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1. INTRODUCTION

Piper longum L. (long pepper) is an important medicinal plant belonging
to the family Piperaceae. The genus Piper consists of around 100 species
including important cash crops like black pepper (P. nigrum) and betel vine (P.
betle). Apal;t from Piper longum, P. chaba, P. peepuloides, P. mullesuae and P.
hapnium are the other wild species of this genus, which have medicinal values and
sold as long pepper.

Long pepper of commerce is the dried mature spike of female plants. The
dried roots and lower stems of male plants constitute Piplamool which also has
medicinal preperties. On distillation, long pepper yield essential oil and alkaloids
piperine, piplartine, piperidine, piperlonguimine efc. which imparts its medicinal
property. The medicinal uses of Piper longum in Ayurvedic, Unani and Sidha
preparations had been described by several workers (Kirtikar and Easu, 1935;
Suseelappan, 1991; Joseph and Skaria, 2001; Sasikumar, 2004). It forms an
important component in Ayurveda preparation such as Trikadu (dry ginger ~black
pepper- long pépper) and Panchakolam Tt is known as a rejuvenating and
revitalizing drug in Ayurveda and is mainly used for the treatment of bronchial
asthma, dyspepsia, amoebiasis, as memory enhancer and aphrodisiac.

Long pepper is known as thippali or Pippali in Sanskrit, Piper longum is a
native of Indo-Malaya origin and is found growing wild in the tropical rain forests
of India, Nepal, Malaysia, S1i Lanka, Rio, Timor, and the Philippines. In India it
grows wild in the Westem Ghats, North East and Himalayan regions.

The plant is a slender perennial creeping undershrub of dioecious nature
with stout, cylindrical and thickened nodes. The stem :exhibits dimorphic
branching. On the vegetative branch leaves are cordate and petiolate whereas on
fruiting branches leaves are mostly sessile and lanceolate.

Piper longum is propagated mainly by cuttings, requires optimum shade
and heavy organic manuring for proper growth and productivity. It starts yielding
from first year during which the dry spike yield is 400 kg per hectare. The yield is

maximum in the second year (1000 kg) and then it declines. The average yieId of



dry roots is 500 kg per hectar. “~eculiar climatic requirement it is not
recommended as a sole crop in . intercrop in irrigated coconut
plantations. (Viswanathan, 1995).

The crop fetches a price of Rs. 115-. .. kg and at least 176 tonnes of
thippali is used in North Kerala annually by Ayurvedic pharmaceutical companies
(Sasidharan and Muraleedharan, 2000). A survey conducted by the State
Government in 1987 revealed that the annual requirement pf thippali in Kerala is
313 tonnes and the demand for this crop is increasing day by day. The demand for
ayurvedic medicine in the state is growing at a rate of 10-12 percent per annum .A
similar trend is expected globally also. However there is no published estimate for
area under cultivation of medicinal plants. The area under cultivation is very
limited and the productivity of cultivated crop is very low. So only 10% of our
requirement is met domestically and the rest is imported from countries like
Srilanka, Malaysia and Indonesia

However Kerala is blessed with wide variability in thippali and more than
67 accessions have been identified based on different morphological characters at
All India Network Programme on Medicinal & Aromatic Plants at College of
Horticulture, Vellanikkara. These identified accessions have been grouped into
threé categories based on morphological similarity (Biennial Report, 2000). In
order to have a comprehensive study on the performance of these three groups,
eight accessions were selected based on morphological characters and detailed
investigations were carried out to achieve the following objectives,

» To characterise the morpho-physiological attributes favouring productivity

o To understand the variation'in anatomical characters of stem, root, leaf and
spike in male and female accessions

e To detect genetic polymorphism between selected accessions using
molecular markers

* To identify the physiological maturity of spike in relation to quality
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2. REVIEW OF LITERATURE

This chapter reviews the relevant literature available in India and abroad
in various aspecis related to the present study under the follov;ring heads.
2.1 Taxonomy and Distribution
2.2 Morphological characters
23 Anatomical characters
2.4 Molecular markers

2.5 Chemical composition

2.1 Taxonomy and Distribution

The earliest record of the description of Piper of Indian subcontinent was
by Rheede (1678) in his Hortus Indicus Malaba)':i'cus, wherein he described five
types of wild pepper including black pepper and long pepper. Hooker (1886)
divided the order Piperaceae into two tribes namely Saurureae and_Piperae.
Piperaceae is further divided into genus Piper and Peperomia. The genus Piper is
further divided into six sections namely Muldera, 'Cub'eba, Cﬁavica,
Pseudochavica, Eupiper and Heckeria: P. longum comes under the section
chavica. This section includes fifteen species other than P. lon-'gum. Ravindran
(1990) had classified Piper based on erect or pendent spike as Pippali and
Maricha.

Indian long pepper is mostly derived:from wild plants, the main source of
supply being Assam, West Bengal, Nepal and Uttar Pradesh, Small quantities are
also available from evergreen forests of Kerala, and certain parts of Andhra
Pradesh (Grieve, 1977). A survey conducted by Rahiman ef al. (1979) revealed
the presence of P. longum in the forests of Kamataka. Manilal and Sivarajan
(1982) repdrted the distribution of P. longum in Calicut. Sivarajan and Indira
(1995) reported Western Ghats as the natural habitat of P. longum. According to

Ravindran (2000) it is common in low land forests.



2.2  Morphological characters
2.2.1. Vegetative characters

2.2.1.1 Stem characters
Piper longum

Hooker (1886) described P. longum as creeping with jointed stems
thickened at nodes. P. longum is a creeper whose runners struck roots and
branches at every node, the branches were erect and.scandent, the stems smooth,.
green and comparatively very thin. (Rahiman et af, 1979). Ravindran (2000)
described P. longum as a slender, pefennial creeping undershrub, which is
dioecious. Vegetative branches creep and spread on the ground, fruiting branches
erect. 'Young branches are puberulous, hairs minute, multicellular and deciduous.

Older branches are totallyl glabrous.

In the. biennial report of All India Co-ordinated Research Project on
Medicinal & Aromatic Plants (ZOOQ)__'it was reported that 67 accessions of P.

longum were characterized based on morphological characters.

Genotypic and morphogenetic differences among three female varieties of
P. longum were studied. Morphogenetic potential of node, ‘internode and leaf
explants from all three varieties were compared by Shaji ef a/ (2000) and

developed an efficient protocol for plant regeneration from leaf “calli.

Piper nigrum

Kanakmony ef al. (1985) proposed a key for the identification of different
cultivars of black pepper. Forty five P. nigrum cultivars were grouped according
to a key based on the nine vegetative (;haracters. The characters studied included
internodal le_ngﬂi in orthotrope and plageotrope, thickness at node and internode,
petiole length, leaf area, leaf shape and leaf tip.



Stem characteristics like internodal length, branching nature, direction of
growth of branches etc were reported to vary with cultivars. (Ibrahim ef al., 1986,
Sujatha and Namboodiri, 1995).

Two interspecific hybrids, P. nigrum x P. attennuatum and P. nigrum x P.
barberi were characterized using morphology, anatomy, isozymes, cytology, and
function and the hybrids were reported to exhibit distinct morphological and
anatornical features. (Sasikumar et al., 1999).

Piper betle

In Piper betle 16 cultivars were characterised using morphological
characters like plant height, branch and node numbers, intemodal length and
petiole length as well as biometrical traits by John (1996).

Genetic divergence in a set of 16 genotypes of betel vine was measured
using Mahalanobis D? technique by Das ef al. (2000). Wide range of variation
was observed in the clustermean values in respect of number of leaves per vine,
leaf area, petiole length, inter nodal length, leaf length, leaf breadth, number of

laterals per vine, vine length and diameter of inter node.

Mithila et al. (2000) studied the growth and morphology of vegetative and
reproductive branches in betel vine. Data indicated that growth rates in terms of
branches produced were’ higher in vegetative branches compared with
reproductive branches. Vegetative branches showed higher petiole and internodal

lengths. Leaves produced by reproductive branches were higher than vegetative

branches.



Other crops

Sharma et al. (1997) classified 36 genotypes belonging to three series of
the genus Cymbopogon using D? analysis based on the characters like plant
height, number of tillers per plant, leaf area, leaf length, width, chlorophyll a and
b content, herb yield, and oil content. The morphometric classification was
compared with taxonomic classification and found that it does not seem to

question the taxonomic boundaries.

2.2.1..2 Leaf characters
Piper longum

To compare the leaf area, a constant for the genus Piper was derived as
0.70. (Rao ef al., 1994).

The leaves of Piper longum are petiolated, cordate, glabrous, altemate,
acute, entire and smooth. (Hooker, 1886). According to Rahiman et al. (1979) the
leaves are membranous ranging in size upto 13x6.5¢cm?, ovate or ovate oblong,
young leaves asymmetrically cordate, anterior most pair of veins deviates form
the leaf base. One of the two lobes of leaf base is large over the petiole; leaves on
creeping stems are cordate with equal lobes. He gave an account of morphology
of nine species of family Piperaceae including Piper longuni-based on the
following vegetative characters viz habit, size of leaf, shape of leaf, leaf base and

anterior most part of veins.

Manuel (1994) evaluated .five accessions -of fhippali using morphological
and biochemical -characters to study the effect of growth as intercrop in coconut

gardens.

Ravindran (2000) reported that leaves of Piper longum were distinctly
dimorphic in whole plant; those on creeping shoots cordate, glabrous, petioles
very long, grooved and approximately 7xScm’ area. Leaves on the fruiting

branches were oblong lanceolate, base unequally cordate with pronounced auricle,



tip acuminate, 34 pairs of lateral ribs arise right from the base, lower side

puberulous or downy when young, petioles very short or even absent.

Piper nigrum
Studies on shape of leaf, leaf area, petiole characters, texture and colour of
leaf were reported useful in varietal identification of varieties in pepper

(Purseglove, 1969; George and Mercy, 1978; Nambiar ef al., 1978).

With respect to leaf shape, P. nigrum cultivars were grouped into three
classes namély elliptic, ovate and cordate. (Kanakamony ef al., 1985)

Variability in open pollinated seedlings of black pepper was studied by
Ravir_ldran and Sasikumar (1993) using morphological variation in height, leaf
number, leaf width, leaf length, internodal length and stem girth.

.Forty four cultivars and seven wild black. pepper accessions were
subjected to single linkage and centroid linkage cluster analysis using twenty-two
morphological characters. Out of the 11 groups identified, a single group
consisted of 28 cultivars which showed that majority of common cultivars
resemble each other élosely and probably have a common origin (Ravindran efal.,
1997).

Piper betle
Thirteen cultivars of betelvine were grouped into four based on the

morphological and physiological characters. (Devi et al., 1992)

Reddy (1996) examined fourteen betelvine genotypes for variation in 10
morphological characters. Varietal differences for number of leaves, 100 leaf
weight, leaf colour, leaf shapes, and pungency aided in classification.



Studies on genetic variability, coefficient of variation, genetic advance and
character association for 12 characters in 16 genotypes of P. betle showed that the
number of leaves per vine had positive correlation with leaf length, leaf breadth,
leaf area, number of laterals per vine, vine length, diameter of intemode,

chlorophyll a and b content and 100 leaf weight. (Das ef al., 1999).
2.2.2 Productive characters

Piper longiim

The inflorescence of P. longum is erect and cylindrical as observed by
Rahiman ef al. (1979). He also described the spike characters of P. longum which
included the average spike length, spike shape, spike surface, bract and number of

stamens.

Ridley (1983) observed spike characters and reported that the male spikes

were slender and about 1 to 3 inches long.

Comparative evaluation studies of four selected geographical races of P.
longum viz Cheematippali, Panniyur, Pattambi arid Kanjur based on green spike
yield and dry spike yield revealed that Cheematippali recorded the maximum
green spike yield (6.2_4.92 kg per ha) followed by Pattamibi (407.82 kg per ha),
Kanjur (401.34 kg per ha) and Panniyur (28.7 kg per ha). (Anon, Progress Report,
AICRP onM & AP, 1993).

The female spikes were short, sessile, opposite to the leaf, cylindrical with
a rounded base and blunt tip. The flowers were numerous but the bracts were
orbicular and fruits were minute, drupe embedded in the fleshy spike. The whole
spike of fruit forms a cylindrical mass, broadest at the base and when dry was of
grey colour and very'pungent. Spikes cylindrical, erect about 2 to 4 ¢cm long,
creamy white to yellowish white when young with peduncle about 1 to 2 cm long.

Male spikes much longer (6-10 cm), yellow on maturity. Bracts peltate, orbicular,



glabrous, pedicellate, flowers laterally fused. Stamens 3 to 4, carpel single, ovary
obovate, style absent, stigma 3 to 4 lobed, papillate. Fruits very small fused
laterally, spicy and pungent. Seeds very small. Spikes on ripening turns from
green to black (Ravindran, 2000)

Piper nigrum

Nambiar ef al (1978) compared six Malabar and twelve Travancore
cultivars of black pepper on the basis of spike characters viz, mean spike length,
mean number of developed berries on the spike, mean weight of 100 green
berries, mean volume of 100 green berries, percentage of dry to green weight of

pepper and mean number of days taken for emergence of spike.

The productive characters of some of the popular cultivars of black pepper
were described by Ravindran and Nair (1984) which included range of spike
length, mean length of spikes, size of berries, colour of berries, driage percentage

and yield.

Kanakamony et al. (1985) while preparing a key for the identification of
forty five cultivars of black pepper st_udit_ad the following spike characters viz spike
length, number of well developed berries, number of underdeveloped berries,

1000 berry weight in the fresh condition and dry condition.

Mathai (1986) conducted growth and yield analysis in black pepper
varieties under different light conditions. It was found that Panniyur-1 bore more
laterals, spikes and berries, a higher mean berry weight and higher rate of
photosynthesis than other varieties.

Mathew et al. (2001) reported graph clustering of 57 cultivars P nigrum
using Graph theory model based on 27 morphological characters including both
qualitative and quantitative traits.
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Piper betle
Shivasankara ef al. (2000) studied the effect of different light intensities on
growth and yield of betelvine. It was found that optimum light intensity for

maximum betelvine growth and yield was 36 percent.

Other crops
Ram ef al. (1996) classified the cultivars of menthol based on growth
parameters of suckers like length, girth number of nodes, weight per sucker and

yield of suckers.

Joy et al. (1998) evaluated 34 accessions of Cinnamomum verum for
growth, yield and quality parameters. The yield of eugenol and leaf oil were
primarily associated with leaf yield and positively correlated with canopy spread
and plant height.

Two diploid and tetraploid cultivars of Chamomile were compared to
determine the variation in morphology, yield and essential oil component at two
harvest times. An analysis of variance was performed and means were compared
using Duncan’s test. Andrea (2002) reported there was no statistical difference on

oil percentage among the four cultivars and between harvest times.

Asensio et al. (2002) characterized nine white grape vine cultivars by
morphological and amino acid analysis. The morphology of various plant organs
was .described at several phenological stages. The results showed that the two

methods were complementary and could be used to differentiate varieties.

Labro ef al (2004) compared the Ocimum cultivars based on the
morphological, essential oil and molecular characters. They found that a
combined analysis of these represent optimal approach to verify taxonomy and

correlate it with agronomic traits.
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23 Physiological parameters

Metabolite partitioning studies in five each of high and low yielding black
pepper accessions revealed that during juvenile stage, stem had higher reducing
sugars and lower total carbohydrates as compared to leaves. High yielding
accessions had higher starch levels compared to low yielder. In general, high
yielder had higher photosynthetic rate and higher transpiration compared to low
yielder. (Research Highlights, IISR 2004-2005).

The study on oilpalm germplasm for abiotic stress revealed that higher
photosynthetic rates were recorded in Guinea Bissau germplasm, which coincided
with their high stomatal conductance to diffusion of carbondioxide. The leaves of
Guinea Bissau duras mﬁintained less temperature, indicating their better tolerance
to water stress (ICAR, Annual Report 2004-2005).

Patel et al. (2005) found that weed species had higher rate of
photosynthesis, transpiration rate, stomatal conductance and water use efficiency
than crops and were more efficient. Several workers also have reported significant
variation in the rate of photosynthesis amongst the different crops.
(Basuchoudhari and Dasgupta, 1987; Kumar ef o/, 1998; Timmannavar and Patil,
2000).

24. Anatomy

241 Stem

The anatomy of most of the Piper species is similar with minor variations.
The anatomy of stem of P. nigrum was described-.byA Metcalfe and Chalke (1950)
as dicot stem with anomalous secondary growth. Murthy (1959) noticed the
absence of mucilage canal in P. longum whereas Pal (1981) reported presence of
it. According to Dutta (1970) Piper stem exhibited anomalous secondary growth
due to the presence of distinct medullary and cortical bundles. Cortical bundles of
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different sizes occur in large numbers towards the periphery in an irregular ring.
The cortical bundles were bounded internally by a broad wavy band of thick
walled and lignified cells called the conjunctive tissue.

Shylaja and Manilal (1992) studied the bark anatomy of four species of
Cinnamomum and found that they differ in many characters such as nature of
sclerenchymatous groups in pericyclic region, nature of phloem rays, distribution
of phloem fibres and presence of crystalline inclusions. The differences in the
bark structure were reported to be useful in distinguishing the genuiness of true

Cinnamomum bark and also in the taxonomy of genus.

Ravindran (2000) reported that the T.S. of the orthotropic stem of P.
nigrum revealed an epidermis made of rectangular cells over which there was a
corrugated layer of cuticle. Below the epidermis there were 2-3 layers of
collenchymatous hypodermis with many sclerieds distributed in between the cells.
A -discontinuous band of sclerenchyma was seen inner to collenchymatous
hypodermis. Just below the sclerenchymatous band 2-3 layers of
chlorénchymaious cells and 4-6 parenchymatous layers were present. Thé most
dis_tiqgﬁjshjng feature of stem anatomy was the distribution of vascular bundles.
There was an outer ring of vascular bundles (cortical or peripheral) and an inner
ring of medullary bundl_és. The outer ring consisted of small and large bundles
arranged alternatively - whiAch were collateral and open. They had a
sclerenchymatous cap at the phloem end, below which lie phloem, cambium and
xylem. The medullary bundles were larger than cortical bundles. In P. longum the
epidermis had minute hairs, which were unicellular or multicellular, uniseriate.
Below the epidermis, there were patches of sclerenchyma forming a broken ring.
There were 18 to 20 peripheral and six medullary bundles. In the middie there was

a prominent mucilage canal.

Remashree er al. (2005) used anatomical markers to identify the
genuine raw drug from Asoka and its adulterant Polyalthia longifolia. According
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to them this method can be used for the floor level checking of raw drugs vsed in

Ayurveda, which will in tum lead to the standardization and quality c_ontrol.
242 Root

Aiyer and Kolammal (1966) described the root anatomy of P. longum with
cork as the outermost tissue, cortex having stone cells and secretory cells,
endodermis consisting of rectangular cells, pith in the centre, surrounded by
wedge shaped vascular tissue. Medullary ray cells were loaded with starch grains;
some have calcium oxalate and oil globules. According to them presence of large

quantity of starch grains was peculiar to P. longum.

The anatomy of rhizomes of four economically important species of
Curcuma viz. C. longa, C. aroma'rica, C amada and C. zedonia showed that all
had similar anatomical characters. Variations were noticed in the number and.
arrangement of primary and secondary vascular bundles, orientation of
endodermoid layer, number and shape of starch grains and curcumin containing
cells. The number of companion cells was directly proportional to metabolic
translocation and deposition of reserve substances, which can be considered as-

identifying character among the species (Sherlija ef al., 1998)

According to Ravindran (2000) the underground root of P. longum had a
typtcal dicot structure. The aerial root differs from underground in having more
number of xylem and phloem groups and the cortex was made of irregularly

shaped closely packed cells.

243 Leaf

Basically all 'the plants of the family Piperaceae share the same
anatomical features, The differences noticed are only minor ones. According to
Dutta (1970) P. longum had a single layered epidermis which were elliptical and

papillose on the abaxial surface of major veins. Hypodermis and palisade were
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also unilayered. Spongy tissue was compact with small intercellular spaces. There
was a multilayered chlorenchyma and abaxial scelernchyma cap was present.
Vascular bundles were open and collateral. Cambial zone was 3-4 layered.
Phloem and xylem members were equal in proportion and central mucilage canal
was absent. Leaf epidermal studies by Samuel ef al. (1984) showed that epidermal

cells of P. longum were larger than P. nigrum.

Dagade (2004) reported the anatomical basis of resistance to foot rot
disease by Phytophthora in P. nigrum cultivars viz Panniyur — 1 which was

susceptible, Kalluvally that was tolerant and P. colubrinum, which was immune.

2.4.4 Spike
Farooqi (2000} had reported that the spike of P. longum was circular in
outline with tangentiafly elongated parenchymatous tissue filled with mostly

starch grains. Vascular strands were occassionly found in this tissue.
2.5 Molecular Markers in Diversity Analysis

Biodiversity of plant species existing in the Indian subcontinent not only
have to be build up and maintained but also need an in deptﬁ characterization
.fr(}m conventional taxonomic to cellular and molecular levels. The introduction of
molecular markers, which include biochemical constituents (e.g. secondary
metabolites) and macromolecules, viz, proteins and DNA have revolutionized the
eﬁtfre scenario of biological sciences. The discovery of PCR brought about a new
class of DNA profiling markers which facilitated the de\}elqpment of marker
based tags, Valibbility studies, phylogenetic analysis,'marke‘f assisted selectioh'

etc.
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2.5.1 RAPD Markers

Randomly Amplified Polymorphic DNA (RAPD) is an arbitrary sequence
marker developed by Welsh and Mc Clelland in 1991. The application of RAPD
and their related modified markers in variability analysis and individual specific
genotyping has been largely carried out. RAPD technique has been used for the
ana}ysis of diversity and in longer term, the establishment of core collections and
identification of duplicates within germplasm collection (Virk ef al., 1993).

Piper longum

Parani ef al. (1997) reported the application of RAPD fingerprinting in
selection of micro propagated plants of P. longum for conservation. RAPD
analysis of twenty micro propagated plants and the mother plant was done using
ten random decamer primers. It was reported that 18 micro propagated plants
formed a major cluster with the mother plant and others were molecular off types

(somaclonal variants).

. The molecular basis of genotypic differentiation between male and female
plants were studied using RAPD technique in P. Jongum by Banerjee ef al. (1999).
Twenty five females and six males were analysed using 40 decamer primers. It
was rép_orted that two RAPD bands consistently appeared only in the ‘plants
showing male genotype suggesting the male associated nature of the DNA

markers.

The genotypic and morphoggnetic differences among three female
varieties of P. Jongum- Assam, Calicut and Viswam were reported by Philip ef al.
(2000). RAPD analysis revealed that these varieties' were genetically. different.
Nine decamer RAPD primers were used for the study, and revealed 95%
similarity between Viswam and Calicut.
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RAPD profiles of thirteen Piper species using 20 random primers were
used to form genetic similarity indices. The dendrgogram had four clusters; P.
nigrum and P. longum formed two separate clusters. P. colubrinum and P.
attenuatum in third cluster and the fourth cluster had P. chaba, P. betle, P.
arboreum in it (Murugan, 2002).

The molecular basis of genotypic differentiation between male and female
P. longum plants using RAPD technique and the development of sex associated
markers were reported by Manoj ef al. (2004).

Kesavachandran et al. (2005) conducted genetic fingerprinting of P.
nigrum and P. longum cultivars using RAPD markers. Fourteen land races and
three advanced cultivars of P. nigrum and eleven land races and one advanced
cultivar of P. longum were used. Ten primers were used for the study. Cultivar
specific single bands were obtained for a few landraces and accessions of both
Piper sp. RAPD analysis indicated that accession analysed could be differential
based on their RAPD profile.

Piper nigrum

Babu (2000) conducted a study to assess the genetic stability in
tissue culture derived black pepper plants using RAPD analysis with three
selected primers. He observed monomorphic banding pattern for the tissue culture

regenerants with their respective source plants.

Pradeepkumar ef al. (2001) characterized 24 black pepper accessions
including 13 landraces and niné advanced cultivars using RAPD markers. Out of
34 primers screened 24 were selected. .Cultivar specific bands were obtained. for

all cultivars except for Panniyur 1,2 and 3

RAPD analysis was conducted in 22 cultivars of P. nigrum from S. India

and one accession each of P. longum .and P. colubrinum. P. colubrinum is the
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most distinct of the three species. Genetic proximity was found among P. nigrum
cultivars. Greater divergence was observed among landraces than among

advanced cultivars. (Pradeep ef al., 2003).

Genetic variability of 49 varieties of black pepper was studied using
RAPD and AFLP analysis by Nazeem ef al. (2005). The dendrogram revealed an
average similarity of 63 percent among accessions. Five distinct clusters were
observed with 34 varieties, other varieties stood separately which-indicated'a close
genetic relationship among the varieties studied. Among 100 primers screened, 20

were selected,

Piper betle

RAPD analysis using ten primers conducted in selected cultivars of betel
vine Kapoori and Bangla were more heterogenous. Bangla cultivars were mostly
similar to each other. Ouly six bands out of total 60 bands were found to be
common to cultivars of both types (Ranade ef al., 2002).

Verma ef al. (2004) reported genetic variations within and among the four
groups of betelvine- Kapoori, Bangla,-Sanchi and others based on RAPD analysis.
Kapoori group is the most diverse. Eleven RAPD primes were used for the study.

Other crops

Four elite genotypes of Vefiveria zizanoides were analysed by RAPD
profiling to develop unique pattern of these genotypes and to assess the genetic
diversity. Twelve decamer primers were screened and nine were selected. A -
divergence of 29-35 percent was estimated to exist in the form of DNA

polymorphism among accessions (Shasany ef al., 1998)

Eighteen commercial mango cultivars grown in India were assessed for
genetic relatedness by Ravishankar ef al. (2000) through RAPD analysis using 30

primers. Twenty seven primers were found to amplify the DNA.
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Sharma et dl. (2000) used RAPD, protein and morphological markers for
the variability analysis in Podophyllum hexandrum Royle, an endangered
medicinal herb of North West Himalaya. Morphologically the selected 30
accessions were divided into four variant groups. SDS page of root protein
regrouped the accessions into two groups with subgroups. RAPD analysis
revealed high inter and intra population genetic diversity. The study revealed the
inability of protein marigers to delineate the accessions into region specific groups
and suggested that RAPD was more suitable for the elucidation of genetic

diversity.

Ushavani (2003) used morphological, biochemical and molecular markers
to fingerprint selected cashew genotypes. RAPD analysis using four primers was

done and two primers could distinguish two varieties.

Darokar et al. (2003) studied the germplasm diversity in Aloe species
using RAPD and AFLP analysis. Twenty one accessions of four species were
used for the study and RAPD analysis revealed compa}able inter and intra specific
variations with AFLP results.

Twenty one accessions of Vetiver sterile, oil type and non oil type were
analysed using RAPD. Nineteen of the accessions clustered around the cultigen,
sunshine. (Adams ef al., 2003)

Kumar ef al (2003) reported a comprehensive account of penetic
.. Telationships obtained in the genotype of Terminalia arjuna by RAPD 'anélysis.

Eighty primers were screened and 65 primers were selected.

Gunter (2003) reported the use of RAPD markers in assessing the genetic
similarity among Alamo switch grass seed lots from alternate propagation sources.

About more than 95% similarity was obtained among-all the sources.
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RAPD analysis of 10 accessions of Cenfella asiatica collected from
different geographical locations of Kerala, grouped them into five clusters which
had two groups of three accessions and rest forming each individual clusters.
Forty decamer primers were screened and four primers were selected (Krishnar,

2005),

Nair (2005) conducted variability studies in the medicinal plant
chakkarakkolli (Gymnema sylvestre R.BR.) using morphological, biochemical and
molecular markers. Out of the 93 accessions studied for morphological and

biochemical characters, eighteen accessions showing high variability were
subjected to RAPD analysis.

2.6 Chemical composition

The fruits of P. longum contain alkaloids piperine and piplartine (Atal ef
al., 1975; Narasimham, 2003; Pradeep, 2003)

The essential oil of P. longum from berries was found to be a greenish
yellow liquid with a yield of 0.6 percent. Caryophyllum had been found to be the
major constituent of the oil on chemical-analysis. A sesquiferpeue hydrocarbon
has been isolated and the presénce of a compound has been established (Nigam et
al., 1968)

Five types of P. longum namely Cheematippali, Panniyur, Mala, Pattambi
and Kanjur were evaluated for total alkaloid content in the dried spikes of each of
the five types. The study revealed that Panniyur possessed the maximum alkaloid
content t3%) followed by Pattambi and Kanjur each of which recorded 2.9
percent, Cheematippali (2.83%) and Mala 2.8 percent (Annual report, AICRP on
M& AP, 1993) | |
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Shankaracharya ef al. (1997) reported that P. longum contains 1 percent
volatile oil, 1.25 percent of piperine and 40 percent starch. The oil was

dextrorotatory. The three major compounds of the oil were B-caryophyllene
(17%), pentadecane (17.8%) and B-bisabolene (11.16%).

P. longum contain an alkaloid pipemonaline which has mosquito larvicidal

activity (Lee, 2000; Yang, 2002)

Madhusudhanan and Vandhana (2001) isolated tetrahydropiperine by
column chromatography from the methanol extract of P. longum dried fruits. It s

the first report of an aryl pentanamide from a natural source.

Natural habitat analyses as well as domesticated trials carried out on the
medicinal properties of P. longum revealed that wild sample yielded a higher
percentage of crude extract than domesticated ones. The content of soluble sugars

and starch was more in domesticated samples (Raj ef al., 2001).

Anuradha ef al. (2004) reported that the hexane extract of dried fruits of P.
longum on fractionation yielded a new alkaloid, isohydro piper longumiiiine and 2
phenyl propanoic acid derivatives. These alkamides possess insecticidal and anti

asthmatic activity.

Long pepper on distillation gave about 0.7 to 0.8 percent essential oil. The
oil consists of n-hexadecane, n-heptadecane, n-octadecane, n-nonadecane,
ciocosane, n-hencosane, n-thujene, terpenole, 'zingib_erine, p-cymene, p-methoxy
acetophenone, dihydrocarveol, phenyl ethyl alcohol etc. Petroleum ether

extraction gave sylvatin, sesomin and dieudesmin (Sas'ikumar,"2004').

Singl_i and Panda (2005) reported that long pepper contains resin, volatile
oil, starch, gum, fatty oil, inorganic matter and alkaloids piperine (1-2%),
piperlongumine, piperlonguminine in roots and stem, pipataline, peepuloidin,
pipemonaline, féruperine, dihydroferuperine in fruits hydrocinnamic acid and beta

sitosterol in leaves.
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3. Materials and Methods

The experiment was conducted in the Department of Plant Breeding and
Genetics, College of Horticulture during 2003 to 2005. Seven genotypes of Piper
longum selected from the germplasm maintained at All India Network Programme
on Medicinal and Aromatic Plants (AINP on M and AP) and one from Aromatic
and Medicinal Plants Research Station (AMPRS), Odakkali were used for the
study.

3.1 Experimental Material

In an earlier study, long pepper germplasm maintained at the AINP on
Medicinal and Aromatic Plants were grouped into three clusters based on D?
analysis (Biennial Report, 2000). From these €lusters, seven genotypes were

selected. They were as follows.

Accession | Male/Female

"Assam Female

Pattambi Female

Kanjur Female
Maharashtra | Female

Viswam | Female
NL-84-68 | Female
Nilambur Male
Odakkali Male

Odakkali, a male genotype was collected from AMPRS, Odakkali. (Plates
1,2&3)



Plate 1: View of the experimental plot



Viswam Pattambi

Plate 2: The six female accessions used for the study



NILAMBUR

Nilambur

OIMKKAL/

Odakkali

Plate 3: The two male accessions used for the study
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3.2 Methods

Three noded cuttings of the selected genotypes were kept for rooting in
polybags during March 2004 in polyhouses. During June 2004 the rooted cuttings
were transferred to main field (2 cents). Eight ridges were taken and in each ridge
one accession was planted at the rate of three rooted cuttings per pit. About 15 o
20 cuttings were planted in a ridge. Recommended package of practices were

followed to establish good crop stand.
32.1 Morphological Characters

3.2.1.1 Vegetative Characters
3.2.1.1.1 Stem characters

a. Intemodal length

The length in centimeter of two internodes of the main stem selected at
random from 10 plants in each accession was measured and mean arrived at.

The angle subtended by the spike bearing branch with the main stem was
measured in degrees with the help of protractors. Observations were recorded
from ten spike bearing branches per accession.

c. Length of reproductive branch
The length qf reproductive branch was measured from the base to the tip

from ten random plants of each accession and mean arrived at.
3.2.1.1.2 Leaf Characters

Leaf characters like length, width, area, petiole length, colour, texture and
shape of leaves of both vegetative and reproductive branches were taken. Ten
leaves were chosen at random from all accessions as per the descriptor for

medicinal and aromatic plants (Singh ef al., 2004)
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a. Lamina length

Measured from the base of the midrib to the tip of well developed basal
leaves at initial flowering stage and the mean of the leaves arrived at and
expressed in centimeter.
b. Lamina width

The maximum width of lamina was measured in centimeter and the mean
arrived at.
¢. Length to breadth ratio

The length to breadth ratio of the leaves of both vegetative and
reproductive bﬁnch was calculated from the length and width of the lamina and
mean arrived at.
d. Area of leaf lamina

Determined through graph paper method. The leaf boundaries were drawn
on the graph paper and aréa determined by counting the number of squares and
expressed in square centimeter.
e. Petiole length

Petiole length was measured in cenfimeter and mean arrived at.
f. Petiole circumference

Petiole circuinference was measuied in centimeter and mean arrived at.
g. Shape of lamina, lamina base, lamina xﬁargin

Lamina shape was recorded by visual observation as ovate, oblanceolate,
obcordate, cordate orgotl‘ler shapes.

'Lamina base shaﬁé was recorded as.truncate, round, cordate or others by
visual observation.

The margin was recorded by visual observation as even or wavy.
h. Lamina pubescence

Presence or absence of hairs was scored as 0 for absence and 1 for
presence.
i. Lamina texture

Texture was recorded by visual observation as membranous, coriaceous of

others.
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j. Lamina colour

The colour of lamina was recorded by visual observation.

3.2.12 Reproductive Characters
3.2.1.2.1 Spike characters

Spike length, diameter, spike orientation, spike shape, spike colour, fresh
weight and dry weight, were recorded for 10 spikes selected at random.
a. Spike length

Spike length was measured in centimeter and mean arrived at.
b. Spike diameter

Spike diameter was measured at the basal region of fully developed spike
with the help of strip of paper calibrated in millimetres and centimeters and
expressed.
c. Number of spikes on reproductive branch

The number of spikes on reproductive branch was counted and the average
was worked out.
d. Days to spike initiation

Number of days taken from planting to spike initiation was recorded.
e. Days to maturity of spike

Ten randomly selected spikes after emergence were tagged, indicating date
of emergencé on the label. When the spikes attainéd maturity, the date was noted.
From that number of days required for ﬁe matunty of spike arrived at.
f. Fresh weight of spike

The wetght of spikes immediat_ely after harvesting is recorded.
g Dry weight of spike

The harvested spikes were dried in partial shade for a period of four to five
days and their weight was recorded.
h. Percentage loss in weight after drying

Percentage loss in weight after drying was calculated as loss in weight
after drying on fresh weight basis.



25

i. Spike shape, orientation, and colour
Spike shape was recorded as oblong, cylindrical or others by visual
observation.
Spike orientation was recorded by visual observation as erect or suberect.
Spike colour was recorded as reddish brown, grayish brown or greenish

black after one year of transplanting when spikes are fully developed.
3.2.2 Statistical analysis
The details of the statistical methods used are given below.

3.2.2.1 Analysis of variance
The data collected were subjected to analysis of variance as given by
Panise and Sukhatme (1974).

3.2.3. Physiological parameters

The phys'iological parameters like rate of photosynthesis, transpiration rate
and stomatal conductance were recorded wusing LICOR-6400 portable
photosynthetic system from randomly selected plantsiof e5¢h accession and mean

arrived at.

3.24. Anatomical Characters

Thin hand section of uniformly aged stem, root, leaves and spikes of eight
accessions were taken and stained with saffranine. The sections were mounted in
ami_croséopic slide and coveréd with cover glass. Then it was viewed to study the
anatomical difference under compound microscope equipped with image

analyzing software Digi prov. 2.0.
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3.2.5 Molecular Characterization

The molecular characterization was done at the Molecular Biology lab of
Centre for Plant Biotechnology and Molecular Biology, College of Horticulture.
The laboratory equipments used for the study are given as Appendix I.
3.2.5.1 DNA exiraction

The DNA was extracted using the Doyle and Doyle (1987) method.

A. Reagents
1. Extraction Buffer (4x)

2. Lysis Buffer

3. TE Buffer

4. Iso-propanol

5. Cﬁloroform: Isoamyl alcohol mixture (24:1, v/v)
6. 5% Sarcosin

7. Ethanol 100% and 70%

Composition of reagents are given in Appendix II.

B. Procedure

Leaf sample (0.5g) was ground in pre-chilled mortar after freezing with
liquid nitrogen using a pestle and 3ml of 1X extraction buffer was added. The’
homogenate was then poured into a 50mt centrifuge tube containing 7.5ml lysis.
buffer aﬁd ].25f1'11 sarcosin. Then it was incubated at 65°C for 15-20 minutes. The
content was mixed well by inversion. Equal volume of chlofofbrm: isoarmyl
alcohol (24:1) mixture was added to the tube, mixed gently by inversion and

_centrifuged at 10,000 rpm for 10 minutes at 4°C. The upper aqueous phase was
pippetted out a;nd transferred to a S0ml centrifuge tube. 2/3 volume of chilled
isopropanol was added into the tube containing the aqueous phase. The contents

- were mixed gently by inverting and kept at —20°C for half an hour to precipitate

DNA. The DNA was pelleted by centrifuging at 10,000 rpm for 5 minutes at 4°C.
DNA was washed with 70% and absolute alcohol by centrifuging at 5000 rpm for
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2 minutes. The pellet was then allowed to air dry and resuspended in 250ul of TE
buffer or sterile milli Q water.
3.2.5.2 Estimation /Quantification of DNA

The quality and quantity of DNA was estimated by electrophoresis and by
spectrometry.

3.2.5.2.1 Agarose gel Electrophoresis

A. Reagents
1. Agarose
2. 50X TAE buffer
3. Tracking dye (6X)
4. Ethidium bromide

Composition of reagents is given in Appendix III.
B. Procedure

For preparing 1X TAE buffer 1 ml was taken from the stock solution (50X)
and volume was made upto 50m! with sterile water. 30ml TAE buffer was taken
in a beaker; 300 mg agarose was added to make 1% gel and boiled in microwave
oven f'of one minute. After cooling 24 of ethidium bromide was added to this and
mixed well. The open end of the gel casting tray was sealed with ce]lotapé and the
fray was placed on a horizontal sﬁfface. The comb was placed properly and the
dissolved agarose was poured into the tray and kept for half an hour at room
temperature for solidification. The comb was removed after half an hour. The gel
was "kept in the electrophoresis unit and the tank was filled with 1X TAE buffer.
The .well side was directed towards of the cathode. 5ul of DNA sample was
pipetted out onto parafilm and mixed well with 4ul of tracking dye. The samples
were then loaded carefully -into the well using micropipette. The
ADNA/EcoRVHindIll Double Digest (Bangalore Genei) was used as the

molecular weight marker. The cathode and the anode of the electrophoresis unit
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were connected to the power pack (Hoefer, USA) Electrophoresis was carried out
at a constant voltage of 70V, till the loading dye had covered two third length of

gel.
3.2.5.2.2 Gel Documentation

The gel was taken from the electrophoresis unit and viewed under UV
light in UV transilluminator. The DNA fluoresces under UV light on account of
intercalating ethidium bromide dye. The image was documented and stored using

the ‘Quantity One’ software of the gel documentation system (Biorad).
32523 Spectrophotometer determination

The DNA samples were diluted 10 times using sterile water and the
absorbance read at two specific wavelengths viz; 260nm and 280nm. The 260/280
ratio was calculated to. check the purity. Pure DNA gives a ratio of 1.8. The DNA
in the sample was quantified as per the equation OD of one.at 260nm = 50pg/ml
DNA.

3253 RAPD Analysis

Single decamer primers were used to amplify random sequences in total
genome DNA. PCR ami)liﬁcation process involves repeated thermal cycles. The
p'régramme standardization involves
a) Denaturation at 94°C for 1 minute
b) Primer annealing at 37.5°C for I minute
c) Primer extension at 72°C catalysed by Taqg DNA ploymerase enzyme for 2
minutes
d) Cycle repeated 40 times

The resulted products were resolved with electrophoresis technique and

visualized by ultraviolet illumination of ethidium bromide stained gels.



29

The reaction mixture consisted of the following
i) Template DNA - 25ng
i) dNTP’s — 1.5pl/tube
iii) Primer — 1.5ul/tube
iv) 10X assay buffer — 2.5ul/tube
v)MgCl; — 1 pl /tube
vi) Taqg DNA polymersae — 1pl/tube
vii) Sterile milli Q water — to make the volume to 25l

The reaction mixture was prepared as a master mix.for the required
number of reactions. The aliquot of the mastermix (dNTPs 1.5pl/tube, primer
1.5ul/tube, 10x assay buffer 2.5pul/tube, MgCl, 1pd/tube, Taq DNA polymersae —
1p/tube) was dispensed to 0.5ml PCR tubes into which template DNA 25ng and
sterile water were added. The control samples were run without template DNA.
The reaction mixture was centrifuged in a micro centrifuge for mixing the
components. PCR tubes were loaded in a thermal cycle (PTC-200 MJ Research,
USA), which used a preheating lid.

3.2.54 Primer screening

Twenty decamer primers‘. obtained from Operon Technologies USA were
screened using genomic DNA from Assam. Those primers which gave maximum

number of reijroducible bands were selected and further used.
3.2.5.5 Statistical methods

The data obtained were analysed using the following methods
i) Similarity coefficient
Pair wise similarity between genotypes (primer wise and pooled) were calculated
using Jaccard’s similarity coefficient. (SIMQUAL Programme)
G S =alatbtc
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G S; — Measure of genetic similarity between individuals i and j.
a - number of polymorphic bands shared byi and ]

b — number of bands present in i and absentin

b - number of bands present in j and absent in i

ii) Construction of Dendrogram

The DNA finger print data were used to construct dendrogram through -
Unweighted Pair Group Method of Arithmetic Average cluster method of
computer software The Numerical Taxonomy System of Multivariate Statistical
Programme (NTSYS) pe 2.0 programme (Rohif, 1998).

3.2.6 Quality components
3.2.6.1 Estimation of essential oil

The essential oil was estimated using Clevenger apparatus Five grams of
-'powdered dry spikes were mixed with 250m! water and kept for distillation for
three hours. The amount of oil collected was read from the calibrated tube and

expressed as percentage.
3.2.62. Estimation of piperine

100 mg of long pepper powder was mixed with100 ml acetone and kept in
dark for 2 hours. A_]iquote (0.1ml) was taken and diluted to 5 ml with acetone.
Absorbance was noted at 337nm in a UV spectrophotometer. Standard curve &as
prepared with piperine and the content of piperine in the sample was calculated

and expressed as percentage.
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4. RESULTS

Results of observations on the morphological, anatomical, molecular
markers and quality components of the eight accessions viz, Assam, Nilambur,
Kanjur, Maharashtra, NL-84-68, Viswam, Odakkali and Pattambi are presented in
this chapter.

4.1 Morphological characters
The results of the analysis of variance of the morphological characters

are given on Appendix 4.

4.1.1 Vegetative characters
41.1.1 Stem characters

a) Length of reproductive branch

Analysis of variance showed that the vine length of the spike bearing
branch of the eight accessions differ significantly with respect to each other as
given in Table 1. Maharashtra recorded the maximum vine length of 26.60 cm and
Viswam recorded the minimum vine length of 18.10 cm. The male accession
Nilambur whig:h had a length of 23.95 cm was on par statistically with Kanjur
(25.9 cm). The. other accessions Pattambi (21.5 cm), Assam (21.2 cm) and
Odakkali (21.2 cm) were on par statistically. The mean vine length for female

accessions was 22.35cm and for mate accession it was 22.58 cm.

b) Internodal length

The mean data on intemodal length are glven in Table 1. Analysis of
variance showed that - the internodal length of ‘the elght accessions differ
significantly. NL-84-68 had the maximum internodal length of 10.08 cm and
Assam recorded the minimum intemodal length of 6.82 cm. The internodal length
of Viswam (7.23 cm) and male accession Odakkali (6.93 cm) were on par

statistically with Assam. The other accessions Pattambi, Nilambur, Kanjur, and



Table 1. Mean of different accessions for various quantitative traits of stem

Accession Vine Angle of insertion of Internodal length(cm)
length(cm) reproductive
branch({degrees)
Assam 21.20" 73.20° 6.82°
Kanjur 25.90® 61.00° 8.14°
Maharashtra 26.60° 56.50° 8.10°
NL 84-68 20,80 59.50* 10.03*
Pattambi 21.50" 62.00* 8.48°
Viswam 18.10° 69.50? 7.23°
Odakkali 21.20™ 58.40° 6.93°
Nilambur 23,95% 57.00° 8.21°
Mean for female -
. accessions 22.35 63.62 8.13
Mean for male
accessions 22.58 57.70 7.57
Grand mean 2241 70.89 7.99
Min 18,10 56.50 6.82
Max 26.60 73.20 10.03
CD 5% 4.649 68.38 0.7924

Treatments with the same alphabet do not differ significantly
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Maharashtra recorded intemodal length of 8.48 cm, 8.21 cm, 8.14 cm and 8.1 cm
respectively and they did not differ significantly. The female accessions recorded

a mean value of 8.13 cm and male accessions recorded a mean value of 7.57 cm.,

c) Angle of insertion of reproductive branch

Angle of insertion of reproductive branch did not reveal any significant
difference among eight long pepper accessions (Table 1). The mean values ranged
from 56.5° (Maharashtra) to 73.20° (Assam). In general the male accessions
Nilambur and Odakkali recorded lower values (57° and 58.4° respectively) for

this character when compared to female accessions.
41.1.2  Leaf characters

The observations for various leaf characters on the vegetative and
reproductive branch are given in Table 2. Plates 4 and 5 show the leaves on

vegetative and reproductive branch of the different accessions.

a) Lamina length

The length of leaf on vegetative branch differ significantly among
eight accessions. The mean length of Jamina was maximum for NL-84-68 (11.25
cm) and minimum for Viswam (6.37 cm). The male accession Odakkali had a
mean of 10.16 cm and Nilambur recorded 9.11 cm lamina length. Kanjur which
recorded a lamina length of 9.98 cim was on par with these m:ale accessions; The
other female accessions Pattambi, Maharashtra and Assam recorded lamina length
0f8.81 cm, 8.8 cm and 8.51 cm respectively.

Analysis of variance »_Tshdwed that the eight accessions differ
significantly for lamina length of leaves produced by reproductive branch. The
longest leaves were observed for the male accession, Nilambur (8.97cin) and
Pattambi recorded the shortest lamina length (4.49cm) followed by Viswam
(5.14cm). The other male accession Odakkali exhibited a mean length of 6.78 cm,



Plate 4: Morphological variations for the leaves of vegetative branch
of the eight accessions

Plate 5: Morphological variations for the leaves of
reproductive branch of the eight accessions

1. Assam 2. Nilambur 3. Kanjur 4. Maharashtra
5 NL-84-68 6. Viswam 7. Odakkali 8. Pattambi
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which was on par with Assam (6.61 cm). The mean lamina length of Maharashtra

was 6.13 cm.

b) Lamina width

Data on lamina width of leaf of vegetative branch indicated
statistically significant difference between the eight accessions as given in Table
2. The maximum width was recorded by NL-84-68 (10.15 cm) and lowest width
was recorded by Viswam (6.41 cm). Kanjur with a mean lamina width of 9.39 cm
was on par statistically with NL-84-68 and male accession Nilambur (9.25 cm).
Assam recorded 8.7 cm mean lamina width, which was on par statistically with
‘male accessions Nilambur (9.27cm), Odakkali (9.03 cm) and the female
accessions Pattambi (8.2 cm) and Maharashtra (8.05 cm).

The lamina width of leaf of the reproductive branch also differs
significantly for the ei'ght accessions (Table 2). The highest mean width of 4.06
cm was recorded by NL-84-68 and lowest by male accession Odakkali and female
accession Kanjur (2.5 cm). The female accession Pattambi and Maharashtra
recorded a mean width of 2.64 cm and 2.61 cm respectively and were on par with
Odakkali and Kanjur for this character. Nilambur had a mean of 3.79 cm whereas
Assam and Viswam recorded a lamina width of 3.39 cm and 3.14 cm respectively.

The overall results on leaf lamina width indicated that the leaves on
reproductive brzing:h recorded lower values when compared to leaves on

vegetative branch.

c) Length to breadth ratio

The length to breadth ratio of leaves of vegetative and reproductiye
branch is given in Table 2. The results indicate that leaves of reproductive branch
had higher lengfh to breadth ratio than the leaves of vegetative branch. The length .
to breadth ratio was highest for the male accession, Odakkali for both the leaves
of vegetative branch and reproductive branch. Analysis of variance showed that
the accessions differ significantly at 5 percent level for the 1/b ratio of leaves of

vegetative branch. For the leaves of reproductive branch it was signiﬁéant at both
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1 and 5 per cent levels. The lowest ratio for leaves of vegetative branch was
recorded by Assam (0.979) and for the leaves of reproductive branch the lowest
ratio was recorded by Viswam (1.667). NL -84-68, though ranked second in I/b
ratio (1.111) for the leaves of vegetative branch was statistically on par with the
other accessions Maharashtra (1.095), Pattambi (1.079), Kanjur (1.069), Viswam
(1.001) and Nilambur (0.998). The female accession Kanjur and the male
accession Nilambur recorded aratio of 2.521 and 2.442 respectively for the leaves
of reproductive branch. These two accessions were on par statistically with
Odakkali and Maharashtra (2.386). Assam and Pattambi recorded a ratio of 1.972
and 1.782 for the same character and were on par statistically with NL-84-68
(2.056) and Viswam.

d) Area of leaf lamina

Analysis of variance showed that the eight accessions differed
significantly for the area of lamina of leaf on vegetative branch as given in Table
2. The highest mean value for this character was observed in NL-84-68 (96.25
cm’) where as the lowest value was recorded by Viswam (40.43 cm”). The male
accession Nilambur recorded an area of 87.80 cm®, which was on par with NL-84-
68 and Kanjur (83.07 cm®). Maharashtra recorded a mean leaf area of 67.69 cm?,
was on par statistically with Assam, which had a leaf area of 64.79 cm®. Kanjur
and Méharashﬁa was on par statistically with the male accession Odakkali (75.34
cm?) for this character,

The leaves on the reproductive branch showed significant difference
for leaf area for all the eight accessions as given in Table 2. The area was
maximum for the male accession Nilambuf (28.0 cm®) and the Iowc;st area was
recorded by Pattambi (10.53 cm’). NL-84-68 recoided an area of 25.42 cm” which
was on par with Nilambur. Assam recorded a mean area of 19.44 cm’ followed by
the female accessions, Maharashtra and Kanjur with a mean area of 14.52 ¢cm? and
13.74 pmz respectively. The reproductive leaf area for Odakkali was 13.28 cm?

and it was on par with Viswam (13.04 cm?).



Table2, Mean of different accessions for various quantitative traits of leaf

Accession

Petiole Petiole Vegetative leaf Reproductive leaf
:gs:gfme)r Length(cm) Length | Width | Area |Length/ | Length | Width | Area | Lengtl/
(cm) (cm) (cm?) | Breadth (cm) (cm) | (cm? | breadth
Assam 0.86 ° 5.14% 8.51° | 8.70™° | 64.79° | 0.979° 6.61°7 | 3.39b° | 19.44° | 1.972%
Kanjur 1.03 5.51% 998 | 939" |83.08" |1.064™ 627 | 250° | 1374° | 2521
Maharashtra | . 0.82° 6.57" 8.80° | 8.05% [67.69% 11.095® | 613° | 2.61° | 14.52° | 2.386"
NL84-68 1.01° 7.58% 11.25* | 10.15" |96.26° |1.111* 831° | 4.06° | 2542 | 2.056°
Pattambi . 0:94% 4.29° 8.81¢ 8.20° | 59.81¢ [1.079%° 449" [ 264% | 10.53¢ | 1.782% |
Viswam . 0.80° 4,67 637° | 641° [4043° |1.001™ 5.14° | 3.14° | 13.04% | 1.667°
Odakkali’ - 0.96" 5.54% 10.16° | 9.03™ |75.34™ [1.127° 6.78° | 2.50° | 13.28% | 2722*
Nilambur 1.00° 7.81° 911 | 927° |87.80° |0998" 8.97° | 3.79% | 28.00° | 2.442%
Mean for female . R
accessions 0.91 5.63 8.95 8.48 68.68 1.05 6.15 3.06 16.12 2.06
Mean for male
accessions 0.98 6.68 9.64 9.15 81.57 1.06 7.88 3.15 20.64 2.58
Grand mean 0.93 . 5.89 9.12 865 |[71.90 |1.057 6.61 3.08 17.25 | 2.193
Min 0.80 429 6.37 641 4043 10.979 4.49 2.50 1053 | 1.667
Max 1.03 7.81 1125 | 10.15 | 9626 |1.111 8.97 4.06 | 28.00 | 2722
CD 5% 0.08915 1.051 0.9393 0.6171 12.44 | 0.1016 0.5488 | 0.4367 2.749 0.2957

Treatments with the same alphabet do not differ significantly
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e) Petiole length

Analysis of variance showed that the petiole length of: the eight
accessions showed signiﬁcance with respect to each other (Table 2). Nilambur
recorded the maximum petiole length of 7.81 ¢m and the minimum petiole length
was recorded by the female accession, Pattambi (4.29 cm). NL-84-68 recorded a
mean value of 7.58 cm, which .was on par statistically with Nilambur and
Maharashtra, (6.57 cm). Odakkali and Kanjur recorded mean petiole length of
5.54 cm and 5.14 cm respectively and were on par statistically. Assam recorded a
mean petiole length of 5.14 ¢m and Viswam had a mean of 4.67 cm, which were
on par with Pattambi (4.29 cm), Kanjur and Odakkali.

The petioles on the leaves of reproductive branch were either too short

or absent.

f) Petiole circumference

The mean values for the petiole circumference of the eight accessions
are given in Table 2. The analysis of variance showed that they did not differ-
significantly. Kanjur recorded the maximum petiole circumference (1;03 cm)
followed by N1f84;68 (1.01 cm). The male accessions Nilambur and Odakkali
recorded a mean of 1 cm and 0.96 ¢m respectively. Maharashtra recorded a mean
of 0.82 cm followed by Viswam, which had the lowest mean petiole
circumference of 0.80 cm .The female accession Assain (0.86cm) was on par with
Pattambi, Maharashtra and Viswam for this character.

£) Shape of lamina, lamina base, and margin

The qualitative characters of the leaf like lamina shape, lamina base
shape, margin, lamina pubéscence, lamina texﬁré and lamina colour are given in
Table 3 and 4.

The shape of the lamina for all the eight accessions for the leaves of
the vegetative branch was cordate, whereas it was lanceolate for the leaves of the

reproductive branch.



Table 3. Qualitative characters of leaves of vegetati;re branch

Accession Shape of
Tarmins T Lamina Margin Pubescence Texture Colour
base
Assam Cordate | Cordate Even Glabrous Membranous Dark green
Kanjur Cordate | Cordate Wavy ‘Glabrous Membranous Dark green
Maharashtra | Cordate | Cordate Even Glabrous Membranous Dark green
NL 84-68. | Cordate | Cordate Wavy Glabrous Membranous Dark green
Pattambi Cordate | Cordate Even Glabrous Membranous Dark green
Viswam - ' | Cordate | Cordate | Slightly wavy Glabrous Membranous | Medium green
Odakkali | Cordate | Cordate | = Wavy Glabrous | Membranous Dark green
Nilambur | Cordate | Cordate Even Glabrous Membranous Dark green




Table 4. Qualitative characters of leaves of re

roductive branch

Accession Shape of ,
: - Margin | Pubescence Texture Colour
Lamina Lamina base
Slightly
Assam Lanceolate | Unequally cordate wavy Glabrous Membranous | Dark green
Kanjur Lanceolate | Unequally cordate Wavy Glabrous Membranous | Dark green
Maharashtra | Lanceolate | Unequally cordate Wavy Glabrous | Membranous | Dark green
NL 84-68 | Lanceolate | Unequally cordate | Wavy Glabrous | Membranous | Dark green
Pattambi | Lanceolate | Unequally cordate Even Glabrous | Membranous | Dark green
Viswam | Lanceolate | Unequally cordate Wavy Glabrous Membranous | Dark green
- t'Lanceolate | Unequally cordate Wavy Glabrous | Membranous | Medium

Odakkali o ' green

Nilambur | Lanceolate | Unequally cordate Even Glabrous. | Membranous | Dark green
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Cordate shaped lamina base was observed for male and female accessions for the
- leaves of vegetative branch. It was unequally cordate in the case of leaves of the
reproductive branch for all the accesstons.

Assam, Nilambur, Maharashtra, Pattambi had even margin for the
leaves of the vegetative branch. The margin was wavy for Kanjur, NL-84-68 and
Odakkali, where as Viswam exhbited slightly wavy margins.

Only Patiambi had even margin for the leaves of reproductive branch.
Kanjur, Maharashtra, NL-84-68, Viswam, and Odakkali had wavy margin. The

margin was slightly wavy for Assam and the male accession Nilambur.

h) Lamina pubescence
Glabrous leaves were produced by both vegetative and reproductive

branch of all accessions.

i) Lamina texture
The leaves of the vegetative and reproductive branches had

membranous texture for all the accessions studied.

j) Lamina colour

All the accessions had dark green colour for the leaves of the
vegetative branch except Viswam, which had medium green colour. In the case of
leaves of reproductive branch all accessions except Odakkali (medium green)

recorded dark green colour.

412 Reproductive characters
4.1.2.1  Spike characters

The spikes of the different accessions are given in Plate 6.

a) Spike length
Analysis of variance showed that there was significant difference for

spike length among the accessions as given in Table 5. The male accessions



Plate 6 : Comparitive study of spikes of the eight accessions
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Nilambur and Odakkali produced longest spike with a mean length of 7.55 cm and
7.31 cm respectively. Among the female accessions, NL-84-68 recorded the
longest spike length (4.23cm), followed by Maharashtra (3.77cm), Assam (3.68
cm), Pattambi (3.68cm), Kanjur (3.5cn-1) and they were on par statistically.
Viswam recorded the shortest spike length (2.4cm).

b) Spike diameter

The mean data on spike diameter is given in Table 5. The analysis of
variance showed that the accessions differ significantly for the spike diameter.
The female accession NL-84-68 recorded the maximum di:;lxneter of 3.59cm. The
male accessions Nilambur and Odakkali recorded minimum spike diameter of
131 cm and 1.4 cm respectively. The female accession Viswam that recorded a
spike diameter of 1.53 cm was on par with the malé accéssions. The other female
accessions Kanjur, Maharashtra, Pattambi and Assam recorded spike diameter of
2.41cm, 2.32 cm and 2.23 cm respectively.

NL-84-68 has ‘the boldest spike in terms of spike length and spike
diameter. The male spikes though longest had low-mean values for spike ciiémeter

(1.38cm) compared to the female accessions (2.39 cm).

c) Number of spikes per spike bearing branch |
Analysis of variance showed that there was no significant difference
among the accessions for the number of spikes. per spike bearing branch. A
maximum of four spikes per branch was recorded for Assam fo]lo;ved by. Viswam
and male accession Odakkali (3.6 spikes). Pattambi recorded a mean of 3.1 spikes;
which was on par statistically with the other accessions Kanjur and Nilambur,
both recorded 3 spikes per spii(e bearing branch. Maharashtra recorded 2.9 spikes
and NL-84-68 recorded the minimum number of spikes per spike beaﬁﬂg branch
(2.6).
d) Days to spike initiation
The mean data for the number of days taken from planting to spike

initiation was given in Table 5. There was significant difference among the
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accessions for the character. NL-84-68 took the maximum number of days (178)
for -spike initiation. The male accessions took the minimum days for spike
initiation. Nilambur took 132 days whereas Odakkali took 135 days and they were
on par statistically. Assam was on par statistically-with NL-84-68 and it took 175
days for spike initiation The female accession Pattambi recorded 162 days for
spike initiation. Kanjur which took 157 days was on par statistically with
Pattambi, Viswam (156 days) and Maharashtra (152 days) for spike initiation. The
female accessions took more days (163.7) compared to male accessions (133.2)

for spike initiation.

e) Days 1o maturity of spike

Analysis of variance showed that there was significant difference
among the accessions for days to maturity of épﬂ(e as given in Table 5. NL-84-68
recorded the maximum number of da"ys for maturity of spike (69.6). The male
accessions Odakkali and Nilambur which took 56-days for maturity recorded the
minimum days. Pattambi and Viswam recorded 65 days for maturity of spike
followed by Maharashira (64 days), Assam (63 days) and Kanjilr. (62 days). In this
case also female accessions required more days for maturation (64.87) compared

to male accessions (56.3).

f) Fresh weight of spike

The mean weight of the spikes immediately after harvest was recorded
and is given in Table S. The analysis of variance shovs)ed_ that the eight accessions
differed significantly for the character: NL-84-68 with 1:639g fresh weight
" recorded the maximum mean spike weight. Maharashtra recorded 1.58g and the
male accession Nilambur had a mean fresh weight of 0.963g. The other accessions
 Pattambi, Odakkali, Assam recorded a mean -of 0.7384g, 0.6775g, 0.59g
respectively, were on par statistically. Viswam recorded the lowest fresh weight

of 0.36g per spike.



Table 5. Mean of different accessions for various quantitative traits of spike

Accession

Number of days for Spike Spike Spike | Fresh Dry Loss in
' number | length diameter - | weight | weight | weight
Spike Spike (cm) (cm) (g) (2) after
| initiation | maturation drying
: (%)
1753 [ 633%™ -} . - . ,
Assam | o 400°. .| 368° | 223 0.590° | 0.083¢ 85.11"
Kanjur 157.4% 61.9° 3.00% ] - 3.5° - 241° 0.7617 0.194° 74.91°
Maharashtra 152.4° 64.1% 2,90 3.77° 2.32° 1.158° 0.204° 82.82°
NL 84-68 178.3° 69.6 2.60° 4.23° 3.59" 1.639" 0.271° 83.34°
Pattambi 162.4° 653" 3.10™ 3.68° .2.23° 0.738° | 0.098* 85.56"
Viswam 156.4° 65.0° | 3.60" 2.4° 1.53¢ 0362° | 0107 69.93°
~ Odakkali 134.8% 563% | 3.60%. 731° 1.45° 06777 | 0107 | 84.22°
Nilambur 131.6° 56.3" 3.00™ 7.55° '1.31° 0.963°¢ 0.132° 86.28°
Mean for female | © - - .
accessions - 163.70 |  64.87 3.20 3.54 2.39 0.87 0.16 80.28
Mean for male
accessions 133,20 56.30 3.30 7.43 1.38 0.82 0.12 85.25
Grand mean 156.08 62.73 3.23 4,515 2.13 0.861 0.149 81.52
Min 131.6 - 56.3 2.60 2.4 1.31 0.362 0,083 69.93
Max 178.3 69.6 4.00 7.55 3.59 1.639 0.271 86.28
CD 5% 5.09 2.77 07648 | 0.7721 0.5832 0.1738 | 0.03987 3.461

Treatments with the same alphabet do not differ significantly
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) Dry weight of spike

The eight accessions differed significantly for the dry weight of spike
as shown by analysis of variance. The mean data is given in Table 5. The
maximum dry weight was recorded by NL-84-68 (0.271g) followed by
Maharashtra (0.204 g) and Kanjur (0.194 g). Nilambur recorded a dry weight of
0.132g. The other male accession Odakkali, and the female accession Viswam
recorded 0.107g of dry weight each. Pattambi (0.098g) was on par statistically
with Odakkali and Viswam:

h) Percentage loss in weight after drying

Analysis of variance showed that the eight accessions differ
significantly for the percentage loss in dry weight. The maximum percentage loss
in weight was recorded by the male accession Nilambur (86.28%) and the
minimum by the female accession, Viswam (69.93%). Nilambur was followed by
Pattambi (85.55%), Assam (85.11%), Odakkali (84.22%), NL-84-68 (83.34%),
and Maharashtra (82.81%) and were on par statisticélly. Kanjur recorded 74.91
percent loss in weight after drying.

i) Spike shape, orientation, and colour

-The qualitative characters of the spike like spike shape, orientation and
colour are given in Table 6,

All the male and fema_le accessions had cylindrical spikes.

Erect 'spikes were obse_rved:'i'ti male accessions whereas the female
accessions had suberect spikes. (Plate 7)

At éarly stages of spike growth, creamy yellow colour is observed for
female accessions whereas for male acoessmns the colour is green. Later, on
maturity the spikes were greenish black-for all the female accessions and yellow

in colour for the male accessions.



Table 6, Qualitative characters of spike

Colour at

Accession- Sex Shape Orientation | . . Colour at

. 1 " initiation maturity
Assam Female - | Cylindrical | Sub erect Yellow | Greenish black
Kanjur Female Cylindrical | Sub erect Yellow Greenish black
Maharashtra Female - Cylindrical Sub erect ~ Yellow Greenish black
NL 84-68 - Female Cylindrical Sub erect Yellow Greenish black
Pattambi Female Cylindrical Sub erect Yellow Greenish black
Viswam Female - | Cylindrical | Sub erect Yellow Greenish black

Odakkali Male Cylindrical Erect Green Yellow

Nilambur Male Cylindrical Erect Green Yellow




Sub erect spike of the female accession Assam

Erect spike of the male accession Odakkali

Plate 7: Comparison of the spike orientation of male amd female accessions
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4.2. Physiological parameters

a. Rate of photosynthesis

Data on the mean rate of photosynthesis for different accessions are
given in Table 8. The analysis of variance showed that the eight accessions differ
significantly for the character. The highest photosynthetic rate was observed in the
female accession, Viswam (12.15 pmol m™? s™) followed by Assam (11.75
pmolm? s, Kanjur. (11.55 pmol m? s') and NL-84-68 (11.3 pmol m? s).
Among the female accessions, Pattambi recorded the minimum photosynthetic
rate (8.15 pmol m™ s7). The lowest rate was recorded by the male accession,
Nilambur (7.5 pmol m? s") whereas Odakkali recorded a photosynthetic rate of
10.48-pumol m2 s!. The mean photosynthetic rate for the male accessions (9.03

umol m? s™) was lower to female accessions (10.82 pmol m? s™),

b. Transpiration rate

Data on the mean \-ralue for transpiration rate for the eight accessions
are givenin T_éblé 8. Analysis of variance showed significant difference among the
accessions 'for transpiration rate. The mean tfanspiration rate for the female
accessions was recorded as 3.66 millimol m s "and ranged between 2.52 milli
mol m? (V 1swam) to 5.28 millimol m? s~ (Kan]ur) Odakkali and NL-84-68
recorded a transpiration rate of 4.12 and 3.87 millimol m? s” r_espectlvely. The.’
female accession Maharashtra and the male accession Nilambur, both recorded
transpiration rate of 3.69 millimol m? s followed by Assam (3.65millimol m™>s™)
and were on par statisticali.y with NL-84-68 and Pattambi (2.95m1|lmol m?st).

¢. Stomatal condpctance

Analysis of variance showed that the eight accessions differ
significantly for this character (Table 7). The maximum conductance was
recorded by Kanjur (0 27 mol m™ s!), NL-84-68 and Maharashtra recorded 0.18
mol m? s* and they were on-par statistically with the female accession, Viswam
(0.13 mol m? s™). Assam, Pattambi and the male accessions Nilambur, Odakkali



Table 7. Mean of different accessions for various physiological parameters

Accession Rate of Stomatal
Photosynthesis ,| Conductance Transpiration rate
umolm™?s™ molm™s™! millimolm?s!
Assam 11.75° 0.17° 3.65"
Kanjur 11.55* 0.27° 5.28*
Maharashtra 10.04° 0.18° 3.69™
N1-8468 11.30° ~0.18° . 387°
Pattambi 8.15° © 017 - 2.95%
Viswam 12.15° C 013 2,52
Odakkali 10.48" 0.22° 412°
Nilambur 7.57¢ 0.17° 3,69
Mean for female
accessions 10.82 0.18 3.66
.Mean for male |
accessions 1 9.03: . 0.20 3.91
Grand mean 10.37 0.19 3.72
Min 7.57 0.13 2.52
Max 12.15 027 5.28
CD 5% 0.8872 0.05242 1.101

Treatments with the same alphabet do not differ significantly
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had a conductance of 0.17 mol m™ s. The mean stomatal conductance for male

accessions was 0.20 mol m™ s™! and for female accessions, it was 0.18 mol m?2s?!,

4.3 Anatomy of Piper longum

The stem of P. longum exhibit anomalous secondary growth. It has
medullary bundles in the centre which are large and cortical bundles which are
small towards the periphery. Cortical bundles though small are numerous in
number. The medullary and cortical bundles are separated by a layer of
sclerenchymatous tissue, which forms a wavy ring. The root of P. longum has a
dicot root structure. The upper leaf epidermis consists of an outer layer of cuticle
and epidermal cells with frichomes. The mesophyll region consists of round to
ovoid mesophylls, spongy parenchyma and chlorenchymatous palisade tissue.
Open, collateral vascular bundles with xylem phloem and cambium are observed

in the midrb region. Stomata were seen in the lower epidermis.
4.3.1. Comparative evaluation for anatomical variability

All the accessions ha\fe the same anatomical features for stem, root, and
leaf (Plate 8, 9 and 10)-except for the number of cortical and medullary bundles in
the stem and root as well as the presence of .l.nucilage canal in stem (Table 8).
However the male and female spikes showed different a.natorﬁical features (Plate
11 and 12) .

4.3.1:1. Stem

Viswam had the maximum number of medullary (7) and cortical bundles
(20) for the vegetative branch. A minimum of four me(.iullary bundles was
observed for the female accessions Assam, Pattambi, NL-84-68 and the male
accessions Nilambur and Odakkali. Maharashtra and Kanjur had six medullary
bundles each. Maharashtra had the minimum number of cortical bundles (15) for

the vegetative branch. There were seventeen cortical bundles for the female



Table 8. Observations on the anatomy of stem, root, leaf

Mucilage canal

Accession Vegetative stem ~ Reproductive stem Root
Medullary | Cortical | Medullary { Cortical | Vascular | Stem Root
bundles | bundles | bundles | bundles | bundles
Assam 4 17 5 15 6 Present Absent
Kanjur 6 19, 5 15 9 Absent Absent
Maharashtra 6 15 6 16 10 Absent Absent
NL 84-68 4 19 5 15 7 Present Absent
Pattambi 4 17 4 16 5 Absent Absent
Viswam 7 20 6 15 7 Present Absent
Odakkali 4 17 6 16 10 Absent Absent
. Nilambur- 4 19 . 4 16 10 Absent Absent
~
g




Viswam NL- 84-68

Nilambur (Male)

Assam Maharashtra

Plate 8: T.S. of the Vegetative stem of different accessions

me- mucilage canal mb medullary bundle cb- cortical bundle



Viswam Maharashtra

Assam Nilambur (Male)

Plate 9: T.S. of the root of different accessions

vb- vascular bundles



NL-84-68

Assam Maharashtra

Plate 10: T.S. of the Vegetative leaf of different accessions

vb- vascular bundles



Plate 11: T.S. of the female spike

Plate 12: T.S. of the male spike

vb- vascular bundles
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accessions, Assam, Pattambi, and the male accession Odakkali. Nilambur,
NL-84-68 and Kanjur recorded nineteen cortical bundles each.

The T.S of the reproductive stem of the eight accessions showed that t.he
number of medullary bundles ranged between four to six and for the cortical
bundles, it was 15-16. Nilambur and Pattambi had four medullary bundles each
whereas Assam, Kanjur and NL-84-68 recorded five medullary bundles. The
maximum number of medullary bundles (6) was for Maharashtra, Odakkali and
Viswam. Assam, Kanjur, NL-84-68 and Viswam had fifteen cortical bundles each
whereas Mabharashtra, Nilambur, Qdakkali and Pattambi had sixteen cortical
bundles each.

Mucilage canal was present in the centre for the female accessions NL-84-
68, Assam and Viswam. Mucilage canal was not seen for the other accessions on

the vegetative stem.

43.1.2 Root

The number of vascular bundles varied for the different accessions. A
maximum of ten vascular bundles were. recorded by the accession Maharashtra
and the male accessions Nilambur and Odakkali. Pattambi recorded the minimum
number of vascular bundles (5). Viswam and NL-84-68 had seven bundles each

whereas Assam recorded six vascular bundles.

43.13. Leaf
The leaf epidermis of all the-accessions was unilayerd. There was no

difference among the leaves of male and female accessions.

43.1.4. Spike

Anatomical differences were noticed for male and female spikes. The T.S
of the female spike cleatly showed tﬁe pistil with the persistent stigma and
vascular bundles in the middle. The anthers and vascular bundles were present in

the case of the male spikes. Outermost Iayer is single lavered enidermis and
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parenchymatous cells are tangentially elongated. These cells are filled with fine

starch grains.

44. Molecular characterization

4.4.1. Genomic DNA isoiation

The protocol suggested by Doyle and Doyle (1987) was tried for the
extraction of DNA. The quality of DNA isolated was assessed using agarose gel
electrophoresis. Good quality genomic DNA was obtained which was evident by
the distinct nature of band without any smears (Plate 13). The quantity of DNA in
samples was analysed using spectrophotometry. The ratio of absorbance at 260
nm and 280 nm was around 1.80 indicating good quality of DNA for all the

accessions.

44.2 RAPD assay

442.1 Random Primer Screening

Randomly selected primers of Operon Primer  Kit (Operon
Technologies, USA) were screened using genomic DNA isolated from Assam.
Out of the twenty primers screened five were selected for further analysis based
on maximum- number of repfoducible bands. The primers screened were OPF-3,
OPF-5, OPF-6, OPAH-6, OPAH-13, OPP4, OPP-5, OPP-6, OPAZ-2, OPAZ-3,
OPAZ-4, OPAZ-5, OPAZ-6, OPAZ-7, OPAZ-8 and OPA 1 to OPA-5. The
number of ﬁaniis varied with each primer and they gave average, poor‘z_md good
amplification. The amplification pattem obtained fb; the selected pfimérs are
given in Table 9. '

4.4.2.2. Molecular characterization using selected primers

The RAPD profile obtained for the eight selected accessions usmg the
five selected primers, OPAZ.V4, OPAH 6,0PF 5,0PAZ 5 and OPF 3 are given in
Plates 14,15,16&17.



Table 9. Number of amplification products and polymorphic bands produced by
the five selected primers.

Sl. [ Primer Sequence No. of No. of Percentage

No. Amplicons Polymorphic | Polymorphism
bands

1. |OPAZ4 CTCCCCAGAC 7 5 71

2. OPAZ 5 TTGCAGGCAG 7 6 85.7

3. OPAH 6 GTAAGCCCCT 6 4 66.7

4. |OPF3 CCTGATCACC 9 7 77.7

5. OPF 5 | CCGAATTCCC 6 4 66.7




Plate 12: Genomic DNA of the eight accessions of P. longum

M 123 4567 8M1 2 34 56 7 8 C

Plate 13: RAPD profile of the accessions using the
primers OPAZ- 4 & OPAH - 6

M - Marker 1-Assam 2 -Pattambi 3 -Nilambur 4 - Kanjur
5- Maharashtra 6- NL-84-68 7- Viswam 8- Odakkali C- Control



947bp

Plate 14: RAPD profile of the accessions using the primer OPF 5

M 123456738

Plate 15: RAPD profile of the accessions using the primer OPAZ 5

Plate 16: RAPD profile of the accessions using the primer OPF 3

M - Marker 1-Assam 2- Pattambi 3- Nilambur 4- Kanjur
5- Maharashrta 6- NL-84-68 7- Viswam 8- Odakkali C- Control
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Pattambi, Kanjur, Maharashtra and Odakkali produced four bands for
the primer OPAZ-4. Viswam had the maximum number of bands (7). Of the total
seven bands five were polymorphic and two were monomorphic.

The primers OPF-5 produced six bands of which four were
polymorphic bands. All the accessions shared four out of six bands for the primer
OPF-5. Amplification with OPF-5 provided bands (947bp) specific for male
accessions. Band one was present only for the accession, Maharashtra.

OPAH-6 also produced six bands and four of them were polymorphic.
Viswam and Maharashtra had only two bands each for the primer OPAH-6. Fifth
band was present only for the accessions NL-84-68 and Odakkali. Five bands
were observed for the accessions Assam, Nilambur, Kanjur and Odakkali.

The primer OPAZ-5 produced a total of seven bands, of which one
band was monomorphic. The number of bands ranged from two for Kanjur to five
for NL-84-68. Fourth baﬁd was absent in only one accession, Kanjur whereas
fifth band was present orily for NL-84-68.

The primer OPF-3 generated two monomorphic and seven
polymorphic bands. Third band was unique to the ac.cession, Odakkali.
Maharashtra and Pattambi had only two baads for this primer.

- On the whole the five selected primers generated 4 total of twenty six

polymorphic bands for the eight accessions, out of the total 35 bands.
4.4.2.3 Genetic Analysis

The RAPD data was used to generate a similarity matrix using the
SIMQUAL programme. Based on estimated Genetic Similarity Matrix (Table 10)
the mammum percentage of similarity was 85 percent between - the male
accessions Odakkali and Nilambur. The minimum percentage of similarity was 41
percent between Maharashtra, and the male accesswq Odakkali. NL-84-68 and
Viswam had 81 percent similarity. Kanjur had 61 percent similarity with Viswam
and 59 percent similarity with NL-84-68. Assam and Pattambi shared 67 percent



Table 10, Similarity values based on RAPD profiling of P. longum accessions

Assam Patlamb Nilambur Komjur Mebacashiza NL-84-68 Viswam Odakkali

Assam 1.00000000000000

Pattambi | .06666666666667 | 1,00000000000000 |

Nilambur | .678571428571429 | .640000000000000 | 1,00000000000000

Kamjur | 551724137931034 | 560000000000000 | .642857142857143 | 1.00000000000000
Maharashtra | .461538461538462 .600000006000600 .444;144444444444 .541666666666667 | 1.00000000000000

NL-84-68 | 620689655172414 | ST85185185185187] .500000000000000 | 586206896551724 | -560000000000000 | 1.00000000000000

Viswam | .586206896551724 | 600000000000000 | .566666666666667 | G07142857142857 | 583333333333333 | 807692307692308 | 1.00000000000000 _
Odaidali | S80645161290323 | 5357142857128 | -851851851851852 | SAR3BT006774194 | .A13793103448276 | S15151515151515 | .531250000000000 | 1.00000000000000
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similarity. Maharashtra had 60 percent similarity with Pattambi and 58 percent
similarity with Viswam.

44.2.4,. Dendrogram

Genetic distances were used to construct the dendrogram (NTSYS
software) as given on Fig 1. In the dendrogram the eight accessions were
classified to two major clusters 1 and 2 at 51 percent similarity. Maharashtra
formed a separate cluster and all the other seven accessions were grouped in the
other major cluster. The other cluster had two subclusters Aj, A2. A cluster had
four accessions in it; of which Assam and Pattambi formed one group and the
male accessions Nilambur and Odakkali formed another group. The other
subcluster had three accessions in it. NL-84-68 and Viswam were grouped

together and the accession, Kanjur joined this cluster separately.

45 Quality components

4.5.1 Essential oil content

The femaie accessions Assam, Kanjur and Maharashtra and the male
accessions, Nilambur and Odakkali yielded 0 percent oil on distillation of spikes
with 25-30 days maturnty (immature). Viswam recorded 0.26 percent, Pattambi
0.2 percent and NL-é4-68 yielded 0.13 percent of oil af this stage.

The yield of oil was maximum when the spikes attained full maturity
at 60-70 days (Table 11). The analysis of variance showed that | there was
sig.niﬁcant difference among the cultivars for the yield of oil. NL-84-68 and
Viswam yielded the maximum quantity of oil _(1.87%). The second_highest oil
content of 1.47 percent was~_fe'édrded by Pattambi followed by Assam (1;13%) and
Kanjur (1%). The femhle accession Maharashtra yielded only 0.8 percent oil. The
male accessions Nilambur and Odakkali recorded - the minimum yield of 0.47
percent and 0.33 percent rdspegtiirely, ’

There was a slight decline in the yield of oil when spikes were
harvested afier 75 days (over ripe). NL-84-68 (1.73%) and Viswam (1.67%)



Pattambi
Niliimbur
(Male)

Odakkali Cluster |
(Male)

Kaivjur

NL- 84 m68

Viswam |

Maharashtra  Cluster Il

0.51 0.60 0.68 0.77 0.85
Coefficieni

Fig 1. Dendrogram derived from the analysis of eight P.longum accessions
using five random primers
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recorded the maximum quantity here also. They were followed by Pattambi,
Assam, Kanjur, and Maharashtra which yielded 1.2%, 1.07%, 0.93% and 0.53%
of oil respectively. The male accessions Nilambur and Odakkali yielded only
0.2% of oil at this stage.

4.5.2 Piperine content

The piperine content of all the accessions was maximum when spikes
were harvested at full maturity i.e. after 60-70 days of their formation. Assam
recorded the maximum piperine content of 1.97 percent when it was harvested
after 25-30 days followed by Viswam (1.09 %) piperine and NL-84-68 (0.78 %).
The other female accessions Maharashtra, Pattambi and Kanjur recorded a yield
of 0.57,0.51 and 0.1 percent respectively. The male spikes Odakkali (0.08%) and
Nilambur (0.07%) also yielded piperine.

Analysis of variance showed significant difference among
the accessions for the piperine content when the spikes were harvested 60-70 days
after their formation (Table 11). The maximum piperine content was for Assam
(5.57%) and the minimum for the male accessions Nilambur (0.45%) and
Odakkali (0.53%), which recorded 0.45 and percent respectively. Viswam
recorded 3.7 percent piperine at full maturity. Maharashtra and NL-84-68
recorded 2.72 and 2.59 percent respectively and were on par statistically. Pattambi
recorded 1.2 percent piperine at full maturity.

After 75 days, the piperine content of the spikes declined slightly, but
the decline showed the same trend as that of spikes at full maturity. Here also
Assam yielded the maximum of 3.9 percent followed by Viswam with 2.9 percent
piperine. Maharashtra and NL-84-68 recorded 2 and '1.95 percent respectively.
Pattambi récordéd -0..35 percent pipt;l’ine at this stage. The male acce.ssions
recorded tﬁe lowest piperine content- of 0.39 (Odékkali) and 0.35 percent
(Nilambur).. i .



Table 11. Mean of different accessions for oil and piperine content

Accession Piperine (%) 0il (%)
25-30 60-70 After 75 2530 60-70 | After 75
days days days days days days
Assam 1.97° 557" 3,90 0.00 1.13™ 1.07°
Kanjur . 0.10° 0.53° 0.39° 0.00 1.00° 0.93°
Maharashtra 0.57¢ 2.72° 2.00° 0.00 0.80%° 0.53°
NL 84-68 0.78° | 2.59°, 1.93¢ 0.13 1.87° 1.73°
Pattambi 0.51° 1.20° 0.35¢ 0.20 1.4° 1.20°
Viswam 1.09° 3.70° 2.90° 0.26 1.87° 1.67°
Odakkali 0.08° 0.24° 0.13° 0.00 0.33° 0.20°
Nilambur 0.07° .| 0.45° 0.35° 0.00 0.47% 0.20°
Mean for female |, | ) ,
accessions 0.84 - 272 1.91 0.10 1.35 1.19
Mean for male . .
accessions 0.08 0.35 0.24 0.00 0.40 0.20
Grand mean 0.65 2.12 1.49 0.07 1.12 0.94
Min - 0.07 0.24 0.13 0.00 0.33 0.20
~ Max 197 5.57 $3.90 0.26 1.87 1.73
CD 5% 0:172 0.324 0.503 0.371 0.338

Treatments with the same alphabet do not differ significantly
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5. DISCUSSION

An assessment of variability existing in a germplasm is the prime
prerequisite of any breeding programme. Characterizations at morphological,
anatomical, physiological and molecular level for both qualitative and quantitative
characters are the various tools to understand the variability present in a
germplasm. A total of 26 morphological characters (15 vegetative characters and
11 reproductive characters), three .physiological characters, anatomy of stei, leaf,
root and spike, molecular characteristaion and quality components of the six
female and two male accessions were studied and results obtained are discussed

under the following heads.
5.1 Morphological characters

Morphological architecture of eight accessions revealed a significant

variation for different vegetative and reproductive characters.
5.1.1 Vegetative characters

There was no significant difference between mgle and female accessions
for the various stem characters studied. The maximum vine length was recorded
by Maharashtra with lowest angle of insertion of reproductive branch.

Among vegetative characters vine length, intemodd léngth, leaf area of
both vegetative and reproductive leaf and lfb ratio were found to be favouring
producﬁv‘ity. This was évideqt from the female accession Nﬁ-84-68, Viswam, and
Assam. NL-84-68 recorded the maximum internodal length, area for leaves of
vegetétivc.;,' and reproductive branch, which was manifested in the spike size. On
the o'ghef hand, Viswam recorded the minimum vine length, and area for leaves of
vegetative and reproductivé branch, I/b ratio for reproductive leaf and more
number of spikes per spike bearing branch. 'fhe'tWo accessions exhibited different

morphological characters cIearIy indicating their separate entity. Hence these
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morphological characters can be used to identify the varieties. Supporting
evidences were reported by Ram ef al (1996) and Reddy M.L.N (1996) in mint
and betel vine. Assam expressed a medium character between the two accessions
contributing better productivity. In generall the higher leaf area is contributed
through bigh length and breadth of leaf in all the accessions studied.

Significant difference exists for length, breadth and 1/b ratio for leaves on
vegetative and reproductive branches. In general, the vegetative branches had
large leaves with petidle' when compared to leaves of reproductive branches (Fig
2). Reproductive branches produced smaller leaves with lowéSt values for length,
breadth and rudimentary petiole clearly indicating morphological variation
between leaves on vegetative and reproductive branches. The Iﬁgher petiole length
in vegetative leaves provide better exposure of the leéf to sunlight and higher leaf
area contribute more photosyathetic rate which is useful f;)r production of more
reproductive branches and other vegetative structur'é:s at early stages of growth
favouring better yield. This was in agreement with the findings of Manuel (1994)
and Viswanathan (1995) in P. longum. The male and female accessions did not
differ significantly for the chgracters like leaf ared; length, breadth,.1/b réti(; of
leaves of vegetative and reproductive branches.

With respect to qualitative characters leaf lamina was cordate for leaves of
vegetative branch, whereas it was lanceolate for leaves of reproductive branch.
Lamina base was cordate for leaves of veéetative branch and unequally cordate
for reproductive leaf, which can be used as a diagnostic tool for identification of
vegetative and reproductive branches. All the accessions could be g_roup'é‘d' nto
two as even and wavy based on the leaf margins. Léaf pubescence and texture
remained the same for all accessions. Leaf ‘colour was dark green for all
accessions except Viswam, which had medium greén leaf of vegetative branch,
Since wide_ variation was not ébserved in different accessions for quz‘ilitativve
morpholo gic’gl characters like leaf pubescence, texture and colour these cannot be
used as a diagnostic tool for proper identification of long pepper accessions.
Earlier repoﬁs suggest that in ?eppér, betel vine, and curry leaf, characters like

leaf shape, margin, base, colour, can be used for identification of ﬂiﬁ‘erent
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Fig. 2 Comparison of leaf area of vegetative and reproductive branch
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accessions in these crops. (Kanakamony ef al, 1985; Sujatha. 1991; Devi ef
al, 1992; Lal. R. K, 2003)

5.1.2 Reproductive characters

All the accessions studied differ significantly for reproductive
characters like spike length, spike diameter, days to spike initiation, days to
maturity of spike, fresh weight of spike, dry weight of spike and percentage loss
in weight after drying. Length and diameter of spike determines the size of the
spike, which ultimately influences the yield. This is evident in the case of NL-84-
68, which produced longest spike with maximum diameter among female
accessions studied, and thereby maximum _fresh weight of spike even though the
spike number per spike bearing branch was not I;roxiﬁsing This is not true in the
case of male accessions though their spfkes are much longer compared to the .
female accessions (Fig 3.)

Number of spikes per spike bearing branch is an important yiéld
pa-rameter in pepper as suggested by Ibrahim ef al. (1985) and Sujatha and
Namboodiri (1995).- Observations revealed no signiﬁcaﬁt_diﬁ'erence between
accessions for this character, though maximum number was recorded by Assam
followed by Viswam.

Days to spike initiation is another important character, which expresses
the earliness of the crop. There was significant difference for this character
between male and female accessions. Male accessions took minimum days for
spike- initiation whereas female accession took maximuin days for it.‘_Among
female accessions NL—84-68 recorded maximum days for spike initiation whereas
Viswal.:n and Maharashtra recorded minimum days.

_ With reference to days to maturity it ranged from 62-69.6 days in
female accession, and 56 days in male accession. Generally male accessions
exhibited short growth duration for spikes compared to female accessions. The
late maturing female accessions were distinct in their growth habit also. Among

female accessions, NL-84-68 recorded maximum days of maturity with minimum
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Fig. 3 Comparison of spike length of male and female accessions
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spike number, whereas Kanjur, Assam and Viswam matured earlier than NL-84-
68, which was expressed through more number of spikes per spike bearing
branch. Earlier workers also reported the importance of early maturity in crop
improvement programme because of their significance associated with yield
(Singh et al., 1996).

Percentage loss in weight after drying based on fresh and dry weight is
also related to yield. In the present investigation minimum weight loss of 69.93
percent was observed in Viswam. Hence the lowest fresh weight recorded by this
accession is compensated.

The qualitative character of spike was specific for different sexes with
respect to orientation and colour. The orientation of spike was sub erect for
females whereas erect for male and colour was greenish black for female and
yellow for male accessions at maturity. At initial stages the colour of female spike

is creamy yellow and that of male is dark green.
5.2 Physiological parameters

Photosynthetic rate per unit of leaf area varies significantly (Fig 4).
Among female accession, Viswam recorded the highest photosynthetic rate with
lowest stomatal conductance and transpiration rate. These characters exhibit a
positive association with water use efficiency (Fig 5), which was calculated as
described by Rosenberg and Kriiger (1993). The same trend was observed in
female accessions, Assam and NL-84-68. Tﬁou_gh the other female accession,
Kanjur expressed high photosynthetic rate along with stomatal conductance and
transpiration rate, it could not express promising yiéld ‘characters. This may be
due to mofe vegetafive growth expressed by the accession and hence photo
assimilates are used for vegetative growth rather than yiéld attributes. Yoshida
(1972) had reported high rate of photosynthesis and its dssociation with higher
productivity. The three accessions Viswam, Assam and NL-84-68 were found
promising with respect to photosynthesis and WUE. These two characters are

important when long pepper is cultivated under irrigated conditions. The
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photosynthetic rate and associated parameters were found to differ in crops (Patel
et al., 2005).

53 Anatomical characters

Anatomical characters are used as markers for identification of species
(Menancherry, 1993; Sasikumar et al, 1999; Remashree et al., 2005). The main
anatomical difference couldt'be observed only in the nﬁmber of vascular bundles
in vegetative and reproductive stem and root of different accessions. Mucilage
canal was observed only in vegetative stem of female accessions viz Assam, NL-
84-68 and Viswam. All othé‘r anatomical features of stem were same for male and
female_ accessions. More number of vascular bundles and presence of mucilage
canal is an indicati(;n of better translocation of metabolites which intum enabled
for better growth and development. These two anatomical characters are well
expressed in the female accessions Assam, NL-84-68 and Viswam. Earlier work
. (Mithila ef a/, 2000)in betelvine supports this conclusion.

Root anatomy revealed \}ariaﬁon in number of vascular bundles for
female accession; Maharashtra and male accessions Odakkali and Nilambur. More
number was observed in these acceésions, w_hiph was reflected in their early spike
initiation. All the above observations are supportive of Haberlandt (1884).
Solereder (1908); Meicalfe and Chalk (1950); and-Menacherry (1993) also
reported va:iati-on in the number and mmi,"géments of bundles and mucilage canal

. as distinguishing anatomical criteria for classifying Piper sp.
54 Molecular characterization
54.1 RAPD Analysis

Morphological and biochemical markers though widely used for

characteristaion they are influenced by environmental factors. An efficient method
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to fingerprint the genotypes without the effect of environment is the use of
molecular markers.

Welsh and Mc Clelland in 1990 developed the RAPD technique which
detects mucleotide sequence polymorphism in DNA by using a single primer of
arbitrary nucleotide sequence. The RAPD technique is relatively simple and rapid
approach. The use of RAPD for assessment of variability in different crops had
been reported by several workers (Das et al, 2004; Darokar ef al, 2003; Philip ef
al, 2002).

5.4.1 Primer Screening and RAPD profiling

Random decamer primers from Operon Technologies USA were used-
for the present study. Many workers have reported the use of Operon primers for
their studies (Ra;'i et al, 2003; Harisankar ef al, 2002; Uma ef al, 2004). Twenty
random pﬁmers from different series were used. Of these five primers that
produced good amplification were selected for RAPD analysis. The presence of
16 unique RAPD markers and the absence of three unique markers obtained from
12 primers~made it possible for Chen ef al (2002) to discriminate 14 wild tea
germplasm collections. Shasany (1998) used twelve primers to distinguish the

vetiver genotypes.

Twenty six polymorphic bands were obtained from a total of 35
RAPD produced using five primers. The number of markers ranged from six to
ten for the different primers. The primer OPF-5 had specific bands for the male
accessions, Odakkali and Nilambur, Bane’j'ee et al (1999) also had reported male
sex associated RAPD markers for P. Jongum. Similar findings of sex linked
RAPD marker in Pistachio vera i'vas reported by Hormaza et al (1994).

54.2 Genetic analysis

The dendrogram constructed with the RAPD markers using the genetic

similarity indices divided the eight accessions into two major clusters (Fig 1.).
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The highest similarity of 85 percent was shared by the male accessions Odakkali
and Nilambur, which was evident by their morphological characters also.
Sanalkumar (2005) have reported the distinctness of Njavra rice genotypes from
check varieties using the morphological and molecular markers. Viswam and NL-
84-68, both shared similar values in their oil yield also were clustered together
with a similarity index of 82% between them. Assam and Pattambi though had
different morphological characters were grouped in one cluster, but has genetic
relations with the male cluster Odakkali and Nilambur, This indicates that all
these four accessions have a common ancestral origin. So also Maharashtra found
a place very distinct from the other seven accessions. This may be due to its
repeated cultivation in a different geographical area. A direct correlation of RAPD
p-z_'xtternvto morphological characters could not be established in the present study.
Royo and Itiosz (2004) observed in apple that the genetic relationships using
f{APD and isozyme showed little congruence with the morphological relationship.
A: variability of 15-49% between the eight accessions was revealed by the RAPD
analysis in P. longum. §.ir§ce variability exists between the accessions the superior

“Benotypes could be used for further breeding programmes,
55 Quality parameters

The quality of sﬁike depends on piperine and essential oil content. Both
these varied in different accession at different stages of spike maturity (Fig 6 &
7). However the maximum piperirie and oil yield wér"e obtained when the spikes
were harvested at 60-70 days'hlarurity and the yield declined thereafter. The
minimum decline of 21 per cent piperine was obtained in Viswam and the
maximum was observéd in Assam (30%). Das, et al (2003) also obtained a similar
result when-oil and oleoresin yield of mature, ripe and overripe fruits of P. chaba
were analysed. The female accessions Assam,l NL-84-68, and Viswam recorded
highest piperme content and oil content compared to other female accessions.
These findings agree with the report of Viswanathan (1995). Radhakrishnan et af
(2002) also have reported variation in piperine and oil content among the different
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varieties of pepper. The male spikes also yielded piperine and oil content though
the quantity was less when compared to female accessions. /n P. longum though
the quality components of female spikes were well explained (Atal ef al., 1975;
Narasimham, 2003) the quality aspects of male spikes are not yet reported. The
quality components were maximum at 55-60 days in male accessions depending

on their early maturity.

Based on different qualitative and visual characters of six female and two
male accessions studied, the female accessions NL-84-68, Assam and Viswam

were identified as accessions with desirable characters for crop improvement.
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6. SUMMARY

The present investigation entitled “Characterisation of long pepper (P.

longum L.) genotypes using morphological, anatomical and molecular markers”

was undertaken at the Department of Plant Breeding and Genetics, College of
Horticulture , Vellanikkara during the period 2003-2006. Six female and two male
accessions formed the material for the study and were subjected to morphological,

anatomical, and molecular characterization. The salient features could be

summatized as follows.

1.

The vegetative and reproductive branches showed marked morphological

difference in their leaf size, shape, and I/b ratio for male and female

accessions.

Vegetative branches had large leaves with petiole whereas leaves of

reproductive 'bragches were small having rudimentary petiole.

The I/b ratio of leaves of reproductive branches were higher compared to

Ieaves of vegetative branch.

The male z;nd female accessions did not differ significantly for the-
characters like leaf area length, breadth and I/b ratio of leaves produced by

vegetative and reproductive branch.

The spikes of male accessions were longer and slender, and turn yellow at

" maturity where as the female spikes were short, bold and greenish black

on maturity. At initial stages of growth distinct. colour difference exist
between male (green) and female spike (yellow).

The anatomical features of stem, leaf, root and spike of the male and
female accessions showed almost similar features. The difference was
noticed in the number of medullary and cortical bundles and the presence
and absence of mucilage canals.

The three female accessions, Assam, NL-84-68 and Viswam had mucilage
canals whereas it was absent in all other accessions.

The male and female spikes showed variation in their anatomy.
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9. The female accessions had higher photosynthetic rate compared to male
accessions and Viswam had the highest photosynthetic rate.

10. Doyle and Doyle method was found suitable for extracting good quality of
DNA.

11. Twenty primers were screened and five primers were selected for RAPD
analysis.

12. Based on the similarity values obtained for the eight accessions from the
RAPD profiles, they were grouped in to two major clusters.

13. The female accession, Maharashtra formed a separate cluster and all other
male and female accessions were grouped in another cluster. '

14. The male accessions Nilambur and Odakkali had the maximum (85 %)
similarity.

15. Among the female accessions, Viswam and NL-84-68 had the maximum
(82 %) similarity.

16. The eight accessions showed 15-49% ya.riz_lbility between them at the
molecular level.

17. The primer OPF 5 produced male specific bands.

18. The spikes were analysed for their quality on oil and piperine content to
derive the physiclogical maturity.

19. It was.found that all the accessions yielded maximum oil and piperine
content at 60-70 days maturity when thé‘ spikes were greenish black and
hard.

20. Among the female accessions, Viswam, NL-84-68 and Assam recorded
highest piperine and oil c;oritent.

21. Low amounts of piperine and oil were found in male spikes also.

22. Based on the study three female accesstons, Viswam, NL-84-68 and
Assam were found to be promising types and further breeding programmes

can be carried out in these accessions to improve their performance.
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APPENDIX I

Laboratory equipments used for the study

Spectrophotometer

Refrigerated centrifuge
Water purification system

Thermal cycler

Ice flaking machine

Gel documentation system

Spectronic Genesys -5,
Spectronic Instrument, USA

Kubota, Japan
Millipore, Germany

Peltier PTC 200,
MJ Research, USA

Ice matics

Biorad
Alpha Imagel



APPENDIX I1

a) Reagents for DNA isolation as per Doyle and Doyle (1987)

I. Extraction Buffer (4x) - 1litre
Sorbitol — 25.6 gm
Tris — 48 gm
EDTA disodium salt — 7.4 gm

IL. Lysis Buffer- 1litre
1 M Tris pH 8 - 200 ml
0.25 M EDTA - 200 ml
CTAB — 20 gm

IIL.TE Buffer
10 mM Tris (pH 8)
I mM EDTA (pH 8)

V. Iso-propanol
V. Chloroform: Isoamyl alcohol mixture (24:1, v/v)
V1. 5% Sarcosin

VII. Ethanol 100% and 70%



APPENDIX IIY
Reagents for agarose gel electrophoresis
[ Agarose

II. 50X TAE buffer
Tris Base - 242¢g
0.5M EDTA (pH 8) - 100ml

Glacial acetic acid - 57.1ml

I1I. Tracking dye (6X)
- Bromophenol blue 0.25 %
Xylene cyanol FF 0.25%
_Glycerol in water. 30%

[V. Ethidium bromide



APPENDIX 1V

Analysis of variance for various characters of the eight accessions

* Significant at 5% level
NS not significant

Character Degrees Mean sum F value
of of square
freedom
Vine length 7 81.475 2.996**
Angle of insertion of 7 5464.641 929 NS
Reproductive branch
Intemnodal length 7 10.792 13.659**
Petiole circumference 7 0.08 8.274**
Petiole length 7 16.975 12,189**
Vegetative leaf length 7 20.702 18.605**
Vegetative leaf width 7 12,727 15.174**
Vegetative leaf area 7 3124818 16.309**
Vegetative leaf I/b 7 0.032 2.443*
Reproductive leaf length 7 22192 58.504**
Reproductive leaf width 7 3.788 15.747**
Reproductive leaf area 7 407.749 42 889**
Reproductive leaf I/b 7 1428 | 12.961**
Number of days for T 2815.107 86.11%*
-|-Spike initiation
Number of days for 7 206.479 21.403***
.| Spike maturation
Spike number 7 . 2.136 2.901%*
Spike length 7 35.082 46.769**
| Spike diameter 7 5.373 12.538**
Fresh weight 7 1.549 40.921**
Dry weight 7 0.044 22.012**
Loss in weight after - 7 345.839 22.942%*
Rate of Photosynthesis 7 1549.9 27.0680**
Stomatal conductance - 7 0.048 20.2748**
Transpiration rate 7 20.242 22.9132%%
Piperine (%) (25-30 days) 7 1.26 131.28**
Piperine (%) (60-70 days) 7 - 10.575 308.34**
Piperine (%) (after 75 7. 5.532 67.09%*
days) : r
0il (%) (60-70 days) 7 1.028 22.96**
0il (%) (after days) 7 1.072 28.87**
**Significant at 1% level
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ABSTRACT

The present investigation entitled “Characterisation of long pepper (P.
longum L.) genotypes using morphological, anatomical and molecular markers
was undertaken at the Department of Plant Breeding and Genetics, College of
Horticulture ,Vellanikkara during the period 2003-2006. Six female and two male
accessions formed the material for the study and were subjected to morphological,

anatomical, and molecular characterization.

The accessions showed variation in the morphology of vegetative and
reproductive branches in leaf size, leaf shape and 1/b ratio. Vegetative branches
had large cordate leaves with petioles whereas reproductive branches had
lanceolate leaves with rudimentary petiole. The I/b ratio of leaves of reproductive
branches was higher compared to leaves of vegetative branch. The spikes of
females were sﬁort, bold and greenish black on maturity whereas it was long,
-slender and yellow in the case of males.-At early stages of spike growth, female

spikes were creamy yellow and male green in colour.

The stem, leaf, and root anatomy of the male and female accession showed
almost similar features. The difference was noticed in the number of medullary
and cortical bundies and the pr'eéence or absence of mucilage canals. Mucilage
canal was present only in the female accessions, Assam, NL-84-68 and Viswam.
The male and female spikes differ in their anatomical features.

The physiological parameters revealed higher photosynthetic rate for the
female accession, Viswam. The male accessions had lower photosynthetic rate

compared to female accessions.

RAPD analysis done on the eight accessions using five selected primers
revealed 15 to 49% variability among the accessions at the molecular level and the

primer OPF 5 produced male specific bands.



The female accessions yielded maximum piperine and oil content at 60 -70
days maturity when they were greenish black and hard. Among the female
‘accessions, Viswam, NL-84-68 and Assam recorded highest piperine and oil

content. Low amounts of piperine and oil were found in male spikes also.

Based on the study three female accessions, Viswam, NL-84-68 and
Assam were found to be promising types and further breeding programmes can be

carried out in these accessions to improve their performance.






