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INTRODUCTION



JNTRODUCTION

Black pepper, christened as the "King of Spices", is world’s
most important and most universally used spice. The source
of the spice 1is the dried mature fruits of the tropical

perennial climber, Piper pigrum L., native to the humid ever

green forests of the Malabar coast of India.

Black pepper is known to be in use for over 3000 years and
references to black pepper and long pepper are available 1in
the vedic literature. The ancient Ayurvedic texts of Charaka
and Susrutha, considered to be more than 2000 years old,
contained the medicinal uses of long pepper and black pepper.
Theophrastus, who lived in the fourth century A.D described
two kinds of peppers, the long and the black pepper. Pliny
in his travel accounts (ist century A.D) mentioned about the
black and long pepper trade in India. Black pepper was the
earliest article of commerce between India and the West. In
the middle ages, pepper was used as barter currency in place
of money. It was the lure of the spices that 1led to the
discovery of the sea route to India by Vaso-da—-Gama in 1498,
an event that changed the course of history of the Indian Sub
continent. With this Portugal secured the monopoly of spicés
trade. By 18th century, this monopoly passed on to Holland

and then to France and finally to England.



For centuries India was holding the MONOLoly  on the

production and export of black pepper, but in recent times

Malaysia, Indonesia and Brazil emerged as Qdmpetitors to

India in the production and trade of pepper. Presently, the
world production of black pepper 1s around 160, ggg tons, the
major producing countries being India, Malaysjag, Indonesia
and Brazil. The annual production in India is ayound AG , D00
tons, more than 95% of which comes from the Kerala State.
Black pepper plays an important role in the economy of the
country and earns about Rs. 25080 million worth of valuable

forelgn exchange annually.

Black pepper belongs to the genus Plper of the family
Piperaceae. The genus is distributed in Central America,
Northern South America and Southern Asia. This 13 a very
large genus and more than 3999 binomlals have been reported
under. the genus (Index Kewensis,‘1895—1970), many of which
could be duplicatlons. Taxonomically Piper is a very
difficult and confusing genus and no monographic study has so
far gone into it in the recent times. The genus includes 1n
addition to P.pilgrum, such important species as E.cubeba (the
tailed pepper), P.lonsum (long pepper) E-officinarum.
E.retrofactun and P.methvsticum (kawa). P.hetle (betle leaf)

is an important masticatory grown in many Asian countries.

The ever green forests of the Western Ghats of south India is

th black
considered +the centre of origin of P.nlarud- e



Pepper. From here it is presumed to have Spreaqg to Sri

Lanka, Thailand, Malaysia, Indonesia and Phillipjpes The

specles was under domestication in the Western coastal and

upland areas of South Western India comprising of ¢pe states

of Kerala and Karnataka, for many centuriles.

In spite of the immense economic importance of P.pjigrum,
practically very 1little is known about the botany of +the
species occurring in this region. The variability existing
in the cultivated and wild types of Piper nigrum and allied
taxa has never been studied critically. Such a study is an
essentlal pre—-requilsite not only to gaim insight 1into the
genus and 1ts interrelationships but also to chalk out
meaningful breeding strategles to evolve better yielding and

adapatable plant types.

The present work 1s an effort to study P.nigrum and its
allied taxa occurring in the Kerala reglon of +the Western
Ghats and adjolning areas. An integrated approach involving
morphology, chemistry and numerical methods is applied to
gain insight into the nature, variabllity and
interrelationships among black pepper cultivars and allied

taxa occurring ln the reglon.
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REVIEW OF LITERATURE

The Piperaceae is a large family containing over 3@gg or
more binomials falling mainly under the two maln genera
Piprer and Peperomia. The family 1s pantropical in
distribution, concentrated mainly in northern South
America, Central America and the South America amd +the
South Asia. From these regions the members have spread
1';0 many neighbouring areas giving the family the present

pantropic nature.

The taxonomic study of Plper started with the
publication of Jpecies Plantarum by Linnaeus (1753) in
which he recognised 17 specles in the family, all of
which were included in the genus Plper, the genus name
coined 1in memory of the American Natui'alist C.V.Piper.
The second genus in the family, Peperomia was introduced
in 1794 by Ruiz and Pavon. The family name Piperaceae
was first used by L.C. Rich in Humboldt, Bonpland and
kunth’s Nova Genera et Species Plantarum inm 1815
(Yuncker, 1958). In the years that followed a number of
additional genera, mostly segregates from PlpeX Were

described by Sprengel, Kunth, Miquel and others- Among



the early studies the important ones were those of .Ruiz
and Pavon (1798) on Flora of Peru and Chile; Humboldg+,
Bonpland and Kunth (1815) based on thelr collections
from South America, and that of Blume (1826) on East
Indian speciles. Kunth (1839) published an important
paper on 136 Latin American species mainly of Piver and
some segregate genera. However the first monographic
study was that of F.A.W. Miquel. His «glassic Svstema
Plperacearum (1843-44) included all the species known in
the family at that time. Miquel subdivided the family
into the two tribes Pipereae and Peperomeae, the former
consisted of 15 genera including 3P4 species and +the

latter 5 genera wlth 209 speciles.

In 1869 Casimir de Candolle monographed the famlly in
its entirety for the Prodromus. In this he recognised
slightly more than 1998 species in the two genera of
Plper and Peperomia. De Candolle continued to work on
Piperaceae till his death in 1918. The key to ‘the
family prepared by him was published in 1923
posthumously under the name “Plperacearum Clavis
Analyvtica”. In this work keys were provided for
something over 30@0 specles and varieties. William
Trelease continued +the studies on Piperaceae from where
De Candolle left. He made extensive collections of
American Piperaceae and these led to the revision of the
northern South America by Trealease and Yuncker (1959)-

It is thus evident that Miquel, De Candolle and Trelease



where almosf exclusively responsible for the systematics

of Piperaceae for more than a century.

During +the second half of the century renewed 1interest
were seen in the study of Piperaceae. Yuncker (19563)
published treatment of the family for Panama, Trinidad
and Tobago, Jamaica (1960) and for Netherlands Antilles
(1966). Burger has published monographs on the
Piperaceae of Costa Rica (1971) and Howard (1973)
studied the Piperaceae of Lesser Antilles. Recently
some defailed studies have been carried out on the
pedicillate Piper (Bornstelin, 1989) and on the climbing
species of New World Piper (Tebbs, 1888).

Taxonomic History of Indian Piper

The earliest record of the desriptions of Piper spp. of
Indian Subcontinent was by Van Rheede (1678) 1in his
Hortus Indicus Malabaricus, the first printed document
on the plants of Malabar coast of India. Here Rheede
has described five types of wild pepber. four of which
with 1illustrations. Linneaus included 17 species from
India in his Species Plantarum. Roxburgh (1832)
described seven specles of Plper from Indian Peninsula.
Miquel 1included seven wild species in his monograph on
Piper. Wight (1853) in his Icopnas Plantarum Indiae
Orientalis illustrated 16 species 15 of which were from

Indian Peninsula. DPe Candolle included 52 species from
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Indian Peninsula. De Candolle included 52 sPecies from



India in his moncographic work.

The first major study on the Indian Piver spp. was by
Hooker (1888) in his Flora of British India, in which he
pointed out the problems encountering in the floristice
study of Piper. He writes "Wallich’s Herbarium and the
diagnosis Iin Vahl®s “"Enpumeration™ and in Roxburgh's
Flora Indica form the basis of the work of the only two
authors who attempted the revision of the Indian species
namely Miquel and De Candelle™. Hooker pointed out that
Wallleh’s specimens are so mixed up; while Vahl’s
disgnosis is insufficient to identify +the plant he
means; and of Roxburgh’s only cne or twoe species are
recognisable. The only considerable collection made
since that of Walllich were Wlght’'s Penlnsular,
Griffith’s Transgangetic Indian, Thomson’s and Hooker’s
collections from Sikkim, Bengal and Khasia mountalns.
Wight’'s publications were based mainly on the
identification given by Miquel and to some extent that.
of Roxburgh’'s unpublished Icones. Griffith’s specimens
were hurriedly collected with no attempt to match the
sexes or +the flowering with +the fruiting specimens
(Hooker, 1886).

Hooker divided +the genus Piper into six sections as

follows (along with the species represented 1in South

India).



'Saction I Muldera. This section includes f£i.,¢ apecies.
The South Indilan representatives are P.gpleatum and

P.trichostachvon.

Section II Cubeba. Six species are included in this and

none of them occurs in Southern India.

Section III Chavica. Sixteen specles are included in
this section, the South Indian representatives being
P.longum, P.betle (cultivated species) P._hapnium and
P.brachvstachvum (syn. P.mullesua).

Sectlion IV Pseudo Chavica. Six species are included in

thls section, the representatives from South India being

P.Hookeri and P.schmidtii.

Section V Eupiper. Eleven species are included in +this

saection. The species reported from South India are
P.nlerum, P.attenuatum, P.hvmenophvllum, P.arsvroovhvllum
and P.wightil.

Section VI Heckeria includes Piper subpltata, now
included under the genus Heckeria (or Pothomormphe).

In his Flora, Hooker has also given a long 1list .of
undeterminable or doubtful species.

While writing on Piper Hooker pointed out that on the

spot study should be carried out by Jlocal botanilsts

with a view to matchilng the sexes, and the flowering and



fruiting speclmens to observe the transition from young
to old foliage and the effect of locality and climate on

the characters of each specimen.

Many reglonal floristic studies came out during the
first quarter of the present century. Cooke (19@6) in
his flora of the Presidency of Bombay reported
P.txrichostachyon, P-nigrum, P-hookeri and P.lopgum in
addition to the cultivated P.betle and the related genus
Pothomorphe subpeltata. Rama Rao in his Flowering
Plants of Travancore (1914) listed the following species
from Western Ghats: P.galeatunm, P.trichostachvon,
P.lopgum, P.brachvstachvum, P.hookeril, P.nlgrum,
P.svlvesirea, P.hymenophyllum, P.argyvrophvllum,
P.wightil, P.subpeltatum and P.longlcaule.

Fischer (1921) described six species from Anamalail
hills. Fyson (1932) in his Flora or Nilgiris and Pulney
hill +tops reported PE.brachvstachvum, P.schmidtii,
P.nigrum and P.wightii. Burkill (1923) included 13 spp.
in his Flora of Abhor Hills of North Eastern India;
while Kanjilal et al. (194@) in their Flora of Assam
Region reported three species. Bains (1803) described
eight species in his Flora of Bengal.

Duthie in the flora of Upper Gangetic Plains and the

adjacent Sivalik and Sub-Himalayan tracts published
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between 19903-1920 included P.longum, P.petle,
P.mullesua, P.naralense and P.nigrum. Haing (1924) in
his Botany of Blhar and Orissa reporteg P.longum,
P.pecpuloides, PE.chaba, P.attenuatum, P.Dlgyyy and the
cultivated specles of P.betle. The most guthoritative
floristic study of the Western Ghat was that of Gamble
who in hls Flora of the Presidency of Madrag (1925) has

included the following species along with +the keys.
P.galeatum, P.trichostachvon, E.longunm, P.hapnium,
P.brachyvstachvum, P.hookeri, E-hvmenorhvllum,
P.attenuatum, P.aravrovhyllum, P.schmidtii and
and P barbeti.
E.ngh&iit -~ After +the publication of Gamble’'s Flora
practically +there was no addition to the list of Piper
spp. from the Western Ghats and adjacent region. Much
later Rahiman (1981) found a new specles of
P.bababudanl, from the Bababudan Hills of Karmataka but
this species was not wvalidly published. He also
concluded from his study of the specles from Karnataka
"that P.hymenophvllum and P.hookeri are conspecific.
Recently Ravindran, Nair and Nair (1986) has reported

two new taxa from the Silent Valley forests of Kerala,

namely P.silentvallevensls and P.plserum var.
hirtellosum.

The other floristic enumerations of Piper SPP- Were

those of Santapau (1960), Parker (1924), ©Sharma and

Tiagi (1979), Saldanha and Nicholson (1976) F2° and Razi

(1961) and Rahiman (1981, 1987).

16
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Bqtanical studies on Piper are rather meagre inspite of
the great economic importance of the genus and its wide

distribution. The information available on various

aspects are fragmentary, the more important of these are

reviewed here.

The vascular organisation of the Piper has attracted the
attention of botanists from early times. The ano.#malous
structure of +the stem was studied by Karsten (1847),
Weins (1876), Debray (1886) Ironside (1911), Chibber
(1913), Johnson (1914), Hoffstadt (1916), Rousseau
(1927) Bond (1831) and Kaplan (1936, 1936). Later
Metcalfe and Chalk (1950) has also outlined the sallent
anatomical features of Piper spp. Goebel (1931)
described +the vegetative and flowering stems of Pilper
species and interpreted +the stipules as axillary.
Balfour (1957 and 1958) studied the vascular system of

seedlings and mature shoot apices of Macropiper

excelsum. He noticed +that there are two types of

meristems namely the central cauline meristem which

gives rise to +the midrib bundle and the medullary

bundles and the peripheral cauline meristem which gives

rise +to peripheral cauline bundles confined to one

internode only. Murty (1959) studied the vegetative

.subraubrispicum
anatomy of Piper betle, P.longum and P

11
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and reported similar anatomical features for all +three
species. The axis is sympodial, generally more than
five leaf traces are present which may or may not be of
the same size. Plper is exceptional in having only one
prophyll. He showed that the variation in +the number
and arrangement of bundles in the internode and the
behaviour of the mucilage canal are characteristically
different 1in different species thereby lending support
to the earlier findings of Solereder (1998) and Metcalfe
and Chalk (1950). Pal (1961) studied the origin and
development of the vascular system in the shoot apices
of six species of Plper. He has discussed +the nature
and origin of the medullary and peripheral vascular
bundles of Piper spp. from +thelr ontogenetic and

histogenetic stand point.

Datta and Dasgupta (1977a, 1977b, 1979) studled +the
vegetative anatomy of Plper and Peperomia. Based on
vascular anatomy these authors came to the conclusion
that P.gcubeba is more primitive +than other species
studied by them (P. betle, EI.brachvstachvum P.longum,
E.papalense, P.nlgrum and P.pedicellosum). They are
alsa. of opinion (1977b) that leaf anatomical characters

are useful distlinguishing characté% in the genus Plper.

Stomata in Piper was shown to be variable in nature but

usually reported to be of the tetracytic type,

12
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surrounded by a ring of usually four cells smaller +than

other epidermal cells (Pant and Banerji 1965; Dpatta

and
Dasgupta, 1977; Mohandas and Shaw, 1980). The
development was reported by these workers as

mesoperigenous or occassionally mesogenous in P.longum

and P.betle.

Datta and Dasgupta (1877c) also studied the root anatomy
of P.betle, P.cubeba, P.longum, P.magnificum and
P.nigrum. They found +that arrangement of vascular
bundles 1in the roots of Piper evolved from a central
core of +tracheary elements to a continuous ring of
radiating tracheary plates. The number of +tracheary
plates gradually increased in Piper, probably with the

migration from hills to moist low lands.

Tucker (1928a, b) studied the inflorescence development

and floral ontogeny of Piper aduncum, P.amalago and
P.marginatum. The flower of these specles has
tricarpellate, syncarpous gynoecium and 4-6 stamens.

The active apex of the splke produces bract primordia
and in its axil a floral apex 1is initiated, both are
initiated by periclinal divisions in cells of the
subsurface layer. The floral primordium widens and the
first palr of stamens are initiated at either side. The
median anterior stamens form first and the median

posterior later. The carpels arilse simultaneously, they

13



are soon elevated on a gynoecial ring by the growth of
the receptacle below the level of attachment of +the
carpel +to produce a syncarpous gynoecium. The floral
apex lastly produces the solitary basal ovule and is

used up in its formation.

Some confusion existed on the carpel number in Plper.
The carpel number was reported to be one (Baillon,
1872), two (Joshi, 1944) and +three (Johnson, 1902;
Eckardt, 1937; Murthy, 1959). The proponents of +the
tricarpellate gynoeclum support their argument on the
number of stigmas and or carpellary vascular bundles.
Tucker (1982) provided evidence for tricarpellary nature
from developmental studies. In Peperomia (Tucker, 1980)
developmental evidence supports the interpretation of
gynoecium as unicarpellate. Peperomia with its single
carpel and unitegmic ovule is generally thought to be
specialised +through reduction from Piper like ancestor
with three carpels and a tritegmic ovule (Tucker, 1982).
The gynoecium of Plper according to +this worker
initiates as three lobes, but develops as a cup shaped

syncarpous structure with three free styles.

Johnson (1992) reported that in P.medium and in
P.aduncum and also in two species of Heckeria, there was
only one primary archisporial cell and the embryosac
development was that of the “Lilium type™. The

meagaspore mother cell was found to form no tetrad of

14



meagaspores but as a result of +three free nuclear
divisions followed by cell formation gave rise to a 7T-
celled, 8-nucleate embryosac (currently designated as
the Adoxa type of embryosac). Later Johnson (191@)
studied the embryosac of P.hetel var.monoicum and found
the same type of embryosac development in this species
also. Fischer (1914) and Palyn (1915) investigated the
embryosac development in P.tuberculatum and
E.ﬁgbp¢laﬁg3um respectively and their results agreed
with those of Johnson. But later workers (Schnarf,
1936; Maheswari, 1937) suspected the "Adoxa type” of
embryosac in Piper and they based on the published
figures came +to the conclusion +that the embryosac
development followed the "Fritillaria type”. This was
later supported by Swamy (1944) in P.betel and Joshi
(1944) in P.lopngeunm.

Maugini (195@0) studied +the female gametophyte in
P.geniculatum and P.unguiculatum and interpreted the
development to be of “Euphorbia dulcis type"”,
characterised by triploidy in its chalazal half and that
the 8-nucleated gametophyte originated from the

secondary tetranucleated gametophyte.

15



Kanta (1962) has studied the embryology of P.nligrum.
She reported that the embryosac development conforms to
the "Fritillaria type”. The endosperm was reported +to
be nuclear and formed a +top shaped structure at
maturity. The behaviour of the pro-embryo was reported
to be variable so that the embryogeny did not fit into

any of the existing types.

Corner (1976) studied the structure of the Piper seed.
The seed 1s exarillate with coplous perisperm and
smaller endosperm. The +testa gets crushed during
development, teg*men distinct, round the endosperm at
the micropylar end. The perisperm fills most of +the
seed, the cells thin walled and filled with starch
grains and having many large oil cells. The outer and
inner integument is about 3 cells thick in P.longum and
3-5 cells in P.nigrum. The seeds of P.pnigrum are viable
(though the plant itself is commerclally propagated
through stem cuttings) and varying degrees of
germination were reported for  various cultivars
(Ravindran et al. 1987). The seeds germinate epigeally

in about 25-40 days.

Piper spp. are generally dioeclous, while a few are
bisexual (Ravindran, Nair and Nair - in Press). The

cultivated types of black pepper (P.pigrum) are

monoecious.

16



Cytology and Cvtogenetics

Cytological and cytogentical studies were very ineagre in
the genus Piper. The available studies were mostly
confined +to chromosome number determination of various
species. Contributions to the cytology of Piper were
made by Johnson (1992), Johansen (19831) Janaki Ammal
(1945), TJio (1948), Maugini (1951), Mathew (1958,
1972), Sharma and Battacharya (1959), Dasgupta and Datta
(1876), Jose and Sharma (19683, 1984, 1988), Rahiman
(1981), Bai and Subramonian (1985), Samuel (1986) and
Okada (1986). Only very few of these workers attempted
to study the chromosome morphology (Mathew 1972; Sharma
and Bhattacharya, 1959; Dasgupta and Datta (1976) and

Jose 1981, 1984, 1988).

The cytologically investigated South Indian species are
P.argyvrophyllum, P.attenuatum, P.galeatum,
P.hymenophyllum, P.longum, P.nlegrum, P.mullesus,

P.trichostachvon, P.schmidtii and P.wlghtii. Mathew
studlied (1958, 1972) elevan cultivated and six wild

P.pnigrum and found that in all the cultivated types the
somatic number was 2n=52, while in the Wild +types the
numbers were 2n=124. The chromosome length ranged <from
1.6 to 3.9 . Sharma and Bhattacharya (195%9) reported
2n = 48 in P.nigrum. Dasgupta and Datta (1976) reported

2n = 36 for P.pigrum collected from north eastern India

17



and 2n = 6@ for the south Indian specimens.

In P.longum Tjio (1948) observed a heteromorphic bivalent in
the somatic cells and 1interpreted the same as the sex
chromosomes. Mathew (1958) reported a hetermorphic bivalent
in the male plants of P.longum, which he has interpreted as X
and Y chromosome. He postulated that the male is XY and the
female XX.

The studies 1in general pointed to the existance of a
polyploid series in the genus. The reported chromosome
numbers include 2n = 24, 26, 36, 39, 40, 48, 52, 60, 64,
65, 68, 80, 96, 104, and 132. All the species studied
from South Indlia and Sri Lanka could be traced +to a
common basic number of x = 13, while the north Indian
species seems to have a baslc number of x = 12. It has
been suggested that x = 13 reported consistently for the
genus has to be taken as the valid basic number for the
genus and that +this probably might have arisen by
hybridisation of types with x = 6 and x = 7 (Mathew
1958). The species with 2n = 26 are then diploids, and
those with 2n = 52 may be considered tetrapliolde; the
2n = 104 types are octoploids. The highest number so
far reported is in P.mullesua (2n = 132) which may be a

decaploid.

Bai and Subramanian (1985) are of opinion that

P.galeatum (2n = 40) and P. betel (2n = 64) are

18



aneuploids, while P.attenuatum (2n = 36), P.longum (2n =
683) P. schmidtii (2n = 96), P.wightii (2n = 48)
P.mullesua (2n = 132) and P.hookeri (2n = 68) are higher

polyploids.

The lack of uniformity in chromosome number reports of
different workers indicates the existance of many
cytotypes in these taxa. For example, in the case of

P.longum the reported somatic chromosome numbers range

from 2n = 24 to 2n = 96.

Based on cytology Okada (1986) has suggested +three

evolutionary +trends in Piperaceae leading respectively
to Peperomia, Piper, Pothomorphe and Zippelia. He
suggested x = 11 as the basic number (seen in Peperomia)

from which +the aneuploid basic numbers of x = 13 of
Piper and Pothomorphe were derived, while x = 19 of

Zippelia had arisen by doubling of x = 11 followed by

aneuloid reduction.

Microsporogenesis was studied by Mathew (1958). Sharma

and Bhattacharya (1958) noticed meiotic abnormalities
and secondary association. Normal pairing and
occassional quadrivalent formation were reported by

Gregory and Martin (1962).

Pollen grain morphology of Piper were reported by
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Mitroiu (1979), Smith (1975) and Rahimgp, (1981).
Rahiman (1981) did not observe any noticeable variation
in pollen grain morphology of South Indian Species. The
pollen grains are small, subprolate, to prolate,
monosulate and measuring 8.6 - 9'6,P in diameter (polar

view).

Chemical Studies on Plper

Many detailed chemcilal studles have been carried out in

species such as Piper nigrum, PE.longum, P.betle,
P.methysticum etc. These studies were more lntensive in
the case of odour ;nd flavour components of black'
Pepper. In black pepper the pungency is contributed by
the presence of the alkaloid piperine 1in the fruit;
while +the flavour and aroma are due +to volatile oill
present. Because of its commercial importance extensive

studles have been carried out on the fiavour components.

The volatile oil of black pepper is mainly comprised of
monoterpene hydrocarbons together with smaller amount of
sesquiterpene hydrocarbons and oxyéenated compounds.
The oil of black pepper cobtained by steam distillation
is a pale greenish grey liquid which becomes Viscous on
standing. The odour is described as fresh dry-woody,
warm spicy and similar to that of black pePPEr corn
(Arctander, 196@). The volatile oil composition range

from 1-2.6% (Goldmeister and Hoffman, 1956)- In +the
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study of a large number of black PePPEr cultivars Raju,
Ravindran and Nair (1981) and Gopalam and Ravindran
(1987) reported much variations in €Ssential oil and
grouped the cultivars into high, medium and low quality
ones based on piperine, essential oil and oleoresin

contents.

The composition of +the volatile oils have been
investigated by many workers. The oil contains
monoterpene hydrocarbons such as camphene, A—-3 - carene,
p - cymene, limonene, myrcene; cis-ocimene,
d-phellandrene, f» - phellandrene, * - pinene, /3>~ Pinene,
etc. (Ikeda et al, 1962; Nigam and Handa, 1964; Lewis et

al 1969 b; Richard and Jennings, 1971; Russel and Else,

1973; Debrauwere and Verzele, 18976 etc. ). The
sesquiterpene hydrocarbons reported include <K - ecis-
bergamontene, /> -bisabolene, & —cadinene, /3 -

caryophyllene, A - cubebene, ar-curcumene, /3 -farnasene
etc. (Muller et al 1968; Lewis et al 1969 b; Richard et
al 1871; Richard 1972; Debruwere and Verzele, 1976).

The oxygenated monoterpenes reported include borneol,

camphor, carveol, i-r-cineole, P-cymene—- 8-o01, linalol
etc. (Debruwere and Verzele, 1976; Russel and Jennings,
1969 etc). Phenyl esters include eugencl, methyl,

eugenol, myristicin and safrole (Russel and Jennings,
197@; Richard and Jennings, 1971). In adddition to +the
above components many miscellaneous compounds were also

met with in the olil of P.nigrum - such as butyric acid,
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benzoic acid, methyl heptanoate, 2-undecane, piperonal
etc (Debrauwere and Verzele, 1975),. The flavour,
quality and profile aspects were discussed by

Govindrajan and Narasimhan (1989).
Altogether more than 150 chemical constituents have been
isolated and identified in pepper oil (Purseglove et al

1981).

In addition to the volatile oil components, a large

number of chemical compounds were isolated from
different Piper Species. These compounds include
hydrocarbons and +thelr derivatives, phenylpropides,

lignans, flavones, isobutylamides, alkaloids and various

other miscellaneous compounds. The chemistry of Indian
Piper has been reviewed by Atal, Dhar amnd Singh (1975)

and recently by Sengupta and Ray (1987).

Hydrocarbons and their derivates:

Gokhale, Phanikar and Bhide (1948) isolated undecyl - 3,
4-methylenedioxy benzene from P.nigrum from the steam

distilled residue of ether extract. Pipataline was

isolated from the fruits of P.peepuloides by Atal, Dhar
and Pelter (1969). Synthesis of Pipataline was achieved
by Yoshimosi et al (1969) and the compound was reported

to be a catechol melanin pPrecursor.
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Triacontane and its corresponding alcholol,
triacontanocl, two unsaturated aliphatic compounds widely
distributed in plants have been isolated from Piper
hookeri and P.brachvstachvum (Singh, and Atal, 1969)
Caryophyllene oxide was also isolated Ffrom +the Same

species (Thappa et al, 197@).

Phenyl propides:
Apiole has been isoclated from P.brachvstachyum (Singh et
al 1969 b). Phenyl ethanol benzoate was obtained from

the leaves of P.hookeri (Singh and Atal, 1969 a).

Lignans:

Sesamin, originally obtained from Sesamum indicum
(Pedaliaceae) has been isolated from +the stems and
fruits of P.longum by chromatography over alumina (Atal,
Dhar and Girotra, 1966). + - diaeudesmin, the first
naturally occurring diaxlally substituted lignan was
obtained from the fruits of P.peepuloides by
chromatographw of the petroleum ether extract (Atal,
Dhar and Pelter, 1967). Cubebin was isolated from the
unripe fruits of P.cubeba (Gildmeister and Hoffman,
1956). Gottlieb et al (1989) reported mneolignans in

various members of Piperaceae.

Flavones:

5 - hydroxy — 3 - 4 - 7 - trimethoxyflavone WwWas isolated
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from P peepuloldes by Dhar, Atal and Pelter (1979). 5
hydroxy - 4 - 7 - dimethoxyflavone was 3zlso isolated
from peepuleoides by the same authors. Flavones were

reported by Gottlieb et al (1989)vin various members of

Piperaceae.

Isobutylamides

N - isobutyl - deca - trans — 2 - trans - 4 - dienamlde
was 1isolated from P.longum and P.peepuloides (Dhar and
Atal, 1967). This compound causes profound salivation

and numbness of the tongue. Atal and colleagues found
this to possess in yitro and in yivo antitubercular
activity (Atal, Dhar and Singh, 1975). Piper.
longuminline was l1solated by Chatterjee and Dutta (1966)
from the roots of P.longum. Twenty isobutylamides had

been isolated from different Piper spp. during the last

two decades (Sengupta and Roy, 1987) P.longum and
P.trichostachyon were the two South Indian species from

which these compounds were reported.

Alkaloids:

Piper is rich in alkaloids. The important economic use
of black pepper is due to the presence of the piperine
alkaloid +that contributes +to the pungency of black
Pepper. Other important alkaloids reported include
piperitine, trichostachine, peepuloidin, trichonine etec.
Piperine, +the pungent alkaloid, occurs in E.nigrum,

P.chaba, P.longum, P.retrofactum etc (Atal and Banga
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1962, 1963; Guest, Smith and Chapman, 1963; Mishra and

Tiwari, 1964).

Cther compounds;

In addition +to the compounds mentioned many other
compounds have been reported by various workers (Singh
and Atal, 1969; Singh, Dhér and Atal, 1969; 1979; 1971;

Sengupta and Ray, 1987; Gottlieb et al 1989 etc.).

Taxonomic position, evolutionary trends and affinities:

Benthem and Hooker (188Q; 1883) included Piperaceaec in
the Sub class Monochlamydeae in the series Microembryeae
along with families such as Chloranthaceae,
Myristicaeeae and Monimiaceae. Engler and Prantl (1875).
considered Piperales +to be among the most primitive
flowering plants and they placed this at the beginning
of the series. Rendle (1925) believed them to be
related to Polygoniales (segregated from the
Caryophyllales) because he thought the Iflower +to be
fundamentally 3-merous. It is to be noted that in Dboth
Piperales and Polygonials the ovule is

characteristically solitary and orthotropus.

The genus Piper show extreme reduction of floral

u
characters. Piper is closely related to Sarurus and
also to Chloranthus and all the three show common

characters such as achlamydous flower, 1l—ce lled, 1-

25



26

ovuled ovary, sessile stigma, orthotXopous ovule and
albuminous seed. (Lemount and Decaren®s 6 1976; ﬁeywood,
1978). All are regarded as silmplification of
Magnoliales, Laurales or Ranales. But pone of these
orders display the primitive vegetative evolution from
Pachycaul to leptocaul which with a primjitively vascular
system 1s found in Piper (Cormer, 1976). Piperales
emerge as an order distinguished by the xretention of the
perisperm (Corner, 1876) and the loss of the testa.
Saururaceae and Piperaceae are the specialised relics,
with Plper yet emerging from the Pachycaul stage.
Corner (1976) goes on to say +that Piperals become
another phyletic line the origin of which is lost, but
which seems to have led primitively to the parasitism of
Rafflesiaceae and Santalaceae. Lawrence also opined
"contrary to the views of Engler and Remdle, it is now
held generally that the family while is of undeterminate
origin is not one of the most primi£ive dicots, but
pProbably is an independent and terminal off-shoot of
direct Ranalian ancestry” a view supported by Hallier

(1912), Bessy (1915) and Hutchinson (1928) -

Phytogeographical distribution shows +that Piper and
Peperomia have probably originated in tropical America
at a comparatively high altitude and dry condition.
Peperomia thrived later on drier and higher #Andes zones,
Piper in comparatively lower and damper Brazil and later

spread +to part of Asia and other region= (Dutta and

26



27

Dasgupta, 1977). These authors weére zi1so of opinion
that evolution of Piper and Peperomia were related to
adaptation with two different conditions, Piper adapted
gradually with +the damper and lower lands with
elaboration of +the vascular arrangements; Peperomia
evolved in drier and higher lands which required,
reduction of bundle surfaces or surface volume ratio, a

xerophytic adaptation (Dutta and Dasgupta, 1977).

Uses of Piper

India has long been known as the land of spices. Spices
played an important role in the life and rituals of
Indlian people. Of all the spices produced and exported
from India, black pepper occupies the most prominent
position and 1is often referred to as the "King of

Spices”™, and as the "black gold™.

Blacl . i ] .

The most widespread use of black pepper 1is in cookery as
a spice; it is in fact the most widely used spice. It
is often used three times in the same dish before food
is eaten; first in the kitchen as an ingredient in the
dish; second to correct or improve the overall seasoning
during cooking; and thirdly at the dinpinsg table to add
more spice and flavour to the prepared dishes. Both

white pepper and black pepper are used in the same way
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in the foods. They are used whole, cracked, coarsely
ground or finely ground (Anon, 1981). Green pepper is
also used 1in a number of dishes in the households in
Kerala. Piperine, the pungent alkaloid of black pepper,
has been used to lmpart a pungent taste to brandy. The
oil of pepper is a valuable adjunct in the flavouring of
sausages, canned meats, soups, table sauces, and certain

beverages and liquors. (Lewis [980 )

Black pepper in indlegenous medicine: -

P.pigrum and P.lopeum (black pepper and long pepper) are
extensively used in the lndegenous systems of medicines
known as Ayurveda and Unani. Ayurvedic texts written in
Sanskrit such as Dhanwantarl pnighantu, Raljanlghantu,
Bhavaprakasha etc. give the usage of black pepper, known
as "Maricha"” 1n sanskrit. According to +these, black
pepper is considered "pungent, bitter, hot light, sharp,
dry corosive, sweet smellish and éermicidal". It
increases the digestive power, gives relish for the food
and augments "pitha”. It emaciates the body and is not

an aphrodisiac. On digestion it is pungent generally.

It cures cough, dyspnoea, cardlac diseases, collc,
worms, diabetes, piles, and almost all diseases caused
by Vatha" (rhutamism) and "kapha” (phlegm) (Warrier,

1988).
Dey (198@) in his book on Indian medicinal plants used
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in Ayurvedic preparations state that black pepper is
"alexipharﬁic, alternative, antiperodic, carminative,
digestive, diuretic, emmenagogue, resolvent, rubifacint,
stimulent and stomachic; 1indicated in arthritic
diseases, black fever, cough and cold, dysentry,
malarial and intermittent fever, indigestion, hiccough
and hysteria; stimulent +to cholera, stomachic in
dyspepsia, and flatulence”. Useful in relaxed +throat,
piles and skin diseases, tonic to uterine masculation

after dellvery and promote the secretion of bile.

According to the Unani system of medicine black pepper
is useful in tooth ache, inflammation, pains in the
liver and of musceles, diseases of the spleen,
leucoderma, lumbago, chronic. fevers, paralysis,

facilitates menstration, and dries the humors of <the

body (KEirtikar and Basu, 1933).

Blapk pepper 1is essential ingredient in many indigenou
(Ayurvedic) medicinal preparations such as: Sethajwarari
Kashayam (for treatment of different varieties of
intermittant fevers) Marichadi thailam (for rhinities,
or Coryza for external use) Jeerakadi Kashayam (for
intermittant fever), Vilangadl Kashayam (for worms)
Nayanamritha varthy (for use in eye diseases), Ramabana

gulika (or Sarvajwara vinasini for fevers) etc.

29



30

In modern western medicine black Pepper is no more used

except perhaps indirectly as an ingredient of some

! combined
prepafltions .

Other Uses

The oleresin of pepper |has bacteriostatic and

fungistatic properties. The oleoresin at ©.5% inhibits

the growth of Micrococeus pyrogenes wvar. aureus and
Aspergillus yersicolor. Pepper oleoresin in
concentrations of @.1% or less lowered +the phagocytic
activity of leucocytes. ILIxtracts of pepper are found to
have a hypercoagulative effect 1in wvitro; +they lessen
clotting time by accelerating the +thrombin activation

and lowering the heparin level in clotting systems.

Pepper retards the development of rancedity in oil and
fats, frozen ground pork, beaf and lard. This activity

has been attributed to the presencé of tocopherols in

the oleoresin.

Piperine was formerly official in U.S.P; but it has no

marked physiological action and is no longer used in

medicine.

Black pepper has been reported to have oral and contact

against stored food products insects (Lathrop

1978). Scott and

toxicity

and Scierstead, 1946; Su, 1977;
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Mckibben (1978) showed that ground Pepper and 1its
extracts were highly toxic when. they were applied

topically to 3-5 day o0ld insects. The 24 hour LDgg
value was reported as 9.6 g/insect. Crude extract of
black pepper gave 1¢9% killing of boll worms at a dosage
of 27.@ g/insect and above. The toxicity was attributed
to the presence of piperine in black pepper. " Su  and
Horvat (1981) isolated three substances from black
pepper which exhibited toxic effects to insects. These
were 1isobutyl analogs of piperine with varying alkyl
side chains of peepuloidin, guinensine and pipericide.

Of these guinensine is the most toxic to insects

(Govindarajan, 1981).

Pharamacological properties of pPiperine were
investigated by many workers, and was shown to have CHNS
depressant action (Shin and Woo, 1989, Pei, 13983). A
detailed study by Lee, Shin and Woo (1984) had shown
that piperine has CNS depresant activity characterised
by muscle relaxant activity in mice, antipyretic
activity in typhoid vaccinated rabbits; analgesic

activity in mice and anti inflammatory activity in the

case of induced edema in rats.

0il of pepper is used in perfumery particularly in

bouguets of +the oriental type to which it imparts a

spicy note, difficult to identify.
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Uses of_ other Species of Piper
P.longum

P.longum 1is the source of the long pepper of commerce.

Known as "Pipali” in Sanskrit, long pepper is an
important medicinal plant in Ayurveda. The root-known
as plpalamool is pungent, stomachic, laxative,

antihelminthic, carminative, improves appetite, useful

in bronchitis, abdominal pains, diseasesg of the spleen,

ascites, and causes bilousness. The dried unripe fruit
(pipali). is pungent, spicey cooling, stomachic,
aphrodisiac, alternative, laxative, antidiarrhoeic,

antidysentric, wuseful in “"Vata“ (rhumatism) and "Kapha”
(phlegm), asthma, brochitis, abdominal complaints,
fevers, leucoderma, diseases of the spleen etc. In the
Unani medicine the root of long pepper is used 1in the
plasy, gout and lumbago; the fruit 1in cases of
inflammation of the lilver, pains in the Joints, lumbago,

snake-bite, scorpion bite and night blindness (Kirtikar

and Basu, 1933).

P.attenuatum root macerated in water 1s an excellent
diuretic (Chopra, Nayar and Chopra, 1956). P.Chaba is
used in place of P.longum 1n coughs, cold and
haemorrhoidal afflictions. P.gubeba oil 1is wused in
gonorrochoea and

gastro-urinary diseases like cystitis,

gout (Chopra, Nayar and Chopra, 1956).
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P.betle 1s extensively used in India, Bangladesh and in

many other South Asian countries as a masticatory, for
chewing together with arecanut and lime. The trading in
P.betle leaves is a T@@ crore industry in India. It is
used in the indigenous system of medicine and is used in
improving appetite, as a tonic to the brain, heart and
liver; and also +to relieve cerebral congestion,
satyriasis, and for afflictions of the eye. Apart from
the above many wild relatives are used in +tribal

medicines by the tribal people.
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CHAPTER 111

MATERTALS AND METHODS

For the present study 44 cultivars of black pepper.

\2
(B.nigrum) and,¥1 related taxa were used. Seven lines
of wild P.nigrum were also included in the study. The

cultivars were collected from the cultivators gardens
and the wild taxa from the various forest areas of
Western Ghats and +they were grown in +the germplasm
conservatory of the National Research Centre for Spices
(NRCS}) farm at Peruvannamuzhi, Calicut District, Kerala.
All the species included in the study are available at
the HNRCS herbarium. Duplicates will be deposited at
the Herbarium of the Botanical Survey of India, Southern

circle, Coimbatore in due course.

Survey and collection of Piper spp. were carried out in

the Western Ghat forests, mainly from the Kerala region

and adjoining arcas. Some of these areas were surveyed
more than once +to collect flowering and fruiting
specimens for +taxonomic study and for harbarium.

Necessary field notes were also prepared during ‘the

survey. Runner shoots were collected for planting and

establishment in the nursery. Fruiting and flowering

shoots were collected for herbarium preparation. Spikes

were preserved in fixatives (FAA) for microscopic study.
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Field observations, herbarium sPecimens and fixed
materials were all used in the taxonomic study of Piper
spp.  Piper specimens available in the nearby Herbaria

were also utilised for the study. Specially useful were
the herbarium of the Botanical Survey of India, Southern

Circle, Coimbatore (MH). MH has the largest collection

of OSouth Indian species of Piper. It has specimens
collected by Hooker, Wight, Barber and Gamble. Table

IIT.1 gives the taxa used in the present study.

The cultivars of black pepper were collected through
surveys 1in various pepper growing areas. These were
pPlanted in +the experimental farm of +the NRCS at
Peruvannamuzhi in a germplasm conservatory, which
incidentally 1is the largest germplasm collection of
black pepper in the world. All the observations used in
the study were recorded from the vines growing at this
conservatory. Table 111.2 gives +the black pPepper

cultivars used in the present study.

Morphological Studies

Leaf anatomical characters were studied from cross

sections stained in safranine in the conventional way

from five leaves and from each leaf two Sections were

used for recording data. Five readings from each

section were recorded and the data used in all analysis

were mean of fifty mcasurcmcnts.
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Table 111.1 : Piper spp. used in the Present study

Species Code HNo.

Species

0 =N @t e W N

[ia]

11

12

13

14

15

16

17

18

19

20

longum

W ®w /®™® T W K " "™

wightii

nigrum

nigrum

P.
P.
P.
P. nigrum
P. nigrum
P. nigrum
P. nigrum
P. nigrum

P. nigrum

galeatyum

mullesua

attenuatum

argyrophyllum

hymenophyl lum

schmidtii

silentvalleyensis

trichostachyon

(1)
(2)
(3)
(4)
(5)
(6)
(7)

var.

hirtellosum.

P. sugandhi

P. sugandhi var.
leiospicata



Table 1I11.2

Cultivar Cultivar name

code No
1 Aimpiriyan
P Arakkulam munda
3 Arimulaku
1 Balancotta
5 Bilimalligesara
6 Cheriyvakaniakkadan
7 Cheppukulamundi
8 Cholamundi
9 Jeerakamundi
19 Karimunda
11 Kaniakkadan
12 Karivilanchy
13 Karimkotta
14 Kalluvally (1)
15 Kalluvally (2)
16 Kallubalancotta
17 Kottanadan
18 Kuching
19 Kuriyalmundi
20 Kuthiravally
21 Kurimalai
22 Malamundi
23 Mundi
24 Narayakkodi
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26
27
28
29
30
31
32
33
34
35
36
37
39
39
49
41
42
43
44
45
46
47
48
49
50
51

3

Neelamundi
Nedumchola
Neyyattinkaramundi
Ottaplackal (1)
Panniyur I
Perambramunda
Perumkodi
Poonjaranmunda
Sagar Local
Thevanmundi
Thommankodi
Thulamundi
Udakkere
Uthirankotta

Vadakkan
Valiakaniakkadan
Vattamundi
Vellanamban
Velliyaranmunda
Vokkalu
nigrum wild (Acc. 2077)
nigrum wild (Acc. 2071)

nigrum wild (Acc. 2009)

nigrum wild (Acc. 2@6%9)

P
P
P
P. nigrum wild (Acc. 2@59)
P
P. nigrum wild (Acc. 2015)
P

nigrum wild (Acc. 2062)
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Stomatal chdracters were carried out from isolated lower
epidermal peels. Tor this small bits from the middle
portion of the leaf were cut and kept in 40% nitric
acid and boiled over spirit lamp flame. The epidermis
got separated. These were then washed in water,
neutralised 1in 18% alkali, washed again and stained in
safranine and mounted in glycerol. For stomatal
measurements mean of one hundred stomata from five
epidermal peels taken from five leaves were measured in
an Olympus research microscope using a micrometer
eyepiece. Otomatal frequency was taken from one hundred
microscope fields under the high power of the microscope

and mean calculated.

The stomatal ontogeny was studied in the representative
genera, P.nigrum and P.longum. TFor this epidermal peels
from leaves of varying developmental stages were taken,
stained in haematoxylin and studied under the high power

and oil immersion of an Olympus microscope.

FFor general lgnatomx,materials were brocessed in the
conventional way for microtomy. Sections were cut at
18 M and stained in safranine-fast green-or safranine-
fastgreen-orange G. Both free hand and mocrotome
sections were used in the present study. Fhototgraphs
were taken using an Olympus 35mm camera fitted with an

exposure meter.
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The anatomical studies were limited to the type species

and compared with the representative wild taxa.

Chemical studies on Piper: Extraction of triterpenoids,

steroids and flavonoids.

The leaves collected from the various pepper cultivars
and wild taxa were dried in shade, cut into small pieces
and powdered using mortar and pestle. Ten grams of the
leaf powder taken in a conical flask was first extracted
with petroleum ether (60-89) for 48 hrs at roonl
temperature. The extract was removed, fresh petroleum
ether was added and then the flask was fitted with a
reflux condenser and heated over a water bath and the
extraction continued for one hour. The hot petroleum
ether 1is decanted off, mixed with the earlier extract
and concentrated under vacuum and the concentrated
extract was wused' for the study of pertoleum ether

soluble compounds using TLC.

The leaf sample after extraction with petroleum ether
was then extracted first with pure methanol for 48 hours
at room temperature and then with 80:20 methanol-water
for 24 hours. After this the flasks were refluxed over
a water bath for ome hour. Then the flasks were cooled,
the extract decanted and mixed with the earlier methanol
extract and filtered through coarse filter paper %o

remove suspended impurities. In order to remove fatty
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materials and chlorophyll, the extract was refluxed with
benzene for one hour and then separated in a
separating funnel. The lower portion was separated,
washed with hot benzene and again separated in a
separating funnel. The lower brown portion was drained
off, concentrated in vacuum and used for the analysis of

flavonoids by paper chromatography.

Chromatographic analysis of petroleum ether extract

The concentrated petrocleum ether extracts from the
various varieties and species were amnalysed by +thin
layer chromatography (TLC) using sillca gel-G (E.Merck),
following the method of Harborne (1973). Unidirectional
separation was used as only a few spots were presenc.
The solvent used was benzene-ethyl acetate (3:1). All
analyses were carrried out in this solvent system using
standard size plates (20x20cm) and the thickness of +the
silica gel coating was kept uniform at ©.2 mnm. The
silica gel plates were activated by heating at 120°C in
an oven for 39 minutes. A small volume of the petroleum
ether extract (100/“1) was applied with a micropipette
on the plate approximately 2.0 cm above the bottom edge
of the plate using a spotting guide. The plates were
developed in TLC glass +tanks using the solvent
mentioned. The solvent was allowed to move a distance
of 15 cm from the spot. After the rum, the plates were

dried in air and then sprayed with 20% sulphuric acid
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and heated at 80°C for about thirty MY n gt "
es. Three

replications were used in each case agg all ‘Lh ni
. the atl
values presented are mean of three eading [

1S . n

addition of the Rf, the spot colours were Also recorded

The steriod compound present in Piper wag analysed by

co—chromatography with authentic phytosterols

Analysis of methanol exiract
The wethanol extract was analysed using paper

chromatography following standard pProcedures (Mabry,
Markham and Thomas, 1976; Markham, 1982). Paper
chromatography was carried out 1in a chromatographic
cabinet wusing Whataman 3mm paper (56 x 48 mm). About
2100 /LL-]. of the methanolic extract was loaded on the
paper, and the paper after spotting developed
descendingly using T~butanol: acetic acid: water mixture
in the ratio 6:1:3. The running time was around 18 hrs
at the ambiant  termperature of 30 * 2°c.
Unidirectional separation was used in all caSes as the
spot numbers were less and good separation Wwas obtained,
in the solvent system employed. The: solvent was allowed
to run down to a distance of 45cms. Then the papers

. . . i ng uv
were removed, dried in air and viewed under long

light (366 nm). The chromatograms were Sxposed To

. . Aluminiuwn
ammonia +vapours and also sprayed with 1%

. licate and
chloride. Tha analysis was carried out 17 dup

T ams.
the Rf values given are mean of two chrolﬂatog
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e . - .
I'wo dimensional chromai: ; .
a2tograms were used for Separatlng

the flavonoids of some Piper species in order tg got

a
better picture of the flavonoid composition. The gpois
were marked by viewing in uv light and they were j ter

cut out and"eluted in chromatographic grade methano] zng
used for recording the uv absorption maxima. The
absorption profiles were recorded in a Beckman uv
spectrophotometer. The shifts in absorption maxima were
recorded after the addition of 1% NaOH and 1% AlClg,.
All chemicals used in present study were of analytical

grade, chromatographic grade chemicals were used as

solvents.
The chromatographic spot patterns were used for
computing paired affinity indices (PAI). The PAI

between A and B was calculated as:

Total No. of spots in A and B

Where A and B stand for two collectioms. pal is a

measure of chemical affinity between any two taxad-

Numerical Taxonomic Studies
. . . . .in the
Numerical Taxonomic studies were carried out us?t B

L 51
data on morphological characters collected from
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P.nigrum collections (51 OTU s) and from 13 related

Piper ltaxa. Tables 1I1.3 and 11I.4 give the characters

and their states used in the case of blacy pepper and

Piper spp. respectively.

Three different analysis were carried out.

Cluster
analysis-average linkage - was used for grouping +the
characters. Centroid linkage was used for grouping the
cultivars as well as the Piper taxa (OTU s). Facltor

analysis (Principal component analysis) was used to
study the role played by various characters in +1he
cultivar or species differentiation. The melthodology
used for the average linkage analysis was +thalt of
Hartigan (1981). The centroid - linkage analysis was
based on the method explained by Engleman (1981) and
that +the factor analysis was based on ‘the technique
outlined by Frane and Hill (1976) and Frane)Jenrich and

Sampson (1981).

The computer analysis was carried out at the computer
centre of the Carnegie - Mellon University, Pittsburgi,
USA. The programme package known as BMDP-8l was nade

use of in the analysis. This programm® package was

originally developed by the pepartment of

Biomathematics, University of California, Los Angeles

and adapted for use in Fortran by the Pittsburgh

Computer Centre, Pittsburgh, Pennsylvania, USA. The
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in the

study of black pepper (L. nigrum)

Character Code No.

Character and its state

> LW N

~l oW,

10
11
12
13
14

16

17

18

19

20

22

Leaf length (in mm)

Leaf breadth (in mm)

Leaf length / Leaf breadth
Leaf size.index (L.L x L.B /
190)

Leaf thickness (in mm)

Lower epidermal thickness (in
mm )

Upper epidermal thickness (in
mm ) W o
Mesophyll thickness (per mm%)
Stomatal frequency (per mm<)
Guard cell length (in mm) 7,
Guard cell breadth (in mm)?
Spike length (in mm) ’
Peduncle length (in owm)

L.L - Spike length relation
(L.L / Sp.L)

Leaf shape (of lateral
branch)

1: ovate 2: cordate

J: ovate-elliptic

4: ovate-lanceolale

Leaf base 1: round

2: cordate 3: acute (even
slightly obliguely placed)
Leaf margin

1: even 2: wavy

Leaf shape (of orthotropic
shoot)

1: ovate 2: cordate

Fruit shape 1: xound

2: oblong 3: obovate

Fruilt size

1: bold 2: medium 3: small
Colour of the¢fmerging shoot
(runner)

1: purple 2: whitish green
Spike shape 1: straight

2: curved (or twisted)
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Character
Code number

Details of characlters

—

G e N

19
11

12

13

14

16

17

18

18

——
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Characters and their states used in the
study of Piper spp.

Leaf lenglh in mm

Leaf breadth in mm

Leaf length / Leaf bieadth
Leaf size index

Petiole length in mm

Spike length in mm
Peduncle length in mm

Leaf length / Spike length
Stomatal density per n@é?/
Guard cell length in mm

Guard cell breadth inm mm

Distance from leaf base to
the 2nd pair of ribs

Number of ribs

Leaf shape (1: ovate to
ovate—elliptic; 2: coxdate;

3: ovate-lanceolate; 4: elliptic

to elliptic-lancecialbe)

Leaf base (1: round; 2:

cordate; 3: acute 1o attenuate

Leaf texture ( 1: ({}abrous;
2: Sparsely hairy mainly on
the veins; 3: hirsute)

Leaf nature (1: membraneous,
2: coriaceous)

Spike shape (1: filiform; 2:

ceylindrical; 3: glebose)

Spike orientation (1:
pendulous; 2: erect)



20

22

23

24

26

27

28

29

30

Sopike texture (1: glabroﬁs;
2. hirtellous)

Bract type (1: sessile,
adnate to rachis; 2:
Stalked, pelatate, orbicular;

3: cupulaar with decurrent base;
4: Tleshy, connate, cup-like;

5: oblong, angular and free

all around)

Stamen number (1l:two; 2: three or
four)

Fruit nature (1: free; 2: fused)
Fruit shape (1: ovate-oblong; 2:
spherical

Jd: elliptical 4: obovate)

IFruit colour change on ripening

(1: green
to orange and red; 2: green to
vellow; 3:

eErcen to black)

IFruit taste (1: pungent; 2: Spicy
and mildly pungent; 3: bitter)

Plant +type (1: dioecious; 2:
monoecious 3: predominantly
monoecious)

Growth habit (1: shrubby climber;
2: stout woody climber 3: no
climbing habit and trailing

on the ground)

Distribution in the natural
habitat (1: plains to lower
clevations (from @ - 500 m);

2: plains to higher elevations
(from €@ - 15€¢ m) 3: lower
elevations to higher elevations
(from 532 - 1500 m); 4: found
only at high elevations (above
1580 m).

Presence of Thrips infestation
(1: present; 2: absent)
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programmes employed are:

BMDPIM: Cluster analysis of variables - Aﬁerage
linkage
BMDP2M: Cluster analysis of variables - Centroid
linkage
BMDP4M : Factor analysis - Principal Component
analysis

Numeric and graphic print outs were interpreted and

incorporated in this study.

An explanatory note on the numerical taxonomic methods

used is given below.

A Note on the Numerical Taxonomic techniques used in the

present study

1. Cluster Analysis

The objective of cluster analysis is +to device é’
classificatory scheme for grouping a given set of
variables or individuals (each of which is described by
a set of numerical measures) into a number of classes
such that the objects within classes are similar in some

respect and different from those in other classes.

In general the raw data to be subjected +to cluster
analysis of an (N x P) matrix of measurements on the
objects wunder study. The first stage of cluster
analysis is to convert the raw data matrix into a matrix

of inter-individual similarity, dissimilarity or
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distance measures and based on the magnitude of these
measures to arrive at a certain number of groups - or

cluster types or classes of individuals.

2.The measurement of similarity and distances: -

The majority of clustering techniques begin with the
calculation of matrix of similarities or distances
between individuals. A clustering analysis may be
thought of as an attempt to summerise the information on
the relationship between individuals which is given in a
similarity matrix, so +that the relationship may be
easily comprehended and communicated. Obviously +the
output of the clustering technique will be as meaningful

as the input similarities and distances.

3. Similarity measures

A similarity coefficient measures th relationship between the
individuals, given the values of a set of "p” variates common
to both. In general they take values in the range of @ to 1.
Sneath and Sokal (1973) gives a full discussion of similarity
coefficients for the use with binary'data (where the variates
are “"presence” or “"absence” types). For quantitive data the
most commonly used measure of similarity between the
individuals is the product moment correlation coefficient,

which is used in the present study.
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4. Distance measures:-

The most commonly uscd distance measure and +the most
familiar is the Euclidian distance, where the distance

between points i and j denoted by dij is defined as:-

, P
dij® = = (,ik - ,ik)?
k=1

Where xik is the value of the kth variable for the ith
entity. Euclidian distance used on raw data may be very
unsatisfactory since it is badly affected by changing

the scale of a variable. Because of this the wvariables

are standardised before employing
Kuclidian distance by taking Zik = - where Gk is

the standard deviation of the xth variable.

Another measure known as Mahalanobis D% is also used in
clustering +technique as a distance measure. This
measure is given by : |

a2 = (x.l - xj)é:- 1 (xi - xj)

Where 2.-1 is the inverse of the within group variance -
covariance matrix and x1 and xJ are the vectors ‘of
scores for individuals i and j. Mahalanobis D% has the
advantage over the Euclidian measure that it allows

correlations between variables.

There are different methods of clustering available, the
common ones being single linkage (necarest neighbour)
method; complete linkage (farthest neighbour) method;

average linkage method and centroid linkage. The basic
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procedure with all these methods is similar. They begin
with the computation of a similarity or distance. matrix
between the entities and end with a dendrogram or +tree
diagram showing the successive fusions of individuals
which culminates at a stage where all the individuals
are 1in one group. At any particular stage the methods
fuse individuals or groups of individuals which are
closest (or most similar). Differences between methods
arise because of the differences in the ways of defining
distance (or similarity) between individual and a group
containing several individuals or between groups of

individuals.
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