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Abstract: Long term in vitro cultures of plant tissue spontaneously change at morphological, cellular and
biochemical level. Impatiens campanulata tissues were cultivated formore than 70 years. Leaf explants excised
from plantlets propagated in vitro. Subcultured on hormone-free MS medium, transformed tissue continued to
grow in an unorganized way forming malformed shoots which never rooted. The aim of this study was to
establish the Optimization of nutrient media, plant growth regulators, carbon source antioxidants and additives
for achieving enhanced axillary budding from stem explants of Impatiens campanulata.
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INTRODUCTION Indian system of medicine chiefly depends on

Man had a long struggle to achieve mastery over been abundantly available in many parts of the Indian
powerful force for nature, he has always turned to plants peninsula since time immemorial.
for help, especially when he struck with ailments. Medicinal plants as a group comprise approximately
Undoubtedly the plant kingdom still holds many species 8000 species and account for around 50% of the higher
of plants which contain undiscovered valuable flowering plant species of India. Medicinal plants are
medicinally active phytoconstituents. Screening of among the first to which man gave particular attention.
medicinal plants provides potential sources of The knowledge of medicinal properties of plants was
biodynamic substances of therapeutic value in natural usually as the result of trial and error. Medicines can be
product  research  [1,2].  Hence, large numbers of plants obtained from the plant parts like stem, root, rhizome,
are constantly being screened for their possible flower, fruit, seed, bark etc. Some times whole plant is
pharmacological activities. Plants are the most important used as medicine.
resources gifted by nature. Man has exploited them since The  present  investigation  was   undertaken  with
the time of evolution. the following objectives. Optimization of nutrient media,

The    entire    history    revealed    that    ancient plant growth regulators, carbon source antioxidants and
people  were  aware  of  the  fact  of vegetative additives for achieving enhanced axillary budding from
propagation   and   sexuality   in   plants.   Later  during stem explants of Impatiens campanulata.
the period from 800 B.C. to 1000 A.D. in India a
wholesome  approach    between   theory   and  practice MATERIALS AND METHODS
was   adapted   in   ayurveda.   As   one   important system
of  medicine  of  India  Ayurveda,  ‘the  science  of  life’, Plant Material: Impatiens campanulata Wight was
is hailed as one of the oldest codified systems in the collected from Palani hills near Kodaikanal in Tamilnadu.
world  with  efficacious  clinical  applications.  It  is  used The plants were potted in pots and maintained at
to  be  a  highly  indigenous  treatment involving the use greenhouse   conditions.   The   plants   were   grown  at
of not only drugs, but also customized diets, lifestyles 30°-40°C  with  natural  daylight  and irrigated with water
and practices. as required.

various kinds of medicinal plants. Medicinal plants have
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Table 1: Effect  of  various  concentrations  of  BAP,  KN,  2-iP  and
Zeatin on multiple shoot induction from mature nodal explant of
I. Campanulata cultured on MS medium 

Plant growth Shoot Shoot No. Shoot length (cm)
regulators sprouting per explant per explant
(mg/l) frequency(%) Mean±SE Mean±SE

BAP

0.1 0 NR NR
1.0 70 1.61±0.04 1.10±0.02bc d

2.0 85 2.09±0.02 2.00±0.03a ab

3.0 60 1.84±0.01 1.48±0.02b b

5.0 55 1.56±0.02 1.28±0.02c c

8.0 40 1.32±0.03 1.21±0.05cd cd

KN

0.1 50 1.00±0.00 1.00±0.02e de

1.0 60 1.51±0.01 1.36±0.03bc bc

2.0 55 1.29±0.02 1.18±0.02cd cd

3.0 45 1.20±0.02 1.10±0.03d d

5.0 40 1.17±0.01 0.92±0.02d e

8.0 0 NR NR

2-ip

0.1 0 NR NR
1.0 75 1.92±0.02 2.18±0.04ab a

2.0 68 1.60±0.01 1.46±0.02bc b

3.0 60 1.43±0.01 1.30±0.03 shoots and shoot length per explant.c bc

5.0 45 1.22±0.02 1.20±0.02d cd

8.0 40 1.14±0.01 1.18±0.03de cd

Zeatin

0.1 45 1.18±0.02 0.97±0.09d e

1.0 68 1.60±0.03 1.32±0.03bc bc

2.0 55 1.30±0.02 1.26±0.01cd c

3.0 50 1.21±0.07 1.22±0.04d c

5.0 48 1.15±0.09 1.18±0.02d cd

8.0 40 1.12±0.07 1.10±0.02de d

Values  represent  mean±standard  error  of  15 replicates per treatment in
three repeated experiments. Means followed by the same letter not
significantly different by the Tukey test at 0.05% probability level

Media Preparation and Sterilization: Nutritional
requirements for optimal growth on a tissue in vitro may
vary with the species. Even tissues from different parts of
a plant may have different requirements for satisfactory
growth [3]. There is no single medium that is suitable for
all types of plant tissues and organs. So, for convenience,
three media that represent high, medium and low salt
concentrations were selected for present investigation.

In the present investigation universal media MS [3]
B  [4] and WPM [5] were used. The composition of three5

different media is represented in Table 1.
The principal component of most tissue culture

media can be categorized into inorganic nutrients (macro
and micro), organic nutrients (vitamins and amino acids),
carbon source, plant growth regulators and gelling agent.

Other organic supplements such as CH and CM were also
added to the medium when required. All the chemicals
used  in  media  preparation  were  of  analytical  grade.
The hormones were Sigma make. Bacteriological grade
agar was used as gelling agent throughout the study.
Natural daylight and irrigated with water as required.

Shoot Multiplication Experiments
Explant Evaluation: Surface sterilized juvenile explants
such  as  node,  internodes  and shoot tip explants were
cut into suitable sizes and cultured on MS medium
supplemented  with  3%  sucrose and  BAP  (1,2,3  mg/l),
KN (1,2,3  mg/l)  for  evaluation. The morphogenic
response of the explant was recorded. Best explants for
shoot regeneration was identified based on the number of
shoots, shoot length and percentage of response.

Medium  Evaluation:  After  selecting  the  best  explant
for shoot regeneration, it was cultured on three different
agarified media viz, MS, B  and WPM supplemented with5

2mg/l BAP and 3% sucrose. Criteria of selection are
percentage of explants responded, average number of

Assessment of Plant Growth Regulators for Shoot
Induction:  After  selecting  the best explant and medium
for shoot multiplication further experimental manipulations
were carried to assess the morphogenic influence of
different plant growth regulators such as auxins (IAA,
NAA, IBA, 2, 4-D, Picloram), Cytokinins (BAP, KN,
Zeatin) and Gibberellin (GA ).3

Statistical Analysis: Each culture tube with one shoot
explant was considered as one replicate. Each treatment in
each set of experiments consists of 15 replicates and each
experiment was repeated three times. Standard error of
means was calculated in each experiment. The data was
statistically analysed using one way analysis of variance
(ANOVA) and means were compared using the Tukey test
at the 0.05% level of significance.

RESULTS AND DISCUSSION

Micro propagation has emerged as a tool for
conservation  of  various endangered  and  endemic
medical plants and is manifest with enormous reports on
regeneration of such species [6]. In vitro protocols for
fast  multiplication  of  endangered  species  could be
very  useful  for taxa that are difficult to propagate
through    conventional      means.      Contamination    and
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Table 2: Effect of various surface sterilants in maintaining aseptic cultures

of I. Campanulata on MS medium fortified with BAP 2mg/l

Concentration Duration of Percentage Nature of

Disinf- of sterilant treatment of response of

ectant used (%) (minutes) response explants

HgCl 1.00 1 - NR2

0.50 1 - NR

0.30 1 - NR

0.20 1 15 Cultures contaminated

0.10 1 30 Cultures contaminated

0.01 1 10 Cultures contaminated

0.50 3 40 Delayedshoot proliferation

0.30 3 25 Cultures contaminated

0.20 3 20 Cultures contaminated

0.10 3 30 Delayedshoot proliferation

0.50 5 45 Delayedshoot proliferation

0.30 5 30 Cultures contaminated

0.10 5 85 Healthyshoot proliferation

H O 10 1 - NR2 2

20 1 25 Cultures contaminated

30 1 20 Cultures contaminated

10 3 - No response

20 3 15 Cultures contaminated

30 3 10 Cultures contaminated

NaOCl 20 2 - NR

15 2 - NR

5 2 - NR

NR-No Response

necrosis, hampered during establishment phase in plant
tissue culture, might be possibly due to the under (or)
over exposure of the explants to sterilants and the use of
unsuitable types and concentrations of sterilizing agents.
An appropriate explant sterilization procedure which is
standardized by several trial and error methods could
minimize the microbial contamination rate without harm to
the tissue.

Before micropropagation commences, careful
attention has been given to the selection of a stock plant
(or) plants. They must be typical of the variety (or)
species and free from any symptoms of disease. It may be
advantages to treat the chosen plant (or) parts of it in
some  way  to  make  the  in  vitro  culture  successful.
The  customary  step  in  the  micropropagation  process
is to obtain an aseptic culture of the selected plant
material. Different types of disinfectants like mercuric
chloride (HgCl ), sodium hypo chloride (NaOCl) and2

Hydrogen Peroxide (H O ) were used for sterilizing the2 2

mature explants of I. Campanulata.

Explants treated with NaOCl (20%, 15% and 5%) and
also high concentrations of HgCl  (0.3%, 0.5% and 1.0%)2

for 1min resulted in complete inhibition of shoot initiation
but contamination was not found. Explants become,
contaminated when they were treated with H O  (10% to2 2

30%) and low concentration of HgCl  (0.2%, 0.1% and2

0.01%) for 1min (Table 2).
In I. Campanulata HgCl  0.1% and 5 minutes2

exposure  was  found  to  be  effective  in  obtaining
healthy shoot proliferation without contamination. If
concentrations  and  duration  are  respectively  too  high
or too long, the plant tissue will be damaged, but too mild
an exposure will not destroy the microorganisms. Hence
it  is important to determine the best concentration and
the duration of exposure to sterilant. When lower
concentration of HgCl  and duration of exposure was 12

minute explants were contaminated, when concentration
and duration of HgCl  increased, contamination was not2

found, but shoot proliferation delayed.

Shoot Initiation and Multiplication: Organogenic
potentiality of a species depends upon the explants used
and physiological status of the sources. Medium used
and  phytohormones   incorporated   help   in  triggering
the inherent  regenerative capacity of the explant
selected. Choice of the correct explant is important when
propagation is to be based on direct or indirect shoot
initiation. Although in some plants, explants from many
organs are capable of producing adventitious shoots, it is
usually found that those excised from different organs,
vary in morphogenic capacity. So the propagation rate
and morphogenic response significantly varied to a
greater extent according to the explant type.

To test the best explant for shoot regeneration
different  explant  types  of  I.  Campanulata  shoot  tip,
node  and  internodal explants were used as inoculum.
The  explants  were  cultured  on  different  basal  media
(MS, B  and WPM) supplemented with BAP 2.0 mg/l.5

Criteria used for selection are percentage of response,
number of shoots formed and length of shoots formed.

In the present study of the various explants tested,
shoots were formed from shoot tip and nodal explants.
Internodal  explants  did not respond even after four
weeks of incubation on the medium. Shoot regeneration
was observed only from shoot tip and nodal explants.
Sprouting of axillary buds was observed from 10  dayth

from the date of inoculation. The potentiality of shoot bud
regeneration of nodal explants was higher than that of
shoot tip explants. In I. Campanulata survival percentage
varied from 35-85% in nodal explant and 30-50% in shoot
tip explant (Table 3).
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Table 3: Effect  of various  concentrations  of  BAP,  KN,  2-iP  and
Zeatin  on  multiple  shoot  induction from mature nodal explant
of I. Campanulata cultured on MS medium 

Plant growth Shoot Shoot No. Shoot length
regulators sprouting per explant (cm) per explant
(mg/l) frequency(%) Mean±SE Mean±SE

BAP

0.1 0 NR NR
1.0 70 1.61±0.04 1.10±0.02bc d

2.0 85 2.09±0.02 2.00±0.03a ab

3.0 60 1.84±0.01 1.48±0.02b b

5.0 55 1.56±0.02 1.28±0.02c c

8.0 40 1.32±0.03 1.21±0.05cd cd

KN

0.1 50 1.00±0.00 1.00±0.02e de

1.0 60 1.51±0.01 1.36±0.03bc bc

2.0 55 1.29±0.02 1.18±0.02cd cd

3.0 45 1.20±0.02 1.10±0.03d d

5.0 40 1.17±0.01 0.92±0.02d e

8.0 0 NR NR

2-ip

0.1 0 NR NR
1.0 75 1.92±0.02 2.18±0.04ab a

2.0 68 1.60±0.01 1.46±0.02bc b

3.0 60 1.43±0.01 1.30±0.03c bc

5.0 45 1.22±0.02 1.20±0.02d cd

8.0 40 1.14±0.01 1.18±0.03de cd

Zeatin

0.1 45 1.18±0.02 0.97±0.09d e

1.0 68 1.60±0.03 1.32±0.03bc bc

2.0 55 1.30±0.02 1.26±0.01cd c

3.0 50 1.21±0.07 1.22±0.04d c

5.0 48 1.15±0.09 1.18±0.02d cd

8.0 40 1.12±0.07 1.10±0.02de d

Values  represent  mean±standard  error  of  15 replicates per treatment in
three repeated experiments. Means followed by the same letter not
significantly different by the Tukey test at 0.05% probability level

In I. Campanulata the maximum mean number of
shoots  (2.09±0.02  shoots/  explant)   with   mean  length
of  shoots  (2.00±0.03  cm)  was obtained from nodal
explant on MS medium with BAP 2mg/l (Fig. 1A), whereas
from shoot tip explant the maximum number of shoots
(1.18±0.40 shoots / explant) with maximum length of shoot
(1.22±0.03  cm)  was  obtained  on   MS   medium  with
BAP 2mg/l (Table 3) (Fig. 1B).

In  the  present  investigation  on  I.  Campanulata
nodal segments  were  found  to  be  more  responsive higher than that of shoot tip explants. There are numerous
than  shoot tip explants for multiple shoot production.
The differential response observed for these explants
could  be due  to differences in their physiological status

Fig. 1: A - Shoot tip cultured on MS + 2.0 mg/l BAP + 0.5
mg/l IBA B to D - Shoot tip cultured on MS + 2.0
mg/l BAP + 0.5 mg/l 2,4-D

 [7]. Further the differential response of  exogenous  levels
on  shoot  formation  from  different   explants  observed
in the present study may be related to differential
endogenous levels of cytokinins [8]. Formation of less
number of shoots from shoot tip cultures than in nodal
explants of I. Campanulata is an indication for its strong
apical dominance.

Since the shoot multiplication rate was good with
nodal explants in all hormonal media than the shoot tip
explants, further shoot culture experiments were carried
out with nodal explants.

In the present investigation the potentiality of shoot
bud regeneration of nodal explant of I. Campanulata was

examples in the literature to show that nodal explants are
most effective, these include Asclepias curassavica [9],
Gymnema sylvestre [10] and Tylophora indica [11].
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Table 4: Effect of different media (MS, B  and WPM) on shoot regeneration from different explants of I. Campanulata fortified with BAP 2mg/l5

Explant type
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Node Shoot tip
-------------------------------------------------------------------------------------------------------------- -----------------------------------------------------
Shoot sprouting Mean shoot no. Mean length of Shoot sprouting Mean shoot no. Mean length of 

Type of media frequency (%) per explant±SE shoots (cm)±SE frequency (%) per explant±SE shoots (cm)±SE

MS 85 2.09±0.02 2.00±0.03 50 1.18±0.04 1.22±0.03a a a a

B 70 1.22±0.03 1.27±0.02 40 1.07±0.01 1.10±0.035
b b b b

WPM 35 1.13±0.01 1.14±0.02 30 1.03±0.01 1.08±0.02c c b b

Values  represent  mean±standard  error  of  15 replicates per treatment in three repeated experiments. Means followed by the same letter not significantly
different by the Tukey test at 0.05% probability level

Media Evaluation: The highest rate of micropropagation
will often depend not only on the selection of the most
suitable explant, but also on the discovery of the correct
combination of growth regulators or the best medium [12]
for that organ or tissue [13]. To develop efficient plant
regeneration protocol in In vitro manipulation techniques,
evaluation of medium is a prerequisite step; the decision
on using type of media for the metabolic needs of the
cultured cells and tissues is a major factor of success in
plant regeneration process. Composition of the medium
plays a major role in enhancing shoot proliferation. The
nutritional requirement varies according to the cells,
tissues, organs and protoplast and also with respect to
particular plant species. The appropriate composition of
the medium largely determines the success of the culture.

A number of media have been devised to induce
organogenesis and regeneration of plants in cultured
tissues.  Bhojwani  and Razdan [14] suggested that in
order to formulate a suitable medium for a new system, It
would be better to start with a well known basal medium
such  as  MS, B  and WPM. For shoot proliferation from5

I. Campanulata nodal explants were cultured on different
basal media at full strength such as Murashige and
Skoog’s (MS) medium with high salt concentration, B5

medium [14] with medium salt concentration and Woody
Plant medium, (WPM) [15]with low salt concentration with
addition of BAP 2mg/l and 3% sucrose.

In  the present investigation induction of axillary
buds was observed on three media, but percentage of
response, number of shoots / explant and average shoot
length were more on MS medium followed by B  and5

WPM (Table 5).
Nodal explants of I. Campanulata produced

2.09±0.02  shoot/explant with  2.00±0.03  cm  length  on
MS medium, 1.22±0.03 shoots/ explant with 1.27±0.02 cm
length on B  medium and 1.13± 0.01 shoots/ explant with5

1.14±0.02cm on WPM medium (Table 4).
The improved growth of cells and tissues on MS

medium  is  undoubtedly   due  to  increased   ammonium

Table 5: Effect  of  various  concentrations  of  BAP,  KN,  2-iP  and

Zeatin  on multiple shoot induction from mature nodal explant of

I. Campanulata cultured on MS medium

Plant growth Shoot Shoot No. Shoot length

regulators sprouting per explant (cm) per explant

(mg/l) frequency(%) Mean±SE  Mean±SE

BAP

0.1 0 NR NR

1.0 70 1.61±0.04 1.10±0.02bc d

2.0 85 2.09±0.02 2.00±0.03a ab

3.0 60 1.84±0.01 1.48±0.02b b

5.0 55 1.56±0.02 1.28±0.02c c

8.0 40 1.32±0.03 1.21±0.05cd cd

KN

0.1 50 1.00±0.00 1.00±0.02e de

1.0 60 1.51±0.01 1.36±0.03bc bc

2.0 55 1.29±0.02 1.18±0.02cd cd

3.0 45 1.20±0.02 1.10±0.03d d

5.0 40 1.17±0.01 0.92±0.02d e

8.0 0 NR NR

2-ip

0.1 0 NR NR

1.0 75 1.92±0.02 2.18±0.04ab a

2.0 68 1.60±0.01 1.46±0.02bc b

3.0 60 1.43±0.01 1.30±0.03c bc

5.0 45 1.22±0.02 1.20±0.02d cd

8.0 40 1.14±0.01 1.18±0.03de cd

Zeatin

0.1 45 1.18±0.02 0.97±0.09d e

1.0 68 1.60±0.03 1.32±0.03bc bc

2.0 55 1.30±0.02 1.26±0.01cd c

3.0 50 1.21±0.07 1.22±0.04d c

5.0 48 1.15±0.09 1.18±0.02d cd

8.0 40 1.12±0.07 1.10±0.02de d

Values  represent  mean±standard  error  of  15 replicates per treatment in

three repeated experiments. Means followed by the same letter not

significantly different by the Tukey test at 0.05% probability level
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and nitrate  concentration  than  in B   and  WPM MS medium was supplemented with 2-ip for shoot5

medium. The potassium ion concentration was also more induction  from  nodal  explants  of I. Campanulata. 2-ip
in MS medium. Even the concentration of inorganic 1.0 mg/l induced 75% shoot sprouting frequency with
nutrients  and  vitamins  is higher in MS medium and mean number 1.92±0.02 shoots / explant and 2.18±0.04 cm
hence it is widely used for tissue culture studies in many of shoot length (Table 5). When Zeatin was supplemented
species. to the medium better response (68%) was observed with

As nitrogen is to be a constituent, its deficiency 1.0 mg/l by inducing 1.60±0.03 shoots / explant and
inhibits plant growth. In addition to this total nitrogen 1.32±0.03cm of shoot length. When there is increase or
content, the ratio of nitrate to ammonium is a very decrease of Zeatin 1.0 mg/l response of the nodal explants
important aspect in nitrogen nutrition [16]. This is was decreased (Table 5).
because the ratio strongly influences the pH of the In the present study, of the various hormonal
medium, which is turn determines the absorption of other concentration tried, BAP 2.0 mg/l produced maximum
nutrients[17]. number of shoots in both the plants. In I. Campanulata

Effect of Different Plant Growth Regulators on Shoot 1.0  mg/l  but  not  with  BAP.  In  the  present  study  on
Multiplication from Nodal Explants: After screening the I. Campanulata it is evident that higher concentrations of
explants and media for better response, attention was cytokinin supported reduction of shoot multiplication.
focussed on growth regulators that play a key role in Increase in the concentration of BAP 2.0mg/l, KN at more
influencing  the  morphogenic potentiality in tissue than 1.0mg/l, 2-ip at more than 1.0mg/l and Zeatin above
culture systems. Growth and morphogenesis in vitro are 1.0mg/l in the medium with nodal segments. In the present
regulated by the interaction and balance between the investigation KN was found to be inferior to BAP in shoot
growth regulators supplied in the medium and the growth formation of I. Campanulata.
substances produced endogenously. However the poor performance of KN in present

Effect  of  Cytokinins  on  Shoot  Multiplication: In the such as Asclepias curassavica [18].
present investigation various concentrations of In the present investigation on both the plants effect
cytokinins like BAP (0.1mg/l to 8.0 mg/l), KN (0.1mg/l to of Zeatin was low when compared to BAP and 2-ip. Zeatin
8.0mg/l), 2-ip (0.1mg/l to 8.0 smg/l) and Zeatin (0.1mg/l to was better to promote the growth and survival of shoot
8.0  mg/l)  and  in  combination  have  been  studied  for cultures of Asparagus plumosus than KN and BAP. But
the induction of shoot multiplication of nodal explants of in our present study on I. Campanulata it is proved that
I. Campanulata (Table 5). superiority of Zeatin was evident only on KN not to BAP.

In I. Campanulata out of various concentrations of Maximum of 80% shoot sprouting frequency was
BAP tested for the shoot proliferation from mature nodal observed in the plant. In the present study higher
explants BAP 2.0 mg /l produced 85% shoot sprouting concentrations and also very low concentration of
frequency with mean number of 2.09±0.02 shoots / explant cytokinins reduced the shoot number as well as shoot
and 2.00±0.03 an of shoot length (Fig. 1B) (Table 4). length in the plant. The effect of cytokinins on nodal
Where as BAP 3.0mg/l induced 60% shoot sprouting explants in I. Campanulata is in the order of BAP>2-
frequency with mean of 1.84±0.01 shoot/explant and ip>Zeatin>KN.
1.48±0.02cm of shoot length. Shoot number was less at
higher and lower to BAP 2.0 mg/l, when the increase in the Effect of Cytokinin Combination on Shoot Multiplication:
concentration of BAP from 4.0 mg/I to 8mgl shoot number For  high  frequency  regeneration   of   multiple  shoots,
and length has decreased (Table 5). a  range  of cytokinins either individually or in

Among the   various  concentrations  of  KN  used combination with other cytokinins were used. Growth
for shoot multiplication, better response (60%) was becomes feasible only on the  addition  of  one  or  more
observed with 1.0 mg/l by inducing 1.51±0.01 shoots/ of these classes of hormones to the medium [19]. So,
explant  and 1.36±0.03  cm  length  (Fig.  1C).  Increase or nodal segments were cultured on MS medium
decrease in the concentration  of  KN  the  shoot  number supplemented with various concentrations and
decreased. When the concentration of KN was increased combinations of cytokinins. The response of nodal
to more than 5mg/l, explants did not respond and they segments to the treatments was presented in Table 6.
became brown and died after 25 days of incubation. Different   concentrations  of   cytokinins  such  as  BAP,

maximum  shoot  length  (2.18±0.04cm)  resulted with 2-ip

study is contradictory to the reports on other Asclepiads
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Table 6: Effect of various combinations of BAP, 2-iP and Zeatin on shoot

induction from nodal segments of I. Campanulata on MS medium

Plant growth regulators (mg/l) Shoot No. of shoots Shoot

---------------------------------------- sprouting /explant length(cm)

BAP 2-iP Zeatin frequency (%) Mean±SE Mean±SE

1.0 - 0.1 50 1.05±0.01 1.02±0.01g f

1.0 - 0.5 60 1.20±0.01 1.10±0.01e ef

1.0 - 1.0 70 1.80±0.01 1.30±0.01b d

1.0 - 2.0 45 1.32±0.01 1.15±0.02e e

2.0 - 0.1 55 1.16±0.02 1.28±0.01f d

2.0 - 0.5 68 1.35±0.01 1.40±0.01e cd

2.0 - 1.0 75 2.25±0.01 1.95±0.02a ab

2.0 - 2.0 60 1.45±0.01 1.45±0.02de cd

3.0 - 0.1 52 1.13±0.03 1.25±0.02f d

3.0 - 0.5 55 1.25±0.01 1.30±0.01ef d

3.0 - 1.0 65 2.12±0.01 1.50±0.02ab cd

3.0 - 2.0 50 1.30±0.01 1.28±0.02e d

- 1.0 0.1 30 1.14±0.02 1.08±0.02f ef

- 1.0 0.5 45 1.24±0.02 1.10±0.03ef ef

- 1.0 1.0 65 1.70±0.02 1.25±0.02c d

- 1.0 2.0 55 1.28±0.03 1.16±0.02ef e

- 2.0 0.1 25 1.09±0.02 1.00±0.01fg g

- 2.0 0.5 30 1.25±0.01 1.06±0.01ef ef

- 2.0 1.0 60 1.60±0.01 1.20±0.02cd de

- 2.0 2.0 50 1.23±0.02 1.10±0.02ef ef

2.0 1.0 1.0 65 1.84±0.01 2.04±0.02b d

2.0 2.0 2.0 50 1.55±0.03 1.60±0.02d b

Values represent mean±standard error of 15 replicates per treatment in three

repeated experiments. Means followed by the same letter not significantly

different by the Tukey test at 0.05% probability level

BAP+2-ip, BAP+Zeatin, 2-ip+Zeatin and BAP+2-ip+Zeatin
were used to culture nodal explants for shoot regeneration
in I. Campanulata.

Nodal explants of I. Campanulata were cultured on
different concentrations and combinations of cytokinins.
The response of nodal segments with combinations was
comparatively better than single cytokinin (Table 6).
Nodal explants cultured on MS basal medium containing
BAP 1.0mg/l + 2-ip 1.0 mg/l produced 1.96±0.02 shoots/
explant  (Fig.  1D)  with  70% shoot sprouting frequency
in 25 days. BAP 2.0 mg/l + 2-ip 1.0 mg/l showed highest
frequency of shoot formation (85%) with 2.91±0.01
shoots/ explant and shoot length of 5.13±0.15cm.
Whereas BAP 3.0 mg/l + 2-ip 1.0 mg/l produced 2.50±0.01
shoots/ explant. Maximum shoot length of 5.13±0.15cm
was produced on medium containing BAP 2.0 mg/l + 2-ip
1.0 mg/l (Table 6).

Multiple shoots developed with a combination of
BAP and 2-ip grew faster, while those initiated in BAP and

Zeatin combination grew slower. A similar response was
observed on Gloriosa superba [20].
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