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A B S T R A C T
A highly efficient protocol for in vitro propagation of Ricinus communis L. was developed that
consisted of initiation, bud proliferation, shoot elongation and rooting stages. At the initiation
stage, cotyledonary nodes (CN) and Shoot tip (ST) (6 - 8 mm) were used as explants to obtain
growth. Among the different concentrations of cytokinins tested, multiple shoot proliferation
was obtained on modified Murashige and Skoog (mMS) medium supplemented with Thidiazuron
(TDZ) 0.3 mg/l. Regular subcultures were done to prevent phenol exudation which otherwise
leads to the loss of cultures. Our study also showed the response of castor cultivar TMV6 using
various amino acids, carbon sources and medias for efficient multiple shoot production. After the
shoot proliferation stage, Pluronic F68 was added in the range of 0.1–1.0 mg/l together with the
combination of 0.3 mg/l Thidiazuron for the production of more number of multiple shoots. Up
to 52 .7 shoots per cotyledonary node expla nt and 39 .4 shoots per shoot tip explant were
produced. A third stage with 0.3 mg/l Gibberelic acid (GA3) together with 0.6 mg/l Pluronic F68
(PF 68) enabled shoot elongation. Roots were induced on mMS basal medium supplemented with
1.5 mg/l indole-3-butyric acid (IBA) with 0.6 mg/l Silver Nitrate (AgNO 3). About 73% of rooted
shoots survived after acclimatization. The procedure described herein may prove useful for
clonal micropropagation of selected genotypes of castor.

Introduction
The castor oil plant (Ricinus communis) is a species of
flowering plant in the spurge family, Euphorbiaceae. It
belongs to a monotypic genus, Ricinus. It is a fastgrowing, suckering perennial shrub that can reach the
size of a small tree (around 12 metres or 39 feet). The
glossy leaves are 15–45 centimetres (5.9–17.7 inch) long,
long-stalked, alternate and palmate with 5–12 deep lobes
with coarsely toothed segments. Although castor is
indigenous to the southeastern Mediterranean Basin,
Eastern Africa, and India, today it is widespread
throughout tropical regions (Philips et al., 1999).The name
Ricinus is a Latin word for tick; the seed is so named
because it has markings and a bump at the end that
resemble certain ticks. It has another common name, palm
of Christ, or Palma Christi, that derives from castor oil’s
reputed ability to heal wounds and cure ailments. Castor
oil has many uses in medicine and other applications.
Castor oil is an effective motor lubricant and has been
used in internal combustion engines, including those of
World War I airplanes, some racing cars and some model
airplanes. It does not mix with petroleum products. It has
been largely replaced by synthetic oils that are more stable
and less toxic. Ricin has been investigated for its potential
use as an insecticide. The castor oil plant is also the
source for undecylenic acid, a natural fungicide. Even
though Ricin has medicinal and industrial uses, the castor
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bean plant seed, contain the Type 2 Ribosome inhibiting
proteins (RIPs) that are among the most potent cytotoxins
in nature. 5% of the Ricinus seed consists of ricin and
RCA (Ricinus communis agglutinin).
Generally Castor is extremely recalcitrant to in vitro
regeneration but, many tissue culture protocols have been
revealed out by most of the researchers in castor using
endosperm (Thomas and Chaturvedi, 2008; Brown et al.,
1970), meristematic tissues (Molini and Scobert, 1985;
Lakshmi and Bahadur, 1997; Kansara et al., 2013) shoot
tip, nodal and embryo axes (Sujatha and Reddy, 1998;
Sujatha and Reddy, 2007; Ahn et al., 2007, Nahar and
Rita, 2012) cotyledon (Ahn and Chen, 2008) and
cotyledonary node (Alam et al., 2010) explants. From all
the tissue culture studies carried out still now in castor
only low frequency of multiple shoots were obtained.
Studies made up by Brown et al. (1970) in Ricinus
communis indicated that the cultured endosperm
tissues does not appear to provide suitable material
for the detailed study of the capabilities of the
endosperm in vivo. Due for these reasons, the research
l a bor a t or i es a n d i n st it ut i on s a re wor ki n g t o
standardize a simple and effective multiplication
protocol for castor regeneration. In our study, we use
a Perfluorocarbon chemical named Pluronic F68 also
called Pluronic PE 6800 (BASF Technical Information,
1989), is a low foaming, non – ionic surfactant
consisting of block polymers in which a central
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Plate 1 : Micropropagation of Ricinus communis L. using shoot tip explant a, b. Shoot bud regeneration (2.5x and 2.5x);
c, d. Shoot bud proliferation (0.5x and 0.5x); e, f. Multiple shoot initiation (1.0x and 0.5x); g. Shoot elongation and root
initiation (0.5x); h, i. Hardening of in vitro derived plants (0.1x and 0.2x); and j. Well grown plantlets (0.1x).

pol ypropylen e oxide gr oup i s fl a nked by two
polyethylene oxide groups. It protects the cell from
damage due to cell interactions (Chattopadhyay et al.,
1995). The percentage of hydrophobic portion part of
pluronic F68 correlated well with the effect on cell
growth (Murhammer and Goochee, 1990b). With the
above said importance and uses of castor, the present
study was undertaken to standardize a simple protocol
for castor micropropagation and to evaluate the
significance of various cytokinins, auxins, amino
acids, carbon sources, Pluronic F 68 and different
media of widely used castor cultivar TMV6.

Sterilization of explants
The ST and CN explants of 10 days old seedlings were
harvested and washed in tap water to remove loose
dirt, rinsed with 4 drops of commercial soap solution
(Teepol) for 5 minutes and kept under running tap water
for 30 minutes. The explants were then incubated in
0.1% Mercuric Chloride (HgCl 2 ) for 5 minutes
aseptically to remove the microbes present in the
surface of the explants followed by five times rinse
with Sterile distilled water to remove the further sterilant
and used for inoculation.

Materials and Methods
Collection of seeds
The castor-bean seeds were procured from the Tapioca
and Castor Research station, Tamil Nadu Agricultural
University, Yethapur, Salem Dt., Tamil Nadu, India. The
seeds were grown on the green house, Department of
Plant Science, Bharathidasan University for the
collection of explants.

Preparation of media
Throughout the study, the MS medium was tested for
the st andardization of in vi tro protocols. The
composition of MS basal medium (Murashige and
Skoog, 1962) was used in this study except the
vitamins. Instead of MS vitamins, B5 vitamins
(Gamborg et al., 1968) were used in the present study
as modified MS (mMS). An aliquot of the stock solution
was frozen and thawed at room temperature just before
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Plate – 2 : Micropropagation of Ricinus communis L. using cotyledonary node Explant a. Shoot bud regeneration
(2.0x); b, c. Shoot bud proliferation (2.0x and 1.5x); d, e. Multiple shoot initiation (1.0x and 0.5x); f. Shoot elongation
(1.0x); g. Rooted Plantlets (0.1x); and h, i. Hardened plants (0.2 and 0.1x).

use. To make one litre of medium, about 500 ml of
distilled water was taken in a clean Erlenmeyer flask (2
litre) plus appropriate aliquots of the stock solution.
Sucrose was added slowly to prevent clumping of the
sucrose in the bottom of the flask followed by the
addition of vitamins and hormones. It was then brought
to one litre volume and adjusted to pH 5.8 with 0.1N
HCl or 0.1N NaOH. Agar (0.8% w/v) was added slowly
while shaking and the medium was distributed to the
test tubes (about 10 ml / test tube) or conical flasks
(about 50 ml / conical flask of size 250 ml) plugged
with non-absorbent cotton wrapped in one layer of
cheese cloth. After plugging with non absorbent
cotton, the containers were autoclaved at 121°C for 15
minutes. Likewise MS medium (Murashige and Skoog,
1962); WPM (Llyod and McCown, 1980) and B5
3

medium (Gamborg et al., 1968) were also prepared for
micropropagation studies.
Preparation of hormones
Cytokinins like Benzyl adenine (BA), Kinetin (KN),
Thidiazuron (TDZ) was dissolved (10 mg / 100 ml –
stock solution) in 0.1N HCl (2.0 ml) and diluted with
distilled water to make 1.0 mg / 1.0 ml concentrations
and stored in the refrigerator. Auxins such as indole–
3-acetic acid (IAA – 10 mg), indole–3-butyric acid (IBA
– 10 mg) and á-naphthalene acetic acid (NAA – 10
mg), 4-amino-3,5,6-trichloro-2-pyridinecarboxylic acid
(picloram – 10 mg) were dissolved in 0.1N NaOH (1.0
ml) and diluted with distilled water to make 1.0 mg / 1.0
ml each and stored in the refrigerator. These hormones
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were stable to be added before autoclaving the medium.
Plant growth regulators were added before autoclaving
and pH of the media was adjusted to 5.8.
Inoculation of explants
The ST and CN explants were excised and inoculated
by vertical orientation on the medium containing
different combinations of growth regulators. Explants
were kept randomly to each treatment and cultures
were placed under 16 h light / day photoperiod at 25 ±
2°C. The shoot multiplication was assessed after 4
weeks of culture by counting the proliferated shoots.
The subsequent subculture was made only on the
medium containing maximum shoot proliferation rate.
For high frequency multiple shoot induction, the
impact of different plant growth regulators (PGRs) were
tested. The methodology for direct regeneration is
gi ven bel ow. However, i n con ven t i on a l
micropropagation of plants, under in vitro condition,
the loss of plantlets due to microbial contamination
and poor growth of plant in vitro (Kozai, 1991) is a
problem that needs to be solved.
Multiple shoot induction
The above said explants were placed in vertical
position in different media for induction, elongation
of multiple shoots and rooting of elongated shoots.
For high frequency adventitious multiple shoot
induction, three key steps were followed. In the initial
step, individual treatment of different cytokinins like
BA (0.5 - 3.0 mg/l), KN (0.5 – 3.0 mg/l) and TDZ (0.1 –
0.5 mg/l) were evaluated. After the identification of
sui ta ble con cen tr a ti on of cytoki ni n for sh oot
multiplication, different auxins (IBA, NAA and IAA)
in various concentrations (0.25 – 1.50 mg/l) were tested
in the second step. During multiple shoot induction,
the influences of each plant growth regulators were
noticed. In the third phase, high frequency recovery
of multiple shoots from shoot tip and cotyledonary
node explants by using different amino acids, carbon
sources and media supplementation were tested. The
amino acids like alanine, proline, serine (10 – 50 mg/l),
and glutamine (5 – 30 mg/l) were tested. The carbon
sources, ranging from 10 – 50 g/l of sucrose, maltose,
fructose and glucose were also tested to enhance the
direct regeneration process. The different media
formulations like modified MS media (mMS) (MS + B5
vitamins), MS media (Murashige and Skoog, 1962),
Woody Plant Media (WPM) and B5 medium (Gamborg
et al., 1968) were also tested for the more number of
multiple shoot production.
Addition of Pluronic F 68 for multiple shoot induction
After the identification of suitable PGR for multiple
shoot induction, the surfactant Pluronic F - 68 (PF 68) (0.1 – 1.0 mg/l) (HiMedia Pvt. Ltd.) was added at
different concentrations to shoot induction medium
for higher frequency of shoot regeneration. Pluronic F
68 was added before autoclave of the culture medium.
ST and CN explants that had been cultivated four
weeks on the PF - 68 medium was subcultured on the
same medium for every two weeks for the production
of more number of multiple shoots. All the cultures
were kept at 25 ± 2°C in a 16h photoperiod (90 - 110µ
mol m -2 s-1, cool white fluorescent lights Philips F – 40
CW).
Elongation of shoots
Proliferating shoot clusters were transferred to the
medium supplemented with GA 3 for elongation after
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three weeks of the culture period. Culture of shoots
on the medium fortified with BA and PF - 68
occa si ona l ly r esul ted i n st un t ed gr owt h wit h
condensed nodes. Therefore, the effect of Gibberellic
acid (GA3) at a concentration of (0.1 – 0.5 mg/l) in
combination with all the four cytokinins BA (1.5 mg/l),
KN (1.5 mg/l), TDZ (0.3 mg/l) and PF- 68 (0.6 mg/l) on
elongation was evaluated.
Root induction, hardening and acclimatization
The elongated, matured shoots (20 - 25 days old), were
transferred to root induction mMS medium fortified
with different concentrations of auxins like IBA and
IAA (0.5 – 3.0 mg/l). After identifying the suitable
auxin, combination with AgNO3 (0.2, 0.4. 0.6, 0.8 and
1.0 mg/l) were tested to increase the percentage of
rooting. After rooting, regenerated plants were
hardened on plastic pots containing sterile soil, sand
and vermiculate in the ratio of 1:1:1. The hardened
plants were maintained in environmental plant growth
chamber (SANYO, JAPAN) for proper acclimatization
and then the in vitro regenerated plants were
transferred to green house condition for 15 days and
successfully transferred to the field.
Statistical analysis
Mean and standard error were used throughout the
study and the values were assessed by using a
parametric Moods median test (Snedecor and Cochran,
1989). The data were analyzed for variance by Duncan’s
multiple range test (DMRT) using the SAS programme
(SAS Institute, Cary, N.C.). For multiple shoot induction
from the shoot tip and cotyledonary node explants, 30
explants were tested with 5 replicates and each
experiment was repeated three times. During root
induction 30 elongated shoots were tested for each
treatment and the each experiment was repeated 3 times
with 5 replications.
Results and Discussion
Effect of cytokinins on adventitious shoot induction
Adventitious shoots were directly induced from
cotyledonary node and shoot tip explants by both the
TDZ and BAP. The frequency of shoot formation was
influenced by both the type of explants and the choice
of cytokinins. Treatment differences for the number of
shoots per explants were noticed within 3 – 4 weeks of
culture initiation. The number of shoots from
cotyledonary node was comparatively high than shoot
tip on TDZ supplemented media and maximal (15.7
shoots and 11.4 shoots / CN and ST explant) which
showed 37.2% and 35.4% of response. Both the
explants showed 30.7% and 25.7% with 11.5 and 9.5
shoots / explant on that with 1.5 mg/l of BA from
cotyledonary node and shoot tip explants (Table 1).
Furthermore, continuous culture on both the TDZ and
BA supplemented media resulted in the clumping of
shoots. Hence, the proliferating shoot clusters from
both the cytokinins fortified media were subcultured
within 2 weeks of culture initiation to develop into
normal shoots. Moreover in explants cultured on BA
showed swelling (hyperh ydrici ty) pr ior to the
emergence of shoot buds developing from the preexisting material after ten days of inoculation. In KN
treatment also low number of multiple shoot formation
was observed when compared with TDZ. Among the
different concentrations tested, 1.5 mg/l KN showed
the best response and produced 6.2 and 3.7 shoots /
explants from cotyledonary node and shoot tip
expl an ts (Table 1). Increasin g t he cytoki ni ns
concentration decreases the formation of multiple
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sh oot in BA a nd TDZ. Amon g t he in dividual
concentrations of cytokinins tested, TDZ (0.3 mg/l)
seems to be best for the formation of multiple shoots
from cotyledonary node and shoot tip explants of
castor. These results correlate with the earlier studies
in castor which employed higher levels of growth
regulators and obtained relatively lower frequency of
shoots. However, our reports differ from that of Sujatha
and Reddy (1998) who speculated that the maximum
number of regenerated shoots amply demonstrates the
high cytokinins activity of TDZ, as reported for several
other woody plants species also (Huetteman and
Preece, 1993). In most of Euphorbiaceae, the presence
of cyt oki n i n s a l one pr omot ed opt i ma l shoot
proliferation, such as 2iP in Euphorbia lathyris (Lee
et al., 1982) and BA in E. lathyris (Tideman and
Hawker, 1982; Ripley and Preece, 1986), E. poplus, E.
tannensis (Tideman and Hawker, 1982), Cassava (Nair
et al., 1979) and almond and Peach hybrid (Arab et al.,
2014).
Conditions facilitating optimal shoot bud proliferation
from shoot tip and cotyledonary node explants of
castor were studied. Similar to our results, Sujatha and
Reddy (1998); Ahn et al., (2007); Sujatha and Reddy
(2007) reported that TDZ favours multiple shoot
proliferation from shoot apex and embryo axes explants
of castor and in other plants also like Stevia (Singh
and Dwivedi, 2014). In contrast, Athma and Reddy
(1983) reported the development of a single shoot from
shoot apices on medium supplemented with 0.5 to 2.0
mg/l BA. Sanguduen et al. (1987) reported strong
proliferation of multiple shoots from the shoot apex
on medium supplemented with 4.0 mg/l BA. The same
medium was found to give the optimal caulogenic
response from embryo explants (Khumsub, 1988).
Molina and Schobert (1995) obtained a maximum of
4.4 shoots on the medium supplemented with 1.0 µM
of BA and 30 g/l sucrose. Molina and Schobert (1995);
Khumsub (1988) and Sanguduen et al. (1987) reported
BA as t he best cytoki ni ns for m ul ti pl e sh oot
proliferation from castor shoot apex. These reports are
cont r a dict or y t o our resul ts wh er e l ower
concentrations of TDZ (0.3 mg/l) treated cultures
showed the highest percentage of response and
produced more number of multiple shoots (15.7) with
CN explants compared to that of ST explants (11.4).
Influence of auxins on multiple shoot induction
Supplementation of 0.3 mg/l TDZ was found as suitable
cytokinin and showed the best response for multiple
shoot induction from both the explants. The cytokinins
combined with auxins were used for the induction of
multiple shoots in several plant species (Khan et al.,
1999). Hence, in this experiment, the impact of auxins
like IAA, IBA and NAA were also evaluated along
with TDZ (0.3 mg/l). The influence of auxins decreases
the formation of multiple shoots drastically. Among
the various concentrations of auxins tested, mMS
media fortified with 30 g/l sucrose, 0.3 mg/l TDZ with
0.75 mg/l NAA produced multiple shoots from
cotyledonary node explants. Maximum of 6.2 shoots
were regenerated from 0.75 mg/l of NAA in this
concentration with 35.2% of response. In the shoot
tip explants also the above said media did not favour
the formation of multiple shoots as expected and
produced 5.2 shoots with 30.3% of response (Table 2).
Combination of auxin and cytokinins decreased the
multiple shoot formation in castor. Auxins only induce
basal callus from both the explants. Combination of
auxin with cytokinins reduces the production of
5

multiple shoots due to the formation of basal callus
and bulging of explants.
Contradictory to our results Reddy and Bahadur
(1989b) obtained the highest mean of 5.2 shoots on
medium supplemented with 2.0 mg/l KN plus 1.0 mg/l
IBA. Xu et al. (2008) in Euphorbia esula obtained
multiple shoots from axillary buds in the combination
of BA (1.11 µM) with IBA (1.97 µM). Park et al., (2011)
also proved that zeatin with 0.1 mg/l indole-3-acetic acid
proved optimal for yielding the highest number of shoots
(4.2 per explant) in Liriope platyphylla. In other dicot
plants such as in Dioscorea nipponica microtubers
were produced on all the auxin IAA, IBA and NAA
(Chen et al., 2007),Wang et al., (2009) in Pinellia
ternate and also by Munguatosa et al., (2013) in Musa
sps. Similar to our results, Reddy et al., (1987b); Reddy
and Bahadur (1989a; 1989b) experiments proved that
KIN 2.0 mg/l with IAA 1.0 mg/l produces low number
of multiple shoots and failed to obtain shoots directly
from shoot apex and leaf explants of castor. Since the
youn g shoot apex i s a n a ct i ve si te for a uxi n
biosynthesis, exogenous auxin is not always needed
when relatively large shoot tip explants from actively
growing plants are used. Moreover, tissue culture
studies using several explants have indicated the
presence of high levels of exogenous auxins in castor
tissues (Sujatha, 1996).
These results proved that combination of cytokinin
wi th a n y a uxin sh owed i nfer i or r esul t s for
micropropagation in castor. Hence the process of
multiplication of shoots depends on types of auxins
and cytokinins. In our study also variations in the use
of cytokinins and auxin for multiplication of ST and
CN explants were observed.
Effect of amino acids on multiple shoot induction
Both the ST and CN explants have been used to see
the effect of aminoacids on shoot formation. There is
evidence to prove that aminoacids act as an efficient
morphogenic regulators in a number of species (Tupy
et al., 1983; John and Guha – Mukherjee, 1997). Media
enriched with aminoacids or hydrolyzed proteins
enhanced regeneration of explants in vitro (Sen et al.,
2002). Therefore, different aminoacids namely Alanine,
Serine, Proline and Glutamine were employed in the
mMS medium independently to study their effect on
multiple shoot induction from both the explants of
castor along with TDZ at 0.3 mg/l (Table 3). At 20 mg/
l Glutamine with 0.3 mg/l TDZ, 55.2% and 41.0% of
Cotyledonary node and shoot tip explants responded
in producing multiple shoots with an average of 25.8
shoots and 20.4 shoots per explant. At the same time
alanine at 30 mg/l evoked 46.3% and 34.3% of culture
response and produced 20.7 and 18.4 shoots per CN
and ST explants. The other aminoacids viz., Proline at
20 mg/l produced 19.5 and 16.8 shoots / CN and ST
explants whereas, serine 30 mg/l produced 18.9 and
15.9 shoots / CN and ST explants respectively (Table
3). Though their response was less than those to
Glutamine and Alanine treatments, their effects on
shoot induction were significantly higher than with
TDZ alone (Table 1). The effects of alanine, proline,
Glutamine and serine were studied here for the first
time in shoot differentiation from both the explants of
castor.
Mariyana and Johannes (2009) speculated that good
quality new shoots were obtained on media with
glutamine as well as from shoot tip cultures of
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Table 1 - Effect of cytokinins on multiple shoot proliferation from Shoot tip and Cotyledonary node explant cultured on
mMS medium.
Shoot tip explants
Percentage of
Mean No. of
response
shoots / explant

Cotyledonary node explant
Percentage of
Mean No. of
response
shoots / explant

0.5
1.0
1.5
2.0
2.5
3.0

21.5 ± 0.1g
22.5 ± 0.2fg
25.7 ± 0.2e
22.8 ± 1.0f
20.4 ± 0.5gh
09.5 ± 1.2h

6.6 ± 0.1h
8.5 ± 0.4f
9.5 ± 1.5d
7.5 ± 0.3g
6.3 ± 0.4hi
6.0 ± 0.6hi

26.5 ± 0.2f
28.4 ± 0.4de
30.7 ± 0.1bc
29.4 ± 1.1d
28.1 ± 1.2e
27.1 ± 1.7ef

9.4 ± 1.3g
10.4 ± 1.3f
11.5 ± 1.1de
9.7 ± 1.4fg
7.5 ± 0.6h
5.3 ± 0.3j

0.5
1.0
1.5
2.0
2.5
3.0

12.1 ± 1.1mn
16.5 ± 1.2j
18.7 ± 0.4hi
15.3 ± 0.3jk
13.7 ± 0.3l
12.5 ± 1.2lm

3.0 ± 1.1l
3.4 ± 1.3k
3.7 ± 0.5j
3.5 ± 0.3jk
3.3 ± 0.2k
3.1 ± 0.5kl

17.2 ± 0.1k
18.7 ± 0.5j
20.4 ± 1.1i
18.1 ± 1.3jk
17.5 ± 0.2jk
16.4 ± 0.1kl

1.4 ± 0.4n
2.8 ± 0.3m
6.2 ± 1.1i
5.2 ± 1.7jk
4.4 ± 1.1k
4.3 ± 0.3kl

0.1
0.2
0.3
0.4
0.5

31.7 ± 0.3cd
33.7 ± 1.3b
35.4 ± 1.0a
33.2 ± 0.5bc
32.8 ± 0.2c

9.4 ± 0.1de
10.2 ± 0.3bc
11.4 ± 0.4a
10.4 ± 0.2b
9.3 ± 0.3de

31.0 ± 0.2b
34.1 ± 0.4b
37.2 ± 0.5a
26.3 ± 1.4fg
22.4 ± 1.5h

14.2 ± 0.5bc
14.6 ± 0.4b
15.7 ± 0.1a
13.5 ± 1.3c
12.1 ± 1.5d

Concentrations
Cytokinins (mg/l)
BA

KN

TDZ

Number of explants tested = 30. Values are means ± SE of 5 replication of 3 repeated experiments. Means within a
column followed by the same letters are not significantly different according to Duncan’s Multiple Range Test (DMRT)
at 5 % level.
Table 2 - Influence of different auxins on multiple shoot proliferation from Shoot tip and Cotyledonary node explant
cultured on mMS medium supplemented with TDZ (0.3 mg/l)
Shoot tip explants
Percentage
Number of
of response
shoots / explant

Cotyledonary node explant
Percentage
Number of
of response
shoots / explant

20.1 ± 0.5a
22.4 ± 0.3g
24.5 ± 0.1de
26.4 ± 1.5bc
23.3 ± 1.2f
19.7 ± 1.5jk

3.4 ± 1.1i
4.2 ± 1.3e
4.8 ± 1.7c
5.0 ± 0.4 b
4.7 ± 1.3d
4.1 ± 0.2 f

26.5 ± 1.3h
27.9 ± 1.2fg
28.4 ± 0.1f
29.7 ± 0.3e
24.2 ± 0.9jk
21.5 ± 0.3 l

5.2 ± 0.4e
5.3 ± 0.2e
5.5 ± 1.2de
5.6 ± 0.3d
5.4 ± 0.2e
5.1 ± 0.2ef

0.25
0.50
0.75
1.00
1.25
1.50

22.2 ± 1.6gh
25.1 ± 0.7d
30.3 ± 0.4a
26.1 ± 1.4bc
22.3 ± 0.4gh
20.4 ± 1.2ij

4.8 ± 0.1c
5.0 ± 0.4b
5.2 ± 0.5a
4.6 ± 0.5d
3.9 ± 0.4g
3.7 ± 0.2g

27.8 ± 0.2g
30,2 ± 0.5de
35.2 ± 0.4d
28.4 ± 1.6f
26.4 ± 1.3hi
24.5 ± 1.2j

5.8 ± 0.2c
6.1 ± 0.5ab
6.2 ± 0.6a
5.5 ± 1.7de
5.1 ± 1.3ef
5.0 ± 1.5ef

0.25
0.50
0.75
1.00
1.25
1.50

18.7 ± 1.3kl
19.1 ± 1.4k
19.3 ± 0.3jk
20.6 ± 0.5i
17.3 ± 1.2m
16.5 ± 1.1n

3.3 ± 1.3i
3.7 ± 1.2g
4.4 ± 0.4e
4.6 ± 0.5d
4.2 ± 0.5e
3.5 ± 1.6h

32.5 ±0.4de
34.5 ± 0.3c
35.2 ± 1.4bc
35.9 ± 1.5ab
36.5 ± 1.7a
35.4 ± 1.4b

4.4 ± 1.1g
4.6 ± 1.6g
4.8 ± 0.5g
5.2 ± 0.3e
4.0 ± 1.8h
3.7 ± 1.4i

Concentrations
of auxins
(mg/l)
IAA
0.25
0.50
0.75
1.00
1.25
1.50
NAA

IBA

Number of explants tested = 30. Values are means ± SE of 5 replication of 3 repeated experiments. Means within a
column followed by the same letters are not significantly different according to Duncan’s Multiple Range Test (DMRT)
at 5 % level.
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Table - 3: Influence of different amino acids in the multiplication of Shoot tip and Cotyledonary node explant cultured
on mMS medium supplemented with TDZ (0.3 mg/l)
Concentrations of
amino acids
(mg/l)
Alanine
10
20
30
40
50
Glutamine
5
10
15
20
25
30
Serine
10
20
30
40
50
Proline
10
20
30
40
50

Shoot tip explant
Percentage
Number of shoots /
of response
explant

Cotyledonary node explant
Percentage
Number of
of response
shoots / explant

28.3 ± 0.2f
33.7 ± 1.3e
34.3 ± 1.4d
21.5 ± 1.7k
19.7 ± 1.2kl

17.5 ± 0.4h
17.8 ± 1.2fg
18.4 ± 1.5de
16.7 ± 1.2ij
16.3 ± 0.9j

43.5 ± 0.3g
45.4 ± 0.2ef
46.3 ± 1.2e
42.4 ± 1.5gh
41.5 ± 1.6h

17.6 ± 1.2l
17.8 ± 0.5kl
20.7 ± 1.4e
18.5 ± 1.6j
18.1 ± 0.5k

34.1 ± 1.6de
36.3 ± 1.2bc
38.2 ± 0.7b
41.0 ± 1.6a
37.5 ± 1.3bc
35.2 ± 1.5cd

18.0 ± 0.5f
18.6 ± 0.3d
19.4 ± 0.4bc
20.4 ± 0.5a
19.6 ± 1.4b
19.4 ± 0.5bc

50.6 ± 1.6d
51.2 ± 1.3cd
53.6 ± 1.6bc
55.2 ± 1.6a
53.7 ± 1.3b
52.5 ± 1.6c

21.7 ± 0.4d
22.7 ± 0.3d
24.8 ± 0.5b
25.8 ± 0.3a
23.4 ± 1.4c
20.4 ± 1.5e

10.5 ± 0.5n
12.9 ± 0.4m
21.7 ± 0.6j
10.3 ± 0.3no
8.5 ± 0.6p

15.0 ± 0.3n
15.6 ± 0.4lm
15.9 ± 1.2kl
14.6 ± 1.3n
14.0 ± 0.8n

26.4 ± 1.6n
28.4 ± 0.4m
30.3 ± 0.5l
25.3 ± 0.5op
24.5 ± 0.2p

18.1 ± 0.4k
18.5 ± 1.3j
18.9 ± 1.5h
17.5 ± 1.5lm
16.1 ± 1.3n

16.0 ± 1.4k
30.1 ± 0.5lm
19.2 ± 0.5gh
25.3  1.1hi
i
i
fg
16.8 ± 1.2
38.3 ± 0.6
19.5 ± 0.3ef
27.4  2.5
j
k
h
16.5
±
0.5
32.3
±
0.5
19.4 ± 0.1g
25.4  2.6
l
ij
15.8 ± 0.7
36.3 ± 1.2
18.5 ± 0.4j
21.2  2.5j
lm
j
15.4
±
0.2
33.5
±
1.4
18.2 ± 0.1jk
19.0  2.4jk
Number of explants tested = 30. Values are means ± SE of 5 replication of 3 repeated experiments. Means within a column
followed by the same letters are not significantly different according to Duncan’s Multiple Range Test (DMRT) at 5 % level.

Table - 4 :Effect of different concentrations of carbohydrates on multiplication of Shoot tip and Cotyledonary node
explant cultured on mMS medium supplemented with TDZ (0.3 mg/l) and glutamine (20 mg/l)
Concentrations of
Carbohydrates
(g/l)
Sucrose
10
20
30
40
50
Maltose
10
20
30
40
50
Fructose
10
20
30
40
50
Glucose
10
20
30
40
50

Shoot tip explant
Percentage
Number of shoots /
of response
explant

Cotyledonary node explants
Percentage
Number of
of response
shoots / explants

82.4 ± 0.3c
85.4 ± 0.5b
90.2 ± 0.3a
81.3 ± 1.3cd
77.4 ± 1.5e

16.5 ± 0.4d
18.2 ± 1.2b
20.4 ± 0.5a
16.2 ± 1.0de
14.2 ± 1.4g

80.3 ± 0.9d
85.8 ± 0.5b
95.2 ± 1.1a
79.5 ± 0.4de
75.5 ± 0.2fg

24.4 ± 0.5bc
25.1 ± 0.6b
25.8 ± 0.3a
22.4 ± 1.0e
21.1 ± 1.3g

65.7 ± 1.6i
69.6 ± 1.5h
70.4 ± 1.5gh
65.7 ± 0.4i
62.6 ± 0.4j

14.2 ± 1.4g
15.2 ± 1.6fg
15.4 ± 0.4f
12.5 ± 0.5j
11.0 ± 0.3k

55.5 ± 0.4kl
69.5 ± 0.5h
76.5 ± 0.5f
52.5 ± 1.2lm
48.5 ± 1.1n

16.3 ± 1.7ij
17.4 ± 1.5hi
18.0 ± 1.2h
16.7 ± 0.3i
15.3 ± 0.6j

40.7 ± 1.2lm
42.1 ± 1.4l
45.4 ± 0.4k
35.3 ± 1.5n
32.6 ± 1.4nm

6.9 ± 1.4o
9.5 ± 1.2m
10.5 ± 1.7kl
8.0 ± 1.5m
7.5 ± 0.5mn

45.5 ± 0.4o
52.5 ± 0.3lm
54.5 ± 0.5l
35.2 ± 0.6op
24.5 ± 0.6p

12.2 ± 0.5lm
14.8 ± 0.4jk
15.9 ± 0.9ij
12.4 ± 0.5l
10.1 ± 0.6n

73.1 ± 0.5f
77.4 ± 0.3e
80.6 ± 0.5d
72.5 ± 0.7fg
71.3 ± 1.0g

13.5 ± 1.3h
16.5 ± 1.6d
17.2 ± 0.5c
16.0 ± 0.3e
13.2 ± 1.1hi

57.5 ± 0.6k
65.5 ± 0.2i
85.5 ± 1.2bc
60.5 ± 1.3j
51.2 ± 1.6m

22.2 ± 0.5ef
22.1 ± 1.2f
23.2 ± 1.4d
21.5 ± 1.6fg
21.1 ± 0.5g

Number of explants tested = 30. Values are means ± SE of 5 replication of 3 repeated experiments. Means within a column
followed by the same letters are not significantly different according to Duncan’s Multiple Range Test (DMRT) at 5 % level.
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Table – 5: Effect of different concentrations of Pluronic F68 on multiplication of Shoot tip and Cotyledonary
node explant cultured on mMS medium supplemented TDZ (0.3 mg/l), glutamine (20 mg/l) and Sucrose (30
g/l)
Shoot tip explants
Cotyledonary node explant
Concentrations of
Percentage
Number of shoots /
Percentage
Number of
Pluronic F 68
of response
explant
of response
shoots / explant
0.1
65.8 ± 0.9f
21.1 ± 0.6g
74.5 ± 0.3hi
23.9 ± 1.5 h
0.2
67.6 ± 0.5f
22.5 ± 0.4fg
75.4 ± 0.5h
24.7 ± 1.5gh
e
f
ef
0.3
69.4 ± 0.4
23.5 ± 0.6
77.5 ± 1.3
25.4 ± 1.4g
cd
de
c
0.4
71.5 ± 0.7
25.4 ± 0.5
80.3 ± 0.5
39.7 ± 0.6d
bc
b
b
0.5
72.4 ± 1.6
32.5 ± 0.3
81.5 ± 1.3
48.2 ± 1.5b
a
a
a
0.6
75.4 ± 1.2
39.4 ± 1.0
85.5 ± 1.6
52.7 ± 0.6a
b
c
cd
0.7
73.3 ± 0.5
30.0 ± 1.3
80.0 ± 1.6
42.5 ± 1.2c
bc
c
e
0.8
72.4 ± 0.6
27.3 ± 1.2
78.4 ± 0.5
31.4 ± 1.5e
0.9
72.0 ± 0.6c
27.0 ± 0.6cd
77.3 ± 1.5f
31.0 ± 0.5ef
1.0
71.4 ± 0.4d
26.5 ± 1.3d
76.8 ± 1.7fg
30.6 ± 1.5ef
Number of explants tested = 30. Values are means ± SE of 5 replication of 3 repeated experiments. Means within a
column followed by the same letters are not significantly different according to Duncan’s Multiple Range Test (DMRT)
at 5 % level.
Table - 6: Effect of different types of media on induction of multiple shoots from Shoot tip and Cotyledonary node
explant cultured on mMS medium supplemented with TDZ (0.3 mg/L), glutamine (20 mg/L), Sucrose (30 g/l) and PF - 68
(0.6 mg/L)
Shoot tip explants
Types of
media
mMS
MS
WPM
B5

Percentage
of response
75.4 ± 0.4a
50.4 ± 1.2b
21.5 ± 0.4c
9.5 ± 1.4d

Cotyledonary node explant

Number of
Shoots / explant
39.4 ± 1.5a
18.5 ± 0.5b
7.6 ± 1.5c
2.4 ± 1.6d

Percentage
of response

Number of
shoots / explant

85.5 ± 1.5a
65.5 ± 0.6b
36.5 ± 1.4c
12.5 ± 0.5d

52.7 ± 0.5 a
32.5 ± 0.6b
17.5 ± 1.4c
5.5 ± 1.5d

Number of explants tested = 30. Values are means ± SE of 5 replication of 3 repeated experiments. Means within a
column followed by the same letters are not significantly different according to Duncan’s Multiple Range Test (DMRT)
at 5 % level.
cucumber (Vasudevan et al., 2004, 2007). Supportive
results were also given in other dicot plants by Rastogi
et al. (2008); Sanjaya et al. (2006); Muhammad Akram
and Faheem Aftab (2009) and Sivakumar et al., (2014);
Vasudevan et al., (2008) in Cucumis.
Effect of carbon sources on multiple shoot induction
The responses of in vitro culture to different carbon
sources added to the medium were frequently tested.
Although carbohydrates are of prime importance for
in vitro organogenesis, carbon metabolism in vitro is
still not clearly understood (Kozai, 1991). It is well
established that carbohydrate requirements depend
upon the stage of culture and may show differences
according to the species (Thomson and Thrope, 1987).
Both the explants were cultured in mMS medium
containing 10 – 50 g/l of Sucrose, Maltose, Fructose
and Maltose along with the TDZ (0.3 mg/l) and
Glutamine (20 mg/l). Among the four carbon sources
tested, Sucrose 30 g/l proved to be the best for shoot
regeneration than the other three carbon sources
(Table 4). Sucrose to be the most effective in terms of
shoot number and produced 25.8 and 20.4 shoots /
explant using CN and ST cultures. The number of
nodes per regenerated shoots was also higher in
Sucrose 30 g/l treated cultures. Similar to our
observation, results were obtained in micropropagation
of castor (Molina and Schobert, 1995; Sujatha and
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Reddy, 1998; Sujatha and Reddy, 2007; Ahn et al.,
2007). Other supportive results are by Romano et al.
(1995) in Cork Oak; Ghimire et al. (2010) in Drymaria;
Madhulatha (2006) in Banana; Jaime (2004) in
Chrysanthemum; Mallapa et al., (2011) in Pogostemon
cultures. Contradictory results were published by the
experiments on beech cultivars by Cuena and Vieitez
(2000) that glucose was the best carbon source for
both axillary branching and adventitious shoot
regeneration. In Physocarpus sps. the number of
adventitious roots produced per shoot increased with
increasing fructose concentration up to 30 g dm-3 was
reported by Ilczuk et al., (2013). Manickam et al., (2014)
also proved contradictory results that fructose at 4%
proved to be better choice for multiple shoot regeneration
followed by sucrose, glucose and maltose from axillary
bud explants of Solanum viarum. However, Sucrose and
Glucose induced the highest frequency of shoot
formation in Bixa orellana (DePaiva Neto et al., 2003).
Effect of PF - 68 on multiple shoot induction
The regeneration protocol described above produced
multiple shoots supplemented with 0.3 mg/l TDZ, 20
mg/l Glutamine. Although the number of explants
producing microshoots reached up to 55.2%, further
development of these shoots was very slow. It has
been shown that surfactants can induce and / or
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Table – 7: Effect of GA3 in combination with BAP, KIN, TDZ and Pluronic F68 on elongation of shoots in castor (Ricinus
communis L.)
Concentrations of
Plant growth
regulators (mg/l)
BA + GA3
1.5 + 0.1
1.5 + 0.2
1.5 + 0.3
1.5 + 0.4
1.5 + 0.5
KN + GA3
1.5 + 0.1
1.5 + 0.2
1.5 + 0.3
1.5 + 0.4
1.5 + 0.5
TDZ + GA3
0.3 + 0.1
0.3 + 0.2
0.3 + 0.3
0.3 + 0.4
0.3 + 0.5
PF - 68 + GA3
0.6 + 0.1
0.6 + 0.2
0.6 + 0.3
0.6 + 0.4
0.6 + 0.5

Percentage
of response

Shoot length
explants (cm)

43.6 ± 0.5no
45.7 ± 0.4m
44.8 ± 1.2mn
43.7 ± 1.5n
42.8 ± 0.5no

4.3 ± 0.5gh
4.4 ± 1.2gh
4.1 ± 1.5i
3.8 ± 1.6j
3.6 ± 0.6k

57.3 ± 0.5gh
58.3 ± 0.4g
60.3 ± 1.2ef
57.3 ± 1.1gh
55.3 ± 1.6h

4.6 ± 0.4e
4.8 ± 0.3cd
5.0 ± 1.2c
4.8 ± 1.7cd
4.4 ± 1.5e

51.6 ± 1.5ij
52.4 ± 0.9j
50.5 ± 0.5j
47.5 ± 0.3k
47.2 ± 0.2kl

4.1 ± 0.5ef
4.3 ± 0.3e
4.8 ± 0.2g
4.7 ± 0.3g
3.6 ± 1.1g

61.5 ± 0.5e
63.2 ± 0.2d
67.4 ± 1.4a
65.4 ± 0.4b
65.1 ± 0.5bc

5.0 ± 1.7c
5.3 ± 0.5b
5.5 ± 0.3a
4.9 ± 0.1cd
4.8 ± 0.3cd

Number of explants tested = 30. Values are means ± SE of 5 replication of 3 repeated experiments. Means within a
column followed by the same letters are not significantly different according to Duncan’s Multiple Range Test (DMRT)
at 5 % level.
enhance organogenesis (Khatun et al., 1993 a, b;
Khehra et al., 1995). Addition of Pluronic F - 68 to the
regeneration medium significantly enhanced the
percentage of multiple shoot formation to 85.5% and
75.4% and produced 52.7 shoots and 39.4 shoots / CN
and ST explants (Table 5) (Plate - 1, 2). Increasing
concentration of PF 68 decreases the shoot formation
which correlates with the results of Neil and Neil (2000)
in Prunus avium L.. Similar to our results Konan et al.,
(1997) speculated that Cassava cultivars when
supplemented with PF 68 produce more number of
multiple shoots. Support ing results wer e al so
published by Khehra et al. (1995) in Chrysanthemum,
Konan et al. (1994 b) in cassava, Lloyd and Mc Crown
(1981) in Kalmia; Naher et al., (2003) in Hibiscus sps.;
Dashti et al., (2012) in Pyrus. The above scientists in
their publication mentioned that PF - 68 seems to be
highly efficient in micropropagation technique.
Among the different PGRs tested, TDZ (0.3 mg/l) +
PF - 68 (0.6 mg/l) + Glutamine (20 mg/l) + Sucrose (30
g/l) was proved to be the best for the production of
m ul ti ple shoots i n cast or (Pla te - 1). Higher
con cent rati on of all these h ormon es produces
hyperhydricity of explants, formation of basal callus
a n d l ow r oot in g was a l so n oti ced so l ower
concentrations proved to be best for micropropagation
of castor. This hyperhydricity of explants was also
observed by Witzrens et al. (1988); Nestares et al.
(1996); Baker et al. (1999) in Sunflower.
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Effect of different Media on multiple shoot induction
In t he pr esen t i nvestigat ion, th e mMS m edia
containing MS salts with B5 vitamins showed superior
response and produced 52.7 shoots per CN explants
(Plate 1) and 39.4 shoots with ST explants (Plate 2)
when compared with MS, WPM and B5 medium. In the
above Media, the multiple shoots were decreased from
52.7, 32.5, 17.5 and 5.5 shoots / CN explants
respectively. In the case of shoot tip explants also the
shoots were decreased from 39.4, 18.5, 7.6 and 2.4
shoots / ST explants respectively (Table 6). In most of
the castor micropropagation, MS medium proves to
be the best (Sujatha and Reddy, 1998; Sujatha and
Reddy, 2007; Ahn et al., 2007; Ahn and Chen, 2008;
Alam et al., 2010; Nahar and Rita, 2012). In some dicot
plants modified MS medium with B5 vitamin produced
more number of shoots like in Cotton by Nandeshwar
et al., (2002); Srivastava and Rahav (2014) in Cajanus
cajan. But we proved that mMS seems to be the best
compared to MS in shoot formation. Contradictory to
our results, Reddy et al. (1987b) and Reddy and
Bahadur (1989b) failed to obtain shoots directly from
shoot tip explants cultured on MS and B5 medium with
various cytokinins. To our knowledge, no results were
published for the micropropagation of castor by using
WPM and mMS medium.
Elongation of shoots
Individual treatment of GA 3 produced elongated
shoots but the leaves fall after ten days of culture and
led to loss of their multiplication ability. Hence (0.1 –
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Table – 8: Effect of different concentrations of auxins on root induction of elongated shoots obtained from shoot tip
and Cotyledonary node explants cultured on the mMS medium
Concentrations
of auxins (mg/l)

Number of roots
/ shoot

Percentage
of response

0.5
1.0
1.5
2.0
2.5
3.0

2.6 ± 0.4i
3.2 ± 1.5i
4.0 ± 1.6g
3.5 ± 0.5i
2.9 ± 0.3i
2.0 ± 0.2i

31.2 ± 0.4j
42.4 ± 1.2h
50.5 ± 0.3f
44.5 ± 0.3g
44.0 ± 0.5gh
41.0 ± 1.2hi

3.0 ± 0.4g
3.2 ± 0.5f
3.5 ± 0.3e
3.2 ± 1.2f
2.8 ± 0.5g
2.4 ± 0.3g

0.5
1.0
1.5
2.0
2.5
3.0

2.5 ± 1.6ij
1.8 ± 1.5kl
-

26.4 ± 0.3k
19.5 ± 0.5 l
-

1.8 ± 0.4i
1.0 ± 1.2j
-

0.2
0.4
0.6
0.8
1.0

4.4 ± 1.7f
4.7 ± 1.4de
4.9 ± 0.5d
4.0 ± 0.3g
3.8 ± 1.6gh

57.6 ± 0.5e
59.4 ± 1.7cd
61.2 ± 1.0c
58.4 ± 1.3d
57.7 ± 1.2de

5.3 ± 0.5b
5.4 ± 0.1ab
5.5 ± 0.5ab
5.1 ±1.2c
5.0 ± 0.5cd

5.8 ± 0.5ab
6.0 ± 0.2ab
6.2 ± 1.5a
5.4 ± 1.1b
5.2 ± 0.5bc

74.1 ± 0.5b
74.3 ± 1.2ab
75.6 ± 0.5a
73.2 ± 1.2bc
72.2 ± 0.5c

5.6 ± 1.2ab
5.7 ± 1.3ab
5.8 ± 1.5a
5.4 ± 0.4ab
5.0 ± 1.1cd

Root length (cm)

IBA

IAA

AgNO3

IBA + AgNO3
1.5 + 0.2
1.5 + 0.4
1.5 + 0.6
1.5 + 0.8
1.5 + 1.0

Number of explants tested = 30. Values are means ± SE of 5 replication of 3 repeated experiments. Means within a
column followed by the same letters are not significantly different according to Duncan’s Multiple Range Test (DMRT)
at 5 % level.
0.5 mg/l) GA3 was used in conjunction with all the
the explants was obtained in the MS medium with B5
cytokinins for shoot elongation. Shoot elongation
vitamin along with GA3 in varying concentrations.
(>5cm in length) of adventitious shoot buds was
successful l y ach i eved on a n m MS m edi um
Rooting and Acclimatization
supplemented with PF - 68 (0.6 mg/l) with GA3 (0.3 mg/
Excised shoots were rooted on half – strength and full
l) within a period of four weeks and showed 67.4% of
- strength mMS medium with different types of auxin.
response with 5.5 cm in shoot length. Kinetin 1.5 mg/
T h e pr omot i n g effect of r educi n g t h e sa l t
l + 0.3 mg/l GA3 produced 5.0 cm in shoot length and
concentration of MS on in vitro rooting of shoots has
showed 60.3% of response. The other cytokinins TDZ
been described in castor reports (Sujatha and Reddy,
and BA produced 50.5% and 45.7% of response with
1998) and other dicot plants (Constantine, 1978;
4.8 cm and 4.1 cm of shoot length. GA3 (0.3 mg/l) + PF
Skirvin et al., 1980). Half – strength and full – strength
68 (0.6 mg/l) proved to be the best for the elongation
mMS medium supplemented with all concentrations
of shoots (Table 7) (Plate 1). Similar to our results,
of auxin induced roots from shoots within 15 - 20 days
elongation of shoots was obtained when 0.1 – 1.0 mg/
of culture. Among the two different auxin tested, the
l of GA3 was used in conjunction with 0.2 mg/l of BA
roots and root length varied in both media. Plants
(Sujatha and Reddy, 1998; Alam et al., 2010). Low
rooted in half - strength mMS medium significantly
concentration of GA 3 was found useful in shoot
developed stunted roots and the root induction was
elongation in castor which also correlates with Alam
strengthened after 30 days of culture. Full strength
et al. (2010). But, Purkayastha et al. (2008) proved
mMS medium fortified with IBA (1.5 mg/l) showed
that elongation was also achieved on MS basal medium
50.5% of response was found to be more effective for
supplemented with GA3 in varying concentrations.
root induction (Table 8) than IAA and produced 4.0
Combined treatment of GA3 with PF - 68 showed best
roots with 3.5 cm root length. This results correlate
results for elongation in castor. In some dicot plants,
with Ahn et al. (2007) where IBA at 5 µM produces
elongation was achieved on multiple shoot induction
two fold increases in the formation of roots and the
medium itself without the addition of GA 3 (Meena et
survival percentage. Sujatha and Reddy (1998) evoked
al., 2010; Maria et al., 2009) and in some plants like
that rooting was maximum on the medium supplemented
pigeon pea Srivastava and Rahav (2014) elongation of
with 1.0 mg/l IBA followed by NAA.
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Along with the identified concentration of auxin IBA
(1.5 mg/l), AgNO3 was added to limit the time of rooting.
AgNO3 at 0.2 – 1.0 mg/l significantly increased the
root number per shoot (Table 8). AgNO3 (0.6 mg/l) with
IBA (1.5 mg/l) significantly increased the root number
6.2 roots/explants with 75.6% of response and
produced 5.8 cm of root length (Table 8) (Plate 1,2).
This result was similar to the results of our earlier
publication by kumari et al., (2008) in castor; Maria et
al., (2011) in Gentiana lutea L. Our result is opposite
to the results of Wan Jin – Xiang and Pan Rui – Chi
(2004) who proved that AgNO3 inhibited rooting in
mung bean. Our result coincides with Mutasim and
Kazumi (2000) in faba bean where AgNO3 proved to be
the best in root formation. Bais et al. (2000a) reported
that AgNO3 can improve and enhance in vitro rooting
in shoot cultures of D. hamiltonii. Yonghua et al.
(2005) showed that half - strength MS containing 1.0
mg/l AgNO3 was an optimum medium for rooting in
strawberry which does not correlate with our results.
Harsh et al., (2000); Giridhar et al., (2002) also proved
that 20 – 30 µM of AgNO3 induces rooting in cultures
of Vanilla Planifolia L. and Decalepis sps.
This result clearly demonstrates that AgNO 3 can
enhance root emergence, root growth rate, root number
per shoot, root length and improve rooting efficiency.
For acclimatization, the rooted shoots were washed
with sterile distilled water to remove the agar sticking
on the roots and transferred to pots containing sterile
sand, soil and vermiculite in the ratio 1:1:1 for proper
acclimatization. These plantlets showed 73% of
survival (Plate 1,2).
Conclusion
To date, difficulties in regeneration and non –
reproducibility of results in tissue cultures of castor
have restricted work on genetic transformation.
Pluronic F68 an effective surfactant is used in this
st udy to overcome th e r ecalcitr ance of cast or
regeneration in vitro. The standardized protocols are
of cardinal importance to castor regeneration, their high
proliferation rates and multiplication of different
varieties of castor. This protocol also helps in the
production of disease free plants, regenerating
genetically modified cells or cells after protoplast
fusion.
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