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INTRODUCTION

Grewia optiva Drummond belonging to family Tiliaceae is
one of the most important fodder tree of north eastern and
central Himalayas (Brandis et al., 1972). It provides green leaf
fodder in lean periods especially during the winter season,
when there is no other source of green fodder available. The
leaves are highly nutritious, and fairly rich in protein and
mineral nutrients (Khosla et al., 1992; Negi 1977). Its fodder
can play  an important role in improving the nutrition of
livestock in the hills where the poverty of the farmers neither
allows them to purchase concentrated feeds nor their small
holdings allow them to resort to cultivation of  nutritious
leguminous fodder/ forage crops (Sharma et al., 2000; Swamy
et al., 2002).

The inherent capacity of plant cell to give rise to whole plant,
a capacity which is often obtained even after a cell has
undergone a final differentiation in the plant body is described
as ‘totipotency’ from time to time (Cuenca et al., 2000). For a
differentiated cell to express its totipotency it first undergoes
dedifferentiation (callusing) followed by redifferentiation
(Bhojwani and Razdan 1986). The ability to redifferentiate or
regenerate efficiently from cell and callus culture is a pre-
requisite for the application of many biotechnological
approaches including regeneration, growth of large scale
cultures, in vitro selection strategies and genetic engineering
techniques, aimed at genetic improvement of plants (Jiang et
al., 2015; Pandey et al., 2013; Ribas et al., 2011; Stevens and
Pijut 2014; Zhang et al., 2014). The present work is first report
on indirect organogenesis in G. optiva.

MATERIALS AND METHODS

In vitro seedlings were raised from excised seed of Grewia
optiva.  Completely ripened fruits were collected.  The
collected seeds were washed under running tap water for half
an hour and soaked in water for overnight. The seeds were
separated from the flesh and washed thoroughly with distilled
water. Before, in vitro inoculation the seeds were immersed in
Bavistin (0.20%) for three minutes followed by washing with
double distilled water thrice,  and then treated with 0.10 per
cent mercuric chloride solution for two minutes followed by
three to four thorough washings with autoclaved distilled water
and excised seed were inoculated on basal MS medium. The
cultures were incubated at 25±2ºC under 16 hours
photoperiod. Well-developed seedlings used as the source
for cotyledon and hypocotyls explants. Cotyledon and
hypocotyls segments were excised from ten days old in vitro
geminated seedlings and cultured on MS supplemented with
different constructions of NAA (1.00, 2.00, 3.00, 5.00 mg1-1)
either alone or in combination with BAP ( 0.10, 0.50, 1.00,
2.00 mg 1-1).The cultures were maintained under 16 hours
photoperiod for four weeks. The observations were recorded
for i) per cent callus induction measured as per cent explants
inducing callus, ii) morphological characters of callus such as
growth, colour and type. Different callus types were categorized
as I) friable- liable to crumble, ii) compact firmly bounded.
With 30 explants in each treatment the experiment was
repeated thrice.

For shoot induction, small callus pieces were cut from the
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cotyledon as well as hypocotyls derived calli and subcultured
on the medium with different concentration of BAP (0.50,
1.00, 2.00 and 3.00 mg1-1) and NAA (0.01, 0.10, 0.50 and
1.00 mgl-1)  under 16 hours photoperiod to promote callus
proliferation and observe shoot bud induction. The
observations for i) per cent shoot bud induction quantified as
per cent callus pieces showing shoot bud induction and ii)
average number of shoots per callus piece were recorded
after four weeks of culture. With 30 explants in each treatment
the experiment was repeated thrice.

For in vitro rooting on MS basal medium the microshoots
were transferred to culture tubes containing solid MS medium
supplemented with different concentration of NAA
(0.50,1.00,2.00,3.00 and 5.00 mgl-1 )  and IBA
(0.50,1.00,2.00,3.00 and 5.00 mgl-1 ) and cultures were
incubated in culture room. Observations were recorded for i)
percentage of root induction was quantified as per cent
inoculated microshoots inducing roots, ii) average root length-
measured as average length of randomly selected three roots
per plantlet and iii) average number of roots per microshoot.
The last three observations were recorded after seven weeks.
With 30 microshoots in each treatment the experiment was
repeated thrice.
After six weeks of incubation on MS rooting medium the roots
of well established plantlets were washed thoroughly to
remove the sticking medium. The plantlets were dipped in
0.01 per cent carbendazim (Bavistin) solution for 20-25
minutes and transferred to potting mixture comprised of
stratified sand and soil in the ratio of 3:1 so that soil was in the
lower strata and sand in the upper portion of the pot. For
initial 15 days the potted plants were covered with jam bottles
to maintain the humidity. Acclimatization to external
environmental conditions was done by removing the jam

bottles to reduce humidity gradually. After seven weeks well
established plantlets rooted on MS medium were transferred
directly to pots containing the same potting mixture as plants
were nourished by adding 10 ml of 1/10 MS basal medium
(devoid of sucrose) on alternate days. After four weeks the
observations were recorded for  percent survival of plantlets
upon transfer to pots.

All the data analyzed for ANOVA for completely randomized
design and means were compared using critical difference at
95% confidence interval.

RESULTS  AND DISCUSSION

The cotyledon and hypocotyl explants were inoculated on
solid MS medium supplemented with varying concentrations
of NAA alone or in combination with different concentrations
of BAP for four weeks to observe the effect of explant and best
treatment of growth regulator combination suitable for callus
induction. The callus initiated after one week from the cut
ends of both types of explants and the whole surface of explants
was covered with callus within four weeks of culture.
Perusal of Table 1 indicates that the excellent proliferation
rate for cotyledon explant was observed in treatment with
NAA 2.0 mg l-1 + 1.0 mg l-1 BAP and NAA 3.0 mg/l + 1.0 mg/
l BAP. The callus derived from both the treatments was compact
and green with good regeneration potential. These treatments
were also found to be good for hypocotyl explants, which
showed good proliferation rate in the presence of these
combinations. But the cotyledonary callus had comparative
higher proliferation rate than the hypocotyls callus. Maximum
callus induction for both the explants was observed in media
supplemented with 3.0mg/l NAA + 1.0 mg/l BAP (with mean
of 71.51%). This treatment was statistically significant from all

Table1:  Effect of different concentration of NAA and BAP on cotyledonary and hypocotyls explant for callus induction, proliferation rate,
type,  colour of callus

Growth regulator cotyledon hypocotyl
mg/l
NAA BAP Percent response proliferation type colour Percent response proliferation type colour
0 0 - - - - - - -  -
1 0  -  -  -  -  -  -  -  -
1 0.1 7.22±0.4 + c b  - -  - - 
1 0.5 27.52±1.6 + c b 5.36±0.3 + f b
1 1 23.69±1.4 ++ f yg 7.59±0.4 + f yg
1 2 27.26±1.6 ++ f yg 5.29±0.3 + f yg
2 0 14.82±0.9 + f b 7.19±0.4 + f b
2 0.1 36.69±2.1 + f b 24.35±1.4 + f b
2 0.5 26.32±1.5 ++ c yg 26.56±1.5 + c yg
2 1 64.59±3.7 ++++ c g 22.67±1.3 ++++ c g
2 2 15.67±0.9 ++ c g 8.81±0.5 + c g
3 0 12.49±0.7 ++ f b 6.36±0.4 + f b
3 0.1 42.16±2.4 ++ f b 28.36±1.6 + f b
3 0.5 67.23±3.9 +++ f g 32.11±1.9 ++ c yg
3 1 86.56±5.0 ++++ c g 56.46±3.3 +++ c yg
3 2 31.91±1.8 ++ c g 10.22±0.6 ++ c g
5 0 11.63±0.7 ++ f b 7.67±0.4 + f b
5 0.1 15.24±0.9 ++ c b 4.99±0.3 ++ f b
5 0.5 51.69±3.0 +++ c b 37.64±2.2 ++ f b
5 1 58.48±3.4 +++ c yg 36.25±2.1 ++ c b
5 2 23.13±1.3 + c b 16.98±1.0 + c yg
 CD 0.05 3.39 3.26

f-friable, c-compact, g-green,b-brown, yg-yellowish green; + poor,++ good, +++ very good, ++++ excellent



1553

other treatments. Higher concentration of NAA with
combination of moderate concentration of BAP (0.5 and 1.0
mg/l) gave better result as compared to the treatments with
lower concentration of NAA or NAA in combination with
higher ratio of BAP. Higher concentration of NAA turned callus
brown with lower regeneration potential. BAP was essential
for the induction of shoot buds. Absence of NAA affected the
shoot bud induction potential of BAP. Higher concentration
of BAP in combination of lower concentration of NAA gave
better results. The best result for shoot bud induction from
cotyledonary callus was 3.0 mg l-1 BAP + 0.1 mg l-1 NAA, with
64.19 per cent shoot bud induction for cotyledonary callus
and 43.64 per cent for hypocotyls derived callus . Although
BAP 3.0 mg/l + NAA 0.01 mg/l and BAP 2.0 mg/l + NAA 0.10
mg/l also showed higher value with 57.33 and 57.63 per cent
for shoot bud induction, respectively.  Number of shoot buds
was again best for the same treatment with highest value of
5.93 for cotyledonary callus and 4.06 for hypocotyls callus
(Table 2). Similar higher regeneration potential of cotyledon
as compare to hypocotyls explants has been reported by
(Mohamed et al., 2013; Pawar et al., 2013; Rashid et al., 2012)
Table 3 shows the effect of IBA and NAA on in vitro rooting of

DE NOVO ORGANOGENESIS

Table2 : Effect of BAP and NAA on shoot bud induction and number of shoot per shot bud from cotyledon and hypocotyls derived callus

Growth regulator cotyledon hypocotyl
mg/l
BAP NAA % calli with shoot Number of shoot bud % calli with shoot Number of

shoot bud
0 0 - - - -
0 0.01 - - - -
0 0.1 - - - -
0 0.5 - - - -
0.5 0 - - - -
0.5 0.01 7.18±0.4 0.78±0.1 - -
0.5 0.1 7.5±0.4 0.95±0.1 - -
0.5 0.5 - - - -
1 0 15.63±0.9 1.12±0.1 - -
1 0.01 33.33±1.9 2.25±0.1 12.36±0.7 0.85±0.1
1 0.1 43.56±2.5 3.5±0.2 25.29±1.5 2.41±0.1
1 0.5 16.64±1.0 1.19±0.1 6.67±0.4 0.68±0.1
2 0 25.67±1.5 1.83±0.1 16.85±1.0 1.58±0.2
2 0.01 46.91±2.7 2.58±0.1 24.24±1.4 2.52±0.1
2 0.1 57.63±3.3 4.36±0.3 27.18±1.6 2.18±0.1
2 0.5 37.89±2.2 2.37±0.1 12.39±0.7 1.17±0.2
3 0 19.71±1.1 1.45±0.1 6.64±0.4 0.78±0.0
3 0.01 57.33±3.3 5.77±0.3 36.83±2.1 3.71±0.2
3 0.1 64.19±3.7 5.93±0.3 43.64±2.5 4.06±0.2
3 0.5 44.83±2.6 2.77±0.2 28.33±1.6 3.1±0.2
CD 0.05 3.49 0.45 2.76 0.32

Table3: Effect of IBA and NAA on per cent root induction and number of roots per microshoot produced from callus
Growth regulators Concentrations (mg/l) % rooting Number of roots/shoot

0.5 33.26±1.9 3.73±0.2
1 52.9±3.1 4.5±0.3

IBA 2 70.97±4.1 6.53±0.4
3 63.22±3.7 3.43±0.2
5 50.32±2.9 4.34±0.3
0.5 41.77±2.4 4.23±0.2
1 21.66±1.3 5.07±0.3

NAA 2 14.91±0.9 2.3±0.1
3 16.09±0.9 1.57±0.1
5 9.82±0.6 1.7±0.1

CD0.05 2.36 0.32

callus derived microshoots. It clearly shows the superiority of
IBA over the NAA for root induction of in vitro derived
microshoots. The maximum rooting was observed in media
supplemented  with 2 mg l-1 IBA but as the concentration of
IBA was raised over 2  mg/l, significant decrease was observed,
whereas IBA at 1.00 mg l-1 showed maximum number of root
per microshoot. Similar result has been found by different
authors in different species (Jani et al., 2015; Kansara et al.,
2013; Nagar et al., 2015a; Nagar et al., 2015b). Well rooted
microshoots were transferred to pot after six weeks. Survival
in the pot was 52.68 per cent.
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