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1. INTRODUCTION

The world trade in floriculture is meported to be around US § 50
billion, out of which 60 per cent is from cut flowers. As a result of
liberalized economic policy and encouragement of Government of India
for floriculture produce exports, in the recent years the floriculture

scenario in India is changing fast.

India especially Kerala, which is blessed with favourable climatic
conditions and skilled manpower, could become a major production centre
for flowers. Besides earning large foreign exchange through export, this
sector could provide non traditional employment to a very large number of
people. With the growing population, lack of open space and development
of multistoried housing systems, people have to depend largely on indoor

plants for decorating their surroundings.

Heliconias belonging to family Heliconiaceae are tropical flowering
plants native to Central and South America and some islands of South
Pacific. Their easy cultivation and spectacular presence have made them
as a favourite garden plant throughout the world. Their brilliant colour,
exotic form, loﬁg straight peduncle and excellent post harvesi
characteristics make them as an outstanding flower for florist trade. They
stand out with striking visual effect in flower arrangement and also
possess long vase life enhancing their value as cut flowers. They last in
~ the field without losing their visual appeal from several days to several
months extending the saﬁeabic‘sﬁage for & considerable period of time.

They flourish in warm humid tropics and do equally well under direct sun

and shade. Major Heliconia producing nations include Barbados, Hawali,
. Brazil, and Venezuela. it is reported that about one lakhs stems of
~ Heliconia are produced annually in India, fifty per cent of which is from

coconut farm located in Andhra Pradesh.
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The importance of Heliconia as a mewly introduced cut flower is
increasing, since in the international and national market there is high
demand for newly introduced cut flowers. Consumers are interested in
newer and different types of flowers. Though many species and varieties
are grown, their proper evaluation is net carried out to determine the
most suitable cultivars for Kerala’s agro climatic and economic
conditions. Hence, it is necessary to evaluate the morphological,
cytological and inflorescence characters and also to determine the

economics of cultivation.

In India, floriculture development &s slow and unplanned. Several
varieties and number of flowers have been developed within the country
by the universities, research institutes and amateurs. However the
commercial va]ﬁe -of such materials has not been evaluated properly.
Lack of availability of qual.ity plantimg materials is another major
drawback. The conventional methods of vegetative propagation are
laborious and time consuming. Hence it is necessary to develop a
suitable method for mass multiplication of Heliconias to meet the future
demand. Under such circumstances, tissue culture methods of plant

propagation has got immense importance.

The discovery of molecular and polymerase chain reactions has
now made the DNA finger printing easier im crop planté. A wide variety of
techniques to reveal the DNA sequence, polymorphism have been
developed in the past years and several molecular markers like RFLP
(Restriction fragment length polymorphism), RAPD (Random Amplified
Poéymo;’phié DNA)‘, microsatellites etc. have been utilized in various

£

tields of phylogenic studies, genetic diversity analysis, forensic science,

~ ™ t

xcterization oic.  Basults of

paternity determination, plant varictal

- RAPD analysis are independent of envircmmental influences, tissue types

etc. and provided greater resolution than the other techniques. The

procedure is faster and easier than other rwoiecular analysis. In Heliconia
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too, it is necessary to carry out grouping of various species and varieties

to enable future breeding programmes.
The relevance of the present study becomes evident in this context.
The objectives of the study are:
e To evaluate Heliconia sp. and varieties as cut flowers
e To standardise in vitro propagation procedures in H. psittacorum

e To undertake molecular characterization of Heliconia sp. and
varieties using RAPD (Random Amplified Polymorphic DNA)

markers.






2. REVIEW OF LITERATURE

Heliconias are banana like plants with rhizomes or under ground
stems having distribution of nutrients amd water, like the true stems.
There are about 89 species under the genus Heliconia and more than
350 varieties. They are propagated by bits of rhizomes as well as

suckers or side shoots arising from the clumps and rarely from seeds
(Tom, 1997).

There are two main types of helicomias, erect heliconia and peadent
heliconia. Erect heliconias stand straight with bracts pointing up. Pendent
| heliconias hang with bracts peinting down. Their inflorescence has
colourful bracts whieh curve upwards and downwards in alternase patterns
along a thick stem (Endre, 1996). When teliconias were first discovered
they were included in the Musaceae family along with bananas. But now
‘they are included in the family Heliconiaceae. Heliconia is the only genus
in the plant family Heliconiaceae, which is a member of 2 larger
taxonomic order Zingiberales. There are several characteristics by which
they can be recognized, inciuding large leaves and large colourful bractic
inflorescences. Most taxonomists recognize eight separate families in the
Zingiberales viz., Musaceae, Sterilitziceme, Lowiaceae, Heliconiaceae.

Zingiberaceae, Costaceae, Cannaceae and Marantaceae. The Heliconiaceae

H

and Musaceae may be distinguished by characteristics of their lamin

14

anatomy and by the blades have an irregular apex
(Triplett and Kircho

b on the varicus

P,

This review

and  in vitre pros

evaluation, moleculay

b
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heliconias and reiat



51 EVALUATION OF HELICONIAS

Some of the most important species of Heliconia are described
below.
2.1.1 Heliconia stricta

The strictas have exotic inflorescence with colour ranging from red,
gold, orange, maroon and green singly or in combination. These exotic
tropicals are ideal for small arrangements as their inflorescences range

from 12.5 — 30.0 cm long and are not too heavy (Charleston, 1997).

H. stricta cv. Dwarf Jamaican

It is a small plant grows up to a height of 0.45 —0.90 m. It grows
well in pots. The inflorescence is rose coloured and evenly graded from
pale to deep. hues. Each bract is ridged  with- green on ifs upper edge,
‘matching the tiny green and white-stripped sepals. It blooms throughout
the year. Peak flowering is observed im wiater. It.adapfs to vdriable
temperatures and grows in full sun to &0 per cent shade (Charleston,
1997). Lekawatana and Criley (1999) stmdied various aspects such as
propagation, general culture, temperature response and the use of growih
retardants (ancymidol, paclobutrazol and flurprimidol) in the production

programme for Dwarf Jamaican.

H. stricta cv. Sharonii

They have broad fo!iage; which is borne on stiff red stalks.
Flowering starts from late July to February. It grows well at low light up
to 80 per cent shade. It grows up to a height of0.90 — 1.80m. It possesses
red znd yellow inflorescence that stands erect. The foliage is broad and

bas red vine colouration beneath it (Charleston, 1997).
2.1.2 Heliconia rostrata
They are beautifu! tropical herbs with banana tike lsathery green

leaves, commonly known as hanging lobster claws. It is a native of Peru
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and generally distributed in tropical America. They have pendent
inflorescence of alternating bracts each 6-10 cm long, scarlet red tipped
with cream to yellow colour. The bract has deep red colour with yellow
green tips, boat shaped. Each inflorescence has 6 to 20 bracts. It grows
well at full sun to 50 per cent shade. Height ranges from 0.90 to 5.40 m.

[t blooms throughout the year. It is one of the hardiest varieties (Goel,
2004).
2.1.3 Heliconia psittacorum

They originated from the Coast of Guyana. The psittacorum (or
parrot’s beak) heliconias are small, daimty and exotically tropical. It
resembles the plant commonly known as Bird-of-Paradise. They bloom
throughout the year. The flowers are >greenﬁ*sh yellow with black spots near
apex. The psittacorums rarely exceed 0.9¢ — 1.80 m in heighti. It grows
well under tropical conditions (Juan, 1997). According to Geertsen (1988) H.
psia‘aéomms are the most useful flowers for cut flower production in glass
house cultivation because of its upright stems, moderately vigorous

growth habit, long flowering season and lomg-lasting flowers.

H. psittacorum cv. Andromeda

It possess very attractive reddish-orange to pink bracts. Flowers are
very long lasting. It grows up to a height of 1.20 to 1.80 m. Broschat er al.
(1984) had given the following description about Andromeda. Height
ranges from 1.0 to 1.8 m and it produce 5 leaves/shoot followed by a
terminal inflorescence with 3 or 4 bracts. The bracts are red, fading to
light orange at their bases. The lower half of each bract and the upper 2 to
3 cm of the peduncle are covered with a waxy white bloom. The florets are
orange with black fips and the main axis of the inflorescence is -asén.ge.

R o

H. peittacoram ev. Lady Di

v

Lady Di mav be the most beautiful among the psittacorums. i ha

dark rose red bracts and cream yellow sepals with dark green bands and
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white tips. Height of the plant ranges from 0.60 to 0.90 m with an erect
habit. It grows well in full sun to 40% shade. Peak flowering is during

April to November (Juan, 1997).
H. psittacorum cv. Choconiana

They bloom throughout the year and produce 4 to 6 orange bracts
and orange sepals with distal black bands and yellow white tips. It grows
well under full sun to 50% shade. Height ranges from 0.30 to 2.4

m.Flowers are long lasting (Juan, 1997).
H. psittacordm cv. Sassy

It is a dwarf variety. Bracts are pale gre'en or cream at base and
reddish pink distally. Sepals are orange with distal green-black bands and
white tips. It blooms from April to November. It grows up to a height of

0.90 — 1.80 m and in full sun to 40% shade (Juan, 1997).
| 2.1.4 H. psittacorum x H. spathocircinata cv. Golden Torch

They have large golden boat-shaped bracts with "golden yellow
flower. It posses rigid flowers which were'producevd through the selective
breeding for colour, longevity and durable texture. They are larger and
sturdier than other psittacorums. Height ranges from 0.75 to 2.40 m. It
grows well in full sun to 40% shade (Alan, 2004). According to Broschat
et al. (1984) Golden torch plants ranges in height from 1.0 to 1.8 m, and
produce 4 or 5 leaves/shoot followed by a terminal inflorescence with 3 or
4 bracts. The entire inflorescence is uniformly orange-yellow in colour.
Trials conducted in sduth-eastern Florida revealed that under higher dose‘
of NPK application (3.6 kg 18-6-12 NPK/ﬂ’/y;:ar) flower production was
increased up to an average of 84 flowers m"' year'. The optimum
temperature range for flower production was 21° to 35° C Growing plants
under 63.00 per cent shade reduced flower production by about 50%. The
postharvest life of cut inflorescences placed in deionized water ranged

from 14 to 17 days at 23° C.



H. psittacorum x H. spathocircinata cv Guyana

These are perennial plants having a height of 1.0 to 1.4 m. It grows
well in partial shade. It prefers moist soil. Bracts are wide and stout with
orange red coloured edges. Sepals are light yellow with emerald green
tips. Bracts are arranged spirally around reddish orange peduncle. [t

blooms throughout the year (Alan, 2004).

2.1.5 Heliconia humifis

They are the native of Trinidad and Brazil. They have shiny green
leaves, and erect flower heads. The bracts are boat shaped with salmon red
colour changing to green towards tip. It has greenish yellow flowers

(Timothy, 1996).
2.1.6 Heliconia wagneriana

These are erect heliconias, similar to #. humilis. But they are stouter
than H. humilis. Their inflorescence is also stouter and paler in colour

(Timothy, 1996).
H. wagneriana Red

_The height of H. wagneriana red ranges from 3 to 4.5 m. They
possess 5 to 10 red yellow and green coloured bracts. It takes 10 months

to flower and is having vase life of 15 days (Timothy, 1996).

H. wagneriana Yellaw Peterson

These are erect plants having a height of 3 to 4.5 m. Bracts are 5 to

10 in number and are yeliow and green coloured. It alse takes 10 months

to flower and has a vass iife

217 Heliconia latispasia

They are the native of Ceniral and South Armerica. The leaves are
m

oroad and oblong having im lenzth and 390 cm width. It has erect

infiorescence with well separated boat she 15 cm long and
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orange yellow at base near axis and red towards the tip. They are tropical

plants having green flowers (David, 19835).

2.1.8 Heliconia bihai

It is commonly known as Wild plantain or Fire bird. It is a large
perennial herb having oblong smooth textured pointed green leaves. The

bracts are crimson red with pointed tip and arranged in two rows on erect

- inflorescence (David, 1985).

2.1.9 Heliconia collinsiana

They -are robust tropical perennial plants with lush growth. The
inflorescence is pendent. The bracts are crimson red and covered with

waxy powder yellowish towards tip. The flowers are cream in colour

{David, 1985).
2.1.10 H. collinsiana X H. bourgena cv Pedro Ortiz

These are natural hybrids between the pendent H. collinsiana and
the erect H. bourgena. It is an erect intlorescence, but has the tendency to
twist and hang down like a pendent. Bracts are pink reddish coloured. It
grows well in partial shade to full sun. Heeght ranges from 1.80 to 2.40 m

(David, 1985).

Artificial hybridization among 14 species of neotropical Heliconia
was studied by Kress {1983) at two sites in Costa Rica. At Las Cruces
Tropical Botanical Garden, individuals in cultivation was used as parents
in crosses primarily between species with pendent inflorescences that are
normally distributed allopatrically. At Finca La Selva normally sympatric
species with either pendent or erect inflorescences were crossed in their
natural habitats. Observation of pollen tube growth by means of
fluorescence microscopy and seed set were used to determine the extent of
crossability. Crossability bérriers between the majorities of species were
strong and foreign pollen tubes were inkibited at the stigmatic surface,

_within the stylar tissue or within the ovary. The site of inhibition was



to
.consistent for each pair of species, and depended on the parentage and the
direction of the cross. Althcugh additional isolating mechanisms. such as
pollinater specificity and phenological separation were present, pre-
fertilization "crossability ba}riers acted as the ultimate mechanism to
prevent hybridization. The type of barrier (stigmatic, stylar or ovarian)
that existed between two species was not dependent upon the geographical
distribution of the parental species or the specific types of pollinators that

- visit them, but in scme cases might indicate taxonomic relationships.

2.1.11 Florai Biclogy

Heliconias derive their beauty from highly modified leaves or
bracts. The fiowerin'g bracts may be upright or peﬁdulous depending on
the variety and 'may exhibit the shape of a fobster claw, bird’s beak or fan
shape. The flowers are pollinated by hhmming birds and bugs. However
‘some pollen may be carried from 0an flower to another, by insects. These
‘insects are not specialists, they feed from the flower or nectar and
~pollination rarely occurs. South East Asian heliconias are pollinated by

bats (David, 1985). /

Watson and Daliwitz (1991) had given the following descriptions
about the floral biology of heliconia. Each inflorescence bract contains
-_ Varyihg n‘umber of flowers xjpto I5 depending on the species. Each flower
‘intufn’ is subtended by a small floral bract. The ﬂofél bracts of some
spéci-es are opaque and leathery and persist through fruit development to
‘protect maturing ovaries. In other species they are plumy and translucent
and quickly decompose after the flower close. Flowers are hermaphroditic
- possessing both male and female sexual parts. Perianthes made up of three
outer sepals and three inner petals united at the base and to each other in
various phase. When the flower opens, a simgle sepal become free from the
outer perianth part and allows pollinators to enter the flower. The colour
of the perianth is species specific. The flowers are opened only for a

single day after which the perianth falls from the ovary. The flower
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contains high fertile stamens that produce viable pollens. A sixth stamen
is replaced by a sterile stamenoid that does not produce pollen but may
function in some species as a guide leading the pollinators tongue to the
floral nectaries situated at the base of the style. Anthers are basifixed,
tetrasporangiate. Ovary lies below the sepals and petals and can be
variously coloured. It is usually smooth in most species, but hairy in
others. Gynoecium is three carpelled, carpels rhizomerous with the
perianth. The pistil is three celled. Placentation is basil to exile and there
is one ovule per locule, which is anatropous. The mature fruit of heliconia
is a drupe with a hard inner layer enclosing each of the four seeds, which
are triangular (1 — 3 per fruit). The outer layer of fruit is fleshy and at
maturity the surface layer becomes blue in American species or red to
orange in South Pacific species. The colourful fruits are very attractive to

the birds and mammals that disperse the seeds.

.Cross-fertilization between species is generally unsuccessful

because pollen of one species is usually inhibited by other species.

In Heliconia thread-like structures connecting the pollen grains are
described by Rose and Barthlott (1995). These threads are decay products
of the walls separating the pollen chambers, and products of the rupture of
the mature anthers in the stomium regiom. The pliable cell threads mix
with the pollen and entangle individual grains to form aggregates. This.
ensures that the pollen becomes embedded in the feathers or attached to

the smooth, unsculptured beak of pollinating hummingbirds (Trochilidae).

Six cultivars of H. psittacorum were selected by Lee ef al. {1994)
for studies on their natural fruit-beaﬁng ability, pellea formatiorn and
pollination under the tropical climatic comditions of Singapore. Three of
" them, nameiy Tay, Andromeda and Lady ¥, were partiaily fertile with a
very low rate of frait set, ranging from 2.8 o0 4.7%. They were found to be
diploid with Za = 24 chromosomes. The process of polien formation

microsporogenesis) was normal, and polien grains were all uniform in
o 7



1z

-~

size and appeared normal. The poor fruit set of these 3 cultivars was
attributed to poor pollen germination on stigmas rather than poor
pollination or self-incompatibility. The other 3 cultivars, namely Petra,
Sassy and Iris, were completely sterile. Their pollen grains were of
variable sizes and appeared to be abnormally fragmented. Over 80% of the
pollen grains aborted 1-2 days before pollination. These abnormal features
were consistent with irregular distribution 6&’ chromosomes during meiosis in

microsporocytes. All 3 cultivars were confirmed to be triploid (2n = 3x = 36).
2.1.12 Flowering in Relation to Environmental Factors

Most of the species of heliconias can be found in moist or wet
regions, but some are found in seasonally dry areas. Although Heliconias
flourish in the humid lowland tropics at elevations below 1500 fest, the
greatest number of species is found in middle elevation rain and clond
forest habitats. Many of the Heliconia species floﬁ»urish well at open sites
like roadsides, riverbanks and also in patches of light in the forest {Tom,

1997).

The peak flowering period is from September to December in the
first year of planting when planted in Janmary. In the subsequent years it
- flowers in April and continues up to December. However flowers are
produced almost throughout rest of the year. During winter, partial
shading of leaves occurs and flowering is arrested. The natural flowering
season for Heliconia species in their natural habitats may be influenced
locally by rainfall and drought periods as well as by photoperiod. With

more than three dozen species of Heliconia grown and exported in
| B .

£ flowering is important to the s

mer {Lriley, 200{)).

b
i}

international trads, the sazsonals

and marketing o

re of 21 to 35°C. Plants grown in

Heliconias grow weil at a te

full sun produce much more flowess than im partial shade. The influence of

-

irradiance on photosynthesis undsr natural conditions was studied by fis-

He et af. (2000) using

Heliconia rostrazn, F psiftacorum x H. spathociveinoasa
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cv. Golden Torch and H. psitt;zcorum cv. Tay. When grown under full
sunlight, all three taxa exhibited reduced photosynthetic capacities and
chlorophyll content per leaf area compared with those grown under
intermediate and deep shade. In heliconia, the top leaves (particularly leaf
tips) experienced sustained decreases in PS Il efficiency upon exposure to
full sunlight. Although all three taxa exhibited sustained decreases in
photosynthetic capacity in full sunlight, the sun leaves of Tay showed
higher photosynthetic capacity than those of the other two taxa. This could
be due, at least in part, to the vertical leaf angle and smaller lamina area.
When the upright leaves of Tay were comstrained to a horizontal angle,
they exhibited lower PS II efficiency, while horizontal leaves of Rostrata
and Golden Torch inclined to near-vertical angles showed increased
efﬁcviency. Thus, an increase in leaf angle helps to achieve a reduction in
the sustain_ed decrease in PS [I efficiency by decreasing the levels of"

incident sunlight and subsequenfty the leaf temperature.

Geertsen (1989) found that by increbasing' the minimum air
temperature from 15° to 21°C the number of shoots emerging and the
number of flowering stems produced per m’ could be doubled in H.
psittacorum cv. Tay. Also, stem length was increased and the quality was
noticeably improved. Photoperiod had only a slight effect on growth and

flowering. -

A seasonal pattern of flowering was observed in field production of
Heliconia stricta cv 'Dwarf Jamaican' by Criley and Kawabata (1986).
This seasonality could be photoperiod-related because greater yields for
piants were obtained when grown uader § hours daylengths for 6 weeks
than those plants grown under natural day lengths (about 13.5 hours).
Dapendin’g on the éapz’sciay of the plant o respond io ph@‘;bperiod, 3or 4
weeks. of short daylength (SD) were sufficient for flower initiation.
'sj}eertsen,(l990‘) observed that by expesimg plants to a photoperiod of 8

hours, flowering was more advanced and more abundant. Raising the
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temperature from 15%1021°C flowering percentage increased by 20%; the
flowering stems were 40 cm longer and the number of leaves subtending

the inflorescence increased by 2.5 cm.

Growth and development of H. bihai cv. Lobster Claw One and
H. latispatha were studied under 3 shade levels (0, 40 and 60%) for 20
months, during which 5 generations of shoots were developed. Plants
without shade produced the maximum psewdostems. The number of shoots
per clump was greater in H. bihai than in H. latispatha. In H. bihai the
first three generations flowered simultaneously, when the clump reached
the age of 12 months. This flowering period lasted 6 months with a peak
during March-June, when 95% of the flowers developed. In H. latispatha
flowering began when plants were 10 months old and showed an irregular
’pattem during the cycle, with the peak (82%) occurring in July and August

{(Maciel'and Rojas 1994).

Flowering responses of H. psittacerum x H. spathocircinata cv.
Golden Torch to temperature and photosymthetic pboton flux (PPF) were
studied' by Catley and Brooking (1996) under controlled environmental
conditions. Temperature had no significant effect on new shoot
production. An average of 9.3 shoots/plamt was produced ovef the 248
days of treatment. More shoots, however, were produced at the higher PPF
level (10.1 shoots, compared with 8.3 shoots at the lower light level). The
proportion of shoots that initiated flowers (85%) was similar in all
treatments. The time from shoot until inflorescence emergenéc was
significantly shorter at 32/20° than at 24/20° (140 and 146 days
respectively) and was unaffected by PPF combination. Acceptable flower
guality with at least 2 opened, well-formed, well-coloured bracts was
obiainedl in ail treasments. Overall, fempeﬁ*&ture was more dominant thanp
tight in.inﬁaem%ng ‘production and quality of flowers. Cut flower
production of Golden Torch should be feasible in Eempe%a’iuz‘e corirolled

greenhouses in temperate regions where mean air temperatures can be
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maintained at approximately equal to 20° C. Although year round flowering of
H. chartacea is potentially possible in Hawaii as new shoots develop
regularly, flowering is low in the period from late March to early June.
Floral initiation occurs after shoot emérgemce when 4 leaves have unfurled
with 2-3 leaves still within the enclosing pseudostem. This places flower
initiation in the October-December timeframe for these shoots. In contrast,
autumn-winter shoots initiate flowers during January-March and they
produce an average of one leaf less than the summer shoots. The greater
leaf count and low flowering percentage of spring shoots suggest autumn
conditions are favourable for leaf imitiation and unfavourable for floral
initiation. An attempt to promote flower inidtiation during the autumn with
light-break lighting was thwarted by disease (Phytophthora) according to
Criley and Kawabata (1986).

It has been reported previously by Jie-He et al. (1996) that Heliconia
cv. Golden Torch leaves grown in full sunl'ight exhibit a sustained
decrease in PS [I efficiency as compared to those grown under shade
conditions. In a study by Jie-He ez al. (1996) full sunlight plus low levels
of fertilizer application caused a further reduction in photosynthesis,
chlorophyll content and Fv:Fm ratio while plants grown at high nutrient
levels showed higher values of all these parameters. When plants were
grown under intermediate or deep shade, there was no significant
difference in any of these parameters irrespective of nutrient supply. In
the recovery experiments, plants withoat fertilizer were refertilized
weekly. Maximum photosynthetic rates, chlorophyll content, and Fv:Fm
ratio increased gradually after refertilizing the plants grown n full

sunlight. However, no significant changes in these parameters were

period. Total leaf N was measured parallel with all the parameters.

Photosynthetic rates, chlorophy!! content and Fv:Fm ratio showed a clear
linear correlation with total ieaf N in plamts grown in full sunlight while

no clear relstionship was observed in plants grown under intermediate or
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deep shade. These results suggest that acclimatization of Heliconia under

full sunlight could be achieved by high nutrient levels.

Criley er al. (1999) reported that although Heliconia is a tropical
genus, many species exhibit seasonal patterns of flowering. Some cases
have been attributed to seasonal rainfall, but research has demonstrated
that H. wagneriana and H. stricta cv. Dwarf Jamaican are short day (SD)
species while H. angusta initiates its flowers during long days (LD). H.
stricta cv. Dwarf Jamaican initiates its flowers when its pseudostem has 3
unfurled leaf biades. Anthesis is reached 15-19 weeks after the beginning
of SD. H. angusta initiates its flowers when daylengths exceed 13.3 hours
and rc.quires 15-17 weeks of long days to reach anthesis. Growers shipping

records have beer used to identify other species with marked seasonality.

Criley, 20‘@\*‘} repotted that the matural flowering seasoﬁ for
" Heliconia species in their naturé! habitat may be influenced locally by
rainfalldrought periods as Wei[ as by photoperiod. Strong seasonal flowering
patterns were reporied in H. angusta, H. bihai, H.carribea X H. bihai,

H. collinsiana, H. lingulata, H. rostrata, H. stricta and H. wagneriana
2.1.13 Harvesting and Postharvesting Technology

The flowers can be harvested with peduncles of 70 c¢cm to one m
length. Harvesting of flowers is done by cutting the entire stalk at the
ground level. The cut inflorescence fasts for 2 to 3 weeks. Cutting the
ﬂowel;s before 8 a.m. and immediately sabmersing the cut end in water
along with recutiing every few days extemds their vaselife. Zimmer and
Carow (1977) reported that when cut flowers of Heliconia spp. were kept
at temperatures beiween O and {2° € under reduced pressure, all spo.
stored succéssfuiiy’ for at least 4 weaks. According to Bredmose (1987}
Heliconia ‘spp, inflorescences remained o water for 2-4 weeks, with no
need for addiAtives‘ Vase lifs was shorter in winter than other times. Paull
and Chantrachit (2001) reported that the vase life of Heiiconia

psittacorum cv. Aundromeda, H. chariacea cv. Sexy Pink and red was



increased by benzyladenine (BA, 100 mg Litre ™), applied as a dip or as a

2

spray.
2.2 MOLECULAR CHARACTERIZATION OF HELICONIAS

2.2.1 Molecular Markers

- Traditionally various morphological, anatomical, cytological and
physiological methods have been used to distinguish plant species and
varieties. =~ The limitations of these methods have prompted the
identiﬁcatioh and use of more reliable methods. During the last decades
the use of molecular markers has sigmificantly contributed to our

understanding of the species at the genetic level.

Genetic studies over the past several years have led to the
establishment of several different types of molecular markers which
include biochemical markers like isozyme markers and DNA marker.

e S—

Protein and DNA markers are together called molecular markers.

Molecular markers are genotypic markers (*Bretting and
Widrlechner, 1995). Biochemical markers have been used since long for
the characterisation of variation in plant, now considered to be

inappropriate as universal markers (Cooke, 1994).

Molecular markers have shown to be useful for diversity
assessment in a number of plant species (Waugh and Powel, 1992). These
markers are direct manifestations of genetic content (Weising et al., 1995)

- and they serve as reliable indices of genetic variation. In the past decade,
molecular markers have vafy rapidly complemented the classical

strategies.

The genetic markers are used for clonal identification, linkage
mapping, population diversity, taxomomy, evolutionary studies,
determining the genetic fidelity during micropropagation, germplasm

conservation etc. (Bretting and Widrlechner, 1995).

X
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2.2.2 Isezyme

The use of isozyme markers is based on protein polymorphism.
These markers code for specific proteins and they can be visualized

through gel electrophoresis.

[sozyme markers were reported to be used in rose for varietal
identification (Kim and Byrne, 1996; Walker and Werner, 1997) and
classification (Kim and Byrne, 1994). Taxonomic studies on Calanthe
(Ryuk et al., 1999) and Lilium longiflorum Thunb. (Wen and Hsiano,

1999) using enzyme polymorphism was alse reported.

The enzyme coding loci do not constitute a random sample of genes
and they are not randomly dispersed throughout the genome.
Electrophoresis will detect only portion of the actual variability present in
amino acid sequences (Hillis and Moritz, 1990). Some isozyme variants
are not selectively neutral (De Michele ef al., 1991). Moreover, isozyme
markers, are unstable during plant development and standardisation of
sampling procedure is sometimes difficult. Therefore, the isozymes have

been replaced by DNA based molecular markers {(Anolles and Trigiano,

1997).
2.2.3 DNA based Markers

With the advent of molecular biology techniques DNA based
markers have replaced enzyme markers im germplasm identification and
characterization as well as in gene tagging. Because of its plasticity,
ubiquity and stability, DNA is the ideal molecule for such analysis
(Cae?ano-%no!éees ef a?.,_ 1991). The advantage of the methods is greater

resolution and uniformity of DNA in all cells. DNA markers directly

types of motecular markers are used to evaluate DNA polymprohism and
are generally classified as hybridization based markers and polymarase

chain reaction (PCR) based markers (Joshi et al., 1999).



2.2.4 Hybridization based DNA Markers

The hybridization based DNA marker techniques utilize labeled
nucleic acid molecules as hybridization probes (Anolles er al.,, 1991).
Probe molecules range from synthetic oligonucleotides to cloned DNA.
Some of the important hybridization based DNA techniques are restriction

fragment length polymorphism (RFLP) and hypervariable sequence.
2.2.5 Restriction Fragment Length Polymorphism (RFLP)

Restriction Fragment Length Polymorphism analysis involves
digesting the genome with restriction enzymes, separating the fragments
electrophoretically and then preferentially visualizing fragments
containing particular homologous sequemces by hybridizing them to

specific DNA probe (Deverna and Alpert, 1990; Walton, 1990).

In petunia, RFLP mapping has been carried out for certain
identified genes namely the actin gene families and chalcone synthase

genes (Koes ef al., 1987 and Mc Lean ef al_, 1990).

Wolff er al. (1994) developed RFLP probes and primers in
chrysanthemum. In carnation, the locus centrolling flower type (Double/

semi double) was identified using RAPD amd RFLP markers (Scovel et al.,
1998).

Ballard et af. (1996) identified and constructed the genome map of
rose cultivars using random amplified polymorphic DNA (RAPD) and
RFLP markers. |

Genetic diversity in Musa was documented using RFLPs (Gawel e 4/.,
1992). Chloropiast DNA RFLPs were used to study cytoplasmic genstic
diversity in various Musa species and subspecies (Gawel and Jjarrei,
1961).
RFLP probes are locus specific, resulting in an easy to screen co-

dominant behaviour. However, it is relatively labour intensive, expensive
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and involves the use of radioactive chemicals, which are harmful to the
USErs.

2.2.6 Polymerase Chain Reaction (PCR) based DNA Maker

Techniques

Among the PCR based markers, the important ones are
minisatellites, amplified fragment length polymorphism, microsatellites,
sequence characterized amplified region and random amplified

polymorphic DNA.
2.2.7- Minisatellites (Variable Number of Tandem Repeats) (VNTR)

Jeffreys et al. (1985) was the first to report on the presence of
minisatellite hyper variable sequence in the human genome that could be
used for DNA fingerprinting. Minisatellites are repeat sequence having
repeat units ranging from 11 to 60 bp in length. The repeat sequences
comprise upto grater than 90 per cent of total DNA in certain plant
genomes. The conserved sequence flanking minisateilites can be amplified
using a suitable primer to reveal the polymorphism. The Fpoiymorphisms
are attributed to the variation in length of minisatellites. The presence' of
hypervariable sequences was confirmed in plants and animals by Gupta et al.
(1996).

Vainstein and Ben-Meir (1994) reported that DNA finger printing
using mini and microsatellites ‘probes was wseful for cultivar identification
in roses.

Cafasso ef al. (2001} reported the occurrence of tandem repeatsbin
the chioroplast genome of the marsh orchid (Orchis palusiris). The repcat.

unit is an AT rich, 16 bp sequence iocated in the chioroplast tRNALEU

intron. The 16 bp repeat unit was found o . palustris

pamaainng atrdie ; dreal PUSNE :
accessions studied, as well as closely related O laxiflors.

Cormpared to RAPD the banding pattern vielded oy minisatellites
1

probes is highly reproductive but iavolives high cost and complexity.
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2.2.8 Amplified Fragment Length Polymorphism (AFLP)

This  technique is also called “selective restriction fragment
amplification’. [t is a combination of RFLP and PCR used for obtaining
highly informative fingerprints. It is based on PCR amplification of
restriction fragments generated by specific restriction enzymes and

oligoneucleotide adapters of few nucleotide bases (Vos er al., 1995).

AFLP markers were used to identify rose varieties {Zhang et al.,,
2000). With twelve pre-screened primer combinations 322 AFLP markers
were generated in thirteen modern rose varieties and their polymorphism

was studied. The intravarietal variability was also evaluated.

Lesur et al. (2000) compared molecular methods namely RFLP,
RAPD, SCAR, STMS (PCR amplification of microsateflites motives),
oligo fingerprinting, inter simple sequence repeats and AFLP in order to
select appropriate techniques for cultivar identification in 23 Pelargonium
cﬁitivars. AFLP and STMS techniques were reported to be best methods
for cultivar identification because of their minimum requirement of

template DNA and high reproducibility.

RAPD, Inter Simple Sequence Repeats (ISSR) and AFLP markers
were used to fingerprint and to exercise genetic diversity among 12
genotypes of the gooseberry (Ribes grossularia). AFLP generated unique
profiles for each genotype (Sanchez et al., 1998).

Crouch et al. (1999) while working with Musa breeding population
found that of the different PCR-based markers systems (RAPD, VNTR and
AFLP), AFLP assays had the highest multipiex ratio.

AFL? proved to be more powerful and relizbls ool capable of

Taw, e b o H H R S A S NS
farge number of genomic loci and discriminaie gensiic

2y

producing
difference between phenotypically similar iandividuals with  high

reproducibility.
o
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2.2.9 Microsatellites

The term microsatelites was introduced by Litt and Lutty (1989).
Microsatellites are tandem repeats of DNA sequence of only a few base
pairs (1-6 bp) in length. [t consists of di-tri-tetra nucleotide repeats,
which are hyper\?ariable and ubiquitously distributed throughout the
eukaryotic genomes, the most abundant being the dinucleotide repeats. -
Microsatellite DNA markers, which can be directly amplified by PCR,
have been developed using the unique sequences that flank microsatellites

(Litt and Lutty, 1989; Tantz, 1989; Weber and May, 1989).

Solivia et al. (2000) isolated and characterised a microsatellite loci
from Ophrys araneola to study the influence of pollinating system or
population genetic structure and on geme flow between similar co-
flowering Ophrys species.

Microsatelites were used to study the genetic diversity in natural
‘populations of Dianthus species and for the identification of carnation

varieties (Smulders e al., 2000).

Crouch et al. (1997) stressed the aise of simple sequence repeat
length polymorphism (SSRLP) assay for fiingerprinting of Musa hybrids.
Data on segregation at microsatelite loci in haploid and diploid gametes of
Musa indicated the suitability of microsattelite markers for marker

assisted selection system in Musa.

The microsatelites are highly polymorphic and thus highly
informative. Beiag shorter in !ength they are easy to be cloned, sequenced
and amplified th%‘@agh PCR. But the identification of informative
microsattelite loci and consequence of suftable primer sequence is more

cumbersome and expensive.
2.2.10 Seguence Characterized Amplified Region (SCAR)

SCAR analysis was developed _Eea'produce reliable PCR based

results. Parent and Page (1998) used this technique to identify raspberry
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cultivars. Damasco et af. (1998) used markers based on SCAR to detect

dwarf off — types of in vitro grown Cavendish bananas.

2.2.11 Random Amplified Pelymorphic DNA (RAPD)

Polymerase chain reaction in conjuction with random primers was
used for fingerprinting genomes (Welsh and Mc Clelland, 1990), for
population biology studies (Astley, 1992), identification of genome
specific markers and other uses (Williams ef al., 1990 and Erlich et al.,
1991). This method utilizes single shert oligonucleotide primers of
arbitary sequence for the amplification of DNA segments distributed
randomly throughout the genome, using polymerase chain reaction (PCR).
In this reaction the primers of arbitary sequence bind to perfect or
impeffect sites in the genomic DNA, so that a subset of them will be in
inverted -orientation to each other. As a result a number of ban&s are
am;ﬂiﬁed fhrough the action of DNA polymnerésé. The reaction products

are conveniently analysed on agarose gels.

Several authors have applied the RAPD technique to investigate
genetic variability and found the technique very efficient and reliable

(Brown et al., 1993; Munthali ef al., 1996).

Analysis of RAPDs offers several advantages, compared to other
DNA based markers. The most important advantage is that RAPD is not a
labour intensive procedure. It is not necessary to construct or maintain a
genomic library. RAPD requires smaller quantities of genomic DNA and
also it is less costly compared to others. Generation of RAPD is quicker
and c¢an be used to detect even single gene mutations (Williams ef al.,
1999).
220111 RAPD and Linkage Maps

o

an ¢fficient toof for

'RAPD assay has been used by several groups 2

tant traits which

conomically im

identification of markers linked to az

are introgressed during the development of mear isogenic lines. Peltier er al.
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(1994) established a linkage map for Petfumia hybrida based on the RAPD
and phenotypic markers. The map consisted of 35 RAPD loci, which
covered 262.9 ¢cM with a mean distance of 8.2 cM, dispersed over seven
linkage groups.

Debener er al. (1996) reported that RAPD markers were used for
the construction of chromosome linkage maps in Rosa spp. Debener and
Mettiesch (1999) used RAPD and RFLP markers to construct the first
linkage maps of rose genome. A total of 305 RAPD and AFLP markers
were analysed in a population of 60 F, plants. Of these, 278 could be
located on the 14 linkage groups of the two maps covering a total map

length of 326 and 370 cM respectively.

Traits of interests studied also incfude jointiess pedicel in tomato
{(Wing ef al., 1594}, disease resistancé (Pseudlomonas resistance (Martin ef af,,
1991} and spotied wilt virus resi”stance (Chaque et al., i996} in tomato.
Anthracnose résistance in mango (Subramanian et /., 1996), scab
resistance in apple (Hong ef al., 1997 and Tartarini, 1996) and Lettuce
infectious yellows virus resistance (Mc. Creight, 2000), leaf miner
resistance in melon (Cucumis melo) (Moriera et al., 1999) etc.

In an effort to map the loci affectimg the cooking quality traits in
basmati rice, a doubled haploid population from the basmati indica (Hasan
‘ Serai) x non-basmati japonica (Xiang Nuo 4) hybrid generated earlier was
'genotyped using 121 RAPD markers and a linkage map was constructed.

Single factor amalysis of variance revealed significant association between

some of the markers and cooking quality traits (IARI, 1999).

The trait essociated with the seed oil content in {ndian musiard was
ideatified with three RAPD markers viz., OPH-11, GFI-06 and OPL-15
(Sharma eof «f., 1999). It was revealed that thers was significant

association of 01! content with these markers.
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Genetic linkage maps have been created in banana (Faure ef al.,

1993), sweet cherry (Stockinger et al., 1996), citrus (Christofani et al.,
1999), and in oil palm (Moretzsolm et al., 2080) using RAPD.

2.2.11.2 RAPD and Species Relationships

RAPD markers have been widely wsed for taxonomic and related
studies. RAPD markers were used to assess the relationship among
species, cultivars and hybrids of Lilac (Marsolais et al., 1993) in the
classification of Lilium (Jongsuk et al., 1994; Haesun er al., 1999) the
taxonomic positioning Kalanchoe (Gehrig et al., 1997) and in the
phylogenetic relationship between Hibiscms syri;zcus (Malvaceae) and 26

allied species (Jong-Hwa et al., 1999).

Millan er al. (1996) analysed nineteen species of rose using RAPD
markers. Each primer produced a specific banding pattern that groupsad
plants belonging to the same species in botanical sections. Dendrograms

constructed showed a good correlation with previous classification based

on morphological and karyological studies.

Taxonomy of 22 wild species of rose was analysed using

isoenzymes and RAPD markers (Moreno ez al., 1996).

Makarevitch et al. (2000) constructed phytogenetic relationship of
Siberian /Iris species, based on an analysis of 56 RAPD markers in 12
Siberian Iris species and comparative analysis of trnL intron and tenL-trnF
integeneric spacer non-coding chloroplast DNA sequences in 22 Siberien
Iris species. » v

The techrnical simplictty of the RAPD technique nas facilitated iis

£

use in the analysis of phylogenetic relationship in several plant genora

e.g. blueberry {Levi and Roveland, 1997}, barley (Noli e# af., 1957}, roses
{Debener ¢t al,, 1997}, Cymbidium {Qkeyo and Kako 1998) =tc.
Demek er ¢/, {1992) investigated the potential use of RAPDs for

taxonomic studies using Brassice, Sinapis and Raphanus taxa. Analysis
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of the RAPD bands revealed the relationship between diploid and
amphidiploid Brassica taxa. Results showed that the Raphanus sativus

and Sinapis alba were distinct from the Brassica taxa.

Halward er al. (1992) reported the application of RAPD technique
to cultivate peanut and related wild species to determine whether this
approach would be feasible for the construction of a genetic linkage map
in peanut or for systematic studies of the genus. No variation in banding
pattern was observed among the cultivar and germplasm lines of
A. hypogea, whereas the wild Arachis species were uniquely identified
with most rprimers tested. The bands were scored (+/-) in the wild species
and the PAUP computer programme for phylogenetic analysis and the
Hyper RFLP programme for genetic distance analysis were used to
generate dendrograms. The two analysis produced nearly identical

dendrograms of species relationships.

Dunemann ef al. (1994) investigated the use of RAPD markers for
taxonomic studies in Malus. Eighteen accessions of wild species and 27
apple cultivars were treated with 29 preselected primers. The analysis of
the bands using unweighted pair group arithmetic average showed the
relationships among the cultivars which was in agreement with the known
linkage. A dendrogram generated for wild species gave relationships that

were in accordance with the known phylogenetic information.

Ratnaparkhe et al. (1995) used RAPD markers for the identification
of pigeon pea (Cajanus cajan L. Mill sp.y cultivars and its wild species.
The results showed externally high fevel of polymorphism among the wild
species while little variation was datected within the accessions. The
cultivars and wild species under study were distinguished with the help of

~different primer.s‘ |

Lazaro and Aguinagalde (1998} carried out & siudy to evaluate the
genetic. diversity in 29 populations of wild taxa of the Brassica oleraceae

L. group and two cultivars, using RAPDs. The results were compared
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with the results of earlier study using isozymes. Genetic diversity in

Brassica populations were estimated using the ANOVA programme.

Santalla et al. (1998) carried out a study to evaluate the genetic
diversity in 19 races of the cultivated mungbean and three weedy and wild
relatives including Vigna mungo, V. luteola and V. radiata var. Sublabata,
using RAPD technique. Polymorphic bands of 229 numbers were obtained
and the analysis of the bands resulted in a dendrogram which separated

the accessions studied into three main clusters.

2.2.11.3 RAPD for Identification of Cultivars / Genetypes

RAPD assay has been used for the identification of cultivars and
genotypes and for genetic finger printing and re!éted studies in a variety
of crop species. '

~ RAPD analysis was used to detect genetic variations and
similarivties among Heliconia speéies, cultivars and hybrids by Goh et al.
(1995). Significant differences in RAPD profile occurred amongst
different Heliconia species and some distamtly related plan%s. H. rostrata

'had three prominent bands that were absent in H. psittacorum cultivars.

Many Heliconia spp. are polymo@hic with a large number of
cultivars. Cultivar identification has been primarily based on
morphological differences of the flower and inflorescence. A protocol
was developed to extract DNA from Heliconia leaves and to analyse

genetic variation using RAPD by Kumar er al. (1998).

~ Torres et al. (1993) differentiated rose cultivars by comparing DNA

banding patierns.
RAPD markers were used to stmdy cultivar identification in
chrysaathemum {(Wolff et al., 1995).
sant i

Debener «f al. (1996) reported that RAPD markers were used for the

construction of chromosome linkage maps in Rosa spp. RAPD angd RYLP

banding patterns were utilized to identify and differentiate 22 cultivars of
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rose (Ballard et al, 1996). Taxonomy of 22 wild species of rose was
analysed using isoenzymes and RAPD markers (Moreno ef al., 1996). Millan
et al. (1996) analysed 19 species of rose wmsing RAPD markers. Specific
banding pattern was observed and that grouped plants beionging to the same
species in to different botanical sections. Demdrograms constructed showed a
good correlation with previous classifications based on morphological and

karyological studies.

- Aloisi et al. (1996) studied the molecular polymorphism in botanical
and ancient roses via RAPD analysis usimg 10-mer Operon primers and

observed lot of variation.

Debener and Mettiesch (1999) used RAPD and RFLP markers to
construct the first linkage maps of rose gemome. A total of 305 RAPD and

AFLP markers were analysed in 2 population of 60 F; plants.

Riek ef al. {1999) reporied that variety protection could be done by
use of molecular markers in ornamentals. In vegetatively propagated
ornamentals, new varieties can be obtained from conventional breeding
and selection or spontaneous or induced variant types of existing varieties.
To detect essentially derived varieties (EDV), a criteria based on plant
morphology are insufficient or even not applicable. In such case molecular

markers are used for variety protection.

The genetic closeness of various species of Vanda was determined
using RAPD markers. Strip-leaved Vanda sp. (including Vanda sanderiana)
and Ascocentrum miniatum were more closely related to each other than to
the terste leaved Vanda species studied. RAPD analysis supported the
suggestion that terete leaved Vonda trees and V. hookeriana be classified
in the separate genus Papilioranthe and that V. sanderiong should remain

in the genus Yandy (Lim et al., 1999).

Jau-Yueh 27 of. (1999) used RAPD markers to identify and 1o ass2ss

genetic diversity among 15 dnthurism cultivars. Twenty four DNA fragments
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derived from eight primers were polymorphic and were used to distinguish

the cultivars.

Random amplified polymorphic DNA (RAPD markers were used
for the characterization of potential parents in a breeding programme on
Alstroemeria for pot plant production by Beneditti et al. (2000). A
similarity matrix was constructed to estimate the genetic similarity values
between 12 genotypes. Cluster analysis was performed to examine the
relationships among genotypes. The classification of genotypes through
the use of four selected primers is in agreement with the expectations
based on geographical origin and pédigree data. On the basis of RAPD
data, the most distantly related genotypes were selected to start the
breeding programmes. RAPD analysis thas resulted an effective too! for
the genetic characterization of potential parents that may enable
ornamental plant breeders to improve the efficiency of the breeding

programimie.

Morphological, karyological and molecular analysis was done in
Aster spp. by Tornadore et al. (2003). Here two species of the genus
Aster from Nepal have been studied amd compared with a common
European species 4. alpinus. The aim was‘ to verify the specific
taxonomic classification and to characterize the aster population on the

basis of morphological, karyological and molecular analysis.

Phylogenetic relationship among several subgenus Yulania species
based on RAPD markers was done by Wang ef al. (2003). Twenty
materials of the subgenus Yulania (Magrolia: Magncliaceae), including
species and cultivars were analysad using RAPD markers. Fifteen primers
were screened from 55 arbitrary [8-mer prirmers. A total of 274 DNA
bands were ampiified, 262 of which {95.¢ %) were polymorphic.

tic relationship was

L
The

GA programme.
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results showed that the genetic background of Yulania was very complex

and difficult to classify.

Wen et al. (2003) reported genetic diversity in wild accessions of
Rosa roseburghii. Tratt from four provinces as revealed by RAP analysis.
The genetic variation among 30 wild accessions of R. roxburghii from
four prbvinces of China was investigated by RAPD analysis using 16
arbitrary primers. With these primers 94 RAPD bands were detected, 62
(65.96 %) of which were polymorphic.

Detection of DNA sequence polymorphism among closely related
lines of common wheat (Triticum aestivum) has been reported by He et al.
(1992). A high level of polymorphism was observed among a number of
commercial varieties and breeding lines of wheat. Over 38 per cent of the
&5 primers, used for PCR amplification, produced readily detectable and
rebroducibie DNA polymorphism.

Fukuoka ef al. (1992) have reported the use of RAPDs for the
identification of rice accessions. Sixteem rice accessions were assayéd
with 28 primers which generéted 116 polymorphic bands. All accessions
were uniquely distinguishe_d by at least one RAPD and clustered into three

distinct groups which corresponded to Japonica, Javanica and Indica.

Collins and Symons (1993) detected polymorphism between the
nuclear DNA of grape vine (Vitis vinifera) cultivars and clones. Unique
finger prints of a number of cultivars were distinguisﬁcd using either one

or two primers.

Koller 2r af. (1993) differentiated eleven apple culrivars using

RAPD markers.

Wolff and Van-Riju (1993) studied the genetic variation in

chrysanthemum {Dendrauthema grandifloéra) vsing RAPDs. The resulis

showed that the variation between cultivars was high and that the cultivars

used could bz distinguished from each other by using only two different
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primers. A family of cultivars, derived from one original cultivar by

vegetative propagation, had identical fragmsent patterns.

Mori ef al. (1993) characterized 36 potato cultivars released in
Japan and three introduced cultivars by RAPD assay. The banding
patterns were highly reprodﬁcible and identical using DNA samples
obtained from different locations and tissues. Five decamer primers

amplified 15 polymorphic bands shared ameong the cultivars.

Coussirat (1994) have reported genetic diversity and varietal
identification in Nicotiana tabacum by RAPD markers. These markers

allowed differentiation of 32 varieties by -calculation of genetic distance

and cluster analysis.

Keil and Griffin (1994) assessed the reproducibility of mé RAPD
technique and its ability to discriminate between individual genotypes for
varification of clonal identities in foﬁr separate studies, using samples of
Eucalyptus supplied by several organizations. RAPD profiles unique to a
genotype were generated reliably and simply and even closely related

genotypes were distinguished.

N’goran et al. (1994) assessed the genetic diversity of 106
genotypes of Theobroma cacoa L. using RFLP and RAPD methods. Both
RFLP and RAPD bands separated the individuals into three distinct
groups. Simtlar results were obtained with RFLPs and RAPDs with regard

to the genetic structure of Theobroma cacao L.

Bracacecia (1994) tried to optimize PCR variables for RAPD
analysis in the genus Medicago and the ewaluation of the reproducibility
of genome specific fingerprints. The influence of type of thermal cycler,
ramping temperatures, magnesium concemtration;, polymerase brand and

primer performance on the optimal DNA yields and useful elecirophoretic

paiterns was studied.
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Gidoni et al. (1994) studied the feasibility of developing cultivar
specific markers in commercial strawberries. Reproducible RAPD finger
prints were generated for eight cultivars, each containing at least one
polymorphic DNA product. A combination of 10 polymorphic DNA
products exhibited cultivar specific patterns enabling the distinction

between closely related varieties.

Virk et al. (1995) tested rice accessions obtained from the major
world collections held at IRRI using RAPD technique to study the
diversity within the large germplasm collection, at the University of
Birmingham, UK. Optimization of PCR technique by testing the several
factors affecting reproducibility of RAPD amplification was carried out.
Variation between rice accessions was observed with 18 of the 24 primers
efnployed.

| Karihaloo et al. (1995) carried out RAFPD analysis on 52 accessions
of Solanum melongena and related weedy forms. Twenty two primers
amplified a total of 130 fragments. S. melengena exhibited 117 fragments,
all of which were also present in wild forms. Wild forms displayed an
additional 13 fragments not found in the cultivated S. melongena. The

RAPD results were closely concordant with the result of isozyme survey.

Bhat et al. (1995) carried out a study to identify the cultivars of
Musa using RAPDs and RFLPs. Genomic DNA from 57 Musa cultivars
were amplified with 60 random primers which generated 605 polymorphic
products.  Statistical analysis of the data grouped the cultivars into
specific clusters depending upon their gemomiic similarities. The diploid
ancestral species of cultivated banana and plantains, namely M. acuminars
spp., Malaccensis and M. bafbisiong were farthest apart from each othar in
the phenogram. The edible Fruit yielding cultivars with the genomic
constitution of AA, AAA, AB, AAB, ABB and ABBB were grouped in
different clusters according to overall genetic somologies. The result of

RFLP analysis wass comparable with that of RAPD analysis.
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Lashermes et ai. (1996) have successfully employed RAPD markers

to analyse genetic diversity among cultivated and subspontaneous
accessions of Coffea arabica. The narrow genetic base of commercial
cultivars was confirmed by their study. On the other hand, a relatively
large genetic diversity was observed within the germplasm collections.
Results suggested an East-West differentiation in Ethiopia, the primary

centre of diversification of C. agrabica.

Hang et al. (1996) studied the DNA variation and genetic
relationships among hulles barley accessiomns using RAPD at the National
Small Grain Research Facility, Aberdeen, and USA. Thirty six hullers
barley accessions from North America, China, Turkey and Central Asia
were analysed and 47 reproducible fragments were produced by
amplification. Cluster analysis revealed that most of the accessions from
North America belonged to one weli-defimed cluster. Those from China,

Turkey, Central Asia and one cultivar from North America belonged to

* another group.

Samec and Nasinec (1996) used RAPD technique for the
identification and classification of Pisum sativum L. genotypes. Genomic
DNAs of 42 genotypes represénting four wild and cultivated subspecies
were used for the study. Amplificatiom with eight decamer primers
generated 149 polymorphic products.  Each genotype were clearly

identified and separated from the others.

Mechado et al. (1996) carried a study in Brazil to evalvate
polymorphism and genetic similarity between 39 Mediterransan mandarin
genotypes, using RAPD. One bundred and eleven amptificaiion products.
were idantified using 21 random ,“zif’ﬁK'S, cluster analysis revealed the low
- level of gs’:aetic variation betwesn sccessious of Mediterrancal wendarins,

wherezs their hybrids with other citrus species showed graatar gaunetic

dissimilarity.
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Demek ef al. (1996) studied the genetic diversity of 28 potato
genotypes using RAPD procedure. Twelve decamer primers yielded a
total of 158 ampliﬁed. fragments and analysis of the RAPD bands reflected
the expected trends in relationships of the genotypes. However, there
were important exceptions to this general trend and it appeared that the

related varieties could be genetically different as varieties with no

immediate relationships.

Ford and Taylor (1997) also reported the application of RAPD
markers for potato cultivar identificatiom. Of the 63 decamer primers
screened, 51 produced 256 amplificatiom products of which 33 were
polymérphic between the cultivars assessed. Polymorphic bands were
selected to produce cultivar specific markers to identify correctly suspect

materials in commercial plantings.

Stavrakakis et al. (1997) used RAPD technique in order to identify
and discriminate Between eight cultivars of Vitis vinifera. Over 140
reproducible polymorphic ffagments were generated by this.method. Each
grape cultivar showed a unique banding pattern for more than five of the
primers used. The degree of genetics similarity was calculated and a
dendrogram was constructed. The results showed that RAPD analysis was
a reliable and very useful method for the identification and genomic

analysis of grape cultivars.

Igbal et al. (1997) have used RAPD analysis to evaluate the genetic
diversity of elite commercial cotton varieties. Twenty two varieties
belonging to Gossypium hirsutum and one to- G. arboreum were analysed
with 50 random decamer primers. Forty nine primers detected polymorphism

in all varieties tested giving 349 bands, cluster analysis showed that 17
varieties caa be placed in two groups.

Duran ef al. (1997) analysed 48 coconut types belonging to the East
African Tall types by different DNA marker techniques including RAPDs,

microsattelite primed PCR and ISTR amalysis. All three approaches
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detected large number of DNA polymorphism among the set of genotypes
and allowed the identification of single genotypes by individual-specific
finger prints. The cluster and principal co-ordinate analysis were done and
the observed clustering and association of individuals corroborated the
expectations based on the known geographical origin and parental

relationships.

Varghese ef al. (1997) evaluated the applicability of RAPD markers
in the cultivated rubber tree, Hevea, using 43 primers in a set of 24 clones
selected in different South-East Asian countries. Out of the total 220
fragments amplified 111 were polymorphic. The statistical analysis
indicated the absence of a distinct \geographical grouping because of the

breeding of Hevea.
2.2.11.4 RAPD Detection of Genetic Variability

RAPD technique has been reported to be used to study the genetic
variation in chrysanthemum (Dendranthema graizdi'ﬂora). The variation
between cultivars was high and the cultivars were distinguished from each

other by using only two different primers (Wolff and Van-Riju, 1993).

Aloisi et al. (1996) studied the molecular polymorphism in
botanical and ancient roses via RAPD analysis using 10-mer operon
primers and observed large variation. '

Scott e al. (1996) examined twenty-one cultivars of chrysanthemum
that belonged to several species using RAPD techniques. A few
polymorphic characters were uniquely identified in closely related
cultivars within cach of the species. In comtrast many DNA polymorphism
were observed between members of differemt families.

Wang er af. (1999 suggested that RAPD markers are usefu! in the

4

breeding programmes of Anthurium {4 andreanum x 4. amnriceis),

allowing cultivar ideniification as well as genetic similacity amoag
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genotypes, which will be valuable in seleeting the best parents to obtain

new hybrid combinations.

RAPD technique was used to study the genctic diversity and

relationship between different species of Jasminum (Mukundan, 2000).

Wang et al. (2001) assessed the genetic similarity of thirty
Anthurium cultivars using both ISSR and RAPD markers. The result
suggested that both ISSR and RAPD markers are useful in the breeding

programme of Anthurium and also for cultivar identification.

Ranamukhanachchi et al (2001) utilized RAPD markers to
determine the genetic relationships of nime morphologically similar pot

plant cultivars of Anthurium sp.

Kozyrenko et al. (20042) carried out the investigation of callus
cultures ‘derived from six Iris species usimg RAPD analysis. The callus
lines originating from one maternal pﬂaﬁt had the highest genetic
- similarity indices, while the calius cultures derived from maternal plants

of different species had the lowest indices.

Arafeh et al. (2002) observed the pattern of genetic variation in Jris
hacynei and I. atrofuscea with RAPD markers. Similar studies on Iris was
carried out by Johnston et al. (2001), Zhuravlev er al., 1998; Cruzan and
Arnold, 1994).

Wroblewska ef al. (2003) used RAPDs to investigate genetic
diversity and it partition within and between three populations of Iris. The

results indicated that genetic diversity was independent of population size.

RAPD markers have been used successfully tc detect gehetic
variation among lowland and upland rice cultivars and the genetic
‘characterization and classification of Japomica cultivars into temperaté and
tropical groups for analysis of genetic va:‘%aﬁi%’iiy in rice populations (Yu
and Nguyen, 1994). In general, a higher level of polymorphisia was found

between upland and lowland cultivars within the indica subspecies. Thus
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According to Verma el 'al. (1999) RAPD analysis allows the identification”
ﬁt‘hd discrimination of the individual genotypes of Basmati rice including
the identification of duplicates in genetic resource collections. Random
.amplified polymorphic ‘DN.A\‘lechniquc was used to detect lhe‘gcnclic
svariation at the level of DNA among the aromatic and non-aromatic
“cultivars by Bz)ish_véfz;) al, (2000). With the objective of identifying and
i-c]zfs.sifying 48 aromatic rice genotypes. RAPD profiling was employed
‘:_-_using 58 random decamer primers. Most of these primers (96.5 per cem).
detcctcd polvmorphism among the genotvpes. Of the 465 amplified bands
v314 were polvmorphic. All the rice genotvpes included in the study could
..be distinguished from cach other at the level of 19 10 186 polymorphic
;bands between individuals in pair wise comparison over all the 53 primers

;(Choudhary et al.. 2001 )’

Random amplified polymorphic DNA markers were used for
-'ﬁngerprinting. genotypes within and between Annona species (Renninger al..
1995). The use of RAPD analysis for Mangifera germplasm classification
~tand clonal identification was reported by Schnett™er al. (1995). Graham
;nd Mc Nic‘\6'1"'(1995) generated RAPD markers from different Rubus
species in order to access the degree of similarity between species. Inter
and intra specific varietal variations were observed in the RAPD analysis
of 42 accessions of Vilis, representing 13 species (Wang e/ @l., 1998).
According to Lanham and Brennen (1999). RAPD markers weref used to
Tﬁngerprinl and to examine genetic diversity among 12 ge'noljypes'ol'
éooseberfy. Six hazelnut (Corylus avelluna) cultivars were identified
using RAPD markers (Galderiéi el al., 1999).  An RAPD analysis wus
.¢5rried out by Egashira ¢/ «/. (2000) to investigate genelic divi:rsil_\-: of
fperuyiaﬁum~c6mplex’ (’PC) species of highly polymorphic wil(i“lomum
relatives and the- genetic relationship between the PC and the ’esgulenlilm

- complex (EC) species including the cultivated species. A total of 433

- F I
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RAPDs were obtained from 50 accessions of all the nine Lycopersicon

species using only 16 random primers.

RAPD markers can be used to detect genetic variation at the intra

as well as interspecific level (Aboelwafa er al., 1995).

Randomly amplified polymorphic DNA analysis was done to
determine intra-specific variability in A4mdrographis paniculata. The
results indicated that RAPD could be effectively used for genetic diversity
analysis in wild species of prospective value as it is reliable, rapid and

superior to those based on pedigree information (Padmesh ef al., 1999).

According to Hu and Quiros (1992), RAPD markers provided a
quick and reliable alternative to identify broccoli and cauliflower
cultivars. RAPD markers generated by four arbitrary-10-mer primers,
discriminated 14 broccoli {Brassica oleraceae italica) and 12 caulifiower

(B. oleraceae botrytis) cultivars by banding profiles.

igbal et al. (1995) used RAPD markers to establish polymorphisms
among local sugarcane varieties. The amplification profiles of the
varieties L1118, L116, BL4, BF162, CO144 and CO154 were compared and

polymorphisms were detected.

The RAPD technique was used for cultivar identification of 11
aubergine cultivars. Twelve 10-mer primers were used, 9 of which

revealed polymorphism in cultivars (Kochieva et al., 1999).

RAPD markers have been used to characterize cocoa clones
representing the three main cultivated subpopulations viz., Criotio,
Forestro and Trinitario (Wilde 2¢ al., 1992). The use of single primers of
arbitrary nuclectide sequence resulted in the selective amplification of
DNA fragments, J?EG'WCS unique o the indiﬁduai cocoa ciones

studied. Maulcahy er al. {1993} characterized twenty-five accessions of

AN

apple, representing sight cultivars (Golden Delicious, Delicious, Gala,

Jonathan, Jonagold, Florira, Fior di Cassia and Imperate Dallago) with
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RAPD. Using separate ten base pair primers, it was possible to obtain a
distinctive fingerprint for each of the cultivars. Thus RAPD provided a
simple and reliable method for cultivar identification in apple. Efforts
were done in Piper longum to find out the genetic difference among the

varieties using RAPD analysis by Philipp ef al. (2000).

RAPD and SSR markers were used to characterize genetic
relationship among 46 accessions in two Cucumis melo L. subsp.
(Cantaloupensis lodorus) and subsp. agrestis (Conomon and Flexuous)
groups (Jack et al., 2000). Empirical estimation of variances associated
with each marker type in the accessions examined indicated that per band,
lower coefficients of variation can be attaimed in the estimation of genetic
diversity when using RAPDs compared to SSRs. Result of RAPD marker
analysis suggest that 80 marker bands were adequate for assessing the

genetic variations present in the accessions examined.

“Evaluation of the genetic diversity among 27 superior tea
accessions (Camellia sinensis var. sinensis) accessions from Korea, Japan
and Taiwan was done by Kaundun ef af. (2000) using RAPD-PCR
markers. Out of the 50 primers screered, 17 primers generated 358
polymorphic and reproducible bands. A minimum of three primers was

sufficient to distinguish all the 27 accessions studied.

In order to assess genetic diversity of clones of a subset collection
of wild apple which were collected at forest sites in the federal state of
Herse. PCR based methods were applied by Vornam and Gebhardt (2000).

RAPD analysis allowed them to distinguish clones ami singie tree

progenies
Using the tac .mque of ‘{AP , eil 2f ai. {1994 identifizd 116

amplification ; \)J-fgl.: n Muse germplasm nine primers ihis

enabled them o identify RAPD markers that ars specific to sach of the

" Musa representing A A, AAL.

ven accessions of Musa including
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six genomic groups (AA, AB, AAA, AAB, ABB, ABBB), M. balbisiana
Colla (BB), M. accuminata Colla ssp. Banksii F. Muell. (AA), Musa
accuminata Colla ssp. Malaccensis Ridl. (AA) and M. velutina Wendl. and
Drude were examined by Bhat and Jarret (1995) for RAPD genetic
markers using PCR with sixty 10-mer ramdom primers which generated
605 polymorphic amplification products. RAPD analysis was performed
on several clones of the variety Williams by Igbal ef al. (1995). Results of
the studies by Bhat ef al. (1995) on DNA profiling of banana and plantain
using RAPD and RFLP markers showed that the use of different kinds of
molecular markers in gene banks is essential for characterization and

classification of germplasm collections.

RAPD using operon primers was used to evaluate genetic
-variability of 66 Musa .spp. accessions in the germplasm collections of the
National Banana Corporation of Costa Rica (CORBANA) and éhe
,‘ Agronomic Centre for Research and Trainimg (CATIE) also in Costa Rica.
PCR products were separated clectrophoretically in agarose gels which
were then analysed on a binary basis [presence (1) or absence (0) of
bands]. The data obtained were used to generate a similarity matrix .
according to Jaccard’s criteria, and a phenogram was built. High
variability among the AA clones and a low variability among the AAA,

AAB, ABB triploids were observed (Cabrera et al., 1998).

With- the aim of identifying RAPD markers for the A and B
genomes, Pillay er al. (2000) used eighty 10-mer operon primers to
amplify DNA from Musa acuminata sub sp. burmanicoides clone Calcutia
4 (AA geaomes) and M. balbisiana clone Honduras (BB genomes). Three
_ primers (A-17, A-18 and D-16} that produced unique genome specific
fragments in the two species were identified. The results showed that
RAPD analysis could prévide 2 quick aﬁd‘reliable system for genome

identification in Musc that could facilitate genome characterization znd

manipulations in breeding lines.
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Genetic diversity among 76 plantaim land races has been studied by
Crouch er al. (2000) using RAPD analysis at two levels of intensity and
compared with groupings based on phenotypic indices and morphotypes.
There was also a poor correlation between RAPD analysis and morphotype

do not provide a true reflection of overall genetic divergence.

RAPD analysis of fifteen African plantain land races by Newbury
et al. (2000) revealé;d a very low proport.i@n of polymorphic bands (13 of
276). However, further examinations of these thirteen marker bands
demonstrated that they varied within land races and could not be used to

distinguish between land races.

2.2.11.5 RAPD and Hybrids

Debener et al. (1997) reported that molecular markers were used
for the identification of inter-specific rose hybrids in three cross viz., Rosa-
acicularis x R. similes, Robturfolia x R. m?zerardz’i and R. stylosa and R.
gallica. All puiative F; hybrids were unambiguously identified as true

hybrids using 24-42 RAPD markers.

RAPD markers were used to verify inter-specific hybridization in
Alstroemeria (Benedetti et al., 2000). Five putative inter-specific hybrids
and their parents were analysed by four RAPD primers. The putative

parentage was confirmed in four hybrids amd was excluded in one.

Takatsu et al. (2001) studied gemetic relationship among wild
gladiolus species through RAPD analysis. Out of the 140 tested primers,
32 amplified a total of 133 RAPD bands. Genetic distance was calculated
and dendrogram was generated. Interspecific crosses were carried out in |
seven combinations within or between clusters and F; seedlings Were
obtained from most combinations. The RAPD analysis showed that these

Fy seedlings were real hybrids.

RAPD technique has been used for the identification of hybrids and

their pareniage determination. Wang ef al. (1994) proposed RAPD finger
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printing as a conventional tool for the identification, protection and
parentage determination of plant hybrids. 1In their study, DNA from three
families of rice plants selected in Northern China (each comprising the
male sterile, the restorer, the hybrid F, and the maintainer lines) was
extracted and amplified by RAPD technique. The results obtained were

useful for identification of each single plant line.

Truksa and Prochazka (1996) reported different banding pattern
based on the DNA polymerase used for testing three lines of cucumber
used for production of hybrid seeds. Low level of polymorphism was
obtained which indicated that RAPD was not suitable for verifying the

hybridity of seeds.

Tatineni et al. (1996) analysed genetic diversity of 16 near
homozygous elite cotton genotypes derived  from inter specific
;hybridization. The sfudy was conducted at the DNA level usirig RAPD
procedure and at phenotypic level using stable and highly heritable
morphological characters. Analysis of the data from both producers
produced two clusters‘ with one resembling Gossypium hirsutium and the
other G. barbadense. Classification of all genotypes based on the two

methods given similar results.

Harvey and Botha (1996) evaluated two PCR based methodologies
in the determination of DNA diversity between 20 commercial sugarcane
hybrids and six ‘outgroup’ varieties of S. spontaneum, S. officiancrum and
hybrids from early in the geneology. First method involved RAPD while
- the second protoeol utilized specific microsatellite and telomere sequences :
as primers. A total of 41  RAPD primers were screened across the
varieties of which 15 were used in the calculation of DNA diversity. Toe
RAP‘D daia indicated *ha there had -beemn a gradual decline of DNA

diversity from the early interspecific hybrids to the commercial hybrids.

RAPD markers have been successfudly used to test the paternity of

Japanese pear hybrid {(Bano ef al., 2009).
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2.2.11.6 RAPDs for Identification of Sonsatic Hybrids

One of the limiting factors for the efficient exploitation of
protoplast fusion is the difficulty of unequivocally identifying nuclear
hybrids. RAPDs have been used to characterise molecular relationship of

both interspecific and intraspecific somatic hybrids.

Protoplast fusion of Iris ensata and Iris germanica by electrofusion
was done and six months after cell fusion, RAPD analysis was done which
yielded bands specific to both parental species. RAPD analysis confirmed

that the resultant cross was somatic hybrid (Shimizu et al., 1999).

Baird er al. (1992) proposed RAPDs for the identification of
hybrids at an early stage following fusiom in potato. Inter and inter-
specific somatic hybrids of potato were characterized by using RAPD

along with the sexual hybrids.

Xu et al. (1993) used RAPD assay for the identification of somatic
hybrids between Solanum tuberosum and Seolanum brevidens. Somatic
hybrids showed a combination of the paremtal banding pattém with four of
the five primers surveyed. Whereas regemérants from one of the parents

had a similar banding pattern as that of the parent.

RAPD analysis for the confirmation of somatic hybrids in the
dihaploid breeding of potato (Solanum tmberosum L.) was reported by
‘Takemori ef al. (1994). Polymorphism was detected even among closely
related clones. All the bands of dihaploids were transmiited stably to the
respective hybrids. Hybridity of all the fwsion-derived regenerants of 32

usion combinations were unequivocally confirmed.

Identification of somatic hybrids of iobacco was reported by
Filippis er af. (1996) from Germany. The relationship beiween two
parental species (Nicofiana todbaccum and N. sustica) and six somatic

. ,

hybrids produced as a result of fusion of vacuolated and svacuolated

protopiasis were analysed. The procedure aad protocols wers applicable to
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species as well as to hybrids tested and just four primers gave enough

polymorphic data.
2.2.11.7 RAPD and Somaclones

There are several reports on the use of RAPD technique for
assessing the genetic stability of tissue culture derived plants. It will be
highly advantageous if the variants among the regenerants could be

identified at an early stage. RAPD method seems to be a suitable method

for this.

Oropeza et al. (1995) have characterized somaclonal variants
resistant to sugarcane virus using RAPD markers. The somaclones were
obtained from a susceptible cultivar thromgh somatic embryogenesis by
increasing the number of subcultures of embryogenic callus. The selected
resistant subclones have maintzined the resistance over seven years of

testing in the field.

Rani et al. (1995) used RAPD markers to assess the gepetic fidelity
of 23 micropropagted plants of a single clene of Populus deltoides. Of the
“eleven primers used, five distinguished a ‘total of 13 polymorphism
common across six micropropagated plants. Apart from these six plants,
‘the amplification products were monomorphic across all the
micropropagated plants, the mother plant and four additional field grown

control plants.

Sangwan ef al. (1995) employed RAPD technique to investigate
molecular differences and also to generate polymorphic DNA markers in
regencrated cassava plants. Twenty primers were used to gencrafe

o

patterns from several regenerants of two cultivars.

Schneider ef al. (1996) have employed RAPD technique to identify

the somaclonal variants in grape vine (Vitds vinifera) regeneranis. Forty

seven planits, each one regeneraiad irom a single protoplast were an:

using sixty primers. Only one primer indicated somaclonal variation.
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HuyBao er al. (1996) revealed molecular evidence for the
occurrence of stable genomic changes in the transgenic plants by a study
in [taly. RAPD approaéh was employed to analyze the microspore-derived
embryogenic rice cells grown in suspension cultures, transgenic plants
recovered from ﬁrotoplasts produced from the cultured cells and self-
pollination progeny of transgenic plants. Occurrence of somaclonal
variation in the material used to produce protoplasts for gene transfer and

the stability of the foreign gene in transgenic plants were established.

Damasco ef al. (1996) reported detection of dwarf off types for
micropropagated Cavendish banana plants {Musa spp. AAA). Fifty seven
normal and 59 dwarf plants generated through micropropagation of
cultivars New Guinea Cavendish and Wiliams were analysed using 60
random primers of which 19 gave polyrmorphism between normal and

dwarf plants.

Mandal et al. (1996) tested seven somaclones of Lathyrus sativus
having contrasting features and the paremt cultivar for genetic identity
using RAPD. Out of the 81 primers used; 24 revealed polymorphism.
Differences were observed between somaclones and also between some of
the somaclones and parent cultivar. It was not possible to identify a
particular somaclone with a single primer and a combination of two or

more primers was suggested.

Munthali er al. (1996) reported detection of somaclonal
polymorphism- using RAPD, the result of which was similar to a
previouély repoft@d study employing isozyme and RE‘L? technologies.
One hundred and twenty regenerants of best and a parent were analysed
with five primers and two polymorphism were obtained. Thirty secondary.

regenerants were then tested and only single band polyvmorphism was

obtained.
Angel et al. (1996) have analyseéd the stability of cassava plants

stored under in vitro conditions. The study was carried cut at CIAT to
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determine whether any DNA rearrangemments resulting from in vitro
storage under slow growth could be detected by molecular analysis in
retrieved plants. RFLPs with homologous probes, RAPDs with twenty
primers and DNA fingerprinting with M-13 probe were tested to detect
variation in cassava plants after 10 years of in vitro storage. The data
~obtained in this study support the stability of the cassava germplasm under

in vitro storage conditions.

Walther et al. (1997) described thebpossibility of early detection of
in vitro mutants using RAPD analysis. Foumr different types of somaclonal
variants were identified and characterized in banana plants generated by

meristem culture.

Piccioni et al. (1997) reported the estimation of somaclonal
variation in alfa'lfa by. RAPD fingerprinting. Plantlets obtained through
- enhanced release 6f axillary buds on a grm}vth régulator-free medium wais
compared with those obtained through indimect somatic embryogenesis. No
polymorphism was exhibited by plantlets derived through enhanced
release of axillary buds whereas nine out of 39 plantlets regenerated by
indirect somatic embryogenesis different from that of the donor plant for

at least one primer and one amplification product.

Kokaeva er al. (1997) have compared several lines and somaclonal
variants of pea ‘(Pivsum sativiem) using RAPD analysis. Data obtained
revealed that there was considerable divergence between lines originating
from different cultivars and between somaclonal variants that originated

from same cultivar.

Godwin ef al. (1997) performed RAPD analysis among i

somacitonal familiss known to vary for specific characters and somzcional

ally normsal. The parental cultiva:

HAPD

families, which were phenoiyps

found to be homogenous and homozygous and all but one of the

loci. Polymorphism was veported at 28 of the 45 bands among the
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somaclonal families. All somaclonal material differed significantly from

the parental material.

A report from Japan by Shoyama et al. (1997) showed confirmation
of homogeneity among plantlets of ginsemg regenerated through somatic
embryogenesis by employing RAPD technique. Analysis using 21 primers
gave monomorphic amplification products for all the plantlets of Panax

notoginseng.

Hashmi er al. (1997) analysed peach (Prunus persica (L.) Batsch)
regenerants from cv. Sunhigh and Redhaven. Of the 60 primers tried, 35
primers produced results with scorable bands and only 10 of them revealed
polymorhism for regenerants of cv. Sunhigh and one revealed low level of

polymorphism for regenerants of Redhaven.

'Parani et al. (1997) reported RAPD fingerprinting in tweﬁty
.micropropagate_d plaints and the mother plamt in Piper longum. The RAPD
fragmeﬁts were scored for presence /absence of bands to evaluate Jacard’s
similarity index. Further analysis of the data showed eighteen
micropropagated plants forming a major cluster along with the mother
plant. The other two plants could be regarded as somaclonal variants as
they have shown less than 80 per cent simi‘larity to the mother plant and

other micropropagated plants.

Rout et a_l; (1998) used RAPD markers to evaluate the genetic
s.tability of micropropagated plants of Zingiber officinale cv. W3S18.
Fifteen primers were; used for the study amd all the RAPD profiles froni
micropropagated plants were monomorphic and similar to those of field

grown control plants.

Rival eral. (1998) conducted RAPD anzﬂysis in order to investigate
the genetic ﬁdel"ity of somatic embryogenesis derived regenerants of oil palm
(Elaeis guinensis JYacq.). Clonal variants were compared with the normal

type using 387 primers. Of these, 73 primers enabled the identification of
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polymorphism between clones. No intraclomal variability and no difference

between mother palms on regenerants could be identified.

A study by Khanuja et al. (1998) at the Central Institute of
Medicinal and Aromatic Plants, Lucknow preved the utility of RAPD markers

for rapid isolation of somaclones of altered gemotypes in Mentha arvensis.

Randomly amplified polymorphic DNA markers were found to be
useful for confirmation of genetic fidelity in micropropagated banana
plants (Gupta et al., 1999). Somaclonal variant CIEN BTA-03 resistant to
yellow sigatoka leaf spot was obtained from a susceptible banana clone
(Williams clone) by increasing the production of adventitious buds using

6-benzyl amino purine at high concentratiom (Vidal and Garcia, 2000). »

According to Lu ef al. (1996), RAPDs are useful for establishing a
genetic basis for somaclonal variation im rice. The results of RAPD
analysis in cultufed rice showed that somaclonal variation might have
occurred in transfer RNA, ribosomal protein and other genes during cell
culture. Also somaclonal variation was found to increase with culture age

(Yang et al., 1999).

Random amplified polymorphic DMA technology was applied to
monitor the genetic fidelity of micropropagated, meadow fescue viz.,
Festuca pratensis (Valles et al., 1993), Norway spruce (Heinze and

Schemidt, 1995) and Strawberries (Kumar ef al., 1995).

Plants regenerated by somatic embryogenesis from long term callus
cultures derived from five garlic cultivars were subjected to RAPD.
analysis (Al-Zahim et al., 1999). Certain changes were observed in the
RAPD profiles of the regenerants of diffierent cultivars, suggesting the
-existence of somaclonal variants. :
’ . ' TP '

RAPD analysis was done by Babu (2000) to access the genetic

AN
stability in tissue culture derived black pepper plants. Monomorphic

banding pattern was observed for the tissue culture regenerants, compared
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with their respective source plants. Uniformity was confirmed at both
stages of development studied. Thus genetic stability and clonal fidelity
was ensured for the tissue culture regenerants and the viability of the

protocol was confirmed.
2.2.11.8 Identification of Chimera, Sports and Mutants

RAPD markers have been reported #o be used to study sporting and

chimerism in chrysanthemum (Shibata et af., 1998).

Debener et al. (2000) used RAPD and AFLP markers to study the
genetic difference between sports from two cut flower rose varieties as
well as a garden rose variety. There was no polymorphism between the
sports of the cut rose variety and the miginal cultivar, whereas five
polymorphism were detected between the garden rose variety and its

sports.

Pathania and Misra (2001) confirmed the mutability of gladiolus cv
Eurovision mutants. Out of seveh' rangdom primers used for PCR
amplification one primer OPX-02 produced polymorphic bz{nding pattern.
A monomorphic band of 1 Kb was.pres'ent in both the parent cultivar and
its mutant. However a single band 0.8 Kb difference between five mutants

ERM3, ERM4, ERMS, ERM6 and ERM?7 was obtained.

RAPD is a fast and sensitive method, requiring only small amounts
of DNA and inVOlving no radioactivity hazards. However, RAPD’s have .
certain quality problems like confinement to dominant gene expression

and occasional low,reproducibili!;y of results.
2.2.11.9 RAPD in Sex Determination

Eaﬁy identification of sex in dioecious plants like papaya (Somri,
1998) and nutmeg (Shibu et al., 2000) was pos-sible-with the help of
RAPD markers.

Genotypic and morphogenetic diffferences among three female

varieties of P. fongum, one variety each from Assam and Calicut and are
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variety released from Kerala, were investigated using RAPD analysis and
it was revealed that those varieties were genetically different. In Piper
longum RAPD technique was used to investigate the molecular basis of
genotypic differentiation between the male and female parents (Banerjee
et al., 1999). As a result male sex associated RAPD markers were

identified for the first time in Piper longum.
2.3 IN VITRO PROPAGATION OF HELICONIA

Micro propagation is attracting considerable attention for obtaining
large number of genetically pure elite propagule (Anand and Bir, 1984).
According to Murashige (1974) there are three possible routes available
for in vitro propagule multiplication (a) enhanced release of axillary buds
(b) production of adventitious shoots through organogenesis and

(c) somatic embryogenesis.

Vegetat'i'vely propagated rhizomes of heliconia cannot be imported
into several countries without stringent quarantine control due to
discovery of Pseudomonas solanacearum in diseased planfs grown from
rhizomes. However, in vitro propagation techniques have been developed
recently for production of disease-free propagules (Lalrinawmi and
Talukdar, 2000b). This review highlights the research on the various

‘aspects of in vitio propagation in heliconias and related crops. .

Axillary and apical shoots contain quiescent or active meristems
depending on the physiological state of the plant. Only a limited number
of axillary meristems have the capacity to develop in vitro, if the type of

“branching of a pdrtioular species displays apical dominance. Since the
mechanism of apical dominance has been demonstrated to be under control
of various growth regulators, the proportion of these substances in the
media can be s‘o manipulated as to induce: each meristem to regenerate a

“shoot in culture (Razdan, 1993).
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2.3.1 Explants 4

Axillary buds have been used together with shoot apex in most of
the tissue culture works of Heliconia. Loh et al. (1978) were of the
opinion that there was generally a decrease in the generative capacity when the
buds were derived farther away from the apex. Success of in vitro propagation

always depends on the proper selection of explants. The response varies

according to the type, stage and physiological age of the explants.

In axillary shoot proliferation, cytokinin is utilized to overcome
the apical dominance of shoots and to emhance the branching of lateral
buds from leaf axils. This enhanced release of axillary buds with

cytokinins was discovered by Wickson and Thimann (1958).

A protocol was developed by Nathan er al. (1992) for in vitro
propagation of H. psittacorum by using terminal and axillary buds of

rhizomes.

In H. psittcorum cv. Choconiana, dwarf rhizomes tips shorter than 4
cm, from fast growing stock plants, resulted in the lowest contamination

(Pedersen and Brandt, .l 992).

Shiau et al. (1998) conducted a study to identify and control the
contaminants in tissue culture of H. psittacorum. Explahts from di'fferént
parts of H. psittacorum were tested for the percentage of contamination.
The lowest. contamination rate was obtained from leaf tip explants (57.7)
after 21 days of culture. Contamination rates of 80, 83.3, 90, 96.7, and
100% were observed for petioles, leaf b'ase, ovaries, peduncle and terminal

buds respectively.

In vitro propagation of H. psittacorum cv. Rhizomatosa, was done

by Shiau er al. (1999) using terminal shoot tip explants.

Lairinawmi and Talukdar (2000b) reported that explants for shoot
proliferation was obtained in H. psittacormm should contain terminal and

axillary buds.
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Talukdar et al. (2002) obtained shooting and rooting in H. psittacorum

rhizomes when shoot buds were used as explants.

A three-fold increase in length and more than double in breadth was
obtained in H. psittacorum when axillary buds were used as explants

(Bora and Paswan, 2003).

Shoot tip culture of Iris sp. cv. ‘Owation’ stimulated early lateral

bud formation (Lucretti ef al., 1984).

Linde and Hol (1988) recorded multiplication within seven days

when basal parts of the shoots were used as explants.

Bulb 'svegments of Iris xiphium var. Hybridium when cultured on
MS medium supplemented with different growth regulators, adventitious

bud proliferation occurred easily (Huang et al., 1999).

Clonal propagation via enhanced release of axillary buds was
~ successful in many bulbous ornamental plants belonging to the family
Iridaceae and Liliaceae (Hussey, 1976a and 1976b). In gladiolus, Hussey
(1977) reported precocious shoot formation using axillary buds from
corms as explant material. Apical buds fromm corm (Takatsu, 1982; Lilien-
Kipnis and Kochba, 1987; Ziv, 1979) and cormel (Lilien-Kipnis and
Kochba, 1987) and axillary buds from corm (Ziv, 1979; Takatsu, 1982)

were also reported as explants.

Corm production in Gladiolus dalenii and Gladioulus tritis was
increased when axillary buds with corm tissues were used as explants

(De-Bruyn and Ferreira, 1992).

~ Dantu and Bhojwani (1995) reported optimum elongation rate for
shoot cultures of Gladiolus spp. cv. ‘Friemdship’, initiated from axillary

buds.

Shoot and root proliferation was obtained in terminal or axillary
stem scale sections from Polianthes tuberosa cultivars Shrinager (Single

type) and Suvasini (double type) (Krishnamwurthy et al., 2001).
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2.3.2 Surface Sterilants
The explants collected from the field harbour  numerous
microorganisms which when inoculated into the nutrient media
contaminate the entire in vitro system. Hence surface sterilization is
resorted prior to inoculation of explants. While sterilizing the explant
minimum damage should occur to the plant or part to be cultured. The
efficiency of the sterilants depends wupon the type of chemical,

concentration, duration of exposure etc.

A procedure for the disinfection of rhizome tips, based on trimming
of scale leave three times alternating with short (1-10 min) immersions in
disinfectant was used with Heliconia psittacorum cv. Choconiana Dwarf.
The per cent of growing, uninfected explants obtained after three weeks of
culture on MS medium supplemented with growth regulators was 60.
Rates of infection increased significantly when one of the three steps was
omitted. Rhizome tip.s shorter than 4 cm, from fast growing stock plants,

resulted in the lowest contamination (Pedersen and Brandt, 1992).

According to Shiau er al. (1999), lower rates of contamination of
. H. psittacorum cv. Rhizomatosa were obtained in liquid MS medium

supplemented with 500-mg/litre cefotaxime for three days.

Bora and Paswan (2003) recommended sodium hypochlorite as a
surface sterilant for heliconia. They excised tissue blocks of 1 cm
cOntaining axillary buds and washed in running tap water for 15 minutes
and 'then rinsed in 80 per cent ethanol for 30 seconds and immersed.for 15
minutes in 0.8 per cent sodium hypochlorite solution with continuous
agitation. After that 2 — 3 rinses of buds with sterile distilled water for
five minutes each time were done. Outer tissues of each bud were further
trimmed to a size of 4 mm, which was used as explant. Before culturing,
they wére ég&in surface sterilized with sodium hypochlorite solution for

10 minutes and rinsed with distilled water for two to three times.
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Misra and Singh (1999) recommended 0.1% HgCl, for 10 minutes

for surface sterilization of in vitro propagation of Gladiolus spp.

Priyakumari (2001) recommended 0.08% of HgCl, as the best

sterilant for Gladiolus spp.

Krishnamurthy et al. (2001) reported that 0.1 per cent Hg Cl, was

the best sterilant for terminal or axillary stem scale sections of Polianthes

tuberosa.
2.3.3 Culture Media

Composition of media influences the growth and morphogenesis of
plant tissues. The principal components of plant tissue culture media are
inorganic nutrients (macronutrients and micronutrients), carbon sources or
organic supplements, growth regulators and gelling agent. Murashige and
Skoog’s (1962) developed MS medium for in vitro culture of explant

“species. Because of the desired salt composition MS medium is widely

iIsed (Razdan, 1993).

3asal media Species / cultivars Reference
MS medium H. psittacorurﬁ Nathan et al. (1993)
MS medium H. psittacorum Goh et al. (1995)
MS medium H. psittacorum cv. Pedersen and Brandt (1992)
: ‘ Choconiana
MS medium H.;_psittacofum cv. Shiau et al. (1998, 1999)
Rhizomatosa
MS medium Heliconia sp. Sato et al. (1999)
" MS medium H. psittacorum Lalrinawmi and Talukdar
(2000b)
‘MS medium- H. psittacorum . Talukdar et al. (2002)
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MS medium as the ideal medium for in vitro propagation of
gladiolus was also reported by various workers [Sutton, (1978); Logan and
Zettler, (1985); Dickens et al., (1986); Bhojwani and Dantu, (1986);
Lilien-Kipnis and Kochba, (1987); Rao er al., (1991); Gosal and Grewal,
(1991); Steinitz et al., (1991); De Bruyn aﬁd Ferreira, (1992); Prasad et
al., (1993), Dantu and Bhojwani, (1995); Hussain ef al., (1995); Nagaraju
and Parthasarathy, (1995); M‘isra and Singh, (1999); Babu and Chawla,
(2000) and Pathania ef al., (2001)].

MS medium was recommended as the best culture medium for Iris
by Lucretti ef al. (1984), Linde and Hol (1988), Bach (1988), Linde ez al.
(1988) and Huang ef al. (1999).

In Polianthes tuberosa MS medium was recommended by Bose

et al. (1987) and Krishnamurthy ef al. (2001).

2.3.4 vPlant’Gr'owth Substances

Plant growth “ substances are certain complex organic additives,
which influence the establishment and growth of in vitro cultures. Apart
frorﬁ the inorganic constituents of the média, which give consistent
results, the organic medium supplements often do not give any definite
results. A major achievement in modifying composition of the culture
medium was the incorporation of gréwth substances which include auxins,
gibberlins, cytokinins etc.

‘Nathan’et al. (1992) initiated H. psittacorum cultures on modified
MS medium containing 40 pM BA, 150 ml coconut water, 30 g sucrose
and 2 g Gelrite / litre. Shoot multiplication was achieved on the above
medium without coconut water, but supplemented with 10 uM BA. Shoots

were rooted on MS basal medium and successfully acclimatised.

A rapid and flexible propagation éystem for H. psittacorum was
developed by Goh ef al. (1995) by culturing on MS medium in the
| presence of 10 uM 2,4-D, the explants produced rooted plantlets. 2,4-D at
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40 — 80uM induced the formation of highly morphogenic callus. When
subcultured on basal medium, thin callus produced protocorm like bodies

that developed into plantlets.

Morphogenic callus cultures of H. psittacorum accumulated less
ethylene than non-morphogenic cultures during early stages of
differentiation of protocorm — like bodies leading to plantlet regeneration
10 fold higher than that during callus proliferation. It is concluded that
‘high concentrations - of ethylene inhibited regeneration, but low
concentration of ethyl.éne may be necessary for plant regeneration in

callus cultures of H. psittacorum (Kumar ef al., 1996).

Shiau et al. (1999) obtained well developed shoots after 45 days of
culture on MS medium supplemented with 4-8 mg I'' benzylaminopurine
(BA) and 0.5 mg I' NAA. Addition of 0.01 — 0.5 mg I thidiazuron (TDZ) to

the medium was found to be beneficial for rapid growth of shoot tip explants.

Lalrinawmi and Talukdai (2000b) obtained initial establishment of
H. psittacorum buds, on MS medium supplemented with 0.25 mg [AA/litre
and 6.0 mg BAP/litre. For shoot proliferation, it needs a lower
concentration of BAP than what is required in the establishment medium.
Rootihg of in ‘vitro developed shoots occurred in 1.0 to 1.5 mg 1AA in MS
basal medium. A 60 pér cent survivability of the regenerated plantlets is

observed when transferred to ex vitro condition.

Talukdar ef al. (2002) 6btained highest regeneration of H. psittacorum
on MS medium supplemented with 6.0 mg BAP/litre. Treatment with 0.25
mg [AA/ litre + 2.0 mg BAP;/Iitre recorded the highest shoot proliferation
percentage, within 4- 5 weeks of culture. Maximum shoot length observed
was 8.0 - cm. Rooting' was observed im medium containing 1.5 mg
IAA/litre. | |

Bora and Paswan (2003) got three fold increase in length and more

than double in breadth of axillary buds of H. psittacorum in the MS
medium with 5.0 — 6.0 mg "' BAP, 0.05 - 0.1 mg "' IAA and 1.5 - 2.0 mg
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' GA;. The supplementation of 2.5 mg 1™ BAP, 0.2 mg I'' IAA and 2.5
mg I GA; was ideal for initiation of multiple shoots and their
multiplication rates. Medium supplemented with 0.75 mg 1" 1AA, 0.05

mg 1! NAA gave the maximum rooting.
Iris

Lucretti er al. (1984) cultured axillary buds of Iris on MS medium
supplemented with casein hydrolysate 10 pM, 2,4-D and 5 uM BA or 10
uM BA and 0.1 uM NAA. The best result was obtained in medium
containing 10 uM BA and 0.1 uM NAA.

The desirable effect of plaﬁt growth substances for culture
initiation, multiplication and rooting in Iris was recommended by Linde
and Hol (1998).

Huang et al. (1999) cultured bulb segments of Iris xiphium var.
hybridium on MS medium supplemented with different ratios of growth
regulators. The higheét induction frequency (70 per cent) was observed on
MS medium supplemented with BA (1.0 mg 1'') and NAA (0.2 mg 1), The
best proliferation medium was BA (2.0 mg 1) and NAA (0.2 mg 1.
Gladiolus

Rapid in vitro shoot multiplication through adventitious bud
fomiation_ and axillary bud proliferation has been achieved in three
commercial varieties of gladiolus using MS medium supplemented with
0.5 ﬁig per litre BA. The shoots could be readily rooted in culture
(Bhojwani and Dantu, 1986).

Dantu and Bhojwani (1995) obtained optimal elongation of
gladiolus axillary buds on liquid MS medium containing 0.5 mg "' BA.

' Nagaraju and Parthasarathy (1995) cultured gladiolus buds on MS
medium supplemented with BA and kinetin. Shoots obtained in vitro were
excised aspectically and cultured on MS medium supplemei_lted with 1.0

mg BA/litre that was found to be better tham kinetin. Addition of NAA to
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the basal medium enhanced rooting. BA at 7.5 mg 1" gave the maximum
number of shoots (16). The use of auxins (NAA, IBA, TAA and 2,4-D) and
cytokinins (kinetin and BAP) have been reported in gladiolus for in vitro
culture [Hussey, (1976 a and b); Ziv, (1979); Konoshima, (1980); Bajaj er
al., (1983); Dickens er al., (1986); Lilien-Kipnis and Kochba, (1987); Rao
et al., (1991); Steinitz ef al., (1991); Gosal and Grewal, (1991); De Bruyn
and Ferreira, (1992); Prasad et al., (1993); Hussain, (1995); Nagaraju and
Parthasarathy, (1995); Misra and Singh, (1999); Anandhi and Sekhar, (2000);
Pathania et al.,( 2001)].

Arora and Grewal (1990) reported the influence of GA on shoot
clongation. The addition of GA; caused earlier sprouting and faster
increase in sprout length than BAP alone in the culture establishment

medium of cvs. Eurovision and Wild Roses: (Pathania ef al., 2001).

. Tuberose

In Polianthes tuberosa, the flower buds initiated shoots best on MS
medium supplemented with 2.5 pM NAA and 10 uM BA. Shoot
proliferation was maximum on MS mediem supplemented with 0.5 uM
NAA and 20 uM BA. Shoots rooted in vitro when cultured on MS with
0.5 uM NAA or 5.0 uM IBA (Shen et al., 1991).

Krishnamurthy ef al. (2001) cultured terminal and axillary stem
scale sections of Polianthes tuberosa on MS medium supplemented with
various growth regulators. The shoot tips from sprouted explants were |
transferred into a medium containing 2.0 or 4.0 mg BAP/litre singly or in
combination with 0.1 mg IAA/litre. The regenerated shoots were
transferred into half MS medium containimg 0.5 and 0.1 mg IBA, 0.5 mg
IAA or 0.25 mg [AA + 0.25 mg IBA/litre. Cytokinins induc_cd multiple
~ shoot formation. Auxins increased the regeneration capacity. Shoot
length increased with the incre.asing BAP levels. A multiple shoot
induction of 100 per cent was obtained with 0.2 mg IAA + 0.25 mg
IBA/litre.
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3. MATERIALS AND METHODS

The investigation on “Evaluation, molecular characterization and in
vitro propagation of Heliconias” was carried out in the Department of
Pomology and Floriculture and Department of Plant Biotechnology at
College of Agriculture, Vellayani and at CPCRI substation, Kayamkulam
during 2001-2005. The present study was conducted as three experiments.
In Experiment 1: The evaluation of 12 different species and varieties of
Heliconic for morphological characters, cyifological characters,
inflorescence characters and duration of the crop was studied and
economics of cultivation calculated. In Experiment 2: Molecular
characterization of 12 specics and varieties werc studied. In Experiment 3t
Bicropropagation of H. psitiacorum ov. Deep Orage was carried out. The
details regarding the experimental material used, met}iéﬁi}éﬁgj‘ adopted
and analytical techniques followed are described in this chépter.

3.1 EXPERIMENT 1: EVALUATION OF HELKONI4 SP. AND
VARIFTIES AS CUIT FLOWERS

Evaluation of 12 Heliconia species and varieties was done to assess
their value as cut flower. The experzment was conducted in the
Department of Pomologyv .and Floricultiwe, College of Agriculture,
Vellayani, T%iizumﬁani&apamm located 8.5° N latitude and 76.9°F

fongitude and at an altitude of 29 m above mean sea level
3.1.1 Materisls

1. H psittacorum cv. Lady Di

>

- . psittacorum cv. Deep Orange

Léd

H. psittacerum cv. Petra Orange

H. prittacorum X H | spathecircinasa cv. Golden Torch

-~

N

H. psittacorum x H. spathocircinnia cv. Guyana



6. H. psittacorum x H. marginata cv. De Rooij

7. H. rostrata

8. H. latispatha

9. H. humilis

10. H. wagneriana cv. Wagneriana Red

11. H. wagneriana cv. Wagnariana Yellow(Peterson)

12. H. collinsiana x H. bourgena cv. Pedro Ortiz

Treatment details

Vi Golden Torch

V3 Lady Di
Vs  H latispatha
Vs De Rooij

Vs Petra Orange

Ve  Deep Orange
Vi H. rostrata

Vs Pedro Ortiz

Vo H. humilis

Vip Guyana

Vi1 Wagneriana Red

¥iz2 Wagneﬁana Yelow

3.1.2 Method

The rhizomes of all selected species and varieties of Heliconia
were planted in randomized block design with four replications. In each
replication four plants were maintained. Ficld view and materials used are
given. in Plates 1 and 2. The -exberimenk was carried out from August

2002 to July 2003. Planting was done at a distance of 1.00 x 1.00 m.
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1 - Deep Orange 5 - H. humilis 9 - Golden Torch

2 - Petra Orange 6 - H. latispatha 10 - Pedro Ortiz

3 - Lady Di 7 - De Rooij 11 - Wagneriana Yellow
4 - H. rostrata 8 - Guyana 12 - Wagneriana Red

Plate 2. Heliconia species and varieties used for the experiment
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3.1.3 Morphological and cytological characters

Observations on vegetative characters and cytological characters

were recorded and the mean values were taken.

3.1.3.1 Height of the plant

Height of the plant from base to tip was measured at bimonthly

intervals for one year and their mean values were calculated and expressed

in cm.

3.1.3.2 Number of leaves

Total number of leaves per shoot was measured at bimonthly

intervals for one year and their mean values were calculated.

3.1.3.3 Leaf area

Average leaf area for cach variety was taken at bimonthly intervals

for one year and their mean values were calculated and expressed in cm”.

3.1.3.4 Number of shoots

Total number of shoots per plant was taken at bimonthly intervals

for one year and their mean values were calculated.

3.1.3.5 Chromosome number

Studies were carried ont to find the chromosome number of

Heliconia. Emerging inflorescence was selected and policn mother cells

v

were stained in acctocarmine solution (! %). The slides were slightl

heated and observed under the microscope under 1000 X magnification.
3.1.4 Darstion of the crop
3.1.4.1 Days taken for flowering

Total number of days taken by the plant from planting to first

flowering was recorded and the mean calcutated.

3
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3.1.4.2 Flowering duration

Total number of days taken by the spike from complete opening to

the stage when the first bract started showimg symptoms of senescence.

3.1.4.3 Vase life

Number of days taken for the appearance of symptoms: of
senescence in the first flower was recorded as vase life. The vase solution
was replaced on alternate days after cutting 0.5 cm of the stalk base. This
process was repeated until the cessatiom of vase life. Vase life was

expressed in days.
3.1.4.4 Number of flowering shoots per year
Total number of flowering shoots produced by each plant after
plauting for one year was counted and the mean values calculated.
'3.1.5 Inflorescence Characters
3.1.5.1 Length of spike

It was measured from base of first bract to tip of inflorescence and

the mean calculated and expressed in cm.

3.1.5.2 Length of petiole

Length of petiole was measured from the point of emergence from
shoot to the base of the first bract and the mean calculated and expressed

in cm.
3.1.5.3 Number of bracts

Mummber of bracts in each smke was counted and the mesn value

calculated.

3LL5.4

The feagih and breadih of the . second bract from base was recorded
and the size of the bract was obtained by multiplying length by breadth

nd the meas calpulated and expressed in cm’.
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3.1.5.5 Pollen morphology

From fully opened flowers pollen grains were selected and stained
in 1: 1 glycerin, acetocarmine solution (2 %). Diameter of ten normal
shaped and well-stained pollen grains were measured at random using a
standard occular micrometer after calibrating the occular divisions under
the high power (10 x 40 x) of a microscope. The mean diameter was

recorded in microns.
Pollen fertility

Acetocarmine staining technique was employed for studying pollen
fertility. Pollen fertility was estimated by counting fertile and sterile
pollen grains separately in the microscope. Pollen, which was fully
stained, was considered as fertile. Unstained, small or shriveled pollen
grains were considered as sterile (Zirkle, 1937). Three slides were
prepared and five random fields from each slide were observed in each
species and variety. Fertility of each variety was estimated as percémage
of the number of fertile pollen grains to the number of pollen grains

scored.
3.1.6 Statistical analysis

The data collected were subjected to the following statistical analysis

after testing the homogeneity of error varianges.

Analysis of Variance (ANOVA) technique was used to test the
significance of genotypic differences amoag the 12 species and varieties.
Mean, variance, standard error and coecfficient of variation were estimated.

ced through correlation coefficients

The character associations werg estiy
using Analysis of Covartance (ANACOVA) technique (Panse and
Sukhatme, 1985).

The methodology employed tn the estimation of the parameters is

given below. For the two characters & and y measursd g’ genotypes in
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[P

completely randomized design with ‘r’ replications, the variance/ co-

variance analysis (ANACOVA) is as follows.

3.1.6.1 Analysis of variance /co-variance

Mean square
Source df
X Y XY
Between genotypes (g-1) Gxx Gyy Gxy
Error (-1 (g -1) Exx Eyy Exy

3.1.6.2 Estimates of components of variance and co-varionce

Genotypes Emvironment Phenotype
Gy — Ex
2 xx xx 2 2 _ 2 -2
X Cgx = —no«« T ex = Exx G px = G px T 0 ex
r
Gyy — Eyy
2 44 Yy 2 2 _ 2 2
Y Cogy = — @ey—Eyy O py =0 py + G ey
r : .
: Gy - Exy .
XY ‘Ogxy = — Gexy = Exy Opxy = Ogxy T Oexy
r

3.1.6.3 Coefficient of variation
Phenotypic and genotypic coefficiemt of variation (PCV and GCV)

for a trait X were estimaiad as

GCV= 2% X100
- X .
pr
POV = — P X100 -
. : X
Where,

O o: genotypic siandard deviation

Opx: Phenotypic standard deviation
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"X : Mean of the character under study
3.1.6.4 Correlation analysis

The correlation coefficients {phenotypic, genotypic and
environmental) between two characters demoted as X and Y were worked

out as follows

. . T exy
Genotypic correlation (ygxy) =
G gx X O gy
. . : G pxy
Phenotypic correlation (ypxy) =
O px X O py
. . G exy
Environmental correlation (yexy)
G ex X O ey

~ 3.1.6.5 Heritability and Genetic Advance

Heritability (H?) in broad sense was estimated as the proportion of

heritable components of variation (Jain, 1982).

Heritability coefficient (H?) = . ————x 100
Opx
. H‘?‘pr
Genetic advance as percentage of mean (GA)= _____ x 100
X

Where k is the selection differential whose value = 2.06 if five per

¢ent selection is to be practiced (Miller ef al., 1958).

. Genetic advance was categorized according to Robinson et al.

(1949) as follows :
Definition _ : Category
Less than 20 per cent : Low

Greater than 20 per cent High
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3.1.7 Economics of cultivation

The economics of cultivation of crops was worked out considering
all aspects of cost of cultivation and the income derived from the plant.

Then the net income and the cost benefit ratio was calculated as follows
Net income (Rs/ha) Gross income-Cost of cultivation

Gross income
BCR =

Cost of cultivation

3.2 EXPERIMENT 2 : MOLECULAR CHARACTERIZATION OF
HELICONIA

Investigation was carried out at the Depariment of Plant
Biotechnology, College of agriculture, Vellavani and CPCRI substation,

Kayamkulam.
3.2.1 Materials

The 12 species and varieties of Heliconia used in the evaluation

were selected for molecular characterization.

3.2.2 Method
3.2.2.1 Standardization of DNA isolation

Quality of DNA is an important factor, which influence the PCR
reaction. For isolation of genomic DNA, the tissues from the emerging

leaves of all the {2 species and varieties of Heliconin before they full

vnfurt were used. The methods tried for isoiation ars

3232 Prefoced !

The | WA was isolated based on

thod after making necessary

rapson (1984}«
tender emerging leal material was collected in the m

3




8 and 9 am. It was washed in running tap water followed by one per cent
polyvinyl pyrollidone (PVP) solution and in distilled water for four to five
times after chopping the leaves coarsely. Then the chopped leaf bits were
wiped off completely with tissue paper and transferred to a sterilized pre-
chilled porcelain mortar and were ground well to a fine powder in liquid
nitrogen. The powder was then transferred to a 15 ml polypropylene
centrifuge tube containing 5 ml of pre-warmed CTAB extraction buffer
with the help of sterile spatula (extraction buffer: 2 per cent (2w/v) CTAB
(Hexa decyl Trimethyl Ammonium Bromide), 100 mM Tris.HCL, pH 8.0,
1.4 M NaCl, 20 mM EDTA, 0.2 per cent B mercaptoethanol). One ml of
one pei' cent PVP solution was also added along with the sample. Then the
samples were incubated at 6§“C for 3% minutes in water bath with
occasional mixing by gentle swirling. After 30 minutes ‘{&e samples were
~ taken and kaptvat room temperature for 10 minutes. Equal volume of
phenc! chloroform: isoamy! alcohol {25:24:1) was added and mixed by
iﬁ_versioﬂ and centrifuged at 15,006 rpm for 10 minutes at 5°C
temperature. The équeous phase was taken with a wide-bore pipette and
transferred to a clean centrifuge tube and to this equal volume of pheno!
" chioroform iscamyl alcohol was added and centrifuged for 10 minutes at
3°C wm 15600 rpm. The upper phase was collected and extracted with
chloroform: isoamyvialcohol {24:1). Then to the aqueous phase, §.1 volume
of 3 M sodium acetate {pH 4.8) and 273 volume of isopropano! were
added. It was mixed by quick gentle inversion to precipitate the DNA

Then the precipitated DNA was pelleted by centrifugation at 10, 860 rpm

for 5 minutes at a femperature of 3°C. The supernatant was decan?

¢ with 70 per cent cold

sarefully and the

sodt In

23 TE buffer (10 M Tris HOL

and air dried. Then i

| mM EDTA. pH 8.0) and.

Al the matenals vsed in

including reagent bottles, conical flasks, cantrifuge tubes, «pd‘ivia glass

stion and storage of reagents
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rods, funnels and tips of micro pipettes were washed with Labolin solution
and rinsed with distilled water and autoclaved for 45 minutes before use.
Phenol used was saturated and equilibrated using Tris buffer and pH

adjusted to 8.0.
3.2.2.3 Protocel 2

The leaf sample was placed in a pre-chilled mortar and pestle and
added 2.5 ml 2 per cent CTAB and 300 p! of one per cent PVP and the
leaf tissues were powdered in it. It was poured into 15 ml polypropylene
centrifuge tube containing 5 ml of pre-warmed CTAB extraction buffer
with the help of sterile spatula (extraction buffer: 2 per cent (2w/v) CTAB
(Hexa decyl Trimethyl Ammonium Bromide), 100 mM Tris. HCL, pH 8.0,
1.4 M NaCi, 2¢ mM EDTA, 6.2 per cent mercaptoethanol) and the

remaining procedure was same as that of protocol 1.

3.2.2.4 Protocei 3

Protocol 3 was same as that of protocol 1 except that no liquid
~ nitrogen was used for grinding the leaf tissue. The remaining procedure

was same as that of protocol 1.

3.2.2.5 Protocol 4

The method suggested by Mondal er al. (2000) was slightly
modified without the use of CTAB and tried for DNA isolation in
Heliconia. Briefly 0.5 g of leaf material was pulverized in liguid nitrogen
with 20.0 p! B-mercaptacthane! in pre-cooled mortar by rapid grinding to
a fine powder. Then 7.5 ml of hot (65°C) extraction buffer (100 mM Tris-
HCE 20 mM EDTA, 2 M NaCl, 2 per cent (w/v) SUS, pH §) and a2 pinch

of polyvinyl pyrroliidone (PVP) were added. The fine slurry of groun

slant material was transferred fo a 50 m! ceatrifug
water bath &t 53°C for 20 minutes with occasional gentle shaking.

sample was captrifuged at 4°C for 18 minutes at 10,800 rpm. The

supernatant was (ransferred to another stertle eppendorf tube wstng 2
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sterile pipetted tip. To this added equal volume of phenol : chloroform :
iso amyl alcohol (25:24:1) and centrifuged as in previous step after gentle
| mixing. To the supernatant added equal velume of chloroform : iso amyl
alcohol (24:1) and centrifuged as said above. This step was repeated.
Then, to the supernatant 1/10® volume of 3 M sodium acetate followed by
double volume of isopropyl alcohol was added. It was mixed gently and
kept in freezer for 30 minutes for beiter precipitation of DNA. Then
centrifuged at 10,000 rpm for 10 minutes at 4°C to pellet the DNA. The
supernatant was discarded and the pellet was washed in 70 per cent
ethanol. The pellet was air dried and then dissolved in 0.1 ml of I x Tris

EDTA buffer (10 mM Tris HCL, | mM EDTA, pH 8) and stored at -20°C.

3.2.3 Purification of DNA

Major contaminaats in crude DNA preparation are RNA, protein
and polysaccharides. The following procedure was used for DNA

purification.

1. Equal volume of DNA and phenol: chloroform isoamy! alcohol

(25: 24: 1) were taken and mixed properly.

2. Centrifuged at 10000 rpm for ten minutes at room temperature.
The aqueous phase was removed and transferred to a fresh

microfuge tube.

3. Extracted twice with equal volume of chloroform: iscamylalcoho!
(24: 1). After centrifugation, the agueous phase was transferred to

- fresh microfuge tube.

I3

5. 2.5 volume of absolute alcoho! was added and mixed by guick

gentie inversion to precipitas the DNAL
6. Keptin the freezer for 1 hour,

7. Centrifuged at 10,600 rpm for 15 minutes to pellet the DNA



3.2.4 QGuantification of DNA

DNA quantification was carried out with the help of UV- Vis

spectrophotometer (Spectronic Genesis 5).

The spectrophotometer was calibrated at 260 am and 280 nm
wavelength using TE buffer, in which DNA was dissolved. The
absorbance of the DNA sample dissolved im the TE buffer was recorded at
both 260 nm and 280 nm.

Since an absorbance 1.0 at 260 nm represent 50 pgml™ of DNA, the
quantity of DNA in the sample was estimated by em'pEoying the following

formuia :
Amount of DNA (ygml‘l) = A260 x 50 x dilution factor
(where, A260 = absorbance at 260nm)

The quality of DNA could be Ja;\dged from the ratio \f the
absorbance values recorded at 260 nm and 280 nm. A ratio between 1.5

and 2.0 indicates good quality of DNA.
3.2.5 Agarose gel electrophoresis

Agarose gel electrophoresis was carried out in a horizontal gel
electrophoresis unit. Required amount of agarose was weighed out (0.9 per
cent for visualizing the genbmic DNA and 1.4 per cent for visualizing the
amplified products) and melted in IXTAE buffer (.04 M Tris acetate, 0.001 M
EDTA, pH §.0) by ~boiiiri-g. Aﬁér cooting to sbout 54°C ethidium beomide
was added to 2 final cohcemraﬁsﬂ of 6.5 ug mi’
poured {0 2 pre set iempiate with approprizte comt

ihe agar, rse combd and the seaiing rapes were

mounted in an slectrophoresis tank. The zank w

* buffer, -so that it just covered the emtire zel. R 'gum,ii volums of DNA
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sample and gel loading buffer (6X loading dye with 40 per cent sucrose,
0.25 per cent bromophenol blue) were mixed. Each well was loaded with 20 pl
of sz{mple. One of the wells was loaded with 5.0 pul of PCR molecular
weight marker along with required volume of the gel-loading buffer.
Electrophoresis was performed at 75 volts until the loading dye reached
3/4™ length of the gel. The gel was visualized using an ultraviolet visible (UV-

Vis) transiiluminator.
3.2.6 Random Amplified Polymorphic DNA (RAPD)

DNA amplification was done using forty arbitrarily designed
decamer primers (Operon Inc, CA, USA.) adopting the procedure of Lim
et al. (1999) with required modifications.

Polymerase chain reactions were carried out in a volume of 25 p.*
containing 2.5 ul 10.X buffer (10 mM Tris: HCI pH 9.0, 1.56 mM Mg Cl,,
50 mM KC! and 0.01 per cent gelatin), ¥0 pM primer, 250 uM each of
deoxynucleotides (dNTPs), 0.2 units of Taq DNA polymerase and ZEng of
genomic DNA.  Amplifications was performed in a programmable
Thermal Controller (MJ Research, lné.) for an initial denaturation at 95°C
~ for one minute, followed by 35 cycles ofdenatufatioin. at 95°C for one
minute, annealing at 35°C for two minutes and extension at 72°C for two
minutes. A final extension at 72°C for 10 minutes was included after the
last cycle. Finally the products of amplification were cooled at 4°C. A
negative control containing sterile water imstead of template was included
in each reaction set.

Amplified products ai.ong with DINA rﬁolecuiar weight marker

supplied bv US Biochemicals were senarated by electrophoresis using 1.4

71

per cent agarose gel, stained with ethidiven bromide and visualized on 2

UV transitivminator.

+

The number of monomorphic sands, number of polymorphic bandz

and intensity of bands were recorded. Those primers which when used for



72.

amplification produced the maximum nwmber of bands were used to
amplify the DNA of all the twelve Heliconia species and Qarieties. The
photographs of the amplification profile obtained in all the Heliconia
species and varieties amplified in vitro wsing eight primers were taken
with the help of gel documentation system. The RAPD bands were
represented as ‘+’ (for presence) and ‘-’ (for absence) and recorded. The
PCR was repeated at least twice in order to check the reproducibility. The
ampiiﬁcation products of those primers alone, which could pvroduce

amplification for most of the species and warieties, were used for further

analysis.
3.2.7 RAPD Data analysis

The reproducible bands were scored for their presence (+) or absence
(-) for all the species and varieties studied. A genetic similarity matrix was
constructed using the Jaccard’s coefficient method (Jaccard, 1908) (formula)
where, Sj =a/ (atb+c)

a = number of bands present in both the species and varieties in a

pair ‘ -
b = number of bands present in the first variety but not in the second one

¢ = number of bands present in the second but not in the first.

Based on the similarity coefficient the association between the
species and varieties was computed with the help of a software package
NTSYS (version 2.02). Using the similarity coefficient values between
the species and varieties, a dendogram was constructed following the
Unweighted Pair Group Method with arithmetic Average (UPGMA).
- Similarity between the 12 species and varistiss of Heliconic was assessed

from the dendrogram.



3.3 EXPERIMENT 3: IN VITRO PROPAGATION OF AELICONIA

The experiment was conducted in cempletely randomized design at

Department of Plant Biotechnology, college of Agriculture, Vellayani.

3.3.1 Explants

Explants were collected from actively growing adult plants of
Heliconia psittacorum cv. Deep Orange. Shoot tips, bits of rhizome, root

tip and leaf segments were the explants.

3.3.2 Collection and preparation of explants

The explants were excised from the plants using surgical blades.
Rhizome was dugged out and the rhizome bits and shoot tips (apical buds)
were removed. The scaly portion attached to the bud was carefully
removed. Then the rhizome bits and shoot tips were washed with running
tap water later washed in water to which a drop of wetting agent labﬁiéﬂs
was added. The explants were kept in labolene solution for half an hour.
They were further washed three to four times with distilled water to

remove the iraces of labolene.

In_the case of leaf and root explants the same procedure was
followed. The tip, middle and basal portions of leaf were cultured
separately. Each treatment was replicated twenty times. Observations on
bud initiation (%), rate of contamination amd number of days taken for bud
initiation were recorded. Based on preliminary screening shoot tip was

selected for further study.
3.3.3 Surface sterilization

Surface sterilization of the shoot tip explants was carried inside a
laminar airflow chamber. The explants after surface sterilization wers

rinsed four to five times with sterile distilled water.

Experirneni- was carrisd out for the standardisation

s given below. Al th

sterifization iech
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were replicated 20 times. The medium was MS. Observations were made

on the percentage of contamination and survival rate.

(0.1%)

Sterilant Concentration Time of treatment
ertian (per cent) (minutes) ‘
Mercuric chloride 0.08 5,10, 15
. 0.10 5,10, 15
0.15 5,10, 15
Sodium hypochlorite 5 25,30
10 25,30
Calcium hypochlorite 10 25
30
Ethyl alcohol wiping g 5
| (70%)+Mercuric chloride '
10
15
Absolute Ethyl alcohol 5
(1 minute washing) + AN 10
mercuric chloride(0.1%)
15

3.3.4 Inoculation and Inéubationr

The inoculation was carried out under perfect aseptic conditions in

a laminar air flow chamber. All the tools (blades, forceps etc.) and

glassware used for inoculation were washed thoroughly and further rinsed

in double glass distilled water and autoclaved at 121°C and 1.06 kg cm™

nressure for 40 minutes.

The explants after surface stertlization were giv

(39

a 2 fresh cut just

atovs the initial cut to remove the portiona, which had basome brown due

to sierilization. For shoot apex about 3-8 mm long avical portions was

retained. The rhizome bits had minute buds attached to 5. The leaves

wers cut into sections of about 5 mm from the tip, mi

Jie md basal

7%
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portion of the leaf sheath. In case of roots, 5-10 mm long root tips were

used for culturing.

The explants after preparation were used for inoculation. The
sterilized explants were then inoculated imto the medium using sterilized
forceps. The test tube neck was once again flamed and the cotton plug
quickly replaced. The inoculated test tubes were immediately transferred

to the cglture room provided with light / darkness at 26 + 1°C.
3.3.5 Media

The media used for getting sterile cultures were MS (Murashige
and Skoog, 1962), SH (Schenk and Hilderbrandt, 1972) and White (1963).
The chemicals used for the preparation of the culture media were of
analytical grade from the Sisco Research Laboratory (SRL, Bombay)
(Appendix I). | -

>

~ Standard procedure was followed for the preparation of media.
Stock solutions of major and minor nutrients ‘were‘ prepared by dissolving
the required quantity of chemicals in specific volume¢ of double glass
distilled water. Plant growth substances were first dissolved in dilute acid
/ alcohol and volume made up with double glass distilled water. The stock

solutions were stored under refrigerated comditions.

The stock solutions of plant growth substances were prepared fresh
every week, whereas other stocks were maintained under refrigerated

conditions up to one month.

The glasswares were thoroughly washed with water containing a
few drops of labolene and then rinsed with double distilled water.
Specific quantities of stock solutions of chemical and pytohormones were
pipetted out into 2 100 ml beake:. Sucrose and myo-inositol were wdded
fresh and dissoived. Final volume was made up to 1000 m! after adivsiing
pH.
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The medium was then heated and agar is added and allowed to melt.
The medium was then poured into pre-sterilized culture vessels, which
were rinsed with double distilled water. Corning brand test tubes (25 x
150 mm) were used as containers. The test tubes were filled with 166.67
ml of medium. The test tubes containing the medium were plugged tightly
and autoclaved at 121°C and 1.66 kg cm> pressure for 20 minutes and
after cog]ing, transferred to the culture room to be used for inoculation as

and when required.

Each treatment was replicated twenty times. Observations on rate of
contamination, bud initiation (%) and number of days taken for bud
initiation were recorded. After initial screening MS medium that showed

good response was selected for further study.

3.3.6 Culture establishment

>

The culture establishment were carried out using shoot tips in |
MS medium supplemented with cytokinins (BA, kinetin, 2 ip each at 0,
5, 10 mg I') alone and in combination with auxins [ IAA (0, 0. S/mg M), NAA (0
0.5 mg 1)}, and GA; (0, 2 mg I''). BA IOmgl‘ and 2,4-D (10, 20 40 mg 1)
combination was also tned Treatment details are glvcn in Table 1. Each
treatment was replicated six times. Observatlons on the number of days
taken for complete greenness, number of buds responded and rate of

survival were recorded.
3.3.7 Shoot preliferation

The cultures showing complete greenness and bud initiation were

~then transferred to. shoot proliferation medium. Trials were conducted in
MS medium supplemented with cytokinins (BAP, kinetfn, 2ipeachat 0, 1,

2,3.5,5 mg I'") alone and in combination with IAA (0, 0.2 mg 1"') and GA;

(0, 2.5 mg I''). The cultures were kept in the dark room. Treatment details

are given in Table 2. Each treatmemt was replicated six times.

Observations on the number of days taken: for sprouting or callusing, per
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Table 1. Different levels of plant growth regulators tried for culture
establishment in H. psittacorum cv. Deep Orange
Code | Media
T, MS
T, MS + BA (5.0 mg I'1)
Ts MS + BA (5.0 mg I”7) + IAA (0.05 mg 1)
T, MS + BA (5.0mg 1)) + GA; 2.0 mg 1)
T, MS + BA (5.0 mg 1) + NAA (0.5 mg 1)
Te MS + BA (5.0 mg I') + 1AA (0.05 mg I'") + GA; (2.0 mg ')
T, MS + BA (5.0 mg I'") + JAA (0.05 mg I') + NAA (0.5 mg 1)
Ts | MS+BA (5.0mg 1) +1AA (0.05mg ") + GA; (2.0 mg 1) + NAA (0.5 mg I')
Te IMS+BAG.Omgl) +GA; 2.0mg 1)+ NAA (0.5 mg 1)
T, | MS+BA(10.0mg1")
Ty MS + BA (10.0 mg ") + IAA (0.05 mg I')
T2 MS+BA(1OOmgI)+GA3(20mg]’)
T MS+BA(100mg1)+NAA(OSmgI)
"Tya MS+BA(]00mg1)+IAA(005mgl)+GA1(20m21‘)
" Tys MS+BA(100mg1)+1AA(005mgiT)+NAA(05mol)
T | MS+BA(100mgl )+1AA(005m§1 )+GA3(20m£I )+NAA(05mg1 )
Ty7 .MS+BA(100mg1)+GA3(2Bmgl)+NAA(05mal)
Tis MS + Kinetin (5.0 mg 1)
T | MS + Kinetin (5.0 mg I’ l) + IAA (0.05mg 1))
T | MS + Kinetin (5.0 mg 1) + GA; (2.0 mg 1,’)
Ty MS + Kinetin (50mg1')+NAA (OSmgl')
Tas MS + Kinetin (5.0 mg I ) + 1AA (0,051 mg I )+ GA; 2.0mgT D)
Tss MS + Kinetin (5.0 m Erl ) + 1AA (0.05 mg 1Y + NAA (0.5 mgl D)
Ty | MS +Kinetin (5.0 mg I') + IAA (0.05 mg I Y+ NAA (0.5 mgl )+GA3 206mglhH
Tas MS + Kinetin (3.0 mg I )+GA3 (2.0mg I')) + NAA (0.5 mg 1)) )
Ty MS + Kinetin (10.0mg I’ )
Ty MS + Kinetin (10.0 mg I’ ) + IAA (0.05 mg 1 H
Tag MS + Kinetin (10.0 mg I'' )+GA3 (20 mgl. )
Tse MS + Kinetin (10.0 mg I’ )+NAA (0.5mg 1’ b)
Tso MS +Kinetin (10.0 mg I’ ) +1AA (0.05 mg 1° ’) +GA; (2.0mg I )
Tsi MS + Kinetin (10.0 mg I’ Y+ TAA (0.05 mg ')+ NAA (0.5 mg )
Ti, | MS+Kinetin{10.0 mg 1°) + IAA (0.05 mg I’} + GA; 2.0 mg 1) + NAA (0.5 mg 1)
Ts; | MS + Kiretin (10.0 mg I'') + GA; 2.0 mg 1)) + NAA (0.5 mg I'")
Tss | MS +2ip (5.0 mg 1)
Tss MS+21p(50mgl)+1AA(005mg1)
Tae MS+21p(SOm§l)+GA3(2OmgI)
Ty; | MS +2ip (5.0 mg 1“) + NAA (0.5 mg I )
Tss MS+21p(50mgl)+IAA(005mgl)+GA3(’>OmgI)
Tso MS+21p(50mgl)+IAA(005mgl)+NAA(05mgl)
Ty | MS+2ip(5.0mgl )+ 1AA (0.05 mg ') )+ NAA ©05mgl )+GA3 2omgth
Tas MS+21p(56mgl)+GA (20mg])+NAA(05mgl)
Ty, | MS +2ip (10.0mg I )
| T4 | MS+2ip (10.0mg )+IAA(005m01 D)
Ty | MS +2ip (10.0 mg I') + GA, (ZOmL)
Tss | MS +2ip (10.0mg ') + NAA (0.5 mg I')
Ty | MS +2ip (10.0 mg I'") + TAA (0.05 mg ') + GA; (2.0 mg 1)
Ty | MS +2ip (10.0 mg I7) + 1AA (0.05 mg I') + NAA (0.5 mg I'D)
Tiss | MS+2ip (10.0 mg 1) + 1AA (0.05 mg I'") + GA; (2.0 mg I') + NAA (0.5 mg i)
Ty | MS +2ip (10.0 mg I'") + GA; (2.0 mg I') + NAA (0.5 mg ')
Tso | MS+BA (10.0mg 1"y +2,4-D(10.0 mg ')
Ts;, | MS+BA(10.0mgl’)+2,4-D(20.0mglh)
Ts, | MS+BA(10.0mgl")+24-D(40.0mgl'4)
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Table 2. Different levels of plant growth regulators tried for shoot
proliferation and elongation in H. psittacorum cv. Deep Orange

Code | Media
Sp, | MS
SP, |MS+BA(1.0mglh)
SP; | MS +BA (1.0 mg r‘) +1AA (0.2 mg rl)
SP, MS+BA(IOmL)+GA3(25mgl) :
SPs MS+BA(10m01)+IAA(O2mg])+GA (2.5 mg 1)
TSP, MS+BA(20mgl)
'SP, | MS+BAQOmglH+IAA (2.0mglh)
SPs IMS+BAQOmgIN+GA; 25mglh)
SPs, |MS+BA(QO0mgl I) +1AA (0.2 mg 1) +GA; 2.5 mg 1)
SPyp MS+BA(3.5mgl D)
SPy, MS+BA(35mgl)+IAA(O7mg1)
SPy, MS+BA(35mo1)+GA (25mg3)
SPys S+BA(35mgl)+GA3(25mgl)+IAA(02m°1)
SP;s | MS+BA (5.0mglh)
SPis MS+BA(50mgl)+IAA(02mgl)
SPs |MS+BA(5.0mgl’) + GA; (2.5mgly
SPy, MS+BA(50mg1‘)+1AA(02moi)+GA3(25mg1)
SP,; | MS + Kinetin (1.0 mg I’ 1)
8Py | MS + Kinetin (1.0mg 1 ) +JAA (0.2 mg Iy
SPyp | MS +Kinetin (1.0 mg 1) + GA; (2.5mg I’ ')
SPz; | :MS + Kinetin (1.0 mg T’) +GA; 2.5mg ') +IAA (0.2 mg 1)
SP,, MS + Kinetin (2.0 mg 1’ )
SP,; | MS + Kinetin (2.0 mg I’ ) +IAA (0.2 mg 1 T)
SPy;  { MS + Kinetin {2.0 mg:l" N+ GA; (2.5 mg I’ )
SP,s | MS + Kinetin (2.0 mg 1) + IAA (0.2 mg 1) + GA; 2.5 mg 1)
8P - | MS + Kinetin 3.5 mg I’ 1)
SPy7 .| MS + Kinetin (3.5 mg I ) + 1AA (0 2mglh)
8Py | MS + Kinetin (3.5 mg I’y + GA; (2.5 mg 1)
SPys | MS +Kinetin (3.5 mg I’ )+1AA(02mg1I)+GA (2. Smoi D)
SP5o | MS + Kinetin (5.0 mg ,) :
SP;; | MS + Kinetin (5.0 mg I’ )' +JAA (0.2 mg 1)
SP;; | MS + Kinetin (5.0 mg 1I”') + GA; (2.5 mg Ff)
SP;; MS+K1netm(50mgl)+IAA(02mg1)+GA (2.5mg 1)
SP34 MS+2lp(] Omgl )
SPys | MS+2ip(1.0mgl )+IAA (0.2 mg I’ )
SPss | MS +2ip (1.0 mg 1) + GA, 2.5 mg I’ )
SPs; | MS +2ip (1 0m01)+IAA 02mgl)+GA; 2.5mglh)
SP;s | MS + 2ip (2.0 mg )
SPyy | MS +2ip 2.0 mg I') + IAA (0.2 mg ')
SPy | MS+2ip(20mgl)+GA; (25mgl")
SP,;, | MS +2ip 2.0mg 1) +IAA (0.2 mg 1)+ GA; (2.5mg 1)
| SP,, | MS+2ip(3.5mglh)
SPy; [ MS+2ip(3.5mg ) +IAA (0.2 mgl)
SPyy, MS+2ip 3.5mgl) +GA; (2.5 mg 1)
SPs;s | MS +2ip 3.5 mg I+ TAA (0.2 mg ') + GA; (2.5 mg 1)
SPy | MS+2ip (5.0 mglh
| _SPy; | MS+2ip (5.0mg 1) +1AA (0.2 mg 1)
SPys | MS+2ip (5.0 mg 1) + GA; 2.5 mg ')
SP;y | MS +2ip (5.0 mg ') + IAA (0.2 mg ') + GA; 2.5 mg 1D
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cent of shoot proliferation, survival rate, number of shoots and number of

leaves were recorded.

3.3.8 Standardisation of media supplements

Effect of media supplements, viz., coconut water (0, 5, 10 and 15 %),
activated charcoal (0, 0.5, 1 %), ethylene inkibitors (cobalt chloride 5 mg 1!
and 10 mg I', PVP 5 mg I"and 10 mg I'"), silver mitrate (5 mg I'and 10 mg I, copper
sulphate (100 and 200 mg 1), cefotaxime (250 and 500 mg 1”') and carbon sourcés
(sucrose 30 g I'', 35 g I'") were tried for shoot proliferation. After the
screening of shoot proliferation, the treatment SPy was used for the study
of standardization of media supplements. Each treatment was replicated
six times. Observations on the number of days taken for sprouting or
cal]usihg,' per cent of shoot proliferation, survival rate, number of shoots

and number of leaves were recorded.

3.3.9 Invitro rooting

Studies were carried out -for in vitro rooting of elongated shoots
using different auxins (IAA (0.25, 0.5, 1 mg 1), and NAA (0.25, 0.5 mg 1)
alone and in combination. Treatment details are given in Table 3. Each
- treatment was replicated six times. Observations on days taken for root
initiation, numbér of roots, per cent of cultures initiating roots and

survival rate were recorded. Treatment details are given in Table 3.

3.3.10 Statistical analysis

The experiment design was completely randomized design. Since
the replication did not respond uniformly data generated were not

subjected to statistical analysis.
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Table 3. Different levels of plant growth regulators tried for rooting in
H. psittacorum cv. Deep Orange

Code Media

R; MS + IAA (0.25 mg I'") '

R, MS + [AA (0.5 mg I'h)

R3 MS + JAA (1.0 mg 1)

Ry MS + NAA (0.25 mg I'")

Rs  |MS+NAA (0.5 mgl™)

R MS + IAA (0.25 mg 1) + NAA (0.25 mg I'")
R, | MS +IAA (0.25 mg1™) + NAA (0.5 mg I™")
Ry MS +[AA (0.5 mg 1) + NAA (0.25mg1h
Ro MS + IAA (0.5 mg 1) + NAA (0.5 mg 1)

Rio MS + IAA (1.0 mg I'Y) + NAA (0.25 mg I'})

Ri| MS + IAA (1.0mg I''y + NAA (0.5 mg I'")
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4. RESULTS

The present study was conducted as three experiments. In
Experiment 1: The evaluation of 12 different species and varieties of
Heliconia for morphological characters, cytological characters,
inflorescence characters and duration of the crop was studied and
economics of cultivation calculated. In Experiment 2: Molecular
characterization of 12 species and varieties were studied. In Experiment 3:
Micropropagation of H. psittacorum cv. Deep Orange was carried out. The
results of the investigation carried out for evaluation, molecular
characterization and in vitro propagation of Heliconias are presented in

this chapter.

4,1 EXPERIMENT 1: EVALUATION OF HELICONIAS

4.1.1 Morphological Characters

4.1.1.1 Height of the plant

Data pertaining to the height of the plant is presented in Table 4.

The species and varieties varied significantly with respect to plant
height through out the observation period. The species V3 (Heliconia
latispatha) registered the highest plant height with a mean height of
195.32 cm, 200.12 cm, 193.98 cm and 183.59 cm, respectively at three
months, five months, seven months and nine months after pianting which »
was significantly superior to all other species and varieties. The variety Vg
(Pedro Ortiz) recorded the highest plant height eleven months and one

year after planting (191.18 cm and 248.44 cm, respectively).

Among the species and varieties V4 (De Rooij) recorded lowest
plant height during the whole observation period except five months after
planting. It recorded a mean height of 62.39 ¢m, 86.79 c¢m, 75.26 cm,

75.77 ¢m and 80.88 cm, respectively at three months, seven months, nine



Table 4. Plant height of 12 Heliconia species and varieties

B2

F"’— Plant height (cm)
Treatments —5mp T 5MAP | 7MAP | OMAP | 11 MAP | 1YAP
v, 107.09 | 10745 | 109.16 94.79 101.83 | 105.32
Vs 102.76 | 10694 | 12927 | 108.99 | 117.51 131.27
Vs 19532 | 200.12 | 193.98 | 18359 | 182.13 | 196.83
Vi 62.39 85.60 86.79 75.26 75.77 80.88
Vs 101.55 | 107.97 | 109.40 | 101.94 99.56 104.05
Vs 107.58 | 107.93 99.25 99.16 96.37 105.01
Vy 91.20 84.35 101.57 | 103.36 98.63 107.06
Vs 10145 | 10618 | 12333 | 15098 | 191.18 | 248.44
Vo 101.83 | 122.13 | 13333 | 14838 | 160.88 | 183.37
V1o 113.00 | 122.05 | 143.68 | 132.87 | 14263 | 145.98
Vi 10570 | 11698 | 14248 | 162.08 | 188.43 | 190.31
Vi 103.90 | 10348 | 133.17 | 151.66 | 15828 | 165.95
~ F 32.01%* | 128.98%* | 144.89%* | 223 49%* | 173.21%* | 192.44**
SE 5.37 2.59 2.34 2.21 3.11 3.62
CD 15.476 7.488 6.746 6.393 8.977 10.445
. **Significant at one per cent level
Table 5. Number of leaves of 12 Heliconia species and varieties
Treatments . Number of }ea\{es
, 3MAP | 5MAP | 7MAP | 9MAP | 11 MAP | 1 YAP
\7 5.00 5.00 5.25 5.13 5.00 4.88
Vs, 6.25 6.13 6.00 5.75 5.88 5.75
V; 5.38 5.25 4.75 5.13 5.00 5.00
Vi 5.00 5.50 525 4.63 4.63 4.88
Vs 5.00 5.13 5.00 5.00 5.00 5.00
Ve 5.25 525 5.37 5.63 537 5.38
'V, 525 538 4.63 4.50 438 475
Vs 5.25 5.00 5.00 4.88 5.00 5.13
Vo 5.00 5.00 5.38 4.50 5.63 4.88
Vio 4.87 5.13 5.88 6.13 5.50 6.25
Vi 437 |- 5.00 4.88 4.50 438 4.50
Vio 4.75 5.12 4.63 550 | 5.38 513
F 4.03%* 1.56™ 1.85™ ] 0.937%* | 1.95™ 1.94™
| SE 0.22 0.25 0.32 0.32 0.34 0.33
CD 0.641 0.742 0.945 2.671 0.984 0.970

**Significant at one per cent level, NS — Not significant
MAP — Months after planting

YAP — Year after planting
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months, eleven months and one year after planting. The species V;
(Heliconia rostrata) recorded the lowest plant height (84.35 c¢m) at five

months after planting.
 4.1.1.2 Number of leaves

The data pertaining to the number of leaves are presented in

Table 5.

There was significant difference in the number of leaves per shoot
three months and nine months after planting. The variety V, (Lady Di)
recorded highest number of leaves at three months after planting (6.25)
and it was found significantly superior to all other species and varieties.
The variety Vg (Guyana) recorded the highest number of leavés_' (6.13),

nine months after planting.
4.1.1.3 Leaf area
The data pertaining to leaf area is presented in Table 6.

The species and varieties showed significant difference in leaf area
throughout the observation period. The variefy Vg (Pedro Ortiz) recorded
the highest leaf area with mean values of 2905.40 em?, 2716.20 cm?,
2734.39 cm?, 2986.12 cm?, 2944.54 cm?, 2993.18 cm?, respectively at
| three months, five months, seven months, nine months, eleven months and

one year after planting.

The ‘vari»ety V, (Lady Di) recorded the lowest leaf area three
months and eleven months after planting (671.94 cm?, 759.78 cm?,
respectively). The variety V4 (De Rooij) recorded the lowest leaf area
(699.54 cm?) at five months after planting. The variety V4 (Deep Orange)
recorded the lowest leaf. area seven mdnths, nine months and one year

after planting (747.75 cm?, 724.73 cm®and 782.62 cm?, respectively).

4.1.1.4 Number of shoots

The data pertaining to the number of shoots presented in Table 7.



Table 6. Leaf area (cm?®) of 12 Heliconia species and varieties

B84

”", Leaf area (cm’)
Treatments 3MAP | SMAP | 7TMAP | 9MAP | 11 MAP 1 YAP
V. 742.45 746.62 837.25 834.71 850.97 868.96
' V, 671.94 708.50 757.85 791.60 759.78 800.77
V3 1305.05 | 1338.10 | 1314.90 | 1335.87 | 1293.76 | 1327.87
V4 731.60 699.54 758.20 874.26 761.87 848.61
Vs 845.70 776.40 795.10 804.30 855.20 839.94
Ve 756.88 | 794.62 | 747.75 | 724.73 804.8 782.62
Vs 834.35 840.97 789.98 781.56 949.53 873.71
TV 2905.40 | 2716.20 | 2734.39 | 2986.12 | 2944.54 | 2993.18
o Vo 2637.47 | 2705.65 | 2710.62 | 283937 | 2868.52 | 2937.72
Vio 835.57 844.57 | 1064.58 | 983.15 972.51 1014.16
Vi 1649.03 | 1638.12 | 1824.69 | 1899.12 | 2024.09 | 2017.64
TV, 1574.45 | 158747 | 1731.87 | 1814.34 | 1904.57 | 1877.29
F 591.81%* | 110.58** | 950.22** | 754.89** | 1011.98** | 585.29*%*
SE 31.65 22.48 24.29 29.73 25.69 34.29
CD 91.244 64.793 70.014 85.713 74.057 | 98.689
**Significant at one per cent level
Table 7. Number of shoots of 12 Heliconia species and varieties
Treatments Number of shoots -
IJMAP | SMAP | 7TMAP | 9MAP | 11 MAP | 1YAP
Vv, 10.88 14.625 18.88 20.25 22.88 36.88
V, 15.00 19.38 22.38 25.13 30.50 42.25
V3 7.38 11.13 13.00 16.13 19.00 26.75
\ 8.88 11.38 14.25 24.63 32.25 56.37
Vs 12.25 13.80 17.50 26.70 34.25 56.60
Ve 16.00 17.25 20.88 23.63 31.88 52.00
V; 9.76 12.00 13.88 19.38 23.25 34.00
Vs 7.63 8.38 9.25 9.88 11.25 - 20.25
Vg 5.63 6.63 8.13 12.13 15.00 26.50
Vio 8.88 13.38 18.00 21.00 25.25 '38.00
Vil _6.88 8.63 10.50 12.38 14.75 26.25
Vi 6.88 7.25 8.38 9.50 12.75 16.25
F 44.50%* | 46.38*%* | 48.18** | 72.55%*% | 84.27%* | 61.40**
SE 0.49 0.57 0.71 0.72 0.88 1.74
CD 1.4227 1.6704 2.0439 2.1029 2.5523 5.0216

**Significant at one per cent level -
MAP - Months after planting

YAP — Year after planting
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There was significant difference in the number of shoots during the
whole observation period. The variety Vg (Deep Orange) yielded the
highest number of shoots (16) at three months after planting which was
significantly superior to all other species and varieties. The highest
number of shoots (19.38) was recorded in variety V, (Lady Di) at five
months after planting which was significantly superior to all other species
and varieties. At seven months after planting, variety V, (Lady Di)
recorded highest number of shoots (22.38) that was on par with the variety
V¢ (Deep Orange, 20.88). At nine months and eleven months after
planting, the variety Vs (Petra Orange) yielded the ‘highest number of
shoots (26.70 and 34.25, respectively). The variety Vs (Petra Orange)
‘recorded the highest number of shoots (56.60) one year after planting and
it was on par with the varieties V4 (De Rooij, 56.37) and Vs (Deep
Orange, 52.00).

Among the species and varieties, Vg (Heliconia humilis) yielded the
lowest number of shoots with mean value (5.63, 6.63, 8_‘.13, respectively)
at three months, five months and seven months after planting. The variety
V12 (Wagneriana Yellow) recorded the lowest number of shoots at nine
months and one year after planting (9.50 and 16.25, respectively). The
variety Vg (Pedro Ortiz) recorded the lowest number of shoots (11.25),

eleven months after planting.
4.1.1.5 Chromosome number

Acetocarmine staining procedure was followed to detect the
‘chromosome number of all twelve selected Heliconia species and
varieties. Flower buds of one cm length were selected for pollen mother
cell isolation and it was observed under 1000x magnification. The exact

count was not obtained.
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4.1.2 Inflorescence Characters
4.1.2.1 Length of spike

The data pertaining to the length of spike is depicted in Table 8
and Fig. 1.

The species and varieties differed significantly in spike length.
Among the species and varieties Vg (Pedro Ortiz) recorded the highest
spike length eleven months and one year after planting (42.83 cm and
43.53 cm, respectively). The variety V¢ (Deep Orange) recorded the
lowest spike length eleven months and one year after planting (10.28'_c'in
and 9.63 cm, respectively) which was significantly lower than that of

other species and varieties.
4.1.2.2 Length of petiole

: The data pertaining to length of petiole is presented in Table 8 and
Fig. 2.

There was significant difference recorded in length of petiole
during the period of study. The variety Vs (Petra Orange) yielded the
highest petiole length (42 cm) eleven months after planting. The species
V3 (H. latispatha) recorded the highest petiole length 41.13 cm, one year
after planting. The lowest value was recorded in Vo (H. humilis) with
mean value of 1.75cm and 1.88 cm, respectively, eleven months and one
year after planting.
4.1.2.3 Number of bracts

- The data pertaining to number of bracts is presented in Table 8 and
Fig. 3.

The species and varieties differed significantly i in number of bracts.

The spemes V; (H. rostrata) yielded the highest number of bracts (11.88),

eleven months after planting. The variety Vg (Pedro Ortiz) recorded the

highest number of bracts 13.50, one year after planting, which was
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significantly superior to all other species and varieties. The lowest number
of bracts was observed in the variety Vs (Deep Orange), eleven months
and one year after planting (3.00 each), which was significantly lower

than that of other species and varieties.

4.1.2.4 Size of bract

The data pertaining to the size of bract is presented in Table 8

and Fig. 4.

The species and varieties differed significantly with regard to size
of bracts. Among the species and varieties, V3 (Pedro Ortiz) recorded the
highest bract size eleven months and one year after planting (115.71 cm’
and 115.99 em?, respectively). The variety Vo (Guyana) recorded the
lowest size of bract (26.93 cm?) eleven months after planting. The variety
\'2 (Lady Dty reéorded the lowest size of bract (27.99 cm?) one year after

planting.
4.1.2.5 Pollen morphology

Pollen diameter of twelve selected Heliconia species and varieties

are presented in Table 9 and Plate 3.

The largest pollen size (360.00p) was recorded in variety Vi
(Wagneriana Yellow), which was significantly higher than all other
species and varieties. Comparatively smaller pollen size was recorded in V3

(H. latispatha, 238.50p), V4 (De Rooij, 249.75p) and V, (Golden Torch,
263.25 ).

Pollen fertility

Pollen fertility of the twelve selected Heliconia species and

varieties are presented in Table 9.

Higher fertility per cent was recorded in V3 (H. latispatha, 90.81
per cent) V, (Lady Di, 82.71 per cent) and V¢ (Deep Orange, 80.71 per

cent). Lower per cent of pollen fertility was recorded in varieties Vi



Table 9. Difference in pollen morphology of 12 Heliconia species and

g2

varieties
Treatments .Pollen size (u) Pollen fertility (%)

\'2 263.25 29.00

v, 301.50 82.71

Vs 238.50 90.81

V4‘ 249.75 40.83

B Vs 312,75 30.31
O, 288.00 80.71
v, ©283.00 39.50

Vg 294.75 27.08

Vg 279.00 26.72

Vie 285.75 26.72

Vit 317.20 1625

Vi 360.00 13.75
F 57.86%* 4.82%%

'SE 5.01 20.81

CD (0:05) 10.202 42.345

** Significant at one per cent level
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Golden torch Lady di

H. latispatha

Petra orange Deep orange

Plate 3. Pollen characteristics of 12 Heliconia species and varieties



H. rostrata Pedro ortiz

H. humilis Guyana

Wagneriana red : Wagneriana yellow

Plate 3. Continued
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(Wagneriana Yellow, 16.25 per cent) and V;; (Wagneriana Red, 13.75 per
cent).

4.1.3 Duration of the crops
4.1.3.1 Days taken from planting to flowering

The data pertaining to days taken the flowering is presented in

Table 10 and Fig. 5.

There was significant difference among the species and varieties
. for the days taken for flowering. The variety Vi  (Wagneriana Red)
recorded the highest number of days for flowering (300.50 days), which
Was significantly different from all other species and varieties. The
lowest number of days was tékgn by V, (Golden Torch, 93.50 days) and it
was on par with V¢ (Deep Orange, 98.25 days).

4.1.3.2 Flowering duration (days)

The data pertaining to the flowering duration is presented in

Table 10 and Fig. 5.

There was significant difference recorded in flowering duration
during the period under study. Flowering duration ranged from 23.75 to
- 40.50 days. The highest flowering duration was recorded in V; (Golden
Torch, 40.50 days) and it was on par with V; (H. rostrata, 40.00 days).

The treatments V3 (H. latispatha) and Vs (Petra Orange) recorded

the lowest flowering duration (23.75 each).
4.1.3.3 Vase life

The data pertaining to the vase life is presented in Table 10 and
Fig. 5.

The species and varieties differed significantly with regard to vase
life. The treatments V, (Lady Di, 4.63) and V; (Wagneriana Red, 19.75)
recorded the lowest and highest vase life, which significantly differed

from all other species and varieties.



Table 10. Crop duration of 12 Heliconia species and varieties

Days for Flowering Vase life

Treatments flowering duration (days) (days)
Vv, 93.50 40.50 10.25
V, 103.25 25.50 - 4.63
Vs 107.75 23.75 6.38
Vs 125.50 24.50 - 6.25

Vs 130.25 23.75 12.00
Vs 98.25 25.50 8.13
Vs 163.00 40.00 8.63
Vs 228.25 24.00 13.25
Vo 287.50 34.25 12.88
Vio 255.25 24.50 9.38
Vi 300.50 34.00 19.75
“Vio 292.50 38.75 17.50

F 1119.70%* 17.87*% 130.27%%*
SE 2.51 1.65 0.40

CD 7.2381 4.758 1.1530

**Significant at one per cent level

Table 11. Number of flowering shoots of 12 Heliconia species and

|

varieties _ ,
. , ~_ Number of flowering shoots
- Treatments 3 MAP 5 MAP 11 MAP 1 YAP
v, 838 16.13 21.75 31.75.
v, T 12.75 7720.88 28.50 40.25
V, 6.00 10.13 17.75 24.25
V, ; 12.00 28.00 53.50
Vs - 14.38 30.50 55.13
Ve - 19.00 31.38 48.13
7 ; 11.13 20.63 32.50
Vs ; R 4.13 11.25
Vo ; ; 550 20.38
V1o - 11.38 20.63 33.25
Vi 3 - 2.25 4.25
Viz ; - 2.00 4.00
F. 191.90%* | 191.91** | 230.12** | 768.47**
T SE 0.21 0.55 0.75 0.63
CD 0.6176 1.61 2.25 1.84

**Significant at one per cent level

MAP — Months after planting

YAP - Year after planting
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4.1.3.4 Number of flowering shoots

The data pertaining to the number of flowering shoots are presented

in Table 11 and Fig. 6.

The varieties V; (Golden Torch), V, (Lady Di) and V3 (H.
latispatha) alone recorded flowering shoots three months after planting.
The variety V¢ (Deep Orange) recorded the highest number of flowering
shoots (31.38), eleven months after planting. The variety Vs (Petra
Orange) recorded the highest number of flowering shoots (55.13) one year
after planting. The variety V;, (Wagneriana Yellow) recorded the lowest
number of ﬂowering shoots at eleven months and one year after planting

(2.00 and 4.00, respectively).
4.1.4 Variability Studies

The phenotypic and genotypic variance and the genotypic and
phenotypic coefficients of variation (GCV and PCV) are presented in
Table 12 and Fig. 7.

The petiole length (74.45 %) showed the highest value for GCV,
followed by number of flowering shoots (59.24 %), leaf area (57.89 %),
bract size (56.87 %), days to flowering (46.12%), vase life (42.31%) and bract
number (4l1 .09 %). The GCV was lowest for riumber of leaves (6.50 %).

The highest PCV was observed for petiole length (75.72 %) and it

" was lowest for number of leaves (14.66 %).

The difference between phenotypic and genotypic coefficient of
variation was the lowest for the days to flowering (0.082 %) succeeded by
-number of flowering shoots (0.15 %) and it was relatively the highest for

E number of leaves (8.15 %).

4.1.5 Estimation of Heritability and Genetic Advance

B}

The estimates of heritability and genetic advance are presented in

Table 13 and Fig. 8.



Table 12. Genotypic and phenotypic coefficient of variation for the

characters of 12 Heliconia species and varieties

‘shoots

SI. No. | Characters GCV (%) PCV (%)
1| Plantheight 34.16 34.51
2 Number of leaves 6.50 14.66
3 |Leafarea 57.89 58.09
4 Nufnber of shoots 37.53 38.75
5 Bract number 41.09 43.03
6 | Bract size 56.87 57.73
7 Spike length 40.86 41.86
8 | Petiole length 74.45 75.72
9 “Da'ys to flowering 46.12 46.20
10 | Flowering duration 22.67 25.21
11 | Vaselife 42.31 42.96
12 Nurﬁber of flowering 59.24 59.40
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Heritability values were classified as per Robinson (1965) as low
(less than 30 per cent), medium (30-60 per cent) and high (greater than 60
per cent). Accordingly the characters plant height (97.95), leaf area
(99.32 %), number of shoots (93.79 %), number of bracts (91.18 %), bract
size (97.06 %), spike length (95.31 %), petiole length, (96.65 %), number
of days taken for flowering (99.64 %), flowering duration (80.84 %), vase
life (97.00 %) and number of flowering shoots (99.48 %) recorded higher
heritability values. The lower heritability values were recorded for

- number of leaves (19.68 %).

Expected genetic advance as percentage of mean was used for
comparison among characters. Highest genetic advance was observed for
) lehgth of petiole (150.77) followed by number of flowering shoots
v(121.7.4). The number of leaves exhibited the lowest value of -genetic

. advance (5.94).
4.1.6 Correlation Analysis

The phenotypic, genotypic and environmental correlations were

presented in Table 14, 15 and 16.
4.1.6.1 Phenotypic correlation

The character plant height was found to have significant positive
correlation with leaf area, number of bracts, bract size, spike length, days
to flowering and vase life. Plant height had significant negative
correlation with number of shoots, petiole length and number of flowering

shoots (Table 14 and Fig. 9).

Number of leaves had significant negative correlation with

flowering duration.

The leaf area had significant positive correlation with plant height,
number of bracts, bract size, spike length, days to flowering and vase life.
It had shown significant negative correlation with number of shoot, petiole

length and the number of flowering shoots.
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Table 13. Heritability and genetic advance for the characters of 12
Heliconia species and varieties

Heriability () | e eentage of mean)
X 97.95 102.40 69.64
X 19.69 0.30 5.94
%, 9932 1701.74 118.85
X4 93.79 27.02 74.87
Xs | 1 91.18 6.18 | $0.82
Xs | 97.06 | 614 | 115.42
X 95.31 1999 87.18
Xs . 96.65 3017 150.77
X 99.64 17272 94.84
X0 80.84 12.56 41.99
X 97.00 9.23 | 85.85
X1 99.48 36.38 | 121.74
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The number of shoots had significant positive correlation with
petiole length and number of flowering shoots. It had significant negative
correlation with plant height, leaf area, number of bract, bract size, spike

length, days to flowering, flowering duration and vase life.

Bract size had significant positive correlation with plant height,
leaf area, number of bracts, spike length, days to flowering and vase life.
It had significant negative correlation with number of shoots, petiole

length and number of flowering shoots.

Number of bracts had significant positive correlation with plant
height, leaf area, bract size, spike length, days to flowering and vase life.
'It_had shown a significant negative correlation with number of shoots,

petiole length and number of flowering shoots.

Spike length had significant positive correlation with plant height,
leaf area, number of bracts, bract size, days to flowering and vase life. It
had significant negative correlation with number of shoots, petiole length

and number of flowering shoots.

Petiole length had significant positive correlation with number of
shoots and number of flowering shoots. It had significant negative
correlation with plant height, leaf area, number of bracts, size of bract,

spike length, days to flowering, flowering duration and vase life.

The number of days taken for flowering had significant positive
correlation with plant height, leaf area, number of bracts, bract size, spike
length and vase life. It had significant negative correlation with number of

shoots, petiole length and flowering shoots.

Flowering duration had significant positive correlation with vase
life. It had significant negative correlation with number of leaves, number

of shoots, petiole length and number of flowering shots.

Vase life had significant positive correlation with plant height, leaf

area, number of bracts, bract size, spike length, days to flowering and
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Fig. 9. Phenotypic correlation coefficient of characters in
12 Heliconia species and cultivars
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flowering duration. It had significant negative correlation with number of

shoots, petiole length and number of flowering shoots.

Number of flowering shoots had significant positive correlation
with number of shoots and petiole length. It had significant negative
correlation with plant height, leaf area, number of bracts, bract size, spike

length, days to flowering, flowering duration and vase life.

4.1.6.2 Genotypic correlation

The character plant height was found to have significant positive
correlation with leaf area, number of bracts, bract size, spike length, days
to flowering and vase life. Plant height had significant negative
correlation with number of shoots, petiole length and number of flowering

shoots (Table 15‘andv Fig. 10).

Number of leaves had significant positive correlation with number
of flowering shoots. It had significant negative correlation with leaf area,
number of bracts, bract size, spike length, flowering duration and vase

life.

Leaf area had signiﬁcant positive correlation with plant height,

number of bracts, bract size, spike léngth, days to flowering and vase life.

Number of shoots had significant positive correlation with petiole
length and number of flowering shoots. It had significant negative
correlation with plant height, leaf area, number of bract, bract size, spike

length, days to flowering, flowering duration and vase life.

Number of bracts had significant positive correlation with plant
height, leaf area, bract size, spike length, days to flowering and vase life.
It had significant negative correlation with number of leaves, number of

shoots, petiole length and number of flowering shoots.

Bract size had significant positive correlation with plant height,

leaf area, number of bracts, spike length; days to flowering and vase life.
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- Bract size (cm?) X Number of flowering shoots

34

Fig. 10. Genotypic correlation coefficient of characters in
12 Heliconia species and cultivars
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It had significant negative correlation with number of leaves, number of

shoots, petiole length and number of flowering shoots.

Spike length had significant positive correlation with plant height,
leaf area, number of bracts, bract size, days to flowering and vase life.
Spike length had significant negative correlation with number of leaves,

number of shoots, petiole length and number of flowering shoots.

Petiole length had significant positive correlation with number of
shoots and ﬂowering’ shoots. It had significant negative correlation with
plant height, leaf area, number of bract, bract size, spike length, days to

flowering, flowering duration and vase life.

Days taken for flowering had significant positive correlation with
plant height, leaf area, number of bracts, bract size, spike length and vase
life. It hadisigniﬁcant negative correlation with number of shoots, petiole

~ length and number of flowering shoots.

Flowering duration had significant positive correlation with vase
life. It had significant negative correlation with number of leaves, number

of shoots, petiole length and number of flowering shoots.

. Vase life had significant positive correlation with plant height, leaf
area, number of bract, bract size, spike length, days to flowering and
flowering duration. It had significant negative correlation with number of

leaves, number of shoots, petiole length and number of flowering shoots.

~ Number of flowering shoots had signiﬁcaﬁt positive correlation
with number of leaves number of shoots and petiole length. It had
significant negative correlation with plant height, leaf area, number of
bract, bract size, spiké length, dayé to flowering, flowering duration and

vase life.
4.1.6.3 Environmental correlations

Low values of correlation coefficients due to environmental effect

were obtained for most of the characters studied (Table 16).
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Plant height had shown significant positive correlation with bract

size, days to flowering and number of flowering shoots.

The number of leaves of had high significant positive correlation

with peduncle length.
The leaf area had significant positive correlation with bract size.

The number of shoots had significant positive correlation with

spike length.

Bract number had significant positive correlation with days to
flowering.

The size of bract has significant positive correlation with vase life.
' 4.1.7 Economics yovf cultivation

The data pertaining to the economics of cultivation is depicted in

Table 17.

Among the Heliconia species and varieties, Vs (Petra Orange)
recorded highest net returns (Rs. 6,28,900). It was followed by variety V;
‘ (Pedro Ortiz, Rs. 5,12,500). Lower net returns were observed in Vii

(Wagneriana Red, Rs. 50,000) and V), (Wagneriana Yellow, Rs. 25,000).

Highest cost benefit ratio was recorded in Vs (Petra Orange, 1.54)
followed by V; (Pedro Ortiz, 1.40). Lower ratio was recorded in Vy,

(Wagneriana red, 1.04) and V3 (Wagneriana yellow, 1.02).
4.2 EXPERIMENT 2 : MOLECULAR CHARACTERIZATION OF HELICONIA

4.2.1 Genomic DNA Isolation

Two different procedures reported earlier and their modifications
were tried for standardizing the extraction of genomic DNA from
Heliconia. Standardisation studies were carried out using Heliconia

psiftacorum cultivars viz. Deep Orange, Lady Di, and Petra Orange.

Results of experiments are presented in the Table 18. There was no
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Table 17. Economics of cultivation of 12 Heliconia species and varieties

(, Treatments
F_

Net returns (Rs. ha‘l)

Benefit : Cost ratio

V, 270000.00 1.35
Vs 250622.00 1.29
Vs 115400.00 1.17
] Vs 430000.00 1.30
Vs 628900.00 1.54
Vs 121950.00 1.18
V7 300000.00 1.40
Vs 512500.00 1.41
Vo 480000.00 1.38
Vio 380000.00 1.36
Vi 50000.00 1.04
Vi 25000.00 1.02
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difference among the treatments for the yield of DNA. Hence for the
further study protocol 2 was followed which does not require liquid

nitrogeh and the leaf tissues were ground in CTAB.

Study was conducted to know the effect of storage on yield and
quality of DNA using H. psittacorum var. Deep Orange. Emerging leaves
before fully unfurled were collected. The leaves collected were either used
fresh for extraction or stored in an ultra freezer at -85°C for one week
(Sanyo Ultra low). It was shown that this storage did ﬁot interfere with
the yield of DNA (Table 19). When fresh leaves were used the yield of
DNA was 500 ug ml™. The leaves after storage in the ultra freezer for one
week vielded 540 pg ml™'. Purity ratio was also not affected by storage.
The purity ratio of the sample used fresh was 1.80 while that of s.émple

used after storage was 1.86.

The purity and yield of the selected 12 Heliconia species and
varieties are 'depicted in Table 20. The purity value of Ajeo/Asge ranged
from 1.50 to 1.95 with the mean of 1.81. The average genomic DNA
yields of 12 species and varieties of Heliconia was 707.50 pg ml™ and it
ranged from 360 to 1170 pg mi'. The highest DNA yield (1170 ug ml™h)
was recorded by Vs (Deep Orange) and the lowest yield of 360 pg ml™

was recorded by Vy; (Wagneriana Yellow).

The electrophoretic assay of DNA samples using agarose gel
electrophoresis (1.4 per ‘cent)»revealed that the integrity of the DNA
samples was good, without any smearing. The buffer used (1 x TAE
‘ buffer 0.04 M Tris acetate, 0.001 M EDTA, pH 6.0) was found to be good

for the separation of the bands.
4.2.2 Polymerase Chain Reaction (PCR)

Out,of the 40 primers used, all the primers except OPA-6, OPA-09,
OPA-10, OPA-12, OPB-09 and OPB-13 yielded amplified products with
the DNA from the Heliconia variety Deep Orange. The total number of



loe

Table 19. Effect of storage of leaves on the quantity and quality of the
DNA of Heliconia psittacorum var Deep Orange

Aszeo Ansgo Aggo/Asgo | DNA yie;ld
(pg ml™)
Fresh leaves 0.017 0.009 1.80 500
Leaves stored at - 0.018 0.009 1.86 540
85°C. '

Table 20 Quantity and yield of DNA from 12 Heliconia species and

varieties
Treatments Azeo Azgo Asso/Azsgo Dl\?{ j;e:ldg (;1;1-1
\z 0.037 0.619 1.94 1110
Vs 0.060 0.016 1.85 900
Vs 0.021 0.11 1.90 630
V, 0.018 0.010 1.80 540
Vs 0.017 0.009 1.88 510
Vs 0.039 0.200 1.95 1170
v, 0.018 0.010 1.87 540
Vs 0.019 0.011 1.72 570
Vg 0.028 0.017 1.60 840
V1o 0.031 0.016 1.93 930
Vi 0.013 0.007 1.85 390
Vi 0.012 0.008 1.50 360
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bands, number of faint band and the number of intense bands produced by
the primers are given in Table 21 and Fig. 11, 12 and 13. The primers
amplified 80 RAPD marker bands (average of 1.9 bands per primer). Of
these 75 (93.75 %) were polymorphic and five were monomorphic. The
primers - OPA-02, OPA-03, OPA-18, OPB-15 and OPB-20 produced

monomorphic bands.

The highest number of RAPDs was produced by the primers OPA-
17 and OPA-18 (6 each). Among them, OPA-18 produced, the highest
number of intense bands (5 bands). OPA-17 produced four intense bands.
OPA-14 also produced four intense bands. The primers OPA-01, OPB-12,
OPB-18 and OPB-20 produced three intense bands each.

The eight primers, which produced the highest number of bands as
well as the highest number of intense bands, were selected for DNA
amplification from the 12 Heliconia species and varieties. The PCR reaction

was repeated at least twice in order to confirm the reproducibility.

The data obtained from eight primers that gave reproducible bands
were used for statistical analysis. They are OPA-01, OPA-14, OPA-17,
OPA-18, OPB-07, OPB-12, OPB-18 and OPB-20. The primers amplified
57 scorable RAPD marker bands with an average of 7.10 bands per p‘rimer.
The primer OPA 18 yielded one polymophic band for each species and
varieties, except in Vo{H. humilis). Similarly the primer OPA 14 yielded
one monomorphic band for all the species and varieties except for Vy (A
rostrata). The number of bands resolved per amplification was primer
dependent and varied from a lowest of eight to a highest of eleven. The
nﬁcleotide sequence of these primers and the number of informative RAPD

markers ampli'ﬁed by each primer are given in Table 22 and Fig. 14.

The primer OPA-01 yielded seven scorable bands. The varieties V4
(De Rooij), Vs (Petra Orange) and Vs (Deep Orange) yielded four bands
each (Fig. 15 and Plate 4.). Six bands were obtained on amplification

using the primer, OPA-14 (Fig. 16 and Plate 5). With OPA-14 one band
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Table 21. Primer associated banding patterns with the DNA of Heliconia
using 40 primers belonging to kit A and kit B of Operon Inc,

CA, USA
mo Primers Number of Number of Total number
R faint bands intense bands of bands
1 OPA-01 1 3 4
2 OPA-02 2 0 2
3 OPA-03 2 0 - 2
| 4 OPA-04 0 1 1
5: OPA-05 1 0 1
6 OPA-06 0 0 0
7 OPA-07 0 2 2
8 OPA-08 0 1 1
9 OPA-09 0 0 0
- 10 OPA-10 0 0 0
11 OPA-11 0 1 1
12 OPA-12 0 0 0
13 OPA-13 1 0 1
14 OPA-14 1 4 5
15 ~ OPA-15 1 0 1
16 OPA-16 1 1 2
17 OPA-17 2 4 6
18 OPA-18 1 5 6
19 OPA-19 2 1 3
20 OPA-20 1 0 1
21 OPB-01 0 1 1
22 - OPB-02 0 2 2
23 ~ OPB-03 i 0 1
24 OPB-04 2 0 2
25 OPB-05 1 1 2
26 OPB-06 1 0 1
27 OPB-07 4 1 5
28 OPB-08 3 0 3
29 OPB-09 0 0 0
30 OPB-10 2 0 2
31 OPB-11 0 1 1
32 OPB-12 1 3 4
33 OPB-13 0 0 0
34 OPB-14 0 2 2
35 OPB-15 1 0 1
36 OPB-16 2 0 2
37 OPB-17 1 1 2
38 OPB-18 1 3 4
'39 OPB-19 2 0 2
40 OPB-20 1 3 4
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ig. 15. Representation of the amplification profile of the DNA of 12
Heliconia species and varieties using the primer OPA-01

+ Presence of band

-V, Vs Vs Vo | Vs | Vs \& Vg Yy Vi Vi Via
- + -+ + + —+ - - - + -
. - + - - - . - . + -
F o+ - - + + + + - - - - +
+ - - + + + + + + - -
¢ - + + + + - - + + - -
- + - - - + + - - + +
Fig. 16. Representation of the amplification profile of the DNA of 12
Heliconia species and varieties using the primer OPA-14
_V1 v Vs V4 Vs Vs vV Vs Vy Vio Vi Vi
~ - . + - - - - - - - -
. - + + - . - - - - + -
T + + - - . + . + + -
t i St + + + + - + + + +
T + + + + + - + + - + +
- - + + + + + - - + - -
Fig. 17. Representation of the amplification profile of the DNA of 12
Heliconia species and varieties using the primer OPA-17
Y, Vs, Vs 7 Vs Ve V. Vy Vy Vie | Vu Vi
- - - - + - - - - + - +
- - + - + - - + + + + +
[ + - + + - + - - - + -
R i . - + . . + - + B +
T - + + T+ - - - - + +
l_j— - - - + + + - + + +
‘L_ + - - - - - - - - -+ - +
fig. 18. Representation of the amplification profile of the DNA of 12
Heliconia species and varieties using the primer OPA-18
___~Vl VZ V3 V4 VS . Vf: V7 V8 V-9 .VIO Vll VIZ
- 4 - - + - - - - - + -
. - . - + ¥ - R - R - ¥
+ . _ . . . R R R R - -
r -+ - - - - - . - - - - -
+ - - - - - - - - - - -
+ F + + T+ + + - - + + +
+ - - - + + - - - - - -
- - - - + - - - + - - -
| . + + + + + + - + + +
: 1 3 - - - + ~ - - - - -
:;jn_ - + + + + + - + - -
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was monomorphic for all species and varieties except for Vg (Pedro Ortiz).

The highest number of bands (6) was given by V4 (De Rooij).

Eight scorable bands were obtained on amplification with the
primer OPA-17 (Fig. 17 and Plate 6). The varieties V|, (Wagneriana
Yellow) and Vs (Petra .Orange) yielded six bands each. The variety Vi
(Guyana) yielded five bands. The variety V;; (Wagneriana Red) yielded
four bands. The species V3 (H. latispatha) gave only one band.

The highest number of scorable bands (11) was given by the primer
OPA-18 (Fig. 18 and Plate 7). It produced a monomorphic band for all the |
species and varieties except for Vo (H. humilis). The varieties Vs (Petra
Orange) and V| (Golden Torch) gave seven bands each when OPA-18 was
used for ampliﬁcatioﬁ. The variety Vg (Deepv Orange) yielded six bands.
_The species Vo (H. humilis) produced only one band.

A total of nine scorable bands were obtained on in vitro
amplification of the Heliconia species and varieties using the primer OPB-
07 (Fig‘ 19 and Plate 8). The.species V7 (H. ‘rostra’ta) yielded five bands.
The treatments Vy; (Wagneriana Red), V4 (D Réoij), Vo (H. humilis), V,
(Lady Di) and V¢ (Deep Orange) yielded three bands each. The varieties
Vs (Pedro Ortiz) and V, (Golden Torgh) yielded only one band.

Six bands were obtained on amplification using the primer, OPB-12
(Fig. 20 and Plate 9). With the primer OPB-12, Vo (H. humilis) yielded
the highest number of scorable bands (4).

The primers OPB-18 (Fig. 21 and Plate 10) and OPB-20 (Fig. 22
and Plate 11) yielded a total of five scorable bands when used for
amplification. With OPB-18 the varieties, Viz (Wagneriana Yellow) and
Vs (Petra Orange) gave three bands each. The treatments Vg (Pedro Ortiz),
V3 (H. latispatha) and V4 (De Rooij) gave only one band each. With the
primers éPB-ZO, Vs (Petra Orange) gave four bands. The species V7 (A
~ rostrata) and Vs (H. latispatha) yielded only one band.
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Table 22. Nucleotide sequence of primers and total number of
informative RAPD markers amplified by them in the 12
Heliconia species and varieties

Primer ‘Nucleotide sequence | Number of informative
RAPD markers
Lﬁ .
OPA-01 CAGGCCCTTC 7
OPA-14 TCTGTGCTTGT 6
OPA-17 GACCGCTTGT 8
OPB-18 AGGTGACCGT 11
OPB-07 GGTGACGCAG 9
OPB-12 CCTTGACGCA 6
OPB-18 CCACAGCAGA 5
OPB-20 GGACCCTTAC 5




Fig. 19. Representation of the amplification profile of the DNA of 12
Heliconia species and varieties using the primer OPB-07

2 v, V, Va Vs Vs V3 Vs Vo | Vi Vi | Vi
- - - + - + + - + - - -
- I . . + + + - + - - +
L .
- - ¥ - . - + - - + + -
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. - - - - - - + - - + +
. + - - + + - - - - + -
T+ . - oo - - + - - + - -
: — " n - . + - - - - -

Fig. 20. Representation of the amplification profile of the DNA of 12
Heliconia species and varieties using the primer OPB-12

Y 7 Vs V4 Vs Vs vy Ve 1 Vy Vio Vi Vi,
. - + - - - + - + - + +
- - + + + - + + 4 + + -
+ - - + - O + - - +
| :
+ - + - - + + - -
4 . - + - + + + . - +
t i + - - - - - - - - -
L

Fig. 21. Representation of the amplification profile of the DNA of 12
Heliconia species and varieties using the primer OPB-18

Vi . Vs Vs V, Vs | Vg Vs ' Vs Vs Vio Vi Vi
- - - - - - + - + - + +
- + o+ + + - - - + - + +
4 i - - + + + - - - - +
: -+ - - - + + - - + + + +
[:“l - - + + - + - + - -

Fig. 22. Representation of the amplification profile of the DNA of 12
Heliconia species and varieties using the primer OPB-20
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4.2.3 RAPD data analysis

The banding pattern for each primer was scored by visual
observation. Based on the presence or absence of RAPD band data, score
value was given as one for presence of band and zero for absence of band.
Genetic similarit‘y matrix was constructed using the Jaccard’s coefficient

method (Table 23) with the score values of RAPD marker bands.

The least similarity coefficient (0.083) was recorded by V; (Golden
Torch) and Vg (H. humilis) followed by 0.125 (V,, Golden Torch) and V,
(Wagneriana Red).

The highest value for similarity index (0.556) was obtained for V5
(Deep Orange) and V4 (Petra Orange), followed by (0.470) V, (Lady Di)
and V5 (Petra Orange).

On drawing a vertical line (Fig.23) corresponding to the similarity
coefficient value of 0.32, the 12 species and varieties of Heliconia were
grouped into five clusters, while at a coefficient value of 0.40, the 12

species and varieties of Heliconia were got divided into seven clusters.

While considering the five clusters, Deep Orange (V¢), Petra
Orange (Vs), Golden Torch (Vi), Lady Di (V,) and Guyana (V) formed
the biggest cius-ter. Within this cluster, Petra Orange and Deep Orange
were more close to each other. De Rooij (V4) and H kzﬁspatha (Va)
formed another cluster. Wagneriana Red (Vi1), Wagneriana Yellow (V)
and H. humilis (Vo) formed another cluster. Heliconia rostrata (V1) and

Pedro Ortiz (V3) formed two separate clusters.
4.3 EXPERIMENT 3 : IN VITRO PROPAGATION OF HELICONIAS
4.3.1 Standardisation of explants :

, Shoot apex, bits of rhizome, leaf segments and root segments were
‘used for standardising the explant (Table 24). Standard procedure was

followed for surface sterilization (Mercuric chloride 0.08 per cent for 10
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minutes). Shoot apex was found to be the most effective. Hence shoot

apex was selected for subsequent studies.
4.3.2 Surface sterilization

Highest survival percentage (45.00) was observed in the treatment
with absolute alcohol one minute wash + mercuric chloride (0.10 %) for
10 minutes (Table 25). It was followed by the treatment with mercuric
chloride 0.1 per cent for 10 minutes (41.00 %). The lowest percentage of
survival (10.00) was recorded in treatment with mercuric chloride (0.08

%) for five minutes.
4.3.3 Season of explant collection

Data pertaining to the influence of season of explant collection and

establishment are presented in Table 26.

The lowest rate of microbial contamination: was observed from
January to May, compared to the period from June to December. The shoot
apex collection during March resulted in the lowest rate of contamination

(50.00 %).

4.3.4 The Routes

4.3.4.1 Enhanced release of axillary buds
4.3.4.1.1 Culture establishment

The culture establishment trials were carried out using shoot tips in
MS medium sup_plerhented with auxins (IAA 0.05 mg I'', NAA 0.5 mg I'"),
cytbkinins (BA, kinetin and 2-ip each at 5 and 10 mg I'") and gibberellins
(GA3 2.5 mg I'"). The responses observed were number of days for bud
emergence, survival rate and per cent of bud initiation. The data

pertaining to this are presented in Tables 27, 28 and 29.
Effect of BA alone and in combination with auxins and gibberellins

Data pertaining to the culture establishment responses of shoot tip

explants as influenced by BA (5 and 10 mg 1'" alone and in combination
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Table 24. Effect of explants on days taken for bud initiation and survival
rate in MS medium

- Survival % after 1

Roots

Explants Days for_bud initiation month

| Shoot tips 130.00 45.00
Bits of rhizome 60.00 30.00
Leaves . — O.‘OO
- 0.00

The data represent mean value of twenty replications.
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Table 25. Effect of surface sterilization on contamination in shoot tip
explants of Heliconia psittacorum cv. Deep Orange

Contamination i
Sterilant Concentration T.ime (%) dCeZth Survival
(%) (Minute) A rate (%)
Fungal | Bacterial (%)
5 55.00 35.00 0.00 10.00
0.08 10 45.00 35.00 0.00 20.00
15 25.00 35.00 10.00 | 30.00
5 50.00 30.00 0.00 20.00
T, 0.10 10 30.00 | 25.00 | 6.00 | 41.00
15 30.00 20.00 10.00 | 40.00
5 40.00 35.00 16.00 | 25.00
0.15 10 20.00 20.00 | 25.00| 35.00
15 15.00 10.00 |40.60| 35.00
500 25 40.00 25.00 15.00{ 20.00
T, 30 35.00 25.00 18.00 § 22.00
10.00 25 25.00 25.00 18.00 | 32.00
30 20.00 . 20.00 126.00}| 34.00
25 30.00 | 30.00 12.00 { 28.00
Ts 10.00 30 25.00 | 25.00 |18.00| 32.00
5 45.00 30.00 0.00 20.00
Ty - 10 25.00 25.00 15.00 | 35.00
15 20.00 20.00 2250 37.50
5 25.00 25.00 0.00 30.00
Ts - 10 30.00 15.00 10.00 ; 45.00
15 20.00 20.00 120.00{ 40.00

The data represent mean value of 20 replication.

T, : Mercuric chloride

T, : Sodium hypochlorite
T; : Calcium hypochlorite
T, : Ethyl alcohol (70%)+Mercuric chloride (0.1 %)

Ts : Absolute alcohol 1 minute wash + Mercuric chloride (0.1%)
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Table 26. Effect of season on explants collection on rate of microbial

contamination
Month Contamination (%)
January 60.00
February : 58.00
March 50.00
April 58.00
May 60.00
June | 65.00
July -85.00
August 85.00
September ) 80.00
Octéber ' , | 75.00
B November 70.00
December 70.00
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with auxins (IAA 0.05 mg I'', NAA 0.5 mg ") and gibberellins (GA; 2.5
mg 1) are presented in Table 27.

Number of days for bud initiation

The average number of days taken for bud initiation ranged from
16.00 to 28.00 days. The lowest period (16.00) was taken by the treatment
Tis. Among the treatments Ty, recorded highest number (28.00) of days

for bud emergence.
Per cent of bud initiation

Highest per cent of bud initiation was 33.33 (Ts, T4, Ty5 and Tye).
Treatmen"cs T;, To, Tio, Tii, Ti2, Tiz and T;7 recorded 16.66% bud

initiation. No bud initiation was observed in treatments T, T3, Ty, Ts and Ts.

| Survival rate

The percentage of survival ranged from 0.00 to 100.00. The
treatments Tg and Ty7 recorded 100.00% survival. The treatments Tg, T4,

Tis and Tyg recorded 50.00 % survival.
Effect of Kinetin alone and in combination with auxins and gibberellins

Data pertaining to the culture establishment responses of shoot tip
explants as influenced by Kinetin (5 and 10 mg 1" alone and in
combination with auxins (IAA 0.05 mg I, NAA 0.5 mg 1'") and
gibberellins (GA3 2.5 mg ') are presented in Table 28.

Number of days for bud initiation

Number of days for bud initiation ranged from 23.00 to 35.00 days.
The lowest period (23.00) was taken by the treatment Tjo. The treatment

T2 recorded highest number of days (35.00) for bud emergence.

Per cent of bud initiation

Per cent of bud initiation ranged from 0.00 to 16.66. The treatments
Ta1, T2z, T23, Taa, Tas, Ts0, T31, T3 and Ts3 recorded 16.66 per cent bud

initiation.
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Table 27. Effect of BA, auxins and gibberellins alone and in combination
on culture establishment of Heliconia psittacorum cv. Deep

Orange
Treatments Days for bud Bud initiation ~Survival rate
1nitiation (%) (%)
T —. 0.00 0.00 -
B - 0.00 0.00
Ts - - 0.00 0.00
Ts - 0.00 0.00
Ts - 0.00 0.00
Te - 0.00 0.00
T, 19.00 16.66 0.00
Ts 17.50 33.33 50.00
To 18.00 16.66 100.00
Tio 24.00 . 16.66 0.00
Tis 25.00 16.66 0.00
Ti> 28.00 16.66 0.00
Tis 22.00 16.66 0.00
T4 17.00 33.33 50.00
Tis 16.50 33.33 50.00
Tie 16.00 33.33 £ 50.00
. Ty 17.00 16.66 100.00

The data represent mean value of six replications. Details of
treatments are presented in chapter I1l.
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Table 28. Effect of Kinetin, auxins and gibberellins alone and in
combination on culture establishment of Heliconia psittacorum
cv. Deep Orange

Treatments Days for bud Bud initiation Survival rate
initiation _ (%) (%)
Tis - 0.00 0.00
To - 0.00 0.00
T - 0.00 0.00
Tas 35.00 . 16.66 . 0.00
Tz 32.00 16.66 0 0.00
Tas 28.00 16.66 0.00
T 29.00 16.66 0.00
Tas 28.00 16.66 0.00
Tas - 0.0 ~0.00
T - 0.00 0.00
Tas - 0.00 0.00
Tao - 0.00 | 0.00
Tso 23.00 16.66 100.00
Tar 25.00 16.66 100.00
T3y 25.00 16.66 0,00
Tas | 25.00 16.66 ~0.00

The data represent mean value of six replications. Details of treatments
are presented in chapter III.
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Survival rate

All treatments, except T3¢ and T3; recorded zero per cent survival.

Treatments T3¢ and T3 recorded hundred per cent survival.
Effect of 2-ip alone and in combination with auxins and. gibberellins

Data pertaining to the culture establishment responses of shoot tip
explants as influenced by 2-ip (5 and 10 mg 1" alone and in combination
with auxins (IAA 0.05 mg "', NAA 0.05 mg I'") and gibberellins (GAj)

are presented in Table 29.
Number of days for bud initiation

Number of days taken for bud initiation ranged from 25.00 to
35.00. The treatment T4 recorded the lowest number of days for bud
emergence (25.00). The treatment T44 recorded highest number of days for

bud emérgence (35.00).
Per cent of bud initiation

Highest per cent of bud initiation was 16.66. The treatments Tss,
- Tsg, Taa, Tss, Tae, Ta7, Tag and T4 recorded 16.66 per cent bud initiation.

The other treatments did not yield any bud initiation.
Survival rate

The buds yielded zero per cent survival when 2-ip at 5 mg 1" and
10 mg 1"" was used alone and in combinations with auxins and gibberellins

(Frdm treatment T34 to T49).
Effect of BA and 2,4-D

Trials were conducted with BA at 10 mg I''and 2,4-D at different
levels (10, 20 and 40 mg I'"Y on culture establishment of shoot tip explants
(Table 30). 2,4-D at 40 mg I'' yielded good callus 30.00 days after
inoculation. Highest per cent of bud initiation was 33.33. Percentage of
survival was 50.00. The treatments using 2,4-D at 10 mg ["'and 20 mg I''

yielded no callusing.
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Table 29. Effect of 2-ip, auxins and gibberellins alone and in combination
on culture establishment of Heliconia psittacorum cv. Deep

treatments are presented in chapter II1.

Orange
Treatments Days for bud Bud initiation Survival rate
initiation (%) (%)
Tas - 0.00 0.00
Tas - 10.00 0.00
Tse - 0.00 0.00
Tsy - 0.00 0.00
T 30.00 16.66 0.00
Tso 28.00 16.66 0.00
Tao - 0.00 0.00
Ty - 0.00 0.00
T4 - 0.00 0.00
Tys - 0.00 0.00
Taq 35.00 16.66 0.00
Tas 32.00 16.66 0.00
Tye 30.00 16.66 0.00
Tas ' 28.00 16.66 0.00
Tag v28.00 16.66 0.00
Tao 25.00 16.66 0.00
The data represent mean value of six replications. Details of

Table 30. Effect of BA and 2,4-D on culture establishment of Heliconia

psittacorum cv. Deep Orange

Days for bud

Bud initiation

Survival rate

-

treatments are presented in chapter Il

Treatments initiation (%) (%)
Tso ~ 0.00 0.00
- Ts) - 0.00 0.00
Ts, 30.00 33.33 50.00

The data represent mean value of six replications. Details of
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Effect of media

Data on effect of different media on the culture establishment are -

given in Table 31.
Days taken for bud initiation

Lowest number of days for culture establishment was noticed in
full strength MS medium (40.00 days). It was followed by half strength
MS medium (45.00 days). Highest days for culture establishment were
recorded in White Medium (65.00 days).

Percentage of bud initiation

SH medium and White medium recorded lowest percentage of bud
initiation (20.00). Half strength MS medium recorded 30.00 per cent of
bud initiation. Highest bud initiation was observed in full strength MS

media (40.00).
Survival rate

Highest survival rate was observed in full strength MS media
(50.00 %), followed by half strength MS media (30.00 %). The lowest rate

of survival was observed in SH media and White media (20.00 %).
4.3.4.1.2 Shoot proliferation and elongation

The elongated buds derived from the shoot tip explants were
. cultured in MS inedium containing auxins (IAA), cytokinins (BA, KIN
and 2-ip) and gibberellins. Data pertaining to the results are presented in
Table 32, 33 and 34

Effect of BA alone and in combination with IAA and GAj;

Data on organogenesis responses of elongated shoots in MS
medium as influenced by BA (I, 2, 3.5 and 5 mg I'') alone and in
combinafion with IAA (0.2 mg I'") and GA; (2.5 mg ') are given in
" Table 32.
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Table 31. Effect of Basal media on on culture establishment of Heliconia
psittacorum cv. Deep Orange ’

Media Dgy_s .fm.’ bud Bud initiation Survival rate
initiation (%) (%)
MS(Full strength) 40.00 40.00 50.00
MS(half strength) 45.00 30.00 30.00
SH 60.00 20.00 20.00
Whites 65.00 20.00 © 20.00

The data represent mean value of twenty replications.

Table 32. Effect of BA auxins and gibberellins alone and in combination
on shoot proliferation and elongation of H. psittacorum cv. Deep

treatments are presented in chapter II1.

Orange
Days for Shoot . Number | Number
Treatments shoot proliferation Su(r;/fwal of of
proliferation (%) ) Shoots leaves
SP, - - - ' - -
SP, - - - - -
SP; - - - - -
SP4 - - - = -
SPs - - - - -
SP 0.00 0.00 0.00 -
SP, - 52.00 16.66 0.00 4.00 -
SPy 65.00 16.66 100.00 | 3.00 -
SPy’ 42.00 33.33 50.00 5.00 —
SP;o - 0.00 0.00 0.00 -
SP;; 68.00 16.66 0.00 3.00 -
SP;5 60.00 16.66 100.00 2.00 -
SP;3 65.00 16.66 0.00 2.00 —
B SPis - - - - -
SPys - - - - - =
- SPis - - - - -
SPy7 - - - - -
The data represent mean value of six replications. Details of
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Days taken for shoot proliferation and elongation

Days taken for axillary bud production ranged from 42.00 to 68.00.
The treatment SPy recorded lowest number of days (42.00) for shoot
proliferation. The treatment SP,II recorded highest number of days (68.00)

for shoot proliferation and elongation.
Percentage of culture responded

The percentage of cultures proliferating multiple shoots ranged
from 0.00 to 33.33. The treatment SPy recorded highest percentage of
multiple shoot proliferation (33.33). Treatments from SP, to SP¢ and SP),

to SP;7 did not show any shoot proliferation and elongation response.

Survival rate

The percentage of survival ranged from zero to hundred. The

treatments SPg and SP), recorded highest survival per cent (100.00).

Number of shoots

The number of shoots produced by various treatments ranged from
2.00 to 5.00. The treatment SPs recorded highest number of shoot (5.00).

It was followed by treatment SP; that recorded 4.00 shoots per culture.
Number of leaves

There was no leaf formation throughout the experiment.
Effect of Kinetin alone and in combination with TAA and GA;

Organogenic responses of elongated shoots were studied using KIN
(1, 2, 3.5 and 5 mg I'") alone and in combination with [AA (0.2 mg "'y and
GA; (2.5 mg I'"). Kinetins alone and in combinations do not yield any
response (Frbm treatment SP;g to SP33). Data pertaining to the result are

presented in Table 33.
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Table 33. Effect of kinetin, auxins and gibberellins alone and in
combination on shoot proliferation and elongation of H.
psittacorum cv. Deep Orange

Treatments

Days for
shoot

proliferation

Shoot
proliferation
(%)

Survival
(%)

Number
of
Shoots

Number
of
leaves

SPis

SPig

SPyo

SP,;

SP2

SPa;3

SP24

_ SPys

SPag

SP27

SPyg

SPg

SP3p

SP3y

SP3,

SPs3

The data represent mean value of six replications.
treatments are presented in chapter I11.

Details of
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Effect of 2-ip alone and in combination with IAA and GA;

Data on the effect of 2-ip (1, 2, 3.5 and 5.0 mg I"') alone and in
combination with TAA (0.2 mg I"") and GA; (2.5 mg ') with respect to

shoot proliferation and elongation are given in Table 34.
Days taken for shoot proliferation and elongation

Days taken for shoot proliferation and elongation ranged from
65.00 to 72.00. Lowest number of days (65.00) for multiple bud
production and elongation was noticed in treatment SP4;. The treatment
SPss recorded highest number of days (72.00) for shoot proliferation and

elongation.
Percentage of culture responded

Percentage of culture responded ranged from 0.00 to 33.33.
Treatments from SPy4e to SP4o that used 2-ip at higher concentration (5 mg
1"") alone and in combination with auxins and gibberellins did not yield

any shoot proliferation response.

Survival rate

Percentage of survival ranged from 0 to 100. Highest survival

per cent was noticed in treatment SPy;.
Number of shoots

A very high rate of shoot proliferation (4.00) was observed in

treatments SP4; and SPss The treatment SPiq recorded 3.00 shoots.
Number of leaves |

There was no leaf Vformation ’throughout the expefiment.
4.3.4.1.3 In vitro Reoting

The. proliferated buds were cultured in MS medium containing
various levels of IAA (0.25, 0.5 and 1.0 mg 1") and NAA (0.25 and 0.5

mg 1) alone and in combination. The responses observed were days to
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Table 34. Effect of 2-ip, auxins and gibberellins alone and in combination
on shoot proliferation and elongation of H. psittacorum cv. Deep -

Orange
DayS for Shoot Survival Number { Number
Treatments shoot proliferation () of of
) proliferation (%) 0 Shoots | leaves
SPs4 - ; - - -
SP3s 72.00 16.66 - 2.00 -
SP3’5 - - - - -
SPs3; 70.00 16.66 50.00 2.00 -
Sng - - - - -
SP34 67.00 33.33 50.00 3.00 -
SP4 66.00 33.33 50.00 2.00 -
SP4; 65.00 33.33 100.00 4.00 -
SP42 - - - - -
SP4s 70.00 33.33 - 2.00 R
SPay 70.00 33.33 50.00 2.00 -
SP4s 68.00 33.33 50.00 4.00 -
SPys - - - — _
‘ SP4_7 - — - — -
SPas - - - - —~
SP49 - — — — —
The data represent mean value of six replications. Details of

treatments are presented in chapter 111
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Table 35. Effect of plant growth regulators on rooting of Heliconia
psittacorum cv. Deep Orange

—

Treatments Day§ to ini;Ri(:’siton Survival Number of
rooting (%) (%) roots
R, - 0.00 0.00 0.00
R, - 0.00 0.00 0.00
R 35.00 16.66 0.00 2.00
R4 - 0.00 0.00 0.00
R 30.00 16.66 0.00 3.00
R - 0.00 0.00 0.00
R - 0.00 | 0.00 0.00
Rg 38.00 16.66 100 6.00
Ro 35.00 33.33 50 | 8.00
Rio 30.00 16.66 100 10.00
Rij 25.00 33.33 50 12.00

The data represent mean value of six replications. Details of

treatments are presented in chapter III.
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rooting, percentage of root initiation, percentage of survival and number
of roots. Data pertaining to this are presented in Table 35. Various stages
of in vitro propagation of Heliconia psittacorum cv. Deep Orange are

given in Plate 12.
Days to rooting

Number of days taken for rooting ranged from 25.00 to 38.00.
Lowest number of days (25.00) was observed in treatment Ryywhere MS
‘medium was supplemented with IAA (1.0 mg I'") + NAA (0.5 mg 1').

Highest number of days (38.00) was recorded in treatment Rg.
Percentage of root initiation.

Percentage of root initiation ranged from 0.00 to 33.33. The
treatments Rg and Rj; recorded highest percentage of root initiation
- (33.33). The treatments R3, Rs, Rg and Ry recorded 16.66 per cent root

initiation. The other treatments did not show any root initiation.
Survival rate

Percentage of survival ranged from 0.00 to 100.00. Highest survival
percentage was observed in treatments Rg and R;o (100.00). The
treatments Ro and R;; recorded 50.00 per cent survival. The other

treatments recorded zero per cent survival.
Number of roots

Number of roots ranged from 2.00 to 12.00. Highest number of
roots (12.00) was observed in treatment R, where MS medium was
supplemented with IAA (1.0 mg 1"') and NAA (0.5 mg I'"). The treatment

| R; recorded the lowest number of roots (2.00).
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. 5. DISCUSSION

Heliconias are excellent commercial cut flowers due to its exotic shape,
attractive colour, excellent vase life and prolific flower producing capacity. It
became favorite quickly among the florists and plant lovers almost round the
world. The present study was conducted as three experiments. In
Experiment 1: The evaluation of 12 different species and varieties of
Heliconia for morphological characters, cytological characters,
inflorescence characters and duration of the crop was studied and
economics of cultivation calculated. In Experiment 2: Molecular
characterisation of 12 species and varieties were studied. In Experiment 3:
Protocol for micropropagation of H. psittacorum cv. Deep Orange‘ was

carried out.
5.1 EXPERIMENT I : EVALUATION OF HELICONIA

Evaluation of 12 Heliconia species and varieties were carried out
for morphological characters such as height of plant, number of leaves,
leaf area and number of shoots; inflorescence characters such as length of
spike, length of petiole, number of bracts, bract size and pollén
morphology; cytological characters such as chromosome number and crop
duration characters such as number of days taken for flowering, ﬂowerihg
duration, number of ﬂbwering shoots and vase life. Cost of cultivation

was also calculated.

The 12 Heliconia species and varieties‘ studied comes under five
differe_nt species viz; H. psittacorum, H. Iatispafha, H. humilis, H. wdgnerfana
and H. rostrata and four of them were hybrids. There is significant difference in
the morphological, cytological and inflorescence characters between different
species and varieties of Heliconia belonging to different species and parentage.
In general, species and varieties belonging to H. psittacorum were smaller in

stature and produced inflorescence of lesser dimensions compared to other
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species. H. rostrata was different from the other species and varieties studied

producing pendent flowers.
5.1.1 Morphological and Cytological Characters
5.1.1.1 Height of the plant

Reduced plant height is a desirable character in a cut flower like
Heliconia. As the plant height increases the weight of inflorescence also
increases, thereby increasing the transportation charges and freight charges. For
acceptance as garden, plant also, reduced plant height is desirable. Increase in
plant height will incur more cost of cultivation due to additional operations such
as staking. Decrease in height also increases the suitability of the plant for

container planting.

Goel (2004) reported that Heliconia rostrata grew up to a heig'ht of
3.0 m tall and Heliconia jacquinii grew up to a height of 1.5 to 2 m tall.
According to him, Golden tofch is ideal choice for containers. Lalrinawmi
and Talukdar (2000a) reported that Heliconia psittacorum grew up to a
height of 116.80 cm when rhizome of 40 g was used and 91.77¢cm when
rhizome of 10 g was used, at the planting time. Variation in stem length

of H. stricta and H. rauliniana was reported by Ibiapaba ef al. (1997).

In the present investigation the species Heliconia latispatha recorded
highest height at three months, five months, seven months and nine .
months after planting. The cultivar De Rooij recorded the lowest plant
height during the whole observation period except five months after
planting. The species Heliconia rostrata recorded the lowest plant height,
five months after planting. These results confirmed that there is variation

‘in the height among different species and varieties of Heliconia.
5.1.1.2 Number of leaves

The 'number of leaves per shoot showed significant difference three
months after planting and five months after planting. The cultivar Lady

Di recorded the highest number of leaves per shoot at three months after
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planting (6.25). The cultivar Guyana recorded the highest leaf number
(6.13), 9 months after planting. Lalrinawmi and Talukdar (2000b) reported
4-6 lance shai:ed leaves in Heliconia psittacorum. High variability in
number of leaves per m” and number of leaves per clump was recorded by
Lalrinawmi and Talukdar (2000a). Present investigation also confirms that
there is variation in number of leaves among different species and

varieties of Heliconia.
5.1.1.3 Leaf area

Leaf area had recorded significant variation during the period under
study. In the present study leaf area was correlated both at genotypic and
phenotypic levels with plant height, ﬁumber of bract, bract size, spike
length, days to ﬂo-wering and vase life. This highlights the importance of

~ leaf area in this flowering plant.

Lalrinawmi and Talukdar (2000a) reported the leaf area of
Heliconia psittacorum varied from 700 to 870 cm’ per leaf. Variability in
leaf area among Heliconia cultivars was also reported by Lopez ef al.

(2001).

Leaf area had recorded significant variation during the period under
study. The cultivar Pedro Ortiz recorded highest leaf area during the
period under study. The varieties Golden Torch, Lady Di and De Rooij

recorded comparatively lower leaf area.
5.1.1.4 Number of shoots

All the shoots in Heliconia terminate in an inflorescence. The total number
of shoots produced in unit time by a plant is therefore a critical factor in
determining the yield potential of a cultivar. Variability in number of shoots

per plant was recorded by Lalrinawmi and Talukdar (2000b).

The H. psittacorum varieties generally showed a tendency for earlier
flowering followed by production of successive shoots. The cultivar Deep Orange

yielded the highest number of shoots (16), three months after planting. The
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cultivar Lady Di recorded highest number of shoots at five months and seven
months after planting (19.38 and 22.38), respectively. The cultivar Petra Orange
yielded the highest number of shoots at nine months, eleven months and one year

after planting (26.70, 34.25 and 56.60, respectively).

However, the stout varieties (varieties having robust nature for each shoot)
H. humilis, Wageneriana Red, Wagneriana Yellow and Pedro Ortiz produced less

number of shoots per plant.
5.1.1.5 Chromosome number

Acetocarmine staining procedure was followed for detection of
chromosome number. Lee ef al. (1994) reported that cultivars namely Tay,
Andromeda and Lady Di are diploids with 2n = 24 chromosomes and the cultivars

Petra, Sassy and Iris are triploids (2n = 3x = 36).

The slides were observed under 1000x magnification. However, the
greater number and relatively smaller size of chromosome precluded the taking of
exact counts accurately and hence the size variation of the chromosome could not

be accounted accurately.
5.1.2 Duration of the crop
5.2.2.1 Days taken for ﬂowerfng

The H. psittacorum varieties recorded lower number of days for flowering.
The loWer the number of days taken for flowering, the earlier the flowers are
ready for market. Comparing this factor the varieties Golden torch, Lady Di, Deep
Orange and Petra Orange were ready for the market at earlier dates compared to
the robust varieties like Pedro Ortiz, Wagneriana Red and Wagneriana Yellow
which recorded more number of days for flowering. Catley and Brooking
(1996) reported that H. psittacorum cv. Golden Torch initiated flowering
140-146 days after planting. Ibiapaba ef al. (2000) reported that A

psittacorum cv. Sassy and Andromeda initiated flowering after 120 days.

In this study, it was observed that seasonal variation in flowering

was observed in H. latispatha, Wagneriana Red and Wagneriana Yellow



124

which is in agreement with the findings of Criley er al. (1999) and Criley,

2000 who reported seasonal variation of flowering in Heliconia.

5.1.2.2 Flowering duration

Flowering duration plays an important role in home gardens, avenues and
roadside gardens. Flowering duration had shown significant positive correlation
with both at genotypic level and phenotypic level with vase life. The more the

flower duration, the more will be the vase life.

In the present investigation the highest flowering duration was recorded in
Golden torch (40.50 days). H. latispatha and Petra Orange recorded the lowest

flowering duration.
5.1.2.3 Vuselife

Heliconia have Ioﬁg vase life as a result of which its demand for
cut flower trade is increasing day by day. It is observed that the thickness and
texture of bracts is critical in increasing the vase life of spike. Zimmer and
Carow (1977) suggested 4 weeks of vase life when Heliconia flowers were
kept at temperature between 0 and 12 °C. Bredmose (1987) reported 2 to
4 weeks of vase life in water. Goel (2004) reported variation of vase life
from 3 to 4 days in H. psittacorum cv. Rubra and 10 to 14 days in large

erect varieties and 28 days in H. humilis.

Lady Di which recorded the lowest vase life (4.63) had rather thin and
fragile bracts compared to the bracts of Wagneriana Yellow and Wagneriana Red,
which recorded vase life of 19.75 and 17.5 days, respectively. The present
investigation confirms these ﬁndings‘ that there is variability in vase life

between different species and varieties.
3.1.2.4 Number of flowering shoots

Number of flowering shoots is a critical factor contributing to the yield
potential of the cut flowers. In general, it was observed that the H. psittacorum
varieties, which came to flowering earlier and also, produced higher number of

flowering shoots per year. The cultivar Petra Orange stood out distinctly
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producing remarkably higher number of flowering shoots (55.13) than other
species and varieties. This in combination with other desirable characters
exhibited (petiole length and vase life) and also the attractive coloring of the bract
makes it an ideal choice for cut flower. The cultivar De Rooij recorded second
highest number of flowering shoots (53.50). The flowers though attractive, had
lower petiole length and low vase life thereby diminishing its value as a cut

flower.

The varieties Wagneriana Red and Wagneriana Yellow showed
seasonality in flowering and also produced less number of flowering shoots per
year indicating lower potential for production of total number of flowers per year.
In these species and varieties, this is a critical factor in the selection of cut

flower.
5.1.3 Inflorescence characters
5.1.3.1 Length of spike

The length of spike is an important character of display value. It had
shown significant positive correlation both at genotypic and phenotypic levels
with plant height, leaf area, bract size, spike length, days to flowering and vase

life.

Goel (2004) reported variation in spike length of Heliconia rostrata (20-45
cm). In the present investigation the species Heliconia rostrata showed 21.29 cm
and 22.03 cm of spike length 11 months after planting and one year after planting,
respectively. Variation in spike length of Heliconia psittacorum was reported by
Lalrinawmi and Talukdar (2000a) Ibiapaba et al. (1997) reported such variations

in H. stricta and H. mulim’aiza.

Among the species and varieties Pedro Ortiz recorded the highest
spike length eleven months and one year after planting (42.83 cm and
43.53 cm, respectively). The cultivar Deep Orange recorded the lowest

spike length eleven months and one year after planting.
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5.1.3.2 - Length of petiole

Higher petiole length enables easy handling of the inflorescence, making it
suitable for flower arrangements and bouquet making. Higher petiole length also
increases the vase life enabling the cutting of the basal end of inflorescence on

alternate days.

Lalrinawmi and Talukdar (2000 b) reported variation in petiole
length of Heliconia psittacorum (60-80 cm.)'. According to them the
petioles of H. psittacorum are long and slender yet remarkably strong.

Similar variations were also reported by Ibiapaba ef al. (2000).

Highest petiole length was observed in cultivars H. latispatha and Petra
Orange. The cultivar Petra Orange yielded inflorescence of convenient size for
flower arrangement, at the same time the extra long petiole length possessed by
this cultivar increases the cut flower value of this cultivar. H. latispartha though
had a high petiole length, the haphazard arrangement of bracts in varied directions
make packing and transportation of this inflorescence difficult, diminishing its cut

flower value.

H. humilis, Pedro Ortiz, Wagneriana Red, Wageneriana Yellow produced
large showy inflorescence of higher dimension, however the lower length of
petiole distinctly diminishes the convenience of arranging these spikes in vases or

use in bouquet, thereby lowering the cut flower value drastically.

5.1.3.3 Number of bracts

As the number of bracts increases, the size of inflorescence increases. In a
cut flower like Heliconia the economic value depends on the attractive nature of
inflorescence. The display value of Heliconia increases with increase in number
of bracts. In the present study number of bracts, had shown significant positive
correlation both at genotypic and phenotypic level with plant height, leaf area,

bract size, spike length, days to flowering and vase life.

Variation in bract number of Heliconia rostrata (6-20 per

inflorescence) was reported by Goel (2004). Lalrinawmi and Talukdar
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(2000b) reported 4 to 5 Orange-Yellow boat shaped bracts in Heliconia

psittacorum.

More number of bracts was recorded in Pedro Ortiz, H. humilis and
" H. rostrata and these varieties took more number of days for flowering (287.50,
255.25 and 163 days, respectively) and recorded more spike length (42.83, 26.08

and 21.29 cm, respectively).

The lowest number of bracts was recorded in Deep Orange (3). In general
H. psittacorum varieties recorded lower number of bracts and lower spike length

and showed early initiation of flowering.
5.1.3.4 Size of bract

Higher bract size coantributes to greater attractiveness in Heliconia
varieties. H. psittacorum yielded inflorescence of smaller dimension and
correspondingly smaller bracts. In contrast robust varieties Pedro Ortiz,
Wagneriaria Red, Golden torch, Heliconia latispatha, and Guyana

recorded highest bract size.
5.1.3.5 Pollen morphology

Pollen morphology is useful tool for classifying plants (Erdtman, 1952;
Nair, 1970). In Heliconia thread like structures connecting the pollen grains are

described by Rose and Barthlot (1995).

Pollen grains of all the species and varieties studied were more or less
round in shape. Largest (360.00u) pollen grains was observed in the cultivar

Wagneriana Yellow and the smallest in H. latispatha (238.50 p).

The most effective and most suitable test for pollen viability is staining
with acetocarmine. In the present study acetocarmine staining method was used to

find the pollen fertility of the selected species and varieties.

Self and cross compatibility problems has been reported in Heliconia,
which hinders the seed production of various varieties by selfing / crossing

(Le et al., 1997). In the present study pollen fertility range from 13.75 per cent
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(Wagneriana Red) to 90.81 per cent (H. latispatha). High pollen fertility was
observed in A. latispatha, Lady Di and Deep Orange, and very low rate of fertility
was observed in Wagneriana Red and Wagneriana Yellow. This shows that the
sterility of pollen might be the reason for poor seed set in some varieties whereas
in some others these might be reasons other than fertility of pollen leading to the

incompatibility problems and poor seed set.
5.1.4 Heritability, Coefficienf of Variation and Genetic Advance

The magnitude of heritability is valuable in plant breeding
programmes since it provides the basis for selection dependent on
phenotypic performance.” Heritability estimate the transmissibility of
character from one generation to other and it provides a measure of the
value of selection for different attributes. But high heritability does not
necessarily mean a high genetic advance for a particular character (Allard,
1960). Heritability along with genetic advance is more useful than
heritability alone in predicting the resultant effect of selecting the best

individuals (Johnson et al, 1955).

In the present study exeept-for number of leaves (19.68%), all
other characters under study recorded high heritability. The highest
heritability was exhibited by the number of days taken for flowering
(99.64%) followed by number of flowering shoots (99.48%) number of
leaves (99.32%), piant height (97.95%) and bract size (97.06%).

High heritability along with high genetic gain was observed for
petiole length (heritability 96.65%, GA 150.77%), number of flowering
shoots (heritability 99.48, GA 121.73%), leaf area (heritability 93.78%,
GA : 118.85%) and bract size (heritability 97.06%, GA 115.42%). These
characters are genetically controlled by additive gene action and hence

amenable to genetic improvement through selection (Panse, 1957).
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In general PCV was slightly higher than GCV in most of the
characters indicating the influence of environment. The apparent variation

is not only due to genotypes but also due to the influence of environment.

High phenotypic (75.72%) and genotypic (59.25%), coefficients of
variations were found for petiole length, followed by number of flowering
shoots (PCV- 59.40%, GCV- 59.24%). This indicate a greater extend of
variability for these characters thereby suggesting scope for improvement
~ of these characters through selection. The difference between phenotypic
and genotypic coefﬁcieﬁt of variation was the lowest for the days to
flowering (0.08238%) followed by number of flowering shoots (0.1542%).
These small differences point out that the environmental influence on these

characters is less.
5.1.5 Correlation studies

The degree and direction of association between different characters could
be better understood based on correlations. In a cut flower like Heliconia, the
critical characters determining the economic value are length of spike, length of
petiole, number of bracts, size of bracté, number of flowering ehoots and vase life.
They are generally complex in nature and influenced by many factors. Character
genetically related to each other tends to move in the same direction under
selection. Such a correlated response to selection is the basic property of
qualitative traits under the control of polygenic system. The genotypic correlation
between characters provides a reliable measure of genetic association between
them and helps to differentiate the vital association useful in breeding (Falconer,

1981).

In the present study, the plant height had signiﬁcaht positive correlation at
phenotypic and genotypic levels with the leaf area, number of shoots, number of
bracts, size of bract, spike length, petiole length, days to flowering, vase life and

number of flowering shoots.



140

The estimates of genotypic coefficient of correlation were much higher in
magnitude than the corresponding estimates at phenotypic level. 1t indicates that
though there was strong inherent association between the various characters
studied, the phenotypic expression of correlation was lessened under the influence

of environment.

The number of flowering shoots had significant and positive genotypic
correlation with number of leaves, number of shoots and petiole length. This is in

accordance with the findings of Bruna ef al. (2002).

A positive genotypic correlation between pairs of characters indicated that
an improvement in one character would improve the other character also, thus
~enabling the breeder to select characters responsive to selection. The length of
petiole is influenced by number of shoots and flowering shoots. The selection for
more number of shoots and flowering shoots can thus result in higher petiole

length.

Number of bracts per spike is an important cut flower attribute. This
character showed high positive and significant correlation both at phenotypic and
genotypic levels with plant height, leaf area, bract size, spike length, days to

flowering and vase life.

Environment correlations are present only for a few pairs of characters.
Plant height had shown significant negative correlation with bract size and

number of flowering shoots.
5.1.6 Economics of cultivation

Economics of cultivation of all the selected 12 Heliconia species and
varieties was calculated. Economics of cultivation enables farmer in making

decisions on production planning.

Ngo and Hoult (2000) studied the cost : benefit ratio of Heliconia in
Australia. He recorded a profitability of 9.30 to 14.70 per cent and recommended

Heliconia cultivation as a profitable crop for Australia.
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In the present study the cultivar Petra Orange recorded highest net returns
and cost : benefit ratio (Rs. 6,28,900 and 1.54, respectively). Pedro Ortiz stood
second with net return of Rs. 5,12,500 and cost : benefit ratio of 1.40. Lower nét
returns and cost : benefit ratio was recorded in Wagneriana Red (Rs. 25,000 and

1.02, respectively).

The cultivar Petra Orange recorded highest number of flowering shoots _‘
and highest length of petiole during the period under study. It had other desirable
characters such as lower number of days for flowering (130.25 days), more vase
life (13.25 days) and good length of petiole (40-42 cm). These desirable
characters along with highest cost : benefit ratio will boost the demand of Petra

Orange.

The cultivar Pedfo Ortiz recorded highest plant height, more leaf area,
more number of dayé for flowering, more number of bracts, bract size and highest
spike length. But it had lower number of shoots and flowering shoots. But price of
inflorescence is high in comparison to H. psittacorum varieties (Rs. 15 for

‘inﬂolrescence for Pedro Ortiz and Rs. 1.50 - 5.00 for H. psittacorum). In order to
get réturns from Pedro Ortiz farmers have to wait for long duration (228.25 days).
But due to higher market demand and high cost : benefit ratio this cultivar will be

also gaining popularity in the market.

H. wagneriana being highly seasonal and not profitable under Kerala
climate. It had lower number of flowering shoots and longer duration for
flowering. Eventhough the price of inflorescence is highest (Rs. 20.00) it
produced lower number of inflorescence. Seasonality in flowering behaviour of

H. wagneriana was reported by Criley et al. (1999) and Criley (2000).
5.2 EXPERIMENT 2: MOLECULAR CHARACTERISATION OF HELICONIA

RAPD is one of the reliable methods of identifying varieties at the
genotypic level and is fast, easy, comparatively cheap and free from

environmental influences.
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The present study was undertaken to characterize 12 species and varieties
of Heliconia using RAPD markers. Isolation of genomic DNA was carried out
using four protocols. The modified Murray and Thompson- (1980) protocol and
the modified proceduie of Mondal er al. (2000) were used for standardizing the
DNA isolation techniques in Heliconia. H. psittacorum varieties Lady Di, Deep
- Orange and Petra Orange were used for standardization. There was no difference
in yield and purity of yield and purity of DNA. Hence for the further studvies;
protocol 2. which.did not require liquid nitrogen and where the leaves were

ground to fine powder using CTAB, was used for DNA isolation.

A protocol was developed to extract DNA from Heliconia leaves and to

analyse genetic variation using RAPD by Kumar ef al. (1998).

Usually tender leaves of Heliconia were rich in phenolics and this resulted
in the yield of poor quality DNA that was brown in colour. Addition of 1 ml of
1.0 per cent PVP in extraction buffer along with the other reagents reduced
browning and yielded good quality DNA. Similar observations were made by
Nayar (2001) and Simi (2001) in red banana and it was over come by addition of

0.1 per cent PVP in extraction buffer.

Fresh unfurled tender leaves were found to yield good quality DNA. This
may be due to the easy disruption"of the leaves during grinding.Young tender
leaves were reported to be used for the isolation of genomic DNA in
chrysanthemum (Scot ef al., 1996), roses (Vainstein and Ben-meir, 1994),
gladiolus (Pathania and Mishra, 2001), dendrobium (Pillai, 2003) and banana
(Nayar, 2001, Simi 2001, Rajamanickam, 2003).

Moreover tender leaves contain actively dividing cells with lesser
intensity of extra nuclear materials like proteins, carbohydrates and other
metabolities that interfere with isolation of nucleic acids which in turn

improve the quality of DNA (Mondal et al., 2000).

The leaves collected for DNA isolation were used either fresh or

after storing in an ultra freezer for one week at -85°C. The storage did not
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interfere with the yield and purity of DNA. When fresh leaves were used,
the yield of DNA was 500 pg ml™. The leaves after storage in the ultra
freezer for one week yielded 540 pg ml™'. The purity ratio of the sample
used fresh was 1.80 while that of sample used after storage was 1.86. This
observation has an implication that the unfurled leaves once collected can
be stored without any damage to DNA for a few days in ultra freezer in
cases where there is dearth of samples. Ram and Sreenath (1999) have
made a similar observation in coffee where stored samples permitted batch

processing. Simi (2001) reported similar observation in plantain.

The yield and quality of the DNA varied with the species and varieties.
The DNA yield varied from 360 to 1170 pg ml?.  The absorbance value
(260/280) varied between 1.50 and 1.95 indicating the DNA of good quality. The
variation in DNA yield and quality may be due to genetic factor or due to the

chemical reaction that taking place during the extraction of DNA.

5.2.1 Purification of DNA

The DNA isolated was brown in colour. The inclusion of the
antioxidant mercaptoethanol along with PVP during extraction improved
the quality of DNA as observed by the reduction of the browning. Mondel
et al. (2000) and Simi (2001) reported similar observation in tea and
plantain, respectively. Weining et al. (1995) reported that high phenolic‘
oxidation in coffee tissues to brown coloured quinonic compounds
damaged DNA and proteins. They suggested that this could be effectively
counteracted by the use of certain ingredients in the extraction medium.
Reduction of browning could be due to the binding of PVP to phenolic
compounds and its co-precipitation as well as inhibition of the action of

polyphenol oxidase.
5.2.2 RAPD analysis

The PCR amplification of the DNA sample from Deep Orange was

carried out using forty decamer primers of Kit A and Kit B (operon inc.
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CA, USA). Thirty four primers out of the 40 used yielded amplification
products. The total number of bands ranged from 1.0 to 6.0. The primers
OPA-06, OPA- 09,0PA-10, OPA-12, OPB-06 and OPB-13 did not yield
any bands. This indicates that there 1s no sequence complebmentary to the
sequence of these primers in the DNA of the Heliconia cultivar Deep

Orange.

A Total of 80 (average of 1.9 bands per primer) were generated by
the 34 primers of which 93.75% (75 bands) were polymorphic. This
accounts to an average of 1.88 bands per primer. Bhat and Jarrét (1995)
suggested that the number of polymorphism is more important than the number of
primers for the generation of stable phenogram. They also suggested that the
number of polymorphism required to generate a stable phenetic analysis would
vary with the plant material under investigation and the sequences that are
amplified. In the present study 8 primers were identified based on the
highest number of bands and highest number of intensive bands. They
were OPA-01, OPA-14, OPA-17, OPA-18, OPB-07, OPB-12, OPB-18 and
OPB-20. These Primers amplified 53 scorable RAPD marker bands.

RAPD analysis was used to detect genetic variations and similarities
among Heliconia species, cultivars and hybrids by Goh ez al. (1995). Significant
| differences in RAPD profile occurred améngst different Heliconia species é.hd
some distantly related plants. H. rostrata had three pfominent bands that were

absent in H. psittacorum cultivars.

Many Heliconia sp. are poiymorphic with a large number of cultivars.
Cultivar identification has been primarily based on morphological differences of

the flower and inflorescence (Kumar et al., 1998).

According to Li and Midmore (1999) the number of RAPD markers
needed to differentiate the genotypes of a gene pool may vary with the test
material. When the variation between cultivars are high, few primers will be
sufficient to detect the diversity. For instance, 11 navy bean genotypes were

satisfactorily distinguished by only two primers (Graham et al., 1994). In the
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present study also, eight primers viz., OPA-01, OPA-14, OPA-17, OPA-18,
OPB-07, OPB-12, OPB-18 and OPB-20 revealed satisfactory polymorphism

among the twelve species and varieties of Heliconia.
5.2.3 RAPD data analysis

Jaccards simﬂarity coefficient values ranged from 0.12 (Golden
torch and Wagneriana Red) to 0.556 (Petra Orémge and Deep Orange). The
estimation of similarity coefficients and construction of dendrogram
revealed the presence and extend of genetic relationship among the twelve

- Heliconia species and varieties examined.

Using the similarity matrix data of RAPD profiles, UPGMA
(Unweighted Pair Group Method with Arithmetic Average) based
dendrogram was constructed to represent the inter and intra specific
relationships among the species and varieties. On drawing a vertical line
in the dendrogram along the point corresponding to the similarity
coefficient value of 0.32, the 12 species and .varieties got divided into five
clusters. The varieties Deep Orange, Petra Orange, Golden torch, Lady Di and
Guyana formed the largest cluster. At a similarity coefficient vatue of 0.40, the
varieties viz.. Deep Orange, Petra Orange and Lady Di formed a single cluster and
these varieties belong to Heliconia psittacorum species. The varieties Golden
torch and Guyana formed another cluster and these varieties are crosses between

H. psittacorum and H. spathocircinata.

On drawing a vertical line in the dendrogram along the point
corresponding to the similarity coefficient value of 0.32 Heliconia rostrata
and Pedro Ortiz formed two separate clusters. It is clearly evident that
Heliconia rostrata is different from all other species and varieties.
Heliconia rostrata produce hanging type of inflorescence. The other species and
varieties under study produce erect inflorescence (Goel, 2004). Similarly Pedro
Ortiz is a cross between the pendent H. collinsiana and the erect H. bourgena and
it produce erect inflorescence having the tendency to twist and hang down like a

pendant (David, 1985).
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At similarity coefficient value of 0.32, Wagneriana Yellow, Wagneriana
Red and H. humilis were grouped together. Timothy, (1996) reported that the
species H. wagneriana is similar to species H. humilis. The varieties Wagneriana
Red and Wagneriana Yellow belong to Heliconia Wagneriana species. The
. present investigation confirmed this report, since H. wagneriana and H. humilis

formed a single cluster.

In the present study, De Rooij and Heliconia latispatha did not
cluster as expected. These two were grouped together. De Rooij is a cross
between Heliconia psittacorum x Heliconia marginata. However, further

studies are necessary for confirmation.

Not much literature is available pertaining to the molecular
characterization of Heliconia. So proper comparison of the results of this
study with those earlier studies is not possible. The polymorphism
obtained in the present study will be useful in fingerprinting and is
determining the genetic ciiversity among the Heliconia species and
varieties. Knowledge of the degree of genetic relationship between these
species and varieties will be important for the development of new
accessions and to establish a core collection as part of the germplasm

collection and management.
5.3 EXPERIMENT 3: IN VITRO PROPAGATION OF HELICONIA

Micropropagation has become one of the important methods for
propagation of cut flowers for domestic as well as export market. This is
an alternative method of propagation which help in bye-passing season
barrier, building up of new cultivars of disease free stocks and production

of sufficient materials in a short period for field planting (Bharathi, 2000).
5.3.1 Standardisation of explants

Selection of proper explant is an important aspect of commercial

tissue culture production as it amounts to the cost of production. Selection
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of a suitable explant, which will yield true to type plant and at the same

time will not increase the cost considerably, is considered ideal.

Of the various explants tried, shoot tips were found to be ideal.
This was in confirmity with the results of the studies by Nathan et al.
(1992), Shiau er al. (1999), Pederson and Brandt (1992), Shiau et al.
(1998), Lalrinawmi and Talukdar (2000b), Talukdar es al. (2002) and Bora
| and Paswan (2003). '

5.3.2 Standardisation of surface sierilization methods

The explants collected from the field harbour ‘a variety of
microorganisms- which have to be removed before inoculation into the
culture medium. Though general sterilization procedure have been
outlined by various workers (Dodds and Roberts, (1982) and George and
Sherrington, (1984) specific sterilization procedures have been evolved
based on the tissues being handled. Hence, in the present study, the
sterilization procedure with respect to the sterilant, its concentration and

duration of exposure was standardized.

Among the different treatments tried, mercuric chloride (0.1%) was found
to be ideal. Though in literature use of sodium hypochlorite is recommended in
surface sterilization of Heliconia (Bora and Paswan, 2003), in the present
investigation it was found to be less efficient than mercuric chloride at the various
levels tried. The best treatment for shoot tip explant was dipping in absolute
alcohol for one minute followed by a dip in 0.1% mercuric chloride for 10
minutes. After trimming and before culturing the buds were dipped in 0.05%
mercuric chloride for 10 minutes followed by washing with sterile distilled water
2-3 times. Mercuric chloride 0.1% has been effectively used as a surface sterilant
in cut flowers by various workers (Kuriakose, 1997) in Aranthera and
Dendrobium and Krishnamurthy er al. 2001 in Polyanthes tuberosa) . The results
obtained in the present study agree with these reports in respect of the
effectiveness of mercuric chloride as surface sterilant. It is advantageous cost wise

also.
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5.3.3 Seasonal Influence on the in vitro in Establishment of Explants

The percentage of contamination observed for the explants
collected in the different months showed variation. The explants collected
from January to March showed lower contamination as compared to those
in other months. In Kerala, the relative humidity is usually high, which
~ provides a congenial condition for the growth 'ar_xd development of

microorganisms.

5.3.4 The Routes

5.3.4.1 Enhanced Release of axillary buds
5.3.4.1.1 Culture Esfablishmént

Enhanced release of axillary buds is a common route followed for
mass maultiplication of several ornamental plants. Establishment of the
- cultures is the first and the most important in vitro step which is
influenced by several factors, the most important being the type of basal
media and growth substances like cytokinins, auxins and gibberellins.

‘The type of cytokinin and its combination with auxins and
gibberellins is often seen to influence culture establishment. In the present
study, the effect. of BA, KIN and 2-ip alone and in combination with
auxins (JAA and NAA) and gibbérellins (GA3), on culture establishment of
shoot tip explant was done. Highest percentage of establishment of shoot tip was
observed in MS medium supplemented with BA. Precocity in bud emergence was
observed in MS medium supplemented with BA 10 mg I''.  This was in

conformity with the results obtained by Nathan et al. (1992).

BA was superior with respect to early bud initiation, percentage of
initiation, and survival rate compared to KIN and 2-ip. BA was found to be the
best for culture establishment in the case of gladiolus (Bhojwani and Dantu, 1986)
and Dantu and Bhojwani (1995).

BA in combination with auxins and gibberellins results in good culture

establishment. The lowest number of days for culture initiation was recorded
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when MS medium was supplemented with BA 10 mg I’ aiong with TAA
(0.05 mg 1) + GA; (2.0 mg 1‘5+NAA (0.5 mg 1I™"). The favourable effect of BA
+ NAA in Heliconia has been reported by Shiau et al. (1999). Effect of BA + IAA
for culture establishment was reported by Lalrinawmi and Talukdar (2000b) and
Talukdar ef al. (2002). Bora and Paswan (2003) reported the favourable effect of

BA, 1AA and GA; for culture establishment.

In the present investigation KiN and 2-ip along with gibberellins and
auxins also initiated bud emergence. But the number of days for bud emergence

was high and survival rate was low.

Plant multiplication is slowest by enhanced release of axillary buds.
Murashige et al. (1974). In the present investigation also the days taken for

multiplication was high.

Rate of contamination was also very high which resulted in lower survival
percentage. Browning of the medium occurred from one week after inoculation. It
is due to phenolic substances, which is toxic to the tissue and can inhibit their
growth. Continuous subculturing even though reduces this problem, the viability

of tissues declines (Razdan, 1993).

The effect of 2,4-D on culture establishment was carried out. 2,4-D at
40 mg 1" initiated callusing. 2,4-D at lower concentration did not show any
response. Goh et al. (1995) reported that 2,4-D at 40 to 80 uM induced highly

morphogenic callus. The present study confirms these findings.

In most of the reports on cut flowers, the medium used was Murashige and
Skoog (1962) medium. In the present study also, for culture of shoot tip explants,
MS medium was found to be better than SH and Whites medium with respect to
early release of buds. MS medium has been reported to be the most suitable
medium for Heliconia by Nathan et al. (1992), Goh er al. (1995), Pedersen and
Brandt (1992), Shiau et al. (1998, 1999), Lalrinawmi and Talukdar (2000b) and
| Talukdar et al. (2002). The advantage of MS medium is reported to be due to the

desired level of nutrients, which helped in hastening the release of buds.
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5.3.4.1.2 S5hoot proliferation and elongation

In the present investigation when the elongated buds were inoculated to
MS medium containing different levels of cytokinins (BA, KIN, 2-ip) and their
combinations with different levels of IAA and GAj, production of multiple
axillary buds-was observed. The treatments with BA alone do not yield any shoot
proliferation. BA at 2 mg I"* and 3.5 mg 1”7 along with different combination of
IAA and GAj; yielded shoot proliferation. But at lower and higher level of BA (1.0
mg 1M and 5.0 mg 1) alone and in the combinations with IAA, GA; did not yield
any response. At higher level of BA callus production increased with reduction in
the rate of multiple axillary bud production. High levels of cytokinins proved to
have deleterious effect on shoot growth (Ludergergran and Janick, 1980).

It was found that the rate of axillary bud production, survival rate and bud
initiation was high in the medium containing 2-ip in combination with IAA and

GA;. Higher concentration of 2-ip resulted in low rate of callus growth.

In the present investigation KIN aloﬂe and in different levels of
combinations with IAA and GA; yielded no response. Though shoot proliferation
was observed in the treatment formation of leaves were not noticed. The buds
elongated and remained green for longer duration ranging from three to six

months, but leaves were not formed.

Monocotyledons are difficult to propagate through in vitro method than
dicotyledons (Razdan, 1993). Heliconia being a monocot was difficult to
propagate 'through in vitro methods during the present study. The percentage of
bud proliferation was very low ranging from 0.00 to 33.33. Survival percentage
was also very less. Cent per cent survival was noticed only in treatment SPg, SPy;

and SP41.

The desirable effect of BA and NAA for shoot proliferation was reported
by Shiau et al. (1999). For shoot proliferation of Heliconia IAA and BA is
recommended by Lalrinawmi and Talukdar (2000a) and Talukdar et al. (2002).
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Bora and Paswan (2003) recommended various combinations of BA, IAA and

GA; for Heliconia shoot tip proliferation.

Media supplements like coconut water, activated charcoal, cobalt chloride,
PVP, silver nitrate and copper sulphate were used for the proliferation of shoots.
- Activated charcoal adsorbs the toxic substances and residual cytokinin from the
medium (Fridbory er al, '1978); Hussain (1995) obtained a reduction in shoot
length and shoot number in gladiolus when activated charcoal was used.
Priyakumari (2001) repoﬁed that shoot proliferation was absent when activated
charcoal was used. Addition of activated charcoal to the medium resulted in early
induction of roots, but number of shoots and length of shoots reduced drastically

in Drosera (Blehova ef al., 1990) and in Iris (Bach, 1988).

Coconut water delayed shoot elongation and root initiation. Coconut water
contains some inhibitory substances (George and Sherrington, 1984). Nathan
et al. (1992) réported shoot multiplication of Heliconia on MS medium without
coconut water. In Anthurium andreanum cv. Dragons tongue, coconut water
inhibited shoot proliferation (Thomas, 1996). Hussain (1995) reported that
gladiolus cultures in coconut water supplemented media took more days for shoot
elongation and produced lesser number of leaves. Present investigation cbnﬁrms

these findings.

Cefotaxime at 500 mg 1" reduced the contamination rate up to 50 per cent.
Shiau et al. (1999) also obtained lower rates of contamination of Heliconia in

liquid MS medium supplemented with 500 mg 1" Cefotaxime.
5.3.4.1.3 In vitro Rooting

Rooting of the micro shoots is an important stage in micro propagation.
Earliness of induction of roots and morphological characters of the roots are of
primary concemn in in vitro rooting. Various studies conducted earlier on this
aspect indicate that relative concentration of auxins and cytokinins, source of
auxin, salt level, environmental factors, especially light etc. contributed in vitro

rooting.
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In the present study, experiments were carried out for in vitro rooting,
using various combinations of JAA and NAA. IAA at lower concentrations (0.25
and 0.5 mg 1) did not initiate roots. Similarly NAA at lower concentration (0.25
mg 1) did not initiate roots. JAA and NAA at higher levels, alone and in

combinations initiated roots. _

Morphological characters of the roots differed among the treatments tried.
Roots induced in the MS medium supplemented with IAA were slender and white
in colour, while those in the medium supplemented with NAA were thick, short
and creamish in éolour. Besides, NAA in the medium induced callus formulation
at the base before root induction. The presence of callus on plantlets rooted on

media with NAA was reported by Kunisaki (1975).

Nathan ef al. (1992) reported rooting of Heliconia psittacorum on MS
basal medium without any plant growth substances. Beneficial effects of NAA
and IAA for rooting of Heliconia were reported by Bora and Paswan (2003).
Talukdar ef al. (2002) and Lalrinawmi and Talukdar (2000b) reported IAA as an

ideal hormone for rooting in Heliconia.

The present investigation revealed that H. psittacorum cultivars are most
suited to Kerala’s agro climatic conditions and economic conditions. They were
earlier bloomers, producing more number of flowering shoots of good

dimensions. They also had higher fertility and cost benefit ratio.

Grouping of species and varieties based on RAPD markers (OPA-01,
OPA-14, OPA-17, OPA-18, OPB-07, OPB-12, OPB-18 and OPB-20)
yielded five clusters. H. psittacorum varieties were grouped together. Similarly H.

wagneriana and H. humilis were grouped together.

The micropropagation was difficult in H. psittacorum cultivar Deep
Orange. BA along with auxins and gibberellins yielded better response than
kinetin and 2, ip. The time taken for culture establishment, shoot elongation etc

were considerably high. There was no leaf formation.






183

6. SUMMARY

Investigation on evaluation, molecular characterization and in vitro
propagation of Heliconias were carried out at the Department of Pomology
and Floriculture and Department of Plant Biotechnology at College of
Agriculture, Vellayani and at CPCRI substation, Kayamkulam during
2001-2005. The main objectives were to evaluate Heliconia species /
varieties as cut flowers, to standardize in vitro propagation procedures in
H. psittacorum and to undertake molecular characterization of H‘eliconiab
species and varieties using RAPD (Random Amplified Polymorphic DNA)
~ markers.

For the study Heliconias belonging to different species and crosses
were selected. It includes species such as H. latispatha, H. rostrata,
H. humilis; varieties of H. psittacorum viz., Deep Orange, Lady Di and
Petra Orange and varieties of H. wagneriana viz., Wagneriana Red and
Wagneriana Yellow. The crosses were Pedro Ortiz (H. collinsiana x
H. bourgens), De Rooij (H. psittacorum x H. martinata) and Goldern
Torch and Guyana (H. psittacorum x H. spathocirinata).

Evaluation of morphological, cytological and inflorescence
characters showed significant variations. Heliconia psittacorum varieties
weré of short stature and produced inflorescence of lesser dimensions.
They started flowering earlier than other species and varieties and
produced more number of flowers.

The robust varieties like Wagneriana Yellow, Wagneriéna Red and
Pedro Ortiz recorded more plant height. They were late bloomers and
produced less number of flowers. Though the dimension of inflorescence
was high,jthe lower petiole length diminished its cut flower value.

Golden Torch and Guyana though had similar parentage differed
each other for the number of days for flowering, ﬂoWering duration, spik¢

length and petiole length. Golden Torch produced flowers earlier (93.50)
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whereas Guyana recorded late flowering (255.25). Similarly Golden Torch
remained fresh even after 40.50 days of emergence. Guyana had flowering
duration of only 24.50 days.

H. rostrata was of short stature producing pendent inflorescence.
_Heliconia latispatha recorded more plant height, early flowering and high
fertility. H. humilis and De Rooij showed moderate growth patterns.

The magnitude of variation was calculated. PCV was slightly
higher than GCV, in most of the characters studied, indicating the
influence of environment also. The small difference point out that the
variation observed is mainly due to genetic reasons and environment
influence is less. Among the 12 characters studied length of petiole
recorded highest PCV (75.72) and GCV (74.45), suggesting scope for
improvement of this character through selection, as increased petiole
length is a desirable character in Heliconia. \

Heritability was high in all the characters except for the number of
leaves. High heritability along with high genetic advance was noticed in
characters such as petiole length (heritability: 96.65, GA: 105.77) and
‘number of flowering shoots (heritability: 99.48, GA: 121.74). Hence these
characters can be improved through selection. The lower heritability and
genetic advance were recorded for number of leaves (iieritability: 19.68 %,
GA:5.94).

A significant positive association had shown between number of
flowering shoots with number of shoots and length of petiole both at .
genotypic and phénotypic level. Thus selection for higher numbér of
shoots will help in obtaining more number of flowering shoots and
increased length of petiole.

The variety Petra Orange recorded highest net returns and cost :
benefit ratio (Rs. 6,28,900 and 1.54, respectively). Pedro Ortiz stood
second with net return of Rs. 512500 and cost : benefit ratio of 1.40.

Lower net returns and cost : benefit ratio was recorded in Wagneriana
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yellow (Rs. 25,000 and 1.02, respectively). The variety Petra Orange
recorded highest number of flowering shoots and highest length of petiole
during the period under study. It had other desirable characters such as
~ lower number of days for flowering (130.25), more vase life (13.25) and
good length of petiole (40-42 c¢m). These desirablevcharacterls along with
highest cost : benefit ratio will boost the demand of Petra Orange.

The present study was also undertaken to characterize 12 cultivars
of Heliconia using RAPD markers. The modified Murray and Thompson
(1980) protocol anjd the modified procedure of Mondal et al. (2000) were
used for standardizing the DNA isolation techniques in Heliconia. Trials
were carried out in H. psittacorizm cultivars Lady Di, Deep Orange and
Petra Orange. The yield and purity of DNA was similar in all the
protocols. Hence for the further studies protocol 2, which did not require
liquid nitrogen and where the leaves were ground to fine powder using
CTAB, was used for DNA isolation.

Fresh unfurled tender leaves were found to yield good quality
DNA. This may be due to the easy disruption of the leaves during
grinding. The storage did not interfere with the yield and purity of DNA.
When fresh leaves were used, the yield of DNA was 500 g mi'. The
leaves after storage in the ultra ffeezpr for one week yielded 540 pg ml™'.
The purity ratio of the sample used fresh was 1.80 while that of sample
used after storage was 1.86.

The yield and quality of the DNA varied with the species and
varieties. The DNA yield varied from 360 to 1170 pg ml™. The
absorbance value (260/280) varied between 1.50 and 1.95 indicating the
DNA of good quality.

The PCR amplification was carried out using forty decamer primers
using DNA of Deep Orange. Thirty four primers out of the 40 used yielded
amplification products. The total number of bands ranged from 1.0 to 6.0.
The primers OPA-06, OPA- 09,0PA-10, OPA-12, OPB-06 and OPB-13
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did not yield any bands. In the present study 8 primers were identified
based on the highest number of bands and highest number of intensive
bands. They were OPA-01, OPA-14, OPA-17, OPA-18, OPB-07, OPB-12,
OPB-18 and OPB-20. These Primers amplified 53 scorable RAPD marker
bands.

Jaccards similarity coefficient values ranged from 0.12 (Golden
Torch and Wagneriana Red) to 0.556 (Petra Orange and Deep Orange). The
estimation of similarity coeffictents and construction of dendrogram
revealed the presence and extend of genetic relationship among the twelve
Heliconia species and varieties examined. |

On drawing a vertical line in the dendrogram along the point
corresponding to the similarity coefficient value of 0.32, the 12 species and
varieties got divided into five clusters. The cultivars Deep Orange, Petra Orange,
Golden Torch, Lady 'Di and Guyana formed the largest cluster. Deep Orange,
Petra Orange and Lady Di belong to Heliconia psittacorum species. The varieties
Golden Torch and Guyana are crosses between H. psittacorum and
H. spathocircinata. Heliconia rostrata and Pedro Ortiz formed two separate
clusters. Wagneriana Yellow, Wagneriana Red and H. humilis were grouped
togéther.

For in vitro propagation, surface sterilization with absolute alcohol
one minute wash + mercuric chloride (0.10 %) for 10 minutes recorded _
highest survival percentage (45 .OO) and hence this treatment was
standardized for further studies. Among the various explants tried (shoot
tip, bits of rhizomes, root and leaf) after the preliminary scfeening on
culture establishment, shoot tips explant was selected for further studies.
Among the various media tried (full strength MS, half strength MS, SH
and White), MS media recorded bud initiation earlier and was selected for
further studies.

The effect of plant growth substances auxins (IAA 0.05 mg 11,
NAA 0.5 mg I'"), cytokinins (BA, kinetin and 2-ip each at 5 and 10 mg 1

and gibberellins (GA3 2.5 mg Iy on culture establishment was also
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studied. The treatment T;s (MS + BA 10 mg 1'+ IAA0.05 mg I'' +
GA;3 2.0 mg I''+ NAA 0.5 mg 1) recorded lowest number of days for bud
émergence. BA at 10 mg 1" and its combination with auxins and
gibberellins was found to be more effective than kinetin:and 2-ip alone
and its combinations. The treatment with 2,4-D at 40 mg 1"’ yielded good
callusmg 30 days after bud inoculation.

The effect of auxins (IAA), cytokinin (BA, kmetm and 2-ip) and
gibberellins (GA3) on shoot proliferation and elongation was also carried
out. The treatment SPy (MS + BA (2.5) + 1AA (0.2) + GA3 (2.5)) recorded
lowest number of days (42) for shoot proliferation. It was followed by SP;
(MS + BA (2.5) + IAA ‘(0.2)), which recorded 52 days for shoot
proliferation and elongation. The treatment SPy recorded highest number
of shoots (5). It was followed by SP;, SP4; and SP43; that recorded four
shoots each. The treatments having kinetin and its combination did not
produce shoot proliferation and elongation. Though there was shoot
proliferation and elongation, no treatments recorded leaf formation.

Effect of various media supplements viz., coconut water (0, 5, 10
and 15 %), activated charcoal (0, 0.5, 1 %), ethylene inhibitors (cobalt
chioride 5 mg 1" and 10 mg 17, PVP 5 mg 1and 10 mg 1), silver nitrate
(5 mg l;land 10 mg 1), copper sulphate (100 and 200 mg I, cefotaxime
(250 and 500 mg I"") and carbon sources (sucrose 30 g 1", 35 g 1) were
tried for shoot proliferation. The treatments with cefotaxime 500 mg 17
reduced the contamination per cent up to 50.00. Other treatments did not
record bud proliferation and elongation.

The proliferated buds were cultured in MS medium containing
various levels of IAA (0.25, 0.5 and 1.0 mg 1) and NAA (0.25 and 0.5 mg 1)
alone and in combination for in vitro rooting. Lowest number of days
(25.00) was observed in treatment R;; where MS medium was
supplemented with [AA (1.0 mg 1’1) + NAA (0.5 mg 1'1). Highest number
of days (38.00) was recorded in treatment Rg
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Composition of MS, SH and White basal media

APPENDIX — I

Quantity (mg ')

Nutrients
MS SH White
Macronutrients
NH4 NO; 1650.00 - -
(NHa4), SO4 - - -
NH4 H,POy4 - 300.00 -
KCl - - 65.00
KNO; 1900.00 2500.00 80.00
KH,PO4 170.00 - -
MgSO4 7TH,0 370.00 - 400.00 720.00
NaH,PO,. H,0 - - 16.50
Na;SO4 - - 200.00
CaCly. 2 H,0 440.00 200.00 -
Ca(NO;); 4H,0 - - 300.00
Micronutrients
H;BO; 6.20 5.00 1.50
MnSO4. 4H,0 2230 13.20 7.00
ZnSO4. TH,0 8.60 " 1.00 3.00
g 0.83 1.00 0.75
Na; MoQy. 2H,0 0.25 0.10 -
CuSO,. 5H,0 0.025 0.20 -
CoCl,., 6H,0 0.025 0.10 .
FeSO,. 7H,0 27.85 15.00 -
@804)3 - - 2.50
N&EDTA. 2H,0 37.25 20.00 -




APPENDIX — I Continued

Quantity (mg 'y
Nutrients
MS SH White
Vitamins
Thiamine, HCI 0.10 5.00 0.10
Pyridoxine, HCI 0.50 0.50 0.10
Nicotinic acid 0.50 5.00 0.50
Amino acid
Glycine 2.00 - 3.00
Others
Inositol 100.00 1000.00 -
Sucrose * 30.00 30.00 30.00
Agar * 8.00 8.00 8.00
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ABSTRACT

“Heliconias are néwly introduced cut flowers in Kerala, which is an
ideal choice for commercial cultivation as intercrops in coconut gardens.
Obj ectives of the study were to evaluate Heliconia species and varieties as cut
floweré, undertake molecular characterization of Heliconia species/ varieties
using RAPD (Random amplified polymorphic DNA) rﬁarkers and to
standardise in vitro propagation. procedures in H. psittacorum cv. Deep
Orange. ;

There was wide variation in the rhorphological and inflorescence
characters such as plant height, number of leaves, leaf area, number of
shoots, days taken from planting to flowering, flowering duration, number
of flowering shoots, length of petiole, length of spike, number of bracts,
size of bracts and vase life.

The less robust A. psittacorum varieties recorded lowest plant height,
highest number of shoots and inflorescence of lesser dimension. They
were earlier in flowering, with more number of flowering shoots. The
robust varieties such as Pedro Ortiz, Wagneriana Red and Wagneriana
Yellow recorded higher plant - height, lower number of shoots and
inflorescence of higher dimension. They vwere late bloomers with lower
number of flowering shoots.

Highest pollen size was recorded in Wagneriana Yellow (360 p) and
highest pollen fertility was recorded in H. latispatha.

The wvariability was high both at genotypic and phenotypic level
(GCV and PCV) for most of the vegetative and inflorescence characters
studied. PCV wvalues were slightly higher than GCV values for all the
characters. All the characters showed high heritability and genetic advance
eXxcept number of leaves. Bract size had significant positive correlation
both at genotypic and phenotypic levels with plant height, leaf area,
number of bracts, spike length, days to flowering and vase life. Number of
flowering shoots had significant positive correlation both at genotypic and

phenotypic levels with number of shoots and petiole length.



Petra Orange recorded highest net returns and cost : benefit ratio
(Rs. 6,28,900 and 1.54, respectively). Lower net returns and cost : benefit
ratio was recorded in Wagneriana Yellow (Rs. 25,000 and 1.02,
respectively).

The 12 species and varieties of Heliconia were distinctly
differentiated by the eight primers viz., OPA-01, OPA-14, OPA-17, OPA-
18, OPB- 07, OPB-12, OPB-18 and OPB-20. Jaccard’s similarity
coefficient value ranged from 0.083 to 0.556. The least similarity
coefficient (0.083) values were those of Golden Torch and Heliconia
“humilis. The highest value for similarity index (0.556) was obtained for
Deep Orange and Petra Orange. UPGMA based dendrogram constructed
using similarity matrix data grouped the 12 species and varieties into five
cluster, Each cluster consisted of similar morphotypes except that of
H. latispatha and De Rooij

Shoot apex, bits of rhizome, leaf segments and root segments were
used for standardising the explant. Shoot apex was found to be the most
effective. Highest survival percentage (45) was observed in the treatment
with absolute alcohol one minute wash + mercuric chloride (0.10 %) for 10
minutes. .For culture establishment, treatment with BA énd its various
combination with auxin and gibberellins yielded early bud initiation. For
culture establishment, among the various media studied (MS, SH and White),
MS medium was standardized for further studies sinée it had recorded early
bud initiation. For the induction of axillary buds the treatment combination
with SPy [MS + BA (2.0 mg I'')) + TAA (0.2 mg I'') + GA; (2.5 mg I')], SP3s
[MS + 2ip (2.0 mg I'") + TAA (0.2 mg 1'")] and SP4s [(MS +2ip (3.5 mg I'") +
IAA (0.2 mg 1) + GA; (2.5 mg 1')] was considered as the best treatment
since it produced the highest number of shoots. For in vifro rootirig minimum
number of dayé (25) was observed in treatmenf Ry where MS medium was
supplemented with IAA (1.0 mg I'') + NAA (0.5 mg 1I""). Similarly this

treatment recorded highest number of roots (12.00).



