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Abstract

The family Araceae includes the important edible aroids like Amorphophallus peaoniifolius var.
campanulatus (elephant foot yam), Colocasia esculenta (taro), Xanthosoma sagittifolium (tannia) etc.
Most of these root crops are important source of food in many tropical countries, primarily grown for
their corms and cormels, although sometimes the leaves are also used as vegetable. The Araceae
family is highly heterogeneous, with enormous variation in morphology, chromosome structure and
number. The Central Tuber Crops Research Institute, Thiruvananthapuram, India, is maintaining about
590 taro and 183 elephant foot yam accessions, which represent genotypes collected from different
parts of India and forms the backbone of the variability existing within the country. However, there is
chance of duplicates being present in the above collection. Hence morphological characterization is
resorted to identify the duplicates. National Bureau of Plant Genetic Resources (NBPGR) descriptors
were used for both taro and elephant foot yam for this purpose. In the present paper, diversity analysis
using cluster package (R package) was done for 45 taro accessions on the basis of six tuber characters
and 26 elephant foot yam accessions on the basis of 14 above ground characters. The results
showed that five clusters were formed in taro based on six tuber characters, whereas, in elephant foot
yam, six major clusters were formed. No duplicates could be identified within the accessions screened.
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Introduction

Root and tuber crops were first domesticated thousands
of years ago, but none became significant until after the
end of the 16% century. However, today, many of the
tropical root and tuber crops like cassava, sweet potato,
yams and aroids are staple food for poor people around
the world. Among tuber crops, edible aroids form an
important group constituting mainly of taro (Colocasia
esculenta (L.) Schott), tannia (Xanthosoma sagittifolium
(L.) Schott), giant taro (Alocasia macrorrhiza (L.)
Schott), swamp taro (Cyrtosperma spp. Grift.), elephant
foot yam (Amorphophallus paeoniitolius (Dennst.)
Nicolson) etc. Most of these crops are important sources

of food in many tropical countries. They are primarily
grown for their corms and cormels, although sometimes
the leaves are also used as vegetable. Most edible aroids
belong to the family Araceae, which consists of about
110 genera with over 2500 species (Bown, 1988). The
family is highly heterogeneous with enormous variation
in morphology, chromosome structure and number. The
main centres of origin are considered to be tropical
America and tropical Asia. Besides, some aroid species
can be found only in the Mediterranean and Africa.
Another possible centre of origin for some species is
Australia and Papua New Guinea (Ivancic and Lebot,
2000).
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The common elephant foot yam, Amorphophallus
paconiifolius (Dennst.) Nicolson, is a native of India
and Sri Lanka, which originated in South-East Asia and
enjoys a wide distribution. According to Willis (1955),
around 90 species of Amorphophallus are present in the
tropics. However, according to Hay (1990), the genus
Amorphophallus includes some 100 species from Africa,
India and Malaysia to Australia. Wild form exists in Sri
Lanka, Philippines, Malaysia, Indonesia, and other South-
East Asian countries. Around 15 species are endemic to
India. In India, elephant foot yam is grown mostly
in West Bengal, Kerala, Andhra Pradesh, Maharashtra
and Orissa. It is a cross pollinated crop, which is
vegetatively propagated through corm pieces. It is a
tuberous herb with leafy aerial pseudostem and exists as
diploids with 2n = 26, 28. Elephant foot yam is an
upcoming and important cash crop due to its production
potential and popularity as a vegetable in various delicious
cuisines. In India, it has attended the status of a cash

crop and the area under its cultivation is increasing fast

(Nedunchezhiyan et al., 2006).

Taro (Colocasia esculenta (L.) Schott) is an important
root crop especially in the humid tropics and sub-tropics.
It is one of the few crops that can adapt well to different
agro-climatic conditions (Asha Devi, 2012). Taro is
grown mostly as a vegetable for its edible starchy corm
and as a leafy vegetable in India. However, it attains the
importance of a staple in many African, Oceanic and
Asian cultures. Taro is thought to have been originated
in the Indo-Malayan region probably in North-Eastern
India and Bangladesh. Wild forms occur in various parts
of South-Eastern Asia (Purseglove, 1972). However,
some studies suggest that there exists a parallel Pacific
gene pool for taro, quite distinct from the Asian one
(Lebot, 1999; Ivancic and Lebot, 2000). Taro exists
either as a diploid (2n = 28) or triploid 2n = 42),
naturally. Other ploidy levels were also observed with
dn = 22, 26, 36, 38, 44, 46, 48 (Yen and Wheeler,
1968; Ramachandran, 1978; Coates et al., 1988). Two
main botanical varieties exists in taro, eddoe (Colocasia
esculenta var. antiquorum) and dasheen (Colocasia
esculenta var. esculenta) types.

One of the important steps in any crop improvement
programme is the assessment of diversity existing within
that crop. The germplasm collection represents the wide
variability present in the crop and descriptors are available

to characterize the same. Central Tuber Crops Research
Institute (CTCRI), Thiruvananthapuram, India, has been
identified as the National Active Germplasm Site (NAGS)
for tuber crops. More than 800 accessions of edible aroids
are maintained in the CTCRI genebank, which comprises
589 taro, 183 elephant foot yam, 27 tannia, one swamp
taro and two giant taro accessions. Variability from all
over the country is passed on to CTCRI from the various
centres of the All India Co-ordinated Research Project
on Tuber Crops (AICRP-TC) for conservation and future
utilization. Due to this pooling of germplasm from
various parts of the country, there is every chance of
duplicates being present in the germplasm. Only after
characterization would we be able to assess the extent of
variability and duplicates present in the collection. This
will pave the way for the development of a core collection
comprising the maximum variability present in a crop,
which can be utilized for future breeding programmes
as well as in vitro conservation. Two main descriptors
are available for characterization, the International Plant
Genetic Resources Institute (IPGRI)/National Bureau
of Plant Genetic Resources (NBPGR) descriptors. The
present study was thus initiated with the aim to
morphologically characterize the two major edible aroids,
elephant foot yam and taro based on NBPGR descriptors
to assess the extent of diversity present and also to identify
duplicates, if any.

Materials and Methods

Variability, especially genetic variability forms the basis
of any crop improvement programme. A wide variability
of both elephant foot yam and taro are being maintained
at the Central Tuber Crops Research Institute,
Thiruvananthapuram, India. The variability maintained
here are collected from various parts of the country as
well as abroad. This wide collection renders way to the
presence of many duplicates being maintained under
different or the same name. One of the easiest ways to
identify them is through morphological characterization.
Two descriptors are mainly followed, the IPGRI (taro)
and the NBPGR (elephant foor yam and taro). In the
present study NBPGR descriptor was followed for both
the crops.

Twenty six elephant foot yam (Amorphophallus
paconiifolius var. campanulatus) accessions and 45 taro
(Colocasia esculenta) accessions (Table 1) maintained at
the Central Tuber Crops Research Institute field gene



Table 1. List of elephant foot yam and taro accessions used
for morphological characterization

Elephant foot Taro Taro

yam accessions accessions accessions
NL TCR 919 1C526654
Am-87 TCR 385 1C446910
Am-93 TCR 683 1C012593
Am-42 TCR 652A 1C419621
Am-77 TCR 835 1C420568
Am-82 TCR 696 1C416937
Am-85 u’7 1C330382
Am-97 1C265045 1C419621
Am-71 TCR 125 1C089611
Am-84 TCR 151 u 23
Am-91 TCR 860 us
Am-100 TCR 887B VRS
Am-88 BHS 27 TCR 609B
H-64 TCR 104 TCR 514
Am-59 TCR 902 1C089560
Am-24 1C122159 1C204239
Am-104 TCR 204 1C023575
S-1 TCR 118 1C420409
Am-90 1C524623 1C310104
Am-37 1C211587 TCR 474
Athira 1C420620

Am-73 1C420562

Am-1 1C039565

Am-78 1C087944

Am-21 1C435899

S-5

bank was used for the study. In the case of
Amorphophallus, 18 above ground characters were
recorded at the maximum growth period (Table 2),
whereas in the case of taro, six below ground tuber
characters viz., corm/cormel number, weight and shape

was considered for characterization.

For the analysis of morphological diversity and grouping
of the accessions into different clusters, the hclust
program of the cluster package (R platform) was used.

Results and Discussion

In Amorphophallus paconiifolius, of the 18 above ground
characters taken into consideration, four characters viz.,
pseudostem colour, presence or absence of leaf spot,
leaflet stalk and rachis nature showed no variability in
the 26 accessions screened and hence were not used for
analysis. Pseudostem was green mottled; leaf spot and
leaflet stalk were absent and rachis was winged in all 26
accessions screened (Fig. 1). All the other traits showed
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Table 2. List of traits used for morphological characterization

Above ground  Pseudostem height (cm) (recorded at

characters full foliage); number of primary,

of secondary, tertiary partitions; length

elephant and breadth of primary partition

foot yam (cm); number of leaflets per primary
partition; length and breadth of
largest leaflet (cm); leaflet nature;
leaflet margin; surface of pseudostem;
thickness of pseudostem base (mm);
pseudostem colour; leaf spot; stalk
leaflet; nature and shape of rachis

Below ground  Corm/cormel number,

characters of

weight (g) and shape

taro

Fig. 1. Psuedostem, leaf and rachis characters of elephant foot

yam. a. Green mottled pseudostem; b. Absence of leaf
spot; ¢. Winged rachis
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variability. Shirly (2012) and Shirly et al. (2011; 2013)
screened 17 wild elephant foot yam (Amorphophallus
paconiifolius) collections from South-West India and
found that variation was present in the different cultivars
used. They also studied the variation present in
morphology, cytology, isozyme profile and the molecular
level. They found that wide variability existed between
the 17 lines studied. Very few reports are available for
Amorphophallus morphological characterization,
probably because this is a crop restricted to mostly the
Indian sub continent as well as Sri Lanka. Though the
crop is an upcoming one, in India, it has achieved the
status of a cash crop and the area under its cultivation is
increasing fast (Nedunchezhian et al., 2006). It is a crop
of South-East Asian origin, growing wild in the
Philippines, Malaysia, Indonesia and South-Eastern Asian
countries. Hence, diversity will be more here and
characterization as well as assessment of the extent of
diversity present is very much essential for all future
breeding programmes.

Based on hclust, the 26 accessions were grouped under
six major clusters (Fig. 2). One accession, S-5, a selfed
material grouped separately. Cluster V had the maximum
number of accessions, eight (Table 3). This was followed
by Cluster II having six and Cluster III having five
accessions, each. Sree Athira, a hybrid variety of elephant
foot yam grouped along with Am-59, Am-73 and
Am-91.

Table 3. List of elephant foot yam accessions grouped under
different clusters

Cluster Accessions Number of
accessions

Cluster 1 Am-59, Sree Athira,

Am-91, Am-73 4
Cluster I Am-77, Am-24, Am-1,

Am-97, Am-82, Am-37 6
Cluster T Am-100, Am-21, Am-88,

Am-90, Am-78 5
Cluster IV Am-104, S-1 2
Cluster V.~ Am-87, Am-93, Am-84,

Am-42, Am-85, Am-71,

H-64, NL 8
Cluster VI S-5 1

Taro (Colocasia esculenta (L.) Schott), on the other hand
is a traditional crop with a long history of cultivation in
Asia and the Pacific. It is widely used as a tuberous
vegetable in India, whereas it is the staple food and also
very closely associated with culture in many of the South
Pacific islands. Taro is ordinarily grown in the homestead
garden and its cormels, petioles and leaves serve the
important purpose as an instant vegetable. Having
originated in the North-Eastern parts of India and
Bangladesh, variability is very high in this crop, especially
in the NEH region (Purseglove, 1972). Morphological
variability has been studied by many workers (Lakhanpaul
et al.,, 2003; Lebot et al., 2004; Quero-Garcia et al.,
2004; Trimanto et al., 2010; Singh et al., 2011). In the
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Fig. 2. Dendrogram showing the grouping of 26 elephant foot yam accessions based on 18 above ground characters
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present StUdy also morphological characters in the form  Table 4. List of taro accessions grouped under different clusters
of tuber traits were analysed for diversity. Varied corm

Cluster Accessions Number of
and cormel shapes were observed, which ranged from .
accessions
cylindrical, elongated, round, stoloniferous, etc. (Fig. 3).
Cluster 1 TCR 835, BHS-27, U-23 3

Based on these characters, 45 accessions were
characterized and grouped using hclustal. The resultant ~ Cluster II I1C265045, TCR 860,

dendrogram showed that five major clusters were formed 1C420409, TCR 125,

with Cluster II being the largest one with 25 accessions 1C435899, U-7, TCR 151,
(Fig. 4, Table 4) followed by Cluster IV with 13 TCR 696, TCR 683, TCR
accessions. Cluster V had only one accession, IC023575. 652A, TCR 204, 1C122159,

TCR 887B, 1C420562,
1C419621, TCR 514,
1C012593, TCR 118,
TCR 385, TCR 902,
TCR 919, TCR 6098,

TCR 104, U-5 25
Cluster Il 1C420568, 1C087944,
1C089560 3

Cluster IV 1C416937, 1C446910,
TCR 474, 1C089611,
1C524623, 1C204239,
IC211587, 1C310104,
1C526654, 1C330382,
1C039565, 1C420620, VRS 13

Fig. 3. Variability in tuber shapes exhibited by taro Cluster V 1C023575 1
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Fig. 4. Dendrogram showing the grouping of 45 taro accessions based on tuber characters
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From the results it is evident that based on morphological
characterization, wide variability was observed in both
the crops. This variability can be accounted by the fact
that both the crops have originated in the Indian
subcontinent. Being the Centre of origin, it is also the
Centre of diversity and this variability needs to be
conserved for all future improvement programs.

References
Asha Devi, A. 2012. Genetic diversity analysis in taro using molecular
markers — an overview. J. Root Crops, 38(1): 15-25.

Bown, D. 1988. Aroids. Plants of the Arum Family. London, UK,
Century Hutchinson Ltd.

Coates, D. J., Yen, D. E. and Gaffey, P M. 1988. Chromosome
variation in taro, Colocasia esculenta: Implications for origin in
the Pacific. Cytologia, 53: 551 — 560.

Hay, A. 1990. Aroids of Papua New Guinea. Madang, Papua New
Guinea, Christensen Research Institute.

Ivancic, A. and Lebot, V. 2000. The Genetics and Breeding of Taro.
CIRAD Publication Series, France.

Lakhanpaul, S., Velayudhan, K. C. and Bhat, K. V. 2003. Analysis of
genetic diversity in Indian taro (Colocasia esculenta (L.) Schott)
using random amplified polymorphic DNA (RAPD) markers.
Genet. Resour. Crop Evol., 50: 603 — 609.

Lebot, V. 1999. Biomolecular evidence for plant domestication in
Sahul. Genet. Res. Crop Evol., 46: 619 — 628.

Lebot, V., Prana, M. S., Kreike, N., van Heck, H., Pardales, J.,
Okpul, T., Gendua, T., Thongjiem, M., Hue, H., Viet, N.
and Yap, T. C. 2004. Characterisation of

(Colocasia esculenta (L.) Schott) genetic resources in

taro

Southeast Asia and Oceania. Genet. Resour. Crop Evol.,
51: 381 —392.

Nedunchezhiyan, M., Saurabh, A. and Ranasingh, N. 2006. Elephant
foot yam: a commercial crop for Orissa. Orissa Rev., August
2006: 71-72.

Purseglove, ].W. 1972. Tropical Crops. Monocotyledons. Longman
London.

Quero-Garcia, J., Noyer, J. L., Perrier, X., Marchand, J. L. and Lebot,
V. 2004. A germplasm stratification of taro (Colocasia esculenta)
based on agro-morphological descriptors, validation by AFLP
markers. Euphytica, 137: 387 — 395.

Ramachandran, K. 1978. Cytological studies in South Indian Aracea.
Cytologia, 43: 289 — 303.

Shirly, R. A., Siril, E. A. and Beevy, S. S. 2011. Morphological
variability in 17 wild elephant foot yam (Amorphophallus
paconiifolius) collections from southwest India. Genet. Res.
Crop Evol., 58:1263-1274.

Shirly, R. A., Siril, E. A. and Beevy, S. S. 2013. Diversity analysis in

Amorphophallus using isozyme markers. Int. J. Veg. Sci., DOI:
10.1080/19315260.2013.803509.

Shirly, R. S. 2012. Characterization and assessment of variability in
wild and cultivated species of Amorphophallus Blume ex Decne.
Ph. D Thesis. University of Kerala. 250 p.

Singh, S., Singh, D. R., Faseela, F., Kumar, N., Damodaran, V. and
Srivastava, R. C. 2011. Diversity of 21 taro (Colocasia esculenta
(L.) Schott) accessions of Andaman islands. Genet. Resour. Crop
Evol., 59(5): 821-829.

Trimanto, Sajidan. and Sugiyarto. 2010. Characterization of taro
(Colocasia esculenta) based on morphological and isozymic
patterns markers. Nusantara Biosci., 2(1): 7 — 14.

Willis, J. C. 1955. A Dictionary of the Flowering Plants and Ferns.
Cambridge, UK. Cambridge University Press.

Yen, D. E. and Wheeler, J. M. 1968. Introduction of taro into the

Pacific: the indications of the chromosome numbers. Ethnology,
7: 259 — 267.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /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 /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /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 ()
  /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
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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


