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ABSTRACT

Boerhaavia diffusa commonly known as Punarnava is an important plant of India having wide range of
pharmacological, clinical, antibacterial and antiviral properties. The commercial bulk of Boerhavia diffusa represent
a heterogeneous population. Consequently, it quit often result in poor quality roots and biomass. The modern
cultivation of plant with impressive uniformity and high productivity for end product is still grossly lacking in
Boerhavia diffusa. The need, therefore is to genetically improve the available commercial bulk of Boerhavia
diffusa in order to meet the natural requirement of the valuable products. In this context, an attempt was taken
to improve the yield and quality of Boerhavia diffusa, by callogenesis from leaf and nodal explant. Different
combination of Auxin and Cytokinin with or without addatives (citric acid, ascorbic acid and coconut water)
were tested. Among 20 different hormonal combination of MS media, media supplemented with BAP -3mg/L +
NAA- 0.5mg/L +citric acid - 0.5mg/L + 2, 4-D-0.1 mg/L shows high efficacy to induce callus and then
organogenesis (shoot bud differentiation). Callus induction was observed within 12 days and the callus was
subultured once in 2 week in sub culturing media. The multiple shoot regeneration was observed with max. no.
of 8-10 in media supplemented with BAP -0.5mg/L +NAA -1.0mg/L + coconut water - 5mL/L. The regenerated
shoots having size of 5-8 mm were excised and transferred to liquid medium supplemented with low concentration

of IAA, NAA for rooting.

INTRODUCTION

Boerhaavia diffusa commonly known as punarnava is an
important herbaceous medicinal plant. The whole plant of B.
diffusa is a very useful source of the drug punarnava, which is
documented in India Pharmacopoeia as a diuretic (Chopra,
1969). It has a long history of uses by indigenous and tribal
people and in Ayurvedic or natural herbal medicines (Dhar et
al., 1968). Mass scale collection of this plant from natural
habitats is leading to a depletion of this plant species. B. diffusa
is propagated by seeds, but the seed viability is poor and has
very low germination percentage. Micropropagation method
is specifically applicable to species in which clonal
propagation is needed (Gamborg and Phillips, 1995). Tissue
culture in propagation and its importance in conservation of
genetic resources and clonal improvement have been
described in different books (Barz et al., 1977; Datta and Datta,
1985, Kukreja et al., 1989). A large number of publications
on the chemistry, pharmacology and several other aspects
have been made, but here have been a few reports on in vitro
regeneration of Boerhaavia diffusa(Bhansali et al., 1978,
Shrivastava and Padhya, 1995; Nagarajan et al., 2005).
Bhansali et al., 1978, reported induction of adventious shoots
using stem explants of Boerhaavia diffussa. Shrivastava and
Padhya (1995) reported that increase of IAA in MS medium
reduced the no of roots generation from the leaf segment and
alkaloid content.But no significant reporting on genetic
improvement and callogenesis was found till now.

The cardinal feature of modern cultivation of the plant with
impressive uniformity and high productivity for end product
is thus grossly lacking in B. diffuse (Awasthi et al., 1989). The
need, therefore, is to genetically improve the available
commercial bulk of B. diffusa in order to meet the natural
requirement of the valuable products. Improved varieties with
enhanced drug yields hold great promise. Callogenesis,
somaclonal variation and Mutation breeding may have an
important role in this direction and may improve the yield
and quality. Callogenesis, somaclonal variation are recognized
as a source to generate useful genetic variability for crop
improvement (Larkin and Scowcroft, 1981; Bright, 1985;
Evans, 1989; Brar and Jain, 1998). The generation of
somaclonal variation has been applied in crop improvement
with the intention of including and exploiting useful and
economically valuable characters that may not be readily
available within other sources of germplasm (Juned et al.,
1991). Somaclonal variation and callogenesis is cheaper than
any other method of genetic manipulation. It has been most
successful in crops with limited genetic systems and/or narrow
genetic bases,where it can provide a rapid source of variability
for crop improvement (Angela Karp, 1995). Another source
of generating variations in plants is by mutagenesis (physical
and chemical). Radiation induced mutations and chemical
mutagenesis have been also extensively used for the
improvement of crop plants (Shah et al., 2008). Mutagenesis/
callogenesis techniques allow induction of variation, selection
and multiplication of the desired genotypes in a much shorter
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duration and smaller space than conventional methods
(Humera et al., 2010). Recently, Shukla (2002) has reported a
substantial amount of genetic variability in B. diffusa. Of the
seventy-one genotypes tested, only a few were elite lines and
were found to have desirable material for commercial use.
Therefore, commercial manufacture of active constituents
from these improved elite lines would be useful and profitable.
Keeping all these in mind, an attempt has been made for genetic
improvement of this dynamic plants by the approach of
Callogenesis, in different combination of auxin and cytokinin.

MATERIALS AND METHODS

Explants source and preparation

Actively growing young leaves and nodal segment of B.diffusa
with 6 to 8 nodes were collectd from the field grown plants
maintained in the botanical and medicinal garden of Birsa
Agriculture University of Ranchi, for the present study. For
callus initiation, internode segments and leaves of young

vegetative stem with a size of 1.5-2.0 cm were excised from
the ex-vivo plant and washed under running tap water for 30
min. and then with liquid detergent + 10% SDS followed by
rinsed with sterile double distilled water. The explants were
then disinfected using 0.1%(w/v) HgCl, (Hi-media) for 2 min.
there after the segments were washed 5-7 times with sterile
distilled water. Nodal and leaf explants were trimmed using a
sterile surgical blade and kept in a solution of ascorbic acid
(0.1% )for 2 min and blotted on sterile filter paper before
implanting on the culture media. The process was aseptically
done under LAF.

Culture media preparation and explants implantation

Murashige and Skoog’s (MS) medium supplemented with
sucrose (3%) and agar (0.8%) were prepared with 20, 12 and
12 different concentrations of auxin (NAA, 2, 4-D) and
cytokinin(BAP, KIN) with or without addatives (citric acid,
coconut water) for callus induction, shooting, and rooting
respectively. The pH of media was adjusted to 5.8 before
gelling with 0.8% agar (Hi-media, India) &was subjected for

Table 1: Effect of different combination of auxin and cytokinin in MS medium for callus induction of Boerhaavia diffusa

Sl.no  HormonalRegime(mg/mL) Source of No. of Response Callogenesis  Time required for Colour
explant explant % response(days)

M1 NAA(0.5) + 2,4-D(3.5) + BAP(0.5) + Internode 3 40 - 15- Green
+ Additives Citric acid (0.5) Leaf - - - - -

M 2 NAA(0.5)+2,4D(2.5)+ BAP(1.5) + Internode 3 40 - 15- -
Additives Citric acid (0.5) Leaf - - - - -

M 3  NAA(0.5)+2,4D(1.5)+ BAP(1.5)+ Internode 3 100 ++ + + + 08 Green & compact
Additives Citric acid (0.5) Leaf 5 60 + + 15 brownish & friable

M 4  NAA(0.5)24D(1.5)+ BAP(3) + Internode 3 80 + 4+ + 08 Green & friable
Additives Citric acid (0.5) Leaf 5 40 - - -

M5 NAA@Q3.5)+2,4-D(.25) + BAP(0.5) + Internode 3 50 - 15 -
Additives Citric acid (0.5) Leaf - - - - -

M6 NAA(2.5) +2,4-D(0.25) + BAP(1.5)+ Internode 3 50 + + 12 Brown &compact
Additives Citric acid (0.5) Leaf - - - - -

M7  NAA(1.5)24-D(0.25) + BAP(3.0) + Internode 3 80 + 4+ + 10 Green & friable
Additives Citric acid (0.5) Leaf 5 40 - 15 -

M8 NAA(0.5) +2,4-D(0.25) + BAP(3.5)+ Internode 3 40 - 18 -
Additives Citric acid (0.5) Leaf - - - - -

M9 NAA(0.5)+2,4-D(3.5) + Internode 3 40 - 18 -
Kinetin(0.5) + Coccont water(5) Leaf - - - - -

M 10 NAA(0.5)+2,4-D(2.5) + Internode 3 60 + + + 11 Green & compact
Kinetin(1.5)+ + Coccont water(5) Leaf - - - - -

M 11 NAA(0.5) +2,4-D(0.5) + BAP(1.5) + Internode 3 40 - 20 -
Kinetin (3.0) +Coccont water(5) Leaf - - - - -

M 12 NAA(0.5)+2,4-D(0.5) + Internode 3 75 + 4+ + 10 Green & friable
Kinetin(3.5) + Coccont water(5) Leaf 5 50 + + 15 Brown & friable

M 13 NAA(3.5)+2,4-D(0.25) + Internode 3 40 - 20 -
Kinetin(0.5)+ + Coccont water(5) Leaf - - - - -

M 14 NAA(2.5)+2,4-D(0.25) + Internode 3 40 - 20 -
Kinetin(1.5)+ + Coccont water(5) Leaf - - - - -

M 15 NAA(1.5)+2,4-D(0.25) + Internode 3 50 + + 12 Brown &compact
Kinetin(3.0)+ + Coccont water(5) Leaf - - - - -

M 16 NAA(0.5)+2,4-D(0.25) + Internode 3 75 + 4+ + 10 Green & friable
Kinetin(3.5) + Coccont water(5) Leaf 5 50 - 15 -

M 17 NAA(0.5) +2,4-D(3.5) + BAP(0.5) + Internode 3 50 - 18 -
Kinetin(3.5)+ + Coccont water(5) Leaf - - - - -

M 18 NAA(0.5)+2,4-D(2.5)+ BAP(1.5) + Internode 3 60 ++ + 11 Green & friable
Kinetin(3.0)+ + Coccont water(5) Leaf - - - - -

M 19 NAA(0.5)+2,4-D(1.5)+ BAP(3.0) + Internode 3 50 + + 12 Brown &compact
Kinetin(1.5) + Additives Citric acid (0.5) Leaf - - - - -

M 20 NAA(0.5) +2,4-D(0.5) + BAP(3.5) + Internode 3 50 - 18 -
Kinetin(0.5) + Additives Citric acid (0.5) Leaf - - - - -
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Table 2: Effect of growth regulators in MS medium on shoot bud differentiation from callus culture of nodal segment of B. Diffusa. Mean
value (+) were collected from triplicate set up. Data were taken after 6 weeks

S.no. Harmonal regime % of callus response  Time period for Average no of Average length
for shoot induction response(days) shoot explant of shoot(mm)
S1 BAP(3.0) + Additives Citric acid (2.5) 60 12 4.00+ 0.30 6.10+ 1.70
S2 BAP(2.0)+ Additives Citric acid (2.5) 40 15 3.00+ 0.20 3.25+ 2.20
S3 BAP(1.0)+ Additves Citric acid (2.5) 70 10 5.00+ 0.10 10.62+ 1.72
S4 BAP(0.5)+ Additives Citric acid (2.5) 70 10 6.00+ 0.20 16.22 +£2.10
S5 NAA(1.0)+ BAP(0.5)+Kinetin(0.5) + 100 7 12.12+ 0.33 19.25+ 2.20
coconut water(5.0)
S6 NAA(1.0) + BAP(1.0) + coconut water(5) 75 8 10.42+ 0.62 12.06 +1.02
S7 NAA(1.0) + BAP(2.0) + coconut water(5.0) 50 15 2.25+ 0.32 2.32+ 0.23
S8 NAA(0.5)+ BAP(3.0)+ coconut water(5) 60 12 4.10 +£0.23 10.12+ 0.33
S9 NAA(1.5)+ Kinetin(0.5) + Additives Citric acid (2.5) 75 8 10.36+ 0,58 14.25 +2.60
S10 NAA(2.0) +Kinetin(0.5))+ coconut water(5.0) 80 7 11.06 +0.21 18.50 +1.70
S11  NAA(2.5)+ Kinetin(0.5) 40 15 2.25+ 0.32 3.25+ 0.32
S12 NAA@3.0)+ Kinetin(0.5)+ coconut water(5.0) 50 15 1.32 +£0.23 2.25+ 0.24

autoclaving at 121-c for 20 min. The media was then poured
in test tubes (12x10cm) stored at room temprature. The
prepared explants were implanted on the media and were
maintained for data analysis. The experiment was set in
triplicate.

Culture maintainance

Culture was maintained at 25 + 2°C with a photoperiodism of
16/8h under illumination of 4000 lux under aseptic condition
of culture room and were observed for callus induction and
organogenesis.

Subculturing of Callus for organogenesis

The callus developed in different hormonal regime were
subjected to sub culturing media for re differentiated into shoot
buds. Primary cultures with single and multiple shoots
regenerated from the callus originated from nodal explants
were carefully taken out from the culture vessels and once
again cultured on MS medium fortified with hormones as
given in Table 2 for further multiplication. Multiplication of
shoots was carried out by repeated harvest of microshoots
followed by sub-culturing on medium supplemented with BAP
(0.5-3.0 mg/L), Kin (0.5-3.0 mg/L),NAA(1.0-3.0 mg/L) and with
or without citric acid(2.5mg/L) and Coconut Water (5mL/L).
For in vitro rooting, healthy microshoots regenerated from
the above experiments were subjected to rooting on half-
strength MS medium fortified with different concentrations of
indole butyric acid (IBA) ( 0.5-2.0 mg/L),NAA(0.5 mg/L) and
IAA(0.5-2.0mg/L). Microshoots measuring the height of 4-5
cm with 2-3 pairs of shoots were cultured on different
concentrations of auxins and maintained under the cultural
conditions as described earlier.

RESULTS AND DISCUSSION

Callus induction of nodal and leaf explant

Callus induction of nodal and leaf explant of B.diffusa were
cultured on MS medium supplemented with 20 different
combination of auxin and cytokinin with additives citric acid
and coconut water. Nodal explant showed better response
(100%) for callogenesis than leaf explant among most of the
combination. The best callogenesis was observed within 8
days in C3 media supplemented with NAA(0.5mg/L) + 2-4-
D(1.5mg/L)+BAP(3.0mg/L) and citric acid (0.5mg/L) Nodal

explant also give good responses in media M4, M7, M10,
M12, M16 and M18 ranges from 60% to 80% callogenesis,
but it takes longer time (8-12 days) than M3 media while
M1,M2,M5,M8 M9,M11,M13,M14 and M17 gave negative
response on callus induction. The responded explant in the
C3 media,developed callli faster than others and the callus
was vigourous in growth. The noticeable characteristic of the
responded callus was the variation of the texture and colour
in the callus along with changes in the hormonal combinations.
It varied from compact to loose and to loose with wet surface
(Fig. 1). The similar finding was reported by Farzana et al.,
(2011). Work on studies with callus induction of vitex
negundo. It has been found that NAA, 2, 4-D supplemented
media with BAP and citric acid showed better callogenesis
than the media supplemented with NAA, 2, 4-D, kinetin and
coconut water.In leaf explant,callus induction was best only
in M3 media (60%) and M4,M7,M12 and M16 also showed
positive response ranges from (40%-50%).In non of the media
composition 100% callogenesis was observed for leaf explant
with brownish compact texture. Almost all the hormonal
concentration in the experiment formed green friable /green
compact callus but brownish compact callus was also
observed in M6,M15 and M19(M6-2.5 mg/L NAA, 2,
4D0.25mg/L, 1.5mg/L BAP and 0.5mg/L citric acid M15-1.5mg/
LNAA, 0.25mg2, 4-D, 3mg/L Kinetin and 5mg/L coconut water,
M-19 0.5mg/L NAA, 1,5mg/L 2, 4-D, 3.0mg/mL BAP, 1.5mg/L
Kinetin and 0.5mg/L Citric acid.

The efficacy of exogenous 2,4-D found in this experiment,
was also been reported with other medicinal plants by various
authors. Results described by Rani et al. (2003), Thomas and
Maseena (2006), Hassan et al. (2009) were also in agreement
with our result for using this synthetic plant growth regulator
in the culture medium for callus induction of Withania
somnifera, Cardiospermum halicacabum Linn and Abrus
precatorious, respectively. Synergism of 2, 4-D and NAA found
by the authors also agree with results obtained by Nikolaeve
et al. (2009) with Camellia chinensis. However, effectiveness
of auxin-cytokinin combination for callus induction found in
this present study differ from the findings of Olivira et al. (2001),
Kiong et al. (2005) and Baldi and Dixit (2008).

Our finding in the experiment regarding type of explant
responses contradict the finding of Hassan et al. (2009),found
the best responses only from young leaves with same texture
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(c) multiple shooting in S4 media and (d) multiple shooting in S12 media

of callissses but in this experiment nodal segment showed
better response than leaf explantwith varying texture of calli.

Shoot regeneration and multiplication

The invitro induced callus from nodal explants were
subcultured on shooting media supplemented with 1.0-3.0mg/
LNAA + 0.5-3.0 mg/L BAP + 0.5 mg/L NAA in addition to 2.5
mg/L citric acid and 5 mg/L coconut water in 12 different
combinations. Among 12 different combinations highest
percent of shoot induction was observed in S5 (NAA-1.0mg/L
+BAP-0.5mg/L + coconut water 50mg/L) showed 100%
regeneration within 7 days with average number of shoot 8-
12 having length of 19-20mm.Next to S5 media were
$10>S59>56.(S10media supplemented with 2mg/L NAA,0.5
mg/L Kinetin and 5mg/L coconut water, S9 supplemented with-
1.5mg/L NAA,0.5mg/L IKinetin and 2.5mg/L citric acid and
S6 supplemented with- Tmg/L NAA,Tmg/mL BAP and 5mg/
mL coconut water responded within 8-10 days with average
shoot number 6to 11 with average shoot length of 16-18mm.
Other hormonal combination dosent show any significant
findings.

In the experiment it has been reported that with increase in
concentration of cytokinin, there is decrease in shoot number
and shoot length. This finding contradict the finding of Mercy
Stephen et al.,2010, worked on Vitex Negundo, reported low
concentration of cytokinin(BA 0.1-0.5 mb/L) exhibited poor
shoot length ranging from 14.2 with 1-2 pairs of leaves,while
increase in concentration BA(1mg/L) induced longest shoot
(28.1mm) with 3-4 pairs of leaves. The leaves produced at
lower concentration of BAP are longer compared with the
shoots obtained at higher concentration of BAP. The similar
report was found by stephen et al., 2010 and also by Kukreja
et al., 1990 in Pogostemon cablin, Sen and Sharma 1991 in
Withania somnifera, Vicent et al. (1992) in K. galango.

On the medium containing0.5mg/L BAP with 1.0 mg/L NAA
responded well and produced more shoots than the medium
containing high concentration of NAA (1.5-3.0mg/L) with
kinetin. It has been also reported that coconut water
supplemnted media show better response than citric acid
supplemented media. Similar report was observed by Roy et al.
(1995), Reported that addition of 10% CM in the medium
increase the number of shoots in E. robustus. Rahman et al.
(1999) also observed similar effects on embca officinalis culture.

The synergetic effect of auxin (NAA) and cytokinin (BAP,

Figure 1: Callusing and shooting in different hormonal composition for B.diffussa,nodal explants (a

) Callusing in M3 media (b) Callusing in M12 media;

Kinetin) was also observed in the experiment and was observed
that the explant responded well and produced more shoots
than the medium containing only cytokinin. Similar response
was reported by Roy et al. (1995) in case of Rauvolfia
serpentia.More or les similar response was also observed by
Nagaranjan et al. (2005) in B.Diffusa and Ahmad et al. (2001)
in Holarrhena antidysenterica.
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