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In vitro propagation of Lilium longiflorum was carried out to explore its potential for micropropagation and callogenesis using meristem
and twin scales explants and to study the influence of different concentrations and combinations of various phytoharmones along with
varying physical factors like temperature and light. MS medium supplemented with 2 mg/L of BAP was found to be best for shoot
formation from meristem, with 84 % shoot formation within 12 days of meristem inoculation while in case of twin scales, 88 % shoot

Maximum shoot multiplication response was obtained at 3 mg/L of Kinetin with an average of 4.8 shoots per culture vial after 8.2 days
of inoculation. The best in vitro rooting response was obtained on MS medium supplemented with 1.5 mg/L of NAA i.e. an average of 5.2
roots were formed after 12 days of inoculation with an average root length of 1.76 cm. When well developed in vitro plants were shifted
for hardening on different media (sand, silt, peat, sand+ peat and sand+ silt+ peat in the ratio of 1:1, 1:1:1 respectively). 100 % Hardening
response was recorded on Peat. Maximum callus induction response (88 %) was obtained from twin scale explant after 9.8 days of
inoculation on MS supplemented with 2.0 mg/L of NAA + 0.25 mg/L of BAP. A temperature of 26 °C and photoperiod of 16 h/8 h light/

INTRODUCTION

Liliumis aleading cut flower', which ranks seventh among
the cut flowers industry in the world in terms of auction turn-
over and is a very popular pot plant as well. Lilium, tulip and
freesia are the three most important bulbous crops in the com-
mercial market, representing 24 % of total flower production®.

The Easter lily (Lilium longiflorum) is a rich source of
steroidal glycosides, a group of compounds that is responsible
for some of traditional medicinal uses of lily. Purified steroidal
glycosides were evaluated for growth inhibition activity against
the plant pathogenic fungus, Botrytis cinerea. All of the com-
pounds show weak growth inhibition activity against fungus,
however, the natural acetylation of C-6" of the terminal glucose
in the acetylated steroidal glycoalkaloid, increased the anti-
fungal activity by inhibiting the rate of metabolism of the
compound by the fungus®. The bulbs of some species of Lilium
including L. tigrinum and L. auratum are included in routine
diet of Chinese and Japanese.

Lilies can be propagated both by vegetative and sexual
methods. To maintain genetic purity most of the commercially
grown cultivars are propagated through vegetative means by

-
initiation response was obtained on MS medium containing 1.5 mg/L of BAP with 0.5 mg/L of NAA after 12 days of inoculation. |
dark in every 24 h cycle showed best response for in vitro culturing of Lilium. :
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way of above ground bulbils and under ground bulb scales*?,
through bulb division, stem bulblets and stem bulbils. Seed
being very small in size have slow rate of germination and
seed propagation also results in variability®. Lilium is also
attacked by several fungal (Botrytis, Basal rot, Blue mold, efc.)
and viral diseases. In vegetative method of propagation plant
once infected by pathogen can transfer it generation after
generation. These all can cause extensive damage to the plants
and bulbs. Therefore there is a dire need to introduce a rapid
and reliable method for large scale production of disease free,
high yielding, true to type planting material throughout the
year at affordable prices.

Plant tissue culture in this context plays an important role
especially to remove the problem of disease and rapid propa-
gation. Plants raised through this method are disease free, true
to type having high yield potential. In recent years, propagation
of numerous ornamental plants by tissue culture has become
an accepted commercial practice. Current production techni-
ques for in vitro propagation of plants have allowed for strong
and continued growth within the micropropagation industry.
The present investigation describes role of cytokinins and auxins
for micropropagation and callogenesis of Lilium longiflorum.
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TABLE-1

EFFECT OF DIFFERENT CONCENTRATIONS OF 6-BENZYLAMINO PURINE (BAP), KINETIN, BAP WITH KINETIN
AND BAP WITH a,a-NAPHTHALENE ACETIC ACID (NAA) ON IN VITRO SHOOT FORMATION AND INITIATION

No. of Days for Average shoot Rate of shoot Days for Average shoot  Rate of shoot
. Composition 0.0 shoot length formation shoot length initiation
Media (mg/L) ‘esitt“bff formation (cm) (%) initiation (cm) (%)
cutture Meristem Twin scales
MS basal 5 21 +1.67%* 0.76 + 0.20" 24 27.2 +0.74 0.8 +0.74¢ 12
1.0 5 14.2 £0.74%% 159 + (.37 32 22 +0.89M 0.68 +0.21 16
15 5 13.8£0.4% 2,02 +0.51%% 68 21+ 1.67%  1.32+0.31 "k 36
2.0 5 12.2 + 0.74%% 3.04 +0.83" 84 202+097  1.96+0.32%" 80
2.5 5 15.4 + 0.8% 2 +0.70%% 48 19 +0.89 2.0 & 0.2¢%h 56
l\];li; 3.0 5 17.6£0.8M 182 +027%% 40 17.6 £0.8"  2.14 + 0367 60
3.5 5 19 + 0.89" 1.76 + 0.70%" 32 18.8+0.74" 228 +0.41°%" 32
4.0 5 21.8 + 0.74% 1.66 + 0.74°% 36 17.4 £0.8" 3.04 + .58 76
45 5 22 +0.63* 1.62 + (.85t 36 15.6 £ 1.01*  34+037" 80
5.0 5 23 + 1.09 0.76 + 0.20" 20 20.2 +0.97" 3.1+0.28" 64
1.0 5 16 + 1.41°% 1.10 +0.7°% 40 17.6 +0.8" 0.62 +0.2¢ 32
1.5 5 122 +£0.74%9 2.3 +0.50"¢ 68 16 +1.41%" 1.12 + 0.3 36
s T 2.0 5 146 £1.62%%  2.00.63"" 44 15 + 1.41% 1.2 + 0.4 56
2.5 5 17.6 + 0821 1.8 & 0.74%% 40 14.6 £ 1.62 2.3 +0.50%%! 68
3.0 5 18.8 + 1.72¢h0 1.60 + 0.8 36 12.6 +1.8° 3 +0.31° 80
35 5 19.6 + 1.0'%* 1.3 +0.74%k 32 13.8+04% 138 0,74 44
0.5+0.5 5 18.8 + 1728 2 4+ (.63 40 17.6 +0.8" 1.1 +0.74* 56
élesP: 1.0+0.5 5 16 + 1.41°% 2.6 +1.01% 60 15+ 1.41°% 224 0.74%E 68
n 15405 5 13.8 + 1.46™% 2.8 +£0.74" 80 122 +0.74° 3 +0.31°0 88
20+0.5 5 14.6 + 1.62% 2.3 +0.50°¢ 68 14.6+ 1.6 2.8+ 0.74%% 70
0.5+0.5 5 20.2 +0.97% 0.63 +0.15¢ 32 21 +1.67% 0.96 + 0.42% 36
MS + 1.0+05 5 18.4 + 1.018 1.1 +0.74°% 40 202+097  1.68 +0.25%" 40
BAP + 1.5+05 5 158 +0.74 % 2,08 + .38 60 17.4£0.8"  1.76 +0.89%" 56
NAA 20405 5 9.6 +1.01° 3.02 +0.59° 84 12 +0.89° 3.44 + 0.89° 88
25+05 5 12 +0.89% 1.22 +0.48% 52 14.6 £1.62°  2.12+0.71°% 70
LSD 0.05 3.04 0.88 = 1.97 0.72 =

Means followed by different letters in the same column differ significantly at p = 0.05 according to Duncan’s new multiple range tests

EXPERIMENTAL

For present study explants of Lilium were obtained
from green houses of Agri Biotech Research Farms, Lahore,
Pakistan. The undesired leaves, root segments and upper dry
bulb scales were removed with the help of sterilized forceps.
As meristematic portion and inner scales of Lilium has covering
of rolled scales, therefore, these explants are naturally sterilized
and it is not necessary to adopt an elaborate protocol for
disinfection. However, to prevent any contamination from outer
covering of scales, surface sterilization was carried out. For
this purpose explant was first washed with running tap water.
After drying thoroughly they were rinsed three times with
autoclaved distilled water. The explants were then treated with
1 % sodium hypochlorite solution for 15 min and then washed
three times with sterilized distilled water to remove all the
traces of sodium hypochlorite. This was followed by sterili-
zation of explants in laminar air flow cabinet with 70 % ethanol
for 15 min. After sterilization both meristem and twin scales
(0.5-1.0 cm in length) were used for inoculation in prescribed
medium.

Both solid and liquid MS medium’ supplemented with
different concentrations of auxins and cytokinins either alone
or in combination with each other were used. The pH of the
medium was adjusted between 5.7-5.8 with 0.1 N solution of
NaOH or HCI and 0.6 % agar was used for solidification of
medium. The medium was autoclaved at 121 °C and 15 Ibs/
Inch?® pressure for 20 min. In case of liquid medium autoclaved
cotton was used to support the plant tissues. Cultures were

maintained under fluorescent light having 2500 lux intensity.
Incubation temperature conditions ranging from 23-27 °C were
tested and photoperiod of 16 h light and 8 h dark was main-
tained in every 24 h cycle. Sub-culturing was done after 5 weeks.
During each sub-culturing all dead or dis-coloured shoots were
removed. The data was recorded for days to shoot formation,
number of shoot per culture vial, days for shoot multiplication,
days for root induction and number of roots per plant. For
hardening well developed in vitro plants were shifted into pots
containing different media (sand, silt, peat, sand + peat and
sand + silt + peat in the ratio of 1:1, 1:1:1 respectively). Potted
plants were brought out from green house into open sun light
after three week of hardening and eventually these plants were
shifted into the field for further growth.

The experimental design was completely randomized with
five replicate cultures for each hormonal treatment and each
experiment was repeated thrice. Analysis of variance (ANOVA)
depicting significance among means was calculated by
Duncan's new multiple range test®.

RESULTS AND DISCUSSION

In vitro shoot formation/initiation: For shoot formation
MS medium (Murashige and Skoog's medium) was supple-
mented with BAP and Kinetin either alone or in combination
with each other. It was observed that shoot formation was
obtained in almost all the media supplemented with BAP.
Howeyver, it is evident from Table-1, that best shoot formation
response (84 %) from meristem was obtained at 2.0 mg/L of
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TABLE-2
EFFECT OF DIFFERENT CONCENTRATIONS AND COMBINATIONS OF CYTOKININS
AND AUXINS ON in vitro SHOOT MULTIPLICATION

Media Composition No. of test tubes Days for shoot No. of shoots per Average shoot
(mg/L) cultured multiplication culture vial length (cm)
MS basal 5 19.6 + 1.01* 1.8 + 0.74%" 1.68 +0.25
1.0 5 18.8 +0.74% 2 + (.63 2.8 +0.74%¢
1.5 5 17.8 £1.16" 3 + (.89 3.02 + 0.59*
2.0 5 16.6 +1.01" 3.6 + 0.64*¢ 3.04 + 0.58*
MS +BAP 25 5 15+ 1.41¢ 4.6 +0.48" 344037
3.0 5 18.4 +1.01" 4.2 +0.74 3 +0.89*
3.5 5 21 +1.67" 3.4 +0.48 2.2 +0.37>%
1.0 5 15+1.41% 1.2 +0.74 0.84 +0.18"
1.5 5 13.8 + 1.46% 2.0 + 0.63"" 1.1 +0.74
MS + Kinetin 2.0 5 12 +0.89¢ 2.8 +(.74%E 1.2 +0.4
2.5 5 9.6+ 1.01° 3.0 + 0.89°! 2.8 +0.74%¢
3.0 5 8.2 +1.16* 4.8 + 0.89* 3.4+0.48"
3.5 5 11.8 +1.32°% 3.4 +0.48 2.2 +0.74%%
0.5+0.5 5 14.6 + 1.62 1.8 + 0.74%" 1.1 +0.74
. 1.0+ 0.5 5 12.2 +0.74 2.0 + 0.63"" 1.84 +0.54%"
MS +BAP + kin 1.5+0.5 5 9.8 +1.72> 3.6+ 0.8" 2.8 0,74
2.0+0.5 5 11.8 +1.32%f 3.0 + .89 2.2 +0.74%%
0.5+0.5 5 19 +0.89* 1.6 + 0.48" 1.6 +0.8
1.0+ 0.5 5 18.4 + 1.01hi 2.0 + 0.63"" 2.8 +0.74%¢
MS + BAP + NAA 1.5+0.5 5 15+ 1.41& 2.2 +(.74¢"h 3 +0.89"
2.0+0.5 5 9.6 +1.01" 4.0 + 0.89°™¢ 3.4 +0.48°
2.5+0.5 5 11.8 +1.32%f 3.2 +0.74% 3.02 +0.59*
1.0+0.5 5 25 +0.89' 1.0 +0.89' 0.76 + 0.20"
2.0+0.5 5 22 +0.89' 1.6 +0.8" 1.59 +0.37¢
MS + Kin + NAA 3.0+0.5 5 19.6 +1.01% 2.8 + 0.74%fen 2.02 +0.51%
4.0 + 0.5 5 15 + 1.41%" 3.4 £0. 48 3.44 +0.37*
5.0+0.5 5 17.8 £1.16" 3.0 + 0.63°" 3.04 + 0.83*
0.5+0.5+0.5 5 224 +1.74' 1.6 +0.8" 1.8 +0.74%"
1.0+1.0+0.5 5 20.2 + 1.32¢ 2.8 + 0.74%fen 2.14 + 0.36"*
MS + BAP + Kin + NAA 1.5+1.5+0.5 5 18.8 £ 0.74* 3.0 + 0.63°" 2.2 +0.74%%
2.0 +2.0+0.5 5 15 +1.41% 3.2 + (.74 3.6 +0.8*
25+25+0.5 5 17.8 +1.16" 2.0 +0.67"" 3.2 +0.74®
LSDO0.05 1.73 1.02 0.91

Means followed by different letters in the same column differ significantly at p = 0.05 according to Duncan’s new multiple range tests

BAP after 12 days of inoculation while best shoot initiation
response (80 %) from twin scales was obtained at high concen-
tration of BAP i.e. 4.5 mg/L of BAP after 15 days of inoculation.
Sen and Sharma’ achieved best shoot induction response within
20-25 days of culture from shoot tip explants obtained from
30 days old aseptically germinated seedlings of Coleus
forskohlii, using 2.0 mg/L of BA. The use of meristem for
tissue culture allows rapid clonal multiplication and virus
elimination for the study of shoots and root development
in vitro'®. When MS medium was supplemented with different
concentrations of Kinetin, 80 % shoot initiation response was
obtained from twin scale at 3.0 mg/L of kinetin after 9 days of
inoculation. Tadhani et al."', reported that 4.0 mg/L of kinetin
showed maximum shoot formation response. Nuutila et al.,"
and Ali and Afghan® reported that cultivation of same species
may differ drastically in their requirement for essential medium
components.

Combination of BAP with Kinetin also showed good
results for shoot initiation from twin scales. Among different
combinations 1.5 mg/L BAP + 0.5 mg /L Kinetin showed 88 %
shoot initiation response after 12.2 days of twin scale inoculation
while at the same concentration 80 % shoot formation response
was obtained after 13.8 days of meristem inoculation. Promotive
effect of the combination of BAP with Kinetin for in vitro

shoot formation have also been reported by Stanilova'®.
According to him murashige and skoog (MS) medium + 1.0
mg/L BAP + 1.0 mg/L kinetin was flavourable for direct
organogenesis from bulb, stem, leaves and ovaries explants.
Smitha et al.,” reported similar findings for the enhanced
production of dark green healthy shoot when a combination
of BAP with Kinetin was used in MS medium.

6-Benzylamino purine (BAP) was also used in combination
with NAA for efficient shoot formation and initiation response.
When BAP was used with NAA, 2 mg/L BAP + 0.5 mg/L
NAA gave optimum results from both meristematic and twin
scales explants with 84 % and 88 % shoot formation response
after 10 and 12 days of inoculation with average shoot length
of 3.0 and 3.44 cm respectively. Statistically it can be further
analyzed that shoot formation response occurred at low
concentration of BAP + Kinetin while shoot initiation from
twin scales was obtained at high concentration of BAP +
Kinetin. The best results obtained at 2 mg/L BAP + 0.5 mg/L
Kinetin for shoot formation and initiation from both kinds of
explants (twin scales and meristem) and are very much close
to results obtained at 1.5 mg/L BAP + 0.5 mg/L NAA.

It is suggested from above mentioned results that MS
medium supplemented with 2 mg/L BAP + 0.5 mg/L. NAA
proved best for shoot initiation as well as shoot formation.
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TABLE-3

EFFECT OF DIFFERENT CONCENTRATIONS AND COMBINATIONS OF AUXINS FOR in vitro ROOTING

Media Composition No. of test tubes Days forh root Average no. Average root
(mg/L) cultured formation of roots length
MS medium 5 23.8 +0.74" 0.6 +0.89' 0.28 +£0.11°
12MS + NAA 0.5 5 19 + 0.89* 1.6 +0.89" 0.82 +0.57%F
1MS + NAA 1.0 5 15 + 1.41°¢ 2.2 +0.74%" 1.14 + 0.50%
5MS + NAA 1.5 5 12.2 + 0.74™ 4 +0.89™ 1.56 + 0.36™
12MS + NAA 2.0 5 14.4 +1.85d°® 3 + 0.89b"*2 1.36 + .57
NAA 0.5 5 17.6 + 0.8"* 2 +0.89%" 0.74 +0.28%"
NAA 1.0 5 16.4 + 1.2¢M 3.2 £ (.74 0.82 +0.57%f
NAA 1.5 5 11.8 +1.32° 52+0.74* 1.76 £ 0.38*
NAA 2.0 5 13.8 + 1.46b* 4 +0.89™ 1.12 + 0.3
1MS + IBA 0.5 5 15 + 1.41%" 3.2 + 0.744f 0.96 + 0.42°%
15MS + IBA 1.0 5 16.4 +1.28" 3.8 £ 0.95 1.0 +0.24 >%*
5MS + IBA 1.5 5 12 £ 0.89" 4.4 + 0.8 1.36 £ 0.57>*
12MS + IBA 2.0 5 14 + 0.74%%" 3.8 £0.74"¢ 1.14 + 0.50™
IBA 0.5 5 17.6 + 0.8 2.0 +0.89"" 0.28 £0.11°
IBA 1.0 5 14.4 + 1.85d°" 3.2 £ (.74 0.82 +0.57%f
IBA 1.5 5 11.8 +£1.32° 4 +0.89" 1.2 + 0.4
IBA 2.0 5 13.8 + 1.46b* 3.6 + 0.48>* 1.12 +0.11%%
1AMS + NAA + IBA 0.5+0.5 5 152 +1.16%" 2 +0.63"" 1.22 + 0.08"<
MS + NAA + IBA 1.0+ 0.5 5 14.8 + 1.16%" 2.4 + 0.22°fn 1.4 +0.08%
2MS + NAA + IBA 1.5+0.5 5 14.0 £ 0.75°%" 3.2 +0.520f 1.5 +£0.06"
5MS + NAA + IBA 2.0 +0.5 5 13.0 + 0.89™ 3.6 + 0.4"* 1.68 + 0.12™
NAA + IBA 05+0.5 5 18.2 + 1.6* 1.8 +0.34 1.28 +0.10%
NAA + IBA 1.0+ 0.5 5 17.0 + 1.0%"* 2.2 +0.34%" 1.46 + 0.10%%
NAA +IBA 1.5+0.5 5 15.4 +1.2%" 2.8 + (.34°eh 1.7 £ 0.08"
NAA + IBA 2.0+0.5 5 17.2 + 1,328 2.6 +(.36%" 1.48 +0.07
LSD0.05 1.76 1.08 0.58

Means followed by different letters in the same column differ significantly at p = 0.05 according to Duncan’s new multiple range tests

In vitro shoot multiplication: Well developed in vitro
shoots were shifted on MS medium supplemented with varying
concentration of cytokinins either alone or in combination with
each other and with auxins for efficient shoot multiplication.

It was observed that MS medium containing 2.5 mg/L of
BAP proved best i.e. an average of 4.6 shoots per culture vial
were formed after 15 days of inoculation with average shoot
length of 3.44 cm (Table-2). By further increasing the concen-
tration of BAP shoot multiplication response was decreased.
0o et al.,'® reported best shoot multiplication response after 4
weeks of inoculation on MS medium containing 3 mg/L of
BAP while in present investigation multiplication response was
obtained at low concentration i.e. at 2.5 mg/L of BAP and in
less span of time. Escuitia et al.,"” reported that best medium
composition for in vitro shoot multiplication of 7. pavonia
belonging to family Liliaceae was 4.5 uM 2,4-D with 2.2 uM
BAP in medium containing 1.0 g/L of activated charcoal and
resulted in four shoots per plant. According to him 48 plants
can be produced from one bulb after 5 months of culture in-
oculation. But in present study combination of 2,4-D with BAP
did not show any promotive results for in vitro shoot multi-
plication (results not shown in table). According to Yew et al.,'®
relatively high concentrations of cytokinins should be present
to observe high multiplication rates. When MS medium was
supplemented with kinetin, best shoot multiplication response
was obtained at 3.0 mg/L of Kinetin i.e. 4.8 shoots per culture
were formed after 8 days of inoculation with average shoot
length of 3.4 cm.

Statistics of Table-2 shows that the results obtained at
4 mg/L Kin. + 0.5 mg/L NAA are near to results obtained at
2 mg/L BAP + 2.0 mg/L kin + 0.5 mg/L NAA. Statistical

analysis of Table-2 further gives an account that uniform shoot
multiplication response was obtained by using the combi-
nations of BAP + Kin., BAP + NAA, Kin + NAA and BAP +
Kin + NAA. However, Kunchanapoom et al.," reported best
results at 3 mg/L BAP + 1.0 mg/L Kinetin while best results
in present investigation were obtained at low concentration of
hormones.

In conclusion for in vitro shoot multiplication, MS
medium supplemented with 3 mg/L of kinetin proved best
for in vitro shoot multiplication because at this concentration
maximum i.e. 4.8 shoots per culture vial were obtained within
8.2 days of inoculation with an average shoot length of 3.4
cm.

In vitro rooting: Well developed in vitro shoots when
attained considerable size i.e. 4-5 cm were shifted on MS
medium provided by different concentration and combination
of different auxins i.e. NAA and IBA either alone or in combi-
nation with each other. Data presented in Table-3 shows that
when half and full strength MS medium was supplemented
with varying concentrations of NAA, optimum in vitro rooting
response was obtained at 1.5 mg/L. of NAA. At this concen-
tration an average of 5.2 roots/plant were formed after 11.8
days of inoculation with an average root length of 1.76 cm.
Khan et al.,” reported best results at 2 mg/L of IBA i.e. 5.84
roots with an average root length of 0.5 cm. Although in present
study also when IBA was used in half and full strength MS
medium good rooting response was obtained but NAA perfor-
med better than IBA (Table-3). Half and full strength MS
medium was also supplemented with different combinations
of NAA and IBA but it also failed to show good results than
NAA alone.
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TABLE-4
HARDENING OF WELL DEVELOPED in vitro PLANTS

S. No. Media No of plants shifted Days of hardening No of plants hardened % age of hardened plants
1 Sand 10 22.5+0.92° 5.9 +0.55 59
2 Silt 10 249 +1.17° 3.1 £0.63¢ 31
3 Peat 10 18.2 + 0.53¢ 10.0 = 0.77° 100
4 Sand + Peat 10 18.9 + 0.62° 9.9 +0.83* 99
5 Sand + Peat +Silt 10 212 +1.26 8.2 +£0.64" 82
LSD 0.05 - - 2.05 1.86 -

Means followed by different letters in the same column differ significantly at p = 0.05 according to Duncan’s new multiple range tests

TABLE-5
EFFECT OF DIFFERENT CONCENTRATION OF 2, 4-D AND NAA WITH BAP ON in vitro CALLUS INDUCTION

Sradtan No. of test No. of test 'tube showing Days for f:allus Rate of callus
Media tube callus induction induction induction (%)
(mg/L) inoculated TS. M T.S. M TS. M

Basal 5 0+0° 0+0¢ 0+0" 0+0" 0 0
1.0 5 1.8+0.74° 1£0.63° 14.6 £ 0.48° 16 +0.89¢ 36 20

MS + 2.4-D 2.0 5 3+0.89° 3.8 +0.74% 12.8 +0.74® 15.4 +1.35° 60 68
? 3.0 5 3.2+0.74* 3 +0.63" 12.6 =1.01° 13.2 £ 0.74° 64 60
4.0 5 2.8 +0.74® 2.6 +0.48% 13.8 + 0.74* 14.6 +0.48° 56 52
1.0 +0.25 5 2+0.89° 1.8 £ 0.74b° 13.8 +0.74® 14.6 + 0.48" 40 36
2.0 +0.25 5 4 + 048" 3.4 + (.89 9.8 £1.72* 11.8 + 0.74™ 80 68
MS+NAA+BAP 6405 5 26+048°  3:+0.63 146+ 1.6 138+ 132° 52 60
2.0+0.5 5 1.8 +0.74° 1.0 £ 0.63° 15+ 1.41¢ 16 + 1.41°¢ 36 10

LSD 0.05 — 0.99 0.95 1.55 1.35 — —

Means followed by different letters in the same column differ significantly at p = 0.05 according to Duncan’s new multiple range tests. T.S. = Twin

scales; M = Meristem

In conclusion full strength MS medium containing 1.5
mg/L. of NAA was proved to be best for in vitro rooting
because at this concentration maximum roots (5.2) were
formed after 11 days of inoculation with an average root length
of 1.76 cm.

In vitro harding: In vitro generated plants were shifted
to pots containing different combinations of silt, sand and peat
either alone or in combination with each other. Plants showed
different responses towards different soil types. In case of sand,
59 % hardening response was obtained in 22.5 days after
shifting. In case of silt 31 % hardening response in 24.9 days
after rooting was obtained. In case of soil mixture i.e., pots
containing soil mixture of sand + peat + silt (1:1:1), 82 %
hardening response was obtained. The best results were
obtained in case of peat i.e., 100 % hardening response was
obtained after 18.2 days while 99 % hardening response was
obtained after 18.9 days in case of sand + peat (1:1) (Table-4).
Ali et al.,” reported best hardening response of Mentha
arvensis in a mixture of sand + soil + peat at 1:1:1 but in our
study this mixture produced only 79.2 % hardening response.
This difference may be due to the difference in the humidity
requirement of the plants.

Callogenesis: In tissue culture studies the formation of
callus is a prerequisite for organogenesis. The callus formation
is followed by dramatic changes in the appearance and
metabolism of cells®'. The experimental result regarding callus
induction and growth showed that the callus formation varies
with type of explants and also the media composition. This is
due to the fact that plant genes are not only involved in plant
growth and development they also govern the inheritance of
callus growth®. Among all the treatments used in present study,
highest callus induction response was obtained at 3 mg/L of

2,4-D. Naik et al.,” used 2 mg/L of 2,4-D in bulbous plant
Ornithogalum virens to obtain callus induction up to 75 % in
greater span of time i.e. 2-3 weeks. When BAP was used in
combination with NAA, a wide variation occurred in days to
callus initiation and percentage of callus formation from
different explants. According to Tillman et al.,** specific
binding sites for both auxin and cytokinin reside within the
cells. Andre and Shererr® reported that this binding of auxin
and cytokinin with cells triggers the expression of enzyme
which results in cell division. The best response in combination
of BAP and NAA was shown by twin scale explants in medium
containing 2.0 mg/L of NAA and 0.25 mg/L of BAP with 80 %
response after 5 week of inoculation (Table-5).

Morphogenic callus of Lilium was cultured on MS
medium with or without growth regulators either alone or in
combination with each other. The data presented in Table-6
shows that when callus was cultured on MS basal medium
only 24 % shoot formation response was obtained. The callus
subjected to hormone free medium may contain a population
of cells which were the part of original meristematic tissues.
Meristematic cells of callus retain relatively higher totipotency
and swiftly induce the organ formation even on the basal
medium?®. Part of nodular and smooth callus, which did not
differentiate in hormone free medium, when shifted in to the
medium supplemented cytokinins, underwent organogenesis.
When MS medium was supplemented with different growth
regulators, shoot formation response was enhanced and best
results were obtained on M3 medium i.e. MS medium cont-
aining 1.5 mg/L BAP. At this concentration 84 % shoot regene-
ration response was obtained (Table-6). Our findings are also
in accordance with the results of Mori et al.,”” who reported
80 % regeneration frequency in 20 genotypes on MS medium
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TABLE-6
ORGANOGENESIS FROM MORPHOGENIC CALLUS IN Lillium

. Concentration Number of Age of cultures Number of test tubes showing Rate of regeneration
(Gt mE Q) (mg/L) cultures examined (week) shoot induction (% age)
M, MS Basal 5 11 1.2 +0.4% 24
M, 1.0 5 11 2.0 + 0.63% 40
M, 1.5 5 11 42 +0.75 84
M, BAP 20 5 1 3.0+0.63" 60
M, 2.5 5 11 2.2 +0.75%" 44
M, 1.0 5 11 1.2 +0.4* 24
M, Kineti 1.5 5 11 1.4 +0.49" 28
M netn 2.0 5 11 2.4 +0.4%% 48
M, 2.5 5 11 1.2 +0.40° 24
M,, 0.25 +0.25 5 11 1.6 + 0.49°® 32
M;, . 0.5 +0.25 5 11 1.8 £0.76%® 36
M, DAP+Kinetin 5 450 5 1 3.4.+0.49" 68
M, 2.0 +0.50 5 11 2.6 +0.49™¢ 52
M, 1 5 11 1.2 +0.4* 24
M;; 24D 2 5 11 2.6 +0.80™¢ 52
M, ? 3 5 11 1.4 +0.49" 28
M, 4 5 11 1.4 +0.49" 28
LSD (0.05) 0.803

Means followed by different letters in the same column differ significantly at P = 0.05 according to Duncan’s new multiple range tests

supplemented with 22 uM 6-benzyladenine (BA). Peros et al.,”
also reported an increase in morphogenic response of callus
after cytokinin treatment. Cytokinin plays a role in organo-
genesis by stimulating cell division both in vivo and in vitro.
Immunocytochemistry and direct measurement of cytokinin
both reveal high cytokinin levels in mitotically active areas,
such as the root and shoot meristems and very low levels are
found in tissues where the cell cycle is arrested”*. Applica-
tion of exogenous cytokinin to some organs that normally lack
this hormone has been shown to induce cell division®. The
ability of cytokinins to initiate shoots from callus in tissue
culture and the initiation of ectopic meristems in cytokinin
overproducing plants suggest a role for cytokinins in SAM
(Shoot apical meristem) development.

As for as combination of BAP with Kinetin in present
investigation is concerned no good results for regeneration
were obtained (Table-6). The best combination observed was
1.0 mg/L BAP and 0.50 mg/L Kinetin where only 68 % rege-
neration response was obtained. The difference in results may
be due to the variation in salts concentration and cultural
conditions.
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