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Abstract Lawsonia inermis Linn. (Mehandi) is cultivated as
cash crop in India particularly in Sojat area of Pali district,
Rajasthan. Present investigation describes an efficient regen-
eration system for elite genotype of L. inermis using nodal
segments. Optimum response in terms of percent cultures
responding, days to bud break and average shoot length
was observed on MS medium supplemented with 6-
benzylaminopurine (BA; 2.0 mg 1™"). Shoot multiplica-
tion was influenced by plant growth regulators, repeated
transfer of explants and addition of ammonium sulphate.
Maximum shoots were regenerated on MS medium
supplemented with BA (0.25 mg 1'), kinetin (Kn;
0.25 mg 17"), indole-3-acetic acid (IAA; 0.1 mg ') and
ammonium sulphate (150 mg 1I""). To reduce resources,
time and labours costs, we have also attempted ex vitro
rooting of shoots. About 95 % shoots were rooted ex vitro
on soilrite after treatment with indole-3-butyric acid (IBA;
300 mg 1') and 2-naphthoxy acetic acid (NOA;
100 mg 1"") and establishment in soil successfully.

Keyword Ex vitro rooting - Lawsonia inermis - Plant
growth regulator- In vitro propagation - Repeated transfer
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Ac Activated charcoal
BA 6-Benzylaminopurine
IAA  Indole-3-acetic acid
IBA  Indole-3-butyric acid
Kn Kinetin
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NOA  2-Naphthoxy acetic acid
PPFD Photosynthetic photon flux density
RH Relative Humidity

Introduction

Lawsonia inermis Linn (family-Lythraceae), commonly
called as Henna (Persian) or Mehandi (Hindi/Urdu), is
cultivated in the Middle East and along the African Coast
of the Mediterranean Sea. In India, it is cultivated as cash
crop particularly in Sojat area of Pali district, Rajasthan
(Chand and Jangid 2007). Many pharmacological studies
revealed that Henna has been reported to have analgesic,
hypoglycemic, hepatoprotective, immunostimulant, anti-
inflammatory, antibacterial, antimicrobial, antifungal, anti-
viral, antiparasitic, antitrypanosomal, antidermatophytic,
antioxidant, antifertility, tuberculostatic and anticancer
properties (Mikhaeil et al. 2004; Syamsudin and Winarno
2008; Chaudhary et al. 2010). L. inermis is also well known
for its use as cosmetic for staining hair and hands and
popular among women/girls who use it for beautifying their
hands and feet in an artistic way during auspicious occasion
like wedding and festivals. The dying property of this
plant is attributed to the presence of lawsone (2-hydroxy-1,
4-naphthoquinone, 0.5-1.5 %), which is commonly
extracted from the aerial part of the plant (Bakkali et al.
1997). Phytochemical analysis of Henna reveals that
powdered leaves contain lawsone, mannite, tannic acid,
mucilage, gallic acid and naphthoquinone (Chaudhary et al.
2010). Oyedeji et al. (2005) reported that leaves of this
plants contains of ethyl hexadecanoate (24.4 %), (E)-methyl
cinnamate (11.4 %), isocaryophyllene (8.1 %), (E)-p-
ionone (5.8 %) and methyl lenolenate (4.1 %).
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The worldwide increasing demand of mehandi leaf
encourages many countries to adopt commercial farming
of the plant. The farmers applied their own indigenous
technology in every aspect of the farming, using branch
cuttings as well as seed propagation material (Chowdhury et
al. 2010). However, propagation through seed is unreliable
because of short viability and infestation of seed with
diseases and pests. Also seed is product of cross pollination
and as such genetic fidelity of selected clone/variety cannot
be maintained. Propagation through stem cutting restricts
their multiplication on a large scale (Rout et al. 2001).
Cosmetics and pharmaceutical companies largely depend on
leaves of L. inermis procured from naturally cultivated
plants. Selected plants for development of in vitro techniques
for mass propagation for fulfill requirement of these
companies. In recent years, in vitro culture of cell, tissue
and organ has been used as an efficient tool for the large-
scale propagation of many commercially important plants
(Phulwaria et al. 2011). Plant tissue culture technology not
only fulfills the demand but also involved in crop improve-
ment programs and production of secondary metabolites at
commercial level (Shekhawat and Shekhawat 2011). During
past year, Rout et al. (2001) reported a micropropagation
protocol for L. inermis using apical/axillary meristem of
explant. However, the no. of shoots regenerated in this
protocol is very low (3—4 shoots per explants). Therefore,
there is a great need to develop an efficient and reliable in
vitro regeneration protocol for this commercially important
plant.

In the present paper, we describe rapid and efficient plant
regeneration of L. inermis using nodal explants obtained
from mature plant. The improved method that we have
established for plant regeneration in L. inermis could be
applied for large scale propagation and also ensure a
continuous supply of plants produced in limited time and
space through ex vitro rooting.

Materials and methods
Site for collection and selection of plant material

Field surveys and studies were conducted in Sojat city
(Pali district) of Rajasthan province of India. Two types
i.e. one with spines and small leaves and other spineless
with broad leaves, of plants of L. inermis were identified
in agricultural field. Due to their superiority, plants with
spineless and broad leaves were marked and maintained in
the field and used as source of plants for explants
collection (Fig. 1a,b). Explants were collected from field
selected plants during different seasons. Various explants
were used for culture establishment on include apical
shoot tip, below apical nodal segment, fresh hard nodal
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segments and woody nodal segment. The harvested shoots
were brought to laboratory and properly trimmed and used
as source of explants for establishment of cultures and
subsequent micropropagation.

Surface sterilization of explants

Properly trimmed explants were cut into nodal segment
(3-5 cm lengthx0.3-0.5 cm diameter) and pretreated with
0.1 % bavistin (w/v) for 16 min, washed with autoclaved
water for 7 times. Surface sterilization was carried out with
0.1 % HgCl, (w/v) for 5 min and were washed thoroughly
with sterilized water for 7 times.

Shoot multiplication and culture conditions

Surface sterilized explants were inoculated horizontally or
vertically on MS (Murashige and Skoog 1962) medium
with additives (50 mg 1" ascorbic acid, 25 mg " of each
of adenine sulphate, arginine and citric acid). Various
concentrations (0.5-4.0 mg 17') of cytokinins such as
6-benzylaminopurine (BA) or Kinetin (Kn) either alone or
combination of BA with 0.1 mg 1~ Kn were incorporated in
culture media for multiple shoot induction. Explants were
incubated at 28+2 °C under a 16 h photoperiod at a PPFD
of 50 to 70 pmol m % s~ ! from cool white fluorescent tubes
(Philips, India)

The shoots were further multiplied through a two step
process:—(1) Repeated transfer of original explants along
with in vitro produced shoots, (2) Subculture of excised
shoot segments differentiated and shoot clumps generated
in vitro. In repeated transfer, explants were cultured onto
MS medium with various concentrations (0.25-2.0 mg 1"
of cytokinins (BA or Kn alone) or combination of BA with
Kn (0.25 mg ") for 4 passages, each passage with interval
of 4-week. After third passage of repeated transfer, induced
multiple shoots were excised into clumps (2—4 shoots) and
transferred to MS medium containing various concentra-
tions of BA (0.10-1.5 mg 1™") in combination with either
Kn (0.25 mg 1'") alone or Kn and IAA (0.1 mg I'") for
further shoot amplification. To evaluate the effect of
ammonium sulphate on shoot multiplication, shoot clumps
generated in vitro on multiplication medium (MS Medium
supplemented with 0.25 mg 1" BA, 0.25 mg 1! Kn,
0.1 mg 1" TAA) were excised and subcultured in medium
containing different concentrations (50-200 mg 17') of
ammonium sulphate.

In vitro root induction of micropropagated shoots
Well developed shoots regenerated on multiplication

medium were individually excised and transferred to
full, half or quarter strength MS medium with additives
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Fig. 1 Micropropagation of L.
inermis: a and b Explants source
of Lawsonia inermis in cultivated
field, ¢ Bud break from nodal
explants on MS medium + 2.0
mgl™' BA, d Repeated transfer of
mother explant on MS medium +
0.75 mgl ! BA+0.25 mgl™! Kn, e
Multiplication of shoots on MS
medium + 0.25 mgl ' BA + 0.25
mgl™' Kn + 0.1 mgl ! TAA + 150
mgl™! (NH,),SOy, f In vitro root-
ed shoots on one-fourth strength
MS + 5 mgl ™! IBA, g Ex vitro
rooted plantlets with pulse treat-
ment of 300 mgl' IBA + 100
mgl™' NOA, h Cloned and hard-
ened plants of L. inermis in green
house, i Awell acclimatized plant
of L. inermis in clay pot

and different concentrations (1.0-6.0 mg 17") of IBA or
NOA alone or combination of IBA with NOA (1.0 mg 1™")
and activated charcoal (200 mg 17") for root induction.
The cultures were initially incubated under dark for
3—4 days and then incubated in growth room for induction
of roots.

Ex vitro root induction of micropropagated shoots

To induce root under ex vitro conditions, base (3—
6 mm) of shoots excised individually from multiple
shoots and treated with different concentrations (100-
700 mg 1"") of IBA or NOA alone or combination of IBA
(100700 mg 1"") and NOA (100 mg 1"") for 5 min. The
shoots treated with auxins were transferred to bottles
containing autoclaved soilrite and moistened with 1/4™
strength of MS macro salts. The bottles were capped and

y

were placed in greenhouse initially; near pad section with
relatively high humidity (70-80 %) and low temperature
(26-28+2 °QC).

Hardening and acclimatization of in vitro and ex vitro
rooted plantlets

In vitro rooted plantlets were removed from culture vessels
and washed under tap water to remove adhered traces of
nutrient agar. Plants were carefully transferred to bottles
containing autoclaved soilrite moistened with 1/4 strength
of MS macro salt and placed in the greenhouse near pad
section. After rooted plantlets established in soilrite
containing capped bottle, caps were gradually loosened
and finally removed within 2 weeks. After 3—4 weeks, the
in vitro and ex vitro rooted plantlets were transferred into
polybags (12 cm length x6 cm diameter) containing mixture
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Fig. 2 a Responses of different
explants in terms of shoot
number and shoot length, b
Responses of nodal segment in
terms of bud break in different
months of the year

Table 1 Effect of two cytokinins
(BA and Kn) alone or in combi-
nation with auxin (IAA) on bud
break from nodal explants of
Lawsonia inermis

Values represent means + SD of
three independent experiments.
Values followed by different
letters are significantly different
at 5 % level as determined by
Duncan’s test (DMRT)
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of organic manure, garden soil and sand (1:1:1). The
polybags plantlets were shifted after regular interval of
15-18 days from low temperature (26-28+2 °C) and high
humidity zone (70-80 %) (Pad section) towards high
temperature (30-32+2 °C) and low humidity zone (55—
65 %) in a greenhouse near the fan section. Near fan section
acclimatized and hardened plants were kept for 35-40 days in
black polybags, then shifted to nursery and finally transfer to
the field for evaluation.

Experimental design, data collection and statistical analysis

All the experiments were conducted with a minimum of
20 replicates per treatment. Growth regulator free MS
medium is used as control in all experiments. The
experiments were repeated three times. Observations
were recorded after 4 weeks of interval. The results are
expressed as mean + SD of three experiments. The data

Passages of cultures

was analyzed statistically using SPSS ver 17 (SPSS Inc.,
Chicago, USA). The significance of differences among mean
values was carried out using analysis of variance (ANOVA) at
P<0.05.

Results and discussion
Explants selection and surface sterilization

Among different types of explants evaluated, fresh hard
nodal segment collected after rainy season (August—
October) was found best for the culture initiation
(Fig. 2a,b). Woody nodal segment was not suitable for
culture establishment owing to high phenolic exudation.
Phenolic exudation is one the major problem in culture
establishment when explants taken from woody tissues
(Rai et al. 2010). Furthermore, old branches shoots carry

Table 2 Effect of various types

-1
of cytokinins (BA, Kn) on shoot BA conc. (mgl ")

Kn conc. (mgl™)

Mean Shoot No + SD Mean Shoot length (cm) + SD

amplification through repeated

transfer, explants of Lawsonia 0.00 0.0
inermis with 3™ passage 0.25 -
of cultures 0.50 _
0.75 -
1.00 -
2.00 -
- 0.25
- 0.50
- 0.75
- 1.00
- 2.00
0.25 0.25
Values represent means + SD of 0.50 025
three independent experiments. ’ ’
Values followed by different 0.75 0.25
letters are significantly different 1.00 0.25
at 5 % level as determined by 2.00 0.25

Duncan’s test (DMRT)

0.0+0.0 0.0+0.0'
4.6+0.931 3.1+0.55"
6.4+0.93" 3.74+0.82°"
11.840.88¢ 4.47+0.09°
15+1.11° 4.88+0.35°
11.8+1.91¢ 3.74+0.17°
2.7+1.11 2.14+0.73!
42+1.56' 2.56+0.88"
7.5+0.82¢ 3.61+0.17"
12.3+1.44° 4.43+0.33°
8.9+1.15" 4.04+0.23%
6.5+0.68" 4.06+0.31%
13.2+0.764 4.93+0.50°
18.5+0.94% 5.78+0.92°
17.1£1.32° 5.14+0.91°
15.3+1.44° 4.2+0.65¢¢

@ Springer



286

Physiol Mol Biol Plants (July—September 2011) 17(3):281-289

Table 3 Effect of various types

of cytokinins with auxin (IAA) BA conc. (mglfl) Kn conc. (mglfl) IAA conc. (mglf') Mean Shoot Shoot length
on multiplication of cultures of No £ SD (cm) = SD
Lawsonia inermis -
0.00 0.00 0.0 0.0£0.0! 0.0+0.0"
0.10 0.25 - 14.1+1.84* 4.8+0.59°
0.25 0.25 - 21.8+1.86° 5.35+1.53
0.50 0.25 - 19.8+1.359 5.06+1.06°*
0.75 0.25 - 18.72.08° 4.89:£0.75%
1.00 0.25 - 14.7+1.57¢ 4.32+0.78°
1.50 0.25 - 12.9+1.84" 3.9+0.658
0.10 0.25 0.1 14.5+1.79° 5.32+0.22b°
0.25 0.25 0.1 25.1+1.15* 6.09+1.56°
Values represent means & SD of - 5, 0.25 0.1 227+091° 5824120
three independent experiments. d be
Values followed by different 0.75 0.25 0.1 20.2+1.62 5.52+0.79
letters are significantly different 1.00 0.25 0.1 16.4+1.45" 5.08+0.81°%
at 5 % level as determined by 1.50 025 0.1 14.6+0.938 3.08+0.621

Duncan’s test (DMRT)

recalcitrant microbes in the tissues and these affect the
process of surface sterilization and subsequent culture,
behavior and growth of shoots (Bonga et al. 2010). Apical
juvenile or below apical nodal segments were sensitive to
surface sterilization (Fig. 2b). The explant i.e. hard nodal
segment, pretreated with 0.1 % of bavistin for 16 min and
surface sterilization with 0.1 % HgCl, for 5 min was
sufficient for the eliminating fungal and bacterial contam-
ination up to 90 %.

Effect of plant growth regulator on bud break

Nodal segments cultured on MS medium containing
different concentrations of cytokinin (BA or Kn) responded
in terms of bud break within 8-10 days of inoculation. MS
medium supplemented with 2.0 mg 1”' BA with additives
was found to be the most effective for the shoot bud
induction (Fig. 1c). Upon this medium, maximum shoot
numbers (4.9+0.85) and highest shoot length (4.79+
0.72 cm) were achieved after 3 week. At higher concen-

Fig. 4 Effect of ammonium
sulphate concentration in terms

trations (3.0-4.0 mg 1") of BA, a mass of callus was
formed at base of explants resulting in reduced average
shoot number. As compared to BA alone, number of shoots
per explant was decreased significantly on medium con-
taining Kn alone or combination of BA with TAA
(0.1 mg 17" (Table 1). BA is one of the most commercial
cytokinin to causes reinvigoration of mature/old tissues and
causes bud induction, a prerequisite for cloning of mature
trees (Bonga and von Aderkas 1992; Zhang et al. 2010;
Rathore et al. 2010).

Influence of repeated transfer of mother explants
and subculture of excised shoot clumps on shoot
multiplication

Shoot multiplication was significantly influenced by re-
peated transfer of mother explants on different concen-
trations and combinations of cytokinin for 4 passages each
with 4 weeks of intervals (Fig. 3). Maximum number of
shoots (18.5+0.97) was regenerated on MS medium with

O Shoot number

of shoot number and shoot 35 @ Shoot length
length on MS medium + 0.25 =
mgl™' BA + 0.25 mgl™! Kn + g 30 be b a
0.1 mgl ' IAA. Values followed ; ¢ ¢
by different letters are signifi- B0 257
cantly different at 5 % level as 5 20
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(DMRT) 2 15

=
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Table 4 Effect of various types

of auxins (IBA, NOA) on in IBA conc. (mglfl) NOA conc. (mglf') Response (%) Mean Root Mean Root length
vitro root induction from shoots No +SD (cm) +SD
of Lawsonia inermis on 1/4 N i
strength MS salt with 200 mgl ™' 0.0 - 00 0.0+0.0 0.0+0.0'
of activated charcoal 1.0 _ 00 0.0+0.0" 0.0+0.0
2.0 - 20 1.6+0.67¢ 2.13+0.51"
3.0 - 40 2.8+1.18°F 3.08+0.36°
4.0 - 70 43+1.20° 3.78+0.19°
5.0 - 90 5.8+0.87% 4.48+0.60%
6.0 - 80 3.7£0.92° 4.17+0.42°
- 1.0 00 0.0+0.0" 0.0+0.0!
- 2.0 20 1.7+0.65% 2.48+0.258
- 3.0 35 2.4+0.67 3.08+0.20°
- 4.0 60 2.8+0.76°F 4.19+0.35°
- 5.0 80 43+1.12° 439+0.92%
- 6.0 70 3.7+0.91°¢ 4.43+0.28*
0.5 1.0 20 1.5+0.51¢ 2.81+0.287
1.0 1.0 30 2.5+0.82" 3.24+0.50°
Values represent means i SD of 2.0 1.0 45 340,914 3.1340.37°
three independent experiments. e .
Values followed by different 3.0 1.0 65 3.2%1.0 3.9+0.33
letters are significantly different 4.0 1.0 85 3.4+0.93%¢ 4.17+0.57°
at 5 % level as determined by 5.0 1.0 75 2.4+0.81° 3.51£0.35¢

Duncan’s test (DMRT)

0.75 mg "' BA and 0.25 mg 1" Kn after 3rd passage of
culture (Fig. 1d, Table 2). The repeated transferring has
been recommended as a method for rejuvenation of mature
explants for micro-clonal propagation of several woody
plants (Pierik 1990; Shekhawat et al. 1993; Phulwaria et al.
2011). The increase in shoot number after repeated transfer
of mother explants for different passages may be due to

suppression of apical dominance during subculture that
induced basal dormant meristametic cells to form new
shoots (Tripathi and Kumari 2010). Shoot regeneration was
further increased when multiple shoots were excised into
clumps (3—4 shoots) and subcultured on medium containing
different combinations of plant growth regulators. About
25.1+1.19 shoots were obtained on MS medium supple-

Table 5 Effect of various types

of auxins (IBA, NOA) on ex IBA conc. (mgl™) NOA conc. (mgl™) Response (%) Mean Root Mean Root length
vitro root induction from shoots No + SD (em) = SD
of Lawsonia inermis
0.0 - 10 0.3+0.65¢ 0.53+1.082
100 - 25 1.6+0.67° 3.87+0.50"
200 - 40 2.4+1.04° 4.52+0.13¢
300 - 70 3.2+1.09¢ 5.25+0.55°
500 - 90 5.7+0.65° 6.08+0.48%
700 - 80 3.4+1.04¢ 5.15+0.36°
- 100 20 2.0+0.79°F 3.79+0.40"
- 200 35 2.5+0.68° 4.05+0.32°"
- 300 60 3.3+0.65¢ 4.28+0.50%
- 500 80 4.4+0.93¢ 5.22+0.43¢
- 700 75 3.3+1.29¢ 3.94+0.64°
100 100 50 2.5+0.82° 5.01+0.88¢
Values represent means = SD of 5y 100 80 3.4£0.93¢ 5.75+0.93°
three independent experiments. a a
Values followed by different 300 100 95 6.3+0.92 6.12+0.56
letters are significantly different 500 100 90 5.3+0.92° 6.05+0.69%°
at 5 % level as determined by 700 100 80 4.841.86° 5.24+0.75

Duncan’s test (DMRT)
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mented with BA (0.25 mg 1'!), Kn (0.25 mg 1), IAA
(0.1 mg 1" and additives (50 mg 1™ ascorbic acid,
25 mg "' of each of adenine sulphate, arginine and citric
acid) after 4 weeks (Table 3). This number appears to be the
higher as compared to previous report on the same plant
species (Rout et al. 2001).

A significant improvement in shoot multiplication (28.5+
0.97) and average shoot length (6.6+1.17) also observed
when ammonium sulphate (150 mg 1"") was incorporated in
medium (Figs. le, 4). The shoots cultures of L. inermis were
maintained on above mentioned culture condition from last
3 years by regular subculturing. In the present study,
incorporation of ammonium sulphate in medium reduced
hyperhydricity; shoots tip necrosis and promoted growth of
shoots. Similar observations have also been made in a
number of plants like Pterocarpus marsupium (Husain et al.
2006), Melia azedarach (Husain and Anis 2009) and
Leptadenia reticulata (Rathore et al. 2010). Several lines of
evidences also document the sulphate ions promote absorp-
tion of nitrate and buffered the culture medium (Ivanova and
Staden 2008; Kopriva et al. 2009).

In vitro and ex vitro rooting of microshoots
and acclimatization of plantlets

Out of two auxins (IBA and NOA) tested, IBA was found
to be the most suitable for the root induction. Maximum
percent (90 %) response for root induction and highest
number (5.8+0.91) of roots per shoot was recorded on
1/4th strength of MS Medium+200 mg 1! activated
charcoal supplemented with 5.0 mg "' of IBA (Fig. If,
Table 4). Among all the treatments tested, a combination
of IBA (300 mg I"") and NOA (100 mg I"") for 5 min was
best for the ex vitro rooting of shoots. After treatment with
this combination, about 95 % shoots were rooted (6.3+
0.94 roots per shoot) within 18-20 d (Fig. 1g, Table 5).
The role of auxins such as IBA or NOA or NAA on in
vitro and ex vitro rooting of shoots have also been well
documented (Rathore and Shekhawat 2009; Rathore et al.
2010; Phulwaria et al. 2011). Ex vitro rooting is not only
helpful in the reducing resources, time and labour costs
but also simplify the protocol by eliminating of rooting
step under sterile conditions, an additional step of micro-
propagation (Preece and Shutter 1991; Dinkel-Meier et al.
1993; Pospsilovia et al. 1999; Yan et al. 2010). Also the ex
vitro rooted plantlets are hardened with ease as compared
to in vitro rooted plants which require additional steps
both in vitro and ex vitro first for root induction and then
for hardening. Generally ex vitro developed roots have
numerous root hairs while in vitro developed roots
possessed few or no root hair and were readily damaged
during post-transplantation. Excessive development of
root hair may be beneficial in adaptation during acclima-
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tization (Sharma et al. 2007). Furthermore, it has also been
reported that ex vitro rooted plants are better suited to
tolerate environmental stresses (Rathore et al. 1992; Tiwari
et al. 2002; Phulwaria et al. 2011). The in vitro and ex
vitro rooted plantlets were successfully hardened off
inside the green house in soilrite planting substrate for
4 weeks and eventually established in mixture of organic
compost, garden soil and sand (Fig. 1h). In comparison to
in vitro rooted plantlets (70 %), transplant survival rate of
plantlets those rooted ex vitro was higher (80 %). Plantlets
developed through ex vitro rooting usually have lateral roots
just like natural root system and higher root length resulting
higher survival rate than plantlets those developed from in
vitro rooting (Yan et al. 2010).

Conclusion

In conclusion, the present paper reports an efficient regener-
ation system for L. inermis, a medicinally important and dye
yielding plant. The regeneration system is an improved
method as compared to earlier published report on same
plant. Use of ex vitro rooting technique for plant production
makes it an easy and more economical in term of labour cost
and save time. Therefore, present method can be used for
large scale propagation of this important plant at commercial
scale.

Acknowledgements Financial assistance provided to the Depart-
ment of Botany by University Grants Commissions (UGC) of India
and the Department of Science and Technology (DST), Govt. of India
under SAP (Special Assistance Program) and FIST (Infrastructure
Development in Science and Technology) for is greatfully acknowl-
edged. The basic laboratory and greenhouse infrastructure used for
research work have been established as Regional Micro- propagation
Unit for Arid regions with major funds of Department of Biotechnol-
ogy (DBT), Govt. of India under networking program on micro-
propagation. Author (Kheta Ram) is also thankful to Council of
Scientific and Industrial Research (CSIR) for awarding fellowship to
promotion of research.

References

Bakkali AT, Jaziri M, Fories A, Vander-Heyden Y, Vanhaelen M,
Homes J (1997) Lawsone accumulation in normal and trans-
formed cultures of henna, Lawsonia inermis. Plant Cell Tiss
Organ Cult 51:83-87

Bonga JM, von Aderkas P (1992) In vitro cultures of trees. Kluwer
Academic Publishers, Dordrecht, pp 51-52

Bonga JM, Klimaszewska KK, Von Aderkas P (2010) Recalcitrance in
clonal propagation, in particular of conifers. Plant Cell Tiss
Organ Cult 100:241-254

Chand K, Jangid BL (2007) Economic viability of henna in semi-arid
Rajasthan. Agricult Eco Res Rev 20:137-146

Chaudhary G, Goyal S, Poonia P (2010) Lawsonia inermis Linnaeus: A
phytopharmacological review. Int J Pharm Sci Drug Res 2:91-98



Physiol Mol Biol Plants (July—September 2011) 17(3):281-289

289

Chowdhury MSH, Rahman MM, Koike M, Muhammed N, Salahuddin
KM, Halim MA, Saha N, Rana MPB, Islam MJ (2010) Small-scale
mehedi (Lawsonia inermis L.) farming in the central Bangladesh:
A promising NTFP-based rural livelihood outside the forests.
Small-scale Forestry 9:93-105

Dinkel-Meier A, Becker B, Duckstein D (1993) Micropropagation and
ex vitro rooting of several clones of flushing Quercus robur L.
Ann Sci For 50:319s-322s

Husain MK, Anis M (2009) Rapid in vitro multiplication of Melia
azedarach L. (a multipurpose woody tree). Acta Physiol Plant
31:765-772

Husain MK, Anis M, Shahzad A (2006) In vitro control of shoot-tip
necrosis (STN) in Pterocarpus marsupium Roxb.—a leguminous
tree. Physiol Mol Biol Plants 12:259-262

Ivanova M, Staden JV (2008) Effect of ammonium ions and
cytokinins on hyperhydricity and multiplication rate of in vitro
regenerated shoot of Aloe polyphylla. Plant Cell Tiss Organ Cult
92:227-231

Kopriva S, Mugford SG, Matthewman C, Koprivova A (2009) Plant
sulfate assimilation genes: redundancy versus specialization.
Plant Cell Rep 28:1769-1780

Mikhaeil BR, Badria FA, Maatooq GT (2004) Antioxidant and
immunomodulatory constituents of henna leaves. Z Naturforsch
59:468-476

Murashige T, Skoog F (1962) A revised medium for rapid growth and
bio-assays with tobacco tissue cultures. Physiol Plant 15:473-497

Oyedeji, Adebola O, Ekundayo, Olusegun, Koenig, Wilfried A (2005)
Essential oil composition of Lawsonia inermis L. leaves from
Nigeria. J Essent Oil Res Available via DIALOG. http://
findarticles.com/p/articles/mi_qa4091/is_200507/ai_n14901654

Phulwaria M, Ram K, Gahlot P, Shekhawat NS (2011) Micro-
propagation of Salvadora persica—a tree of arid horticulture
and forestry. New Forests. doi:10.1007/s11056-011-9254-z

Pierik RLM (1990) Rejuvenation and micropropagation. In: Nijkamp
HJJ, Van Der Plas LHW, Van Aartrijk J (eds) Progress in plant
cellular and molecular biology. Kluwer Academic Publishers,
Dordrecht, pp 91-101

Pospsilovia J, Ticha I, Kadleck P, Haisel D, Plzakova S (1999)
Acclimatization of micropropagated plants to ex vitro conditions.
Biol Plant 42:481-497

Preece JE, Shutter EG (1991) Acclimatization of micropropagated
plants to the greenhouse and field. In: Debergh PC, Zimmerman

RH (eds) Micropropagation: Technology and application.
Kluwer, Dordrecht, pp 71-94

Rai MK, Asthana P, Jaiswal VS, Jaiswal U (2010) Biotechnological
advances in guava (Psidium guajava L.): Recent developments
and prospects for further research. Tree Struct Funct 24:1-12

Rathore MS, Rathore MS, Shekhawat NS (2010) Ex vivo implication
of phytohormones on various in vitro responses in Leptadenia
reticulata (Retz.) Wight. & Arn.- An endangered plant. Environ
Exp Bot doi:1.1016/j.envexpbot.2010.05.009

Rathore MS, Shekhawat NS (2009) Micropropagation of Pueraria
tuberosa (Roxb. Ex Willd.) and determination of puerarin content
in different tissues. Plant Cell Tiss Organ Cult 99:327-334

Rathore TS, Deora NS, Shekhawat NS (1992) Cloning of Maytenus
emarginata (Wild) Ding Hou—a tree of the Indian desert,
through tissue culture. Plant Cell Rep 11:449-451

Rout GR, Das G, Samantaray S, Das P (2001) In vitro micro-
propagation of Lawsonia inermis (Lythraceae). Rev Biol Trop
49:957-963

Sharma T, Modgil M, Thakur M (2007) Factors affecting induction
and development of in vitro rooting in apple rootstocks. Indian J
Exp Biol 45:824-829

Shekhawat MS, Shekhawat NS (2011) Micropropagation of Arnebia
hispidissima (Lehm). DC. and production of alkannin from callus
and cell suspension culture. Acta Physiol Plant. doi:10.1007/s11738-
010-0680-x

Shekhawat NS, Rathore TS, Singh RE Deora NS, Rao SR (1993)
Factors affecting in vitro clonal propagation of Prosopis
cineraria. Plant Grow Reg 12:273-280

Syamsudin I, Winarno H (2008) The effect of Inai (Lawsonia inermis
Linn) leaves extract on blood sugar level: an experimental study.
Res J Pharmacol 2:20-23

Tiwari SK, Tiwari KB, Siril EA (2002) An improved micropropagation
protocol for teak. Plant Cell Tiss Organ Cult 71:1-6

Tripathi M, Kumari N (2010) Micropropagation of a tropical fruit tree
Spondias mangifera Willd. through direct organogenesis. Acta
Physiol Plant 32:1011-1015

Yan H, Liang C, Yang L, Li Y (2010) In vitro and ex vitro rooting of
Sratia grosvenorii a traditional medicinal plant. Acta Physiol
Plant 32:115-120

Zhang H, Horgan KJ, Reynolds PH, Jameson PE (2010) 6-Benzyladenine
metabolism during reinvigoration of mature Pinus radiata buds in
vitro. Tree Physiol 30:514-526

@ Springer


http://findarticles.com/p/articles/mi_qa4091/is_200507/ai_n14901654
http://findarticles.com/p/articles/mi_qa4091/is_200507/ai_n14901654
http://dx.doi.org/10.1007/s11056-011-9254-z
http://dx.doi.org/1.1016/j.envexpbot.2010.05.009
http://dx.doi.org/10.1007/s11738-010-0680-x
http://dx.doi.org/10.1007/s11738-010-0680-x

	Micropropagation of commercially cultivated Henna (Lawsonia inermis) using nodal explants
	Abstract
	Introduction
	Materials and methods
	Site for collection and selection of plant material
	Surface sterilization of explants
	Shoot multiplication and culture conditions
	In vitro root induction of micropropagated shoots
	Ex vitro root induction of micropropagated shoots
	Hardening and acclimatization of in vitro and ex vitro rooted plantlets
	Experimental design, data collection and statistical analysis

	Results and discussion
	Explants selection and surface sterilization
	Effect of plant growth regulator on bud break
	Influence of repeated transfer of mother explants and subculture of excised shoot clumps on shoot multiplication
	In vitro and ex vitro rooting of microshoots and acclimatization of plantlets

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


