean root length (cm)

0.1
0.5
1.0
2.0
5.0

0.1
0.5
1.0
2.0
5.0

0.1
0.5
1.0
2.0
5.0

53
62
80
70
61
45
60
73
64
54
44
56
68
62
49

3.33£0.29°° 1.30 +0.32"
3.83+0.17" 2.36 +0.29°
8.10 +0.60° 4.30+0.37°
5.63 +0.37° 3.16+0.17"
2.60 + 0.49% 2.83+0.17™%
2.60 + 0.49% 1.10 +0.25"
2.80 +0.28" 2.06 + 0.23%"
4.30+0.62° 3.56 +0.23"
2.26 +0.49°%" 2.46 +0.26°*
1.86 +0.08" 1.83 +0.37°"
1.46 +0.27%" 0.90 +0.20/
1.76 +0.35%" 1.56 +0.17°"
4.33+0.33% 3.00 +0.05™
1.26 +0.23" 2.13+0.08%
0.95 +0.05' 1.50 +0.28"

Values represent means + SE. Values followed by the different letter within columns are significantly different (P=0.05) using Duncan’s multiple range

test.
DISCUSSION

The viability of any species depends on the balance
between extinction and colonization. Because of the
rarity of colonization, the survival of species as a whole
critically depends upon the survival of the population and
germination of the seeds. The use of seeds is generally a
preferable approach to conserve a species, because it
helps in conserving the genetic variation in the species. If
plants are multiplied from seeds, the genetic diversity of
local ecotypes is maximized"’. Each species has particular
requirements for seed germination'®. The germination
obtained on MS basal medium was found unsatisfactory
for Balanites aegyptiaca, since only 20 % seeds were
germinated after 4 weeks. Observing the seed
germination rate, we assume that seeds were under the
influence of high dormancy due to physiological and
biochemical factors. In the past, the usefulness of
germinating seeds in the presence of cytokinins or a
substance with cytokinin like acitivity for subsequent
regeneration from seedling explants has been shown in

Phaseolus vulgaris *°, Cajanus cajan®, Murraya koenigii**,
Dendrocalamus asper “, Litchi chinensis 2, Sterculia
urens®® and Pisum sativum®. However, in the present
study, the seeds cultured on GA; supplemented medium
elicited the morphogenic response ranging from 29 to 80
% seed germination into healthy intact seedlings. Hence,
the data from the current study provide strong evidence
that GA; added to the medium affects the percentage
response and the number of shoots regenerated per
seed. The reason for this morphogenesis may be the
stimulatory effects of GA; on cell enlargement and cell
division, because it is a very potent hormone. The
induction of multiple shoots on seeds occurred frequently
when seedlings were exposed to low levels of GAs,
implying that in Balanites aegyptiaca organogenesis can
also be induced from tissues without meristems. In the
best treatment of germination (culture of seeds on GA;
2.0 uM for 4 weeks), more than 4 shoots were isolated
from one seed. This shoot clump can produce about 20
shoots per explant when transferred to a medium
containing BA (12.5 uM) and NAA (1.0 uM). Such high

&
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multiplication rates have not been reported before in
Balanites aegyptiaca. The benefits of using GA; singly or
in combination with other plant growth regulators in the
culture medium for shoot multiplication has been well
documented in number of plant species®®*"?. The high
number of axillary buds produced in the presence of
cytokinin, especially BA, is consistent with the general
knowledge that cytokinins overcome apical dominance,
release lateral buds from dormancy and promote shoot
formation. BA has successfully been used to induce
axillary shoot proliferation in Murraya koenigii 21 Litchi
chinensis®® and Sterculia urens®*. An approximately 2-fold
increase in the shoot number following the inclusion of a
low concentration of NAA (0.5- 5.0 uM) into BA-
supplemented medium suggests an interactive effect
between the cytokinin and auxin on shoot proliferation.
Anis et al. (2010)" also reported significantly fair number
of shoots in Balanites aegypticaca on interaction of BA
(12.5 puM) and NAA (1.0 uM). The optimal endogenous
and exogenous cytokinin/ auxin balance subsequently
controlled the development and elongation of shoots.
Our results were consistent with the findings of Siddique
and Anis (2009)"*and Anis et al.(2010)" where the
combination of BA and NAA was most effective for shoot
regeneration. On increasing the concentration of BA to
15.0 uM or NAA to 5.0 uM, the shoot multiplication was
adversely affected and significantly low rates of
multiplication were obtained.

The shoots regenerated on MS medium supplemented
with optimal concentration of TDZ (5.0 uM) were
transferred to hormone free MS basal medium for further
shoot proliferation because continued presence of TDZ
was found to be destructive for growth and shoot
duplication***>*. Similar response of subculturing on
shoot multiplication was also reported by Siddique and
Anis (2009)"* where healthy shoots were observed at fifth
subculture passage in Balanites aegyptiaca.

Micropropagation protocols are successful only when the
rate of survival of the in vitro regenerated plantlet is very
high after transplantation. This in turn depends mainly on
the development of a proper root system. The rooting
experiments conducted in our study revealed that the
presence of an exogenous auxin was essential for in vitro
root induction of microshoots and IBA has been found to
be the most effective auxin for in vitro rooting in
Balanites shoots, followed by NAA and IAA. IBA has been
reported to have stimulatory effect on root induction in
earlier reports of Balanites aegyptiaca'**® as well as in
other tree species’®**. The superior effects of IBA on
the root development may be due to several factors such
as its preferential uptake, transport and stability over
other auxins and subsequent gene activation®*. The poor
rooting response on a media supplemented with IAA may
be due to the fact that exogenous application of 1AA is
rapidly inactivated in excised plant tissue by I[AA
oxidase*’. The rooted plantlets appear to be
phenotypically normal and grew well when transferred to
field.
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CONCLUSION

The entire process of regeneration starting from a seed
up to the stage of establishment of regenerants in soil
took approximately 6 months, and large number of plants
could be recovered from each cultured seed. Thus, the
method of using seeds in culture for obtaining high
frequency direct shoot proliferation as reported herein
will simplify micropropagation aimed at large scale
multiplication. The regeneration protocol bypasses the
step of explant preparation. Owing to the differentiation
in intact seedlings, the number of manipulations required
to induce regeneration is reduced to one in comparison
to several procedures involving the culture of various
explants. The regeneration protocol described could
benefit the conservation of B. aegyptiaca and also
provide sufficient juvenile plant material to attempt to
exploit this important medicinal  species by
biotechnological means for the extraction of diosgenin
and for prophylactic and therapeutic purposes.
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