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Present communication reports successful callus mediated regeneration of Saurauia punduana
Wallich (Actinidiaceae), a threatened species, from nodal and leaf explants. Nodal explants for
culture initiation were taken from freshly sprouted shoots from natural habitat during November-
December.  Explants were cultured on MS medium fortified with sucrose (3 %, w/v), polyvinyl
pyrollidone (300 mg L-1) as antioxidant and BA and Kn (0-15 µM) singly. Healthy callus
developed from the cultured nodal segments within one week of culture in ~66% culture on
medium fortified with BA (9 µM) along with shoot buds; while ~56% of cultured leaf segments
produced callus accompanied with shoot buds on MS medium fortified with BA (6 µM). The
calli developed from nodal segments and leaf segments were separated from shoot buds and
cultured on initiation medium for another two passages for shoot buds development. Shoot
buds with fully opened leaves were rooted by maintaining in MS medium enriched with 10 µM
IBA where as many as 5 roots per micro shoots developed in ~43% micro shoots. Rooted
plantlets are hardened on 1/4th MS medium containing sucrose (1%) and maintained under
normal laboratory condition for 5 – 6 weeks. About 62% transplants survived after two months
of transfer.
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Abstract

INTRODUCTION

Saurauia punduana Wallich (Actinidiaceae) is a multipurpose medicinal tree of ~3-5 m tall
and reaches sexual maturity in 4-5 years (Fig. 1a). The species, grow mostly in the wild in
open secondary and tertiary forests, and are identified as endangered in the natural habitat.
The species has many therapeutic uses: (i) paste of young leaves and young twigs are
applied on cuts and wounds to stop bleeding; and (ii) young leaves are used as vegetable
which help in developing immunity (Dobriyal & Dobriyal, 2014). IUCN (2004) has included
Saurauia punduana in the Red List of threatened Species, based on the assessment done
by China Plant Specialist Group 2004. The species experience high pressure to their existence
similar with many other species in the North Eastern region of India due to various
anthropogenic activities. The threat warrants developing alternate propagation technique
and production of clonal planting materials.

For propagation and conservation of threatened and economically important plants,
biotechnological tools like plant tissue culture has proved to be effective (Deb & Arenmongla,



2012, 2014; Deb & Pongener, 2013; Deb et al., 2014; Rai et al., 2007). Realizing the extent
of threat of the species under question, it was necessary to develop an efficient regeneration
system for large scale propagation of the species. Present study reports a successful attempt
to develop a reproducible regeneration protocol for efficient plant recovery via callus
developed from cultured nodal segments and leaf explants of Saurauia punduana which is
characterized by well defined plantlet regeneration, rooting of regenerates and their
establishment in the field.

MATERIAL AND METHODS

Plant Materials Collection and Processing

Nodal explants and leaf: Newly flushed young shoots of ~6 – 9 wk old were collected
from mature plants for consecutive 2 years every month from plants growing near
Nagaland University, Lumami, India at an altitude of 1,250 m AMSL. The leaves, scales
etc. were carefully cleared off from the young shoots. The materials were washed with
running tap water, and wrap in fresh banana leaf section, sprinkled with water to keep
moistened and stored at 4 – 5° C in the refrigerator for 1 - 2 days. While, young leaves
were excised from the in vitro raised micro shoots after 5 – 8 wk of sprouting in the
laminar flow cabinet. The leaves were soaked in water till used to a maximum period of
2 hours.

Processed young shoots for nodal explants were washed with running tap water and
soaked in diluted ‘Labolene’ (a commercial laboratory detergent, 1:100 ratio, v/v) for 4-5
min. and scrubbed with soft brush followed by washing under running tap water for 3-5 min.
subsequently surface sterilized with aqueous solution of mercuric chloride (0.3%, w/v) for 2-
3 minutes and rinsed 4-5 times with sterilized distilled water. Following this they were dipped
into 70% (v/v) ethanol for ~30 sec followed by rinsing with sterilized distilled water 2-3
times. Surface sterilized explants were kept moistened with sterilized distilled water in the
laminar flow cabinet until cultured in the medium.

Initiation of Culture

Nodal explants: Uninodal segments were excised from the sterilized young shoots and
cultured on MS medium (Murashige & Skoog 1962) fortified differently with sucrose (0-
4%, w/v as organic carbon source), polyvinyl pyrollidone (300 mg L-1, as antioxidant), and
Plant growth regulators (PGRs). For initiation of culture different concentrations of
cytokinins like kinetin (Kn), benzyl adenine (BA) at different concentrations (0-15 µM, v/
v) were used, either singly or in combination.  For each treatment 20 nodal segments were
cultured. The cultures were maintained at 25±2° C temperature under cool white fluorescent
light at 40 µmol m-2 s-1 intensity with alternate 12/12 hr light and dark phases.

Leaf explants: Young in vitro leaves were isolated from the in vitro raised shoots and
cultured on MS medium fortified with sucrose (3%, w/v), agar (0.8%, w/v) without further
sterilization. Foliar explants were harvested from the in vitro raised shoots formed from
the cultured nodal segments and were divided into different grouped viz. (1) partially-
injured/scrubbed intact leaves, (2) injured/scrubbed segmented leaves, (3) intact leaved
without injury, and (4) segmented leaves without injury. The intact leaves were cultured in
the medium supplemented with different levels of BA and Kn (0-15 µM, v/v) singly. For
each treatment 20 leas-segments were cultured and the cultures were maintained at 25±2º
C under cool fluorescent light at 40 µmol m-2 s-1 intensity for 12/12 hr (light/dark) photo
periods.

44 In vitro conservation of Saurauia punduana



Callus Mediated Morphogenesis

The calli developed in the different initiation media from in vitro sourced nodal segments
and foliar explants were separated from the shoot buds and maintained cultured separately
on MS medium fortified with sucrose (3%), PGSs (BA and Kn, 0-15 µM) either singly or in
combination for inducing morphogenesis. The cultures were sub-cultured at regular interval.
The shoot buds developed in the callus mass were separated and transferred to regeneration
medium for plant regeneration and culture proliferation.

Completely randomized experimental design was followed. In each experiment 20
explants were cultured for each treatment and repeated three times. The cultures were
maintained at 25±2ºC under cool white fluorescent light at 40 ìmol m-2 s-1 intensities and 12/
12 hr (light/dark) photo period unless mentioned otherwise. All the cultures were sub-cultured
at 5-6 wk interval. In vitro response was evaluated based on the percentage of explants
responded and number of propagules formed in the culture after specific period of time and
data was expressed as the mean of replicates ± standard error. Data was further analyzed
by one way ANOVA using the General Linear Model procedure in SAS Statistical Package
(SAS Ins.) and standard deviation from mean was worked out and compared using Least
Significant Difference (LSD) test at p d”0.05.

Regeneration of Plantlets and Culture Proliferation

The shoot buds/micro shoots developed from callus was maintained for another two passages
under optimum initiation medium for further development. The micro-shoots/regenerates
were separated and transferred to fresh MS medium containing sucrose (3%), BA and Kn
at different concentrations (0-15µM either singly or in combination) for culture proliferation
and plant regeneration.

Rooting, Hardening and Transplantation of Regenerates to Potting Mix

The regenerated shoots/micro-shoots of ~3-4 cm with well expanded leaves were harvested
from the regeneration medium and subjected to induce rooting. For the purpose MS medium
was supplemented with sucrose (3%, w/v), different auxins such as IBA and NAA at varied
concentrations (0-15µM) gelled with agar.

Well rooted micro-shoots were selected for in vitro hardening. Well rooted plantlets
from rooting medium were transferred to 1/4th MS medium containing sucrose 1% but free
of any growth regulators and maintained in the normal laboratory conditions for 6-7 wk
before transferring to community potting mix.

The partially hardened plantlets from the cultured vials were finally taken out and
transferred onto perforated small community pots containing potting mix containing soil,
sand, decayed wood powder mix with forest litter at 2:1:2 ratio. Transplanted pots were kept
covered with holed transparent poly bags and watered in alternate days with 1/5th MS salt
solution once in a wk for two wk. The covered poly bags were removed from the plantlets
and maintained in partial shade ca.50% for 2-3 wk and finally exposed to normal day light
followed by transferring to their wild habitat.

RESULTS

Initiation of Culture

Nodal segments: Optimization of season of explants collection from the field grown plants
is the prerequisite step for in vitro establishment of any plant species. Nodal segments of
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Saurauia punduana were periodically collected at monthly interval throughout the year. Findings
of the present investigation reveal that seasonal variations of explants collection greatly influence
the in vitro morphogenetic responses of nodal explants.  Explants collected during the months
of July-August (mid-summer) found to be least responding and optimum response was registered
from the explants collected during November-December where as much as 56% nodal explants
responded positively within 4-5 days of culture initiation (data not presented).

Organic carbon plays important role on in vitro establishment of cultures. For initiation
of culture from nodal segments, nutrient medium was fortified with sucrose as organic carbon
source 0-4%. There was no morphogenetic response on organic carbon controlled media
and cultures degenerated.  Of the different concentrations of sucrose tested in the present
study, 3% concentration is found to be most effective where ~66 % of nodal segments
responded positively and formed shoot buds and callus (Table 1, Fig. 1 b). At lower
concentrations of sucrose fewer explants responded and produced stunted shoot buds while
at higher concentration (4%) slightly etiolated shoots were developed.

Table 1. Effect of quality and quantity of cytokinins on in vitro morphogenesis of nodal
explants of Saurauia punduana from in vivo source

Conc. (µM)
BA Kn

Time for
initial

response (d)

% response
(±SE)*

Response
pathway*

Morphogenetic response@

0 0 - - - No response
3 - 8 25.0 (1.1)e Sb+Ca Shoots dark green with broad leaves,

slight light green callus
6 - 6 33.1 (2.1)d Sb-Ca Dark green shoots and broad leaves
9 - 6 66.7 (2.1)a Sb-Ca Shoot buds with healthy growth,

partial callusing
12 - 7 41.6 (1.4)c Sb-Ca Dark green shoots, slow growth, light

green callus
15 - 10 16.6 (1.5)f Ca-Sb Light green calli; shoot buds with

broad leaves, long internodes
- 3 9 33.3 (1.7)d Smaller leaves with long internodes,

light green calli formed
- 6 6 50.0 (1.8)b Ca-Sb Shoots with long internodes, dark

green calli, and growth moderate
- 9 7 41.2 (1.1)c Sb Smaller leaves and crowded, support

moderate growth
- 12 7 33.6 (0.9)d Sb-Ca Light green leaves, long internodes,

and slightly stunted growth
- 15 12 25.0 (1.3)e Sb-Ca As above

For invoking morphogenesis from the cultured nodal segments, it was perquisite to
incorporate at least one of the growth regulators. On PGRs controlled medium all the explants
degenerated without any response. Within 6 days of culture initiation first sign of in vitro
morphogenic response was recorded as swelling of nodal segments followed by invocation of
meristematic loci from the nodal zone (Fig. 1 b). It was found that the morphogenic response
on BA and Kn fortified media was significantly different under identical condition (Table 1). Of
the two PGRs tested, BA was found to be superior over Kn for direct morphogenesis while Kn
was better for callus induction. Further it was found that Kn fortified medium supported fewer

*Standard error from mean; Data with the same letters in the column are not significantly different at 5% level;
# Ca- callus, Sb- shoot bud; @ On MS medium supplemented with sucrose (3%, w/v), agar (0.8%, w/v) and
PVP (300 mg L-1); Data represented the mean of three replicates.
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shoot bud formation per node and callusing of the explants. Further, the callus developed from
the cultured explants was maintained separately on fresh medium for callus proliferation. On
the subsequent subculture shoot buds developed on the same medium (Fig. 1 c).

Foliar explants: Foliar explants were grouped in four parts and cultured on nutrient medium
fortified with sucrose (3%), BA and Kn (0-15 µM) singly for in vitro morphogenesis (Table
2). Within 4-5 days of culture, the cultured leaves/segments started curling (Fig. 1 d) as a
first sign of response and within 2 wk time developed bulbous/globular structures from the
curled explants. These structures subsequently converted into shoot buds, or callus (Fig. 1
e). Morphogenetic response was very distinct in all the cases along the leaf base and mid
ribs. However, injured intact leaves responded comparatively faster (after 5 days of cultured)
than others. Varied responses were manifested with the formation of calli, somatic embryos
and shoot buds development.

In the absence of cytokinins, foliar explants failed to invoke in vitro response. Of
all the culture types, shoot buds along with callus formation were registered on medium
fortified with BA at concentration of 6 µM in the medium with 3% sucrose, where as
much as 56% of explants responded positively. While, Kn fortified medium registered
poorer response. When compared the performance of both the PGRs, it was found that
Kn supported more light brownish callus formation with lesser shoots development at
lower concentrations (<6 µM), while at higher concentrations (ÃÆ6 µM) dark green
calli developed.

Table 2. Effect of cytokinins on morphogenetic response of foliar explants of S. punduana
from in vitro source

Conc. (µM)
BA          Kn

% response
(±SE)#

Response
pathway*

Morphogenetic response@

0 0 - - No response
3 - 31.25 (1.2)c Ca+Sb Smaller dark green leaves and shoots with stunted growth

rate and moderate brown callus
6 - 56.25 (1.5)a Ca+Sb+SE Shoots healthy growth with dark green broad leaves shoot

buds with few somatic embryos formed. Low dark green and
brown calli formed

9 - 43.75 (1.5)b Ca+Sb Dark broad leaves with slower growth rate shoots, less
branched and moderate light green calli formed

12 - 31.25 (2.1)c Ca+Sb High light green calli with long internodes shoot buds,
smaller leaflets and not support healthy growth

15 - 25.00 (2.1)d Ca+Sb Curly smaller leaflets, high brown and moderate light green
calli, stunted growth

- 3 18.75 (1.1)e Ca High brown calli formed with dark green shoots, broad
leaves and long internodes

- 6 31.25 (1.7)c Ca+Sb Shoots dark green leaves with long internodes, moderate
light green and brown calli developed

- 9 25.00 (1.6)d Ca+Sb Dark green leaflets with slight curly and smaller shoots.
Moderate light green and brown calli developed

- 12 18.75 (0.9)e Ca+Sb Slower growth rate with smaller light green leaves with high
brownish calli formation

- 15 12.50 (0.8)f Ca+Sb Stunted growth with smaller curly leaflets and high brown
calli

#±SE: Standard error from mean; Data with the same letters in the column are not significantly different at 5%
level;  * Ca-callus, Sb- shoot bud; @ On MS medium supplemented with sucrose 3% (w/v), agar 0.8% (w/v);
Data represented the mean of three replicates.
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Plant Regeneration and Culture Proliferation

The shoot buds or micro shoots developed from calli of nodal and foliar explants were
transferred on MS regeneration and proliferation culture medium containing different organic
carbon sucrose (0-4%). The cultures were conditioned under the influence of different
concentrations (0-15 µM) of cytokinins (BA and Kn) singly for another 2-3 passage for
culture proliferation and plant regeneration. Cultures in absence of growth regulators exhibited
retarded growth and degenerated subsequently. The shoot buds proliferated in subsequent
subcultures on MS medium containing sucrose (3%) and BA (9 µM) and converted into
micro-shoots with well expanded leaves (Fig. 1f). These micro-shoots were harvested from
the regeneration medium and were transferred on rooting medium.

Rooting, Hardening and Transplantation of Regenerates to Potting Mix

Micro-shoots developed on proliferation medium were transferred to rooting medium (Fig. 1
f). For inducing rooting of micro shoots two different auxins (IBA and NAA) were added
singly at concentrations of 0-15 µM. Incorporation of one of the auxins was necessary for
inducing roots. Of the two auxins tested in the present study, IBA was found to be more
effective for inducing roots.  Rooting was done on sets of foliated and defoliated micro-
shoots, and responded better in defoliated micro-shoots. Of the different concentrations of
IBA tested, optimum rooting of defoliated micro-shoots was achieved on MS medium fortified
with 12 µM from, where as many as 5 roots per shoot were developed in ~43% micro-shoots
(Fig. 1 g) (data not presented). At this concentration the plants were healthy with green
broad leaves and with healthy root hairs. In contrary, NAA enriched medium supported
fewer roots per shoot. The well rooted plantlets were selected for in vitro hardening.

The rooted plantlets were taken out from cultured vials, washed with luke warm
water to remove any intact trace of agar remains. These plantlets were transferred to culture
vials containing 1/4th MS medium containing 1% sucrose without any PGRs. During the
process of hardening new shoot buds sprouted. It was found that plants were dark green
accompanied by formation of new roots and secondary/adventitious roots from the stem.

The suitably hardened plants were taken out from the culture vials and transferred to
potting mix contained mixtures of soil, sand and decaying wood power in the in poly-bags (15
x 12 cm) (Fig. 1 h). The potted plants were maintained for 5 – 6 weeks under partially
controlled conditions of light i.e. with Ca. 70 % shade and watered at regular interval for ~5
– 6 weeks. Then the transplants were exposed to full sunlight for 2 hours a day. Within 2 - 3
weeks of transfer in the potting mix the new leaves started emerging. Established transplants
were maintained for 2 – 3 months in the poly house where leaves turned dark green before
transferring those to the cultivation plot where ~62 % transplants survived after two months
of transfer.

DISCUSSION

In most of the plant species the in vitro morphogenesis depends on the type of explants used
for culture initiation. Thus it is very important to select the right type of explant and source
for culture initiation. The specific differences in the regeneration potential of different organs
and explants have various explanations. The significant factors include differences in the
stage of the cells in the cell cycle, the availability of or ability to transport endogenous growth
regulators and the metabolic capabilities of the cells.  Therefore, in vitro propagation of
woody plants has always been difficult due to problems with establishment of aseptic cultures,
microbial contamination and varied nutritional medium requirements (Agrawal et al., 2002;
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Deb et al., 2014). The most commonly used tissue explants are the meristematic ends of the
plants like the stem tip, auxiliary bud tip and root tip. These tissues have high rates of cell
division. In vitro organogenesis from vegetative tissues by appropriate in vitro manipulations
is the ultimate objective in micropropagation technique. Several explants related factors
influence the organ development potential of the cultured tissue (Benson, 2000). These include
growth conditions, donor plant physiology and genotype of the source plant, etc.

In the present study with S. punduana, establishment of aseptic cultures was not
possible round the year. Many plant species exhibit differential in vitro response when the
explants are collected in different seasons, different light conditions, photo periods, etc. Explant
collection season is one of the important factors in the establishment and growth of in vitro
cultures (Bhatt & Dhar 2004). In the present study nodal explants collected after September
exhibited better response but optimum in vitro morphogenetic response was achieved from
the nodal segments collected during December where browning of medium was significantly
lesser and cultures were healthy. It indicates that the winter shows less secretion of endogenous
phenolic compounds which results browning of medium and tissue necrosis.

Organic carbon plays vital role in plants as an energy source for various metabolic
activities. Quantity of organic carbon affects the morphogenetic responses in different manner
and that was observed in the present investigation. It was observed that organic carbon is a
must for successful growth in the culture. Optimum morphogenetic response was found on
nutrient medium fortified with sucrose (3%) cultured nodal segments and foliar explants
responded positively. Requirement of organic carbon for in vitro morphogenesis was reported
by many workers in the past (Venkatachalam et al. 2000; Preethi et al. 2011; Deb et al.
2014). In Stevia rebaudiana (Bertoni) Bertoni, Preethi et al. (2011) found sucrose (3%)
was most effective for culture initiation from shoot and leaf explants.

Growth regulators play essential role in determining the development pathways of
plant cells and tissues in culture medium. The auxins, cytokinins and gibberellins are most
commonly used plant growth regulators. Uses of quality and quantity of PGRs depend mainly
on the species, organs, tissues and the objective(s) of the research. In the present study with
S. punduana nodal segments from in vivo source, BA and Kn (0-15 µM) were used singly.
In general it was found that morphogenesis was better in BA enriched medium over Kn
enriched medium. Under the given conditions optimum response was recorded on MS medium
fortified with sucrose (3%) and BA (9 µM) where as many as 5 shoot buds sprouted from a
single node and ~67% cultured explants responded positively. Conversely on Kn (9 µM)
fortified medium there was only 4 shoot buds formation per node from 41% cultured explants
and higher callus formation. In the present study foliar explants cultured on MS medium
supplemented with BA and Kn singly exhibited differential response. The cultured leaf
explants responded optimally on medium conjunct with sucrose (3%) and BA (6 µM) where
~ 56% leaf explants responded to organogenesis with slight callusing. While Kn rich medium
there was fewer shoot bud formation and mostly callused. There are many reports available
in literatures on the effect of different cytokinins on in vitro culture initiation in different
species. Puddephat et al. (1997) successfully established cultures Quercus robur Linnaeus
on cytokinin rich medium. Abubacker and Ramanathan (2004) reported that MS medium
fortified with BA and Kn in combination was suitable for shoot regeneration.

Cytokinin is an important agent for culture proliferation as they stimulate multiple
shoot bud formation for in vitro propagation of plants. In the present investigation, cytokinin
such as BA and Kn incorporated singly at varied levels of concentrations (0-15 µM). It was
found that incorporation of BA at 9 µM gives optimum shoot buds formation with healthy
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growth rate with an average of ~5 micro shoots developed within 5 wk of culture. Where Kn
could produce 4 shoot buds at 6 µM concentration affected ~50 % explants. This indicates
that Kn is less preferred which agreed with the reports of that in some plant species it may
even respond with both embryogenesis and organogenesis together depending on the culture
conditions (Dodsworth 2009).

For rooting of micro-shoots, MS medium was supplemented with IBA and NAA singly
(0-15 µM). In the past many workers tested different auxins like IAA, IBA, NAA as these
growth regulators are known to influence the higher rate of root induction from micro-shoots
(Nanda et al. 2004; Deb et al. 2014). In the present work, it was observed that, IBA treatment
exhibited its superiority in rooting of micro-shoots, where an average of 5 rootlets per micro-
shoot developed with 1 cm long accompanied by moderate calli formation. However, in
presence of NAA an average of ~4 rootlets with moderate root hairs developed. Optimum
rooting was recorded on medium conjunct with IBA at 12 µM level of concentration which
affected in ~43.7% cultured micro-shoots.

The rooted plantlets were taken out from cultured vials, washed with luke warm
water to remove any intact trace of agar substratum remains, whereby transferred it into
liquid ¼th MS medium containing 1% sucrose without any PGRs and maintained for 5-6 wk
in the normal laboratory conditions. Subsequently, the hardened plants were transferred to
potting mix. Usually, micro-propagated plantlets present higher transpiration rates than those
grown in greenhouse, due to their abnormally functioning stomata and thin cuticle, which
results in plant wilting and, in some cases, in leaves or plant death (Dias et al. 2014; Deb et
al. 2014). Therefore, the stabilization of the water status of micro propagated plants during
in vivo acclimatization is very much adhering to its survival. Besides water stress, during in
vivo acclimatization plants are exposed to light intensities higher than those used under in
vitro conditions, resulting usually in photo inhibition (Dias et al. 2014).

The species S. punduana, as a horticultural important as well as threaten in wild
which needs immediate attention for its conservation through the development of efficient
protocol for micro-propagation to avoid further stress on the species in the natural habitat.
Present work is the first ever attempt to develop protocol to produce clonal planting materials
from different explants. A protocol for the plant regeneration was standardized and plants
were regenerated with the supplements of many PGRs (Auxin and cytokinin) from nodal
explants and leaf explants via callus phase. The protocols developed would help in propagation
of this species and will assit in increasing its population in its natural habitat.
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