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Abstract

A simple, reproducible and efficient micropropagation protocol was developed for three different varieties
of greater yam (Dioscorea alata L.) viz., Sree Roopa, Sree Keerthi and Sree Shilpa using nodal
segments for axillary shoot proliferation at Central Tuber Crops Research Institute, Thiruvananthapuram,
India. The effect of different explants, surface sterilants and different combinations and concentrations
of Benzyl Adenine (BA) and Napthalene Acetic Acid (NAA) on different parameters viz., number of
shoots, shoot length, number of roots, root length, number of leaves and number of nodal meristems
were evaluated. The use of nodes from young, vigorously growing vines of sprouted tubers as well as
4 - 8 nodes from the tip of field grown plants proved to be the best explant source which gave a quick
response. Minimal risk of contamination was observed with 0.08% mercuric chloride (HgCl,), which
was found to be an effective surface sterilant. For in vitro regeneration, MS media with 0.5 mg It NAA
and 0.75 mg It BA with 0.1% activated charcoal was found to be the best. A high percentage of
shoots were seen rooted in the same medium containing 0.1% activated charcoal (92%). Regenerated
plants were successfully hardened and transplanted. About 90% of plantlets survived under net house

conditions.
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Introduction

Greater yam or water yam (Dioscorea alata L.) of the
family Dioscoreaceae is a tuber crop widely grown in
the tropical and subtropical regions of the world. It has
high production potential and plays an important role
in food security. India holds a rich genetic diversity of
tropical root and tuber crops, especially the yam,
Dioscorea species (Edison et al., 2006). Production and
distribution of healthy planting material of yams is one
of the mandates of Central Tuber Crops Research
Institute (CTCRI), Kerala, India. Some of the released
varieties of D. alatawhich are mainly cultivated for edible
purpose include Sree Roopa, Sree Karthika, Orissa Elite,
Sree Keerthi and Sree Shilpa. The tubers of D. alata
varieties produced at CTCRI are being distributed on a

large scale to farmers and State Horticultural
Departments throughout the country. But the tubers
carry the risks of build-up of soil-borne diseases (fungi
and nematodes) and transfer of yam diseases among
plants within the propagation beds. Moreover,
continuous vegetative propagation normally accumulates
pathogens that cause degeneration of varieties and
eventually loss of yield and degradation of quality. Hence,
there is a need for development of practical in vitro
approaches for cleaning the vegetative propagules to
prevent disease spread.

High frequency regeneration of plants from in vitro
culture is a pre-requisite for successful application of
tissue culture technique for crop improvement. It has
been noted in several reports of nodal cultures of yams
that the shoot multiplication rates varied greatly among



different species and varieties 7e., 3 nodes after 5 weeks in D. alata
(Borges et al., 2004); 10.5 shoots per explant after 6 weeks from
nodal segments of D. oppositifolia (Behera etal., 2009) and 7.5 shoots
after 6 weeks from nodal segments of D. oppositifolia and D.
pentaphylla (Poornima and Ravishankar, 2007).

In yams, plants from tissue cultures have been regenerated on an
array of basal medium such as Murashige and Skoog (Lauzer et
al.,1992; Alizadeh et al.,1998; Chen et al., 2003; Poornima and
Ravishankar, 2007), Modified D-571 medium (Borges et al., 2004),
Knop’s modified medium (Malaurie et al., 1993). In the preliminary
studies throughout our experiments, MS basal medium (Murashige
and Skoog, 1962) was found to be more responsive.

Three released varieties of D. alata viz., Sree Roopa, Sree Keerthi
and Sree Shilpa were selected for the study considering the preference
of these varieties by farmers due to its wide adaptation and resistance
to scale insects on storage. The present study attempts to establish a
rapid propagation system for the year round production of planting
material in greater yam.

Materials and Methods

The study was carried out at Central Tuber Crops Research Institute,
Thiruvananthapuram, Kerala, India, with the main objective to
evaluate the effect of different explants, surface sterilants and the
effect of Benzyl Adenine (BA) and Naphthalene Acetic Acid (NAA)
at different concentrations and combinations on shoot regeneration
and elongation, root induction and elongation, number of emerging
leaves and number of nodal meristems using nodal segments of

D. alata var., Sree Roopa, Sree Keerthi and Sree Shilpa.

Different explants viz., nodes (1-3 and 4-8 from tip) and apical bud
from young and fast growing vines of field grown plants (six months
old) and nodes excised from vines of sprouted tubers (less than one
week old) were selected for studying their response in cultures (Fig.1).

Fig. 1. Different explants used for the in vitro regeneration of D. alata.
(a) Nodal segment from field grown plants (b) Apical bud from
field grown plant (c) Node from sprouted tubers

In order to standardize suitable surface sterilization protocol, the
explants were treated with surface sterilants like sodium hypochlorite
NaOCl (3.5%) for 10, 15 and 20 minutes and mercuric chloride
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(HgCl,) (0.08%) for 1, 2 and 3 minutes.

The nodal explants were placed on basal MS
medium supplemented with 3% sucrose
(w/v), 0.7% agar (w/v) and different
concentrations and combinations of plant
growth regulators (PGRs). Activated
charcoal (0.1%, w/v) was uniformly added
to all the media combinations to control
phenolic oxidation and blackening of the
explant. For both shoot and root induction,
36 combinations of NAA and BA in different
concentrations (0.5 — 1.75 mg 1 ') along
with a control (no PGRs), designated as D1-
D37 was used in the present study.

The pH of the medium was adjusted to 5.8
using 0.1 N NaOH before autoclaving. The
cultures were maintained at 25 = 2°C for
8 h photoperiod, which was provided by
cool-white fluorescent tubes (50 wmol m™
s"). The response of different types of nodes
was observed based on the number of days
taken for initial shoot induction and the best
responding explants were used as explant
source for further studies.

Seven replicates were used for each
treatment. All the experiments were
repeated twice by employing a Completely
Randomized Design. The data collected on
the number and length of shoots, number
of leaves, number of nodal meristems,
number and length of roots were evaluated
after 15 weeks by ANOVA. The variations
among means were statistically analyzed
using GENSTAT at the P < 0.05 level of
significance.

Tiwvo methods were attempted for reducing
the time of acclimatization process. 1) The
plantlets were taken out and washed in
running tap water to remove traces of agar
and was treated with bavistin (0.19, w/v)
for 3-5 min and washed thoroughly in sterile
distilled water. Then they were transferred
to small plastic cups containing sand and
soil in 1:1 ratio for about two weeks, then
to big pots for two weeks and finally to big
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cement troughs in the net house. The plastic cups were covered
with polythene bags having holes for maintaining humidity.
2) The cultures after bavistin treatment were also directly planted
out in big cement troughs and the survival percentage of both

the methods of acclimatization was evaluated.

Results and Discussion

It was found that nodes taken from vines of sprouted tubers as
well as 4 - 8 nodes from the tip of field grown plants gave a
quick response within 3-4 days and 4-6 days respectively, when
compared to other explants. For apical bud, there was a lag in
the initiation of shoot induction, which took 4-5 weeks. It was
noticed that nodes of size 0.5-0.8 cm with slightly initiating
axillary buds gave better response when compared to others,
which represents that age as well as the nature of the explants is
crucial in the selection of explants. For surface sterilization,
0.08% of HgCl, for two minutes was found to be effective, since
the percentage of survival of explants was found to be higher in
HgCl treatment (80%) compared to NaOCI treatments (20%)
(Tab]é 1). Diverse explants have been used proficiently to produce

Table 1. Effect of surface sterilants on survival of node explants of

Dioscorea alata (Sree Roopa)

*Survival

Surface sterilants Period of of explants (%)

treatment Soft Hard

(min) tissue tissue
Mercuric chloride 1 80 20
(0.08%) 2 85 80

3 85 80
Sodium hypochlorite 10 10 15
(3.5%) 15 20 20

20 20 30

*Average of ten plants

regenerable cultures of yam through in vitro morphogenesis or
axillary bud from nodal vine cuttings (Borges et al., 2004;
Poornima and Ravishankar, 2007; Behera et al., 2009), meristem
(Mitchell et al., 1995; Adeniyi et al., 2008) and stem (Chen et
al., 2003).

Effect of BA and NAA on shoot organogenesis

The MS media with growth regulators supplemented at different
concentrations produced better results in terms of initial explant
response, average shoot number, shoot length, number of nodal

meristems, number of leaves, number of roots, length of root

and percentage of survival when compared to
control. Within 4 - 6 days, the nodal bud was
fully visible and further young shoots with
unopened leaves started emerging within 7 - 9
days. The overall percentage of shoot initiation
at two weeks after culturing was found to be
62.16%. In most of the treatments, the cultures
produced more number of shoots from the nodal
portion than from the base of the tissue which is
in contact with the medium.

In this study, we tested 36 different combinations
of BA and NAA, to evaluate the best treatment
for in vitro regeneration of three different
varieties of D. alata. For Sree Roopa, out of the
36 combinations tested, D20 (1.25 mg I NAA
+ 0.5 mgl"' BA) elicited optimal response at 15
weeks of culturing with an average of 9.8
shootlets per explant. The second best shoot
multiplication was obtained in D3 (0.5 mg I'!
NAA + 0.75 mg I'' BA) with 0.1% activated
charcoal giving an average of 8.4 shootlets, which
was on par with the treatment, D20. Since the
concentration of hormones was lower in D3
when compared to D20, the former can be taken
as the best treatment for maximum shoot
regeneration. The treatment, D3 (0.5 mg "' NAA
+ 0.75 mg I'' BA) elicited an average growth of
6.8 cm per explants for Sree Roopa (Table 2).
The growth response of axillary bud at two weeks
after culture for Sree Roopa was 43.24%.
Significant difference was observed between the
treatments at 15 weeks of culture (P < 0.05).
The number of leaves per explant was also
recorded and the treatment, D3 (0.5 mg "' NAA
+ 0.75 mg "' BA) was found to be the best with
an average of 8.4 leaves per explant (Table 2).
Significant difference was observed in
subsequent development of leaves during
different duration of culturing and the
percentage of emerging leaves differed
significantly within and between treatments.
Shoot multiplication was significantly improved
by subculturing in the same media. Callus
formation was not observed in any of the
treatments.

On the treatment, D3 (0.5 mg I'NAA + 0.75



mg I"' BA) Sree Keerthi elicited an average of 12 shootlets with an average
length of 9.7 cm and Sree Shilpa elicited an average of 11.7 shootlets per
culture with an average length of 10.14 cm (Table 2).The result shows that
there was no significant difference between these two varieties in the number
and length of shoots. Shoot regeneration was significantly different between
and within duration in best treatments at 15 weeks of culture (P < 0.05).

Effect of BA and NAA on root organogenesis

The treatment D3 (0.5 mg "' NAA + 0.75 mg 1" BA) resulted in the fastest
root initiation within 5-7 days for Sree Roopa, with an average mean of 2.7
roots per explants at 15 weeks of culture and was on par with the other
treatments, viz, D2 and D13 (Table 3).

The same treatment D3 gave the fastest root initiation within 4-6 days for
Sree Keerthi and Sree Shilpa, with an average mean of 4.4 roots and 7.4
roots per explant respectively at 15 weeks of culture and elicited a root
length of 7.1 cm and 7.8 cm respectively (Table 2). A high percentage of
shoots rooted in the same medium for all the three varieties studied (92%).
Strong and long roots help the plant to survive for longer periods and also
help in greater absorption of nutrients from the medium and thus increase

the percentage of survival during the acclimatization period.

Acclimatization

The survival rates of the regenerated plants were found to be high in the first
method as compared to the second. The rooted plantlets were transferred
to small plastic cups which was punched and filled with sand: soil (1:1). The
cups were covered with polythene bags with holes for maintaining proper
humidity for less than two weeks. Later, after removing the cover, they were
maintained in mud pots for another two weeks in the net house and about
90% of the regenerated plantlets survived and grew vigorously within three
weeks. For increasing the percentage of survival of these regenerated plants,
they can be maintained in mud pots for another one month and later
transferred to net house or directly to the field. The second method of direct
planting of the tissue culture plants did not bring any significant improvement
in the hardening process and the survival rate was found to be less when
compared to the first method. The result of the first method showed high
rate of survival (90%) of the regenerated plantlets which grew vigorously
within three weeks after they were transplanted to net house for large scale

multiplication of yam plantlets (Fig. 2).

It can be concluded that MS medium with 0.5 mg I'' NAA and 0.75 mg I"!
BA and 0.1% activated charcoal was found to be the best for outgrowth of
axillary bud, shoot elongation, multiplication and rooting in three varieties
viz., Sree Roopa, Sree Keerthi and Sree Shilpa of D. alata, which may be

used for further large scale multiplication of these elite varieties.
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Table 2. Effect of best hormone combination on regeneration and growth of nodal culture of D. alata varieties after 15 weeks of culturing

Treatment

NAA:BA (mg I'")

Varieties

Root length (cm) No. of nodal buds

No. of roots
44+ 0.5

7.4

Shoot length (cm)  No. of leaves

No. of shoots

1£ 0.5

2.

7.1 £ 1.1
7.8 209

124 =09
120x 14
8.40 = 0.6
450 = 0.8

9.7 £ 1.0
10.1 = 0.8

2.1 = 1.2
11.7 = 1.3
8.40 = 0.6
04.5 = 0.8

0.50: 0.75
0.50: 0.75

Sree Keerthi
Sree Shilpa

1.8 = 0.4
0.2 £0.1
04 £0.2

* 0.7

10.8 = 0.5

5.2

2.7 £ 0.5

6.8 = 0.6

6.8

0.50: 0.75
0.00 : 0.00

Sree Roopa
Control

* 1.0

1.7 £ 0.4

* 0.8

*Data represents mean of seven replicates per treatment scored at 15 weeks; LSD of number of shoots (T) = 0.734; LSD of shoot length (T) = 0.737; LSD of number of roots (T) = 0.

480; LSD of root length (T) = 1. 215; LSD of number of leaves (T) = 0.741; LSD of number of nodal buds (T) = 0.289
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Table 3. Effect of NAA and BA on root induction and elongation, number of leaves and number of nodal buds of

Dioscorea alata (var. Sree Roopa) in the initial study

Treatments Average number Average root  Days to initiate No. of leaves No. of
NAA:BA of roots /explant® length® rooting nodal buds
(mg I'") (%= SE) (cm =* SE)

D1 (0.00 : 0.00) 1.7+ 04 52 1.0 12-14 4.5+ 0.8 0.4 %x0.2
D2 (0.50: 0.50) 24 *£0.2 6.2 = 0.7 6-8 6.7 =0.7 0.4 =*=0.2
D3 (0.50 : 0.75) 277+ 0.5 10.8 = 0.5 5-7 84 £ 0.6 0.2 = 0.1
D4 (0.50:1.00) 1.5 0.2 79 £ 1.0 6-8 58 £0.5 0.4 =*=0.2
D5 (0.50: 1.25) 1.0 £0.2 6.1 £ 1.5 6-8 3.8 0.7 04 =%x0.2
D6 (0.50:1.50) 2.1 204 82X 1.3 6-8 5104 0.4 = 0.1
D13 (0.75:1.75) 22 *x0.2 87 £ 1.2 8-10 7.5 0.6 0.2 £0.1

“Data represents mean of seven replications per treatment scored after 10 weeks of culture, LSD of number of

roots (T) = 0. 480; LSD of root length (T) = 1.215

Fig. 2. Different stages of hardening of in vitro regenerated
D. alata (a) Regenerated plantlets in plastic cups
covered with polythene bags (b) Plantlets in big pots
(c) Well developed plants (d) Plants in cement trough

Acknowledgement

The authors are thankful to the Department of
Biotechnology, New Delhi for funding and the Director,

Central  Tuber Crops Research

Institute,

Thiruvananthapuram for providing facilities to carry out
the research work. We also thank Dr G. Byju, Senior

Scientist, Division of Crop Production, Central Tuber
Crops Research Institute, for his valuable suggestions

in preparing the manuscript.

References

Adeniyi, O.]., Adetimirin, V.O., Ingelbrecht, I. and Asiedu, R.
2008. Shoot and plantlet regeneration from meristems of
Dioscorea rotundata Poir. and Dioscorea alata L. African J.

Biotech., 7(8): 1003-1008.

Alizadeh, S., Mantell, S.H. and Viana, A.M. 1998. In vitro shoot
culture and microtuber induction in the steroid yam
Dioscorea composita Hemsl. Plant Cell, Tissue and Organ
Culture, 53: 107-112.

Behera, K.K., Sahoo, S. and Prushi, A. 2009. Regeneration of
plantlet of water yam (Dioscorea oppositifolia L.) through in
vitro culture from nodal segments. Not. Bot. Hort. Agrobot.
Clyj., 37 (1): 94-102.

Borges, M., Ceiro, W,, Meneses, S., Aguilera, N., Vazquez, J.,
Infanta, Z. and Fonseca, M. 2004. Regeneration and

multiplication of Dioscorea alata germplasm maintained in
vitro. Plant Cell Tissue Organ Cult., 76: 87-90.

Chen, Y., Fan, ], Yi, E, Luo, Z. and Fu, Y. 2003. Rapid clonal
propagation of Dioscorea zingiberensis Wright. Plant Cell
Tissue Organ Cult., 73: 75-80.

Edison, S., Unnikrishnan, M., Vimala, B., Santha Pillai, V., Sheela,
M. N., Sreckumari, M.T. and Abraham, K. 2006. Biodiversity
of Tropical Taber Crops in India. NBA Scientific Bulletin
Number 7. National Biodiversity Authority, Chennai,
TamilNadu, India. p.60.

Lauzer, D., Laubiln, G., Vincent, G. and Cappadocia, M. 1992.
In vitro propagation and cytology of wild yams, Dioscorea
abyssinica Hoch. and  Dioscorea mangenotiana Miege. Plant



Cell Tissue Organ Cult., 28: 215-223.

Malaurie, B., Pungu, O., Dumont, R. and Trouslot, M.E. 1993. The
creation of an in vitro germplasm collection of yam (Dioscorea
spp.) for genetic resources preservation. Euphytica, 65: 113-
122.

Mitchell, S.A., Asemota, H.A. and Ahmad, M.H. 1995. Effects of
explant source, culture medium: Strength and growth regulators
on the in-vitro propagation of three Jamaican yams: (Dioscorea

In vitro growth response of greater yam 59

cayenensis, D. trifida and D. rotundata). J. Sci. Food Agric., 67
(2): 173-180.

Murashige, T. and Skoog, F. 1962. A revised medium for rapid
growth and bioassays with tobacco tissue culture. Physiol. PL,
15: 473-497.

Poornima, G.N. and Ravishankar, R.V. 2007. /n vitro propagation
of wild yams, Dioscorea oppositifolia (L.) and Dioscorea

pentaphylla (L.). African J. Biotech., 6 (20) : 2348-2352.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGOldFace-Outline
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BakerSignet
    /BellGothic-Black
    /BellGothic-Bold
    /BellGothic-Light
    /BermudaLP-Squiggle
    /Birch
    /Chaparral-Display
    /ConduitOSITC-BlackItalic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Cutout
    /DV-Aakash-Bold
    /DV-Aakash-BoldItalic
    /DV-AakashExBold
    /DV-AakashExBoldItalic
    /DV-Dhruv-Bold
    /DV-Dhruv-BoldItalic
    /DV-Dhruv-Italic
    /DV-Dhruv-Normal
    /DV-Natraj-Bold
    /DV-Natraj-BoldItalic
    /DV-NatrajExBold
    /DV-NatrajExBoldItalic
    /DV-Natraj-Italic
    /DV-NatrajMedium
    /DV-NatrajMediumItalic
    /DV-Natraj-Normal
    /DV-SurekhEN-Bold
    /DV-SurekhEN-BoldItalic
    /DV-SurekhEN-Italic
    /DV-SurekhEN-Normal
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Ganga-CH-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Giddyup
    /Goudy
    /GreymantleMVB
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /HelveticaInserat-Roman
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Oblique
    /ISFOC-Border-10
    /ISFOC-Border-11
    /ISFOC-Border-9
    /ISFOC-BR1
    /ISFOC-BR2
    /ISFOC-BR3
    /ISFOC-BR4
    /ISFOC-BR5
    /ISFOC-BR6
    /ISFOC-BR7
    /ISFOC-BR8
    /Khaki-Two
    /ML1-Ambili-Bold
    /ML1-Ambili-BoldItalic
    /ML1-Ambili-Italic
    /ML1-Ambili-Normal
    /ML1-Aswathi-Bold
    /ML1-Aswathi-BoldItalic
    /ML1-Aswathi-Italic
    /ML1-Aswathi-Normal
    /ML1-Indulekha-Bold
    /ML1-Indulekha-BoldItalic
    /ML1-Indulekha-Italic
    /ML1-Indulekha-Normal
    /ML1-Karthika-Bold
    /ML1-Karthika-BoldItalic
    /ML1-Karthika-Italic
    /ML1-Karthika-Normal
    /ML1-Revathi-Bold
    /ML1-Revathi-BoldItalic
    /ML1-Revathi-Italic
    /ML1-Revathi-Normal
    /ML-Aathira-Bold
    /ML-Aathira-BoldItalic
    /ML-Aathira-Italic
    /ML-Aathira-Normal
    /ML-Ambili-Bold
    /ML-Ambili-BoldItalic
    /ML-Ambili-Italic
    /ML-Ambili-Normal
    /ML-Anakha-Bold
    /ML-Anakha-BoldItalic
    /ML-Anjali-Bold
    /ML-Anjali-BoldItalic
    /ML-Aparna-Bold
    /ML-Aparna-BoldItalic
    /ML-Ashtamudi-Bold
    /ML-Ashtamudi-BoldItalic
    /ML-AshtamudiExBold-Italic
    /ML-AshtamudiExBold-Normal
    /ML-Ashtamudi-Italic
    /ML-Ashtamudi-Normal
    /ML-Aswathi-Bold
    /ML-Aswathi-BoldItalic
    /ML-Aswathi-Italic
    /ML-Aswathi-Normal
    /ML-Atchu-Bold
    /ML-Atchu-BoldItalic
    /ML-Atchu-Italic
    /ML-Atchu-Normal
    /ML-AyilyamBold-Italic
    /ML-AyilyamBold-Normal
    /ML-BeckalBold-Italic
    /ML-BeckalBold-Normal
    /ML-Bhavana-Bold
    /ML-Bhavana-BoldItalic
    /ML-Bhavana-Italic
    /ML-Bhavana-Normal
    /ML-Chandrika-Bold
    /ML-Chandrika-BoldItalic
    /ML-Chandrika-Italic
    /ML-Chandrika-Normal
    /ML-Chithira-Bold
    /ML-ChithiraHeavy-Bold
    /ML-ChithiraHeavy-BoldItalic
    /ML-Chithira-Normal
    /ML-Devika-Bold
    /ML-Devika-BoldItalic
    /ML-Gauri-Bold
    /ML-Gauri-BoldItalic
    /ML-GauriHeavy-Italic
    /ML-GauriHeavy-Normal
    /ML-Geethika-Bold
    /ML-Geethika-BoldItalic
    /ML-Gopika-Bold
    /ML-Gopika-BoldItalic
    /ML-Gopika-Italic
    /ML-Gopika-Normal
    /ML-Guruvayur-Bold
    /ML-Guruvayur-BoldItalic
    /ML-Indulekha-Bold
    /ML-Indulekha-BoldItalic
    /ML-IndulekhaHeavy-Bold
    /ML-IndulekhaHeavy-BoldItalic
    /ML-Indulekha-Italic
    /ML-Indulekha-Normal
    /ML-Jaya-Bold
    /ML-Jaya-BoldItalic
    /ML-Jaya-Italic
    /ML-Jaya-Normal
    /ML-Jyothy-Bold
    /ML-Jyothy-BoldItalic
    /ML-Jyothy-Italic
    /ML-Jyothy-Normal
    /ML-Jyotsna-Bold
    /ML-Jyotsna-BoldItalic
    /ML-Kala-Bold
    /ML-Kala-BoldItalic
    /ML-Kamini-Normal
    /ML-Kanika-Bold
    /ML-Kanika-BoldItalic
    /ML-Kanika-Italic
    /ML-Kanika-Normal
    /ML-Karthika-Bold
    /ML-Karthika-BoldItalic
    /ML-Karthika-Italic
    /ML-Karthika-Normal
    /ML-Kaumudi-Bold
    /ML-Kaumudi-BoldItalic
    /ML-Kaumudi-Italic
    /ML-Kaumudi-Normal
    /ML-Keerthi-Bold
    /ML-Keerthi-BoldItalic
    /ML-Leela-Bold
    /ML-Leela-BoldItalic
    /ML-LeelaHeavy-Italic
    /ML-LeelaHeavy-Normal
    /ML-Leela-Italic
    /ML-Leela-Normal
    /ML-MadhaviExBold-Italic
    /ML-MadhaviExBold-Normal
    /ML-Madhu-Bold
    /ML-Madhu-BoldItalic
    /ML-Madhu-Italic
    /ML-Madhu-Normal
    /ML-Malavika-Bold
    /ML-Malavika-BoldItalic
    /ML-Malavika-Italic
    /ML-Malavika-Normal
    /ML-MangalaExBold-Italic
    /ML-MangalaExBold-Normal
    /ML-Mayoori-Bold
    /ML-Mayoori-BoldItalic
    /ML-Mohini-Bold
    /ML-Mohini-BoldItalic
    /ML-Mohini-Italic
    /ML-Mohini-Normal
    /ML-Nalini-Bold
    /ML-Nalini-BoldItalic
    /ML-Nalini-Italic
    /ML-Nalini-Normal
    /ML-Nandini-Bold
    /ML-Nandini-BoldItalic
    /ML-Nandini-Italic
    /ML-Nandini-Normal
    /ML-Nanditha-Bold
    /ML-Nanditha-Italic
    /ML-Nanditha-Normal
    /ML-NarmadaExBold-Italic
    /ML-NarmadaExBold-Normal
    /ML-Nila-Bold
    /ML-Nila-BoldItalic
    /ML-Onam-Bold
    /ML-Onam-BoldItalic
    /ML-Periyar-Bold
    /ML-Periyar-BoldItalic
    /ML-Periyar-Italic
    /ML-Periyar-Normal
    /ML-Pooram-Bold
    /ML-Pooram-BoldItalic
    /ML-Pooram-Italic
    /ML-Pooram-Normal
    /ML-Poornima-Bold
    /ML-Poornima-Normal
    /ML-Rachana-Bold
    /ML-Rachana-BoldItalic
    /ML-Rachana-Normal
    /ML-Ravivarma-Bold
    /ML-Ravivarma-BoldItalic
    /ML-Ravivarma-Italic
    /ML-Ravivarma-Normal
    /ML-Revathi-Bold
    /ML-Revathi-BoldItalic
    /ML-Revathi-Italic
    /ML-Revathi-Normal
    /ML-Rohini-Bold
    /ML-Rohini-BoldItalic
    /ML-Sabari-Bold
    /ML-Sabari-BoldItalic
    /ML-Sankara-Bold
    /ML-Sankara-BoldItalic
    /ML-Sarada-Bold
    /ML-Sarada-Normal
    /ML-Sruthy-Bold
    /ML-Sruthy-BoldItalic
    /ML-Sruthy-Italic
    /ML-Sruthy-Normal
    /ML-Sugatha-Bold
    /ML-Sugatha-BoldItalic
    /ML-Suparna-Bold
    /ML-Suparna-BoldItalic
    /ML-Surya-Bold
    /ML-Surya-Normal
    /ML-SwathyBold-Italic
    /ML-SwathyBold-Normal
    /ML-Thakazhi-Bold
    /ML-Theyyam-Bold
    /ML-Theyyam-BoldItalic
    /ML-Theyyam-Italic
    /ML-Theyyam-Normal
    /ML-Thiruvathira-Bold
    /ML-Thiruvathira-BoldItalic
    /ML-Thiruvathira-Italic
    /ML-Thiruvathira-Normal
    /ML-Thunchan-Bold
    /ML-Thunchan-BoldItalic
    /ML-Thunchan-Italic
    /ML-Thunchan-Normal
    /ML-Vaisali-Bold
    /ML-Vaisali-BoldItalic
    /ML-Varsha-Bold
    /ML-Varsha-BoldItalic
    /ML-Varsha-Italic
    /ML-Varsha-Normal
    /ML-VeenaHeavy-Italic
    /ML-VeenaHeavy-Normal
    /ML-Vinay-Bold
    /ML-Vinay-Normal
    /ML-Visakham-Bold
    /ML-Visakham-BoldItalic
    /ML-Visakham-Italic
    /ML-Visakham-Normal
    /ML-Vishu-Bold
    /ML-Vishu-BoldItalic
    /ML-Vishu-Italic
    /ML-Vishu-Normal
    /ML-Yashasri-Bold
    /ML-Yashasri-BoldItalic
    /Mojo
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Myriad-Tilt
    /Nyx
    /OCRA-Alternate
    /Ouch
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Pompeia-Inline
    /Postino-Italic
    /Shelley-AllegroScript
    /Shuriken-Boy
    /SpumoniLP
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /SY10-Sports
    /SY11-Swastik
    /SY12-Zodiac
    /SY13-Zodiac
    /SY14-Zodiac
    /SY15-Zodiac
    /SY16-Zodiac
    /SY17-NationalHeroes
    /SY18-Vivah
    /SY19-Patterns
    /SY1-Birds
    /SY20-Zodiac
    /SY21-Zodiac
    /SY23-Zodiac
    /SY24-Zodiac
    /SY25-Election
    /SY26-Variety
    /SY27-Vehicles
    /SY28-IndianDances
    /SY29-Kitchen
    /SY2-Dance
    /SY30-Jain
    /SY31-Mudras
    /SY32-Music
    /SY3-Ganesh
    /SY4-Ganesh
    /SY5-Gods
    /SY6-Info
    /SY7-Lamps
    /SY8-Sports
    /SY9-Sports
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /TM-Avvai-Bold
    /TM-Avvai-BoldItalic
    /TM-Avvai-Italic
    /TM-Avvai-Normal
    /VAGRoundedBT-Regular
    /VAGRoundedLt-Normal
    /WoodtypeOrnaments-One
    /ZapfDingbats
  ]
  /NeverEmbed [ true
    /PenumbraSansStd-Light
    /Penumbra-SemiboldSans
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


