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Preface

This third edition of integrated information on Plant Systematics has largely been influenced
by the developments of the first few years of twenty first century. Past two decades have
seen development of new tools of biotechnology, vigorous utilization of molecular data in
understanding phylogeny, and redefining affinities and arrangements of plant groups. Recent
years have also seen disappearance of gaps between numerical and cladistic methodologies,
and integration of former into the latter for complete understanding of phylogenetic
relationships. These trends have largely influenced the combination of numerical and
cladistic methods under one chapter, and enlarged discussion on Molecular Systematics,
discussing new concepts, tools and recent achievements. New chapters on Pteridophytes
and Gymnosperms have been added for complete understanding of systematics of vascular
plants.

It is being increasingly realized that actual photographs of plants and plant parts enable
better understanding of taxonomic information, the trend usefully exploited by recent
publications by Simpson (2006) and Judd et al. (3rd ed., 2008). The present edition
incorporates more than 500 colour photographs of plants from diverse families of plants.
High-resolution images of these as also the additional plants have been provided in the
CD-ROM being supplied along with the book, latter including 772 photographs. This has
largely been possible through the kind courtesy of my son Manpreet Singh and daughter-
in-law Komal, who sponsored my recent visit to California, and provided me the opportunity
to visit and photograph temperate plants in and around California. The book as such contains
images of both tropical plants (largely from Delhi), temperate American plants and plants
from other parts of the World growing in the Botanical Gardens of University of California
and San Francisco Botanical Garden. I wish to record the help rendered by the members of
TAXACOM in the identification of some of the American plants.

The focus of the present edition has been to further consolidate the information on the
principles of plant systematics, include detailed discussion on all major systems of
classification, and significantly, also include discussion on the selected families of vascular
plants, without sacrificing the discussion on basic principles. The families included for
discussion are largely those which have wide representation, as also those that are less



iv Plant Systematics

known but significant in evaluating the phylogeny of angiosperms. The discussion of the
families also has a considerable focus on their phylogenetic relationships, as evidenced by
recent cladistic studies, with liberal citation of molecular data. Several additional families
have been included for detailed discussion in the present volume.

Recent internet revolution has greatly helped in propagating taxonomic information,
with numerous searchable databases, online programs for identification and data analysis
available for ready reference. The information concerning these has been included at
appropriate places in various chapters for easy utilization. In light of this, the separate
chapter on web has been omitted. The outputs of computer programs, especially used in
molecular studies and construction of phylogenetic trees has been included based on actual
or hypothetical data. This will acquaint readers with the handling of raw data and working
of computer programs.

The author has attempted to strike a balance between classical fundamental
information and the recent developments in plant systematics. Special attention has been
devoted to the information on botanical nomenclature, identification and phylogeny of
angiosperms with numerous relevant examples and detailed explanation of the important
nomenclatural problems. An attempt has been made to present a continuity between orthodox
and contemporary identification methods by working on a common example. The information
on methods of identification using computers has been further enhanced to help better on-
line identification.

For providing me inspiration for this book, I am indebted to my undergraduate students,
who helped me to improve the material through frequent interactions. I am also indebted
to my wife Mrs. K.G. Singh for constant support and bearing with my overindulgence with
this book. I also wish to acknowledge the help rendered by my son Kanwarpreet Singh at
various stages.

I wish to record thanks to all the colleagues whose inputs have helped me to improve
the information presented here. I also wish to place on record sincere thanks to Dr. Jef
Veldkamp for valuable information on nomenclature, Dr. Gertrud Dahlgren for photographs
and literature, Dr. P.F. Stevens for literature on APG II and trees from his APweb, Dr.
Robert Thorne for making available his 2007 classification, Dr. James Reveal for his help
on nomenclatural problems, Dr. D.L. Dilcher for his photograph, Dr. Julie Barcelona and
Harry Wiriadinata for photographs of Rafflesia, the authorities of New York Botanical Garden,
Missouri Botanical Garden, USA, Royal Botanic Gardens Kew and University of California,
Santa Cruz, for photographs used in the book.

New Delhi Gurcharan Singh
November 2009
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Chapter 1

Plants, Taxonomy and Systematics

Taxonomy (or systematics) is basically con-
cerned with the classification of organisms.
Living organisms are placed in groups on the
basis of similarities and differences at the
organismic, cellular, and molecular levels.
The United Nations Environment
Programme’s Global Biodiversity Assessment
estimates the number of described species
of living organisms as approximately 1.75
million. The list grows longer every year. Clas-
sifying these organisms has been a major
challenge, and the last few decades have seen
a lot of realignments as additional ultrastruc-
tural and molecular information piles up.
These realignments have primarily been the
result of realization that the branches of the
phylogenetic tree must be based on the con-
cept of monophyly, and each taxonomic
group, kingdoms included, should be mono-
phyletic.

Before attempting to classify the various
organisms, it is necessary to identify and
name them. A particular group of individu-
als, unique in several respects, is given a
unique binomial, and is recognized as a spe-
cies. These species are grouped into taxo-
nomic groups, which are successively as-
signed the ranks of genera, families, orders,
and the process continues till all the spe-
cies have been arranged (classified) under

a single largest, most inclusive group. Clas-
sifying organisms and diverse forms of life
is challenging task before the biologists.

PLANTS AND KINGDOMS OF LIFE

Plants are man’s prime companions in this
universe, being the source of food and en-
ergy, shelter and clothing, drugs and bever-
ages, oxygen and aesthetic environment, and
as such they have been the dominant com-
ponent of his taxonomic activity through the
ages. Before attempting to explore the diver-
sity of plant life it is essential to understand
as to what is our understanding of the term
Plant, and the position of plants in the web
of life. Traditionally the plants are delimited
as organisms possessing cell wall, capable
of photosynthesis, producing spores and
having sedentary life. A lot of rethinking has
resulted in several different interpretations
of the term plant.

Two Kingdom System

The living organisms were originally grouped
into two kingdoms. Aristotle divided all liv-
ing things between plants, which generally
do not move or have sensory organs, and
animals. Linnaeus in his Systema naturae
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published in 1735 placed them under
Animalia (Animals) and Vegetabilia (Plants)
as two distinct kingdoms (Linnaeus placed
minerals in the third kingdom Mineralia).
Linnaeus divided each kingdom into classes,
later grouped into phyla for animals and di-
visions for plants. When single-celled organ-
isms were first discovered, they were split
between the two kingdoms: mobile forms in
the animal phylum Protozoa, and colored
algae and bacteria in the plant division Thal-
lophyta or Protophyta. As a result, Ernst
Haeckel (1866) suggested creating a third
kingdom Protista for them, although this
was not very popular until relatively recently
(sometimes also known as Protoctista).
Haeckel recognized three kingdoms: Pro-
tista, Plantae and Animalia.

Two Empires Three Kingdoms

The subsequent discovery that bacteria are
radically different from other organisms in
lacking a nucleus, led Chatton (1937) to pro-
pose a division of life into two empires: or-
ganisms with a nucleus in Eukaryota and
organisms without in Prokaryota. Prokary-
otes do not have a nucleus, mitochondria or
any other membrane bound organelles. In
other words neither their DNA nor any other
of their metabolic functions are collected to-
gether in a discrete membrane enclosed area.
Instead everything is openly accessible within
the cell, though some bacteria have internal
membranes as sites of metabolic activity
these membranes do not enclose a separate
area of the cytoplasm. Eukaryotes have a
separate membrane bound nucleus, numer-
ous mitochondria and other organelles such
as the Golgi Body within each of their cells.
These areas are separated off from the main
mass of the cell’s cytoplasm by their own
membrane in order to allow them to be more
specialized. The nucleus contains all the
Eukaryote cell DNA, which gets organized
into distinct chromosomes during the pro-
cess of mitosis and meiosis. The energy is
generated in mitochondria. The exception to
this rule are red blood cells which have no
nucleus and do not live very long. Chatton’s

proposal, however, was not taken up imme-
diately, because another classification was
proposed by Herbert Copeland (1938), who
gave the prokaryotes a separate kingdom,
originally called Mycota but later referred to
as Monera or Bacteria. Copeland later on
(1956) proposed a four-kingdom system
placing all eukaryotes other than animals
and plants in the kingdom Protoctista, thus
recognizing four kingdoms Monera,
Protoctista, Plantae and Animalia. The im-
portance of grouping these kingdoms in two
empires, as suggested earlier by Chatton
was popularized by Stanier and van Niel
(1962), and soon became widely accepted.

Five Kingdom System

American biologist Robert H. Whittaker
(1969) proposed the removal of fungi into a
separate kingdom thus establishing a five
kingdom system recognizing Monera, Pro-
tista, Fungi, Plantae and Animalia as dis-
tinct kingdoms. The fungi like plants have
a distinct cell wall but like animals lack
autotrophic mode of nutrition. They, how-
ever, unlike animals draw nutrition from
decomposition of organic matter, have cell
wall reinforced with chitin, cell membranes
containing ergosterol instead of cholesterol
and have a unique biosynthetic pathway for
lysine. The classification was followed widely
in textbooks.

Six or Seven Kingdoms?

Subsequent research concerning the organ-
isms previously known as archebacteria has
led to the recognition that these creatures
form an entirely distinct kingdom Archaea.
These include anaerobic bacteria found in
harsh oxygen-free conditions and are geneti-
cally and metabolically completely different
from other, oxygen-breathing organisms.
These bacteria, called Archaebacteria, or
simply Archaea, are said to be “living fossils”
that have survived since the planet’s very
early ages, before the Earth’s atmosphere
even had free oxygen. This together with the
emphasis on phylogeny requiring groups to
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be monophyletic resulted in a six kingdom
system proposed by Carl Woese et al. (1977).
They grouped Archaebacteria and Eubacteria
under Prokaryotes and rest of the four king-
doms Protista, Fungi, Plantae and Animalia
under Eukaryotes. They subsequently (1990)
grouped these kingdoms into three domains
Bacteria (containing Eubacteria), Archaea
(containing Archaebacteria) and Eukarya
(containing Protista, Fungi, Plantae and
Animalia).

Margulis and Schwartz (1998) proposed
term superkingdom for domains and recog-
nized two superkingdoms: Prokarya
(Prokaryotae) and Eukarya (Eukaryotae).
Former included single kingdom Bacteria
(Monera) divided into two subkingdoms
Archaea and Eubacteria. Eukarya was
divided into four kingdoms: Protoctista (Pro-
tista), Animalia, Plantae and Fungi.

Several recent authors have attempted to
recognize seventh kingdom of living organ-

isms, but they differ in their treatment. Ross
(2002, 2005) recognized Archaebacteria and
Eubacteria as separate kingdoms, named as
Protomonera and Monera, respectively again
under separate superkingdoms (domains of
earlier authors) Archaebacteriae and
Eubacteria. He added seventh kingdom
Myxomycophyta of slime moulds under
superkingdom Eukaryotes. Two additional
superkingdoms of extinct organisms Pro-
genotes (first cells) and Urkaryotes (prokary-
otic cells that became eukaryotes) were added:

Superkingdom Progenotes....
.. first cells now extinct
Superkingdom Archaebacteriae
Kingdom Protomonera...archaic bacteria
Superkingdom Eubacteria
Kingdom Monera........ bacteria
Superkingdom Urkaryotes
...prokaryoti cells that became eukaryotes
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=l // Phnﬁe ‘3/ & Ah-'enlates ey
Lot e S _f:.'— (Fhodophyta) ™,
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Figure 1.1 Seven kingdoms of life and their possible phylogeny (after Patterson & Sogin 1992).
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Superkingdom Eukaryotes

...cells with nuclei

Kingdom Protista.......... protozoans
Kingdom Myxomycophyta...slime molds
Kingdom Plantae............ plants
Kingdom Fungi.............. fungi

Kingdom Animalia........... animals

Patterson & Sogin (1992; Figure 1.1) rec-
ognized seven kingdoms, but included slime
moulds under Protozoa (Protista) and instead
established Chromista (diatoms) as seventh
kingdom. Interestingly the traditional algae
now find themselves distributed in three dif-
ferent kingdoms: eubacterial prokaryotes
(the blue-green cyanobacteria), chromistans
(diatoms, kelps), and protozoans (green al-
gae, red algae, dinoflagellates, euglenids).

Cavalier-Smith (1981) suggested that Eu-
karyotes can be classified into nine kingdoms
each defined in terms of a unique constella-
tion of cell structures. Five kingdoms have
plate-like mitochondrial cristae: (1) Eufungi
(the non-ciliated fungi, which unlike the
other eight kingdoms have unstacked Golgi
cisternae), (2) Ciliofungi (the posteriorly cili-
ated fungi), (3) Animalia (Animals, sponges,
mesozoa, and choanociliates; phagotrophs
with basically posterior ciliation), (4)
Biliphyta (Non-phagotrophic, phycobilisome-
containing, algae; i.e. the Glaucophyceae and
Rhodophyceae), (5) Viridiplantae (Non-
phagotrophic green plants, with starch-con-
taining plastids). Kingdom (6), the
Euglenozoa, has disc-shaped cristae and an
intraciliary dense rod and may be
phagotrophic and/or phototrophic with plas-
tids with three-membraned envelopes. King-
dom (7), the Cryptophyta, has flattened tu-
bular cristae, tubular mastigonemes on both
cilia, and starch in the compartment between
the plastid endoplasmic reticulum and the
plastid envelope; their plastids, if present,
have phycobilins inside the paired thylakoids
and chlorophyll c2. Kingdom (8), the
Chromophyta, has tubular cristae, together
with tubular mastigonemes on one anterior
cilium and/or a plastid endoplasmic reticu-
lum and chlorophyll c1 + c2. Members of the

ninth kingdom, the Protozoa, are mainly
phagotrophic, and have tubular or vesicular
cristae (or lack mitochondria altogether), and
lack tubular mastigonemes on their (primi-
tively anterior) cilia; plastids if present have
three-envelop membranes, chlorophyll c2,
and no internal starch, and a plastid endo-
plasmic reticulum is absent. Kingdoms 4-9
are primitively anteriorly biciliate. A simpler
system of five kingdoms suitable for very el-
ementary teaching is possible by grouping the
photosynthetic and fungal kingdoms in pairs.
It was suggested that Various compromises
are possible between the nine and five king-
doms systems; it is suggested that the best
one for general scientific use is a system of
seven kingdoms in which the Eufungi and
Ciliofungi become subkingdoms of the King-
dom Fungi, and the Cryptophyta and
Chromophyta subkingdoms of the Kingdom
Chromista; the Fungi, Viridiplantae,
Biliphyta, and Chromista can be subject to
the Botanical Code of Nomenclature, while
the Zoological Code can govern the Kingdoms
Animalia, Protozoa and Euglenozoa.

These 9 kingdoms together with two or
one kingdom of prokaryotes total eleven or
ten kingdoms of life. Subsequently, however,
Cavalier-Smith (1998, 2000, 2004) reverted
back to six kingdom classification recogniz-
ing Bacteria, Protozoa, Animalia, Fungi,
Plantae and Chromista under two empires
Prokaryota and Eukaryota. Prokaryotes con-
stitute a single kingdom, Bacteria, here di-
vided into two new subkingdoms:
Negibacteria, with a cell envelope of two dis-
tinct genetic membranes, and Unibacteria,
comprising the phyla Archaebacteria and
Posibacteria. Outline of the classification is
as under:

Empire Prokaryota
Kingdom Bacteria
Subkingdom Negibacteria (phyla
Eobacteria, Sphingobacteria,
Spirochaetae, Proteobacteria,
Planctobacteria, Cyanobacteria)
Subkingdom Unibacteria (phyla
Posibacteria, Archaebacteria)
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Empire Eukaryota

Kingdom Protozoa
Subkingdom Sarcomastigota (phyla
Amoebozoa, Choanozoa)
Subkingdom Biciliata

Kingdom Animalia (Myxozoa and 21

other phyla)

Kingdom Fungi (phyla Archemycota,

Microsporidia, Ascomycota,
Basidiomycota)
Kingdom Plantae
Subkingdom  Biliphyta (phyla

Glaucophyta, Rhodophyta)

Subkingdom Viridaeplantae (phyla
Chlorophyta, Bryophyta,
Tracheophyta)

Kingdom Chromista

Subkingdom Cryptista (phylum
Cryptista: cryptophytes, goniomonads,
katablepharids)

Subkingdom Chromobiota

The name archaebacteria seems to be con-
fusing. They were so named because they
were thought to be the most ancient (Greek
‘archaio’ meaning ancient) and sometimes
labelled as living fossils, since they can sur-
vive in anaerobic conditions (methanogens-
which use hydrogen gas to reduce carbon di-
oxide to methane gas), high temperatures
(thermophiles, which can survive in tem-
peratures of up to 80 degree C), or salty places
(halophiles). They differ from bacteria in hav-
ing methionine as aminoacid that initiates
protein synthesis as against formyl-methion-
ine in bacteria, presence of introns in some
genes, having several different RNA poly-
merases as against one in bacteria, absence
of peptidoglycan in cell wall, and growth not
inhibited by antibiotics like streptomycin and
chloramphenicol. In several of these respects
archaebacteria are more similar to eukary-
otes. Bacteria are thought to have diverged
early from the evolutionary line (the clade
neomura, with many common characters,
notably obligately co-translational secretion
of N-linked glycoproteins, signal recognition
particle with 7S RNA and translation-arrest
domain, protein-spliced tRNA introns, eight-

subunit chaperonin, prefoldin, core histones,
smallnucleolar ribonucleoproteins (snoRNPs),
exosomes and similar replication, repair,
transcription and translation machinery)
that gave rise to archaebacteria and eukary-
otes. It is, as such more appropriate to call
archaebacteria as metabacteria.

The eukaryotic host cell evolved from some-
thing intermediate between posibacteria and
metabacteria (“archaebacteria”), which had
evolved many metabacterial features but not
yet switched to ether-linked lipid membranes
in a major way. They would no doubt cladis-
tically fall out as primitive metabacteria, but
whether such forms are still extant is un-
certain. There are lots of metabacteria out
there which are uncultured (only known from
environmental sequences) or just undiscov-
ered, so who knows.

The further shift from archaebacteria to
Eukaryotes involved the transformation of
circular DNA into a linear DNA bound with
histones, formation of membrane bound
nucleus enclosing chromosomes, develop-
ment of mitosis, occurrence of meiosis in
sexually reproducing organisms, appearance
of membrane bound organelles such as en-
doplasmic reticulum, golgi bodies and ly-
sosomes, appearance of cytoskeletal ele-
ments like actin, myosin and tubulin, and
the formation of mitochondria through en-
dosymbiosis.

A major shift in this eukaryotic line
which excluded animal and fungi, involved
the development of chloroplast by an eu-
karyotic cell engulfing a photosynthetic bac-
terial cell (probably a cyanobacterium). The
bacterial cell continued to live and multiply
inside the eukaryotic cell, provided high
energy products, and in turn received a suit-
able environment to live in. The two thus
shared endosymbiosis. Over a period of time
the bacterial cell lost ability to live indepen-
dently, some of the bacterial genes getting
transferred to eukaryotic host cell, making
the two biochemically interdependent. Chlo-
roplast evolution in Euglenoids and Di-
noflagellates occurred through secondary
endosymbiosis, wherein eukaryotic cell
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Figure 1.2 Cladogram showing the evolution of major groups of organisms and the associated
apomorphies. Chloroplast evolution has occurred twice, once (primary endosymbiosis)
eukaryote cell engulfing a photosynthetic bacterial cell, and elewhere (secondary

endosymbiosis) eukaryotic cell engulfing an eukaryotic cell containing chloroplast.

engulfed an eukaryotic cell containing a
chloroplast. This common evolutionary se-
quence is shared by green plants (includ-
ing green algae; green chloroplast), red al-
gae (red chloroplast) and brown algae and
their relatives (commonly known as
stramenopiles; brown chloroplast), in which
diversification of chloroplast pigments oc-

curred, along with the thylakoid structure
and a variety of storage products

The Plant Kingdom

It is now universally agreed that members
of the plant kingdom include, without doubt
the green algae, liverworts and mosses, pteri-
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dophytes, gymnosperms and finally the an-
giosperms, the largest group of plants. All
these plants share a green chloroplast. Red
algae, Brown algae and Glaucophytes, latter
two together known as stramenophiles, also
belong to this kingdom. All these groups
share the presence of a chloroplast. All green
plants share a green chloroplast with chlo-
rophyll b, chlorophyll a, thylakoids and
grana, and starch as storage food. Evolution
of cuticle combined with gametangia and
embryo characterizes embryophytes, includ-
ing bryophytes, pteridophytes and seed
plants. The development of vascular tissue
of phloem and xylem, and independent sporo-
phyte characterize tracheophytes including
pteridophytes and seed plants. Secondary
growth resulting in the formation of wood
and seed habit differentiates seed plants. The
final evolution of a distinct flower, carpels
and stamens, together with vessels and sieve
tubes set apart the angiosperms, the most
highly evolved group of plants.

The species of living organisms on this
planet include Monera-10,000; Protista-
250,000; Fungi-100,000; Plantae-279,000;
Animalia-1,130,000. Nearly three fourth of
animals are insects (800,0000) and of these
more than one third beetles (300,000).
Amongst plants nearly 15,000 species be-
long to usually overlooked mosses and liv-
erworts, 10,000 ferns and their allies, 820
to gymnosperms and 253,000 to an-
giosperms (belonging to about 485 families
and 13,372 genera), considered to be the
most recent and vigorous group of plants
that have occurred on earth. Angiosperms
occupy the majority of the terrestrial space
on earth, and are the major components of
the world’s vegetation.

Brazil and Colombia, both located in the
tropics, are considered to be countries with
the most diverse angiosperms floras and
which rank first and second. China, even
though the main part of her land is not lo-
cated in the tropics, the number of her an-
giosperms still occupies the third place in
the world, and has approximately 300 fami-
lies, 3, 100 genera and 30,000 species.

TAXONOMY AND SYSTEMATICS

There are slightly more than one third of a
million species of plants known to man to-
day, the information having been accumu-
lated through efforts of several millenniums.
Although man has been classifying plants
since the advent of civilization, taxonomy
was recognized as a formal subject only in
1813 by A. P. de Candolle as a combination
of Greek words taxis (arrangement) and no-
mos (rules or laws) in his famous work
Theorie elementaire de la botanique. For a
long time plant taxonomy was considered as
‘the science of identifying, naming, and clas-
sifying plants’ (Lawrence, 1951). Since iden-
tification and nomenclature are important
prerequisites for any classification, taxonomy
is often defined as the ‘science dealing with
the study of classification, including its
bases, principles, rules and procedures’
(Davis and Heywood, 1963).

Although Systematics was recognized as
a formal major field of study only during the
latter half of twentieth century, the term
had been in use for a considerable period.
Derived from the Latin word systema (orga-
nized whole), forming the title of the famous
work of Linnaeus Systema naturae (1735), the
term Systematics first appeared in his Gen-
era Plantarum (1737), though Huxley (1888)
is often credited to have made the first use
of the term in his article in Nature on the
systematics of birds. Simpson (1961) defined
systematics as a ‘scientific study of the
kinds and diversity of organisms, and of
any and all relationships between them'.
It was recognized as a more inclusive field
of study concerned with the study of diver-
sity of plants and their naming, classifica-
tion and evolution. The scope of taxonomy
has, however, been enlarged in recent years
to make taxonomy and systematics synony-
mous. A broader definition (Stace, 1980) of
taxonomy, to coincide with systematics rec-
ognized it as ‘the study and description of
variation in organisms, the investigation
of causes and consequences of this varia-
tion, and the manipulation of the data
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obtained to produce a system of classifi-
cation’.

Realization of the fact that a good number
of authors still consider taxonomy to be a
more restricted term and systematics a more
inclusive one has led recent authors to pre-
fer the term systematics to include discus-
sion about all recent developments in their
works. Modern approach to systematics aims
at reconstructing the entire chronicle of
evolutionary events, including the formation
of separate lineages and evolutionary modi-
fications in characteristics of the organisms.
It ultimately aims at discovering all the
branches of the evolutionary tree of life; and
to document all the changes and to describe
all the species which form the tips of these
branches. This won’t be possible unless in-
formation is consolidated in the form of an
unambiguous system of classification. This,
however, is again impossible without a clear
understanding of the basic identification and
nomenclatural methods. Equally important
is the understanding of the recent tools of
data handling, newer concepts of
phylogenetics, expertise in the judicious uti-
lization of fast accumulating molecular data
in understanding of affinities between taxa.

Prior to the evolutionary theory of Darwin,
relationships were expressed as natural af-
finities on the basis of an overall similarity
in morphological features. Darwin ushered
in an era of assessing phylogenetic rela-
tionships based on the course of evolution-
ary descent. With the introduction of com-
puters and refined statistical procedures,
overall similarity is represented as phenetic
relationship, which takes into account ev-
ery available feature, derived from such di-
verse fields as anatomy, embryology, mor-
phology, palynology, cytology, phytochemis-
try, physiology, ecology, phytogeography and
ultrastructure.

With the advancement of biological fields,
new information flows continuously and the
taxonomists are faced with the challenge of
integrating and providing a synthesis of all
the available data. Systematics now is, thus,
an unending synthesis, a dynamic science

with never-ending duties. The continuous
flow of data necessitates rendering descrip-
tive information, revising schemes of iden-
tification, revaluating and improving sys-
tems of classification and perceiving new
relationships for a better understanding of
the plants. The discipline as such includes
all activities that are a part of the effort to
organize and record the diversity of plants
and appreciate the fascinating differences
among the species of plants. Systematic ac-
tivities are basic to all other biological sci-
ences, but also depend, in turn, on other dis-
ciplines for data and information useful in
constructing classification. Certain disci-
plines of biology such as cytology, genetics,
ecology, palynology, paleobotany and phyto-
geography are so closely tied up with sys-
tematics that they can not be practiced with-
out basic systematic information. Experi-
ments cannot be carried out unless the or-
ganisms are correctly identified and some
information regarding their relationship is
available. The understanding of relation-
ships is particularly useful in the applied
fields of plant breeding, horticulture, forestry
and pharmacology for exploring the useful-
ness of related species. Knowledge of sys-
tematics often guides the search for plants
of potential commercial importance.

Basic Components (Principles)
of Systematics

Various systematic activities are directed
towards the singular goal of constructing an
ideal system of classification that necessi-
tates the procedures of identification, de-
scription, nomenclature and constructing af-
finities. This enables a better management
of information to be utilized by different
workers, investigating different aspects,
structure and functioning of different spe-
cies of plant.

Identification

Identification or determination is recognizing
an unknown specimen with an already
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known taxon, and assigning a correct rank
and position in an extant classification. In
practice, it involves finding a name for an
unknown specimen. This may be achieved by
visiting a herbarium and comparing unknown
specimen with duly identified specimens
stored in the herbarium. Alternately, the
specimen may also be sent to an expert in
the field who can help in the identification.

Identification can also be achieved using
various types of literature such as Floras,
Monographs or Manuals and making use of
identification keys provided in these sources
of literature. After the unknown specimen
has been provisionally identified with the
help of a key, the identification can be fur-
ther confirmed by comparison with the de-
tailed description of the taxon provided in the
literature source.

A method that is becoming popular over
the recent years involves taking a photo-
graph of the plant and its parts, uploading
this picture on the website and informing
the members of appropriate electronic Lists
or Newsgroups, who can see the photograph
at the website and send their comments to
the enquirer. Members of the fraternity could
thus help each other in identification in a
much efficient manner.

Description

The description of a taxon involves listing
its features by recording the appropriate
character states. A shortened description
consisting of only those taxonomic charac-
ters which help in separating a taxon from
other closely related taxa, forms the diag-
nosis, and the characters are termed as di-
agnostic characters. The diagnostic char-
acters for a taxon determine its circumscrip-
tion. The description is recorded in a set pat-
tern (habit, stem, leaves, flower, sepals, pet-
als, stamens, carpels, fruit, etc.). For each
character, an appropriate character-state is
listed. Flower colour (character) may thus be
red, yellow, white, etc. (states). The descrip-
tion is recorded in semi-technical language
using specific terms for each character state
to enable a proper documentation of data.

Whereas the fresh specimens can be de-
scribed conveniently, the dry specimens need
to be softened in boiling water or in a wet-
ting agent before these could be described.
Softening is often essential for dissection of
flowers in order to study their details.

Nomenclature

Nomenclature deals with the determination
of a correct name for a taxon. There are
different sets of rules for different groups of
living organisms. Nomenclature of plants
(including fungi) is governed by the Inter-
national Code of Botanical Nomenclature
(ICBN) through its rules and recommenda-
tions. Updated every six years or so, the
Botanical Code helps in picking up a single
correct name out of numerous scientific
names available for a taxon, with a particu-
lar circumscription, position and rank. To
avoid inconvenient name changes for cer-
tain taxa, a list of conserved names is
provided in the Code. Cultivated plants are
governed by the International Code of No-
menclature for Cultivated Plants (ICNCP),
slightly modified from and largely based on
the Botanical Code.

Names of animals are governed by the In-
ternational Code of Zoological Nomenclature
(ICZN); those of bacteria by International
Code for the Nomenclature of Bacteria
(ICNB), now called Bacteriological Code (BC).
A separate Code exists for viruses, named
the International Code of Virus Classifica-
tion and Nomenclature (ICVCN).

With the onset of electronic revolution and
the need to have a common database for liv-
ing organisms for global communication a
common uniform code is being attempted.
The Draft BioCode is the first public expres-
sion of these objectives. The first draft was
prepared in 1995. After successive reviews
the fourth draft, named Draft BioCode (1997)
prepared by the International Committee for
Bionomenclature was published by Greuter
et al., (1998) and is now available on the web.
The last decade of twentieth century also saw
the development of rankless PhyloCode
based on the concepts of phylogenetic
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systematics. It omits all ranks except spe-
cies and ‘clades’ based on the concept of rec-
ognition of monophyletic groups. The latest
version of PhyloCode (PhyloCode4b, 2007) is
also available on the web.

Phylogeny

Phylogeny is the study of the genealogy and
evolutionary history of a taxonomic group.
Genealogy is the study of ancestral relation-
ships and lineages. Relationships are de-
picted through a diagram better known as a
phylogram (Stace, 1989), since the com-
monly used term cladogram is more appro-
priately used for a diagram constructed
through cladistic methodology. A phylogram
is a branching diagram based on the degree
of advancement (apomorphy) in the descen-
dants, the longest branch representing the
most advanced group. This is distinct from a
phylogenetic tree in which the vertical scale
represents a geological time-scale and all liv-
ing groups reach the top, with primitive ones
near the centre and advanced ones near the
periphery. Monophyletic groups, including all
the descendants of a common ancestor, are
recognized and form entities in a classifica-
tion system. Paraphyletic groups, wherein
some descendants of a common ancestor are
left out, are reunited. Polyphyletic groups, with
more than one common ancestor, are split
to form monophyletic groups. Phenetic infor-
mation may often help in determining a phy-
logenetic relationship.

Classification

Classification is an arrangement of organ-
isms into groups on the basis of similari-
ties. The groups are, in turn, assembled into
more inclusive groups, until all the organ-
isms have been assembled into a single
most inclusive group. In sequence of in-
creasing inclusiveness, the groups are as-
signed to a fixed hierarchy of categories
such as species, genus, family, order, class
and division, the final arrangement consti-
tuting a system of classification. The pro-
cess of classification includes assigning ap-
propriate position and rank to a new taxon

(a taxonomic group assigned to any rank; pl.
taxa), dividing a taxon into smaller units,
uniting two or more taxa into one, transfer-
ring its position from one group to another
and altering its rank. Once established, a
classification provides an important mecha-
nism of information storage, retrieval and
usage. This ranked system of classification
is popularly known as the Linnaean sys-
tem. Taxonomic entities are classified in
different fashions:

1. Artificial classification is utilitarian,
based on arbitrary, easily observable
characters such as habit, colour, num-
ber, form or similar features. The
sexual system of Linnaeus, which fits
in this category, utilized the number
of stamens for primary classification
of the flowering plants.

2. Natural classification uses overall
similarity in grouping taxa, a concept
initiated by M. Adanson and culminat-
ing in the extensively used classifi-
cation of Bentham and Hooker. Natu-
ral systems of the eighteenth and
nineteenth centuries used morphol-
ogy in delimiting the overall similar-
ity. The concept of overall similarity
has undergone considerable refine-
ment in recent years. As against the
sole morphological features as indica-
tors of similarity in natural systems,
overall similarity is now judged on the
basis of features derived from all the
available fields of taxonomic informa-
tion (phenetic relationship).

3. Phenetic Classification makes the
use of overall similarity in terms of a
phenetic relationship based on data
from all available sources such as mor-
phology, anatomy, embryology, phy-
tochemistry, ultrastructure and, in
fact, all other fields of study. Phenetic
classifications were strongly advo-
cated by Sneath and Sokal (1973) but
did not find much favour with major
systems of classification of higher
plants. Phenetic relationship has,
however, been very prominently used
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in modern phylogenetic systems to
decide the realignments within the
system of classification.

4. Phylogenetic classification is based
on the evolutionary descent of a group
of organisms, the relationship de-
picted either through a phylogram,
phylogenetic tree or a cladogram.
Classification is constructed with this
premise in mind, that all the descen-
dants of a common ancestor should be
placed in the same group (i.e., group
should be monophyletic). If some de-
scendents have been left out, render-
ing the group paraphyletic, these are
brought back into the group to make
it monophyletic (merger of
Asclepiadaceae with Apocynaceae,
and the merger of Capparaceae with
Brassicaceae in recent classifica-
tions). Similarly, if the group is poly-
phyletic (with members from more
than one phyletic lines, it is split to
create monophyletic taxa (Genus
Arenaria split into Arenaria and
Minuartia). This approach, known as
cladistics, is practiced by cladists.

5. Evolutionary taxonomic classifica-
tion differs from a phylogenetic clas-
sification in that the gaps in the varia-
tion pattern of phylogenetically adja-
cent groups are regarded as more im-
portant in recognizing groups. It ac-
cepts leaving out certain descendants
of a common ancestor (i.e. recogniz-
ing paraphyletic groups) if the gaps
are not significant, thus failing to pro-
vide a true picture of the genealogical
history. The characters considered to
be of significance in the evolution (and
the classification based on these) are
dependent on expertise, authority and
intuition of systematists. Such clas-
sifications have been advocated by
Simpson (1961), Ashlock (1979), Mayr
and Ashlock (1991) and Stuessy (1990).
The approach, known as eclecticism,
is practiced by eclecticists.

The contemporary phylogenetic systems of

classification, including those of Takhtajan,

Cronquist, Thorne and Dahlgren, are largely
based on decisions in which phenetic infor-
mation is liberally used in deciding the phy-
logenetic relationship between groups, dif-
fering largely on the weightage given to the
cladistic or phenetic relationship.

There have been suggestions to abandon
the hierarchical contemporary classifica-
tions based on the Linnaean system, which
employs various fixed ranks in an estab-
lished conventional sequence with a ‘phy-
logenetic taxonomy’ in which monophyletic
groups would be unranked names, defined
in terms of a common ancestry, and diag-
nosed by reference to synapomorphies (de
Queiroz and Gauthier, 1990; Hibbett and
Donoghue, 1998).

Classification not only helps in the place-
ment of an entity in a logically organized
scheme of relationships, it also has a great
predictive value. The presence of a valuable
chemical component in one species of a par-
ticular genus may prompt its search in other
related species. The more a classification
reflects phylogenetic relationships, the more
predictive it is supposed to be. The meaning
of a natural classification is gradually los-
ing its traditional sense. A ‘natural classifi-
cation’ today is one visualized as truly phy-
logenetic, establishing monophyletic groups
making fair use of the phenetic information
so that such groups also reflect a phenetic
relationship (overall similarity) and the clas-
sification represents a reconstruction of the
evolutionary descent.

Aims of Systematics

The activities of plant systematics are ba-
sic to all other biological sciences and, in
turn, depend on the same for any additional
information that might prove useful in con-
structing a classification. These activities
are directed towards achieving the
undermentioned aims:

1. To provide a convenient method of
identification and communication. A
workable classification having the taxa
arranged in hierarchy, detailed and
diagnostic descriptions are essential
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for identification. Properly identified
and arranged herbarium specimens,
dichotomous keys, polyclaves and com-
puter-aided identification are impor-
tant aids for identification. The Code
(ICBN), written and documented
through the efforts of IAPT (Interna-
tional Association of Plant Taxonomy),
helps in deciding the single correct
name acceptable to the whole botani-
cal community.

To provide an inventory of the world’s
flora. Although a single world Flora is
difficult to come by, floristic records of
continents (Continental Floras; cf.
Flora Europaea by Tutin et al.), regions
or countries (Regional Floras; cf. Flora
of British India by J. D. Hooker) and
states or even counties (Local Floras;
cf. Flora of Delhi by J. K. Maheshwari)
are well documented. In addition, World
Monographs for selected genera (e.g.,
The genus Crepis by Babcock) and fami-
lies (e.g., Das pflanzenreich ed. by
A. Engler) are also available.

To detect evolution at work; to recon-
struct the evolutionary history of the
plant kingdom, determining the se-
quence of evolutionary change and
character modification.

To provide a system of classification
which depicts the evolution within the
group. The phylogenetic relationship
between the groups is commonly de-
picted with the help of a phylogram,
wherein the longest branches repre-
sent more advanced groups and the
shorter, nearer the base, primitive
ones. In addition, the groups are rep-
resented by balloons of different sizes
that are proportional to the number of
species in the respective groups. Such
a phylogram is popularly known as a
bubble diagram. The phylogenetic re-
lationship could also be presented in
the form of a phylogenetic tree (with
vertical axis representing the geologi-
cal time scale), where existing species
reach the top and the bubble diagram
may be a cross-section of the top with

primitive groups towards the centre
and the advanced ones towards the
periphery.

5. To provide an integration of all availa-
ble information. To gather information
from all the fields of study, analysing
this information using statistical pro-
cedures with the help of computers,
providing a synthesis of this informa-
tion and developing a classification
based on overall similarity. This
synthesis is unending, however,
since scientific progress will continue
and new information will continue to
pour and pose new challenges for
taxonomists.

6. To provide an information reference,
supplying the methodology for informa-
tion storage, retrieval, exchange and
utilization. To provide significantly
valuable information concerning en-
dangered species, unique elements,
genetic and ecological diversity.

7. To provide new concepts, reinterpret
the old, and develop new procedures for
correct determination of taxonomic
affinities, in terms of phylogeny and
phenetics.

8. To provide integrated databases includ-
ing all species of plants (and possibly
all organisms) across the globe. Sev-
eral big organizations have come to-
gether to establish online searchable
databases of taxon names, images, de-
scriptions, synonyms and molecular
information.

Advancement Levels in
Systematics

Plant systematics has made considerable
strides from herbarium records to data-
banks, recording information on every
possible attribute of a plant. Because of ex-
treme climatic diversity, floristic variabil-
ity, inaccessibility of certain regions and
economic disparity of different regions, the
present-day systematics finds itself in
different stages of advancement in different
parts of the world. Tropical Asia and tropical
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Africa are amongst the richest areas of the
world in terms of floristic diversity but
amongst the poorest as far as the economic
resources to pursue complete documenta-
tion of systematic information. The whole
of Europe, with more than 30 m square
kilometres of landscape and numerous rich
nations with their vast economic resources,
have to account for slightly more than 6 thou-
sand species of vascular plants. India, on the
other hand, with meager resources, less
than one tenth of landscape, has to account
for the study of at least four times more of
the vascular plants. A small country like
Colombia, similarly, has estimated 4,5000
different species, with only a few botanists
to study the flora. Great Britain, on the other
hand, has approximately 1370 taxa (Wood-
land, 1991), with thousands of professional
and amateur botanists available to document
the information. It is not strange, as such,
that there is lot of disparity in the level of
advancement concerning knowledge about
respective floras. Taxonomic advancement
today can be conveniently divided into four
distinct phases encountered in different
parts of the world:

Exploratory or Pioneer Phase

This phase marks the beginning of plant tax-
onomy, collecting specimens and building
herbarium records. The few specimens of a
species in the herbarium are the only record
of its variation. These specimens are, how-
ever, useful in a preliminary inventory of
flora through discovery, description, naming
and identification of plants. Here, morphol-
ogy and distribution provide the data on
which the systematists must rely. Taxo-
nomic experience and judgement are par-
ticularly important in this phase. Most ar-
eas of tropical Africa and tropical Asia are
passing through this phase.

Consolidation or Systematic
Phase

During this phase, herbarium records are
ample and enough information is available
concerning variation from field studies.

This development is helpful in the prepa-
ration of Floras and Monographs. It also aids
in better understanding of the degree of
variation within a species. Two or more her-
barium specimens may appear to be suffi-
ciently different and regarded as belonging
to different species on the basis of a few
available herbarium records, but only a field
study of populations involving thousands of
specimens can help in reaching at a better
understanding of their status. If there are
enough field specimens to fill in the gaps
in variation pattern, there is no justifica-
tion in regarding them as separate species.
On the other hand, if there are distinct gaps
in the variation pattern, it strengthens
their separate identity. In fact, many plants,
described as species on the basis of limited
material in the pioneer phase, are found to
be variants of other species in the consoli-
dation phase. Most parts of central Europe,
North America and Japan are experienc-
ing this phase.

Experimental or
Biosystematic Phase

During this phase, the herbarium records
and variation studies are complete. In addi-
tion, information on biosystematics (stud-
ies on transplant experiments, breeding
behaviour and chromosomes) is also avail-
able. Transplant experiments involve col-
lecting seeds, saplings or other propagules
from morphologically distinct populations
from different habitats and growing them
under common environmental conditions. If
the differences between the original popu-
lations were purely ecological, the differ-
ences would disappear under a common en-
vironment, and there is no justification in
regarding them as distinct taxonomic enti-
ties. On the other hand, if the differences
still persist, these are evidently genetically
fixed. If these populations are allowed to grow
together for several years, their breeding
behaviours would further establish their sta-
tus. If there are complete reproductive bar-
riers between the populations, they will fail
to interbreed, and maintain their separate
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identity. These evidently belong to different
species. On the other hand, if there is no
reproductive isolation between them, over
the years, they would interbreed, form in-
termediate hybrids, which will soon fill the
gaps in their variation. Such populations
evidently belong to the same species and
better distinguished as ecotypes, subspecies
or varieties. Further chromosomal studies
can throw more light on their affinities and
status. Central Europe has reached this
phase of plant systematics.

Encyclopaedic or
Holotaxonomic Phase

Here, not only the previous three phases are
attained, but information on all the botani-
cal fields is also available. This information

is assembled, analyzed, and a meaningful
synthesis of analysis is provided for under-
standing phylogeny. Collection of data,
analysis and synthesis are the jobs of an in-
dependent discipline of systematics, referred
to as numerical taxonomy.

The first two phases of systematics are
often considered under alpha-taxonomy and
the last phase under omega-taxonomy. At
present, only a few persons are involved in
encyclopaedic work and that too, in a few iso-
lated taxa. It may thus be safe to conclude
that though in a few groups omega-taxonomy
is within reach, for the great majority of
plants, mainly in the tropics, even the ‘al-
pha’ stage has not been crossed. The total
integration of available information for the
plant kingdom is, thus, only a distant dream
at present.



Chapter 2

Botanical Nomenclature

Nomenclature deals with the application of a
correct name to a plant or a taxonomic group.
In practice, nomenclature is often combined
with identification, since while identifying an
unknown plant specimen, the author chooses
and applies the correct name. The favourite
temperate plant is correctly identified
whether you call it ‘Seb’ (vernacular Hindi
name), Apple, Pyrus malus or Malus malus, but
only by using the correct scientific name
Malus domestica does one combine identifi-
cation with nomenclature. The current ac-
tivity of botanical nomenclature is governed
by the International Code of Botanical Nomen-
clature (ICBN) published by the International
Association of Plant Taxonomy (IAPT). The
Code is revised after changes at each Inter-
national Botanical Congress. The naming of
the animals is governed by the International
Code of Zoological Nomenclature (ICZN) and
that of bacteria by the International Code for
the Nomenclature of Bacteria (ICNB; now
known as Bacteriological Code-BC). Virus
nomenclature is governed by International
Code of Virus Classification and Nomencla-
ture (ICVCN). Naming of cultivated plants is
governed by the International Code of Nomen-
clature for Cultivated Plants (ICNCP), which
is largely based on ICBN with a few additional
provisions. Whereas within the provisions of
a particular code no two taxa can bear the
same correct scientific name, same names

are allowed across the codes. The generic
name Cecropia applies to showy moths as also
to tropical trees. Genus Pieris, similarly, re-
fers to some butterflies and shrubs.

During the last decade, there have been
attempts at developing unified code for all liv-
ing organisms, for convenient handling of
combined database for all organisms. Draft
BioCode and PhyloCode, have been con-
certed efforts in this direction, but it will take
a long time before acceptability of these
endeavours can be determined.

NEED FOR SCIENTIFIC NAMES

Scientific names formulated in Latin are pre-
ferred over vernacular or common names
since the latter pose a number of problems:

1. Vernacular names are not available for
all the species known to man.

2. Vernacular names are restricted in
their usage and are applicable in a
single or a few languages only. They
are not universal in their application.

3. Common names usually do not provide
information indicating family or ge-
neric relationship. Roses belong to the
genus Rosa; woodrose is a member of
the genus Ipomoea and primrose be-
longs to the genus Primula. The three
genera, in turn, belong to three differ-
ent families—Rosaceae, Convolvu-
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laceae and Primulaceae, respectively.
Oak is similarly common name for the
species of genus Quercus, but Tanbark
oak is Lithocarpus, poison oak a Rhus,
silver oak a Grevillea and Jerusalem
oak a Chenopodium.

4. Frequently, especially in widely distrib-
uted plants, many common names
may exist for the same species in the
same language in the same or differ-
ent localities. Cornflower, bluebottle,
bachelor‘s button and ragged robin all
refer to the same species Centaurea
cyanus.

5. Often, two or more unrelated species
are known by the same common name.
Bachelor‘'s button, may thus be
Tanacetum vulgare, Knautia arvensis or
Centaurea cyanus. Cockscomb, is simi-
larly, a common name for Celosia
cristata but is also applied to a seaweed
Ploca-mium coccinium or to Rhinanthus
minor.

Why Latin?

Scientific names are treated as Latin regard-
less of their origin. It is also mandatory to
have a Latin diagnosis for any new taxon
published 1 January 1935 onwards. The cus-
tom of Latinized names and texts originates
from medieval scholarship and custom con-
tinued in most botanical publications until
the middle of nineteenth century. Descrip-
tions of plants are not written in classical
Latin of Cicero or of Horace, but in the ‘lin-
gua franca’ spoken and written by scholars
during middle ages, based on popular Latin
spoken by ordinary people in the classical
times. The selection has several advantages
over modern languages: i) Latin is a dead lan-
guage and as such meanings and interpre-
tation are not subject to changes unlike, En-
glish and other languages; ii) Latin is spe-
cific and exact in meaning; iii) grammatical
sense of the word is commonly obvious (white
translated as album-neuter, alba-feminine
or albus- masculine); and iv) Latin language
employs the Roman alphabet, which fits well
in the text of most languages.

DEVELOPMENT OF BOTANICAL
CODE

For several centuries, the names of plants
appeared as polynomials—long descriptive
phrases, often difficult to remember. A spe-
cies of willow, for example, was named Salix
pumila angustifolia altera by Clusius in his
herbal (1583). Casper Bauhin (1623) intro-
duced the concept of Binomial nomenclature
under which the name of a species consists
of two parts, the first the name of the genus
to which it belongs and the second the spe-
cific epithet. Onion is thus appropriately
named Allium cepa, Allium being the generic
name and cepa the specific epithet. Bauhin,
however, did not use binomial nomenclature
for all the species and it was left to Carolus
Linnaeus to firmly establish this system of
naming in his Species plantarum (1753). The
early rules of nomenclature were set forth by
Linnaeus in his Critica botanica (1737) and
further amplified in Philosophica botanica
(1751). A. P. de Candolle, in his Theorie
elementaire de la botanique (1813), gave ex-
plicit instructions on nomenclatural proce-
dures, many taken from Linnaeus. Steudel,
in Nomenclator botanicus (1821), provided
Latin names for all flowering plants known
to the author together with their synonyms.

The first organized effort towards the de-
velopment of uniform botanical nomencla-
ture was made by Alphonse de Candolle, who
circulated a copy of his manuscript Lois de la
nomenclature botanique. After deliberations of
the First International Botanical Congress at
Paris (1867), the Paris Code, also known as
‘de Candolle rules' was adopted. Linnaeus
(1753) was made the starting point for plant
nomenclature and the rule of priority was
made fundamental. Not satisfied with the
Paris Code, the American botanists adopted
a separate Rochester Code (1892), which in-
troduced the concept of types, strict applica-
tion of rules of priority even if the name was
a tautonym (specific epithet repeating the
generic name, e.g. Malus malus).

The Paris Code was replaced by the Vienna
Code (1905), which established Species
plantarum (1753) of Linnaeus as the starting
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point; tautonym was not accepted, and Latin
diagnosis was made essential for new spe-
cies. In addition, a list of conserved generic
names (Nomina generic conservanda) was
approved. Not satisfied with the Vienna Code
also, adherents of the Rochester Code adopted
the American Code (1907), which did not ac-
cept the list of conserved names and the re-
quirement for Latin diagnosis.

It was not until the 5th International Bo-
tanical Congress (IBC) at Cambridge (1930)
that the differences were finally resolved and
a truly International Code evolved, accept-
ing the concept of type method, rejecting the
tautonyms, making Latin diagnosis manda-
tory for new groups and approving conserved
generic names. The Code has since been
constantly amended at each International
Botanical Congress. The 15th IBC was held
at Tokyo in 1993, 16" at St Louis in 1999
(published by Greuter et al., 2000). The Code
discussed in the following pages is based on
the 17% International Botanical Congress
held at Vienna in 2005 (Published by McNeill
et al., 2006- Code is generally published one
year after the Congress). The 18% Interna-
tional Botanical Congress would be held in
Melbourne, Australia in 2011.

CONTENTS OF BOTANICAL CODE

Publication of the Code is based on the real-
ization that botany requires a precise and
simple system of nomenclature used by bota-
nists in all countries. The Code aims at pro-
vision of a stable method of naming taxonomic
groups, avoiding and rejecting the use of
names which may cause error or ambiguity
or throw science into confusion. Preamble
highlights the philosophy of the botanical
Code. The Code is divided into 3 divisions:

I. Principles
II. Rules and recommendations
III. Provisions for the governance of the Code
In addition, the Code includes the follow-
ing appendices:
I. Names of hybrids
IIA. Nomina familiarum algarum,
fungorum, pteridophytorum et
fossilium conservanda et rejicienda

IIB. Nomina familiarum bryophytorum et

spermatophytorum conservanda

Nomina generica conservanda et

rejicienda

Nomina specifica conservanda et

rejicienda

IV. Nomina utique rejicienda (A. Algae,
B. Fungi, C.Bryophyta, D. Pterido-
phyta, E. Spermatophyta)

V. Opera utique oppressa

IIIA.

1IB.

The last three useful appendices were in-
cluded for the first time in the Tokyo Code.
The first (IIIB) includes the names of con-
served and rejected specific names; the sec-
ond (IV) lists the names and all combinations
based on these names, which are ruled as
rejected under Art. 56, and none is to be used;
and the last (V) the list of publications (and
the category of taxa therein) which are not
validly published according to the Code.

Principles form the basis of the system of
botanical nomenclature. There are 62 main
rules (set out as articles) and associated rec-
ommendations. The object of the rules is to
put the nomenclature of the past into order
and provide for that of the future; names con-
trary to the rules cannot be maintained. Rec-
ommendations deal with subsidiary points,
and are meant for uniformity and clarity.
Names contrary to the recommendations
cannot, on that account, be rejected, but they
are not examples to be followed. Conserved
names include those that do not satisfy the
principle of priority but are sanctioned for use.
The various rules and recommendations are
discussed here under relevant headings.

Preamble

1. Botany requires a precise and simple
system of nomenclature used by bota-
nists in all countries, dealing on the
one hand with the terms which denote
the ranks of taxonomic groups or units,
and on the other hand with the scien-
tific names which are applied to the
individual taxonomic groups of plants.
The purpose of giving a name to a
taxonomic group is not to indicate its
characters or history, but to supply a
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means of referring to it and to indicate
its taxonomic rank. This Code aims at
the provision of a stable method of nam-
ing taxonomic groups, avoiding and
rejecting the use of names which may
cause error or ambiguity or throw
science into confusion. Next in impor-
tance is the avoidance of the useless
creation of names. Other consider-
ations, such as absolute grammatical
correctness, regularity or euphony of
names, more or less prevailing custom,
regard for persons, etc., notwithstand-
ing their undeniable importance, are
relatively accessory.

. The Principles form the basis of the sys-
tem of botanical nomenclature.

. The detailed Provisions are divided into
Rules, set out in the Articles, and Rec-
ommendations. Examples (Ex.) are
added to the rules and recommenda-
tions to illustrate them.

. The object of the Rules is to put the
nomenclature of the past into order and
to provide for that of the future; names
contrary to a rule cannot be main-
tained.

. The Recommendations deal with sub-
sidiary points, their object being to
bring about greater uniformity and clar-
ity, especially in future nomenclature;
names contrary to a recommendation
cannot, on that account, be rejected,
but they are not examples to be followed.
. The provisions regulating the gover-
nance of this Code form its last divi-
sion.

. The rules and recommendations apply
to all organisms traditionally treated as
plants, whether fossil or non-fossil,
e.g., blue-green algae, Cyanobacteria,
fungi, including chytrids, oomycetes,
and slime moulds, photosynthetic pro-
tists and taxonomically related non-
photosynthetic groups.

. The International code of nomenclature
for cultivated plants is prepared under
the authority of the International Com-
mission for the Nomenclature of Cul-
tivated Plants and deals with the use

10.

11.

and formation of names for special
plant categories in agricultural, for-
estry, and horticultural nomenclature.
The only proper reasons for changing
a name are either a more profound
knowledge of the facts resulting from
adequate taxonomic study or the ne-
cessity of giving up a nomenclature
that is contrary to the rules.

In the absence of a relevant rule or
where the consequences of rules are
doubtful, established custom is fol-
lowed.

This edition of the Code supersedes all
previous editions.

Principles of ICBN

The International Code of Botanical Nomen-
clature is based on the following set of six
principles, which are the philosophical basis
of the Code and provide guidelines for the tax-
onomists who propose amendments or delib-
erate on the suggestions for modification of
the Code:

1.

Botanical Nomenclature is independ-
ent of Zoological Nomenclature. The
Code applies equally to the names of
taxonomic groups treated as plants
whether or not these groups were
originally so treated.

The application of names of taxonomic
groups is determined by means of
nomenclatural types.

Nomenclature of a taxonomic group is
based upon priority of publication.
Each taxonomic group with a particu-
lar circumscription, position and rank
can bear only one correct name, the
earliest that is in accordance with the
rules.

Scientific names of taxonomic groups
are treated as Latin, regardless of deri-
vation.

The rules of nomenclature are retro-
active, unless expressly limited.

Names of Taxa

Taxon (pl. taxa) refers to a taxonomic group
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belonging to any rank. The system of nomen-
clature provides a hierarchical arrangement
of ranks. Every plant is treated as belonging
to a number of taxa, each assigned a particu-
lar rank. Onion thus belongs to Allium cepa
(species rank), Allium (genus rank), Alliaceae
(family rank) and so on. The seven principal
obligatory ranks of taxa in descending se-
quence are: kingdom (regnum), division or
phylum (divisio, phylum), class (classis), or-
der (ordo), family (familia), genus (genus), and
species (species). The ending of the name
indicates its rank: ending -bionta denotes a
kingdom, -phyta a division, -phytina a sub-

division, -opsida a class, -opsidae or -idae a
subclass, -ales an order, -ineae a suborder
and -aceae a family. The detailed hierarchy
of ranks and endings with examples is given
in Table 2.1. Stevens (2005) describes this
system of naming where endings determine
ranks of taxa and suggest relative positions
of groups in local hierarchy as flagged hier-
archy.

The names of the groups belonging to ranks
above the level of genus are uninomials in
the plural case. Thus, it is appropriate to say
‘Winteraceae are primitive’ and inappropri-
ate when we say ‘Winteraceae is primitive’.

Table 2.1 Ranks and endings provided by the ICBN

Rank Ending Example
Kingdom -bionta Chlorobionta
Division -phyta Magnoliophyta
-mycota (Fungi) Eumycota
Subdivision -phytina Pterophytina
-mycotina (Fungi) Eumycotina
Class -opsida Magnoliopsida
-phyceae (Algae) Chlorophyceae
-mycetes (Fungi) Basidiomycetes
Subclass -opsidae Pteropsidae
-idae (Seed plants) Rosidae
-physidae (Algae) Cyanophysidae
-mycetidae (Fungi) Basidiomycetidae
Order -ales Rosales
Suborder -ineae Rosineae
Family -aceae Rosaceae
Subfamily -oideae Rosoideae
Tribe -eae Roseae
Subtribe -inae Rosinae
Genus -us, -um, -is, -a, -on Pyrus, Allium, Arabis, Rosa,
Polypogon
Subgenus Cuscuta subgenus Eucuscuta
Section Scrophularia section Anastomosanthes
Subsection Scrophularia subsection Vernales
Series Scrophularia series Lateriflorae
Species Rosa canina
Subspecies Crepis sancta subsp. bifida
Varietas Lantana camara var. varia
Forma Tectona grandis f. punctata
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The focus changes when we are mentioning
the rank with it. Thus, ‘the family Winter-
aceae is primitive’ is a logically correct
statement.

The name of a taxon above the rank of fam-
ily may be formed by replacing the termina-
tion -aceae in the name of an included fam-
ily by the termination denoting their rank
(order Rosales from family Rosaceae, class
Magnoliopsida from family Magnoliaceae).
The name of a family is a plural adjective
used as a noun. It is formed from the name
of the type genus by replacing the genitive
singular (gender) ending with the termina-
tion -aceae in the genera of classical Latin
or Greek origin (Family Rosaceae from
genus Rosa, Potamogetonaceae from
Potamogeton). For generic names of non-
classical origin, when analogy with classical
names is insufficient to determine the
genitive singular, -aceae is added to the full
word (Ginkgoaceae from Ginkgo). For generic
names with alternative genitives the one
implicitly used by the original author must
be maintained (Nelumbonaceae from
Nelumbo—Nelumbonis declined by analogy
with umbo and umbonis).

The endings for ranks, subclass and above
are recommendations, whereas for order and
below these are mandatory rules. It is, thus,
nothing strange that group names such as
Gymnosperms, Angiosperms, Bryophytes,
Pteridophytes, Lignosae, Herbaceae,
Dicotyledoneae, Monocotyledoneae, etc. have
been used as valid group names for
supraordinal taxa. Recently developed ver-
sions of the APG classification recognize only
informal group names such as Paleoherbs,
Tricolpates (Eudicots), Asterids, Rosids,
Euasterids, Eurosids above the order level as
monophyletic clades. No formal taxonomic
names are used above the level of the order.
The name of a family ends in -aceae. The
following eight families of angiosperms, how-
ever, whose original names are not in accor-
dance with the rules but the use of these
names has been sanctioned because of old
traditional usage. The type genus of each
family is listed:

Traditional Alternate Type
name name mm genus
Cruciferae Brassicaceae Brassica
Guttiferae Clusiaceae Clusia
Leguminosae  Fabaceae Faba
Umbelliferae Apiaceae Apium
Compositae Asteraceae Aster
Labiatae Lamiaceae Lamium
Palmae Arecaceae Areca
Gramineae Poaceae Poa

The alternate names of these families
which are in accordance with the ICBN rules
need to be encouraged.

Under a unique exception to article 18 of
the Code, the name Leguminosae is sanc-
tioned as alternate name for Fabaceae only
as long as it includes all the three subfami-
lies: Faboideae (Papilionoideae), Caesalpin-
ioideae and Mimosoideae. In case these are
upgraded as families, then the name Papil-
ionaceae is conserved against Leguminosae
for the first of these getting the name
Fabaceae. The two alternate names allowed
then are Papilionaceae and Fabaceae.

Fossil taxa may be treated as morphotaxa.
A morphotaxon is defined as a fossil taxon,
which for nomenclatural purposes, comprises
only the parts, life-history stages, or
preservational states represented by the
corresponding nomenclatural type.

Genus

The generic name is a uninomial singular
word treated as a noun. The examples of the
shortest generic name Aaas well as the long-
est name Brassosophrolaeliocattleya (26 char-
acters), both belong to the family Orchidaceae.
The genus may have a masculine, neuter or
feminine form as indicated by the ending:
-us , -pogon commonly stand for masculine
genera, -um for neuter and -a, -is for femi-
nine genera. The first letter of the generic
name is always capitalised. The name may
be based on any source, but the common
sources for generic names are as under:
1. Commemoration of a person com-
monly an author such as Bauhinia for
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Bauhin, Benthamia and Benthamida for
Bentham, Darwinia for Darwin,
Hutchinsonia for Hutchinson, Lamarckia
for Lamarck and Linnaea for Linnaeus.
It may also be used for head of a state
such as Victoria for Queen Victoria of
England, Washingtonia for King George
Washington, and Zinobia for Queen
Zinobia of Palmyra. The names com-
memorating a person, man or woman
always take the feminine form. The
name of a genus is constructed by add-
ing -ia if name of a person ends in a
consonant (Fuchsia after Fuchs), -a if
it ends in a vowel (Ottoa after Otto), but
-ea is added if it ends in -a (Collaea af-
ter Colla). If the name ends in -er both
are permitted (Kernera for Kerner;
Sesleria for Seslar). For Latinized per-
sonal names ending with -us, this ter-
mination is dropped before adding ap-
propriate ending (Linnaea after
Linnaeus, Dillenia after Dillenius). The
name may also be formed directly as
in case of Victoria and Zinobia, as indi-
cated above.

Based on a place such as Araucaria
after Arauco a province of Chile,
Caucasia for Caucasus in Russia,
Salvadora for EL Salvadore, Arabis for
Arabia and Sibiraea for Siberia. The
name could also be based on names of
two places such as Austroamericium
(Australia and America) or place and
author such as Austrobaileya (Austra-
lia and Bailey)

Based on an important charac-
ter such as yellow wood in Zanthoxy-
lum, liver-like leaves in Hepatica,
marshy habit of Hygrophila, trifoliate
leaves of Trifolium, and spiny fruit of
Acanthospermum.

Aboriginal names taken directly
from a language other than Latin with-
out alteration of ending. Narcissus is
the Greek name for daffodils named
after the famous Greek god Narcissus,
Ginkgo a Chinese, Vanda a Sanskrit
and Sasa a Japanese aboriginal name.

The generic name of a tree, whatever be
the ending, takes a feminine form, since
trees are generally feminine in classical
Latin. Pinus, Quercus and Prunus are, thus,
all feminine genera. If two words are used to
form a generic name, these have to be joined
by a hyphen (generic name Uva-ursi). In case,
however, the two words were combined into
one word by the original author, the use of
hyphen is not needed (generic name
Quisqualis). The name of a genus may not
coincide with a technical term currently used
in morphology unless it was published before
1 January 1912 and was accompanied by a
specific name published in accordance with
the binary system of Linnaeus. The generic
name Tuber (published in 1780 was accom-
panied by a binary specific name Tuber
gulosorum F. H. Wigg.) and is, therefore, val-
idly published. On the other hand the intended
generic names ‘Lanceolatus’ (Plumstead,
1952) is, therefore, not validly published.
Words such as ‘radix’, ‘caulis’, ‘folium’, ‘spina’,
etc., cannot now be validly published as ge-
neric names.

Species

The name of a species is a binomial: con-
sisting of two words, a generic name followed
by a specific epithet. The Code recommends
that all specific epithets should begin with a
lower case initial letter. An upper case ini-
tial letter is sometimes used, however, for
specific epithets derived from a person’s
name, former generic name or a common
name. The Code discourages such usage for
specific epithets. A specific epithet may be
derived from any source or composed arbi-
trarily. The following sources are commonly
used:

1. Name of a person. The specific epithet
named after a person may take geni-
tive (possessive) or an adjectival form:
(i) When used in the genitive form the

epithet takes its form depending on
the ending of the person’s name. For
names ending in a vowel or -er the
letter -i is added for a male person
(roylei after Royle, hookeri after
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Hooker), -aefor female person (laceae
after Lace), and -orum for more than
one persons with the same surname
(hookerorum after Hooker & Hooker).
If the name, however, ends in -a
then -eis added (paulae after Paula).
If the name ends in a consonant -ii
is added male person (wallichii after
Wallich), -iae for a female person
(wilsoniae after Wilson), and -iorum
for more than one persons with same
surname and at least one male
(verlotiorum after Verlot brothers), and
-iarum if both are female (brauniarum
for Braun sisters). For names of the
persons already in Latin (e.g.
Linnaeus), the Latin ending (-us in
this case) has to be dropped before

adding the appropriate genitive end-
ing. The specific epithets in
genitive form are not related to the
gender of the genus. Illustrative ex-
amples are listed in Table a.

(ii) When used in adjectival form, the

epithet takes its ending from the
gender of the genus after adding -
ian if name of the person ends in a
consonant, adding -an if the name
ends in a vowel except when it ends
in -a, wherein -n is added. Ilustra-
tive examples are given in Table b.

Place. The specific epithet may, simi-
larly, be formed by using the place
name as an adjective, when again the
genus determines the ending after the
addition of -ian or -ic and then the rel-

Table a

Person Sex Specific epithet Binomial

Royle M roylei Impatiens roylei

Hooker M hoolceri Iris hoolceri

Sengupta M senguptae Euphorbia senguptae

Wallich M wallichii Euphorbia wallichii

Todd F toddiae Rosa toddiae

Gepp & Gepp M geppiorum Codiaeum geppiorum

Linnaeus M linnaei Indigofera linnaet

Table b

Author Genus Gender Specific epithet Binomial

Webb Rosa Feminine webbiana Rosa webbiana

Webb Delphinium Neuter webbianum Rheum webbianum

Webb Astragalus Masculine webbianus Astragalus webbianus

Kotschy Hieracium Neuter Icotschyanum Hieracium kotschyanum

Lagasca Centaurea Feminine lagascana Centaurea lagascana

Table c

Place Genus Gender Specific epithet Binomial

Kashmir Iris Feminine kashmiriana Iris kashmiriana
Delphinium  Neuter kashmirianum Delphinium kashmirianum
Tragopogon = Masculine kashmirianus Tragopogon kashmirianus

India Rosa Feminine indica Rosa indica
Solanum Neuter indicum Solanum indicum
Euonymus Masculine indicus Euonymus indicus
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evant gender ending as determined by
the genus. The specific epithet is also
formed by adding -ensis (for masculine
and feminine genera, e.g. Hedera
nepalensis, Rubus canadensis) or -ense
(for neuter genera, e.g. Ligustrum
nepalense) to the place name. Different
situations are illustrated in Table c.

3. Character. Specific epithets based on
a character of the species are always
in adjectival form and derive their
gender from the genus. A name based
on a white plant part may take the
form alba (Rosa alba), album (Chenopo-
dium album) or albus (Mallotus albus).
A common epithet used for cultivated
plants may similarly take the form
sativa (Oryza sativa), sativum (Allium
sativum) or sativus (Lathyrus sativus)
depending on the gender of the genus
to which the epithet is assigned. Some
epithets, however, such as bicolor (two-
coloured) and repens (creeping) remain
unchanged, e.g. Ranunculus repens,
Ludwigia repens and Trifolium repens.

4. Noun in apposition. A specific epithet
may sometimes be a noun in apposi-
tion carrying its own gender, and usu-
ally in the nominative case. Binomial
Pyrus malus is based on the Greek
name malus for common apple. In Al-
lium cepa, similarly, cepa is the Latin
name for onion.

Both the generic name and the spe-
cific epithet are underlined when writ-
ten or typed. When printed, they are
in Italics or boldface. After the generic
name in a species has been spelled
out at least once, if used for other spe-
cies, it may be abbreviated using the
initial capital, e.g. Quercus dilatata,
Q. suber, Q. Ilex, etc. A specific epithet
is usually one word but when consist-
ing of two words, these must be hy-
phenated as in Capsella bursa-pastoris
and Rhamnus vitis-idaea, or else the
two words may be combined into one
as in Narcissus pseudonarcissus

Although not leading to rejection, the use
of same name in genitive form as well as

adjectival form in species of the same ge-
nus is to be avoided, e.g. Iris hookeri and
I. Hookeriana; Lysimachia hemsleyana Oliv.
and L. hemsleyi Franch.

Infraspecific taxa

The names of subspecies are trinomials and
are formed by adding a subspecific epithet
to the name of a species, e.g. Angelica
archangelica ssp. himalaica. A variety
(varieta) within a subspecies may accord-
ingly be quadrinomial as in Bupleurum
falcatum ssp. eufalcatum var. hoffmeisteri, or
it may just be a trinomial when no subspe-
cies is recognized within a species as in
Brassica oleracea var. capitata. A forma may
also be assigned a name in a similar man-
ner, e.g. Prunus cornuta forma villosa. The
formation of the infraspecific epithet follows
the same rules as the specific epithet. In-
fraspecific name may sometimes be a poly-
nomial as Saxifraga aizoon var. aizoon
subvar. brevifolia f. multicaulis subf. surculosa
Engl. & Irmsch.

The Type Method

The names of different taxonomic groups are
based on the type method, by which a cer-
tain representative of the group is the source
of the name for the group. This representa-
tive is called the nomenclatural type or sim-
ply the type, and methodology as typifica-
tion. The type need not be the most typical
member of the group, it only fixes the name
of a particular taxon and the two are perma-
nently associated. Type may be correct name
or even a synonym. Thus the tea family name
(Theaceae) is derived from synonym Thea
although the correct name for the genus is
Camellia. Mimosa is the type for family
Mimosaceae, but unlike most representatives
of the family that have pentamerous flow-
ers, the genus Mimosa has tetramerous flow-
ers. The family Urticaceae, similarly, has
Urtica as its type. When the originally large
family was split into a number of smaller
natural families, the name Urticaceae was
retained for the group containing the genus
Urtica, since the two cannot be separated.
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The other splitter groups with family rank
got the names Moraceae, Ulmaceae and
Cannabaceae with type genera Morus, Ulmus
and Cannabis, respectively. The family
Malvaceae has seen a lot of realignments,
with Tiliaceae sometimes merged with
Malvaceae. Thorne (2003) shifts Tilia to
Malvaceae, but retains rest of the genera.
This necessitates name change for former
Tiliaceae (excluding genus Tilia) to
Grewiaceae, with Grewia as the type genus.

The type of a family and the higher groups
is ultimately a genus, as indicated above. A
type of a particular genus is a species, e.g.
Poa pratensis for Poa. The type of name of a
species or infraspecific taxon, where it ex-
ists, is a single type specimen, preserved in
a known herbarium and identified by the
place of collection, name of the collector and
his collection number. It may also be an il-
lustration of the plant. The Code recognizes
several kinds of type, depending upon the
way in which a type specimen is selected.
These include:

1. Holotype: A particular specimen or il-
lustration designated by the author of
the species to represent type of a spe-
cies. For the purpose of typification, a
specimen is a gathering, or part of a
gathering, of a single species or
infraspecific taxon made at one time,
disregarding admixtures. It may con-
sist of a single plant, parts of one or
several plants, or of multiple small
plants. A specimen is usually mounted
either on a single herbarium sheet or
in an equivalent preparation, such as
a box, packet, jar or microscope slide.
Type specimens of names of taxa must
be preserved permanently and may not
be living plants or cultures. However,
cultures of fungi and algae, if preserved
in a metabolically inactive state (e.g.
by lyophilization or deep-freezing), are
acceptable as types. It is now essen-
tial to designate a holotype when pub-
lishing a new species.

2. Isotype: A specimen which is a dupli-
cate of the holotype, collected from the
same place, at the same time and by

the same person. Often the collection
number is also the same, differenti-
ated as a, b, c, etc.

Syntype: Any one of the two or more
specimens cited by the author when
no holotype was designated, or any one
of the two or more specimens simulta-
neously designated as types. Duplicate
of a syntype is an isosyntype.
Paratype: A paratype is a specimen
cited in the protologue that is neither
the holotype nor an isotype, nor one of
the syntypes if two or more specimens
were simultaneously designated as
types.

Lectotype: A specimen or any other el-
ement selected from the original ma-
terial cited by the author when no
holotype was originally selected or
when it no longer exists. A lectotype is
selected from isotypes or syntypes. In
lectotype designation, an isotype must
be chosen if such exists, or otherwise
a syntype if such exists. If no isotype,
syntype or isosyntype (duplicate of
syntype) is extant, the lectotype must
be chosen from among the paratypes if
such exist. If no cited specimens ex-
ist, the lectotype must be chosen from
among the uncited specimens and
cited and uncited illustrations which
comprise the remaining original ma-
terial, if such exist.

Neotype: A specimen or illustration se-
lected to serve as nomenclatural type
as long as all of the material on which
the name of the taxon was based is
missing; a specimen or an illustration
selected when no holotype, isotype,
paratype or syntype exists.

Epitype: A specimen or illustration se-
lected to serve as an interpretative type
when the holotype, lectotype or previ-
ously designated neotype, or all origi-
nal material associated with a validly
published name, is demonstrably am-
biguous and cannot be critically iden-
tified for purposes of the precise appli-
cation of the name of a taxon. When
an epitype is designated, the holotype,
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lectotype or neotype that the epitype
supports must be explicitly cited.

In most cases in which no holotype was
designated there will also be no paratypes,
since all the cited specimens will be
syntypes. However, when an author has des-
ignated two or more specimens as types, any
remaining cited specimens are paratypes
and not syntypes.

Topotype is often the name given to a
specimen collected from the same locality
from which the holotype was originally col-
lected.

In cases where the type of a name is a
culture permanently preserved in a meta-
bolically inactive state, any living isolates
obtained from that should be referred to as
‘ex-type’ (ex typo), ‘ex-holotype’ (ex holotypo),
‘ex-isotype’ (ex isotypo), etc., in order to make
it clear they are derived from the type but
are not themselves the nomenclatural type.

When an infraspecific variant is recog-
nized within a species for the first time, it
automatically establishes two infraspecific
taxa. The one, which includes the type
specimen of the species, must have the
same epithet as that of the species, e.g. Aca-
cia nilotica ssp. nilotica. Such a name is called
an autonym, and the specimen an
autotype. The variant taxon would have its
own holotype and is differentiated by an epi-
thet different from the specific epithet, e.g.
Acacia nilotica ssp. indica.

It must be borne in mind that the applica-
tion of the type method or typification is a
methodology different from typology, which
is a concept based on the idea that does not
recognize variation within the taxa, and be-
lieves that an idealized specimen or pattern
can represent a natural taxon. This concept
of typology was very much in vogue before Dar-
win put forward his ideas about variations.

Author Citation

For a name to be complete, accurate and
readily verifiable, it should be accompanied
by the name of the author or authors who
first published the name validly. The names
of the authors are commonly abbreviated,
e.g. L. for Carolus Linnaeus, Benth. for

G. Bentham, Hook. for William Hooker,
Hook.f. for Sir J. D. Hooker (f. stands for fil-
ius, the son; J. D. Hooker was son of Will-
iam Hooker), R.Br. for Robert Brown, Lam.
for J. P. Lamarck, DC. for A. P. de Candolle,
Wall. for Wallich, A. DC. for Alphonse de
Candolle, Scop. for G. A. Scopoli and Pers.
for C. H. Persoon.

Single author

The name of a single author follows the name
of a species (or any other taxon) when a
single author proposed a new name, e.g.
Solanum nigrum L.

Multiple authors

The names of two or more authors may be as-
sociated with a name for a variety of reasons.
These different situations are exhibited by
citing the name of the authors differently:

1. Use of et: When two or more authors
publish a new species or propose a new
name, their names are linked by et,
e.g. Delphinium viscosum Hook.f. et
Thomson.

2. Use of parentheses: The rules of bo-
tanical nomenclature specify that
whenever the name of a taxon is
changed by the transfer from one ge-
nus to another, or by upgrading or down-
grading the level of the taxon, the origi-
nal epithet should be retained. The
name of the taxon providing the epithet
is termed a basionym. The name of the
original author or authors whose epi-
thet is being used in the changed name
is placed within parentheses, and the
author or authors who made the name
change outside the parentheses, e.g.
Cynodon dactylon (Linn.) Pers., based on
the basionym Panicum dactylon Linn.,
the original name for the species.

3. Use of ex: The names of two authors
are linked by ex when the first author
had proposed a name but was validly
published only by the second author,
the first author failing to satisfy all or
some of the requirements of the Code,
e.g. Cerasus cornuta Wall. ex Royle.
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4. Use of in: The names of authors are
linked using in when the first author
published a new species or a name in
a publication of another author, e.g.
Carex kashmirensis Clarke in Hook.f.
Clarke published this new species in
the Flora of British India whose author
was Sir J. D. Hooker.

5. Use of emend: The names of two au-
thors are linked using emend.
(emendavit: person making the correc-
tion) when the second author makes
some change in the diagnosis or in cir-
cumscription of a taxon without alter-
ing the type, e.g. Phyllanthus Linn.
emend. Mull.

6. Use of square brackets: Square
brackets are used to indicate
prestarting point author. The generic
name Lupinus was effectively published
by Tournefort in 1719, but as it hap-
pens to be earlier than 1753, the start-
ing date for botanical nomenclature
based on Species plantarum of
Linnaeus, the appropriate citation for
the genus is Lupinus [Tourne.] L.

When naming an infraspecific taxon, the

authority is cited both for the specific
epithet and the infraspecific epithet, e.g.
Acacia nilotica (L.) Del. ssp. indica (Benth.)
Brenan. In the case of an autonym, how-
ever, the infraspecific epithet does not bear
the author’s name since it is based on the
same type as the species, e.g. Acacia nilotica
(L.) Del. ssp. nilotica.

Publication of Names

The name of a taxon, when first published,
should meet certain requirements so as to
become a legitimate name for consideration
when deciding on a correct name. A valid
publication should satisfy the following
requirements:

Formulation

A name should be properly formulated and
its nature indicated by a proper abbreviation
after the name of the author:

1. sp. nov. for species nova, a species new
to science; Tragopogon kashmirianus
G. Singh, sp. nov. (published in 1976).

2. comb. nov. for combinatio nova, a
name change involving the epithet of
the basionym, name of the original au-
thor being kept within parentheses;
Vallisneria natans (Lour.) Hara comb.
nov. (published in 1974 based on
Physkium natans Lour., 1790).

3. comb. et stat. nov. for combinatio et
status nova, when a new combination
also involves the change of status. Epi-
thet of the basionym will accordingly
be used in the combination intended;
Caragana opulens Kom. var. licentiana
(Hand.-Mazz.) Yakovl. comb. et stat.
nov. (published in 1988 based on C.
licentiana Hand.-Mazz., 1933; new com-
bination also involved change of sta-
tus from a species C. licentiana to a
variety of Caragana opulens Kom.).

4. nom. nov. for nomen novum, when the
original name is replaced and its epi-
thet cannot be used in the new name;
Muyrcia lucida McVaugh nom. nov. (pub-
lished in 1969 to replace M. laevis O.
Berg, 1862, an illegitimate homonym
of M. laevis G. Don, 1832).

These abbreviations are, however, used
only when first published. In future refer-
ences, these are replaced by the name of
the publication, page number and the year
of publication for full citation, or at least the
year of publication. Thus when first pub-
lished in 1976 as a new species, Tragopogon
kkashmirianus G. Singh sp. nov. appeared in
a book titled Forest Flora of Srinagar on page
123, figure 4, any successive reference to
this species would appear as: Tragopogon
kashmirianus G. Singh, Forest Flora of
Srinagar, p 123, f. 4, 1976 or Tragopogon
kashmirianus G. Singh, 1976. The other
names would be cited as Vallisneria natans
(Lour.) Hara, 1974, Caragana opulens Kom.
var. licentiana (Hand.-Mazz.) Yakovl., 1988
and Myrcia lucida McVaugh, 1969, specify-
ing the year of publication. A new combina-
tion, or an avowed substitute (replacement
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name, nomen novum), published on or after
1 January 1953 based on a previously and
validly published name is not validly pub-
lished unless its basionym (name-bringing
or epithet-bringing synonym) or the replaced
synonym (when a new name is proposed) is
clearly indicated and a full and direct refer-
ence given to its author and place of valid
publication, with page or plate reference and
date. Authors should cite themselves by
name after each new name they publish
rather than refer to themselves by expres-
sions such as ‘nobis’ (nob.) or ‘mihi’ (m.).

Latin diagnosis

Names of all new species (or other taxa new
to science) published 1 January 1935 on-
wards should have a Latin diagnosis (Latin
translation of diagnostic features). Full de-
scription of the species in any language can
accompany the Latin diagnosis. A descrip-
tion in any language, not accompanied by a
Latin diagnosis is allowed for publications
before 1 January 1935. For publications be-
fore 1 January 1908, an illustration with
analysis without any accompanying descrip-
tion is valid. Thus description in any lan-
guage is essential from 1 January 1908 on-
wards and this accompanied by a Latin di-
agnosis from 1 January 1935. For name
changes or new names of already known spe-
cies, a full reference to the original publica-
tion should be made.

Typification

A holotype should be designated. Publica-
tion on or after 1 January 1958 of the name
of a new taxon of the rank of genus or below
is valid only when the type of the name is
indicated. For the name of a new taxon of
the rank of genus or below published on or
after 1 January 1990, an indication of the
type must include one of the words ‘typus’
or ‘holotypus’, or its abbreviation, or even its
equivalent in a modern language. For the
name of a new species or infraspecific taxon
published on or after 1 January 1990 whose
type is a specimen or unpublished illustra-

tion, the herbarium or institution in which
the type is conserved must be specified.
Names published on or after 1 January 2007
would require a specimen (and not a mere
illustration) as type, except only for micro-
scopic algae or microfungi for which preser-
vation of a type was technically difficult, and
where illustration is accepted as type. On or
after 1 January 2001, lectotypification or
neotypification of a name of a species or in-
fraspecific taxon is not affected unless indi-
cated by use of the term ‘lectotypus’ or
‘neotypus’, its abbreviation, or its equivalent
in a modern language. The specimen selected
as type should belong to a single gathering.
‘Echinocereus sanpedroensis’ (Raudonat &
Rischer, 1995) was based on a ‘holotype’ con-
sisting of a complete plant with roots, a de-
tached branch, an entire flower, a flower cut
in halves, and two fruits, which according to
the label were taken from the same cultivated
individual at different times and preserved,
in alcohol, in a single jar. This material be-
longs to more than one gathering and can-
not be accepted as a type. Raudonat &
Rischer’s name is thus not validly published.

Effective publication

The publication becomes effective by distri-
bution in printed form, through sale, ex-
change or gift to the general public or at least
the botanical institutions with libraries ac-
cessible to botanists generally. It is not af-
fected by communication of new names at a
public meeting, by the placing of names in
collections or gardens open to the public; by
the issue of microfilm made from manu-
scripts, typescripts or other unpublished ma-
terial, by publication on-line, or by dissemi-
nation of distributable electronic media. The
publication in newspapers and catalogues (1
January 1953 onwards) and seed exchange
lists (1 January 1977 onwards) is not an ef-
fective publication. A theses submitted for a
higher degree on or after 1 January, 1953 is
considered effectively published, only if it car-
ries a statement of its publication or an in-
ternal evidence (e.g. an ISBN, or a commer-
cial publisher). Publication of handwritten
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material, reproduced by some mechanical
or graphic process (indelible autograph)
such as lithography, offset, or metallic etch-
ing before 1 January 1953 is effective. Salvia
oxyodon Webb & Heldr. was effectively pub-
lished in an indelible autograph catalogue
placed on sale (Webb & Heldreich, Catalogus
plantarum hispanicarum ... ab A. Blanco
lectarum, Paris, Jul 1850, folio). The Journal
of the International Conifer Preservation Soci-
ety, Vol. 5[1]. 1997 ('1998), consists of du-
plicated sheets of typewritten text with hand-
written additions and corrections in several
places. The handwritten portions, being in-
delible autograph published after 1 January
1953, are not effectively published. Intended
new combinations (‘Abies koreana var.
yuanbaoshanensis’, p. 53), for which the
basionym reference is handwritten are not
validly published. The entirely handwritten
account of a new taxon (p. 61: name, Latin
description, statement of type) is treated as
unpublished.

The date of a name is that of its valid pub-
lication. When the various conditions for
valid publication are not simultaneously ful-
filled, the date is that on which the last con-
dition was fulfilled. However, the name must
always be explicitly accepted in the place of
its validation. A name published on or after
1 January 1973 for which the various con-
ditions for valid publication are not simulta-
neously fulfilled is not validly published un-
less a full and direct reference is given to
the places where these requirements were
previously fulfilled.

In order to be accepted, a name of a new
taxon of fossil plants published on or after 1
January 1996 must be accompanied by a
Latin or English description or diagnosis or
by a reference to a previously and effectively
published Latin or English description or di-
agnosis.

For groups originally not covered by ICBN,
the Code accepts them as validly published
if they meet the requirements of the perti-
nent non-botanical Code, but are now
recognized as organisms covered under bo-
tanical Code. This provision earlier covered
organisms subsequently recognized as

algae, but Vienna Code extended this provi-
sion also to organisms subsequently recog-
nized as fungi. The provision has benefitted
the recognition of Microsporidia, long con-
sidered protozoa and now recognized as fungi.
Similarly the species of Pneumocystis, not
validly published because of lack of Latin
diagnosis or description, are now treated as
validly published, since Latin requirement
is not mandatory under Zoological Code,
which originally covered these mammalian
pathogens, now treated as fungi.

The Tokyo Code included a rule (Art. 32.
1-2), subject to ratification by the XVI Inter-
national Botanical Congress (St Louis, 1999)
according to which new names of plants and
fungi would have to be registered in order to
be validly published after the 1st of January
2000. A trial registration had already begun,
on a non-mandatory basis, for a two-year pe-
riod starting 1 January 1998. The proposal
was, however, voted out at St. Louis and all
references to the registration deleted from
the Code.

A correction of the original spelling of a
name does not affect its date of valid publi-
cation.

Rejection of Names

The process of selection of correct name for
a taxon involves the identification of illegiti-
mate names, those which do not satisfy the
rules of botanical nomenclature. A legitimate
name must not be rejected merely because
it, or its epithet, is inappropriate or disagree-
able, or because another is preferable or bet-
ter known or because it has lost its original
meaning. The name Scilla peruviana L. (1753)
is not to be rejected merely because the spe-
cies does not grow in Peru. Any one or more
of the following situations leads to the rejec-
tion of a name:

1. Nomen nudum (abbreviated nom.
nud.): A name with no accompanying
description. Many names published by
Wallich in his Catalogue (abbreviated
Wall. Cat.) published in 1812 were no-
men nudum. These were either vali-
dated by another author at a later date
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by providing a description (e.g. Cerasus
cornuta Wall. ex Royle) or if by that time
the name has already been used for
another species by some other author,
the nomen nudum even if validated is
rejected and a new name has to be
found (e.g. Quercus dilatata Wall., a
nom. nud. rejected and replaced by Q.
himalayana Bahadur, 1972).

Name not effectively published, not
properly formulated, lacking typifica-
tion or without a Latin diagnosis.
Tautonym: Whereas the Zoological
Code allows binomials with identical
generic name and specific epithet (e.g.
Bison bison), such names in Botanical
nomenclature constitute tautonyms
(e.g. Malus malus) and are rejected. The
words in the tautonym are exactly iden-
tical, and evidently names such as
Cajanus cajan or Sesbania sesban are
not tautonyms and thus legitimate.
Repetition of a specific epithet in an
infraspecific epithet does not consti-
tute a tautonym but a legitimate
autonym (e.g. Acacia nilotica ssp.
nilotica).

Later homonym: Just as a taxon
should have one correct name, the
Code similarly does not allow the same
name to be used for two different spe-
cies (or taxa). Such, if existing, consti-
tute homonyms. The one published at
an earlier date is termed the earlier
homonym and that at a later date as
the later homonym. The Code rejects
later homonyms even if the earlier
homonym is illegitimate. Ziziphus
Jujuba Lam., 1789 had long been used
as the correct name for the cultivated
fruit jujube. This, however, was ascer-
tained to be a later homonym of a re-
lated species Z. jujuba Mill., 1768. The
binomial Z. jujuba Lam., 1789 is thus
rejected and jujube correctly named as
Z. mauritiana Lam., 1789. Similarly,
although the earliest name for al-
monds is Amygdalus communis L., 1753
when transferred to the genus Prunus
the name Prunus communis (L.)

Archangeli 1882 for almond became a
later homonym of Prunus communis
Huds., 1762 which is a species of
plums. P. communis (L.) Archangeli was
as such replaced by P. dulcis (Mill.)
Webb, 1967 as the name for almonds.
When two or more generic or specific
names based on different types are so
similar that they are likely to be
confused (because they are applied to
related taxa or for any other reason)
they are to be treated as homonyms.
Names treated as homonyms include:
Asterostemma Decne. (1838) and
Astrostemma Benth. (1880);
Pleuropetalum Hook. f. (1846) and
Pleuripetalum T. Durand (1888);
Eschweilera DC. (1828) and
Eschweileria Boerl. (1887); Skytanthus
Meyen (1834) and Scytanthus Hook.
(1844). The three generic names
Bradlea Adans. (1763), Bradleja Banks
ex Gaertn. (1790), and Braddleya Vell.
(1827), all commemorating Richard
Bradley, are treated as homonyms
because only one can be used without
serious risk of confusion. The follow-
ing specific epithets under the same
genus would also form homonyms
chinensis and sinensis; ceylanica and
zeylanica; napaulensis, nepalensis, and
nipalensis.

Later isonym: When the same name,
based on the same type, has been pub-
lished independently at different times
by different authors, then only the ear-
liest of these so-called ‘isonyms’ has
nomenclatural status. The name is
always to be cited from its original place
of valid publication, and later ‘isonyms’
may be disregarded. Baker (1892) and
Christensen (1905) independently
published the name Alsophila kalbreyeri
as a substitute for A. podophylla Baker
(1891) non Hook. (1857). As published
by Christensen, Alsophila kalbreyeri is
a later ‘isonym’ of A. kalbreyeri Balker,
without nomenclatural status.
Nomen superfluum (abbreviated as
nom. superfl): A name is illegitimate
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and must be rejected when it was
nomenclaturally superfluous when
published, i.e., if the taxon to which it
was applied—as circumscribed by its
author—included the type of a name
or epithet which ought to have been
adopted under the rules. Physkium
natans Lour., 1790 thus when trans-
ferred to the genus Vallisneria, the epi-
thet natans should have been retained
but de Jussieu used the name
Vallisneria physkium Juss., 1826 a
name which becomes superfluous. The
species has accordingly been named
correctly as Vallisneria natans (Lour.)
Hara, 1974. A combination based on a
superfluous name is also illegitimate.
Picea excelsa (Lam.) Link is illegitimate
since it is based on a superfluous name
Pinus excelsa Lam., 1778 for Pinus abies
Linn., 1753. The legitimate combina-
tion under Picea is thus Picea abies
(Linn.) Karst., 1880.

7. Nomen ambiguum (abbreviated as
nom. ambig.): A name is rejected if it
is used in a different sense by differ-
ent authors and has become a source
of persistent error. The name Rosa
villosa L. is rejected because it has
been applied to several different spe-
cies and has become a source of error.

8. Nomen confusum (abbreviated as nom.
confus.): A name is rejected if it is
based on a type consisting of two or
more entirely discordant elements, so
that it is difficult to select a satisfac-
tory lectotype. The characters of the
genus Actinotinus, for example, were
derived from two genera Viburnum and
Aesculus, owing to the insertion of the
inflorescence of Viburnum in the ter-
minal bud of an Aesculus by a collector.
The name Actinotinus must, therefore,
be abandoned.

9. Nomen dubium (abbreviated as nom.
dub.): A name is rejected if it is dubi-
ous, i.e. it is of uncertain application
because it is impossible to establish
the taxon to which it should be referred.
Linnaeus (1753) attributed the name

Rhinanthus crista-gallito a group of sev-
eral varieties, which he later described
under separate names, rejecting the
name R. crista-galli L. Several later
authors, however, continued to use
this name for diverse occasions until
Schwarz (1939) finally listed this as
Nomen dubium, and the name was fi-
nally rejected.

10. Name based on monstrosity: A name
must be rejected if it is based on a
monstrosity. The generic name
Uropedium Lindl., 1846 was based on a
monstrosity of the species now referred
to as Phragmidium caudatum (Lindl.)
Royle, 1896. The generic name
Uropedium Lindl. must, therefore, be
rejected. The name Ornithogallum
Sragiferum Vill., 1787, is likewise,
based on a monstrosity and thus
should be rejected.

Principle of Priority

The principle of priority is concerned with
the selection of a single correct name for a
taxonomic group. After identifying legitimate
and illegitimate names, and rejecting the
latter, a correct name has to be selected from
among the legitimate ones. If more than one
legitimate names are available for a taxon,
the correct name is the earliest legitimate
name in the same rank. For taxa at the
species level and below the correct name is
either the earliest legitimate name or a com-
bination based on the earliest legitimate
basionym, unless the combination becomes
a tautonym or later homonym, rendering it
illegitimate. The following examples illustrate
the principle of priority:
1. The three commonly known binomials
for the same species of Nymphaea are
N. nouchali Burm.f., 1768, N. acutiloba
DC., 1824, N. stellata Willd., 1799 and
N. malabarica Poir., 1798. Using the
priority criterion, N. nouchali Burm.f. is
selected as the correct name as it bears
the earliest date of publication. The
other three names are regarded as
synonyms. The citation is written as:



Botanical Nomenclature 31

Nymphaea nouchali Burm.f., 1768
N. malabarica Poir., 1798
N. stellata Willd., 1799
N. acutiloba DC., 1824

The following binomials for common
maize plant exist: Zea mays Linn., 1753,
Z. curagua Molina, 1782, Z. indurata
Sturtev., 1885 and Z. japonica Von
Houtte, 1867. Zea mays being the ear-
liest validly published binomial is cho-
sen as correct name, and others cited
as its synonyms as under:

Zea mays L., 1753

Z. curagua Molina, 1782

Z. japonica Von Houtte, 1867

Z. indurata Sturtev., 1885
Loureiro described a species under the
name Physlkium natans in 1790. It was
subsequently transferred to the genus
Vallisneria by A. L. de Jussieu in 1826,
but unfortunately, he ignored the
epithet natans and instead used a
binomial Vallisneria physkium, a super-
fluous name. Two Asiatic species with
independent typification were de-
scribed subsequently under the names
V. gigantea Graebner, 1912 and
V. asiatica Miki, 1934. Hara on mak-
ing a detailed study of Asiatic speci-
mens concluded that all these names
are synonymous, and also that
V. spiralis Linn. with which most of the
Asiatic specimens were identified does
not grow in Asia. As no legitimate com-
bination based on Physkium natans
Lour. existed, he made one—V. natans
(Lour.) Hara—in 1974. The synonymy
would be cited as under:
Vallisneria natans (Lour.) Hara, 1974

Physkium natans Lour.,1790—

Basionym

V. physkiumdJuss., 1826— nom.

superfl.

V. gigantea Graebner, 1912

V. asiatica Miki, 1934

V. spiralis auct. (non L., 1753)

The correct name of the species in
this case, is the most recent name, but
it is based on the earliest basionym. It
must be noted that Physkium natans and

Vallisneria physkium are based on the
same type as the correct name
V. natans and are thus known as
nomenclatural synonyms or homo-
typic synonyms. These three would
remain together in all citations. The
other two names V. gigantea and
V. asiatica are based on separate types
and may or may not be regarded as syno-
nyms of V. natans depending on taxo-
nomic judgement. Such a synonym,
which is based on a type different from
the correct name, is known as a taxo-
nomic synonym or heterotypic syno-
nym. V. spiralis auct. (auctorum-
authors) is misplaced identification of
Asian specimens with V. Spiralis L.
The common apple was first described
by Linnaeus under the name Pyrus
malus in 1753. The species was sub-
sequently transferred to the genus
Malus but the combination Malus malus
(Linn.) Britt., 1888 cannot be taken as
the correct name since it becomes a
tautonym. The other binomial under
Malus available for apple is M. domestica
Borkh, 1803 which is accepted as cor-
rect name and citation written as:
Malus domestica Borkh
Pyrus malus Linn., 1753
M. malus (Linn.) Britt., 1888—
Tautonym
M. pumila auct. (non Mill.)
M. communis Desf., 1798— Nom.
superfl.
M. communis Desf. is based on same
type as Pyrus malus, and is as such a
nomen superfluum. Apple has been
assigned by some authors to M. pumila
Mill., 1768, which however is small
fruited Paradise apple.
Almond was first described by Linnaeus
under the name Amygdalus communis
in 1753. Miller described another spe-
cies under the name A. dulcis in 1768.
The two are now regarded as synony-
mous. The genus Amygdalus was sub-
sequently merged with the genus
Prunus and the combination Prunus
communis (L.) Archangeli made in 1882
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based on the earlier name Amygdalus
communis Linn. It was discovered by
Webb that the binomial Prunus cormmu-
nis had already been used by Hudson
in 1762 for a different species render-
ing P. communis (L.) Archangeli a later
homonym which had to be conse-
quently rejected. Webb accordingly
used the next available basionym
Amygdalus dulcis Mill., 1768 and made
a combination Prunus dulcis (Mill.)
Webb, 1967 as the correct name for
almond. Another binomial, Prunus
amygdalus Batsch, 1801, cannot be
taken up as it ignores the earlier epi-
thets. The citation for almond would
thus be:
Prunus dulcis (Mill.) Webb, 1967

Amygdalus dulcis Mill., 1768—

basionym
A. communis L., 1753
P. communis (L.) Arch.,
1882 (non Huds., 1762)
P. amygdalus Batsch, 1801

When two or more names simultaneously
published are united, the first author to
make such a merger has the right of choos-
ing the correct name from these. Brown,
1818 was the first to unite Waltheria
americana L., 1753 and W. indica L., 1753.
He adopted the name W. indica for the com-
bined species, and this name is accordingly
treated as having priority over W. americana.
The generic names Thea L. and Camellia L.
are treated as having been published simul-
taneously on 1 May 1753. The combined ge-
nus bears the name Camellia, since Sweet,
1818, who was the first to unite the two gen-
era, chose that name, and cited Thea as a

synonym.
Limitations to the principle
of priority

Application of the principle of priority has
the following limitations:

Starting dates

The principle of priority starts with the Spe-
cies plantarum of Linnaeus published on

1-5-1753. The starting dates for different
groups include:

Seed plants, Pteridophytes, Sphagnaceae

Hepaticae, most Algae, slime moulds

and lichens..........ccoceevvevennennnnn. 1-5-1753
Mosses (excluding Sphagnaceae)

................................................. 1-1-1801
FUungi....ccccceeeeeeeiinnnniiiiieeees 31-12-1801
FOSSilS ..uvvniiiieiieiiiieeeeeeieenn, 31-12-1820
Algae (Nostocaceag).................... 1-1-1886
Algae (Oedogoniaceae)................ 1-1-1900

The publications before these dates for re-
spective groups are ignored while deciding
the priority.

Starting date for suprageneric names was
set at Vienna Congress as 4 August, 1789,
the date of publication of de Jussieu’s Gen-
era Plantarum. Double author citation is not
justified or permitted at suprageneric ranks.

Not above family rank
The principle of priority is applicable only up
to the family rank, and not above.

Not outside the rank

In choosing a correct name for a taxon,
names or epithets available at that rank need
to be considered. Only when a correct name
at that rank is not available, can a combina-
tion be made using the epithet from another
rank. Thus at the level of section the correct
name is Campanula sect. Campanopsis R.
Br., 1810 but when upgraded as a genus the
correct name is Wahlenbergia Roth, 1821 and
not Campanopsis (R. Br.) Kuntze, 1891. The
following names are synonyms:

Lespedza eriocarpa DC. var. falconeri

........................................... Prain, 1897
L. meeboldii..................... Schindler, 1911
Campuylotropis eriocarpa var. falconeri

(Prain) ...ccocveveveieiniiiiiennne, Nair, 1977

C. meeboldii (Schindler) . Schindler, 1912

The correct name at the species level un-
der the genus Campylotropis would be C.
meeboldii, ignoring the earlier epithet at the
varietal level. If treated as a variety, the cor-
rect name would be C. eriocarpavar. falconert,
based on the earliest epithet at that rank.
Under the genus Lespedza, at the species
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level the correct name would be L. meeboldii,
whereas at the varietal level, it would be
L. eriocarpa var. falconeri.

Magnolia virginiana var. foetida L., 1753
when raised to specific rank is called M. gran-
diflora L., 1759, not M. foetida (L.) Sarg., 1889.

Nomina Conservanda

Nomina conservanda (abbreviated as nom.
cons.): Strict application of the principle of
priority has resulted in numerous name
changes. To avoid name changes of well-
known families or genera—especially those
containing many species—a list of conserved
generic and family names has been prepared
and published in the Code with relevant
changes. Such nomina conservanda are to
be used as correct names replacing the ear-
lier legitimate names, which are rejected
and constitute nomina rejicienda (abbrevi-
ated nom. rejic.). The family name Theaceae
D. Don, 1825 is thus conserved against
Ternstroemiaceae Mirbe, 1813. The genus
Sesbania Scop., 1777 is conserved against
Sesban Adans., 1763 and Agati Adans., 1763.

Conservation of names of species

In spite of several protests from agricultural
botanists and horticulturists, who were dis-
gusted with frequent name changes due to
the strict application of the principle of pri-
ority, taxonomists for a long period did not
agree upon conserving names at the species
level. The mounting pressure and the dis-
covery that Triticum aestivumwas not the cor-
rect name of common wheat, compelled tax-
onomists to agree at the Sydney Congress
in 1981 upon the provision to conserve
names of species of major economic impor-
tance. As a result, Triticum aestivum Linn.
was the first species name conserved at Ber-
lin Congress in 1987 and published in sub-
sequent Code in 1988. Another species name
also conserved along with was Lycopersicon
esculentum Mill.

Linnaeus described two species, Triticum
aestivum and T. hybernum in his Species
plantarum, both bearing the same date of
publication in 1753. According to the rules
of nomenclature when two species with the

same date of publication are united, the au-
thor who unites them first has the choice of
selecting the correct binomial. For a long
time it was known that the first persons to
unite the two species were Fiori and Paoletti
in 1896 who selected T. aestivum L. as the
correct name. It was pointed out by
Kerguélen (1980), however, that the first per-
son to unite these two species was actually
Mérat (1821) and he had selected
T. hybernum L. and not T. aestivum. This
discovery led to the danger of T. aestivum L.
being dropped in favour of T. hybernum L.
A proposal for conserving the name
T. aestivum L. was thus made by Hanelt and
Schultze-Motel (1983), and being the num-
ber one economic plant this was accepted at
the Berlin Congress, removing any further
danger to the name Triticun aestivum L.

In 1768 P. Miller proposed a new name,
Lycopersicon esculentum for tomato, a species
described earlier by Linnaeus (1753) as
Solanum lycopersicum. Karsten (1882) made
the name change Lycopersicum lycopersicum
(L.) Karst., retaining the epithet used by
Linnaeus, but since the name became a
tautonym it was not considered the correct
name for tomato. Nicolson (1974) suggested
an orthographic correction Lycopersicon
lycopersicum (L.) Karst., suggesting that
Lycopersicon and lycopersicum are ortho-
graphic variants. Since the name
Lycopersicon lycopersicum was no longer a
tautonym, it was accepted as the correct
name. But since Lycopersicon esculentum
Mill., 1768 was a more widely known name,
a proposal for its conservation was made by
Terrel (1983) and accepted at the Berlin Con-
gress along with that of Triticum aestivum L.
A list from a mere 5 in Tokyo Code has grown
to nearly 60 for Spermatophyta alone. Names
listed in this Appendix fall under the special
provisions of Art. 14.4. Neither a rejected
name, nor any combination based on a re-
jected name may be used for a taxon that
includes the type of the corresponding con-
served name (Art. 14.7; see also Art. 14 Note
2). Combinations based on a conserved name
are, therefore, in effect, similarly conserved.
Given below are the major examples of
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species names which have been declared
nomina conservanda (each name followed by
the (=) sign, indicating taxonomic synonym
or a (= =) sign, indicating nomenclatural syn-
onym and then the binomial against which
it has been conserved). Some names listed
as conserved have no corresponding nomina
rejicienda because they were conserved solely
to maintain a particular type:

Allium ampeloprasum L., 1753
(=) Allium porrum L., 1753

Amaryllis belladonna L.
Bombax ceiba L.

Carex filicina Nees, 1834
(=) Cyperus caricinus D. Don, 1825

Hedysarum cornutum L., 1763
(= =) Hedysarum spinosum L., 1759

Lycopersicon esculentum Mill., 1768
(= =) Lycopersicon lycopersicum (L.)
H. Karsen, 1882

Magnolia kobus DC., 1817

Silene gallica L., 1753
(=) Silene anglica L., 1753
(=) Silene lusitanica L., 1753
(=) Silene quinquevulnera L., 1753

Triticum aestivum L., 1753
(=) Triticum hybernumL.,1753.

Names of Hybrids

Hybridity is indicated by the use of the mul-
tiplication sign, or by the addition of the pre-
fix ‘notho-’ to the term denoting the rank of
the taxon, the principal ranks being
nothogenus and nothospecies. A hybrid
between named taxa may be indicated by
placing the multiplication sign between the
names of the taxa; the whole expression is
then called a hybrid formula:

1. Agrostis x Polypogon

2. Agrostis stolonifera x Polypogon
monspeliensis

3. Salix aurita x S. caprea

It is usually preferable to place the names
or epithets in a formula in alphabetical or-
der. The direction of a cross may be indi-

cated by including the sexual symbols
(3: female; 2: male) in the formula, or by
placing the female parent first. If a non-al-
phabetical sequence is used, its basis should
be clearly indicated.

A hybrid may either be interspecific (be-
tween two species belonging to the same ge-
nus) or intergeneric (between two species
belonging to two different genera). A binary
name may be given to the interspecific hy-
brid or nothospecies (if it is self-perpetuat-
ing and/or reproductively isolated) by plac-
ing the cross sign (if mathematical sign is
available it should be placed immediately
before the specific epithet, otherwise ‘X’ in
lower case may be used with a gap) before
the specific epithet as in the following cases
(hybrid formula may be added within the
parentheses if the parents are established):

1. Salix x capreola (S. aurita X S. caprea)
or Salix xcapreola (S. aurita X S. caprea)

2. Rosa x odorata (R. chinensis x R.

gigantea) or Rosa xodorata (R. chinensis
X R. gigantea)

The variants of interspecific hybrids are
named nothosubspecies and nothovarieties,
e.g. Salix rubens nothovar. basfordiana.

For an intergeneric hybrid, if given a dis-
tinct generic name, the name is formed as
a condensed formula by using the first part
(or whole) of one parental genus and last part
(or whole) of another genus (but not the whole
of both genera). A cross sign is placed before
the generic name of the hybrid, e.g.
xTriticosecale (or x Triticosecale) from Triticum
and Secale, xPyronia (or x Pyronia) from Pyrus
and Cydonia, and Agropogon from Agrostis and
Polypogon. The names may be written as un-
der:

1. XTriticosecale (Triticum x Secale)

2. xPyronia (Pyrus x Cydonia)

The nothogeneric name of an interge-
neric hybrid derived from four or more gen-
era is formed from the name of a person to
which is added the termination -ara; no such
name may exceed eight syllables. Such a
name is regarded as a condensed formula:

xPotinara (Brassavola x Cattleya x Laelia
x Sophronitis)



Botanical Nomenclature 35

The nothogeneric name of a trigeneric hy-
brid is either: (a) a condensed formula in
which the three names adopted for the pa-
rental genera are combined into a single
word not exceeding eight syllables, using the
whole or first part of one, followed by the
whole or any part of another, followed by the
whole or last part of the third (but not the
whole of all three) and, optionally, one or two
connecting vowels; or (b) a name formed like
that of a nothogenus derived from four or
more genera, i.e., from a personal name to
which is added the termination -ara:

xSophrolaeliocattleya (Sophronitis x
Laelia x Cattleya)
When a nothogeneric name is formed
from the name of a person by adding the ter-
mination -ara, that person should preferably
be a collector, grower, or student of the group.
A binomial for the intergeneric hybrid may
similarly be written as under:

xAgropogon lutosus (Agrostis stolonifera
X Polypogon monspeliensis)

It is important to note that a binomial for
an interspecific hybrid has a cross before the
specific epithet, whereas in an intergeneric
hybrid, it is before the generic name. Since
the names of nothogenera and nothotaxa
with the rank of a subdivision of a genus
are condensed formulae or treated as such,
they do not have types.

Since the name of a nothotaxon at the
rank of species or below has a type, state-
ments of parentage play a secondary part in
determining the application of the name.

The grafts between two species are indi-
cated by a plus sign between two grafted spe-
cies as, for example, Rosa webbiana + R. flo-
ribunda.

Names of Cultivated Plants

The names of cultivated plants are governed
by the International Code of Nomenclature
for Cultivated Plants (ICNCP), last published
in 1995 (Trehane et al.). Most of the rules
are taken from ICBN with additional recog-
nition of a rank cultivar (abbreviated cv.) for
cultivated varieties. The name of a cultivar
is not written in Italics, it starts with a capi-

tal letter, and is not a Latin but rather a com-
mon name. It is either preceded by cv. as in
Rosa floribunda cv. Blessings or simply within
single quotation marks, e.g. Rosa floribunda
‘Blessings’. Cultivars may also be named
directly under a genus (e.g. Hosta ‘Decorata’),
under a hybrid (e.g. Rosa x paulii ‘Rosea’) or
directly under a common name (e.g. Hybrid
Tea Rose ‘Red Lion’). The correct nothogeneric
name for plants derived from the Triticum x
Secale crosses is x Triticosecale Wittmack
ex A. Camus. As no correct name at the spe-
cies level is available for the common crop
triticales, it is recommended that crop triti-
cales be named by appending the cultivar
name to the nothogeneric name, e.g.
x Triticosecale ‘Newton’. Since 1 January 1959
new cultivar names should have a descrip-
tion published in any language and these
names must not be the same as the botani-
cal or common name of a genus or a species.
Thus, cultivar names ‘Rose’, ‘Onion’, etc., are
not permitted as the name of a cultivar. It is
recommended that cultivar names be regis-
tered with proper registering authorities
to prevent duplication or misuse of cultivar
names. Registering authorities exist sepa-
rately for roses, orchids and several other
groups or genera.

UNIFIED BIOLOGICAL NOMEN-
CLATURE

Biology as a science is unusual in the sense
that the objects of its study can be named
according to five different Codes of nomen-
clature: International Code of Zoological
Nomenclature (ICZN) for animals, Interna-
tional Code of Botanical Nomenclature
(ICBN) for plants, International Code for the
Nomenclature of Bacteria (ICNB) now called
Bacteriological Code (BC) for bacteria,
International Code of Nomenclature for Cul-
tivated Plants (ICNCP) for plants under
cultivation, and International Code of Virus
Classification and Nomenclature (ICVCN) for
viruses. For the general user of scientific
names of organisms, there is thus inher-
ent confusion in many aspects of this situa-
tion: different sets of rules have different con-
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ventions for citing names, provide for differ-
ent forms for names at the same rank, and,
although primarily each is based on priority
of publication, differ somewhat in how they
determine the choice of the correct name.
This diversity of Codes can also create
more serious problems as, for example, in the
determination of which Code to follow for
those organisms that are not clearly plants,
animals or bacteria, the so-called ambiregnal
organisms, or those whose current genetic
affinity may be well established but whose
traditional treatment has been in a different
group (e.g. the cyanobacteria). Moreover, the
development of electronic information re-
trieval, by often using scientific names with-
out clear taxonomic context, accentuates the
problem of divergent methods of citation and
makes homonymy between, for example,
plants and animals a source of trouble and
frequently confusion. BioCode and
PhyloCode are two efforts towards a unified
code, the former retaining the ranked hier-
archy of Linnaean system, whereas the lat-
ter developing a rankless system based on
the concepts of phylogenetic systematics.

Draft BioCode

The desirability of seeking some harmoni-
zation of all biological Codes has been ap-
preciated for some time (see Hawksworth,
1995) and an exploratory meeting on the
subject was held at Egham, UK in March
1994. Recognizing the crucial importance of
scientific names of organisms in global com-
munication, these decisions included not
only agreement to take steps to harmonize
the existing terminology and procedures, but
also the desirability of working towards a
unified system of biological nomenclature.
The Draft BioCode is the first public expres-
sion of these objectives. The first draft was
prepared in 1995. After successive reviews
the fourth draft, named Draft BioCode (1997)
prepared by the International Committee for
Bionomenclature (ICB) and published by
Greuter et al., (1998) is now available on the
web: (http://www.rom.on.ca/biodiversity/
biocode/biocode97.html) from the Royal
Ontario Museum.

Salient Features

Largely on the pattern of the Botanical Code
the salient features of this Draft BioCode in-
clude:

1. General points: No examples are listed,
Notes omitted at the present stage, al-
though some will no doubt be needed. A
considerable number of articles and
paragraphs have been dropped; the Draft
BioCode has only 41 Articles, whereas
the St. Louis Code has 62.

2. Taxa and Ranks: The present ranks
of the Botanical Code are maintained
in the Draft BioCode, and a few tenta-
tively added: domain (above kingdom),
in use for the pro-/eukaryotes,
superfamily (in widespread use in zo-
ology), and the option of adding the pre-
fix super- to rank designations that are
not already prefixed. The phrase ‘fam-
ily group’ refers to the ranks of
superfamily, family and subfamily;
‘subdivision of a family’ only to taxa
of a rank between family group and
genus group; ‘genus group’ refers to the
ranks of genus and subgenus; ‘subdi-
vision of a genus’ only to taxa of a rank
between genus group and species
group; ‘species group’ to the ranks of
species and subspecies; and the term
‘infra-subspecfic’ refers to ranks be-
low the species group.

3. Status: For the purposes of this Code
Established names are those that are
published in accordance with relevant
articles of this Code or that, prior to 1
January 200n, were validly published
or became available under the relevant
Special Code. Acceptable names are
those that are in accordance with the
rules and are not unacceptable under
homonymy rule, and, for names pub-
lished before 1 January 200n, are nei-
ther illegitimate nor junior homonyms
under the relevant Special Code. In the
family group, genus group, or species
group, the accepted name of a taxon
with a particular circumscription, po-
sition, and rank is the acceptable



Botanical Nomenclature 37

name which must be adopted for it
under the rules. In ranks not belong-
ing to the family group, genus group,
or species group, any established name
of a taxon adopted by a particular au-
thor is an accepted name. In this Code,
unless otherwise indicated, the word
‘name’ means an established name,
whether it be acceptable or unaccept-
able. The name of a taxon consisting
of the name of a genus combined with
one epithet is termed a binomen; the
name of a species combined with an
infraspecific epithet is termed a
trinomen; binomina or trinomina are
also termed combinations.

Establishment of names: In order to
be established on or after 1 January
200n, a name of a taxon must be pub-
lished as provided for by the rules for
publication, which are essentially
similar to the Effective publication in
botany. The rules for establishment
(valid publication of Botanical Code) are
generally similar to the Botanical Code
with certain changes. The new taxon
may have a Latin or English descrip-
tion or diagnosis (thus Latin diagnosis
is not mandatory). Change of rank
within the family group or genus group,
or elevation of rank within the species
group do not require the formal estab-
lishment of a new name or combina-
tion. In order to be established, a name
of a new fossil botanical taxon of spe-
cific or lower rank must be accompa-
nied by an illustration or figure show-
ing diagnostic characters, in addition
to the description or diagnosis, or by a
bibliographic reference to a previously
published illustration or figure. This re-
quirement also applies to the names
of new non-fossil algal taxa at these
ranks. Only if the corresponding genus
or species name is established can the
name of a subordinate taxon. Establish-
ment (valid publication) under the
BioCode includes registration of
names in the family group, genus
group and species group as a last step

after fulfillment of the present require-
ments for valid publication.
Typification: The type of a nominal
taxon in the rank of genus or subdivi-
sion of a genus is a nominal species.
The type of a nominal taxon of the fam-
ily group, or of a nominal taxon of a
higher rank whose name is ultimately
based on a generic name, is the nomi-
nal genus. For the names of
superspecies, species or infraspecific
taxon is a specimen in a museum jar,
herbarium sheet, slide preparation, or
mounted set of freeze-dried ampoules.
It should be in metabolically inactive
state. Type designations must be pub-
lished and registered. The typeless
(‘descriptive’) names do not have a
representative type and are formed
based on some character/s, apply to
taxa defined by circumscription, and
may be used unchanged at different
ranks above the rank of a family.
Registration: Registration is affected
by submitting the published matter
that includes the protologue(s) or
nomenclatural acts to a registering
office designated by the relevant inter-
national body. It is pertinent to men-
tion that this requirement was based
on the Botanical Code (Tokyo Code,
1994) where it has already been aban-
doned (St. Louis Code, 2000), removing
all references to registration in the
Botanical Code. The date of a name is
that of its registration, which is the
date of receipt of the relevant matter
at the registering office. When alter-
native (homotypic) names are proposed
simultaneously for registration for one
and the same taxon (same rank and
same position) neither is considered
to be submitted. When one or more of
the other conditions for establishment
have not been met prior to registration,
the name must be resubmitted for reg-
istration after these conditions have
been fulfilled.

Precedence (priority): For purposes
of precedence, the date of a name is
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either the date attributed to it in an
adopted List of Protected Names or, for
unlisted names, the date on which it
was validly published under the botani-
cal or bacteriological Code, or became
available under the zoological Code, or
was established under the present
Code. Limitations of priority that un-
der previous Codes affected names in
certain groups or of certain catego-
ries—even if not provided for in the
present Code—still apply to such
names if they were published before 1
January 200n The limitations to prec-
edence are largely similar to botany.
Conservation and rejection procedures
would remain largely the same as at
present. The botanical process of sanc-
tioning concerns old names only and
need be provided for in a future
BioCode.

8. Homonymy: The major change with
respect to the homonymy rule would
be that in future, it would operate
across the kingdoms. In order that this
provision be applicable, it is necessary
that lists of established generic names
of all organisms be publicly available,
ideally in electronic format; most such,
apparently, already exist, but are not
yet generally accessible. A list of
across-kingdom generic homonyms in
current use is being prepared, and, as
a next step, a list of binomina in the
corresponding genera is planned, so
that future workers may avoid the crea-
tion of new (illegal) homonymous
binomina. Existing across-kingdom
homonyms would not lose their status
of acceptable names, but would be
flagged for the benefit of biological in-
dexers and users of indexes. Existing
names are not affected by the proposed
rules. The practice of ‘Secondary
Homonymy’ in ICZN is not followed in
BioCode.

9. Author citation: The Draft BioCode
signals a departure from the botanical
tradition of laying great emphasis on
the use of author citations, even in

contexts where such citations are nei-
ther informative nor really appropriate.
This may be a timely change, since the
current attitude is showing signs of
cracking (Garnock-Jones and Webb,
1996). Art. 40.1 is so worded as to re-
flect this new attitude.

10. Hybrids: The Appendix for Hybrids in
the Botanical Code is replaced by a
single Article in the Draft BioCode.
This extreme simplification should in
no way disrupt the present and future
usage of hybrid designations, but has
some philosophical changes as its
basis. Most importantly, taxonomy and
nomenclature are disentangled, in
conformity with Principle I. Cultivated
plants are not covered under the
BioCode.

PhyloCode

The PhyloCode is being developed by Inter-
national Committee on Phylogenetic Nomen-
clature on the philosophy of Phylogenetic
taxonomy replacing the multirank Linnaean
system with a rankless system recognizing
only species and ‘clades. It is intended to
cover all biological entities, living as well as
fossil. Underlying principle of the PhyloCode
is that the primary purpose of a taxon name
is to provide a means of referring unambigu-
ously to a taxon, not to indicate its relation-
ships. The PhyloCode grew out of recogni-
tion that the current Linnaean system of no-
menclature—as embodied in the pre-exist-
ing botanical, zoological, and bacteriological
Codes—is not well suited to govern the nam-
ing of clades and species, the entities that
compose the tree of life and are the most sig-
nificant entities above the organism level.
Rank assignment is subjective and biologi-
cally meaningless. The PhyloCode will pro-
vide rules for the express purpose of naming
the parts of the tree of life—both species and
clades—by explicit reference to phylogeny.
In doing so, the PhyloCode extends ‘tree-
thinking’ to nomenclature. The PhyloCode
is designed so that it can be used concur-
rently with the pre-existing Codes or (after
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rules governing species names are added)
as the sole code governing the names of taxa,
if the scientific community ultimately de-
cides that it should.

The starting date of the PhyloCode has not
yet been determined and is cited as 1 Janu-
ary 200n in the draft Code. Rules are pro-
vided for naming clades and will eventually
be provided also for naming species. In this
system, the categories ‘species’ and ‘clade’
are not ranks but different kinds of biologi-
cal entities. A species is a segment of a popu-
lation lineage, while a clade is a monophyl-
etic group of species. Fundamental differ-
ences between the phylogenetic and tradi-
tional systems in how supraspecific names
are defined lead to operational differences
in the determination of synonymy and hom-
onymy. For example, under the PhyloCode,
synonyms are names whose phylogenetic
definitions specify the same clade, regard-
less of prior associations with particular
ranks; in contrast, under the pre-existing
Codes, synonyms are names of the same
rank based on types within the group of con-
cern, regardless of prior associations with
particular clades. The requirement that all
established names be registered will reduce
the frequency of accidental homonyms.

Phylogenetic nomenclature was pre-
sumed to have several advantages over the
traditional system. In the case of clade
names, it eliminates a major source of in-
stability under the pre-existing Codes—
name changes due solely to shifts in rank.
It also facilitates the naming of new clades
as they are discovered and not waiting till a
full classification is developed as in the case
of existing Codes. This is a particularly sig-
nificant when new advances in molecular
biology and computer technology have led to
a burst of new information about phylogeny,
much of which is not being translated into
taxonomy at present. The availability of the
PhyloCode will permit researchers to name
newly discovered clades much more easily
than they can under the pre-existing Codes.
At present PhyloCode has rules only for
clades but when extended to species, it will
improve nomenclatural stability here as

well, by removing the linkage to a genus
name. Under the PhyloCode, phylogenetic
position can easily be indicated by associat-
ing the species name with the names of one
or more clades to which it belongs. Another
benefit of phylogenetic nomenclature is that
abandonment of ranks eliminates the most
subjective aspect of taxonomy. The arbitrary
nature of ranking is not widely appreciated
by non-taxonomists.

The PhyloCode is designed so that it can
be used concurrently with the rank-based
codes or (after rules governing species
names are added) as the sole code govern-
ing the names of taxa, if the scientific com-
munity ultimately decides that it should.
The intent is not to replace existing names
but to provide an alternative system for gov-
erning the application of both existing and
newly proposed names. In developing the
PhyloCode, much thought has been given to
minimizing the disruption of the existing
nomenclature. Thus, rules and recommen-
dations have been included to ensure that
most names will be applied in ways that ap-
proximate their current and/or historical
use. However, names that apply to clades
will be redefined in terms of phylogenetic
relationships rather than taxonomic rank
and therefore will not be subject to the sub-
sequent changes that occur under the rank-
based systems due to changes in rank. Be-
cause the taxon membership associated
with particular names will sometimes dif-
fer between rank-based and phylogenetic
systems, suggestions are provided for indi-
cating which code governs a name when
there is a possibility of confusion.

The concept of PhyloCode was first intro-
duced by de Queiroz and Gauthier (1992). The
theoretical development of PhyloCode re-
sulted from a series of papers from 1990 on-
wards and three symposia first in 1995, the
second in 1996 at the Rancho Santa Ana
Botanic Garden in Claremont, California,
U.S.A., organized by J. Mark Porter and en-
titled “The Linnean Hierarch: Past Present
and Future,” and the third at the XVI Inter-
national Botanical Congress in St. Louis,
Missouri, U.S.A. (1999), entitled ‘Overview
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and Practical Implications of Phylogenetic
Nomenclature’.

Practical shape to the PhyloCode was
given at the first workshop held in 1998 at
the Harvard University Herbaria, Cam-
bridge, Massachusetts, U.S.A. The initial
philosophy of unification of biological world
was based on draft BioCode. The first public
draft of the PhyloCode was posted on the
internet in April 2000. A second workshop
was held at Yale University in July 2002
wherein it was decided to publish separate
documents governing clade names and spe-
cies names. Modified versions of PhyloCode
were posted in October 2003 (PhyloCode2),
December 2003 (Phylocode2a) and 2004
(PhyloCode2b), June 2006 (PhyloCode3), July
2007 (PhyloCode 4a) and September 2007
(PhyloCode4b). The efforts crystallized into
the establishment of the International So-
ciety for Phylogenetic Nomenclature
(ISPN) at the First International Phyloge-
netic Nomenclature Meeting, which took
place in July 2004 in Paris, attended by about
70 systematic and evolutionary biologists
from 11 nations. The Second International
Phylogenetic Nomenclature Meeting was
held btween June 28 - July 2, 2006 at Yale
University (New Haven, Connecticut,
U.S.A), and the Third July 21-23, 2008 at
Dalhousie University, Halifax.

The latest version of the PhyloCode
(PhyloCode4b) was posted in September 2007
and includes many substantive modifica-
tions. The version is available at http://
www.ohiou.edu/phylocode/. The latest
changes concern the name of species (Ar-
ticle 21-Regulation of species names is left
to rank-based Codes; The genus portion of
the binomen, called the “prenomen” is
treated as simply the first part of the spe-
cies name and need not be established un-
der this code), Crown and total clade names
(Art. 10-To have integrated system of clade
names and providing more nomenclatural
freedom) and emendation of definitions(Art.
15- Unrestricted emendations can be pub-
lished without CPN (Committee on Phylo-
genetic Nomenclature) whereas a re-
stricted emendation needs CPN approval).

Preamble

1.

Biology requires a precise, coherent,
international system for naming clades
and species of organisms. Species
names have long been governed by
the traditional codes (listed in Pream-
ble item 4), but those codes do not
provide a means to give stable, unam-
biguous names to clades. This code
satisfies that need by providing rules
for naming clades and describing
the nomenclatural principles that form
the basis for those rules.

This code is applicable to the names of
all clades of organisms, whether extant
or extinct.

This code may be used concurrently
with the rank-based codes.
Although this code relies on the
rank-based codes (i.e., International
Code of Botanical Nomenclature
(ICBN), International Code of Zoologi-
cal Nomenclature (ICZN), International
Code of Nomenclature of Bacteria: Bac-
teriological Code (BC), International
Code of Virus Classification and No-
menclature (ICVCN)) to determine the
acceptability of preexisting names,
it governs the application of those
names independently from the rank-
based codes.

This code includes rules, recommen-
dations, notes and examples. Rules are
mandatory in that names contrary to
them have no official standing under
this code. Recommendations are not
mandatory in that names contrary to
them cannot be rejected on that basis.
Systematists are encouraged to follow
them in the interest of promoting
nomenclatural uniformity and clarity,
but editors and reviewers should not
require that they be followed. Notes
and examples are intended solely for
clarification.

This code will take effect on the
publication of Phylonyms: a Companion
to the PhyloCode, and it is not retroac-
tive.
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Principles
1. Reference. The primary purpose of

taxon names is to provide a means of
referring to taxa, as opposed to indicat-
ing their characters, relationships, or
membership.

Clarity. Taxon names should be un-
ambiguous in their designation of par-
ticular taxa. Nomenclatural clarity is
achieved through explicit definitions,
which describe the concept of the taxon
designated by the defined name.
Uniqueness. To promote clarity, each
taxon should have only one accepted
name, and each accepted name should
refer to only one taxon.

Stability. The names of taxa should not
change over time. As a corollary, it
must be possible to name newly dis-
covered taxa without changing the
names of previously discovered taxa.
Phylogenetic context. This code is
concerned with the naming of taxa and
the application of taxon names in the
context of phylogenetic concepts of taxa.
Taxonomic freedom. This code per-
mits freedom of taxonomic opinion with
regard to hypotheses about relation-
ships; it only concerns how names are
to be applied within the context of a
given phylogenetic hypothesis.

There is no “case law” under this
code. Nomenclatural problems are re-
solved by the Committee on
Phylogenetic Nomenclature (CPN) by
direct application of the code; previ-
ous decisions will be considered, but
the CPN is not obligated by precedents
set in those decisions.

Salient Features

At present the Phylocode has rules only for
clades. Rules for species will be added later

on.

1.

Taxa: Taxa may be clades or species,
but only clade names are governed by
the PhyloCode. In this code, a clade is
an ancestor (an organism, population,
or species) and all of its descendants.

Every individual organism (on Earth)
belongs to at least one clade (i.e., the
clade comprising all extant and extinct
organisms, assuming that they share
a single origin). Each organism also
belongs to a number of nested clades
(though the ancestor of the clade com-
prising all life—again assuming a sin-
gle origin—does not belong to any other
clade). It is not necessary that all
clades be named. Clades are often ei-
ther nested or mutually exclusive; how-
ever, phenomena such as speciation
via hybridization, species fusion, and
symbiogenesis can result in clades
that are partially overlapping. This code
does not prohibit, discourage, encour-
age, or require the use of taxonomic
ranks. In this code, the terms ‘species’
and ‘clade’ refer to different kinds of bio-
logical entities, not ranks. The con-
cepts of synonymy, homonymy, and
precedence adopted in this code are,
in contrast to the pre-existing codes,
independent of categorical rank.
Publication: The provisions of the Code
apply not only to the publication of
names, but also to the publication of
any nomenclatural act (e.g. a proposal
to conserve a name). Publication, un-
der this code, is defined as distribution
of text (but not sound), with or without
images, in a peer-reviewed book or
periodical. To qualify as published,
works must consist of at least 50, si-
multaneously obtainable, identical,
durable, and unalterable copies, some
of which are distributed to major insti-
tutional libraries (in at least five coun-
tries on three continents) so that the
work is generally accessible as a per-
manent public record to the scientific
community, be it through sale or ex-
change or gift, and subject to the re-
strictions and qualifications in the
present article.

Names-status and establishment: Es-
tablished names are those that are
published in accordance with rules of
PhyloCode. In order to indicate which
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names are established under this
Code and therefore have explicit
phylogenetic definitions (and whose
endings are not reflective of rank), it
may be desirable to distinguish these
names from the supraspecific names
governed by pre-existing codes, particu-
larly when both are used in the same
publication. The letter ‘P’ (bracketed or
in superscript) might be used to desig-
nate names governed by the
PhyloCode, and the letter ‘L’ to desig-
nate names governed by the pre-exist-
ing Linnaean codes. Using this con-
vention, the name ‘Ajugoideaell.] would
apply to a plant subfamily which may
or may not be a clade, whereas
‘Teucrioideae[P]’ would apply to a clade
which may or may not be a subfamily.
Establishment of a name can only oc-
cur on or after 1 January 200n, the
starting date for this code. In order to
be established, a name of a taxon must
be properly published, be adopted by the
author(s), be registered, and the regis-
tration number must be cited in the
protologue. The accepted name of a
taxon is the name that must be
adopted for it under this code. It must;
(1) be established; (2) have precedence
over alternative uses of the same name
(homonyms) and alternative names for
the same taxon (synonyms); and (3) not
be rendered inapplicable by a qualify-
ing clause in the context of a particu-
lar phylogenetic hypothesis.
Registration: In order for a name to
be established under the PhyloCode,
the name and other required informa-
tion must be submitted to the
PhyloCode registration database. A
name may be submitted to the data-
base prior to acceptance for publication,
but it is not registered (i.e. given a reg-
istration number) until the author no-
tifies the database that the paper or
book in which the name will appear
has been accepted for publication.
Clade Names: The names of clades
may be established through conversion

of preexisting names or introduction of
new names. In order to be established,
the name of a clade must consist of a
single word and begin with a capital
letter. In order to be established, con-
verted clade names must be clearly
identified as such in the protologue by
the designation ‘converted clade
name’ or ‘momen cladi conversum’.
New clade names must be identified
as such by the designation ‘new clade
name’ or ‘nomen cladi novam’. In or-
der to be established, a clade name
must be provided with a phylogenetic
definition, written in English or Latin,
linking it explicitly with a particular
clade. The name applies to whatever
clade fits the definition. Examples of
phylogenetic definitions are node-
based, stem-based, and apomorphy-
based definitions. A node-based defini-
tion may take the form ‘the clade stem-
ming from the most recent common
ancestor of A and B’ (and C, D, etc., as
needed) or ‘the least inclusive clade
containing A and B’ (and C, D, etc.),
where A-D are specifiers. A node-based
definition may be abbreviated as Clade
(A+B). A stem-based definition may
take the form ‘the clade consisting of
Y and all organisms that share a more
recent common ancestor with Y than
with W’ (or V or U, etc., as needed) or
‘the most inclusive clade containing Y
butnot W (or Vor U, etc.). A stem-based
definition may be abbreviated as Clade
(Y<—W). An apomorphy-based defini-
tion may take the form ‘the clade stem-
ming from the first species to possess
character M synapomorphic with that
in H'. An apomorphy-based definition
may be abbreviated as Clade (M in H).
When giving a new name for total
clade, prefix Pan- must be used to the
name of crown clade (separated by hy-
phen) and designated as panclade.

Specifiers and Qualifying Clauses:
Specifiers are species, specimens, or
synapomorphies cited in a phylogenetic
definition of a name as reference points
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Table 2.2 Equivalence table of nomenclatural terms used in the Draft PhyloCode, the Draft
BioCode and the current biological codes (excluding Code for Viruses).
PhyloCode BioCode  Bacteriological Code  Botanical Code Zoological Code

Publication and pre][][

oircedence of names

published published effectively published effectively published published
precedence precedence priority priority precedence
earlier earlier senior earlier senior
later later junior later junior
Nomenclatural status

established  established validly published validly published available
converted

acceptable acceptable legitimate legitimate potentially valid
registration  registration validation -

Taxonomic status

accepted accepted correct correct valid
Synonymy and homonymy

homodefinitional homotypic objective nomenclatural objective
heterodefinitonal heterotypic subjective taxonomic subjective

replacement name replacement name —

avowed substitute  new replacement name

Conservation and suppression

conserved conserved conserved
suppressed suppressed/ rejected
rejected

conserved
suppressed

conserved
rejected

that serve to specify the clade to which
the name applies. All specifiers used
in node-based and stem-based defini-
tions of clade names, and one of the
specifiers used in apomorphy-based
definitions of clade names, are species
or specimens. The other specifier used
in an apomorphy-based definition of a
clade name is a synapomorphy. If sub-
ordinate clades are cited in a
phylogenetic definition of a more inclu-
sive clade, their specifiers must also
be explicitly cited within the definition
of the more inclusive clade. An inter-
nal specifier is one that is explicitly
included in the clade whose name is
being defined; an external specifier is

one that is explicitly excluded from it.
All specifiers in node-based and
apomorphy-based definitions are inter-
nal, but stem-based definitions must
always have at least one specifier of
each type. When a species is used as a
specifier, the author and publication
year of the species name must be cited.
When a type specimen is used as a
specifier, the species name that it typi-
fies and the author and publication year
of that species name must be cited.

7. Precedence: Although the entity to
which precedence applies in this code
is referred to as a name, it is really
the combination of a name and its defi-
nition. In different cases, one or the
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other of these components is more
important. Specifically, in the case of
synonyms, precedence refers primarily
to the name, whereas in the case of
homonyms, precedence refers prima-
rily to the definition. Precedence is
based on the date of establishment,
with earlier-established names having
precedence over later ones, except that
later-established names may be con-
served over earlier ones. In the case
of homonymy involving names gov-
erned by two or more preexisting codes
(e.g. the application of the same name
to a group of animals and a group of
plants), precedence is based on the date
of establishment under the PhyloCode.
However, the International Committee
on Phylogenetic Nomenclature has the
power to conserve a later-established
homonym over an earlier-established
homonym. This might be done if the
later homonym is much more widely
known than the earlier one. For the
determination of precedence, the date
of establishment is considered to be the
date of publication, and not the date of
registration.

Synonymy: Synonyms are names that
are spelled differently but refer to the
same taxon. In this code, synonyms
must be established and may be
homodefinitional (based on the same
definition) or heterodefinitional (based
on different definitions). Homodefini-
tional synonyms are synonyms regard-
less of the phylogenetic context in
which the names are applied. However,
in the case of names with different
definitions, the phylogenetic context
determines whether the names are
heterodefinitional synonyms or not
synonymous. When two or more syno-
nyms have the same publication date,
the one that was registered first (and
therefore has the lowest registration
number) takes precedence.
Conservation, supression and emen-
dation: Conservation of names is pos-
sible only under extraordinary circum-

10.

11.

12.

stances and requires approval of the
CPN. Once a name has been con-
served, the entry for the affected name
in the registration database is to be
annotated to indicate its conserved sta-
tus relative to other names that are
simultaneously suppressed. An emen-
dation is a formal change in a
phylogenetic definition. A restricted
emendation (changes in definitional
type, clade category, specifiers, and/or
qualifying clauses) requires approval by
the CPN, while an unrestricted emen-
dation (changes in specifiers or quali-
fying clauses) may be published with-
out CPN approval.

Provisions for hybrids: Hybrid origin
of a clade may be indicated by placing
the multiplication sign (x) in front of
the name. The names of clades of hy-
brid origin otherwise follow the same
rules as for other clades. An organism
that is a hybrid between named clades
may be indicated by placing the multi-
plication sign between the names of
the clades; the whole expression is
then called a hybrid formula.
Authorship of Names: A taxon name
is to be attributed to the author(s) of
the protologue, even though authorship
of the publication as a whole may be
different. In some cases, it may be de-
sirable to cite the author(s) who estab-
lished a name. If the author of a con-
verted name is cited, the author of the
pre-existing name on which it is based
must also be cited, but in square brack-
ets[]. If the author of a replacement
name is cited, the author of the defi-
nition of the replaced name must also
be cited, but in braces{}. If the author
of a homonym that has been conserved
for the purpose of emending a defini-
tion is cited, the author of the original
definition must also be cited, but by
using ‘<’ and ‘>’ symbols (e.g.,
Hypotheticus <Stein> Maki). Phylocode
follows the use of in but not ex.
Species names: This code does not gov-
ern the establishment or precedence
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of species names. To be considered
available (ICZN) or validly published
(ICBN, BC), a species name must sat-
isfy the provisions of the appropriate
rank-based code. Because this code is
independent of categorical ranks, the
first part of a species binomen is not
interpreted as a genus name but in-
stead as simply a prenomen, first part
of the species name, and the second
part of a species binomen is associated
with the species as a kind of biological
entity, not as a rank. A prenomen has
no necessary tie to any categorical
rank under this code. This code also
does not govern the establishment of
names associated with ranks below
that of species under the rank-based
codes (“infraspecific names”); however,
such names may be used in conjunc-
tion with phylogenetic nomenclature.

13. Governance: The PhyloCode will be
managed by The Society for
Phylogenetic Nomenclature (SPN)
through its two committees: Interna-
tional Committee on Phylogenetic No-
menclature (ICPN) and the Registra-
tion Committee.

The desirability of PhyloCode has been
reviewed in several papers published over
last few years. Nixon and Carpenter (2000)
showed that Phylogenetic nomenclature
would be less stable than existing systems.
A critique of draft PhyloCode is presented
by Carpenter (2003), pointing out that its

stated goals can’t be met by proposals in
current draft, which also fails to uphold its
stated Principles. The internal contradic-
tions include a cumbersome reinvention
of the very aspect of the current Linnaean
System that the advocates of PhyloCode
most often decry. The incompleteness is
due to the fact that the drafters cannot
agree on what form the species names
should take. Keller et al. (2003) pointed
out inherent instabilities, fundamental
flaws in its very foundation by exposing
unsubstantiated philosophical assump-
tions preceding and subtending it.

A strong opposition to the PhyloCode was
offered by Nixon et al. (2003) who concluded
that ‘The PhyloCode is fatally flawed, and
the Linnaean System can be easily fixed.
They argued that the proponents of the
PhyloCode have offered nothing real to
back up claims of greater stability for their
new system. A rank free system of nam-
ing would be confusing at the best and
would cripple our ability to teach, learn and
use taxonomic names in the field or pub-
lications. They assured that the separate
issue of stability in reference to rules of
priority and rank can be easily addressed
within the current Codes, by implemen-
tation of some simple changes. Thus there
is no need to ‘scrap’ the current Linnaean
Codes for a poorly reasoned, logically in-
consistent and fatally flawed new Code that
will only bring chaos.
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Hierarchical Classification

It would be total chaos to study and document
information about more than a quarter mil-
lion species of vascular plants if there were
no proper mechanism for grouping the same.
Whatever may be the criterion for classifi-
cation—artificial characters, overall mor-
phology, phylogeny or phenetic relationship—
the basic steps are the same. The organ-
isms are first recognized and assembled into
groups on the basis of certain resemblance.
These groups are in turn assembled into
larger and more inclusive groups. The pro-
cess is repeated until finally all the organ-
isms have been assembled into a single,
largest most inclusive group. These groups
(Taxonomic groups or Taxa) are arranged
in order of their successive inclusiveness,
the least inclusive at the bottom, and the
most inclusive at the top.

The groups thus formed and arranged are
next assigned to various categories, having
a fixed sequence of arrangement (taxo-
nomic hierarchy), the most inclusive group
assigned to the highest category (generally
a division) and the least inclusive to the low-
est category (usually a species). The names
are assigned to the taxonomic groups in such
a way that the name gives an indication of
the category to which it is assigned. Rosales,
Myrtales, and Malvales all belong to the or-
der category and Rosaceae, Myrtaceae and
Malvaceae to the family category. Once all

the groups have been assigned categories
and named, the process of classification is
complete, or the taxonomic structure of the
whole largest most inclusive group has been
achieved. Because of the hierarchical ar-
rangement of categories to which the groups
are assigned, the classification achieved
is known as hierarchical classification.
This concept of categories, groups and taxo-
nomic structure can be illustrated in the
form of a box-in-box figure (Figure 3.1) or a
dendrogram (resembling a pedigree chart,
Figure 3.2).

TAXONOMIC GROUPS, CATEGO-
RIES AND RANKS

Taxonomic groups, categories and ranks are
inseparable once a hierarchical classifica-
tion has been achieved. Rosa alba is thus
nothing else but a species and Rosa is noth-
ing other than a genus. However, the dif-
ferences do exist in concept and application.
The categories are like shelves of an
almirah, having no significance when
empty, and importance and meaning only
after something has been placed in them.
Thereafter, the shelves will be known by
their contents: books, toys, clothes, shoes
etc. Categories in that sense are artificial
and subjective and have no basis in reality.
They correspond to nothing in nature. How-
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Figure 3.1 Processes of assembling taxonomic groups according to the hierarchical system, de-
picted by box-in-box method. In the above example, there are 18 species grouped into
10 genera, 6 families, 4 orders, 3 subclasses, 2 classes and 1 division.

ever, they have a fixed position in the hier-
archy in relation to other categories. But
once a group has been assigned to a particu-
lar category the two are inseparable and the
category gets a definite meaning because it
now includes something actually occurring
in nature. The word genus does not carry a
specific meaning but the genus Rosa says a
lot. We are now talking about roses. There
is practically no difference between category
and rank, except in the grammatical sense.
Rosa thus belongs to the category genus,
and has generic rank. If categories are like
shelves, ranks are like partitions, each sepa-
rating the given category from the category
above. Taxonomic groups, on the other hand,
are objective and non-arbitrary to the extent
that they represent discrete sets of organ-
isms in nature. Groups are biological enti-
ties or a collection of such entities. By as-
signing them to a category and providing an
appropriate ending to the name (Rosaceae

with ending —aceae signifies a family which
among others also includes roses, belong-
ing to the genus Rosa) we establish the po-
sition of taxonomic groups in the hierarchi-
cal system of classification. Some important
characteristics, which enable a better un-
derstanding of the hierarchical system of
classification, are enumerated below.

1. Different categories of the hierarchy
are higher or lower according to
whether they are occupied by more
inclusive or less inclusive groups.
Higher categories are occupied by more
inclusive groups than those occupying
lower categories.

2. Plants are not classified into catego-
ries but into groups. It is important to
note that a plant may be a member of
several taxonomic groups, each of
which is assigned to a taxonomic cat-
egory, but is not itself a member of any
taxonomic category. A plant collected



48 Plant Systematics

Diwision

Class

THlse

Subclass

Farmiliy

Species

Figure 3.2 Dendrogram method for depicting the hierarchical system based on same hypothetical

example as in Figure 3.1.

from the field may be identified as Poa
annua (assigned to species category).
It is a member of Poa (assigned to
genus category), Poaceae (assigned to
family category) and so on, but the plant
can’'t be said to be belonging to the spe-
cies category.

3. A taxon may belong to other taxa, but
it can be a member of only one category.
Urtica dioica, thus, is a member of
Urtica, Urticaceae, Urticales, and so on,
but it belongs only to species category.

4. Categories are not made up of lower
categories. The category family is not
made up of the genus category, since
there is only one genus category.

5. The characters shared by all members
of a taxon placed in a lower category
provide the characters for the taxon
immediately above. Thus, the charac-
ters shared by all the species of Brassica
make up the characters of the genus
Brassica. The characters shared by
Brassica and several other genera form
distinguishing characters of the fam-
ily Brassicaceae. It is important to note
that the higher a group is placed in the
hierarchy, the fewer will be the char-
acters shared by the subordinate units.
Many higher taxa, as such (e.g. Dicots:
Magnoliopsida) can only be separated
by a combination of characters; no sin-
gle diagnostic character may distin-

guish the taxa. Dicots are thus
conveniently separated from monocots
by possession of two cotyledons,
pentamerous flowers, reticulate vena-
tion and vascular bundles in a ring as
against one cotyledon, trimerous flow-
ers, parallel venation and scattered
vascular bundles in monocots. But
when taken individually, Smilax is a
monocot with reticulate venation and
Plantago is a dicot with parallel vena-
tion. Similarly Nymphaea, is a dicot
with scattered bundles, and the flow-
ers are trimerous in Phyllanthus,
which is a dicot.

UTILIZATION OF CATEGORIES

Taxonomic categories possess only relative
value and an empty category has no founda-
tion in reality and obviously can’t be defined.
An important step in the process of classifi-
cation is to assign taxa to an appropriate
category. It thus becomes imperative to
decide what should be the properties of taxa
to be included in a particular category? Only
with a proper utilization of the concept of
categories can their application in hierar-
chical systems be meaningful. The problem
is far from resolved. An attempt will be made
here to discuss the relevant aspects of the
inclusion of type of entities or groups of
entities under different categories.
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Species concept

Darwin aptly said: ‘Every biologist knows
approximately what is meant when we talk
about species, yet no other taxon has been
subjected to such violent controversies as
to its definition’. A century and a half has
passed, so much advancement in the taxo-
nomic knowledge has been achieved, yet the
statement of Darwin is as true today as it
was then. Numerous definitions of species
have been proposed, making it futile to
recount all of them. Some significant as-
pects of the problem will be discussed here.
Probably the best explanation of diversity of
opinions can be explained as under.

‘The species is a concept. Concepts are
constructed by the human mind, and as hu-
mans think differently we have so many
definitions of a species.’ Obviously a con-
cept can’t have a single acceptable definition.

The word species has different meaning
for different botanists. According to ICBN,
which has attempted to clarify the meaning
of the word species, ‘species are convenient
classificatory units defined by trained bi-
ologists using all information available'.
The word species has a dual connotation in
biological science. First, the species is a
naturally-occurring group of individual or-
ganisms that comprises a basic unit of evo-
lution. Second, the species is a category
within a taxonomic hierarchy governed by
various rules of nomenclature.

Species as Basic Unit of
Taxonomy

The following information serves to substan-
tiate the view that species constitutes the
basic unit of classification or, for that mat-
ter, taxonomy (systematics):

1. Species is considered the basic unit of
taxonomy, since in the greater major-
ity of cases, we do not have infraspecific
names. This is especially common in
families such as Apiaceae (Umbelli-
ferae) and Liliaceae.

2. Species, unlike other taxa, can be de-
scribed and recognized without relat-

ing to the taxa at other ranks. Thus
we can sort herbarium sheets into
different species without difficulty,
without knowing or bothering to know
how many genera are covered by these
sheets. We cannot recognize genera or
describe them without reference to
the included species. Species is thus
the only category dealing directly with
the plants.

3. Whether defined in terms of morpho-
logical discontinuity or restriction of
gene exchange, species is unique in
being non-arbitrary to both inclusion
and exclusion. A group is non-arbitrary
to inclusion if all its members are con-
tinuous by an appropriate criterion. It
would be arbitrary to inclusion if it
shows internal discontinuity. A group
is non-arbitrary to exclusion if it is
discontinuous from any other group by
the same criterion. A group not show-
ing discontinuity with other groups is
arbitrary. All higher taxa although
non-arbitrary to exclusion are arbitrary
to inclusion, i.e. they exhibit internal
discontinuity as now species with
external discontinuity form part of
these taxa.

Ideal Species

A perfect situation! Species that can be eas-
ily distinguished and have no problem of
identity. Such species, however, are very
few; common examples include Apiaceae,
Asteraceae and the genera Allium and Se-
dum. The following characteristics are ex-
pected in an ideal species:

1. The species poses no taxonomic
problems and is easily recognized as a
distinct entity on the basis of morpho-
logical characters.

2. It exhibits no discontinuity of variation
within, i.e. it contains no subspecies,
varieties or formas.

3. It is genetically isolated from other
species.

4. It is sexually reproducing.

5. It is at least partially outbreeding.
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Unfortunately, ideal species are rare
among the plant kingdom and the greater
majority of species pose situations contrary
to one or more of the above criteria.

Idea of Transmutation

This is an ancient Greek idea which per-
sisted as late as the seventeenth century.
Greeks believed in the transmutation of
wheat into barley, Crocus into Gladiolus, bar-
ley into oats, and many other plants, under
certain conditions. The supporters of this
notion often included professional botanists
like Bobart (who swore that Crocus and
Gladiolus, as likewise the Leucojum, and
Hyacinths by a long standing without re-
planting have in his garden changed from
one kind to the other) as reported by Robert
Sharrock (1660) in his book History of the
propagation and improvement of vegetables by
the concurrence of art and nature. Sharrock
fortunately, however, on investigation did
not find any proof of this in the field. So called
transmutation can be explained as nothing
other than the result of unintentional mix-
ing of seeds or other propagules of another
plant with a particular crop before plantation.

The present author had a glimpse of this
fallacy while studying the weeds in saffron
(Crocus sativus) fields of Kashmir valley. With
a few vegetative specimens of Iris reticulata
(whose corms and leaves are closely similar
to saffron; the flowers are quite distinct) in
his hand, the author tried in vain to con-
vince the saffron grower (who always thinks
that he knows more about his crop) that the
plant he was carrying was not saffron. The
author managed to escape the assault but
was more convinced that this Iris (which does
not grow elsewhere in Kashmir valley) would
have come unintentionally from Persia
where it grows commonly, and from where
the Kashmir saffron is supposed to have been
introduced. The concept of transmutation is
now firmly rejected.

Nominalistic Species Concept

This nominalistic species concept is also
only of academic interest now. For the pur-

pose of nomenclature, all organisms must
be referable to species. Species, by this
concept, can be defined by the language of
Jormal relations and not by property
of their organisms. The concept considers
species to be a category in taxonomic hier-
archy and may correspond to a specific name
in the binomial system of nomenclature.
The concept is logically sound but scientifi-
cally irrelevant since the ultimate aim is
to place a particular group of individuals in
a species.

Typological Species Concept

This concept was first proposed by John Ray
(1686) and further elaborated by C. Linnaeus
in Critica botanica (1737). Linnaeus refuted
the idea of transmutation of species.
Linnaeus believed that although there is
some variation within a species, the spe-
cies by themselves are fixed (fixity of spe-
cies) as created by the Almighty Creator. The
species, according to the concept, is a group
of plants which breed true within their
limits of variation. Towards the later part
of his life, however, Linnaeus moved away
from idea of fixity of species and was con-
vinced that species can arise by hybridiza-
tion. In his later publication (Fundamenta
Jructificationis, 1762), Linnaeus imagined
that at the time of creation, there arose as
many genera as were the individuals. These,
in the course of time, were fertilized by oth-
ers and thus arose species until so many
were produced as now exist. These species
were sometimes fertilized by other species
of the same genus, giving rise to varieties.
The typological concept, however, should not
be confused with typification, which is a dis-
tinct methodology of nomenclature, provid-
ing names to taxonomic groups.

Taxonomic Species Concept

The doctrine of fixity was challenged by
Lamarck (1809) and finally Darwin (1859),
who recognized continuous and discontinu-
ous variation and developed his taxonomic
species concept based on morphology, more
appropriately known as the Morphological
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species concept. According to this concept,
the species is regarded as an assemblage
of individuals with morphological fea-
tures in common, and separable from
other such assemblages by correlated
morphological discontinuity in a number
of features. The supporters of this view be-
lieve in the concept of continuous and dis-
continuous variations. The individuals of a
species show continuous variation, share
certain characters and show a distinct dis-
continuity with individuals belonging to an-
other species, with respect to all or some of
these characters.

Du Rietz (1930) modified the taxonomic
species concept by also incorporating the role
of geographic distribution of populations and
developed the morpho-geographical species
concept. The species was defined as the
smallest population that is permanently
separated from other populations by dis-
tinct discontinuity in a series of biotypes.

The populations recognized as distinct spe-
cies and occurring in separate geographical
areas are generally quite stable and remain
so even when grown together. There are,
however, examples of a few species pairs
which are morphologically quite distinct,
well adapted to respective climates, but
when grown together, they readily interbreed
and form intermediate fertile hybrids, bridg-
ing the discontinuity gap between the spe-
cies. Examples are Platanus orientalis of the
Mediterranean region and P. occidentalis of
E. United States. Another well-known pair
is Catalpa ovata of Japan and China and C.
bignonioides of America. Such pairs of spe-
cies are known as vicarious species or
vicariants and the phenomenon as
vicariance or vicariism.

Morphological and morpho-geographical
types of taxonomic species have been widely
accepted by taxonomists who even take into
account the data from genetics, cytology,
ecology, etc., but firmly believe that species
recognized must be delimited by morpho-
logical characters.

The taxonomic species concept has sev-
eral advantages:

1. It is useful for general taxonomic pur-
poses especially the field and
herbarium identification of plants.

2. The concept is very widely applied and
most species have been recognized
using this concept.

3. The morphological and geographical
features used in the application of this
concept can be easily observed in
populations.

4. Even experimental taxonomists who do
not recognize this concept, apply this
concept in cryptic form.

5. The greater majority of species recog-
nized through this concept correspond
to those established after experimen-
tal confirmation.

The concept, however, also has some

inherent drawbacks:

1. It is highly subjective and different
sets of characters are used in differ-
ent groups of plants.

2. It requires much experience to prac-
tice this concept because only after
considerable observation and
experience can a taxonomist decide
the characters which are reliable in a
particular taxonomic group.

3. The concept does not take into account
the genetic relationships between
plants.

Biological Species Concept

The biological species concept was first de-
veloped by Mayr (1942) who defined species
as groups of actually or potentially inter-
breeding natural populations, which are
reproductively isolated from other such
groups. The words ‘actually or potentially’,
being meaningless, were subsequently
dropped by Mayr (1969). Based on the same
criteria, Grant (1957) defined species as a
community of cross-fertilizing individuals
linked together by bonds of mating and
reproductively isolated from other species
by barriers to mating. The recognition of
biological species thus involve: (a) inter-
breeding among populations of the same
species; and (b) reproductive isolation
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between populations of different species.
Valentine and Love (1958) pointed out that
species could be defined in terms of gene
exchange. If two populations are capable
of exchanging genes freely either under
natural or artificial conditions, the two
are said to be conspecific (belonging to the
same species). On the other hand, if the
two populations are not capable of ex-
changing genes freely and are reproduc-
tively isolated, they should be considered
specifically distinct. The concept has sev-
eral advantages:

1. It is objective and the same criterion
is used for all the groups of plants.

2. It has a scientific basis as the popu-
lations showing reproductive isolation
do not intermix and the morphological
differences are maintained even if the
species grow in the same area.

3. The concept is based on the analysis
of features and does not need experi-
ence to put it into practice.

The concept, first developed for animals,
holds true because animals as a rule are
sexually differentiated and polyploidy is very
rare. When applying this concept to plants,
however, a number of problems are encoun-
tered:

1. A good majority of plants show only veg-
etative reproduction, and hence the
concept of reproductive isolation as
such cannot be applied.

2. Reproductive isolation is commonly
verified under experimental condi-
tions, usually under cultivation. It may
have no relevance for wild populations.

3. Genetic changes causing morphologi-
cal differentiation and those causing
reproductive barriers do not always go
hand in hand. Salvia mellifera and S.
apiana are morphologically distinct (two
separate species according to the taxo-
nomic species concept) but not
reproductively isolated (single species
according to the biological species con-
cept). Such species are known as
compilospecies. Contrary to this, Gilia
inconspicua and G. transmontana are
reproductively isolated (two separate

species according to the biological
species concept) but morphologically
similar (single species according to the
taxonomic species concept). Such
species are known as sibling species.

4. Fertility-sterility is only of theoretical
value in allopatric populations.

5. It is difficult and time consuming to
carry out fertility-sterility tests.

6. Occurrence of reproductive barriers
has no meaning in apomicts.

7. Necessary genetic and experimental
data are available for only very few
species.

Stebbins (1950), it would appear, combined
two concepts when he stated that species
must consist of systems of populations
that are separated from each other by
complete or at least sharp discontinuities
in the variation pattern, and that these
discontinuities must have a genetic basis.
These populations with isolating mecha-
nisms (different species) may occur either
in the same region (sympatric species) or
in different regions (allopatric species).

Fortunately, although the taxonomic and
biological concepts are based upon different
principles, the species recognized by one
concept, in the majority of cases, stand the
test of the other. Morphology provides the evi-
dence for putting the genetic definition into
practice.

Evolutionary Species Concept

This concept was developed by Meglitsch
(1954), Simpson (1961) and Wiley (1978). Al-
though maintaining that interbreeding
among sexually reproducing individuals is
an important component in species cohe-
sion, this concept is compatible with a broad
range of reproductive modes. Wiley (1978)
defines: an evolutionary species is a sin-
gle lineage of ancestor-descendant popu-
lations which maintains its identity from
other such lineages, and which has its
own evolutionary tendencies and histori-
cal fate. This concept avoids many of the
problems of the biological concept. Lineage
is a single series of demes (populations) that
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share a common history of descent, not
shared by other demes. The identity of spe-
cies is based on recognition systems that
operate at various levels. In sexually repro-
ducing species, such systems include rec-
ognition because of phenotypic, behavioural
and biochemical differences. In asexual spe-
cies phenotypic, genotypic differences main-
tain the identity of species. Identity in both
sexual and asexual species may also be due
to distinct ecological roles. Viewed from the
standpoint of evolutionary species concept,
however, the important question is not
whether two species hybridize, but whether
two species do or do not lose their distinct
ecological and evolutionary roles. If, despite
some hybridization, they do not merge, then
they remain separate species in the evolu-
tionary perspective.

Several other terms have been proposed
to distinguish species based on specific cri-
teria. Grant (1981) recognizes microspecies
as ‘populations of predominantly uniparen-
tal plant groups which are themselves uni-
form and are slightly differentiated morpho-
logically from one another’; they are often
restricted to a limited geographical area.
Microspecies develop in inbreeding species,
but are usually not stable over longer peri-
ods. They may undergo cross-fertilization
sooner or later forming recombinant types
which themselves become new
microspecies. Several microspecies have
been found in Erophila verna mostly repre-
senting single biotypes or groups of similar
biotypes some of which are marked by only
one or two characters. These may be dis-
tinguished as clonal microspecies (repro-
ducing by vegetative propagation, e.g.
Phragmites), agamospermous microspecies
(reproducing by agamospermy, e.g. Rubus),
heterogamic microspecies (reproducing by
genetic systems, e.g. Oenothera biennis or
Rosa canina), and autogamous microspecies
(predominantly autogamous and chromo-
somally homozygous, e.g. Erophila). The term
microspecies was first suggested by Jordan
(1873) and as such they are often termed as
Jardanons to distinguish them from
Linnaeons, the normal species, first estab-

lished by Linnaeus. Microspecies are dis-
tinct from cryptic species, which are mor-
phologically similar but cytologically or physi-
ologically different. Stace (1989) uses the
term semi-cryptic species for the latter.

Biosystematic Species
Concept

The term biosystematic species has been
used by Grant (1981) to refer to the catego-
ries based on fertility relationships as de-
termined by artificial hybridization experi-
ments. Ecotype refers to all members of a
species that ‘represent a product of genetic
response of a species towards a particular
habitat’. The ecotypes, which are able to
exchange genes freely without loss of fertil-
ity or vigour in the offsprings, form an
ecospecies. An ecospecies corresponds to a
taxonomic species. A group of ecospecies
capable of limited genetic exchange consti-
tutes a coenospecies. A coenospecies is con-
sidered equivalent to a subgenus. A group of
related coenospecies between which hybrid-
ization is possible—directly or through in-
termediates— constitutes a comparium,
which is considered equal to a genus. Com-
plete sterility barriers exist between genera.

Infraspecific ranks

The species is regarded as the basic unit of
classification and many works, including the
Flora of USSR, do not recognize infraspecific
taxa. Many European, American and Asian
Floras, however, do recognize taxa below
the rank of species. The international Code
of Botanical Nomenclature recognizes five
infraspecific ranks: subspecies, variety
(Latin, varietas), subvariety, form (Latin,
forma) and subform. Of these, three (sub-
species, variety and form) have been widely
used in the literature.

Du Rietz (1930) defined subspecies as a
population of several biotypes forming
more or less a distinct regional facies of a
species. Facies stands for race. Morphologi-
cally distinct but interfertile populations of
a species growing in different geographical
regions are maintained as distinct subspe-
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cies due to the geographical isolation of the
species.

Du Rietz defined variety as a population
of several biotypes, forming more or less a
local facies of a species. The term variety
is commonly used for morphologically dis-
tinct populations occupying a restricted geo-
graphical area. Emphasis is on a more lo-
calized range of the variety, compared with
the large-scale regional basis of a subspe-
cies. Several varieties are often recognized
within a subspecies. The term variety is also
used for variations whose precise nature is
not understood, a treatment often necessary
in the pioneer phase of taxonomy.

Forma is often regarded as sporadic
variant distinguished by a single or a few
linked characters. Little taxonomic signifi-
cance is, however, attached to minor and
random variations upon which the forms are
normally based.

Genus

The concept of genus is as old as folk
science itself as represented by names
rose, oak, daffodils, pine and so on. A genus
represents a group of closely-related spe-
cies. According to Rollins (1953), the func-
tion of the genus concept is to bring together
species in a phylogenetic manner by
placing the closest related species within
the general classification. When attempt-
ing to place a species within a genus, the
primary question would be, is it related to
the undoubted species of that genus? Mayr
(1957) defined genus as a taxonomic cat-
egory which contains either one species
or a monophyletic group of species, and
is separable from other genera by a de-
cided discontinuity gap. It was earlier
believed that a genus should always be
readily definable on the basis of a few tech-
nical floral characters. A more rational
recognition should take the following
criteria into consideration:
1. The group, as far as possible, should
be a natural one. The monophyletic
nature of the group should be deduced

by cytogenetic and geographic infor-
mation in relation to morphology.

2. The genera should not be distinguished
on a single character but a sum total
of several characters. In a number of
cases, genera are easily recognized on
the basis of adaptive characters (adap-
tations in response to ecological
niches), as in the case of establishing
aquatic species of Ranunculus under a
separate genus Batrachium.

3. There is no size requirement for a
genus. It may include a single species
(monotypic genus) as Leitneria,
Ginkgo, Milula or many (Polytypic
genus): Euphorbia (2100 species),
Astragalus (2000) Carex (1800), Senecio
(1500) and Acacia (1300) being the
examples of large genera. The genus
Senecio was earlier included more than
2500 species, but it has now been split
into several genera. The only impor-
tant criterion is that there should be a
decided gap between the species of two
genera. If the two genera are not
readily separable, then they can be
merged into one and distinguished as
subgenera or sections. Such an
exercise should take into considera-
tion the concept in other genera of the
family, size of the genus (it is more
convenient to have subgenera and
sections in a larger genus) and
traditional usage.

4. When generic limits are being drawn,
it is absolutely necessary that the
group of species should be studied
throughout the range distribution of
the group, because characters stable
in one region may break down
elsewhere.

Family

A family, similarly, represents a group of
closely-related genera. Like genus, it is also
a very ancient concept because the natural
groups now known as families, such as
legumes, crucifers, umbels, grasses have
been recognized by laymen and taxonomists
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alike for centuries. Ideally, families should
be monophyletic groups. Like the genus, the
family may represent a single genus
(Podophyllaceae, Hypecoaceae, etc.) or
several genera (Asteraceae: nearly 1100).
Most taxonomists favour broadly-conceived
family concepts that lend stability to classi-

fication. Although there is no marked dis-
continuity between Lamiaceae (Labiatae)
and Verbenaceae, the two are maintained
as distinct families. The same tradition
prevents taxonomists from splitting
Rosaceae, which exhibits considerable
internal differences.
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Chapter 4

Descriptive Terminology

Any botanical analysis of a plant necessi-
tates the availability of information about its
characteristics. The descriptive information
about the morphology of a plant
(phytography) is suitably expressed in semi-
technical language through a set of terms,
which provide an unambiguous representa-
tion of the plant. The descriptive terminol-
ogy thus precedes any taxonomic or phylo-
genetic analysis of a taxon. Whereas the veg-
etative morphology of vascular plants
(Tracheophyes) uniformly includes informa-
tion about the organs such as root, stem as
leaves, the reproductive morphology may dif-
fer in different groups. The Pteridophytes are
represented by strobili, cones, sporophylls,
microsporophylls, megasporophylls and
spores, Gymnosperms by cones, megasporo-
phylls, microsporophylls and seeds. The flow-
ering plants have distinct inflorescences,
flowers, seeds and fruits. All these organs
show considerable variability, amply de-
picted through a large vocabulary of descrip-
tive terms.

Morphological terminology has been in
use for description of species for several cen-
turies and continues to be the principal
source of taxonomic evidence. The descrip-
tive terminology is very exhaustive, and as
such only the most commonly used terms
are illustrated here.

HABIT AND LIFE SPAN

Annual: A plant living and completing its life
cycle in one growing season. Ephemerals
are annuals surviving for one or two weeks
(Boerhavia repens).

Biennial: A plant living for two seasons, grow-
ing vegetatively during the first and flower-
ing during the second.

Perennial: A plant living for more than two
years and flowering several times during the
life span (except in monocarpic plants which
live for several years but perish after flow-
ering, as in several species of Agave and
bamboos). In herbaceous perennials, the
aerial shoot dies back each winter, and the
annual shoots are produced from subaerial
stock every year, those with a rhizome, tu-
ber, corm or bulb better known as geophytes.
A woody perennial, on the other hand has
woody aerial shoots which live for a number
of years. A woody perennial may be a tree
(with a distinct trunk or bole from the top of
which the branches arise— deliquescent
tree as in banyan, a totally unbranched cau-
dex with a crown of leaves at top as in palms,
or the main stem continues to grow gradu-
ally narrowing and producing branches in
acropetal order— excurrent tree as in
Polyalthia) or a shrub (with several distinct
branches arising from the ground level). A
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suffrutescent plant is intermediate be-
tween woody and herbaceous plants, with the
basal woody portion persisting year after year
whereas the upper portion dies back every
year. A weak climbing plant may be woody
(liana) or herbaceous (vine).

It should be noted that the terms herb,
shrub, suffrutescent plant and tree repre-
sent different forms of habit. Annual, bien-
nial and perennial denote the life span or
duration of the plant.

HABITAT

Plants grow in a variety of habitats. Terres-
trial plants grow on land, aquatic plants in
water and those on other plants as epi-
phytes. Terrestrial plant may be a meso-
phyte (growing in normal soil), xerophyte
(growing on dry habitats: psammophyte on
sand, lithophyte on rock). An aquatic plant
may be free-floating (occurring on water sur-
face), submerged or emersed (wholly under
water), emergent (Anchored at bottom but
with shoots exposed above water), floating-
leaved (anchored at bottom but with float-
ing leaves), or a helophyte (emergent marsh
plant in very shallow waters). A plant grow-
ing in saline habitats (terrestrial or aquatic)
is known as halophyte, whereas one in
acidic soils as oxylophyte or oxyphyte.
Saprophyte grow on decaying organic mat-
ter, parasite lives and depends on another
organism.

ROOTS

Roots unlike stems lack nodes and intern-
odes, have irregular branching and produce
endogenous lateral roots. Upon seed germi-
nation, usually the radicle elongates into a
primary root, forming a taproot, but several
other variations may be encountered:
Adventitious: Developing from any part
other than radicle or another root.

Aerial: Grows in air. In epiphytes, the aerial
roots termed epiphytic roots are found
hanging from the orchids and are covered
with a spongy velamen tissue. Orchids also
carry some clinging roots which penetrate
crevices and help in anchorage.

Assimilatory: Green chlorophyll-containing
roots capable of carbon assimilation as in
Tinospora cordifolia, and many species of
Podostemaceae.

Fibrous: Threadlike tough roots common in
monocots, especially grasses, usually adven-
titious in nature.

Buttressed: enlarged, horizontally spread
and vertically thickened roots at the base of
certain trees of marshy areas.

Fleshy: Thick and soft with a lot of storage
tissue. Storage roots may be the modifica-
tion of taproot:

(i) Fusifom: Swollen in the middle and
tapering on sides, as in radish
(Raphanus sativus).

(ii) Comical: Broadest on top and gradu-
ally narrowed below, as in carrot
(Daucus carota).

(iii) Napiform: Highly swollen and almost
globose and abruptly narrowed below,
as in turnip (Brassica rapa).

Modifications of the storage adventitious
roots include:

(i) Tuberous: Clusters of tubers growing
out from stem nodes, as in sweet po-
tato (Ipomoea batatas) and tapioca
(Manihot esculenta).

(ii) Fasciculated: Swollen roots occurring
in clusters, as in Asparagus and some
species of Dahlia.

(iii) Nodulose: Only the apices of adventi-
tious roots becoming swollen like
beads, as in Curcuma amada and
Costus speciosus.

Moniliform: Portions of a root are al-
ternately swollen and constricted giv-
ing beaded appearance, as in Dioscorea
alata.

Haustorial (sucking): Small roots penetrat-
ing the host xylem tissue for absorbing wa-
ter and nutrients as in partial parasites
(Viscum) or also the photosynthetic materi-
als by penetrating the phloem tissue as well,
as in total parasites (Cuscuta).

Mycorrhizal: Roots infested with fungal
mycelium which helps in root absorption.
The fungal mycelium may penetrate corti-
cal cells (endotrophic mycorrhizae found in

(iv)
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Figure 4.1 Roots. A: Fusiform fleshy root of Raphanus sativus; B: Conical fleshy root of Daucus
carota; C: Napiform fleshy root of Brassica rapa; D: Root-tuber of Ipomoea batatas;
E: Fasciculated tuberous roots of Dahlia; F: Nodulose roots of Curcuma amada;

G: Moniliform roots; H: Pneumatophores of Avicennia; I:

Stilt roots of Zea mays;

J: Stilt roots of Pandanus; K: Prop roots of Ficus benghalensis; L: Aerial roots of
Dendrobium; M: Haustorial roots of Viscum, sending haustoria only into the host xy-

lem; N: Mycorrhizal roots of Pinus.

orchids) or may largely form a mantle over
the root with a few hyphae penetrating be-
tween the outer cells (ectotrophic mycor-
rhizae found in conifers). In specialized VAM
(vesicular arbuscular mycorrhizae) found
in grasses, the fungal hyphae penetrate cor-
tical cells, forming a hyphal mass called
arbusculum.

Respiratory: Negatively geotropic roots of
some mangroves (e.g. Avicennia) which grow
vertically up and carry specialized lenticels
(pneumathodes) with pores for gaseous ex-
change. Such roots are also known as pneu-
matophores.

Prop: Elongated aerial roots arising from
horizontal branches of a tree, striking the
ground and providing increased anchorage
and often replacing the main trunk as in
several species of Ficus (e.g. the great
banyan tree F. benghalensis in the Indian
Botanical Garden at Sibpur, Kolkata). The

large hanging prop roots of Ficus species are
often used in bungee jumping sport.

Stilt: Adventitious roots arising from the
lower nodes of the plant and penetrating the
soil in order to give increased anchorage as
in maize (Zea mays), screw-pines (Pandanus)
and Rhizophora.

STEMS

Stems represent the main axes of plants,
being distinguished into nodes and intern-
odes, and bearing leaves and axillary buds
at the nodes. The buds grow out into lateral
shoots, inflorescences or flowers. A plant
may lack stem (acaulescent) or have a dis-
tinct stem (caulescent). The latter may be
aerial (erect or weak) or even underground.
Acaulescent: Apparently a stemless plant
having very inconspicuous reduced stem.
The reduced stem may often elongate at the
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time of flowering into a leafless flowering
axis, known as scape as found in onion.

Arborescent: Becoming treelike and woody,
usually with a single main trunk.

Ascending: Stem growing upward at about
45-60° angle from the horizontal.

Bark: Outside covering of stem, mainly the
trunk. Bark may be smooth, exfoliating
(splitting in large sheets), fissured (split or
cracked), or ringed (with circular fissures).

Bud: Short embryonic stem covered with bud
scales and developing leaves and often found
in leaf axils. Buds are frequently helpful in
identification and may present considerable
diversity:

(i) Accessary bud: An extra bud on either
side (collateral bud) or above (super-
posed bud or serial bud) the axillary
bud.

(ii) Adventitious bud: Bud developing
from any place other than the node.

(iii) Axillary (lateral) bud: Bud located in
the axil of a leaf.

(iv) Bulbil: Modified and commonly en-
larged bud meant for propagation. In
Agave and top onion (Allium x proliferum)
flower buds get modified into bulbils.

(v) Dormant (winter) bud: Inactive well
protected bud usually to survive win-
ter in cold climates.

(vi) Flower bud: Bud developing into flower.

(vii) Mixed bud: A bud bearing both em-
bryonic leaves and flowers.

(viii) Naked bud: Not covered by bud scales.

(ix) Pseudoterminal bud: Lateral bud near
the apex appearing terminal due to
death or non-development of terminal
bud.

(x) Scaly (covered) bud: Covered by bud
scales.

(xi) Terminal bud: Located at stem tip.

(xii) Vegetative bud: Bearing embryonic
leaves.

Figure 4.2 Buds. A: Axillary bud with 2 collateral buds in Acer; B: Axillary bud and a superposed
bud in Juglans regia; C: Scaly bud of Ficus covered with bud-scale; D: Winter buds in
Salix; E: Terminal bud with two collateral buds; G: Intrapetiolar bud hidden by petiole
base; H: Same with petiole removed; I: Bulbil developing from one flower of Agave;
J: Pseudoterminal bud, taking terminal position due to death or non-development of
terminal bud; K: Vegetative bud of Brassica oleracea var. capitata (cabbage).
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Figure 4.3 Stem, subaerial and underground modifications. A: Tunicated bulb of Allium cepa; B:
Same in vertical section, showing concentric layers of leaf sheaths; C: Scaly bulb of
Lilium with separate fleshy leaf sheaths; D: Stem tuber of Solanum tuberosum with eye
buds; E: Rhizome of Zingiber officinale with fleshy branched horizontal stem; F: Corm of
Crocus sativus covered with scale leaves; G: Same in longitudinal section showing the
solid inside as opposed to the bulb; H: Runner of Oxalis, rooting at nodes; I: Stolon of
Fragaria vesca, arching down to strike roots at nodes; J: Sucker in Chrysanthemum,
underground and rising up to produce shoot; K: Offset in Eichhornia crassipes, like

runner but shorter and thicker.

Caulescent: With a distinct stem.

Caudiciform: Low swollen storage stem at
ground level, from which annual shoots
arise as in Calibanus and some species of
Dioscorea.

Culm: Flowering and fruiting stem of grasses
and sedges.

Erect: Growing erect as an herb, shrub
or a tree.

Lignotuber: Swollen woody stem at or below
ground level, from which persistent woody
aerial branches arise, as in Manzanita.
Pachycaul: Woody trunk-like stem swollen
at base functioning for storage as in bottle
tree Brachychiton.

Phylloclade (cladophyll): Stem flattened and
green like leaves bearing scale leaves as in
Opuntia. A phylloclade of one internode
length found in Asparagus in known as
Cladode.

Pseudobulb: Short erect aerial storage or
propagating stem of certain epiphytic
orchids.

Subaerial: generally perennial partially hid-
den stems:

() Runner: Elongated internodes trailing
along the ground and generally produc-
ing a daughter plant at its end as in
Cynodon and Oxalis.

(ii) Sobol: Like runner but partially un-
derground as in Saccharum
spontaneum, and unlike rhizome, not
a storage organ.
Stolon: Like runner but initially grow-
ing up and then arching down and
striking roots in soil as in strawberry.
Sucker: Like runner but underground
and growing up and striking roots to
form new plant as in Chrysanthemum
and Mentha arvensis.
(v) Offset: Shorter than runner and found
in aquatic plants like Eichhornia
crassipes.

(iii)

(iv)

Subterranean (underground): Growing
below the soil surface and often specially
modified:
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(i) Bulb: A reduced stem surrounded by
thick fleshy scale leaves. The leaves
may be arranged in a concentric man-
ner surrounded by a thin membranous
scale leaf (tunicated bulb of onion—
Allium cepa) or leaves only overlapping
along margins (scaly or imbricate bulb
of garlic—Allium sativum).

(ii) Corm: A vertical fleshy underground
stem covered with some scale leaves
and with a terminal bud, as in Gladi-
olus.

Rhizome: A horizontal dorsiventral
fleshy underground stem with nodes
and internodes and covered with scale
leaves, as in Ginger.

Stem tuber: Underground portions of
stem modifies into tubers as in potato.

(iii)

(iv)

Thorn: Branch or axillary bud modified into
a hard sharp structure, being deep-seated
and having vascular connections as opposed
to prickles which are mere superficial out-
growths without vascular connections.

Figure 4.4 Stem, aerial modifications. A: Phyl-
loclade of Opuntia; B: Cladodes in
Asparagus; C: Portion enlarged to
show whorl of cladodes in axil of
scale-leaf; D: Phylloclades of
Ruscus, leaf-like and bearing flow-
ers; E: Thorn of Prunus; F: Tendril
of Luffa.

Spine is like a thorn but generally weaker
and developing from the leaf or stipule.
Thorns may bear leaves (Duranta), flowers
(Prunus), or may be branched (Carissa).

Weak: Plant not strong enough to grow erect:
(i) Creeper: Growing closer to ground and
often rooting at the nodes, as in Oxa-

lis.

(ii) Trailer: Trailing along the surface and
often quite long. They are usually pros-
trate or procumbent, lying flat on
ground as in Basella, but sometimes
decumbent when the tips start grow-
ing erect or ascending, as in Portulaca.
Climber: Weak plant which uses a sup-
port to grow up and display leaves to-
wards sunlight. This may be achieved
in a number of ways:

(a) Twiner (stem climber): Stem coil-
ing round the support due to spe-
cial type of growth habit, as in Ipo-
moea and Convolvulus.

(b) Root climber: Climbing with the
help of adventitious roots which
cling to the support, as in species
of Piper.

(c) Tendril climber: Climbing with the
help of tendrils which may be modi-
fied stem (Passiflora, Vitis), modi-
fied inflorescence axis (Antigonon),
modified leaf (Lathyrus aphaca),
modified leaflets (Pisum sativum),
modified petiole (Clematis), modified
leaf tip (Gloriosa), modified stipules
(Smilax) or even modified root
(Parthenocissus).

(d) Scrambler: Spreading by leaning
or resting on support, as in Rose.

(e) Thorn climber: Climbing or reclin-
ing on the support with the help of
thorns, as in Bougainvillea.

() Hook climber: Climbing with the
help of hooked structures (Galium).

(iii)

LEAVES

Leaves are green photosynthetic organs of a
plant arising from the nodes. Leaves are usu-
ally flattened, either bifacial (dorsiventral)
with adaxial side (upper surface facing stem
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Figure 4.5

Phyllotaxy of leaves. A: Rosulate; B: Alternate; C: Diagramatic representation of

distchous (2-ranked) arrangement; D: Diagramatic representation of tristichous (3-
ranked) arrangemt; E: Whorled leaves in Galium; F: Opposite and decussate leaves of
Lamium; G: Opposite and superposed leaves of Quisqualis; H: Imbricated leaves.

axis) different from abaxial side (lower sur-
face facing away from stem axis) or may be
unifacial (isobilateral) with similar adaxial
and abaxial surfaces. A leaf is generally dif-
ferentiated into a leaf blade (lamina) and a
petiole. A leaf with a distinct petiole is termed
petiolate, whereas one lacking a petiole is
sessile. A petiole may be winged (Citrus),
swollen (Eichhornia), modified into tendril
(Clematis), spine (Quisqualis) or become modi-
fied into a flattened photosynthetic phyllode
(Australian Acacia). Two small stipules may
be borne at the base of the petiole. The leaf
terminology affords a wide diversity. The leaf
base may sometimes be sheathing or
pulvinate (swollen).

Leaf arrangement
(Phyllotaxy)

Alternate: Bearing one leaf at each node.
The successive leaves usually form a spiral
pattern, in mathematical regularity so that

all leaves are found to lie in a fixed number
of vertical rows or orthostichies. The ar-
rangement commonly agrees with the Fi-
bonacci series (Schimper-Brown series),
wherein numerator and denominator in
each case are obtained by adding up the pre-
ceding two (1/2, 1/3, 141/2+3=2/5, 1+2/
3+5=3/8, and so on) In grasses the leaves
are in two rows (2-ranked, distichous or Y2
phyllotaxy), so that the third leaf is above
the first leaf. Sedges have three rows of
leaves (3-ranked, tristichous, or 1/3 phyl-
lotaxy), the fourth leaf above the first leaf.
China rose and banyan show pentastichous
arrangement, where the sixth leaf lies above
the first one, but in doing so leaves complete
two spirals and the phyllotaxy is known as
2/5 phyllotaxy. Carica papaya depicts
octastichous arrangement, wherein the
ninth leaf lies above the first one and three
spirals are completed in doing so, thus a
3/8 phyllotaxy. Leaf bases of date palm and
sporophylls of pinecone are closely packed



Descriptive Terminology 63

and internodes are extremely short making
it difficult to count the number of rows
(orthostichies). Such an arrangement is
known as parastichous.

Imbricated: The leaves closely overlapping
one another, as in Cassiope.

Opposite: Bearing pairs of leaves at each
node. The pairs of successive leaves may be
parallel (superposed) as in Quisqualis or at
right angles (decussate) as in Calotropis and
Stellaria.

Whorled (verticillate): More than three
leaves at each node as in Galium, Rubia and
Nerium.

Radical: Leaves borne at the stem base of-
ten forming a rosette (rosulate) in reduced
stems, as in Primula and Bellis.

Cauline: Leaves borne on the stem.
Ramal: Leaves borne on the branches.

Leaf duration

Leaves may stay and function for few days
to many years, largely determined by the ad-
aptation to climatic conditions:

Caducuous (fugacious): Falling off soon af-
ter formation, as in Opuntia.

Deciduous: Falling at the end of growing sea-
son so that the plant (tree or shrub) is leaf-
less in winter/dormant season. In tropical
climate, the tree may be leafless for only a
few days. Salix and Populus are common ex-
amples.

Evergreen (persistent): Leaves persisting
throughout the year, falling regularly so that
tree is never leafless, as in mango, pines
and palms. It must be noted that whereas
the term persistent is used for the leaves,
the term evergreen is commonly associated
with trees with such leaves.

Marcescent: Leaves not falling but wither-
ing on the plant, as in several members of
Fagaceae.

Leaf incision/type of leaves
A leaf with a single blade (divided or not) is
termed simple, whereas one with two or
more distinct blades (leaflets) is said to be
compound.

A Simple leaf may be undivided or in-
cised variously depending upon whether the
incision progresses down to the midrib (pin-
nate) or towards the base (palmate):

(i) Pinnatifid: The incision is less than
halfway towards the midrib.

(ii) Pinnatipartite: The incision is more
than halfway towards the midrib.
Pinnatisect: The incision reaches al-
most the midrib.

Palmatifid: The incision is less than

halfway towards the base.

(v) Palmatipartite: The incision is more
than halfway towards the base of leaf
blade.

Palmatisect: The incision reaches
almost the base of leaf blade.

Pedate: Deeply palmately lobed leaves
with lobes arranged like the claw of a
bird.

A compound leaf has incision reaching
the midrib (or leaf base) so that there are
more than one distinct blades called as leaf-
lets or pinnae. It may similarly be pinnate
when the leaflets are borne separated along
the rachis (cf. midrib of simple leaf) or pal-
mate when the leaflets arise from a single
point at the base. Pinnate compound leaves
may be further differentiated:

(iii)

(iv)

(vi)

(vii)

(i) Unipinnate (simple pinnate): The
leaflets are borne directly along the
rachis. In paripinnate leaf (Cassia),
the leaflets occur in pairs and as such
the terminal leaflet is missing and
there are even numbers of leaflets. In
an imparipinnate (Rosa) leaf, on the
other hand, there is a terminal leaf-
let, resulting in odd number of leaflets.

(ii) Bipinnate (twice pinnate): The pin-

nae (primary leaflets) are again divided

into pinnules, so that the leaflets

(pinnules) are borne on the primary

branches of the rachis as in Mimosa

pudica.

Tripinnate (thrice pinnate): The dis-

section goes to the third order so that

the leaflets are borne on secondary
branches of the rachis as in Moringa.

(iii)
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Figure 4.6 Leaf incision. A: Undivided with pinnate venation; B: Pinnatifid; C: Pinnatipartite;
D: Pinnatisect; E: Pinnate compound- imparipinnate leaf of Rosa; F: Pinnate com-
pound-paripinnate leaf of Cassia; G: Bipinnate leaf of Acacia nilotica; H: Pinnate-trifo-
liate leaf of Medicago, note middle leaflet with longer petiolule; I: Tripinnate leaf of
Moringa; J: Triternate leaf of Thalictrum; K: Undivided with palmate venation;
L: Palmatifid; M: Palmatipartite; N: Palmatisect; O: Palmate compound-digitate;
P: Unifoliate leaf of Citrus; @: Bifoliate; R: Trifoliate leaf of Trifolium, note all leaflets
with equal petiolules as opposed to pinnate trifoliate leaf; S: Trifoliate leaf of Oxalis;
T: Quadrifoliate leaf of Marsilea; U: pedate leaf of Vitis pedata.

(iv) Decompound: Here the dissections go lower two leaflets are reduced and the
beyond the third order, as in Fennel. terminal leaflet looks like a simple
The term is sometimes used for leaves leaf but has a distinct joint at base, as
more than once compound. seen in Citrus plants.

(v) Ternate: The leaflets are present in (ii) Bifoliate (binnate): A leaf with two
groups of three. Leaf may be ternate leaflets, as found in Hardwickia.
(pinnate with three leaflets, i.e.  (iii) Trifoliate (ternate): A leaf with three
trifoliate), biternate (twice pinnate leaflets, as in Trifolium. The trifoliate
with three pinnae and three pinnules) leaf of Medicago and Melilotus has ter-
triternate or decompound ternate. minal leaflet with a longer petiolule

Palmate compound leaf does not have a ra- (stalk of leaflet) than basal leaflets and
chis and the leaflets arise from the top of is accordingly a pinnate trifoliate leaf.
the petiole: (iv) Quadrifoliate: A leaf with four leaflets,

(i) Unifoliate: A modified situation in as in Paris and aquatic pteridophyle

commonly a trifoliate leaf when the Marsilea.
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(v) Multifoliate (Digitate): A leaf with
more than four leaflets, as in Bombax.

Stipules

The leaves of several species bear two small
stipules as outgrowths from the leaf base.
Leaves with stipules are termed stipulate
and those without stipules as exstipulate.
They show a lot of structural diversity:
Free-lateral: Free and lying on either side
of the petiole base, as in china-rose (Hibis-
cus rosa-sinensis).

Adnate: Attached to the base of petiole for
some distant, as in Rose.

Intrapetiolar: The two stipules are coher-
ent to form one, which lies in the axil of a
leaf as in Gardenia.

Interpetiolar: A stipule lying between the
petioles of two adjacent leaves, commonly
due to fusion and enlargement of two adja-
cent stipules of different leaves as found in
several members of Rubiaceae like Ixora.
Ochreate: The two stipules united and form-
ing a tubular structure ochrea, found in fam-
ily Polygonaceae.

Foliaceous: Modified and enlarged to func-
tion like leaves as in Lathyrus aphaca, where
the whole leaf blade is modified into tendril
and stipules are foliaceous.

Tendrillar: Stipules modified into tendrils
as in Smilax.

Spiny: Stipules modified into spines as in
Acacia.

Leaf shape (outline of lamina)
The shape of leaf/leaflet blade shows con-
siderable variability and is of major taxo-
nomic value.

Acicular: Needle shaped, as in pine.
Cordate: Heart shaped, with a deep notch at
base, as in Piper betle.

Cuneate: Wedge-shaped, tapering towards
the base, as in Pistia.

Deltoid: Triangular in shape.

Elliptical: Shaped like an ellipse, a flattened
circle usually more than twice as long as
broad, as in Catharanthus roseus.

Hastate: Shaped like an arrow head with two
basal lobes directed outwards, as in
Typhonium; also referring to hastate leaf
base.

Lanceolate: Shaped like a lance, much
longer than broad and tapering from a broad
base towards the apex, as in bottle-brush
plant (Callistemon lanceolatus).

Linear: Long and narrow with nearly paral-
lel sides as in grasses and onion.

Lunate: Shaped like half-moon, as in
Passiflora lunata.

Lyrate: Lyre-shaped; pinnatifid with large
terminal lobe and smaller lower lobes, as in
Brassica campestris.

Oblanceolate: Like lanceolate but with
broadest part near apex.

Obcordate: Like cordate but with broadest
part and notch at apex, as in Bauhinia.

Oblong: Uniformly broad along the whole
length as in banana.

Obovate: Ovate, but with broadest part near
the apex, as in Terminalia catappa.

Ovate: Egg-shaped, with broadest part near
the base, as in Sida ovata.

Orbicular (rotund): Circular in outline. The
peltate leaf of Nelumbo is orbicular in out-
line.

Pandurate: Fiddle shaped; obovate with si-
nus or indentation on each side near the
base and with two small basal lobes, as in
Jatropha panduraefolia.

Peltate: Shield shaped with petiole attached
to the lower surface of leaf (and not the mar-
gin), as in Nelumbo.

Reniform: Kidney-shaped, as Centella
asiatica.

Runcinate: Oblanceolate with lacerate or
parted margin, as in Taraxacum.

Sagittate: Shaped like an arrowhead with
two basal lobes pointed downwards, as in
Sagittaria and Arum; also referring to sagit-
tate leaf base.

Spathulate (spatulate): Shaped like a
spatula, broadest and rounded near the apex,
gradually narrowed towards the base, as in
Euphorbia neriifolia.
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Figure 4.7 Leaf outline. A: Acicular; B: Subulate; C: Linear, common in grasses; D: Lanceolate;
E: Oblong; F: Spathulate; G: Cordate; H: Ovate; I: Obovate; J: Oblanceolate; K: Peltate;
L: Reniform; M: Hastate; N: Runcinate; O: Lunate; P: Sagittate; @: Pandurate;

R: Deltoid; S: Lyrate; T: Elliptic.

Subulate: Awl-shaped, tapering from a broad
base to a sharp point.

Leaf margin

The edge of a leaf blade is known as margin
and may show any of the following conditions:
Crenate: With low rounded or blunt teeth,
as in Kalanchoe.

Crisped: Margin strongly winding in verti-
cal plane giving ruffled appearance to leaf.
Dentate: With sharp teeth pointing out-
wards.

Denticulate: Minutely or finely dentate.
Double crenate (bi-crenate): Rounded or
blunt teeth are again crenate

Double dentate: Sharp outward teeth are
again dentate. The term bi-dentate, though
sometimes used here, is inappropriate, as
it more correctly refers to a structure bear-
ing two teeth.

Double serrate (bi-serrate): The serrations
are again serrate similarly as in Ulmus.
Entire: Smooth, without any indentation, as
in Mango.

Retroserrate: Teeth pointed downwards.
Revolute: Margin rolled down.

Serrate: With sharp teeth pointing upward
like saw, as seen in rose.

Serrulate: Minutely or finely serrate.
Sinuate: Margin winding strongly inward as
well as outward.

Undulate (repand, wavy): Margin winding
gradually up and down and wavy, as in
Polyalthia.

Leaf base

In addition to the terms cordate, cuneate,
hastate, sagittate already described above
when referring to the leaf base, the follow-
ing additional terms are frequently used:
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Figure 4.8 Leaf margin. A: Entire; B: Crenate; C: Crenulate; D: Dentate; E: Denticulate; F: Ser-
rate; G: Serrulate; H: Bi-serrate; I: Undulate; J: Sinuate; K: Crispate.

Amplexicaul: The auriculate leaf base com-
pletely clasps the stem.

Attenuate: Showing a long gradual taper to-
wards the base.

Auriculate: With ear like appendages at the
base, as in Calotropis.

Cuneate: Wedge shaped, with narrow end at
the point of attachment.

Decurrent: Extending down the stem and ad-
nate to the petiole.

Oblique: Asymmetrical with one side of the
blade lower on petiole than other.
Perfoliate: The basal lobes of leaf fusing so
that the stem appears to pass through the
leaf, as in Swertia. When the bases of two
opposite leaves fuse and the stem passes
through them, it is termed connate perfoli-
ate as seen in Canscora.

Rounded: With a broad arch at the base.

Truncate: Appearing as if cut straight
across.

Leaf apex

Leaf apex may similarly present a number
of diverse terms:

Acute: Pointed tip with sides forming acute
angle, as in mango.

Acuminate: Tapering gradually into a
protracted point, as in Ficus religiosa.
Aristate: With a long bristle at the tip.
Attenuate: Tip drawn out into a long taper-
ing point.

Caudate: Apex elongated and tail-like.
Cirrhose: With slender coiled apex, as in
banana.

Cuspidate: Abruptly narrowed into sharp
spiny tip, as in pineapple.

Emarginate: With a shallow broad notch at
tip, as in Bauhinia.

Mucronate: Broad apex with a small point,
as in Catharanthus.

Obtuse: Broad apex with two sides forming
an obtuse angle, as in banyan.
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Figure 4.9 Leaf apex and leaf base. Leaf apex. A: Acute; B: Acuminate; C: Aristate; D: Caudate;
E: Emarginate; F: Retuse; G: Rounded; H: Mucronate; I: Truncate; J: Obtuse;
K: Cirrhose. Leaf base. L: Attenuate; M: Amplexicaul; N: Connate-perfoliate; O: Per-
foliate; P: Cuneate; @: Auriculate; R: Cordate; S: Truncate; T: Decurrent.

Retuse: With a slight notch generally from
an obtuse apex, as in Crotalaria retusa.
Truncate: Appearing as if cut straight across
as in Paris.

Leaf surface

The surface of leaves, stems and other or-
gans may present a variety of surface
indumentation, whose characteristics are
highly diagnostic in several taxa. The sur-
face may be covered by trichomes (hairs,
glands, scales, etc.) arranged variously:
Arachnoid: Covered with entangled hairs
giving a cobwebby appearance.

Canescent: Covered with grey hairs.
Ciliate: With marginal fringe of hairs.
Floccose: Covered with irregular tufts of
loosely tangled hairs.

Glabrate: Nearly glabrous or becoming gla-
brous with age

Glabrous: Not covered with any hairs. Some-
times but not always synonymous with
smooth surface.

Glaucous: Surface covered with a waxy coat-
ing, which easily rubs off.

Glandular: Covered with glands or small
secretory structures.

Glandular-punctate (gland-dotted): Surface
dotted with immersed glands, as in Citrus.
Hirsute: Covered with long stiff hairs.
Hispid: Covered with stiff and rough hairs.

Lanate: Wooly, with long intertwined hairs.
Pilose: Covered with long distinct and scat-
tered hairs.

Puberulent: Minutely pubescent.
Pubescent: Covered with soft short hairs.
Rugose: With wrinkled surface.

Scabrous: Surface rough due to short rough
points.

Scurfy: Covered with scales.

Sericeous: Covered with soft silky hairs, all
directed towards one side.

Stellate: Covered with branched star-shaped
hairs.

Strigose: Covered with stiff appressed hairs
pointing in one direction.

Tomentose: Covered with densely matted
soft hairs, wooly in appearance.
Velutinous: Covered with short velvety
hairs.

Villous: Covered with long, fine soft hairs,
shaggy in appearance.

The hairs covering the surface may be
unicellular or multicellular, glandular or
nonglandular. The hairs may be un-
branched or branched variously. They may
bear one row of cells (uniseriate), two rows
(biseriate) or several rows (multiseriate).
Some species of plants, especially some aca-
cias bear specialized glands domatia at the
leaf base, which house ants which protect
plants from herbivores.
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Figure 4.10 Surface coverings. A: Arachnoid; B: Ciliate; C: Floccose; D: Glandular; E: Hirsute;
F: Hispid; G: Pilose; H: Puberulent; I: Rugose; J: Scabrous; K: Sericeous; L: Stellate;
M: Strigose; N: Tomentose; O: Villous.

Venation

The distribution of vascular bundles that are
visible on the leaf surface as veins consti-
tutes venation. Dicots exhibit a network of
veins (reticulate venation); whereas mono-
cots usually have non-intersecting parallel
veins (parallel venation). Each type of ve-
nation may encounter a single midrib from
which the secondary veins arise (Unicostate
or pinnate), or more than one equally strong
veins entering the leaf blade (multicostate
or palmate). In ferns and Ginkgo, the vena-
tion is dichotomous with forked veins.

INFLORESCENCE

Inflorescence is a modified shoot system
bearing flowers (modified shoots). The term
inflorescence appropriately refers to the ar-
rangement of flowers on the plant. The flow-
ers may either occur singly (in leaf axils —
solitary axillary or terminal on the stem—
solitary terminal) or may be organized into
distinct inflorescences. Two principal types
of inflorescences are differentiated. In race-
mose (indeterminate or polytelic), inflores-
cence the axis is of unlimited growth, api-
cal bud continuing to grow, thus bearing old-
est flower towards the base and youngest to-
wards the top. In cymose (determinate or

monotelic) inflorescence, on the other hand,
the main axis has limited growth, being ter-
minated by the formation of a flower, and as
each level of branching bears one flower,
there are generally a limited number of flow-
ers, and the oldest flower is either in the
centre, or flowers of different ages are mixed
up. An inflorescence is sometimes carried
on a leafless axis. Such a leaf less axis aris-
ing from aerial stems is termed a peduncle
(inflorescence pedunculate) and the one
arising from basal rosette of leaves as scape
(inflorescence scapigerous).

Racemose types

The following variations of the racemose type
are commonly encountered:

Raceme: A typical racemose inflorescence
with single (unbranched) axis bearing flow-
ers on distinct pedicels, as in Delphinium.
Panicle: Branched raceme, the flowers be-
ing borne on the branches of the main axis,
as in Yucca.

Spike: Similar to raceme but with sessile
flowers, as in Adhatoda.

Spadix: Variation of a spike where the axis
is fleshy and the flowers are covered by a
large bract known as spathe, as found in
Alocasia and Arum.
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Corymb: Flat-topped racemose inflorescence
with longer lower pedicels and shorter up-
per pedicels so that all flowers reach the
same level, as in Iberis amara.

Corymbose-raceme: Intermediate between
a typical raceme and a typical corymb, all
flowers not managing to reach the same
height, as in Brassica campestris.

Catkin (ament): A spike-like inflorescence
of reduced unisexual flowers, as in Morus.

Umbel: Flowers arising from one point due
to condensation of axis, with oldest flowers
towards the periphery and youngest towards
the center as in the family Apiaceae
(Umbelliferae). Compound umbel has
branches bearing the umbels also borne in
umbellate manner.

Head: Flat-topped axis bearing crowded
sessile flowers as in Acacia and Mimosa.
Capitulum: Flat-topped inflorescence like
head (and often known as head) but with dis-
tinct ray florets and disc florets (one or both
types), surrounded by involucre bracts (phyl-
laries), as found in the family Asteraceae
(Compositae).

Cymose types

A cymose inflorescence may be primarily dif-
ferentiated on account of bearing one or

more determinate branches arising below
the terminal flower at each level:

Monochasial (Uniparous) cyme: One
branch arising at each node so that when
the sympodial (false) axis differentiates, a
limited number of bract-opposed flowers (in-
stead of many and axillary in raceme) are
formed. Two types of monochasia are found:

(i) Helicoid cyme: Successive branches
(each forming one flower) are borne on
same side so that the inflorescence
is often coiled, as in the family
Boraginaceae (e.g. Myosotis).

(ii) Scorpioid cyme: Successive branches
(each forming one flower) are borne on
alternate sides. In rhipidium found in
Solanum nigrum, all the flowers lie in
same plane as the main axis.

Dichasial (Biparous) cyme: Two branches
arising below the apical flower at each level
so that the flower is between the fork of two
branches, as in Stellaria and Dianthus.

Polychasial (multiparous) cyme: More than
two branches arising at each node below the
terminal flower so that a broad inflorescence
of several flowers is formed, as in Viburnum.
Cymose cluster: Cymose group of flowers
arising from a point due to reduction of axis.
Cymose umbel: Looking like an umbel but
formed by grouping together of numerous

Figure 4.11 Inflorescence: racemose types. A: Raceme of Linaria; B: Corymbose raceme of Bras-
sica; C: Corymb of Cassia; D: Panicle of Yucca; E: Umbel of Prunus; F: Compound
umbel of Foeniculum; G: Catkins of Betula; H: Spike of Achyranthes; I: Spadix of
Colocasia; J: Capitulum of Helianthus.
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Figure 4.12

D: Multiparous cyme of Viburnum. Specialized types.

Inflorescence: cymose and specialized types. Cymose types. A: Helicoid cyme of
Heliotropium; B: Scorpioid cyme of Ranunculus bulbosus; C: Biparous cyme of Dianthus;

E: Verticillaster of Salvia; F:

Cyathium of Euphorbia; G: Hypanthodium of Ficus cunia.

cymes so that the flowers of different ages
are mixed up, as found in Allium.

Specialized types

In addition to the typical determinate and
indeterminate types, some mixed and spe-
cialized types are also encountered:
Cyathium: Complex type of inflorescence
met in genus Euphorbia, having a cup-
shaped involucre (formed by fused bracts)
usually carrying five nectaries along the rim
and enclosing numerous male flowers (in
scorpioid cymes, without perianth and bear-
ing a single stamen) in axils of bracts and
single female flower in the centre.

Verticillaster: Characteristic inflorescence
of family Lamiaceae. Each node of the inflo-
rescence bears two opposite clusters of
dichasial cymes, subsequently becoming
monochasial as the number of flowers in
each cluster exceeds three. Due to the con-
densation of the axis, flowers of different
ages appear to form a false whorl or verticel.

Hypanthodium: Typical inflorescence of figs
having vessel like receptacle with a small
opening at the top and bearing flowers along
the inner wall.

Thyrse: A mixed inflorescence with race-
mose main axis but with cymose lateral clus-
ters as seen in grape vine.

FLOWER

A flower is a highly modified shoot bearing
specialized floral leaves. The axis of the
flower is condensed to form thalamus (torus
or receptacle) commonly bearing four whorls
of floral parts: calyx (individual parts sepals),
corolla (individual parts petals), Androecium
(individual parts stamens) and Gynoecium
(individual parts carpels). In some plants, the
calyx and corolla may not be differentiated
and represented by a single or two similar
whorls of perianth (individual members
tepals: a term formerly restricted to petal
like perianth of monocots). The flower is
usually carried on a pedicel and may or may
not be subtended by a reduced leaf known
as bract. The pedicel may sometimes carry
small bracteoles (if present usually two in
dicots, one in monocots). As a general rule,
members of different whorls alternate each
other. The terms associated with the gen-
eral description of flower in usual sequence
includes:
Bract

Bracteate: Flower in the axil of a bract.

Ebracteate: Bract absent.

Bracteolate: Bracteoles present on pedicel.
Pedicel

Pedicellate: Pedicel distinct,

longer than flower.

often
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Figure 4.13 Insertion of floral parts. A: Hypogynous with superior ovary; B: Perigynous with cup-
shaped hypanthium and superior ovary; C: Perigynous with flask-shaped hypanthium,
ovary superior; D: Perigynous with partially immersed semi-inferior ovary; E: Epigy-
nous with inferior ovary, without free hypanthium above the ovary; F: Epigynous with
inferior ovary and with free hypanthium above the ovary.

Subsessile: Pedicel much shorter, often
shorter than flower.
Sessile: Pedicel absent.

Complete: All the four floral whorls present.

Incomplete: One or more floral whorl
lacking.

Symmetry: Symmetry of a flower is largely
based on relative shapes and sizes of sepals
(or calyx lobes) in calyx whorl and/or rela-
tive shapes and sizes of petals (or corolla
lobes) in the corolla whorl.

Actinomorphic: Symmetrical flower
which can be divided into equal halves
when cut along any vertical plane. In prac-
tice an actinomorphic flower has all parts
of the calyx and all parts of the corolla (or

all parts of perianth) more or less of the
same shape and size.

Zygomorphic: Asymmetrical flower,
which may be divided into equal halves
by one or more but not all vertical planes.
In practice such flower has parts of calyx
and/or corolla (or perianth) of different
shapes and sizes.

Sexuality

Bisexual (perfect): Bearing both stamens
and carpels.

Unisexual (imperfect): Bearing either
stamens or carpels.

Staminate (male): Bearing stamens only.
Pistillate (female): Bearing carpels only.
Dioecious: With male and female flowers
on the different plants.
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Monoecious: With male and female flow-
ers on the same plant.
Polygamous: With male, female and bi-
sexual flowers on the same plant.
Insertion: Insertion of floral parts on the
thalamus not only determines the shape of
the thalamus, it also reflects on the rela-
tive position of floral whorls, as also whether
the ovary is superior (and, consequently,
other whorls inferior) or inferior (and, con-
sequently, other whorls superior):
Hypogynous: The thalamus is convex so
that the other floral parts are inserted be-
low the ovary. The ovary in this case is
superior and other floral whorls inferior.
There is no hypanthium.
Perigynous: The thalamus is depressed
to the extent that the level of ovary is lower
than the other whorls and the thalamus
forms either a saucer-shaped, cup-shaped
or flask-shaped hypanthium. It must be
noted that although hypanthium sur-
rounds the ovary, it is free from the ovary,
the other floral whorls are borne along the
rim of the hypanthium, yet the ovary is
morphologically still superior and other flo-
ral whorls inferior. The ovary may some-
times be partially immersed and thus
semi-inferior.
Epigynous: the hypanthium is fused with
the ovary, so that the other floral whorls
appear to arise from the top of the ovary.
The ovary is obviously inferior and other
floral whorls superior. There may or may
not be a free hypanthium above the ovary;
in the former case, other floral parts ap-
pear to arise from the top of ovary.
Pentamerous: Five members in each floral
whorl (excluding stamens and carpels), typi-
cal of dicots.
Tetramerous: Four members in each floral
whorl, as in crucifers.
Trimerous: Three members in each floral
whorl, as in monocots.
Cyclic (tetracyclic): Calyx, corolla,
androecium and gynoecium in four separate
whorls.

Spirocyclic: Calyx and corolla cyclic but sta-
mens and carpels spirally arranged, as in
Ranunculaceae.

Calyx

Description of the calyx starts with the num-
ber of sepals in same whorl (5—typical on
dicots, 3—typical of monocots), in two whorls
(242, as in crucifers) or forming two lips (1/
4 in Ocimum, 3/2 in Salvia):

Polysepalous (aposepalous, chorisepa-
lous): Sepals free, and consequently more
than one units (poly—many).
Gamosepalous: Sepals fused. Once the ca-
lyx is gamosepalous, it commonly gets dif-
ferentiated two parts: calyx tube, the fused
part and calyx lobes (no longer sepals), the
free part. The shape of the calyx tube should
be described. It may be campanulate (bell-
shaped as in Hibiscus), urceolate (urn-
shaped as in fruiting calyx of Withania ), tu-
bular (tube-like as in Datura), or bilabiate
(two-lipped as in Ocimum).

Caducous: Falling just after opening of flow-
ers.

Deciduous: Falling along with petals in ma-
ture flower.

Persistent: Persisting in fruit.

Accrescent: Persisting and enlarging in
fruit.

Aestivation: Arrangement of sepals (or pet-
als) in the flower bud. Term vernation is used
exclusively for arrangement of young leaves
in a bud. The following main types of aesti-
vation are met:

(i) Valvate: Margins of sepals or calyx

lobes not overlapping.

(ii) Twisted: Overlapping in regular pat-

tern, with one margin of each sepal
overlapping and other being over-
lapped.
Imbricate: With irregular overlapping.
In Quincuncial imbricate, two sepals
are with both margins outer, two with
both margins inner, and fifth with one
outer and one inner margin.

(iii)
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Figure 4.14 Aestivation of calyx and corolla parts. A: Valvate; B: Twisted; C: Imbricate;
D: Quincuncial imbricate; E: Vexillary.

Description of aestivation may be followed
by colour of sepals (green or petaloid), and
whether they are inferior or superior.

Corolla

Description of the corolla follows the same
pattern as calyx except that bilabiate corolla
may be 4/1 or 2/3, corolla may be polypeta-
lous (apopetalous, choripetalous), or gamo-
petalous (sympetalous), corolla tube may be
additionally infundibuliform (funnel-
shaped) as in Datura, rotate (tube very short
with large lobes spreading out at right angle
to the tube like spokes of a wheel), as in
Solanum, or salverform (salver-shaped,
hypocrateriform), as in Catharanthus. The
junction of corolla tube and lobes (constitut-
ing limb) is known as throat. Petals may
sometimes be narrowed into a stalk termed
as claw, the broader part then constituting
the limb. Specialized types of corolla are en-
countered in Brassicaceae (cruciform—four
free petals arranged in the form of a cross),
Caryophyllaceae (caryophyllaceous—five
free clawed petals with limb at right angles
to the claw), Rosaceae (rosaceous—five
sessile petals with limbs spreading out-
wards) and Fabaceae (Papilionaceous—re-
sembling a butterfly with single large poste-
rior petal vexillum or standard, two lateral
petals alae or wings, and two anterior pet-
als slightly united to form keel or carina;
the aestivation is vexillary or descending
imbricate, with the standard being the out-
ermost, overlapping two wings, which in turn
overlap keel). The petals may similarly be

variously coloured. In some cases, sepals or
petals may bear a small pouch a condition
known as saccate (lateral sepals of Brassica
or corolla of Cypripedium— is more like slip-
per and called calceolate). Sometimes the
base may be produced into a tube like struc-
ture known as spur (corolla as calcarate) as
in Delphinium and Aquilegia. In some flow-
ers (Aconitum), the corolla may be shaped like
a helmet, when it is termed as galeate.

Present inner to corolla in some cases is
an additional whorl generally attached to the
throat of the corolla (or inner whorl of the
perianth). Such a whorl is known as corona
and may be consisting of appendages from
perianth (Narcissus), corolla (corolline corona
as in Nerium) or from stamens (staminal co-
rona as in Hymenocallis). The flower is
known as coronate.

Perianth

The description of perianth in the flowers
lacking distinct calyx and corolla follows the
same pattern specifying the number, num-
ber of whorls, perianth being polyphyllous
(apotepalous) or gamophyllous (syntepa-
lous), aestivation, and the colour of the pe-
rianth. The parts when free are called
tepals in place of sepals or petals.

Androecium

Stamens representing the androecium
present a more complicated architecture as
compared to sepals and petals. Each stamen
has an anther—typically tetrasporangiate
with two anther sacs (microsporangia) in
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Figure 4.15 Corolla types. A: Cruciform; B: Papilionaceous; C: Caryophyllaceous; D: Rosaceous;
E: Campanulate; F: Tubular; G: Infundibuliform (Funnel-shaped); H: Hypocrateriform;
I: Urceolate; J: Bilabiate; K: Spurred (Calcarate); L: Coronate; M: Personate;
N: Calceolate; O: Galeate.

each of the two anther lobes—, carried on a
filament. The two anther lobes are often
joined with the help of a connective, which
in some primitive families, is a continua-
tion of the filament. The description of
androecium, likewise, starts with the num-
ber of stamens in a single or more whorls.
Major descriptive terms include:
Fusion: Stamens may generally be free, but
if fused it can take a variety of forms:
Polyandrous: Stamens free throughout.
Monadelphous: Filaments of all stamens
united in a single group, as in family
Malvaceae.
Diadelphous: Filaments of stamens
united in two groups, as in Lathyrus.
Polyadelphous: Filaments united in more
than two groups, as in Citrus.
Syngenesious (synantherous): Filaments
free but anthers connate into a tube, as
in family Asteraceae.
Synandrous: Stamens fused completely
through filaments as well as anthers, as
in Cucurbita.

Epipetalous: Filaments attached to the
petals, a characteristic feature of sym-
petalous families.
Epiphyllous (epitepalous): Filaments at-
tached to the perianth.
Relative size: Stamens in a flower are gen-
erally of the same size, but the following
variations may be encountered in some
flowers:
Didynamous: Four stamens, two shorter
and two longer, as in Ocimum.
Tetradynamous: Six stamens, two shorter
in outer whorl and four longer in inner
whorl, as in crucifers.
Heterostemonous: Same flower with sta-
mens of different sizes, as in Cassia.
Diplostemonous: Stamens in two whorls,
the outer whorl alternating with petals as
in Murraya.
Obdiplostemonous: Stamens in two whorls
but outer whorl opposite the petals, as in the
family Caryophyllaceae.
Antipetalous: Stamens opposite the petals,
as in the family Primulaceae.
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Figure 4.16 Androecium types. A: Epipetalous staments. Length. B: Didynamous; C: Tetrady-
namous; D: Heterostemonous. Fusion. E: Diadelphous; F: Monadelphous; G:
Syngenesious. Attachment. H: Adnate; I: Basifixed; J: Dorsifixed; K: Versatile.
Dehiscence. L: Longitudinal; M: Transverse; N: Poricidal; O: Valvular. P: Monothecous

reniform anther.

Bithecous: Stamen with two anther lobes
(each anther lobe at maturity becomes
unilocular due to coalescence of two adja-
cent microsporangia) so that anther is two-
celled at maturity.

Monothecous: Stamen with single anther
lobe so that mature anther is single-celled,
as in family Malvaceae.

Attachment: Common modes of attachment
of filament to the anther include:

(i) Adnate: Filament continues into con-
nective which is almost as broad, as
found in Ranunculus.

(ii) Basifixed: The filament ends at the
base of anther (when connective ex-
tends up to base of anther) or at least
base of connective (when anther lobes
extend freely below the connective).
The resultant anther is erect, as in
Brassica.

(iii) Dorsifixed: Filament attached on the
connective above the base. The result-
ant anther is somewhat inclined, as
in Sesbania.

(iv) Versatile: Filament attached nearly at
the middle of connective so that an-
ther can swing freely as, in Lilium and
grasses.

Dehiscence: Anther dehiscence commonly
occurs by the formation of sutures along the
point of contact of two anther sacs, but con-
siderable variation in their location may be
found:

Longitudinal: The two sutures extend
longitudinally, one on each anther lobe as
in Datura.

Transverse: Suture placed transversely,
as in monothecous anthers of family
Malvaceae.

Poricidal (apical pores): Anther opening
by pores at the tip of anther, as in Solanum
nigrum.

Valvular: Portions of anther wall opening
through flaps or valves, as in Laurus.

Centripetal: Developing from the outside to
the inside so that the oldest stamens are
towards the periphery.
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Centrifugal: Developing from centre to-
wards the periphery, so that the oldest flow-
ers are towards the centre.

Included: Stamens are shorter than the co-
rolla.

Exserted: Stamens protruding far beyond the
petals as in Umbellifers.

Introrse: Slits of the anther facing towards
the centre.

Extrorse: Slits of the anther facing towards
outside.

Androphore: Extension of thalamus bearing
stamens.

Gynostegium: Structure formed by the fu-
sion of stamens with the stigmatic disc, as
in family Asclepiadaceae.

Gynostemium: Structure formed by fusion
of stamens with gynoecium, as in family
Orchidaceae.

Gynoecium

Gynoecium represents a collection of car-
pels in a flower. The distinction between
carpel and pistil is often ambiguous. In
reality the carpels are components of a
gynoecium whereas the pistils represent
visible units. Thus, if carpels are free, there
would be as many pistils (simple pistils). On
the other hand, if the carpels are united (and
obviously more than one), the flower would
have only one pistil (compound pistil). Each
carpel is differentiated into a broad basal
ovary containing ovules, an elongated style,
and pollen-receptive apical part stigma. Any
attempt to describe gynoecium requires a
transverse section through the ovary. An
additional longitudinal section is always
helpful.

Carpel number and fusion

A flower having more than one separate pis-
tils would have as many carpels, which are
free. On the other hand, if the pistil is one,
there could either be one carpel, or more
than one fused carpels. A section through
the ovary helps to resolve the matter in most
cases. If the ovary is single chambered, the

number of rows of ovules (placental lines)
would equal the number of united carpels. A
solitary carpel would obviously have a single
chamber with a single ovule or a single row
of ovules. On the other hand, if ovary is more
than one chambered, it obviously has more
than one carpels, and the number of cham-
bers would indicate the number of carpels.
There are, however, atypical cases. Single
chambered ovary may have a central column
bearing ovules (since septa disappeared), or
in a single chambered ovary there may be
single large ovule because all others (from
one or more placental lines) have disap-
peared. In both these cases, the number of
carpels can be known by counting the num-
ber of free styles, or if style is one the num-
ber of stigmas or stigmatic lobes. In extreme
cases, even this may not help, as in Anagallis
arvensis, when the number of suture lines
on the fruit would help. The number of car-
pels are represented as monocarpellary (car-
pel one), bicarpellary (carpels two),
tricarpellary (carpels three), tetracarpellary
(carpels four), pentacarpellary (carpels five),
and multicarpellary (carpels more than
five). The number of chambers similarly are
represented as unilocular, bilocular,
trilocular, tetralocular, pentalocular and
multilocular. Gynoecium with free carpels
is apocarpous, whereas one with fused car-

Figure 4.17 Carpel fusion. A: Apocarpous; B:
Apocarpous with fused styles and
stigmas (which, in turn, also fused
with anthers to form gynostegium);
C: Syncarpous with free styles and
stigmas (synovarious); D: Syncar-
pous with free stigmas (synstylo-
various); E: Syncarpous.
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Figure 4.18 Placentation. A: Marginal; B: Parietal with 3 carpels; C: Parietal with false septum in
crucifers (parietal-axile); D: Parietal with false septa in cucurbits; E: Basal; F: Api-
cal; G: Axile; H: Axile with false septa in Datura; I: Free central with usual central
column attached at the base and top of the ovary; J: Free central in Primulaceae in
Longitudinal section showing placental column projecting from the base; K: Superfi-
cial in Nymphaea.

pels (at least ovaries fused) as syncarpous.
Syncarpous gynoecium may have free styles
and stigma (synovarious) or free stigmas
(synstylovarious) or all fused.

Placentation

Placentation refers to the distribution of pla-
centae on the ovary wall and, consequently,
the arrangement of ovules. The following
major types are found:

(i) Marginal: Single chambered ovary
with single placental line commonly
with single row of ovules, as in
Lathyrus.

(ii) Parietal: Single chambered ovary with
more than one discrete placental lines
as, in family Capparaceae. In family
Brassicaceae, the ovary later becomes
bilocular due to the formation of a false
septum, the ovules present at the
junction of septum and ovary wall, a
condition often known as parietal-ax-
ile. In some members of Aizoaceae,
the ovules arise from inner ovary walls
of septate ovary, a condition known as

parietal-septate. In family
Cucurbitaceae, the three parietal pla-
centae intrude into ovary cavity and
often meet in the centre making
false-axile placentation.

(iii) Axile: Ovary more than one cham-
bered and placentae along the axis as
in Hibiscus.

(iv) Free-central: Ovary single cham-
bered, ovules borne along the central
column, as in family Caryophyllaceae.

(v) Basal: ovary single chambered, with
single ovule at the base, as found in
family Asteraceae (Compositae).

(vi) Superficial: Multilocular ovary with
whole inner wall of ovary lined with
placentae as in Nymphaea. In laminar
placentation, the ovules arise from
surface of septa.

Style and Stigma
Simple: Single style or stigma resulting from
single carpel or fused styles or stigmas.

Bifid: Style or stigma divided into two as in
family Asteraceae.
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Figure 4.19 Style and stigma. A: Lateral style;
B: Gynobasic style; C: Bifid feath-
ery stigma in Poaceae; D: Sessile
and radiate stigma of Papaver; E:
Tripartite funnel-shaped stigma of
Crocus; F: Capitate stigma of
Alchemilla; G: Discoid stigmas of
Hibiscus; H: Bifid stigma in
Asteraceae.

Terminal style: Arising from the tip of ovary,
the most common type.

Gynobasic style: Arising from central base
of the ovary, as in family Lamiaceae.
Capitate: Stigma appearing like a head.
Lateral style: Style arising from the side of
the ovary, as in Mangifera and Alchemilla.
Stylar beak: Persistent style, extended into
a long beak

Pistillode: Sterile pistil, devoid of any fer-
tile ovules, as in ray floret of radiate head of
Helianthus.

Radiate stigma: Sessile disc like with radi-
ating branches, as in Papaver.
Stylopodium: Swollen basal part of style sur-
rounded by nectary persisting in fruit of um-
bellifers.

Sessile stigma: Seated directly on ovary,
style being reduced as in Sambucus.
Discoid stigma: Disc-shaped stigma.
Globose stigma: Stigma spherical in shape.

Plumose stigma: Feathery stigma with tri-
chome-like branches as in Poaceae and
Cyperaceae.

Ovule

Ovule represents megasporangium, at-
tached to the placenta by funiculus, which
joins the ovule at the hilum. Base of the
ovule is known as chalaza, and the tip as
micropyle. Ovule has a female gametophyte
(embryo sac) surrounded by nucellus, in
turn, enveloped by two integuments. The fol-
lowing terms are commonly associated with
ovules:
Orthotropous (atropous): Straight erect
ovule with funiculus, chalaza and micro-
pyle in one line, as in family Polygonaceae.
Anatropous: Inverted ovule with micro-
pyle facing and closer to funiculus, as in
Ricinus.
Amphitropous: Ovule placed at right
angles to the funiculus, as in Ranunculus.
Campylotropous: Curved ovule so that
micropyle is closer to chalaza, as in
Brassicaceae.
Circinotropous: Funiculus very long and
surrounding the ovule, as in Opuntia.
Hemianatropous (hemitropous): Body
half-inverted so that funiculus is attached
near middle with micropyle terminal and
at right angles.
Bitegmic: Ovule with two integuments,
common in polypetalous dicots.
Unitegmic: Ovule with single integu-
ment, common in sympetalous dicots.
Crassinucellate: Ovule with massive
nucellus, found in primitive polypetalous
dicots.
Tenuinucellate: Ovule with thin layer of
nucellus, as in sympetalous dicots.

FRUITS

A fruit is a matured and ripened ovary,
wherein the ovary wall gets converted into
the fruit wall pericarp (differentiated into
outer epicarp, middle mesocarp and inner
endocarp), and the ovules into seeds. Three
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F

Figure 4.20 Ovules. A: Orthotropous; B: Anat-
ropous; C: Campylotropous;
D: Hemianatropous; E: Amphi-
tropous; F: Circinotropous.

main categories of fruits are recognized:
simple fruits developing from a single ovary
of the flower, aggregate fruits developing
from several free carpels within the flower,
and composite fruits involving several flow-
ers or the whole inflorescence.

Simple fruits

A single fruit develops from a flower having
a single carpel or several united carpels so
that the flower has a single ovary. Such a
fruit may be dehiscent opening by a suture
exposing seeds or remain indehiscent.

Dehiscent fruits

Such fruits are generally dry and burst along
the suture to release their seeds. Common
types are enumerated below:
Follicle: Fruit developing from superior
monocarpellary ovary and dehiscing along
one suture, as in Consolida.
Legume or pod: Fruit developing like fol-
licle from monocarpellary superior ovary
but dehiscing along two sutures, as in le-
gumes.
Lomentum: Modified legume, which splits
transversely at constrictions into one- or

many-seeded segments, as in Mimosa.
Sometimes considered as a type of
schizocarpic fruit.
Siliqua: Fruit developing from
bicarpellary syncarpous superior ovary,
which is initially one chambered but sub-
sequently becomes two chambered due to
the formation of a false septum, visible
on the outside in the form of a rim known
as replum. The fruit dehisces along both
sutures from the base upwards, valves
separating from septum and seeds re-
maining attached to the rim (replum),
characteristic of the family Brassicaceae.
The fruit is narrower and longer, at least
three times longer than broad, as in Bras-
sica and Sisymbrium.
Silicula: Fruit similar to siliqua but
shorter and broader, less than three times
longer than broad as seen in Capsella,
Lepidium and Alyssum. Silicula is com-
monly flattened at right angles to the false
septum (Capsella, Lepidium) or parallel to
the false septum (Alyssum).
Capsule: Fruit developing from syncar-
pous ovary and dehiscing in a variety of
ways:
Circumscissile (pyxis): Dehiscence
transverse so that top comes off as a lid
or operculum, as in Anagallis arvensis.
Poricidal: Dehiscence through terminal
pores as in poppy (Papaver).
Denticidal: Capsule opening at top ex-
posing a number of teeth as in Primula
and Cerastium.
Septicidal: Capsule splitting along septa
and valves remaining attached to septa
as in Linum.
Loculicidal: Capsule splitting along loc-
ules and valves remaining attached to
septa, as in family Malvaceae.
Septifragal: Capsule splitting so that
valves fall off leaving seeds attached to
central axis as in Datura.

Schizocarpic fruits
This fruit type is intermediate between
dehiscent and indehiscent fruits. The fruit,
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Figure 4.21 Fruits. A: Achene of Ranunculus; B: Cypsela of Ageratum with scaly pappus;
C: Nut of Castanea; D: Pod of Pisum; E: Single follicle of Calotropis; F: Siliqua of Bras-
sica; G: Silicula of Capsella bursa-pastoris; H: Capsule of Datura; I: Cremocarp in
umbellifers; J: A pair of lomentum fruits in Mimosa; K: Double samara of Acer;
L: Capsule of Primula dehiscing by apical teeth (denticidal); M: Operculate capsule of
Papaver with poricidal dehiscence; N: Pyxis of Celosia with circumscissile dehiscence;
O: Capsule of Abelmoschus esculentus with loculicidal dehiscence; P: Pome of Malus
pumila; @: Hip of Rosa with etaerio of achenes inside; R: Drupe of Prunus; S: Berry of
Lycopersicon esculentum; T: Pseudocarp of Fragaria, an accessary fruit with etaerio of
achenes; U: Etaerio of drupes in Rubus; V: Syconium of Ficus developing from
hypothodium inflorescence; W: Sorosis of Morus.
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instead of dehiscing, rather splits into num-
ber of segments, each containing one or more
seeds. Common examples of schizocarpic
fruits are:
Cremocarp: Fruit developing from
bicarpellary syncarpous inferior ovary and
splitting into two one seeded segments
known as mericarps, as in umbellifers.
Carcerulus: Fruit developing from
bicarpellary syncarpous superior ovary
and splitting into four one seeded seg-
ments known as nutlets, as in family
Lamiaceae.
Double samara: Fruit developing from syn-
carpous ovary, two or four chambered,
pericarp of each chamber forming a wing,
fruit splitting into one-seeded winged seg-
ments as in maple (Acer). It must be noted
that single samara of Fraxinus, is a single-
seeded dry winged indehiscent fruit and
not a schizocarpic fruit.
Regma: Fruit developing from
multicarpellary syncarpous ovary and
splitting into one-seeded cocei, as in Rici-
nus and Geranium.

Indehiscent fruits

Such fruits do not split open at maturity.
They may be dry or fleshy:

Dry indehiscent fruits: Such fruits have

dry pericarp at maturity, and are repre-

sented by:
Achene: Single seeded dry fruit develop-
ing from a single carpel with superior
ovary. Fruit wall is free from seed coat.
Achenes are often aggregated, as in fam-
ily Ranunculaceae.
Cypsela: Single seeded dry fruit, simi-
lar to (and often named achene) but de-
veloping from bicarpellary syncarpous in-
ferior ovary, as in family Asteraceae.
Caryopsis: Fruit similar to above two but
fruit wall fused with seed coat as seen
in grasses.
Nut: One-seeded, generally large fruit de-
veloping from multicarpellary ovary and
with hard woody or bony pericarp, as seen
in Quercus and Litchi.

Utricle: Similar to nut but with papery
often inflated pericarp as in Chenopo-
dium.

Fleshy indehiscent fruits: Such fruits

have fleshy and juicy pericarp even at

maturity. Common examples are:
Drupe: Fruit with usually skinny epi-
carp, fibrous or juicy mesocarp and hard
stony endocarp, enclosing single seed, as
seen in mango, plums and coconut.
Berry: Fruit with uniformly fleshy peri-
carp with numerous seeds inside, as
seen in Solanum, tomato and brinjal.
Pepo: Fruit formed from inferior ovary of
cucurbits with epicarp forming tough
rind.

Hesperidium: Fruit developing from su-
perior ovary with axile placentation, epi-
carp and mesocarp forming common rind
and endocarp produced inside into juice
vesicles, as seen in citrus fruits.

Pome: Fruit developing from inferior
ovary, an example of accessory (false)
fruit, wherein fleshy part is formed by
thalamus and cartilaginous pericarp is
inside, as seen in apple.

Balausta: Fruit developing from inferior
ovary, pericarp tough and leathery, seeds
attached irregularly, succulent testa be-
ing edible, as seen in pomegranate
(Punica granatum).

Aggregate fruits

Aggregate fruits develop from multi-carpel-
lary apocarpous ovary. Each ovary forms a
fruitlet, and the collection of fruitlets is
known as etaerio. Common examples are
etaerio of achenes in Ranunculaceae,
etaerio of follicles in Calotropis, etaerio of
drupes in raspberry (Rubus) and etaerio of
berries in Polyalthia. In Rose the etaerio of
achenes is surrounded by a cup like hy-
panthium forming a specialized accessory
fruit known as hip. The fruit of strawberry
(Fragaria), though also an etaerio of
achenes, is an accessory fruit, the edible
part being the fleshy thalamus.
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Multiple (composite) fruits

A multiple fruit involves ovaries of more than
one flower, commonly the whole inflores-
cence. Common examples are:

Sorosis: Composite fruit develops from the
whole inflorescence and floral parts become
edible, as seen in Morus (having fleshy peri-
anth but dry seeds) and Artocarpus (with
fleshy rachis, perianth and edible seeds).
Syconium (syconus): Fruit developing from
hypanthodium inflorescence of figs. There
is a collection of achenes borne on the in-
side of fleshy hollow receptacle.

FLORAL FORMULA

The floral formula enables convenient
graphical representation of essential floral
characteristics of a species, mainly incor-
porating its sexuality, symmetry, number
and fusion of floral parts and ovary position.
It is more convenient to represent Calyx by
K (or CA), Corolla by C (or CO), Perianth by P,
Androecium by A and Gynoecium by G. The
number of parts in a floral whorl are indi-
cated by a numeral (as such when free, but
when united within parentheses or a circle.
Adnation between whorls is indicated by a
curve (above or below). Inferior ovary has a
line above G, while the superior ovary has
one below. Complete sequential represen-
tation of components of floral formula with
major variations is given in Figure 4.22.
Representative floral formulae of some
species of angiosperms are presented in
Figure 4.23. Along side each floral formula
is given a list of features of the species on
which the floral formula is constructed.

FLORAL DIAGRAM

The floral diagram is a representation of the
cross-section of the flower, floral whorls ar-
ranged as viewed from above. The floral dia-
gram not only shows the position of floral
parts relative to the mother axis and each
other, but also their number, fusion or not,
overlapping, the presence and position of
bracts, insertion of stamens, the number of
anther sacs, whether the anthers are ex-

Symbol Explanation Alternate
Symbol

@ Flowers actinomorphic *
+5

Or/ ©  Flowers zygomorphic X
Q Flowers pistillate
d Flowers staminate
K5 Sepals five and free CA5

CcAD
K2 4+9 Sepals 4 in two whorls CA2+2

K[S] Sepals five and united

K(S /2]Calyx bilabiate, upper lip
with 3 lobes, lower with 2

CA45
CO5
co®

K4_5 Sepals 4-5 in number
C5

C[5] Petals 5 and united

Petals 5 and free

C(Z / 3]C0r011a bilabiate, upper
lip with 2 lobes, lower

with 3
P5 Perianth with 5 free tepals
P(5) Perianth with 5 united tepals
P3 +3 Perianth with 6 free tepals in

two whorls
A5 Stamens five and free A5
A(5) Stamens five and united @
A2 +o Stamens didynamous A2+2
A2 +4 Stamens tetradynamous A2+4
Al +(9)Stamens diadelphous A1+@

Cs) A i CO® A5
(5) 5Stamens epipetalous
Gy G2

GO

Carpels 2 and free,
ovary superior

G(E) Carpels 2 and united,
ovary inferior

Figure 4.22 Representation of different fea-
tures of floral whorls in a floral
formula.
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Family Species Floral Formula

Solanaceae Solarmum nigrum

Lamiaceae Qcirmam basilicum

Brassicaceae Brassica campestris

Fabaceae Lathyrus odoratus

Malvaceae Hibiscus rosq-sinensis

Asteraceae Helianthus armins

Disc floret P éK

Chenopodiaceae  Chenopodium album

Caryophyllaceae  Stellaria media

® O K(S)C(SS‘A 562

7 @ I?1/4)C (4/1)A2+2G @

K C
SOK S
/o é I((S)Cl+2+(2) A1+(9Gl
® QEpiKg, KeCshof)

Ray floret Q K

® Q FEsG@

® Q K Cs )

Flowers actinomorphic, bizexual, sepals 5 and united,
petals 5 and united, stamens 5 free and epipetalous,
carpels 2 and united, ovary superior.

Flowers zygomorphic, bisexual, calyx bilabiate, upper lip
with one lobe lower 4 lobed, corolla bilabiate, upper lip
4 lobed, lower one lobed, stamens 4 and didynamous,
epipetalous, carpels 2 and united, ovary superior.

Flowers actinomorphic, bisexual, sepals 4 free and in 2
whorls, petals 4 cruciform, stamens 6, tetradynamous,
carpels 2 and united, ovary superior.

A G
4= 2+4 (2)

Flowers zygomorphic, bisexual, sepals 5 and united,
petals 5 free and papilionaceous, stamens 10,
diadelphous, 9 united 1 free, carpel 1, ovary superior.

Flowers actinomorphic, bisexual, epicalyx 5-7 and free,
sepals 5 and united, petals 5 and free, stamens many.
monadelphous, epipetalous, carpels 5 and united, ovary
superior.

Flowers of 2 types. Ray florets zygomoprphic,
pistillate, calyx represented by pappus, petals 5 and
united, stamens absent, carpels 2 and united, ovary
inferior. Disc floret actinomorphic, bisexual, calyx
represented by pappus, corolla 5 and united, stamens 5
epipetalous and united (syngenesious), carpels 2 and
united, ovary inferior.

papput (5) 210G (2)
pappusC(S) A(S)G(f)

Flowers actinomorphic, bisexual, tepals 5 and united,
stamens 5 and free, carpels 2 and united, ovary
superior.

Flowers actinomorphic, bisexual, sepals 5 and free,
petals 5 and free, stamens 10 in two whorls, carpels 3
and united, ovary superior.

Figure 4.23 Floral formulae of some representative species of few families of angiosperms de-
picting diversity of features depicted. The important features on which each formula
is based are shown in the right column.

trorse or introrse, and more importantly, a
section through the ovary, depicting the type
of placentation, the number of ovules vis-
ible in a section, and the presence or ab-
sence of a nectary. It also if some stamens
are nonfunctional (represented by
staminodes) and whether the ovary is func-
tional or represented by a pistillode.

The branch (or the inflorescence axis) bear-
ing the flower is known as mother axis, and
the side of flower facing it as posterior side.
The bract, if present is opposite the mother
axis, and the side of flower facing it is the

anterior side. The remaining components
of the flower—depending upon whether they
are closer to the mother axis or the bract—
occupy postero-lateral and antero-lateral po-
sitions, respectively. The members of differ-
ent floral whorls are shown arranged in con-
centric rings, calyx being the outermost and
the gynoecium the innermost. A large ma-
jority of dicot flowers are pentamerous, and
as such the five members of each whorl (ex-
cluding gynoecium in the centre) are ar-
ranged such a way that four of them occur
in pairs (members of each pair occupying
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Figure 4.24 Stems. A: Arboreus stem (trunk) of Cyclobalanopsis glauca; B: Tendril climbing stem
of Luffa cylindrica; C: Scandent stem of Allamanda violacea; D: Creeping stem of Zebrina
pendula; E: Offset of Eichhornia crassipes; F: Runner of Oxalis corniculata; G: Twining
stem of Jacquemontia pentantha; H: Succulent stem of Echinopsis terescheclkii; I: Rhi-
zome of Zingiber officinale; J: Phylloclade of Ruscus aculeatus; K: Bulb of Allium cepa;
L: Tuber of Solanum tuberosum; M: Corm of Alocasia; N: Phylloclade of Opuntia elatior.
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Figure 4.25 Leaves. A: Alternate phyllotaxy in Citrus; B: Opposite decussate phyllotaxy in
Calotropis procera; C: Whorled phyllotaxy in Alstonia scholaris; D: Ovate long acumi-
nate leaf of Ficus religiosa; E: Sagittate leaf of Sagittaria sagitifolia; F: Palmately lobed
leaf of Rubus trifidus; G: Palmately lobed leaf- lobes further pinnately lobed in Carica
papaya; H: Palmate leaf of Acer palmatum; I: Unifoliate compound leaf of Citrus medica;
J: Palmately trifoliate compound leaf of Oxalis corniculata; K: Palmate compound leaf
of Cannabis sativa; L: Pinnate compound leaf of Rosa; M: Peltate orbicular leaf of
Tropaeolum majus; N: Bipinnate compound leaf of Leucaena leucocephala;
O: Panduraeform leaf of Jatropha panduraefolia; P: Grass leaf with leaf sheath and
free lamina of Zea mays; @: Pitcher leaf of Sarracenia flava.
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Figure 4.26

Inflorescences. A: Solitary flower of Malvaviscus arboreus; B: Corymbose-raceme of
Brassica campestris; C: Corymb of Iberis amara; D: Rhipidium of Solanum nigrum;
E: Cyathium of Euphorbia milii; F: Spike of Adhatoda vasica; G: Panicle of spikelets of
Zea mays; H: Cob (spike of spikelets) of Zea mays; I: Spike of spikelets of Triticum
aestivum; J: Raceme of verticillasters in Salvia splendens; K: Spike of Acanthus spinosus;
L: Raceme of Delphinium ajacis; M: Hypanthodium of Ficus religiosa; N: Cymose clus-
ter with spathaceous bracts of Rhoeo discolor; O: Umbel of Astrantia major; P: Radiate
capitulum of Viguieria helianthoides; @: Discoid capitulum of Ageratum houstonianum;
R: Spadix of Amorphophalus titanum; S: Cymose umbel of Agapanthus umbellatus.
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Figure 4.27 Fruits. A: Dehisced capsule of Gossypium hirsutum with exposed hairy seeds;
B: Capsule of Papaver orientale; C: Dehisced capsule of Chiranthodendron pentadactylon;
D: Etaerio of achenes of Anemone occidentalis; E: Double samara of Acer griseum;
F: Pod of Dalbergia sissoo; G: Cypsela of Haplopappus macrocephalus; H: Cypsela of
Sonchus oleraceous; I: Schizocarp of Abutilon indicum; J: Carcerulus of Salvia splensens;
K: Drupe of Juglans nigra; L: Drupe of Prunus persica; M: Pome of Malus pumila;
N: Same in Longitudinal section; O: Pod of Clitoria ternatea; P: Hesperidium of Citrus
sinensis; @: Same in Transverse section; R: Berry of Lycopersicon esculentum; S: Same
in Transverse section; T: Berry of Ribes menziesii; U: Etaerio of drupes of Rubus nepalensis;
V: Pepo of Cucumis sativus in Transverse section; W: Whole pepo;
X: Accessory fruit of Fragaria vesca; Y: Siliqua of Brassica campestris; Z: Dehisced
capsule of Stellaria media; a: Pod of Leucaena leucocephala; b: Multiple fruit of Liquidam-
bar styracifolia; e: Multiple fruit of Arbutus unedo; d: Balausta of Punica granatum.



Descriptive Terminology 89

Figure 4.28 Floral diagrams of some representative members of major families. A: Brassica
campestris (Brassicaceae); B: Stellaria media (Caryophyllaceae); C: Hibiscus rosa-sinensis
(Malvaceae); D: Lathyrus odoratus (Fabaceae-Faboideae); E: Acacia nilotica (Fabaceae-
Mimosoideae); F: Foeniculum vulgare (Apiaceae); G: Ray floret of Helianthus annuus

(Asteraceae); H: Disc floret of H. annuus;

I: Calotropis procera (Apocynaceae-

Asclepiadoideae); J: Withania somnifera (Solanaceae); K: Ocimum basilicum (Lamiaceae);
L: Male flower of Morus alba (Moraceae); M: Female flower of M. alba; N: Narcissus
pseudo-narcissus (Amaryllidaceae); O: Avena sativa (Poaceae), floral diagram of spike-
let; P: Zea mays (Poaceae), floral diagram of female spikelet; @: Z. mays, floral dia-

gram of male spikelet.

complementary position) the fifth one is the
odd member. It is also to be remembered
that in large majority of dicots (except
Fabaceae and few others), the odd sepal oc-
cupies posterior position (of the remaining
four, two form antero-lateral pair, and the
remaining two the postero-lateral pair). The
different whorls usually alternate each
other, and accordingly the odd petal occupies
anterior position, the petals alternate with
sepals. The stamens accordingly alternate
with petals and are opposite the sepals. In
flowers with two whorls of stamens, the outer
whorl alternates with petals, whereas the
inner is opposite the petals (because it al-
ternates with the outer whorl of stamens).
The stamens are represented in the floral

diagram by anthers, each with two anther
lobes (shown by a deep fissure) and latter, in
turn, with two anther sacs (with a less
deeper cleft). The lobes face towards the out-
side in extrorse anthers and towards the
ovary in introrse anthers. Epipetalous sta-
mens are shown by a line joining the an-
thers with the petals. A few representative
types of floral diagram are shown in Figure
4.28.

The floral diagram summarizes the infor-
mation about the presence or absence of
bracts and bracteoles, number, fusion and
aestivation of sepals and petals (or tepals if
there are no separate sepals and petals, as
shown in Moraceae). The calyx and corolla
forming bilabiate arrangement are appropri-
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ately shown with the number of lobes in up-
per and lower lip (as seen in Lamiaceae).
The stamens with united filaments are de-
picted by joining anthers via lines (diadelp-
hous condition in Fabaceae-Faboideae),
whereas the united anthers are shown by
physically touching anther margins. In fami-
lies with complex floral arrangement such
as the cyathium in Euphorbia, floral diagram

for the entire cyathium may be drawn,
supplemented by floral diagrams of male and
female flowers. In family Poaceae also, it is
helpful to make a floral diagram for the
whole spikelet (shown in Avena sativa), or
separate diagrams for male and female
spikelets if the male and female flowers oc-
cur in separate inflorescences or at least
separate spikelets (shown in Zea mays).



Chapter 5

Process of Identification

Recognizing an unknown plant is an impor-
tant constituent taxonomic activity. A plant
specimen is identified by comparison with
already known herbarium specimens in a
herbarium, and by utilizing the available lit-
erature and comparing the description of the
unknown plant with the published descrip-
tion/s. Since the bulk of our plant wealth
grows in areas far removed from the cen-
tres of botanical research and training, it
becomes imperative to collect a large num-
ber of specimens on each outing. For proper
description and documentation, these speci-
mens have to be suitably prepared for incor-
poration and permanent storage in a her-
barium. This goes a long way in compiling
floristic accounts of the different regions of
the world. The availability of the specimens
in the herbaria often provides reasonable in-
formation about the abundance or rarity of
a species, and helps in preparing lists of rare
or endangered species, and also provides suf-
ficient inputs for efforts towards their con-
servation.

SPECIMEN PREPARATION

A specimen meant for incorporation in a her-
barium needs to be carefully collected,
pressed, dried, mounted and finally properly
labelled, so that it can meet the demands of
rigorous taxonomic activity. Specimens,

properly prepared, can retain their essen-
tial features for a very long period, proving
to be immensely useful for future scientific
studies, including compilation of floras, taxo-
nomic monographs and, in some cases, even
experimental studies, since the seeds of
several species can remain viable for many
years even in dry herbarium specimens.

Fieldwork

The fieldwork of specimen preparation in-
volves plant collection, pressing and partial
drying of the specimens. The plants are col-
lected for various purposes: building new
herbaria or enriching older ones, compila-
tion of floras, material for museums and
class work, ethnobotanical studies, and in-
troduction of plants in gardens. In addition,
bulk collections are done for trade and drug
manufacture. Depending on the purpose, re-
sources, proximity of the area and duration
of studies, fieldwork may be undertaken in
different ways:

Collection trip: Such a trip is of short dura-
tion, usually one or two days, to a nearby
place, for brief training in fieldwork, vegeta-
tion study and plant collection by groups of
students.

Exploration: This includes repeated visits
to an area in different seasons, for a period
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of a few years, for intensive collection and
study, aimed at compilation of floristic ac-
counts.

Expedition: Such a visit is undertaken to
remote and difficult area, to study the flora
and fauna, and usually takes several
months. Most of our early information on Hi-
malayan flora and fauna has been the re-
sult of European and Japanese expeditions.

Equipment

The equipment for fieldwork may involve a
long list, but the items essential for collec-
tion include plant press, field notebook, bags,
vasculum, pencil, cutter, pruning shears,
knife and a digging tool (Figure 5.1).

Plant Press

A plant press consists of two wooden, plywood
or wire mesh planks, each 12 inches X 18
inches (30 cm X 45 cm), between which are

= e

Figure 5.1 Common implements helpful in col-
lection. A: Trowel; B: Prunning
shears; C: Knife; D: Pickaxe.

D

placed corrugated sheets, blotters and news-
paper sheets (Figure 5.2). Two straps, chains
or belts are used to tighten the press. Cor-
rugated sheets or ventilators are made of
cardboard, and help ventilation and the con-
sequent drying of specimens. The ducts of
the corrugated sheet run across and not
lengthwise to in order to afford shorter dis-
tance and larger number of ducts.

The plant press carried in the field, and
called a field press is light weight and
generally has one corrugated sheet alternat-
ing with one folded blotter containing ten
newspaper sheets, one meant for each
specimen.

The plant press used for subsequent press-
ing and drying of specimens, kept at the base

Figure 5.2

Plant press containing pressed
specimens. Vasculum placed
alongside (Photograph courtesy
Mr. S. L. Kochhar).

camp or the organization, is called the dry-
ing press. It is much heavier and has an
increased number of corrugated sheets, one
alternating each folded blotter containing
one folded newspaper. In countries such as
India which use thick coarse paper for news-
print, blotters can be dispensed with, in at
least subsequent changes, as the paper
soaks sufficient moisture and serves the
purpose of blotters as well.

Field Notebook

A field notebook or field diary is an impor-
tant item for a collector. A well-designed field
notebook (Figure 5.3) has numbered sheets
with printed proforma for entering field notes
such as scientific name, family, vernacular
name, locality, altitude, date of collection and
for recording any additional data collected in
the field. The multiple detachable slips at
the lower end of the sheet, separated by per-
forated lines and bearing the serial number
of the sheet, can be used as tags for mul-
tiple specimens of a species collected from
a site, and serve as ready reference to the
information recorded in the field notebook.
The number also serves as the collection
number for the collector.
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Vasculum

A vasculum is a metallic box with a tightly-
fitted lid and a shoulder sling. It is used to
store specimens temporarily before press-
ing, and also to store bulky parts and fruits.
It is generally painted white to deflect heat

Department of Botany

University of Kashmir
Srinagar- 190006

Date: 14- 3- 1970 No. 1068
Name: Iris ensata
Local Name: KRISHM
Family: Iridaceae
Locality: Harwan, Kashmir
Altitude: 1900 m
Habitat: Open grassland meadow
Collector:  Gurcharan Singh
Determinavit: Self
Notes: Perennial herb, forming
isolated patches, flowers
light blue.
No. 1068 No. 1068

O O

Figure 5.3: A sheet from field notebook with
relevant entries.

and affords easy detection when left in the
field. Being bulky, the vasculum is com-
monly substituted by a polythene bag,
which is almost weightless. A number of
polythene bags can be carried for easy stor-
age, as these can be readily made airtight
using a rubber band and, as such, the plants
retain their freshness for many hours.

Collection

The specimen collected should be as com-
plete as possible. Herbs, very small shrubs,
as far as possible, should be collected com-
plete, in flowering condition, along with
leaves and roots. Trees and shrubs should
be collected with both vegetative and flower-
ing shoots, to enable the representation of
both leaves and flowers. All information con-
cerning the plant should be recorded in the
field notebook and a tag from the sheet at-
tached to the concerned specimen. It is ad-
visable to collect a few specimens of each
species from the site, to ensure that reserve
specimens are available if one or more get
destroyed, and also to ensure that duplicates
can be deposited in different herbaria, when
finally mounted on sheets.

Pressing

The specimens should be placed in the field
press at the first opportunity, either directly
after collection, or sometimes after a tem-
porary storage in a vasculum or a polythene
bag. A specimen shorter than 15 inches (38

VN

Figure 5.4 a-c: Different methods of folding
longer herbaceous plants; d, use
of flexostat slips for holding plants
in folded condition. Note that the
tip of the plant (arrow) would al-
ways be erect for convenient study
of this important portion with
leaves and flowers.

cm) should be kept directly in the folded
newspaper after loosely spreading the leaves
and branches. Herbs, which are generally
collected along with the roots, if longer than
15 inches, can be folded in the form of a V,
N or W (Figure 5.4, a-c), always ensuring that
the terminal part of the plant with leaves,
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flowers and fruits, is erect, and when finally
mounted, the specimens can be easily stud-
ied, without having to invert the herbarium
sheet. Specimens of grasses and some other
groups, which show considerable elasticity,
are difficult to hold in a folded condition.
These specimens can be managed by using
flexostat (a strip of stiff paper or card with
2.5 cm long slit). One flexostat inserted at
each corner (Figure 5.4 d) holds the speci-
men in place.

To press bulky fruits, these may be thinly
sliced. Large leaves can be trimmed to re-
tain any lateral half. It is useful to invert some
leaves so that the under surface of the leaves
can also be studied from a pressed leaf.

Handling special groups

A few groups of plants such as conifers, wa-
ter plants, succulents and mucilaginous
plants pose problems during collection and
need special methods.

Conifers, although easy to collect and
press, pose problems during drying. The tis-
sues of conifers remain living for a long time
and progressive desiccation during pressing
and drying initiates an abscission layer at
the base of leaves and sporophylls. As such a
dry twig readily disintegrates, losing its leaves
with a slight touch, a problem occasionally
encountered in Abies, Picea, Cedrus, and sev-
eral other genera. Before pressing, such twigs
should be immersed in boiling water for one
minute, a pretreatment that kills the tissues
and prevents the abscission formation dur-
ing drying. Page (1979) has suggested pre-
treatment method involving immersion in
70% ethyl alcohol for 10 minutes, followed by
immersion in 50% aqueous glycerine solu-
tion for four days. Since the pretreatment re-
moves the bloom and waxes, and results in a
slight colour change, an untreated portion of
the plant should also be preserved, kept in a
small pouch and attached to the herbarium
sheet along with the pretreated specimen,
for reference.

Water plants, especially with submerged
leaves, readily collapse due to the absence
of cuticle and are difficult to press normally.

Such specimens are collected in bags and
made to float in a tray filled with water, at
the bottom of which a white sheet of paper
is placed. The paper is lifted gently, carry-
ing the specimen along and placed in a blot-
ter and pressed. As the slender water plant
sticks to the paper, the sheet along with the
specimen is shifted from one blotter to an-
other during the process of drying, and fi-
nally pasted on the herbarium sheet as such.

Succulents and cacti have a large amount
of proliferated parenchyma storing water
and, unless special care is taken, these
plants readily rot and fungal infection sets
in. Such plants are handled by giving slits
on thick organs and scooping out the succu-
lent tissue or, alternately, salt is sprinkled
on the slits to drive out the moisture. The
plants may also be killed by pretreatment
with ethyl alcohol or formaldehyde.

Mucilaginous plants such as members
of the family Malvaceae stick to the blotters
and are difficult to process. These plants
should be placed between waxed or tissue
paper or else folds of muslin cloth. Only the
blotter should be changed every time the
press is opened and the specimen separated
from the tissue paper or muslin only when
fully dry.

Aroids and bulbous plants continue to grow
even in a press even after they have pre-
sumably been properly pressed and dried.
These should be killed with ethyl alcohol and
formaldehyde prior to pressing.

Drying
Drying of pressed plant specimens is a slow
process if no artificial heat is used.

Natural Drying

Natural drying of specimens is a slow pro-
cess, which may take up to one month for
complete drying. The plants, freshly col-
lected, are placed in a press without corru-
gated sheets and the press is locked for 24
hours. During this sweating period, plants
lose some moisture, become flaccid and can
be easily rearranged. The folded sheet con-
taining the specimen is lifted and placed in
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a fresh dry folded blotter. In countries using
thick coarse newsprint, changing the news-
paper is also necessary, and the plant should
be carefully transferred from one newspa-
per to another. The use of a blotter in such
a case can be dispensed with, especially af-
ter one or two changes. The change of blot-
ters or newspaper sheets is repeated every
few days, increasing the interval between
the changes successively until the speci-
mens are fully dry. The whole process of dry-
ing may take about 10 days to one month,
depending on the specimens and the climate
of the area.

Drying With Artificial Heat

Drying with the help of artificial heat takes
12 hours to two days. The specimens, after
the initial sweating period in the field press,
are transferred to a drying press, with an
ample number of corrugated sheets, usually
one alternating every folded blotter contain-
ing one specimen. The press is kept in a
drier, a cabinet in which a kerosene lamp
or electric bulb warms the air, drying the
specimens by movement through the cor-
rugates. Use of a hot air blower in the cabi-
net speeds up circulation of the hot air and,
consequently, faster drying is achieved.
Sinnott (1983) developed a solar powered
drier capable of drying 100 specimens on a
sunny day, and attaining a temperature of
up to 60° Celsius in the centre of the press.
The unit consists of a flat plate collector and
a drying box to hold the press. The collector
is composed of a wooden frame, a blackened
aluminium absorber plate, insulation and a
glass or Plexiglas glazing to retain and chan-
nel heat into the drying box. One-inch space
is provided between the glazing and the ab-
sorber plate. The air enters the collector at
the open bottom of the collector panel, is
heated by conduction from the absorber,
rises by convection into the drying box,
moves through the corrugates and finally
exits from the uncovered top of the drying
box, taking with it moisture from the plant
specimens. Drying is accomplished in a
single day, occasionally two days for complete

drying. This solar drier, with practically no
operational cost, should provide a right step
towards energy conservation.

The rapid drying of specimens using arti-
ficial heat has, however, inherent limita-
tions of rendering plants brittle, loss of bloom
and some colour change in leaves.

In arid regions, plants can be dried par-
tially during travel, by placing the press hori-
zontally on the luggage rack of the vehicle,
with the corrugate ducts facing front, forc-
ing the dry wind through the corrugates as
the vehicle moves forward.

Specimens pressed and dried are next
mounted on herbarium sheets, and properly
labelled before these can be incorporated in
a herbarium.

HERBARIUM METHODS

A herbarium is a collection of pressed and
dried plant specimens, mounted on sheets
bearing a label, arranged according to a
sequence and available for reference or
study. In practice, it is a name given to a
place owned by an institution, which main-
tains this orderly collection of plant speci-
mens. Most of the well-known herbaria
of the world made their beginning from
botanical gardens.

Botanical gardens

Although gardens existed in ancient China,
India, Egypt and Mesopotamia, these gar-
dens were not botanical gardens in the true
sense. They existed for growing food plants,
herbs, and ornamentals for aesthetic, reli-
gious and status reasons. The famous ‘hang-
ing gardens’ of Babylon in Mesopotamia is a
typical example. The first garden for the pur-
pose of science and education was main-
tained by Theophrastus in his Lyceum at
Athens, probably bequeathed to him by his
teacher, Aristotle. Credit for establishment
of the first modern botanical garden belongs
to Luca Ghini (ca 1490-1556), a professor of
botany who developed it at Pisa, Italy in 1544.
These were followed by botanical gardens at
Padua and Florence in 1545.
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Roles of a Botanical Garden

Botanical gardens have been instrumental
in motivating several well-known authors to
develop their own systems of classification
while trying to fit the plants grown in the
garden, into some previous system of clas-
sification, e.g. Linnaeus, while working at
Uppsala and Bernard de Jussieu at
Versailles. Although the majority of the bo-
tanical gardens house plant species which
the climate of the area can support, several
well-known botanical gardens have con-
trolled enclosures to support specific plants.
Tropical gardens often need indoor growing
space, screen houses for most plants and
glasshouses for the majority of cacti and
succulents in wet tropical and temperate
gardens. Glasshouses in temperate gardens
often require winter heating. Botanical gar-
dens play the following important roles:

1. Aesthetic appeal: Botanical gardens
have an aesthetic appeal and attract
a large number of visitors for observa-
tion of general plant diversity as also
the curious plants, as for example, the
Great Banyan Tree (Ficus
benghalensis) in the Indian Botanical
Garden at Kolkotta.

2. Material for botanical research: Bo-
tanical gardens generally have a wide
range of species growing together and
offer ready material for botanical re-
search, which can go a long way in
understanding taxonomic affinities.

3. On-site teaching: Collection of plants
is often displayed according to fami-
lies, genera or habitats, and can be
used for self-instruction or demonstra-
tion purposes.

4. Integrated research projects: Botani-
cal gardens with rich living material
can support broad-based research
projects which can integrate informa-
tion from such diverse fields as
anatomy, embryology, phytochemistry,
cytology, physiology and ecology.

5. Conservation: Botanical gardens are
now gaining increased importance for
their role in conserving genetic diver-

sity, as also in conserving rare and
endangered species. The Proceedings
of the Symposium on Threatened and
Endangered species, sponsored by New
York Botanical Garden in 1976, pub-
lished as Extinction is Forever, and the
conference on practical role of botani-
cal gardens in conservation of rare and
threatened species sponsored by the
Royal Botanical Garden, Kew and pub-
lished as Survival and Extinction, are
among the major examples of the role
of botanical gardens in conservation.

6. Seed exchange: More than 500 botani-
cal gardens across the world operate
an informal seed exchange scheme,
offering annual lists of available
species and a free exchange of seeds.

7. Herbarium and library: Several
major botanical gardens of the world
have herbaria and libraries as an in-
tegral part of their facilities, and offer
taxonomic material for research at a
single venue.

8. Public services: Botanical gardens
provide information to the general
public on identification of native and
exotic species, methods of propagation
and also supply plant material through
sale or exchange.

Major Botanical Gardens

Thousands of botanical gardens located
worldwide are maintained by various insti-
tutes. Of these, nearly 800 important gar-
dens are documented in the International Di-
rectory of Botanical Gardens published by
Henderson (1983). A botanical garden today
is an area set aside and maintained by an
organization for growing various groups of
plants for study, aesthetic, conservation,
economic, educational, recreational and sci-
entific purposes. Some of the major botani-
cal gardens are discussed below:

New York Botanical Garden, USA:
This garden was christened the New York
Botanical Garden in 1891, when the Torrey
Botanical Club adopted its foundation as a



Process of Identification 97

corporation chartered by the State. David
Hosak founded the garden in 1801 as Algin
Botanic Garden.

Professor N. L. Britton, the most produc-
tive taxonomist of his time, directed the idea

Figure 5.5 Haupt conservatory complex of New
York Botanical Garden.

of advancement of botanical knowledge
through research at this botanical garden.
The garden (Figure 5.5) today covers 100 ha.
in the heart of New York City along the Bronx
River. In addition 778 ha. Mary Flager Cary
Arboretum at Millbrook has been added to
the jurisdiction of the garden. There are
15,000 species distributed in the demonstra-
tion gardens, Montgomery conifer collection,
Stout day lily garden, Havemeyer lilac
collection, Rhododendron and Azalea collec-
tion, Everett rock garden, herb garden, rose
garden, arboretum and conservatory com-
plex. The garden has a systematic arrange-
ment of trees and shrubs that make it a
place of interest for the general public as well
as botanists and horticulturists. The garden
plays a major role in conservation of rare
and endangered species. The garden has a
well-maintained herbarium of over 5 million
specimens from all over the world, but mainly
from the New World. The library houses over
200,000 volumes and over 500,000 items
(including pamphlets, photographs, letters,
etc.). It also maintains a huge botanical
database.

Royal Botanic Gardens, Kew: More
popularly known as ‘Kew Gardens’, this his-
torical garden is undoubtedly the finest bo-

tanical garden and botanical research and
resource centre in the world. The garden was
developed in the 1600s by Kew House owned
by Richard Bennet. The widow of the Prince
of Wales commissioned the garden in 1759
and William Aiton took over as its superin-
tendent. Sir Joseph Banks introduced large
collections from different parts of the world.
In 1841, the management of the garden was
transferred from the crown to the parliament
and Sir William Hooker became its first offi-
cial director. He was mainly responsible for
the advancement of the garden, enlarging
it from a mere 6 ha. to more than 100 ha.
and building a palm house. Sir J. D. Hooker,
who succeeded his father as its Director,
added rhododendrons, and also authored sev-
eral important publications. John
Hutchinson worked and developed his fa-
mous system of classification here.

The garden (Figure 5.6) has since grown
into a premier Research and Educational

Figure 5.6 Princess of Wales House at Royal
Botanic Gardens Kew.

Institute with excellent herbarium and
library. Originally the garden covered an area
of 120 ha. The outstation of the Royal Botanic
Gardens, Kew at Wakehurst Place near
Ardingly in West Sussex is a rural estate of
202 ha. with an Elizabethan mansion, and
was acquired in 1965. The Royal Botanic



98 Plant Systematics

Gardens Kew has directed and financed its
development so that Wakehurst Place now
makes a vital contribution in maintaining
the international reputation of the Living
Collections Department (LCD). In particular
the practical in-situ conservation policies
pursued, and the rich and diverse plant col-
lections, which are maintained, add greatly
to the LCD’s activities. The environmental
conditions of the High Weald of Sussex con-
trast with those of Kew by offering varied to-
pography, higher rainfall and more diverse
and moisture retentive soils. These com-
bine together to provide a range of microcli-
mates, which make possible the successful
cultivation of a great diversity of plants,
many of which do not thrive at Kew.

There are substantive differences in the
layout and content of the collections at
Wakehurst Place which act to complement
those at Kew. In particular the botanical
collections are laid out in a floristic manner
reflecting the way that temperate plant
communities have evolved. The botanical
collections are supported by extensive
ornamental displays exploiting the wide
range of available biotopes and acting as pri-
mary visitor attractants. A final element of
the woodland cover is forestry plots compris-
ing high forest and Christmas tree planta-
tions. Jodrell Laboratory at Kew has estab-
lished itself as the world centre in the study
of plant anatomy, cytogenetics and plant
biochemistry.

The Royal Botanic Gardens’ Living collec-
tions at Kew and Wakehurst Place are a mul-
tilevel encyclopaedic reference collection re-
flecting global plant diversity and providing
a reference source which serves all the as-
pects of botanical and horticultural science
within Kew, Great Britain and throughout
the world. It is probably the largest and most
diverse living collection in the world. The
two sites provide quite different environ-
ments, allowing the development of two dif-
fering but complementary collections. The
living collections at Kew are most diverse
with 351 families, 5465 genera and over
28,000 species growing successfully. The ar-
boretum covers the greatest area with large

mature temperate trees. Tropical plants are
maintained indoors, including Aroid House,
Palm House, Filmy Fern House etc. Several
interesting plants such as Victoria amazonica
from South America and Welwitschia
mirabilis from Angola are also growing here.

Kew Herbarium, undoubtedly the most fa-
mous herbarium of the world, maintains over
6 million specimens of vascular plants and
fungi from every country in the world. There
are over 275,000 type specimens as well.

The library at Kew is very extensive with
over 750,000 books and journals a resource
for all Kew’s research work. Kew Bulletin and
Index Kewensis are its two continuing pre-
mier publications.

Kew maintains databases on plant names,
taxonomic literature, economic botany,
plants for arid lands and on plant groups of
special economic and conservation value.
Kew also makes about 10, 000 identifications
a year through its Herbarium service and
provides specialist advice on taxonomy and
nomenclature in difficult cases. Kew is in-
volved in major biodiversity research
programmes in many parts of the world, in-
cluding tropical and West Asia, SE Asia, Af-
rica, Madagascar, South America, and the
Pacific and Indian Oceanic islands. The Her-
barium runs an international Diploma
Course in Herbarium Techniques. The Gen-
eral Catalogue now contains over 122,000
records and is available throughout RBG Kew
on the network.

Missouri Botanical Garden, USA:

Considered one of the top three botanical
gardens in the world, the Missouri Botani-
cal Garden is a National Historical Landmark
and a centre for botanical research, educa-
tion and horticultural display. The garden
was founded by an Englishman Henry Shaw
and opened to public in 1859 with active help
from Asa Gray and Sir William Hooker and
Enelmann. Today, the garden covers 79
acres and operates the world’s most active
tropical botany research programme.
Under the leadership of Dr Peter Raven,
its Director, the Garden plays a leading role
in strategies of conservation and sustain-
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able living. The garden is known for its
Climatron® conservatory, a geodesic green-
house dome with climatic control, support-
ing a vibrant tropical rainforest, under a 0.5
acre roof (Figure 5.7). It also has a Japanese
Garden (Seiwa-en) covering 14 acres, the
largest Japanese strolling Garden in North

Figure 5.7 Climatron® at the Missouri Botani-
cal Garden, a Geodesic dome with
Climatic control and supporting
tropical rainforest. (Photograph by
Jack Jennings/Courtesy the Mis-
souri Botanical Garden).

America, with a proud collection of
Hamerocallis, Iris, roses, Hosta, and several
economic plants (Figure 5.8). There are also
Chinese, English German and Victorian Gar-
dens. Over 4,000 trees thrive on the
grounds, including some rare and unusual
varieties.

The Missouri Botanic Garden is one of the
world’s leading research centres for botani-
cal exploration and research, with nearly 25
major flora projects. The information is
shared via website TROPICOS, the world’s
largest database, containing more than
920,000 scientific plant names and over
1,800,000 specimen records. The garden’s
highly regarded education programme seeks
to improve science instruction in the St.
Louis region, reaching more than 137,000
students each year.

With more than 5.3 million specimens
(mosses, ferns, gymnosperms, and an-
giosperms), the herbarium ranks second in
the USA and 6% in the world. It has collec-
tions dating back to mid 1700s. The her-
barium specializes in having collections of
G. Boehmer, Joseph Banks, D. Solander (who
accompanied Captain Jamers Cook in his
first voyage around the world), and Charles
Darwin. During the last five years, the her-
barium has added an average of 120,000
mounted specimens per year to its collec-
tion. In addition to the many gift specimens
sent to the specialists, this herbarium loans
an average of 34,000 specimens annually,
and borrows about 27,000 specimens. The
herbarium staff also provides identifications
from their area of expertise. The pace of de-
velopment of the herbarium can be judged
from the fact from being number 13" in the
world in 1990 (Woodland, 1991), the her-
barium today has risen to number six. The
reference library of the garden has over
220,000 volumes, including many rare
books.

Among its major research activities in-
clude Flora of North America project, five vol-
umes having already been published, cov-
ering the plants of USA, Canada and
Greenland. The garden also coordinates Flora
of China project, 25 volumes being planned,
to be completed in 15 years starting from
1994.

Pisa Botanical Garden, Italy: The
Pisa Garden, developed by Luca Ghini in
1544, is credited as the first modern botani-
cal garden. The garden was known for the
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Figure 5.8 Japanese Garden at the Missouri
Botanical Garden. (Photograph by
Jack Jennings/Courtesy the
Missouri Botanical Garden).

finest specimens of Aesculus hippocastanum,
Magnolia grandiflora, and several other spe-
cies. Though the garden does not exist to-
day, the records of its design demonstrate
geometric outlay of plantings that are char-
acteristic of several continental gardens
even today.

Padua Botanical Garden, Italy: The
garden is a contemporary of Pisa Botanical
Garden, established in 1545. The specialty
of this garden is the elegance and Halian
taste, which has been wedded to the service
of science. The elegance and beauty of Padua
Botanical Garden are equalled by Kew
Gardens only.

Berlin Botanic garden and Museum,

Berlin-Dahlem: The Berlin Botanic Gar-
den was set up in 1679 when the Grand
Duke of Berlin gave instructions to open an
agricultural model garden in Schoneberg, a
village near Berlin. Due to lack of space, it
was later relocated to Dahlem. The garden
developed largely due to the efforts of C. L.
Wildenow, who built it up from an old run-
down royal garden. Adolph Engler and L.
Diels, who were its subsequent directors,
improved its quality and content. Much of
the garden was destroyed during World War
II. It was rebuilt largely through the efforts
of Robert Pilger, its then director.

The botanical garden today comprises an
area of 126 acres. About 20,000 different spe-
cies of plants are cultivated here. The sec-
tion on plant geography covering 39 acres,
one of the biggest of its kind in the world,
depicts the whole of the Northern Hemi-
sphere. The arboretum and taxonomy sec-
tion covers 42 acres and includes around
1800 species of trees and shrubs and nearly
1000 species of herbaceous plants, the lat-
ter arranged according to the classification
system of Adolph Engler. The botanical mu-
seum specializes in the display of botanical
exhibits, being the only museum of its kind
in Central Europe with models of various
life-forms.

The main tropical greenhouse (Figure
5.9), with its length of 60 m and height of

Figure 5.9 Tropical greenhouse of the Berlin
Botanic Garden at Dahlem.

23 m, is one of the largest in the world, fea-
turing tall trees with epiphytes, rich ground
vegetation and lianas, which give an idea of
the vast variety of tropical vegetation.

Cambridge University Botanical

Garden: The Cambridge University
Botanical Garden was founded in 1762 as a
small garden on 5 acres of land in the
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centre of Cambridge. It was moved to the
present location in 1831 when Prof. J.S.
Henslow established it on newly-acquired
land of the University covering 40 acres. The
garden is artistically landscaped with sys-
tematic plantings, winter-hardy trails, an al-
pine garden and a chronological bed. The
latter is in the form of a narrow bed (300 x 7
feet) divided into 24 sections, each contain-
ing plants introduced during a 20-year pe-
riod. Tropical houses are one of the major
attractions of the garden and contain palms
and other tropical plants.

Herbaria

It was again Luca Ghini who initiated the
art of herbarium making by pressing and
sewing specimens on sheets of paper. This
art was disseminated throughout Europe by
his students who mounted sheets and bound
them into book volumes.

Figure 5.10 Patricia K. Holmgren Director
Emerita of the Herbarium, New
York Botanical Garden, the edi-
tor of Index Herbariorum and 2
volumes of Intermountain Flora.
(Courtesy New York Botanical
Garden, Bronx).

Although the herbarium technique was a
well-known botanical practice at the time of
Linnaeus, he departed from the convention
of mounting and binding the specimens into
volumes. He mounted specimens on single
sheets, storing them horizontally, a practice
followed even today.

From isolated personal collections, her-
baria have grown into large institutions of
national and international stature with mil-
lions of specimens from different parts of the
world. Index Herbariorum, edited by Patricia
Holmgren (Figure 5.10) (Holmgren,
Holmgren, & Barnett, 1990) lists the world’s
important herbaria. Each herbarium is iden-
tified by an abbreviation that is valuable in
locating the type specimens of various spe-
cies. The major herbaria of the world with
approximate number of specimens in the or-
der of importance are listed in the table 5.1.

In India Central National Herbarium (CAL)
of the Indian Botanic Garden, Botanical Sur-
vey of India, Kolkotta has over 1.3 million
specimens. The herbarium of Forest Re-
search Institute, Dehradun (DD) and National
Botanical Research Institute, Lucknow
(LUCK) are other major herbaria in India,
with collections from all over the world.

Roles of a Herbarium

From a safe place for storing pressed speci-
mens, especially type material, herbaria
have gone a long way in becoming major cen-
tres of taxonomic research. Additionally,
herbaria also form an important link for re-
search in other fields of study. The classifi-
cation of the world flora is primarily based
on herbarium material and associated lit-
erature. More recently, the herbaria have
gained importance for sources of informa-
tion on endangered species and are of pri-
mary interest to conservation groups. The
major roles played by a herbarium include:
1. Repository of plant specimens: Pri-
mary role of a herbarium is to store
dried plant specimens, safeguard
these against loss and destruction by
insects, and make them available for
study.
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Table 5.1 Major herbaria of the world, listed in the order of number of specimens.

Herbarium Abbr. No. of specimens
1. Museum National d’Histoire Naturelle

(Museum of Natural History), Paris, France* P, PC 9,377,300
2. New York Botanical Garden, New York, USA NY 7,000,000
3. Komarov Botanic Institute, Saint Petersburg

(Formerly Leningrad), Russia. LE 7,000,000
4. Royal Botanic Gardens, Kew, Surrey, UK K 7,000,000
5. Conservatoire et Jardin Botaniques

(Conservatory and Botanical Garden),

Geneva, Switzerland G 6,000,000
6. Missouri Botanical Garden, Saint Louis,

Missouri, USA MO 6,000,000
7. British Museum of Natural History,

London, UK BM 5,200,000
8. Combined Herbaria, Harvard University, A, FH, GH,

Cambridge, Massachusetts, USA** ECON,

AMES 5,000,500

9. Naturhistorika Riksmuseet, Stockholm,

Sweden S 4,400,000
10. US National Herbarium (Smithsonian),

Washington, USA US 4,340,000

Information updated on 17 February, 2009 from Institutional websites.

* Specimens are located at Laboratoire de Phanérogamie (P) and Laboratoire de Cryptogamie (PC).
**Consists of Arnold Arboretum (A), Farlow Herbarium (FH), Gray’s Herbarium (GH), The Economic
Herbarium of Oakes Ames (ECON) and Oaks Ames Orchid Herbarium (AMES).

2. Safe custody of type specimens: Type
specimens are the principal proof of
the existence of a species or an
infraspecific taxon. These are kept in
safe custody, often in rooms with
restricted access, in several major
herbaria.

3. Compilation of Floras, Manuals and
Monographs: Herbarium specimens
are the ‘original documents’ upon
which the knowledge of taxonomy,
evolution and plant distribution rests.
Floras, manuals and monographs are
largely based on herbarium resources.

4. Training in herbarium methods:
Many herbaria carry facilities for
training graduates and undergradu-
ates in herbarium practices, organiz-
ing field trips and even expeditions to
remote areas.

5. Identification of specimens:

The
majority of herbaria have a wide-rang-
ing collection of specimens and offer
facilities for on-site identification or
having the specimens sent to the
herbarium identified by experts. Re-
searchers can personally identify their
collection by comparison with the duly
identified herbarium specimens.

. Information on geographical

distribution: Major herbaria have
collections from different parts of the
world and, thus, scrutiny of the speci-
mens can provide information on the
geographical distribution of a taxon.

. Preservation of voucher specimens:

Voucher specimens preserved in
various herbaria provide an index of
specimens on which a chromosomal,
phytochemical, ultrastructural,
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micromorphological or any specialized
study has been undertaken. In the
case of a contradictory or doubtful
report, the voucher specimens can be
critically examined in order to arrive
at a more satisfactory conclusion.

Mounting of Specimens
Pressed and dried specimens are finally
mounted on herbarium sheets. A standard
herbarium sheet is 29 by 41.5 cm (11Y2 by
16" inches), made of thick handmade pa-
per or a card sheet. The sheet should be rela-
tively stiff to prevent damage during han-
dling of specimens. It should have a high rag
content (preferable 100 per cent) with fibres
running lengthwise.

The specimens are attached to the sheet
in a number of ways. Many older specimens
in the herbaria are frequently found to have
been sewn on the sheets. Use of adhesive
linen, paper or cellophane strips is an easier
and faster method of fixing specimens. Archer
method involves the use of small strips of lig-
uid plastic extruded from a container with a
narrow nozzle. Most of the contemporary
specimens are fixed using liquid paste or glue
in one of the two ways, however:

(i) Paste or glue is applied to the
backside (if distinguishable) of the
specimen, which is later pressed onto
the mounting sheet and allowed to dry
in the pressed condition for a few
hours. This method is slower but more
economical.

(ii) Paste or glue is smeared on a glass or
plastic sheet, the specimen placed on
the sheet and the glued specimen
transferred to a mounting sheet. This
method is more efficient but expensive.

The use of methylcellulose as adhesive
mixed in a solution of 40% alcohol, instead
of pure water was suggested by Tillet (1989)
for fixing herbarium specimens. It decreases
the drying time and also prevents growth of
micro-organisms. The stem and bulky parts
may often require adhesive strips or even
sewing for secure fixing of specimens. Small

paper envelops called fragment packets are
often attached to the herbarium sheet to
hold seeds, extra flowers or loose plant parts.

Labelling

An herbarium label is an essential part of a
permanent plant specimen. It primarily con-
tains the information recorded in the field
diary (Field notebook) at the time of collec-
tion, as also the results of any subsequent
identification process. The label is located
on the lower right corner of the herbarium
sheet (Figure 5.11), with the necessary in-
formation recorded on the pre-printed pro-
forma, printed directly on the sheet or on
the paper slips which are pasted on the
sheets. It is ideal to type the information. If
handwritten, it should be in permanent ink.
Ball pens should never be used, as the ink
often spreads after some years.

There is no agreement as to the size of a
herbarium label, the recommendations be-
ing as diverse as 2% by 4% inches (Jones
and Luchsinger, 1986) and 4 by 6 inches
(Woodland, 1991). The information commonly
recorded on the herbarium label includes:

Name of the institution

Scientific name

Common or vernacular name

Family

Locality

Date of collection

Collection number

Name of the collector

Habit and habitat including field notes

An expert visiting a herbarium may want
to correct an identification or record a name
change. Such correction is never done on
the original label but on a small annotation
label or determination label, usually 2 by
11 cm and appended left of the original la-
bel. This label, in addition to the correction,
records the name of the person and the date
on which the change was recorded. Such
information is useful, especially when more
than one annotation label is appended to a
herbarium sheet. The last label is likely to
be the correct one.
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Voucher herbarium specimens of a
research study often have authentic infor-
mation about the specimens recorded in the
form of a voucher label.

Filing of Specimens
Mounted, labelled and treated (to kill insect

pests) specimens are finally incorporated in
a herbarium, where they are properly stored

DEPARTMENT OF BOTANY

Figure 5.11 A sample herbarium sheet with
mounted specimen and a label.

and looked after. Small herbaria arrange
specimens alphabetically according to
family, genus and species. Larger herbaria,
however, follow a particular system of
classification. Most herbaria usually follow
Bentham and Hooker (British herbaria and

most commonwealth countries) or Engler
and Prantl (Europe and North America). Many
herbaria of the latter category follow the
number code of families and genera given
by Dalla Torre and Harms (1900-1907).

The specimens belonging to a species are
placed in a folder made of thin strong paper,
termed species cover. The species covers
belonging to a particular genus are often
arranged alphabetically and placed inside a
genus cover, a heavy manilla folder made
of a thicker paper. More than one genus
cover may be used if the number of species
are more, or if the specimens are to be
arranged geographically, and often differently
coloured for different geographical regions.

The genus covers of a family are arranged
according to the system of classification
being followed. The demarcation between the
two families (last genus of a family and first
genus of the next family) is done using a
sheet of paper with a front-hanging label,
indicating the name of the next family. The
folders are stacked in pigeonholes of the
herbarium cases and the arrangement is
suitable for shifting of folders as the number
of specimens increase with time.

Unknown specimens are kept in separate
folders marked dubia, placed towards the end
of a genus (when the genus is identified) or
a family (when the family is identified but
not the genus), as the case may be, so that
an expert can examine them conveniently.
Standard herbarium cases are insect- and
dust-proof with two or more tiers of pigeon-
holes, each 19 in. deep, 13 in. wide and 8 in.
high (Figure 5.12).

Type specimens are usually kept sepa-
rately in distinct folders or often in separate
herbarium cases, sometimes even separate
rooms, for better care and safety.

A herbarium commonly maintains an
index register in which all the genera in
the herbarium are listed alphabetically and
against each genus is indicated family
number and the genus number, the two help
in convenient incorporation and retrieval of
specimens in a herbarium.
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Pest control

Herbarium specimens are generally suffi-
ciently dry, and as such not attacked by
bacteria or fungi. They are, however, easily
attacked by pests such as silverfish,

— ‘, = — ———

Figure 5.12 Herbarium cabinet with filed speci-
mens used in New York Botanical
Garden Herbarium (Photograph
courtesy New York Botanical
Garden).

dermestid beetles (cigarette beetle,
drugstore beetle and black carpet beetle).
Control measures include:

1. Treating incoming specimens:
Specimens have to be pest free before
they can be incorporated into a her-
barium. This is achieved in three
ways:

(i) Heating at temperatures up to
60°C for 4-8 hours in a heating
cabinet. The method is effective
but the specimens become
brittle.

(ii) Deep-freezers have now replaced
heating cabinets in most her-
baria of the world. A temperature
of 20 to —60°C is maintained in
most herbaria.

(iii) Microwave ovens have been used
by some herbaria, but as indi-
cated by Hill (1983), the use of mi-
crowave ovens has some serious
shortcomings including:

(@) Stems containing moisture
burst due to sudden vapori-
zation of the water inside.

(b) Metal clips, staples on the
sheets get overheated and
may char the sheet.

(c) The embryo in the seed gets
killed, thus destroying a
valuable source of experi-
mental research, as seeds
from herbarium specimens
are often used for growing
new plants for research
projects.

2. Use of repellents: Chemicals with an

offensive odour or taste are kept in
herbarium cases to keep pests away
from specimens. Naphthalene and
Paradi-chlorobenzene (PDB) are com-
monly used repellents, usually pow-
dered and put in small muslin bags
kept in pigeonholes. PDB is more toxic
and as such prolonged exposure of
workers should be avoided. For people
working 8 hours a day in a 5 day per
week schedule, the upper exposure
level for naphthalene is 75 PPM and
for PDB 10 PPM.

. Fumigation: In spite of pre-treatment

of specimens and the use of repel-
lents, fumigation is necessary for
proper herbarium management. Fu-
migation involves exposing specimens
to the vapours of certain volatile toxic
substances. A mixture of ethylene
dichloride (3 parts) and carbon tetra-
chloride (1 part) was once commonly
used for fumigation. Ethylene
dichloride is explosive without carbon
tetrachloride, but the latter is
extremely toxic to humans, causing
liver damage, and as such the use of
this fumigant has been banned. Some
herbaria also use Ethylene bromide,
Ethylene oxide, Lauryl pentachloro-
phenate (Mystox), Methyl bromide
(often used synergistic with carbon
dioxide) or Malathion for fumigation,
but these are also toxic for humans.

Integrated Pest Management pro-
gram (IPMP) for safer herbarium use
emphasises prevention of insect en-
tering the herbarium, rather than
relying on toxic chemicals to kill them
once inside the herbarium. It also
encourages the use of:
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a) Deep freezing not only to treat in-
coming specimens but also to kill
insects in the herbarium. The
bundles of specimens are placed
in plastic bag, the bag sealed, and
the bundle placed in freezer for
several days. The bag (sealed) is
next left at room temperature for
7-10 days to allow any eggs to
hatch and then refrozen for 3-4
days.

b) Anoxic treatment, involves the
usage of bag impermeable to oxy-
gen and containing specimens
and a oxygen scavanger. The pest

is killed by depriving it of oxygen.

Figure 5.13

The researchers comparing speci-
mens inside the herbarium at the
Missouri Botanical Garden.
(Photograph by Jack Jennings/
Courtesy the Missouri Botanical
Garden.)

c) Small sticky trap placed in hidden
areas of the herbarium and her-
barium cases to trap insects. Such
traps should be checked regularly
for insects trapped.

d) Pheromone traps involve the use
of natural scents which insects
use to communicate with each
other. Certain insects are at-
tracted to these traps from the
surrounding area and are very ef-
fective. Specific traps are available
for drug store beetles, Indian meal

moth, cigarette beetles and ware-
house beetles.

e) Insect electrocuters are useful for
detecting and controlling flying
insects. These emit ultraviolet
light that attracts flying insects
particularly flies and moths.

Where fumigation is essential
use of safer fumigants like
Pyrethrin, sulphuryl fluoride
(Vikane), dichlorovos (no pest,
Vapona resin strips or Raid strips
are suitable for herbarium cases;
one-third of a strip is placed in
each herbarium case for seven to
ten days twice a year.), carbon di-
oxide and cyanogen (often used
synergistic with carbon dioxide).
Dowfume-75 has been cleared by
the Environmental Protection
Agency for use in herbaria.

Virtual Herbarium

Virtual herbarium is a database of consist-
ing of images of Herbarium specimens and
the supporting text, available over the
internet. It is a huge advancement in her-
barium use and design, coupling physical
specimens directly with internet and inte-
grating complete specimen data, with
resources or information generation and
retrieval. Although a virtual herbarium
cannot exist without a physical herbarium,
it enjoys several advantages over a physical
herbarium:

1. Images being available electronically,
user may not have to handle physical
specimens, thus reducing the damage
substantially.

2. Whereas it may take months to sort
out specimens of a collector or a coun-
try in a physical herbarium, the same
can be done done in few seconds
through a virtual herbarium.

3. Virtual herbarium greatly increases
the user interaction. Only few hun-
dred visitors may visit a physical
herbarium in a month, but during the
same period thousands of users can
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access the virtual herbarium sitting
in the comfort of their offices.

4. Physical herbarium usually stores only
specimens, and the user has to spend
considerable time in the library to
collect relevant information. A virtual
herbarium on the other hand provides
information on descriptive details,
geographical distribution, photographs,
illustrations, manuscripts, published
work, microscopic preparations, gene
sequences and nomenclature through
hyperlinks.

5. Physical herbarium can offer only own
specimens for study, whereas portals
of major virtual herbaria offer facility
of searching several virtual herbaria
simultaneously.

6. Physical specimens are prone to dam-
age through handling or during
hazardous situation. Thousands of
specimens and valuable holotypes
preserved in Berlin herbarium were
destroyed during second the World
War. Digitized images, on the other
hand can be saved on several comput-
ers, at different locations.

7. Majority of research projects don’t
need physical specimens, and as such
electronic images can be utilized,
saving the time and cost for trans-
portation of actual specimens.

Virtual herbaria with searchable database
have been been developed by many major
organisations like New York Botanical
Garden (KE EMu), Royal Botanic Gardens
Melbourne (AVH), Fairchild Tropical Garden
(E-FTG), Australian Virtual Herbarium (AVH)
and Royal Botanic Gardens, Kew (ePIC).

Though initiated in 1990, the NYpc project
of New York Botanical Garden became
operational in 1995. The data was
transferred to new platform KE EMu in 2004
with additional search and display
capabilities. The Virtual herbarium
presently consists of digital collection of
850,000 herbarium specimens and 120,000
high resolution images, updated daily.
Garden pursues the goal of digitizing all of
its 7 million plant and fungi specimens.

Fairchild Tropical Garden Virtual
Herbarium (eFTG) has record of more than
100,000 specimens, more than 200,000
photographs (including data labels). There
are more than 20,000 high resolution
photographs of specimens, that can be zoomed
in or out of the browser. Nearly 60, 000
records are are searchable online by family,
genus, collector and other fields. eFTG is the
first truly Virtual Herbarium as Web portal
of the herbarium allows simultaneous search
throughVirtual Herbaria of FTG (Fairchild
Tropical Garden), FLAS (Florida Museum of
Natural History), MO (TROPICOS-Missouri
Botanical Garden), NY Cassia- New York
Botanical Garden), S (LinneanHerbarium,
Swedish Museum of Natural History, Leiden),
BM (Btitish Museum of Natural History-
including Clifford Herbarium) CAYM (National
Trust for Cayman Islands), INB (Instituto
Nacional de Biodiversidad, Costa Rica), TAMU
(Texas A & M University). The virtual
herbarium of FTG thus affectively includes
not only specimens from Fairchild Herbarium,
but also from other herbaria. It also provides
species lists, interactive keys and photo-
graphs of living specimens in various data-
bases and indices.

Australia’s Virtual Herbarium (AVH) is a
collaborative project of the State, Common-
wealth and Territory herbaria, being devel-
oped under the auspices of the Council of
Heads of Australian Herbaria (CHAH), rep-
resenting the major Australian collections.
It is an on-line botanical information re-
source accessible via the web, providing im-
mediate access to the wealth of data associ-
ated with scientific plant specimens in each
Australian herbarium.

Australian herbaria house over six mil-
lion specimens that are a primary source of
information on the classification and distri-
bution of plants, algae and fungi. These
specimens are the working tools of scien-
tists who contribute to our knowledge and
understanding of biodiversity and conserva-
tion through the discovery, classification
and description of new species. These will
be enhanced by images, descriptive text and
identification tools.
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The AVH is accessed via the website of
any participating herbarium. A gateway at
each of these herbaria links to the databases
of all the other herbaria, consolidating the
combined data into a nation-wide view of the
botanical information. Most data related to
specimens will be stored by the custodial
institution, and there will be some re-
sources, such as the scientific names data-
base (Australian Plant Names Index, APNI)
which will be common to all. More than 70%
of the specimens housed in Australian her-
baria have been databased, providing a com-
prehensive resource for accurate depiction
of geographic distribution and occurrence,
historical mapping, information valuable for
understanding the threatening processes of
vegetation clearance and weed invasion.
Flexible on-line search options allow you to
customise the data you generate to suit your
requirements.

Australia’s Virtual Herbarium provides
the opportunity to deliver descriptions of the
flora dynamically linked to data and infor-
mation from across the continent, and dis-
tributed on-line as an electronic Australian
Flora - a one-stop source of current infor-
mation on the plants, algae and fungi of the
entire Australian continent. New observa-
tions can be released with minimal delay
as they are confirmed and recorded in the
database.

The Strong ePIC database software of Royal
Botanic Gardens, Kew also provides a win-
dow for digitized herbarium specimens. The
Herbarium’s core digital collection
programme was initiated in 2002 and since
then digital resources have grown at an in-
creasing rate, as well as central Herbarium
Catalogue, have an image server and many
project databases with information about
specimens that were built before the Cata-
logue became available. These are being
moved into the Catalogue as resources per-
mit. Label data from dry and spirit specimens
of flowering plants, ferns and gymnosperms
held in Kew's herbarium are being uploaded.
Information recorded includes the plant
name, collection and determination data,
locality and type status. Digitization is pro-

ceeding and as of June 2006 the database
consisted of c193,600 specimens. Further
digitization is likely to focus on type speci-
mens. A potential ¢7,000,000 specimens
(c275,000 types) may eventually be digitized.

IDENTIFICATION METHODS

Identification of an unknown specimen is a
common taxonomic activity, and often com-
bined with determination of a correct name.
The combined activity is appropriately re-
ferred as specimen determination. Before
the specimen can be identified, it is desir-
able to describe it and prepare a list of char-
acter-states, mainly pertaining to floral
structure. Whereas fresh specimens may be
described more conveniently, the dried
specimens may be softened by immersing
in water or a wetting agent such as aero-
sol OT (dicotyl sodium sulfosuccinate 1 per
cent, distilled water 74 per cent and Metha-
nol 25 per cent). Pohl's softening agent is
an excellent detergent solution for soften-
ing flowers and fruits for dissection. The
identification of an unknown plant may be
achieved by comparison with identified her-
barium specimens or through the help of
taxonomic literature. Both methods may be
combined for a more reliable identification.

The unknown specimen meant for iden-
tification is sent to a herbarium, where an
expert on the plant group examines and iden-
tifies it by comparison with duly identified
specimens (Figure 5.13). The user can also
visit a herbarium and personally compare
and identify his specimens.

Computers have entered in a big way into
solving identification problems. Electronic
revolution in recent years has opened up a
new, faster and more reliable method of iden-
tification. The photograph, description or
illustration of parts can be put up on a
website, with information to a relevant
e-mail list, whose members can help in
achieving identification within hours.

Taxonomic literature

Various forms of literature incorporating
description, illustrations and identification
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keys are useful for proper identification of
unknown plants. The library is, therefore,
as important in taxonomic work as a her-
barium, and knowledge of taxonomic litera-
ture is vital to the practicing taxonomist. The
literature of taxonomy is one of the oldest
and most complicated literatures of science.
Several bibliographic references, indexes
and guides are available to help taxonomists
to locate relevant literature concerning a
taxonomic group or a geographical region.
The major forms of literature helpful in iden-
tification are described below.

Floras

A Flora is an inventory of the plants of a
defined geographical region. A Flora may be
fairly exhaustive or simply synoptic. Lists of
the Floras may be found in the Geographical
Guide to the Floras of the World by S.F. Blake
(Part I, 1941; Part II, 1961) and Guide to the
Standard Floras of the World by Frodin (1984).
Depending on the scope and the area cov-
ered, the Floras are categorized as:

1. Local Flora covers a limited geo-
graphical area, usually a state, county,
city, a valley or a small mountain
range. Examples: Flora of Delhi by
J.K. Maheshwari (1963), Flora
Simlensis by H. Collet (1921), Flora of
Tamil Nadu by K.M. Mathew (1983),
Flora of Missouri by J.A. Steyermark
(1963) and Flora of Central Texas by R.G.
Reeves (1972).

2. Regional Flora includes a larger geo-
graphical area, usually a large coun-
try or a botanical region. Examples:
Flora of British India by Sir J.D. Hooker
(1872-1897), Flora Malesiana by C.G.
Steenis (1948), Flora Iranica by K.H.
Rechinger (1963), Flora of Turkey and
East Aegean Islands by P.H. Davis and
Flora SSSR by V. L. Komarov and B.K.
Shishkin (1934-1964). A Flora cover-
ing a country is more appropriately
known as a National Flora.

3. Continental Flora covers the entire
continent. Examples: Flora Europaea
by T.G. Tutin et al., (1964-80) and Flora

Australiensis by G. Bentham (1863-
1878).

4. Comprehensive treatments have a
much broader scope. Although no
world Flora has ever been written,
several important works have
attempted a worldwide view. Examples:
Genera plantarum of G. Bentham and
J.D. Hooker (1862-83), Die Naturlichen
pflanzenfamilien of A. Engler and
K.A. Prantl (1887-1915) and Das
Pflanzenreich of A. Engler (1900-1954).

Electronic Floras (eFloras)
Last few years have seen the online avail-
ability of digitized form of many popular flo-
ras. These Online Floras known as Elec-
tronic Floras (eFloras) provide oppurtunity for
users to work dynamically on floristic treat-
ments, and to browse and search these treat-
ments. One such effort by Missouri Botani-
cal Gardens has resulted in the publication
of www.eFloras.org/, combining together the
information from several Floras including
Flora of Chile, Flora of China, Flora of Mis-
souri, Flora of North America, Flora of Paki-
stan, Moss Flora of China, Trees and Shrubs
of Andes and Ecuador, as also the Annotated
Checklist of Flowering Plants of Nepal.
These Floras can be searched through com-
mon search engine to obtain relevant infor-
mation. The hyperlinks to families, genera
and species are very handy in identification
and retrieving information. The website also
hosts the interactive Actkey Provided by the
Harvard University Herbarium, allowing
visitors to locate and use a key for identify-
ing an unknown specimen. The keys for
Families of Angiosperms by Bertel Hansen
& Knud Rahn, Families of Dicotyledons of the
Western Hemisphere South of the United
States, Generic Tree Flora of Madagascar,
Key to Taxa of China in ActKey, Trees and
Shrubs of Borneo, and Weeds Of Rain Fed
Lowland Rice Fields Of Laos And Cambodia
are already incorporated in a user friendly
interface.

Royal Botanical Gardens Kew has hosted
eFlora Flora Zambesiaca providing not only
an easy way of searching the information
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but also an identification tool. This website
allows you to search for a plant name across
the whole Flora, which would otherwise
entail looking up separate indexes. It also
allows the creation of lists of: endemics, spe-
cies from a particular division or country,
species that match a particular habit and of
species that occur at a specific altitude. As
far as posible no changes have been made
to the information existing in the original
text and the information is presented in the
same way as in the original.

Manuals

A manual is a more exhaustive treatment
than a Flora, always having keys for identi-
fication, description and glossary but gener-
ally covering specialized groups of plants.
Examples: Manual of Cultivated Plants by
L.H. Bailey (1949), Manual of Cultivated Trees
and Shrubs Hardy in North America by
A. Rehder (1940) and Manual of Aquatic Plants
by N.C. Fassett (1957).

A manual differs from a monograph in the
sense that the latter is a detailed taxonomic
treatment of a taxonomic group.

Monographs

A monograph is a comprehensive taxonomic
treatment of a taxonomic group, generally a
genus or a family, providing all taxonomic
data relating to that group. Usually the
geographical scope is worldwide since it is
impossible to discuss a taxon without includ-
ing all its members, and often all its
species, subspecies, varieties and forms are
discussed. The monograph also includes an
exhaustive review of literature, as also a
report on author’s research work. A mono-
graph includes all information related to
nomenclature, designated types, keys,
exhaustive description, full synonymy and
citation of specimens examined. Examples:
The Genus Pinus by N.T. Mirov (1967), The
Genus Crepis by E. B. Babcock (1947), A Mono-
graph of the Genus Avena by B.R. Baum
(1977), The Genus Datura by A.F. Blakeslee
etal., (1959) and The Genus Iris by W.R. Dykes
(1913).

A revision is less comprehensive than a
monograph, incorporating less introductory
material and including a synoptic literature
review. A revision includes a complete syn-
onymy but the descriptions are shorter and
often confined to diagnostic characters. The
geographical scope is usually worldwide.

A conspectus is an effective outline of a
revision, listing all the taxa, with all or ma-
jor synonyms, with or without short diagno-
sis and with a brief mention of the geographi-
cal range. Species plantarum of C. Linnaeus
(1753) is an ideal example.

A synopsis is a list of taxa with much
abbreviated diagnostic distinguishing state-
ments, often in the form of keys.

Icones (Illustrations)

Ilustrations, often with detailed analysis of
the parts are usually published along with
the text in Floras and Monographs, but may
sometimes be compiled exclusively and of-
ten serve as useful tools for identification.
In fact, many species of plants based on pub-
lished illustrations only, without any accom-
panying description or diagnosis before 1
January 1908 have been accepted as validly
published. Two principal compilations of
Icones are Hooker's Icones and Wight’s Icones.
Others of interest include Illustrations of
plants from Europe (Hegi, 1906-1931), North
America (Gleason, 1963), Pacific states
(Abrams, 1923-1960), Pacific coast trees
(McMinn and Maino, 1946), Germany
(Garcke, 1972), Korea (Lee, 1979).

Journals

Whereas Floras, manuals and monographs
are published after a lot of taxonomic input
and it may take several decades before they
are revised, if at all, taxonomic journals pro-
vide information on the results of ongoing
research. A continuous update on additional
taxa described or reported from a region,
nomenclatural changes and other taxonomic
information is essential for continuance of
taxonomic activity. Reference to a publica-
tion in a journal includes volume number
(all issues within a year bear the same
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volume number; trend not followed by a few
journals), issue number (numbered within
a volume, a monthly journal would have 12
issues, quarterly 4 issues and so on) and
page numbers on which a particular article
appears. Common journals devoted largely
to taxonomic research include:

Taxon- The journal of the International
Association for Plant Taxonomy devoted to
systematic and evolutionary biology with
emphasis on botany; published quarterly by
the International Bureau for Plant Taxonomy
and Nomenclature, Botanisches Institut der
Universitaet Wien, Austria.

Kew Bulletin- International peer-re-
viewed Journal of Plant Taxonomy; published
in four parts in one year by Royal Botanic
Gardens, Kew; containing original articles
of interest mainly to vascular plant and
mycological systematists; each part illus-
trated with line drawings and photographs
and also features a Book Review and Notices
section.

Plant Systematics and Evolution-
Published by Springer, Wien from 1974 on-
wards; originally started in 1851 under the
name Osterreichisches Botanisches
Wochenblatt was published between 1958 to
1973 as Osterreichische Botanische Zeitschrift;
devoted to publishing original papers and
reviews on plant systematics in the broad-
est sense, encompassing evolutionary,
phylogenetic and biogeographical studies at
the populational, specific, higher taxonomic
levels; taxonomic emphasis is on green
plants; volumes each with four numbers
published randomly, usually 6-7 volumes in
one year.

Botanical Journal of Linnaean
Society- Published on behalf of Linnean
Society by Blackwell Synergy, London; three
volumes with four monthly issues each pub-
lished in one year; publishes original re-
search papers in the plant sciences.

Adansonia- Published by Muséum na-
tional d'Histoire naturelle (Museum of Natu-

ral History), Paris; a peer-reviewed journal
of plant biology, devoted to the inventory,
analysis and interpretation of vascular
plants biodiversity; publishes original
results, in French or English, of botanical
research, particularly in systematics and
related fields; two issues appear each year.
Adansonia continues as from 1997 the Bul-
letin du Muséum national d'Histoire naturelle,
section B, Adansonia, Botanique, phytochimie.

Other important taxonomic journals in-
clude Journal of the Arnold Arboretum
(Harvard), Bulletin Botanical Survey of India
(Calcutta), Botanical Magazine (Tokyo) and
Systematic Botany (New York).

Supporting literature

With a large amount of research material
being published throughout the world, there
is always need for supporting literature to
give consolidated information about the
works published the world over. They also
help in tracking down material concerning
a particular taxon covering a certain period.
Taxonomic Literature, an exhaustive series
of Regnum vegetabile, covers full bibliographi-
cal details of literature extremely helpful in
searching type material, priority of names,
dates of publication and biographic data on
authors. Originally published in 1967, it is
under constant revision with 3 supplements
of the 2™ edition published between 1992-
97 (Stafleu and Mennega).

Abstracts or Abstracting journals:
These provide a summary of different
articles published in various journals
throughout the world. Biological Abstracts and
Current Advances in Plant Science are more
general in approach. The Kew Record of
Taxonomic Literature covers all articles
relevant to taxonomy.

Index: An Index provides an alphabetic
listing of taxa with reference to their publi-
cation. Index Kewensis is by far the most
important reference tool, first published in
2 volumes from Royal Botanic Gardens, Kew
(1893-1895), covering names of species and
genera of seed plants published between
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AMEBIA, Regel, Pl. Nov. Fedsch. 58 (1882) err. typ =

Arnebia, Forsk. (Boragin.).

AMERCARPUS, Benth in Lindl. Veg. Kingd. 554 (1847)

= Indigofera, Linn. (Legumin.).

AMECHANIA, DC. Prodr. vii. 578 (1839)= Agarista,

D. Don (Ericaceae).

hispidula, DC. 1. c. 579 (=Leucothoe hispidula).
subcanescens, DC. 1. ¢. (=Leucothoe subcanescens).
AMELANCHIER, Medic. Phil. Bot. i. 135 (1789).
ROSACEAE, Benth. & Hook.f. i. 628.

ARONIA, Pers. Syn. ii. 39 (1807.

PERAPHYLLUM, Nutt. in Torr. & Gray, F1. N. Am.

i. 474 (1840).

XEROMALON, Rafin. New Fl. Am. iii. 11 (1836).
alnifolia, Nutt. in Journ. Acad. Phil. vii. (1834)22.

Amer. bor.

asiatica, Endl. in Walp. Rep. ii. 55= canadensis
Bartramiana, M. Roem. Syn. Rosifl. 145= cana-

densis.

Botryapium, DC. Prodr. ii. 632= canadensis.
canadensis, Medic. Gesch. 79; Torr. & Gray, FL. N.

Am. i. 473. __Am. bor.; As. or.

chinensis, Hort. ex Koch, Dendrol. i. 186=Sorbus

arbutifolia.

Figure 5.14 Portion of a page from Index Kewensis. Generic name Amebia (Normal caps) Regel is
synonym of genus Amebia (Bold small case) Forsk. of family Boraginaceae. Generic
name Amelanchier (Bold caps) Medic. is correct name with generic names Aronia Pers.,
Peraphyllum Nutt. and Xeromalon Rafin. as synonyms. Species names Amelanchier
alnifolia (Normal small case) Nutt. and A. canadensis Medic. are correct, whereas the
names A. asiatica (italics small case) Endl., A. Batramiana M. Roem.and A. Botryapium
DC. are synonyms of A. canadensis. A. chinensis Hort. is similarly synonym of Sorbus

arbutifolia.

1753 and 1885. Regular Supplements used
to be published every 5 years and 18 Supple-
ments appeared up to 1985. Supplement 19
was published in 1991 covering the years
1986 to 1990. Since then the listing has
been published annually under the title Kew
Index.

Index Kewensis (Figure 5.14) is a list of new
and changed names of seed-bearing plants

with bibliographic references to the place of
first publication. At the beginning of the
nineteen eighties the data was transferred
to a computer database which continues to
expand at the rate of approximately 6000
records per year. To make this data gener-
ally available, it was decided to publish the
whole Index Kewensis as a CD-ROM in 1993.
This contains almost 968,000 records.
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Illustrations of vascular plants can be lo-
cated through Index Londinensis, which con-
tains information up to 1935. More recent
information can be found in the 2-volume
work Flowering Plant Index of Illustrations and
Information compiled by R. T. Isaacson (1979).

A listing of all generic names can be found
in Index Nominum Genericorum (ING) a 3-vol-
ume work published in 1979 under the se-
ries Regnum Vegetabile. The first supplement
appeared in 1986. It has now been put on
the database and can be directly accessed
through the Internet.

Index Holmiensis (earlier Index Holmensis)
is an alphabetic listing of distribution maps
found in taxonomic literature of vascular
plants. It commenced publication in 1969.

Gray Herbarium Card Indexis information
on cards, which has now been set up on a
database. Usually on the same pattern as
Index Kewensis, the Index has been pub-
lished in 10 volumes between 1893 and
1967. A 2-volume supplement was published
by G. K. Hall in 1978. The Gray Herbarium
Index Database currently includes 350,000
records of New World vascular plant taxa at
the level of species and below. The Index in-
cludes from its 1886 starting point, the
names of plant genera, species and all taxa
of infraspecific rank. The Gray Index has in
common with Index Kewensis its involve-
ment with taxon names, although they dif-
fer in biological and geographical coverage.
The Gray Index covers vascular plants of the
Americas; Index Kewensis includes seed
plants worldwide. Only the Gray Index has
nomenclatural synonyms cross-referenced
to basionyms. The information is now ac-
cessible over the Internet via keyword
searches from the E-mail Data Server and
through the Biodiversity and Biological Col-
lections Gopher. Indices covering other
groups of plants have also been published:
Index Filicum for Pteridophytes, and Index
Muscorum for Bryophytes.

The Hu Card Indexis a file of 158,844 cards
for Chinese plant names, now housed in the
Harvard University Herbaria building where
it is available for use in person. The Index

was produced by Dr. Hu Shiu-ying (Arnold
Arboretum of Harvard University) and his
staff. The Hu Card Index was prepared in the
early 1950s when the Arnold Arboretum un-
dertook a project to prepare a flora of China.

Royal Botanic Gardens Kew, The Harward
University Herbaria, and the Australian
National Herbarium, under the collaborative
project, have developed International Plant
Names Index (IPNI), a single web database
which combines citation data for seed plants
from Index Kewensis, the Gray Herbarium
Card Index, and the Australian Plant Names
Index (APNI). It provides information on
names and associated basic bibliographical
details of all seed plants. Its goal is to elimi-
nate the need for repeated reference to pri-
mary sources for basic bibliographic infor-
mation about plant names. The data are
freely available and are gradually being stan-
dardized and checked. IPNI is intended to be
a dynamic resource, depending on direct
contributions by all members of the botani-
cal community.

Numerous valuable Dictionaries have
been published but by far the most useful is
Dictionary of Flowering Plants and Ferns pub-
lished by J. C. Willis. The 8" edition revised
by Airy Shaw appeared in 1973. The book
contains valuable information concerning
genera and families providing name of the
author, distribution, family and the number
of species in the genus.

Taxonomic Keys

Taxonomic keys are aids for rapid identi-
fication of unknown plants. They consti-
tute important component of Floras, manu-
als, monographs and other forms of litera-
ture meant for the identifying plants. In ad-
dition, identification methods in recent
years have incorporated the usage of keys
based on cards, tables and computer pro-
grams. The latter are primarily designed for
identification by non-professionals. These
keys are fundamentally based on characters,
which are stable and reliable. The keys are
helpful in a faster preliminary identifica-
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tion, which can be backed up by confirma-
tion through comparison with the detailed
description of the taxon provisionally iden-
tified with. Before identification is at-
tempted, however, it is necessary that the
unknown plant is carefully studied, de-
scribed and a list of its character states pre-
pared. Based on the arrangement of charac-
ters and their utilization, two types of iden-
tification keys are differentiated:

1. Single-access or sequential keys; and

2. Multi-access or multientry keys

(polyclaves).

Single Access or Sequential
Keys

Single-access keys are usual components of
Floras, manuals, monographs and other
books meant for identification. The keys are
based on diagnostic (important and conspicu-
ous) characters (key characters) and as such
the keys are known as diagnostic keys. Most
of the keys in use are based on pairs of con-
trasting choices and as such are dichoto-
mous keys. They were first introduced by J.
P. Lamarck in his Flore Francaise in 1778.
The construction of a dichotomous key starts
with the preparation of a list of reliable char-
acters for the taxon for which the key is to be
constructed. For each character the two con-
trasting choices are determined (e.g., habit
woody or herbaceous). Each choice constitutes
a lead and the two contrasting choices form
a couplet. For characters having more than
two available choices the character can be
split to make it dichotomous. Thus if flowers
in a taxon could be red, yellow or white the
first couplet would constitute flowers red vs.
non-red and the second couplet flowers
yellow vs. white. We shall illustrate the
construction of keys taking an example from
family Ranunculaceae. The diagnostic
characters of some representative genera are
listed below:

1. Ranunculus: Plants herbaceous, fruit
achene, distinct calyx and corolla, spur
absent, petal with nectary at base.

2. Adonis: Plants herbaceous, fruit
achene, calyx and corolla differenti-

ated, spur absent, petals without
nectary.

3. Anemone: Plants herbaceous, fruit
achene, calyx not differentiated, peri-
anth petaloid, spur absent.

4. Clematis: Plants woody, fruit achene,
calyx not differentiated, perianth
petaloid, spur absent.

5. Caltha: Plants herbaceous, fruit folli-
cle, calyx not differentiated, perianth
petaloid, spur absent.

6. Delphinium: Plants herbaceous, fruit
follicle, calyx not differentiated, peri-
anth petaloid, spur one in number.

7. Aquilegia: Plants herbaceous, fruit fol-
licle, calyx petaloid, not differentiated
from corolla, spurs five in number.

Based upon the above information the fol-

lowing couplets and leads can be identified:

1. Plants woody
Plants herbaceous

2. Fruit achene
Fruit follicle

3. Calyx and corolla differentiated
Calyx and corolla not differentiated

4. Spur present
Spur absent

5. Number of spurs 1
Number of spurs 5

6. Petal with nectary at base
Petal without nectary at base

It must be noted that three choices are
available for spur (absent, one, five). It has
been broken into two couplets to maintain
the dichotomy. Based on the arrangement
of couplets and their leads, three main types
of dichotomous keys are in use: Yoked or
Indented key, Bracketed or parallel key,
and Serial or numbered key.

1. Yoked or Indented key: This is one of
the most commonly used keys in Floras and
manuals especially when the keys are
smaller in size. In this type of key, the state-
ments (leads) and the taxa identified from
them are arranged in visual groups or yokes
and additionally the subordinate couplets are
indented below the primary one at a fixed
distance from the margin, the distance in-
creasing with each subordinate couplet. We
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1 Stem woody at base; achenes 3.5-5 mm
1 Stem not woody; achenes 2-3.75 mm
2 Annual or biennial

8. pustulatus

3 Achenes smooth at least between the ribs; strongly compressed

and + winged

1. asper

3 Achenes rugose or tuberculate between the ribs, neither

strongly compressed nor winged

4 Leaf-lobes strongly constricted at base, or narrowly linear;
terminal lobe usually about as large as lateral lobes;
ligules longer than corolla-tube; achenes abruptly contracted

at base
4 Leaf-lobes (if present)
lobe usually much larger

2. tenerrimus

not constricted at base; terminal
than lateral lobes; ligules

about as long as corolla-tube; achenes gradually nar

rowed at base
2 Perennial

3. oleraceous

Figure 5.15 Portion of a polythetic key of the yoked type used in Flora Europaea for genus Sonchus

(vol. 4, p. 327).

shall select the fruit type as the first cou-
plet, as it divides the group into two almost
equal halves and the taxa excluded would be
almost equal whether the fruit in the un-
known plant is an achene or a follicle. The
yoked or indented key for the taxa under con-
sideration is shown below:

1. Fruit achene.
2. Calyx differentiated from corolla.
3. Petal with basal nectary 1. Ranunculus
3. Petal without basal nectary..2. Adonis
2. Calyx not differentiated from corolla.
4. Plants woody............... 4. Clematis
4. Plants herbaceous.....3. Anemone
1. Fruit follicle.
5. Spur present.
6. Number of spurs 1...... 6. Delphinium
6. Number of spurs 5...... 7. Aquilegia
5. Spur absent................... 5. Caltha

It is important to note that all genera with
achene fruit appear together and form vi-
sual groups; leads of subordinate couplets are
at increasing distance from the margin and
the leads of initial couplets are far separated,
whereas those of subsequent subordinate
couplets are closer. Such an arrangement
is very useful in shorter keys, especially

those appearing on a single page, but if the
key is very long running into several pages,
an Indented key exhibits important draw-
backs. Firstly, it becomes difficult to locate
the alternate leads of initial couplets, as they
may appear on any page. Secondly, with the
number of subordinate couplets increasing
substantially, the key becomes more and
more sloping, thus reducing the space avail-
able for writing leads. This may result in
wastage of a substantial page space. The
problem is clearly visible in Flora Europaea
where attempts to reduce the indentation
distance in longer keys has further compli-
cated the usage of keys. These two disad-
vantages are taken care of in the Parallel or
Bracketed key.

2. Bracketed or Parallel key: This type
of key has been used in larger floras such
as Flora of USSR, Plants of Central Asia, and
Flora of British Isles. The two leads of a cou-
plet are always together and the distance
from the margin is always the same. Sev-
eral variations of this are used wherein the
second lead of the couplet is not numbered,
as in Flora of British Isles or else the second
lead is prefixed with a + sign as in Plants of
Central Asia. The arrangement of couplets
in this type of key is useful for longer keys
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as the location of alternate keys is no prob-
lem (two are always together) and there is
no wastage of page space. There is, however,
one associated drawback; the statements are
no longer in visual groups. The reference to
primary lead is often difficult, but this prob-
lem is usually solved by indicating the
number of primary lead within parenthesis
as done in several Russian Floras such as
Flora Siberia and Plants of Central Asia. A
typical bracketed key is illustrated below:

1. Fruit achene............coocoeviiiiiiins v, 2
1. Fruit follicle ..........ccovreiiiiiiiininiiinnneens 5
2. Calyx differentiated from corolla .......... 3
2. Calyx not differentiated from corolla .... 4
3. Petal with basal nectary ... 1. Ranunculus
3. Petal without basal nectary .....2. Adonis
4. Plants woody ..........ccceuneennnennn. 4. Clematis
4. Plants herbaceous............... . 3. Anemone
5. Spur present .........oeveeiiiiiiiiiiniiieineennens 6
5. Spur absent.........cc..cceeenieiniannenn. 5. Caltha
6. Number of spurs 1 ............. 6. Delphinium
6. Number of spurs 5................ 7. Aquilegia

Retention of positive features of the Par-
allel key and visual groups of the Yoked key
is achieved in the Serial key.

3. Serial or numbered key: Such a key
has been used for the identification of ani-
mals and also adopted in some botanical
works. This key retains the arrangement of
Yoked key, but with no indentation so that
distance from the margin remains the
same. The location of alternate leads is
made possible by serial numbering of cou-
plets (or leads when separated) and indicat-
ing the serial number of the alternate lead
within parentheses. A serial key for the taxa
in question would appear as under:

. (6) Fruit achene.

. (4) Calyx differentiated from corolla.

. Petal with basal nectary. .. 1. Ranunculus
. Petal without basal nectary... ... 2. Adonis
(2) Calyx not differentiated from corolla.
.Plants woody ...........ccooceuiiinnns 4. Clematis
Plants herbaceous.............. 3. Anemone
. (1) Fruit follicle.

. (9) Spur present.

. Number of spurs 1 ............. 6. Delphinium

O N® U A W W N

8. Number of spurs 5................. 7. Aquilegia
9. (7) Spur absent ........cc..ccueeennnee. 5. Caltha

Such a key retains the visual groups of
statements and taxa, alternate leads, even
though separated, are easily located and the
there is no wastage of page space.

An inherent drawback of dichotomous
keys is that the user has a single fixed
choice of the sequence of characters decided
by the person who constructs the key. In the
said example if information about the fruit
is not available, it is not possible to go be-
yond the first couplet.

Guidelines for dichotomous keys

Certain basic considerations are important
for the construction of dichotomous keys.
These include:

1. The keys should be strictly dichoto-
mous, consisting of couplets with only
two possible choices.

2. The two leads of a couplet should be
mutually exclusive, so that the accept-
ance of one should automatically lead
to the rejection of another.

3. The statements of the leads should not
be overlapping. Thus, the two leads
‘leaves 5-25 cm long’ and ‘leaves 20-40
cm long’ would find it difficult to place
taxa with leaves that are between
20 and 25 cm in length.

4. The two leads of a couplet should start
with the same initial word. In our
example, both leads of the first couplet
start with Fruit’.

5. The leads of two successive couplets
should not start with the same initial
word. In our example the word ‘spur’
appears in two successive couplets and
as such in the second one the language
has been changed to start with
‘Number’. If such a change were not
possible it would be convenient to pre-
fix the second couplet with ‘The’. Thus,
the other alternative for the second
couplet would have the two leads worded
as The spur 1’ and ‘The spurs 5.

6. For identification of trees, two keys
should be constructed based on
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vegetative and reproductive charac-
ters separately. As trees commonly
have leaves throughout the major part
of the year, and flowers appear briefly
when in many trees leaves are not yet
developed, such separate keys are
essential for identification round the
year.

7. Avoid usage of vague statements.
Statements such as ‘Flowers large’ vs.
‘Flowers small’ may often be confus-
ing during actual identification.

8. An initial couplet should be selected
in such a way that it divides the group
into more or less equal halves, and the
character is easily available for study.
Such a selection would make the
process of exclusion faster, whichever
lead is selected.

9. For dioecious plants, it is important
to have two keys based on male and
female flowers separately.

10. The leads should be prefixed by num-
bers or letters. This makes location
of leads easier. If left blank, the loca-
tion of leads is very difficult, especially
in longer keys.

The keys described above have a single
character included in a couplet, with two
contrasting statements about the character
in the two leads. Such keys are known as
monothetic sequential keys. The common-
est forms of keys used in floras, however,
have at least some couplets (Fig 5.15) with
several statements about the different char-
acters in each lead. These keys are known
as polythetic sequential keys. Such
polythetic keys, also known as synoptic keys
are especially useful for constructing keys
for higher categories. Such keys have three
basic advantages over the monothetic keys:

1. One or more characters may be
unobservable due to damage or non-
occurrence of requisite stage in the
specimen. In such cases, a monothetic
key becomes useless.

2. User can make a mistake in deciding
about a single character. This error
gets minimized if more than one
character is used.

3. The single character used in the cou-
plet may be exceptional. Such likeli-
hood is not possible when more than
one character is used.

Multi-Access Keys (Polyclaves)

Such multientry order-free keys are user-
oriented. Many choices of the sequence of
characters are available. Eventually, it is the
user who decides the sequence in which to
use the characters, and even if the infor-
mation about a few characters is not avail-
able, the user can go ahead with identifica-
tion. Interestingly, identification may often
be achieved without having to use all the
characters available to the user. Such iden-
tification methods often make use of cards.
Two basic types of cards are in use:

Body-punched cards

These cards are also named window cards
or peek-a-boo cards, and make use of cards
with appropriate holes in the body of the card
(Figure 5.16). The process involves using one
card for one attribute (character-state). In
our example we shall need 11 cards (we have
chosen only diagnostic characters above,
whereas our list in polyclaves could include
more characters, and thus more cards to
make it more flexible).

It should be noted that we selected 12 leads
and 6 couplets, with 4 leads for spur. Now we
shall need only three actual attributes: ‘spur
absent’, ‘spur 1’ and ‘spurs 5. Numbers are
printed on the cards corresponding to the
taxa for which the identification key is
meant. In our example, we use only 7 of these
numbers corresponding to our 7 genera. On
each card, holes are punched corresponding
to the taxa in which that attribute is present.

In our example card ‘Habit woody’ will have
only one hole at number 4 (genus Clematis),
and the card ‘Habit herbaceous’ will have
holes at 1,2,3,5,6,7 (all seven except num-
ber 4). Once the holes are punched at appro-
priate positions in all the cards, we are ready
for identification. The user studies the un-
known plant and makes a list of characters,
according to the sequence he wishes and the
characters that are available to him.
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4

Plants Herbaceons

o O O ¢+ O

11 12 13 14 15

21 22 23 24 25
31 32 33 34 35
41 42 43 44 45

O O 8 9 10

16 17 18 19 20
26 27 28 29 30
36 37 38 39 40
46 47 48 49 50

Figure 5.16 A body-punched card for herbaceous habit for the seven representative genera of
Ranunculaceae: 1- Ranunculus, 2- Adonis, 3- Anemone, 4- Clematis, 5- Caltha,
6- Delphinium, 7- Aquilegia. Note the diagonal trim on upper left corner of card for

proper alignment of cards.

The user starts the identification process
by picking up the first card concerning the
first attribute in his list of attributes of the
unknown plant. He next picks up the sec-
ond card concerning the second attribute
from his list and places it over the first card.
This will close some holes of the first card
and some of the second card. Only those
holes will remain open which correspond
to the taxa, which contain both the at-
tributes. The third card is subsequently
placed over the first two and the process is
repeated with additional cards until finally
only one hole is visible through the pack of
selected cards. The taxon to which this hole
corresponds is the identification of the un-
known plant.

Edge-punched cards

An edge-punched card differs from the body
punched card in that there is one card for
each taxon and holes are punched all along
the edge of the card, one for each attribute.
In our example here, we shall need seven
cards, one for each genus. These holes are
normally closed along the edge (Figure 5.17).
For each attribute, present in the taxon the

hole is clipped out to form an open notch in-
stead of a circular hole along the edge.

For actual identification, all the cards are
held together as a pack. A needle is inserted
in the hole corresponding to the first at-
tribute of the unknown plant. As this needle
is lifted up the taxa containing this attribute
would fall down, and those lacking that at-
tribute would remain in the pack lifted by
the needle. The latter are rejected. The
cards falling down are again arranged in a
pack, the needle inserted in the hole corre-
sponding to the next attribute of the un-
known plant. The process is repeated until
finally a single card falls down. The taxon,
which this card represents, is the identifi-
cation of the unknown plant.

Note that we may not have to explore all
attributes of the unknown plant; identifica-
tion may be achieved much before we have
reached the end of the list of attributes of
the unknown plant.

Tabular keys

Tabular keys are essentially similar to the
polyclaves in the sense that they can take
care of exhaustive lists of attributes and are
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Figure 5.17 Edge-punched card for genus Ranunculus. Only the attributes represented in the
example above are pictured. Many more attributes could be added along the vacant
holes to make the identification process more versatile.

easier to use. The data are incorporated,
however, not on cards but in tables with taxa
along the rows and attributes along the col-
umns. The attributes represented in each
taxon are pictured with the help of appropri-
ate symbols or drawings (Figure 5.18). The
attributes not represented in a taxon show
a blank space in the column. Thus the table
will have as many rows as taxa and as many
columns as the number of attributes for
which information is available.

The identification process begins with a
strip of paper whose width is equal to each
row and vertical lines separated by the width
of the columns. The attributes present in
the unknown plant are pictured on this strip
of paper. The strip of paper is next placed
towards the top of the table and slowly low-
ered and compared with each row. The row
with which the entries match represents the
identification of the unknown plant.

Taxonomic formulae

A taxonomic formula is really an alphabetic
formula based on a specific combination of
alphabets. The various attributes in this
method are coded with alphabets. Each taxon
thus gets a unique alphabetic formula. These

formulae are arranged in alphabetic order
in the same manner as words in a dictio-
nary. Based on the attributes of the
unknown plant, its taxonomic formula is
constructed. The next step is as simple as
locating a word in the dictionary. The
formula is located in the alphabetic list and
its identification read against the formula.

The above example of Ranunculaceae
could be extended here by assigning alpha-
bets to the attributes: A: Woody; B: Herba-
ceous; C: Achene; D: Follicle; E: Spur absent;
F: Spur 1; G: Spurs 5; H: Calyx differentiated
from corolla; I: Calyx not differentiated from
corolla, only perianth present; J: Nectary
present; K: Nectary absent.

The seven representative genera would
thus have the formulae as given below:

ACEIK ............cevvnennnnen Clematis
BCEHJ ..........ccevvnennene. Ranunculus
BCEHK ............c.ccvvnnen. Adonis
BCEIK ............ccenenenne. Anemone
BDEIK ........c.ccocvvenennee. Caltha
BDFIJ .........cccccenvnneee Delphinium
BDGIK ...........ccevennneen. Aquilegia

Such formulae are really useful in the
identification process and have been incor-
porated in the written version of the multi-
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Figure 5.18 Tabular key for the identification of representative genera of family Ranunculaceae.
Only selected attributes as in the above example are pictured. More attributes could
be added in additional columns to make the identification process more versatile.

access key to the Genera of Apiaceae in the
Flora of Turkey (Hedge and Lamond, 1972).

Computers in Identification

Over the years, computers have been in-
creasingly used in data collection, process-
ing and integration. They have also found
use in a big way in scanning and identify-
ing human ailments, which has greatly
helped health management programmes.
Computers have also found use in plant iden-
tification, whereby we no longer need
trained botanists for this task. The follow-
ing main approaches are used in computer
identification:

Computer-Stored Keys

Dichotomous keys are constructed in the
usual manner, fed into a computer and run
using an appropriate program, which may
be appropriately designed for step-wise pro-
cessing of the key through a dialogue be-

tween the user and the computer. The com-
puter program starts with the first couplet
of the key, enquires about the attribute in
the unknown plant and on the information
provided, and handles the key asking rel-
evant questions until finally the actual iden-
tification is achieved.

Computer-Constructed Keys

Appropriate programs may be developed
which can construct a taxonomic key based
on the taxonomic information about the taxa,
in the same way and based on the same logic
which is used by man to construct keys
manually. Such keys permanently stored in
a computer can be handled as above for the
step-wise process of identification.

Simultaneous Character-set

Identification

Taxonomic keys are an aid to rapid identifi-
cation and always provide only a provisional
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identification, confirmation being achieved
only after comparison with a detailed descrip-
tion of the specific taxon. This comparison
with the detailed description is not done in
the first place, as comparing the description
of the unknown plant with the description of
all taxa of the group or the area would be la-
borious, time consuming and often impos-
sible. Such a comparison can be achieved
through a computer in a matter of seconds.
With such an approach, the whole set of char-
acters of the unknown plant may be fed into
the computer simultaneously, and a com-
puter program used to compare the descrip-
tion with the specific group and to suggest
the taxon with which the description
matches. In case complete information is not
available, the computer program may be able
to suggest possible alternate identifications.

Automated Pattern Recogni-
tion Methods

Computer technology has now developed to
the extent that fully-automated identifica-
tion can be achieved. The computer fitted
with optical scanners can observe and record
features, compare the same with those al-
ready known and make important conclu-
sions. Programs and techniques are already
available for human diagnosis, including
chemical spectra and photomicrographs of
chromosomes, abnormality in human tis-
sues and even in vegetation and agricultural
surveys.

Interactive Keys

Last two decades have seen the development
of sophisticated computer based programs
designed to collect, integrate and use it for
organising descriptions and associated taxon
data and also help in the identification of
taxa through user friendly interfaces. Some
of the Major ones are briefly described here.

DELTA System

The DELTA System is an integrated set of
programs based on the DELTA format

(DEscription Language for TAxonomy),
which is a flexible and powerful method of
recording taxonomic descriptions for pro-
cessing by a computer. DELTA, a shareware
program, has been adopted as a standard for
data exchange by the International Taxo-
nomic Databases Working Group. It enables
the generation and typesetting of descrip-
tions and conventional keys, conversion of
DELTA data for use by classification pro-
grams, and the construction of Intkey pack-
ages for interactive identification and infor-
mation retrieval. The System developed in
the Natural Resources and Biodiversity Pro-
gram of the CSIRO (Commonwealth Scien-
tific and Industrial Research Organisation,
Australia) Division of Entomology over a pe-
riod of 20 years M.J. Dallwitz, T.A. Paine and
E.J. Zurcher, is in use world-wide for diverse
kinds of organisms, including fungi, plants,
and wood. The programs are continually re-
fined and enhanced in response to feedback
from users.

The DELTA program Key generates con-
ventional identification keys. Characters
are selected by the program for inclusion in
the key based on how well the characters
divide the remaining taxa. This information
is then balanced against subjectively deter-
mined weights, which specify the ease of use
and reliability of the characters.

DELTA data can be readily converted to
the forms required by programs for phyloge-
netic analysis, e.g. Paup, Hennig86 and
MacClade. The characters and taxa for these
analyses can be selected from the full
dataset. Numeric characters are converted
into multistate characters, as numeric char-
acters cannot be handled by these programs.
Printed descriptions can be generated to fa-
cilitate checking of the data.

Setting up a simple Delta identifi-

cation: Although the DELTA system has
capabilities of setting up of strong and so-
phisticated identification procedures, a
simple one can be built with basic knowl-
edge in computers. The first step in the pro-
cess is to create a new data set (the exist-
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Figure 5.19 Identification window of the Intkey (version 5) for the seven genera of Ranunculaceae.
Selection of character state herbaceous (shown in the panel of used characters)
leads to the rejection of one taxon (Clematis, which has woody habit) shown in the
panel of eliminated taxa. Selection further character states of the known plant would
eliminate further taxa till only one identified taxon remains.

ing one can also be used, some even down-
loaded from the internet). Create a new folder
under Delta directory and give it an appro-
priate name. Open Delta Editor and click
New Dataset from menu. This will open
Attribute editor with 4 panels. A click in the
upper left panel will open Item editor for the
first taxon. Enter its name (images, com-
ments and change of settings can be added
later on) and click Done to come back to the
Attribute editor (else add image, sound,
change settings and then click done). Now
click in the upper right panel will open
Jcharacter editor. Give appropriate name or

description to the character. Select the char-
acter type from the list of Unordered
multistate (Say for flower colour with char-
acter states yellow, red, white, etc.;
multistate includes binary characters also
such as woody and herbaceous habit), Or-
dered multistate (height range such as
1-10 cm, 11-20 cm, 21-30 cm, etc.; similarly
two states with plants up to 20 cm tall and
more than 20 cm tall), Integer numeric (say
leaves per node), Real numeric (seed size
say 2.4 cm) or text information (say about
habitats). If Multistate character has been
selected (ordered or unordered), click states
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tab (if not already done), enter first Charac-
ter state in the lower right panel, it will
automatically be defined in the left panel.
Now click below this entry in the left panel
and enter second Character state in the
right panel. Repeat this till all states (pos-
sible in the other taxa included in the iden-
tification process, but yet to be entered) have
been entered. Next select character Num-
ber 2, give it a name, and select type. If the
numeric (real or integer) has been selected,
states tab won’t appear. You will select the
unit (cm, mm, leaves per node). For text char-
acter, add appropriate notes in the notes tab.
After all the characters have been selected,
click Done to go back to the Attribute editor.

Now click in the left upper panel to add
the second taxon and repeat this till all the
taxa have been added. The Attribute editor
will now show a list of taxa in the upper left
panel and the characters (identified as high-
lighted U-unordered multistate, O-ordered
multistate, I-integer numeric, R-real
numeric and T-text) in the upper right panel.
Any character missing from the list can be
added and appropriately defined. Now select
taxa one by one. For each taxon, enter (verify)
the state in the right panel after expanding
the character icon (+ not expanded, — ex-
panded) till information for all the taxa has
been entered. Save the dataset under the
folder already created in the beginning. You
can open the dataset now to add any images,
comments or change settings if desired. The
identification program needs a large
number of files in the folder created for a
particular dataset. The following procedure
will create these files automatically.

Open Dataset in the Delta editor and click
File-->Export directive. Delta Files to export
dialogue box appears. Click OK, subse-
quently Done and then Close (if necessary
from X on top). Open Delta editor (if closed).
Click view-->Action sets. Print character list
appears. See that the Confor Tab is active.
Select ‘Print character list-RTF’. Click Run.
In the next dialogue Box click Yes. Go to Ac-
tion sets again, select ‘Translate into Natu-
ral Language-RTF-Single file for all taxa’ and
click Run, subsequently click Yes. Go to

Action sets again, select ‘Translate into Key
Format’ and click Run and proceed similarly.
Now open Action sets again, change Tab from
Confor to Key, select ‘Confirmatory charac-
ter RTF’ and click Run. In the Action sets
again now change the Tab back to Confor,
select ‘Translate into Intkey format’ and
click Run. Go to the Action sets for the last
time, change to Intkey Tab, select ‘Intkey
initializing File’ and click Run. The process
will complete and Intkey program window
will open (don't forget to add dataset to the
Intkey Index when prompted when you close
Intkey program; or else add dataset when you
open Intkey program window next time) with
four panes with the list of characters in the
upper left pane and the list of taxa in the
upper right pane, both lower panes being
empty.

Using Intkey program window, one can
identify an unknown plant from this group
of taxa by reading the first character in the
unknown plant, clicking the appropriate
character in the left upper pane and
clicking or entering the right choice of the
character state when prompted. This will
eliminate and show certain taxa in the lower
right pane and the used character in the
lower left pane (Figure 5.19). As you use more
and more characters, some more taxa will
be rejected and the process will end when a
single identified taxon is remains in the
upper right pane. You can click i (informa-
tion) icon to view image (if added) or read
full description of taxon.

Intkey can also be used to access Delta
data and images over the internet. For this
data files (such as iitems, ichars), intkey.ini,
contents.ind (together with rtf files), and
image files (optional) are put in a zip file (or
self extracting zip file) and uploaded to the
website along with startup file (*.ink; which
contains the information and the path of
uploaded files of the project), intkey.ini,
imagePath (optional) and InfoPath(optional).
A data-set index file or link in WWW page
must point to the special startup file (*.ink;
not intkey.ini or intkey.ink). The startup file
tells Intkey where the data set and its asso-
ciated images are found on the website.
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When a person using an internet browser
clicks on a link to an intkey startup file, the
browser activates Intkey and passes it a copy
of startup file. Intkey itself then retrieves
the actual data set from the web, extracts
its contents, and begins identification. For
this web applicability, however, Intkey has
to be installed on both Web server and each
each client PC, and an association of files
has to be developed by the manager of Web
server, where the project files are located.
Intkey based web applications are avail-
able for several families and Genera from
Flora of China, Families of the World (Watson
and Dallwitz), Grass Genera of the World
(Watson and Dallwitz), Grass Species of the
World (RBG, Kew), Tree and Shrub Genera of
Borneo (J.K. Jarvie & Ermayanti), indentifica-
tion facility for the vascular flora of Western
Australia, and is available in FloraBase. Ad-
ditionally, interactive keys (using Intkey) to
the families and genera of flowering plants
in Western Australia are soon to be added
to FloraBase, with specialist keys for cer-
tain significant genera also well advanced.

NaviKey

Navikey is a simple Java based interactive
identification key, a free program, which
works on Delta flat files (chars, items and
specs- present in your folder if you have de-
veloped a database ready for identification
through Intkey, as detailed in preceding
paragraphs). NaviKey v. 4 is developed in the
frame of BIOTa Africa project (An Interna-
tional Research Network on biodiversity,
sustainable use and conservation) by Dieter
Neubacher and Gerhard Rambold (University
of Bayreuth, Germany), based on an earlier
version (NaviKey v. 2.3 by Michael Bartley
and Noel Cross, Harvard University Her-
barium, Boston, USA). The program can be
downloaded from www.NaviKey.net and can
be used both as stand alone application or
as web application. After downloading the
and unzipping the the file, the folder will have
a number of files on your computer. Simply
add the three flat files of your project to this
folder. For using it as stand alone applica-
tion simply click NaviKey .jar, and it will open

up the identification window with four
panels, like Intkey. Character panel is
upper left window, but right upper panel
shows character states, lower right panel the
the matching items panel showing match-
ing or remaining taxa (click any taxon to get
its full description) and the lower left panel
the query criteria panel: display of previous
(used) character state selections. NaviKey
also allows checkbox matching options to: a)
Restrict view on used characters and
character states of remaining items. b) Re-
tain items unrecorded for the selected char-
acters. c¢) Retain items matching at least
one selected state of resp. characters. d) Use
extreme interval validation, and e) Use
overlapping interval validation.NaviKey does
not display the list of excluded taxa but the
total number of taxa and number remain-
ing are displayed.

The use of software as web application is
very convenient. Just fill in the title and
subtitle of the project being developed in
NaviKeyAppletWebpageTemplate.html using
html editor (say Frontpage), upload the whole
folder to your website, and provide a link to
NaviKey.html page. As this page opens, the
java application gets loaded and the program
is ready for interactive identification.

NaviKey identifications are available for
several families and genera of Flora of China
and genus Arisaema (Guy Gusman & Eric
Gouda) and Flowering Plant Families of
Jamaica (Gerald Guala & Jimi Sadle)

Lucid Systems

Lucid software (Lucid3) is a commercial
powerful and widely acclaimed Lucid
Professional identification and diagnostic
software developed by Centre for Biological
Information Technology, The University of
Queensland, Brisbane Australia. The Lucid3
system comprises a Builder and Player for
creating and deploying effective and power-
ful identification and diagnostic keys. It
allows creation of interactive, random-ac-
cess keys that can be deployed over the World
Wide Web or CD.

The key when used for the identification
of an unknown specimen progressively
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eliminates entities that do not match the
chosen features until only one or a few pos-
sible entities remain. Further information
and images can be accessed to confirm the
identification.

The basic elements of a Lucid3 key are: a
list of entities; a list of features and states
that may be used to describe those entities;
a matrix of score data for the features asso-
ciated with each of the entities for the fea-
tures; and various attachments ( images,
web pages etc) for the entities and features,
to provide extra information to users.

The Lucid3 Builder provides all the tools
necessary to create the entity and feature
lists, encode the score data, and attach in-
formation files to items. The package in ad-
dition includes Lucid Phoenix, a computer
based dichotomous or pathway key Builder
and Player that enables traditional paper
based identification keys to be published on
the Internet or CD. Phoenix keys are inter-
active, can be enhanced with multimedia,
and delivered across the Internet seamlessly.
Additional Fact Sheet Fusion software is a
tool to facilitate the rapid generation of
standardised fact sheets in HTML (Hyper
Text Markup Language) or XML (eXtensible
Markup Language).

XID (Expert Identification
Systems)

XID Services Inc. produces commercial soft-
ware with emphasis on biological sciences,
and is one of the leading providers of expert
identification systems for major universi-
ties and botanical gardens in United States.
XID offers two identification packages:
Pankey, a DOS bassed identification pro-
gram, and XID Authoring Systems, Windows
based databases and Program for Identifica-
tion. The XID Authoring System allows au-
thors to create their own “smart key” or ran-
dom access expert system for the identifi-
cation of plants, animals, or any other ob-
ject. The elegant simplicity of the XID Sys-
tem makes it extremely user friendly, and
is as useful for school teacher as for the pro-
fessional scientist.

XID System allows the user to randomly
select characteristics that are consistent
with their specimen and skill level. If the user
cannot decide upon a characteristic, they may
query the program, which will provide a list
of suggestions in order of ease of use, effec-
tiveness, and items remaining.In general,
much more data is included on each item/
species than is necessary to identify it. With
this abundance of data, the user can identify
any of the items/species using the charac-
teristics most obvious and easy to describe.
With each characteristic entered by the user,
the program eliminates all species that do
not have the combination of features entered.

XID also offers 1000 Weeds of North
America CD ROM. This is the most compre-
hensive weed identification reference ever
published in North America. Contains 140
grass-like and 860 broadleaf weeds, features
include Interactive key, color photos of all
species, illustrated glossary of terms, page
number references to over 40 weed refer-
ence books, searchable geographic data,
and State level distribution maps.

ActKey

ActKey is a web based interactive identifi-
cation program developed by Hong Song of
the Missouri Botanical Garden. This Java-
based program uses MySQL as the database
server, and can handle data sets in DELTA,
MS Excel, MS Access and Lucid formats.

ActKey identification is available for the
floras of China, North America, Madagascar,
Borneo, at the Harvard University Herbaria
Editorial Center, and hosted at eFlora
website. Examples include several keys to the
large and medium-sized genera of China (also
in Chinese); the genera of Brassi-caceae of
the world by Ihsan Al-Shehbaz; Salix
(Salicaceae) of North America by George W.
Argus (also in Chinese); angiosperm families
by B. Hansen and K. Rahn (also in Chinese
and Spanish); Trilliaceae (Trillium and Paris)
of the world by Susan B. Farmer, the generic
tree flora of Madagascar by George Schatz,
and the trees & shrubs of Borneo by James
K. Jarvie & Ermayanti, respectively.
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Meka

MEKA (pronounced “mecca”) is an interactive
Multiple-Entry Key Algorithm to enable rapid
identification of biological specimens, now
designed to run under Windows. The program,
distrubuted free, is developed by Christopher
Meacham, Jepson Herbarium, Berkeley, CA.
The user picks character states that are
present in the specimen from a list of possi-
bilities. As the character states are scored
by picking them, MEKA eliminates taxa that
no longer match the list of scored character
states. Different windows display different
aspects of the underlying data base. As the
identification progresses the windows are
updated automatically. An index screen
makes it easy to find and score particular
classes of character states. MEKA does not
lead the user in a fixed stepwise progression
through a series of questions. Instead, the
user can perform identifications by scoring
character states in any order. This makes it
possible to identify specimens that are much
more fragmentary than is possible with di-
chotomous keys. New Windows version in-
cludes a conversion function that can con-
vert any MEKA key to the SLIKS (Stinger’s
Light Weight Interactive Key Software) for-
mat developed by Gerald Guala for Web-based
identification. Thomas J. Rosatti has devel-
oped many Meka keys to California plants,
and Prof. Knud Ib Christensen of the Botanic
Garden of the University of Copenhagen key
to Old World Crataegus.

SLIKS software is a small free Javascript
program developed to facilitate the use of
interactive keys. SLIKS is written in sim-
ple Javascript and runs over the web or lo-
cally on your machine. Users can download
their own copy or use it from your web site.
It runs through the web browser so it is es-
sentially platform independant.

Indentifylt

IdentifyIt is identification software of com-
prehensive commercial Linnaeus II
multifunctional research tool developed by
ETI Biolnformatics, for systematists and
biodiversity researchers. It facilitates

biodiversity documentation and species
identification. Linnaeus II supports the
creation of taxonomic databases, optimizes
the construction of easy-to-use identifica-
tion keys, expedites the display and compari-
son of distribution patterns, and promotes
the use of taxonomic data for biodiversity
studies. There are three 'modules’ of
Linnaeus II: the 'Builder' to manage your
data and to create an information system,
the 'Runtime’' engine to publish completed
information systems on CD-ROM/DVD-ROM,
and the 'Web Publisher' to publish your com-
pleted project as a Web site.

The package offers three identification
modules: Text Key™- an electronic ver-
sion of written dichotomous keys, The Pic-
ture Key™ - similar to the Text Key but
picture- based, and IdentifyIt™, the most
powerful identification tool. It is a multi-
ple-entry key based on a matrix of taxa,
characters, and character states. Unlike
the Species and Higher Taxa, which hold
text descriptions of the taxa, in Identifylt
taxa are described in a more structured
format: as a series of character states.
This allows you to easily obtain answers
to specific questions like, "Which species
are red and/or white".

In addition to these interactive Keys Il-
lustrations of plants from various parts of
the World as also the illustrations of eco-
nomic plants are put up at various
websites hosted by different institutions,
particularly one supporting Virtual her-
baria and eFloras. These illustrations are
available for help in identification.

A number of electronic lists are main-
tained by listservers. Taxacom is one such
list very active on taxonomic matters,
subscribed to by numerous active taxonomists
all over the world. There is a regular exchange
on matters of taxonomic interest. Any mem-
ber with a problem can seek
opinions from all members simultaneously.
An unknown plant can be identified by
sending its description to the list. Still
better, a photograph or illustration of the
unknown plant can be put up on a website
with information to the members. The mem-
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bers may go to the website, observe the
photograph or illustration and send their com-
ments to the member concerned or the list
itself. Many users are being benefitted
through this web based interaction.

Last few years have seen the spurt of
internet based exchange of information.
Indiantreepix (http://groups.google.co.in/
group/indiantreepix) is Google e-group de-
voted to creating awareness, helping in iden-
tification, discussion and documentation of
Indian Flora. It is one of busiest group con-
sisting of experts from various fields. The
group also aims at compiling a database of
photographs, nomenclature, relevant infor-
mation and local names in different Lan-
guages. The database is building up at rapid
pace, and new taxa are added to the database
after confirmation from several experts.
FlowersOfIndia, another website (http://
www.flowersofindia.net/index.html) devoted
to Indian flowering plants has separate data-
bases with links to photographs arranged
according to botanical names (alphabetic or
sorted family wise) and common names.
Plants of different categories such as Flower-
ing trees, Orchids, Medicinal plants, Garden
Flowers, Bulbous plants, Himalayan Flowers
can be accessed through separate links. New
images are being continuously added after
confirmation by experts. Vascular plant im-
age library (http//botany.csdl. tamu.edu/
FLORA/gallery.htm) was developed originally
with support from Texas Higher Education co-
ordinating Board as a part of Digital Flora of
Texas. Links are provided family wise to the
images of plant species in databases includ-
ing Flowers of India, CalPhotos, Flora of Chile,
Missouri plants, Floral images, Plants of Ha-
waii, Oregon Flora image project, and several
individual image collections. CalPhotos is a
huge databas developed under a project of
BSCIT of University of California, Berkeley,
and contains more than 215,750 images of
plants, animals, fossils, peoples and land-
scapes around the world. Nearly 118,000 im-
ages of plants can be browsed alphabetically
and also searched through easy criteria.

DNA Barcoding

DNA Barcoding is the most recent approach
to fix the identity of different species, to
ultimately facilitate a common database for
living organisms. Consortium for the
Barcode of Life (CBOL) is an international
collaboration of natural history museums,
herbaria, biological repositories, and
biodiversity inventory sites, together with
academic and commercial experts in
genomics, taxonomy, electronics, and
computer science. The mission of CBOL is
to rapidly accelerate compiling of DNA
barcodes of known and newly discovered
plant and animal species, establish a public
library of sequences linked to named
specimens, and promote development of
portable devices for DNA barcoding.

DNA barcoding is a technique for
characterizing species of organisms using
a short DNA sequence from a standard and
agreed-upon position in the genome. DNA
barcode sequences are very short relative
to the entire genome and they can be
obtained reasonably quickly and cheaply.
The cytochrome c oxidase subunit 1
mitochondrial region (COI) is emerging as
the standard barcode region for higher
animals. Because of its slow rate of evolution
in higher plants, however, is not suitable for
barcoding, and after experimenting with
chloroplast plastid trnH-psbA intergeneric
spacer gene, botanists at the Proceedings of
National Academy of Sciences, Cameroon
and Plant Working Group of CBOL in 2009,
have decided to use two genes rbcL and matK
for DNA barcoding of plants. Once the
barcodes of all species of plants are
established, identification of plants may be
possible through a handheld scanner. It may
be useful for detecting illegal plants at check
points, and also make the process of
identification much simpler. However, at
this point, detection of closely related species
may not be possible, and traditional methods
may be used before more refined methods of
DNA barcoding are developed.
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Variation, Biosystematics,
Population Genetics and Evolution

It is now a universally agreed upon fact that
different species are not fixed entities but
systems of populations which exhibit varia-
tion and wherein no two individuals are iden-
tical. This concept of variations was first pro-
posed by Lamarck and further developed by
Darwin, culminating in his famous book Ori-
gin of Species (1859). Systematics is a unique
natural science concerned with the study of
individual, population and taxon relation-
ships for purposes of classification. The study
of plant systematics is based on the premise
that in the tremendous variation in the
plant world, there exist conceptual discrete
units (usually named as species) that can
be recognized, classified, described, and
named, on the further premise that logical
relationships developed through evolution
exist among these units.

The studies on variations, experimental
studies and hybridization studies in light of
genetic information are commonly covered
under the term biosystematics. The term
was first proposed by Camp & Gilly (1943 as
Biosystematy) to delimit natural biotic units
and to apply to these units a system of
nomenclature adequate to the task of con-
veying precise information regarding their
defined limits, relationships, variability and

dynamic structure. Clausen et al. (1945)
regard genetics, cytology, comparative
morphology and ecology as furnishing the
critical data which together, when applied
to the study of organic evolution, make up
biosystematics. These two different
approaches aim at the same problem, the
study of variations.

The study of biosystematics, mainly the
experimental systematics and population
genetics approach the common aim, al-
though the methodology is different. The ex-
perimental systematist usually begins with
classical interpretation of species and works
backwards so as to understand the genetic
mechanisms involved. The population ge-
neticist, on the other hand, begins with raw
population, discarding any classical concept
in mind. He works into a series of group con-
cepts which may or may not be comparable
to the taxonomists concept of species.

TYPES OF VARIATION

The recognition of taxonomic units is based
on the identification of the occurrence and
the degree of discontinuity in variation in
the populations. The variation may be con-
tinuous when the individuals of a popula-



Variation, Biosystematics, Population Genetics and Evolution 129

tion are separable by infinitely small differ-
ences in any of the attributes. In a discon-
tinuous variation, however, there is a dis-
tinct gap between two populations, each
showing its own continuous variation for a
particular attribute. The discontinuity be-
tween the populations primarily results from
isolation in nature. Isolation plays a major
role in establishing and widening the gap
between the populations, allowing evolution
to take its destined course with no distur-
bance. Variation in plants includes three
fundamental types: developmental, environ-
mental and genetic.

Developmental variation

A distinct change in attributes is often found
during different stages of development. Ju-
venile leaves of Eucalyptus, Salix and Populus
are often different from the mature leaves,
and may often cause much confusion, but
may prove equally useful when both types of
leaves are available from a plant. The first
leaves of Phaseolus are opposite and simple,
the later ones alternate and pinnately com-
pound. As the seedling stage is most critical
in a plant’s life, the characters present dur-
ing this period surely have survival value.
Takhtajan proposed a neotenous origin for
angiosperms on the assumption of juvenile
simple leaves of seed ferns having persisted
in the adult forms, which were the direct
progenitors of angiosperms.

Environmental variation

Environmental factors often play major role
in shaping the appearance of a plant.
Heterophylly is the common manifestation
of environmental variation. The submerged
leaves of Ranunculus aquatilis are finely
dissected, whereas the emergent leaves of
the same plant are broadly lobed. The first
submerged leaves of Sium suave are pin-
nately dissected and flaccid; the older
emerged leaves are pinnately compound and
stiff. The individuals of a species often
exhibit phenotypic plasticity, expressing
different phenotypes under different envi-

ronmental conditions. Such populations are
named ecophenes. In Epilobium; the
sun-plants have small, thick leaves, many
hairs and a short stature, whereas the
shade-plants have larger thinner leaves
with fewer hairs and a taller stature.

Genetic variation

Genetic variation may result from mutation
or recombination. Mutation is the occur-
rence of heritable change in the genotype of
an organism that was not inherited from its
ancestors. It is the ultimate source of
variation in a species and replenishes the
supply of genetic variability. A mutation may
be as minute as the substitution of a single
nucleotide pair in the DNA (point mutation),
change in a sequence nucleotides control-
ling gene action (Gene mutation) or as great
as a major change in the chromosome
structure (chromosomal mutation).
Chromosomal mutation may be due to
deletion, inversion, aneuploidy or polyploidy.
Recombination is a reassortment of chromo-
somes, bringing together via meiosis and
fertilization the genetic material from
different parents and producing a new

genotype.
VARIANCE ANALYSIS

Since no two individuals in a population are
similar, there is need for some objective
analysis for useful comparison. It is, how-
ever, often impossible to collect information
about all the individuals of a population, and
as such is reasonable to analyse a repre-
sentative sample. It is essential that this
sample should represent random subset of
the population. The simplest tool is to
calculate the mean or average by adding the
series of values and dividing the total by the
number of values. The formula for calculat-
ing the mean is:

2X;

L

X =

n
where X represents the mean, ¥ summation
of all values of X, X; represents the individual
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Table 6.1 Mean, variance and standard devia-
tion of two samples based to plant
height. The two samples have the
same mean but different variance
and standard deviation, highlighting
the significance of these calcula-
tions.

Height (cm) X - X) (X, - X)?
(X)

Sample Sample Sample Sample Sample Sample
A B A B A B
18 22 18-15=3 22-15=7 9 49
14 10 14-15=-1 10-15=-5 1 25
16 06 16-15=1 06-15=-9 1 81
15 16 15-15=0 16-15=1 0 1
17 12 17-15=2 12-15=-3 4 9
19 19 19-15=4 19_-15=4 16 16
12 11 12-15=-3 11-15=-4 9 16
14 27 14-15=-1 27-15=12 1 144
13 14 13-15=-2 14-15=-1 4 1
16 21 16-15=1 21-15=6 1 36
14 09 14-15=-1 09-15=-6 1 36
12 13 12-15=-3 13-15=-2 9 4

X, =180 180

Mean

X = 15 15

Variance §2 =3 (X, - X)? = 5.09 38

n-1

Standard deviation § = V §? 2.256 6.17

values of an attribute under study and n
represents the number of values. Thus, five
plants of a species with height 15 cm, 12
cm, 10 cm, 22 cm and 16 cm would have a
mean of 15 cm ((15+12+10+22+16)/5). The
extent of variation within a population of a
species is best represented by determining
the variance. It is a measure of the spread
of individual observations around the mean,
i.e. how variable the individuals and their
measurements are. It is defined as the av-
erage squared deviation from the mean. If
various individuals were not far from this
mean the variance would be minimum. On
the other hand, if many individuals were far

removed from mean, the variance would be
higher. The variance may either be calcu-
lated for a population, or a sample from the
population. The variance for a population
may be calculated as:

n —

Y (X, - XY
2 i=1
o' =—

n
To obtain the variance, the difference be-

tween each value of the attribute (X) and the
mean is squared and a sum of these squares
is divided by the number of observation (n).
For calculating sample variance (s?) the sum
of squares is divided by n - 1 instead of n.
The formula for sample variance may be
written as:
(X, - X)?

2 i
S =

I ™M=

n-1

For the calculation of sample variance,
the reason for dividing by n— 1 and not by n,
is related to the degrees of freedom. If we
have a single value we can’t compare it, if
we have two we have one comparison
(2 - 1), if we have three values we have two
comparisons (3 - 1), and if there are n
values, n— 1 comparisons are possible. While
calculating population variance, with large
number of values , the difference of one
would be irrelevant, and as such the sum is
divided directly by n. Two samples may have
the same mean, but different variance (Table
6.1). The square root of variance is repre-
sented by standard deviation. Latter is
often preferred over the variance because it
shares the same units as the original mea-
surements, whereas the variance is in the
units squared. The reason for first squaring
the values and then determining the square
root, is to obtain the real picture of
variation. If simple difference of each value
and mean is summed, the negative values
(measurements lower than the mean) may
get cancelled by positive values (measure-
ments higher than the mean), and the
result would be zero, and thus meaningless.
The squaring converts all values to plus and
thus a real diversion from the mean on
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either side is taken into account. We may
thus determine the standard deviation of a

population as:
o’ =\o?

and that for a sample as:

For our sample data, the sample variance
would be [(15-15)2 + (12-15)2 + (10-15) +
(22-15)% + (16-15)%]/4 = 21 and the sample
standard deviation

J21 = 4.5825

The determination of sample size from a
population is crucial for the calculation of
variance and standard deviation. Sample
size n can be computed from magnitude of
standard deviation (this can be estimated
from the smallest and the largest value of
an attribute (say smallest 5, largest 45,
mean 25, deviation 20), level of confidence
desired (z, say 0.95%) and maximum width
of units from true value (d, say 5):

z? &%
= 2

For the above parameters the adequate
sample size is (0.95 x 0.95) = 0.902 x (20 x
20) = 360.8/(5 x 5) = 14.4. Thus 15 would be
ideal sample size with these parameters.

The analysis of variance data is often com-
plicated, especially where more than one
factors are responsible for variation. The
technique of Analysis of variance (ANOVA)
developed by Sir Ronald Fisher (1930) is com-
monly used for dividing the variance into
components. It is a powerful statistical pro-
cedure for determining whether the differ-
ences from the mean are significant, i.e.
larger than expected by chance. Thus for
example, if probability value of less than
0.002 (There is less than one per cent
chance than variation obtained is due to
chance) is obtained through variance analy-
sis, the results are due to factors others than
chance. The analysis involves partitioning
the variance and comparing the role of vari-
ous factors (environmental, genetical, etc.).

This is significant in economical plants
where it is important to determine whether
the attributes are related to environmental
variations or genotype. If former is true, it
is advisable to improve cultural practices, if
it is related to genotype, selective breeding
would be the answer.

REPRODUCTIVE SYSTEMS

The diverse mechanisms of reproduction in
seed plants can be classified under four
major categories. Allogamy involves cross-
fertilization between closely related indi-
viduals growing at a suitable distance from
each other, and results in the formation of
hybrids. Cross-fertilization promotes het-
erozygosity, resulting in considerable varia-
tion and diversity in individuals. Autogamy
involves self-fertilization, resulting in inbred
offsprings. It promotes homozygosity, yield-
ing uniform populations. Agamospermy in-
volves production of seeds resulting from the
development of embryos from maternal tis-
sue without fertilization. Finally, the repro-
duction may result from vegetative propa-
gation of somatic regions such as shoot seg-
ments, bulbs, rhizomes, corms and other veg-
etative structures. Both allogamy and auto-
gamy are examples of sexual reproduction,
involving meiosis and fertilization. The last
two, circumvent sexual reproduction and
multiplication occurs through asexual re-
production, and are often termed apomixis.
The products of asexual reproduction are
known as ramets, where as products of
sexual reproduction, which show genetic
variation as genets.

Outbreeding

Outbreeding, as mentioned earlier is largely
responsible for genetic and phenetic diver-
sity in populations. It is also known as out-
crossing, allogamy or xenogamy. It enables
plants to adapt to wide range of environmen-
tal conditions, and increases likelihood of
survival and evolutionary change. A variety
of mechanisms promote outbreeding. These
are briefly described below:
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1. Dioecy: The phenomenon involves the

occurrence of unisexual flowers, with
male and female flowers in different
individuals. Some variations of this
are also encountered as for example,
some individuals having male flowers
others bisexual flowers (androdioecy),
some individuals having female flow-
ers others bisexual flowers
(gynodioecy), or some individuals
having male flowers others female and
still others bisexual flowers (trioecy).
Dichogamy: The situation reflects the
maturation of male and female floral
parts at different times. In some mem-
bers of Apiaceae and Asteraceae, pol-
len grains mature and are released
before gynoecium is mature and re-
ceptive, the phenomenon known as
protandry. In others, like members of
Chenopodiaceae, the gynoecium is
mature and receptive before the pol-
len maturation and release, a feature
known as protogyny.

Herkogamy: It results from physical
separation and stamens and carpels.
This could be achieved by heterostyly,
differences in the length of stamens
and carpels. In the phenomenon
known as distyly some flowers have
short style and longer stamens (thrum
flowers), whereas others have long
style and short stamens (Pin flowers).
In a rarer situation known as trisyly,
three types of stamen and carpel
lengths occur. In other cases the style
is curved away from stamens, either
towards right (right-handed flowers) or
left (left-handed flowers), the situation
known as enanciostyly. In some gen-
era like Mimulus, the stigmas close
after being touched by a pollinator,
thus preventing pollination from
same flower (movement herlkcogamy). In
others like Kalmia, the pollinator trig-
gers the movement of one or more sta-
mens, dusting insect with pollen (trig-
ger herkogamy).
Self-incompatibility: The phenom-
enon refers to the prevention of ferti-

lization between the gametes derived
from the same flower. Gametophytic
self-incompatibility results from
genetic composition of male gameto-
phyte, and sporophytic self-incompat-
ibility by genetic composition of
sporophytic tissue such as style and
stigma.

Hybridization

Although occurrence of breeding barriers is
dominant criterion for distinction between
the species, several cases of interspecific
hybridization have been reported. Based on
the studies of the Flora British Isles, Stace
(1989) concluded that there are approxi-
mately 70, 000 different naturally occurring
interspecific hybrids, accounting for more
than one fourth of the total number of
species of seed plants on this planet.
Natural hybridization is common in Salix,
Helianthus, Quercus, Senecio and Tragopogon.
It is more common in perennials as
compared to annuals.

Hybridization between different species
usually results in sterile offsprings, due to
failure of pairing at meiosis, but in several
genera like Senecio and Tragopogon, inter-
specific hybridization is often followed by
chromosomal duplication, the resulting poly-
ploid (Allopolyploid; Amphiploid) genera-
tion is sexually stable due to normal meio-
sis of paired genomes. Many such polyploid
species with distinct characters have been
reported in these genera.

Occurrence of intergeneric hybrids is
much rarer, and there may be less than 300
naturally intergeneric hybrids world-wide.
Such hybrids are reported mostly in Poaceae
and Orchidaceae, although in the latter fam-
ily there are many artificially synthesized
intergeneric hybrids, often involving five
different genera.

Introgressive hybridization

The process of introgressive hybridization,
also known as introgression involves the
gradual infiltration of one species into that
of another, and commonly involves species
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with some degree of reproductive isolation.
The phenomenon involves three steps: the
formation of F1 hybrids, their backcrossing
with one or another parental species, and
natural selection of certain favourable re-
combinant types. The hybrids generally pro-
duce a lot of variability through backcross-
ing and Fg segregation, and may produce hy-
brid swarms., occupying a variety of habi-
tats. Backcrossing with parental species fre-
quently results in reversion of hybrid off-
springs towards parental types. Backcross-
ing may also result in movement of genes
from one species to another via the hybrids
and backcrosses. Introgression may lead to
three diverse consequences. In some cases,
as Gilia capitata, it may lead to merging of
species. The species has eight geographi-
cal races, of which three are believed to have
been distinct in Pliocene. Subsequent gene
flow led to intergrading races, and as such
they are included under single species. In-
trogression may also transfer genetic ma-
terial from one species to another without
merging them. Introgressants, which get
stabilized, may lead to the formation of new
species.

Two types of introgression are commonly
recognized. Sympatric introgression com-
monly occurs between species occurring in
the same general geographical area, but
occupying different habitats. In California
the introduced Helianthus annuus has
introgressed with native serpentine species
H. bolanderi, and the vigorous weedy vari-
ant of latter has spread into irrigated areas.
Such introgression usually results in the
wider spread of one species as compared to
another. In England, for example Silene alba
is spreading in weedy areas, whereas S.
dioica, a woodland species is contracting. In
Scotland, on the other hand, the more hu-
mid climate allows S. dioica to flourish out-
side woodlands, on hedgebanks and cliff
ledges.

Allopatric introgression occurs
between species which are now fully
allopatric, but had contact in the past. Such
species are centered in different areas but

share intermediate area largely occupied by
products of hybridization. Juniperus
virginiana, a mesophytic tree of eastern North
America has shown introgression of bushy
xerophyte J. ashei from dolomitic outcrops
in Texas and Okhlahoma. Throughout the
intermediate area are seen plants with
partial recombination of characters between
the two well differentiated species.

It must be mentioned that the process of
introgression may lead to the development
of variants with no taxonomic status, their
recognition as ecotypes, subspecies, or if the
intermediate species is sufficiently distinct,
recognition as distinct species.

Recognition of Hybrids
The identification of hybrid nature of an off-

spring is possible through the use of some
important criteria.

Phenetic intermediacy: Hybrids tend
to have phenetic intermediacy between the
putative parents. It is easier to recognize
morphological characters, which can be plot-
ted on a scatter diagram (Figure 6.1). Hybrids
can also detected by calculating hybrid in-
dex. A list of characters by which the two
species differ is prepared. Each character-
state of one species is assigned zero score,
whereas each contrasting character-state of
another species given a score of 2. The
hybrid index of each species is calculated by
summing up the score. Thus one species will
have hybrid index of 0, and another species
2n (n refers to the number of characters by
which two species differ).

Reduced fertility: Hybrids between dif-
ferent species commonly tend to have re-
duced fertility, some being totally sterile.
The degree of sterility is reflected upon the
degree of heterozygosity between genomes
of parental species. A hybrid which perishes
at zygote stage would represent maximum
heterozygosity, whereas a hybrid which
manages to produce viable seeds, although
less vigorous than either parents, would
depict least heterozygosity between parents.
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Figure 6.1 Scatter diagram of populations of
presumed parental species (A and
B) and hybrid population. Latter
shows structural intermediacy.
More characters can be added and
depicted by appropriate symbols.

Fo segregation: Although F; hybrids may
tend to be normal, the next (F9) generation
might show a lot of variability, exhibiting the
segregation of parental characters. There
may thus be reappearance of parental forms,
as also many new recombinations of paren-
tal characters.

Distributional area: The hybrids be-
tween two species can also be verified by
studying their distribution. In case of paren-
tal species occupying the same area, the
hybrid populations would commonly be lo-
cated in the same area. In case of species
occupying different but adjacent areas, hy-
brids would commonly be located in the con-
tact area, or transitional area between the
parental species.

Artificial synthesis: Hybrids can often
be created artificially through breeding tech-
niques. The comparison of these artificial
hybrids with suspected natural hybrids can
help in confirming their identity.

Stabilization of hybrids

Hybrids generally tend to obscure distinction
between parental species, due to interme-
diacy, segregation and consequent charac-
ter combinations. The hybrids, however,
often establish themselves as distinct taxa
through a number of methods. Commonest
of these is bypass sexual processes and
perpetuate by asexually means such as veg-
etative propagation and agamospermy.
The hybrid may similarly become estab-
lished sexually by hybridization followed by
duplication of chromosomes (Amphiploidy),
a phenomenon common in several genera,
such as Senecio and Tragopogon. The hybrids
may also establish through translocation
heterozygosity, wherein multivalent rings
of chromosomes are formed at meiosis, as
seen in Oenothera. In other cases unbal-
anced polyploidy, wherein female parents
contributes greater number of chromosome
sets, as compared to male parent. In genus
Rosa, for example hybrids are often estab-
lished because female parent contributes
four sets of chromosomes, and male parent
only one set.

In some genera such as Quercus, there is
frequent hybridization between closely
related species, resulting in the production
hybrid swarms. Such sets of hybridizing
species constitute a syngameon, or
semispecies.

Outbreeders with internal
barriers

Several genera are reported to include spe-
cies or species complexes, which include
races which are not morphologically very
distinct, but are unable to interbreed, owing
to differences in chromosome number or
structure (structural hybridity), in others
the chromosomal differences are not clear
(cryptic structural hybridity). Such inter-
sterile races are often known as semi-cryp-
tic species. Intersterile populations with no
apparent morphological distinction are
known as cryptic or sibling species.
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Inbreeding

Also known as selfing, involves union of ga-
metes from the same plant. It may either
occur within the same flower (autogamy),
or between different flowers of the same
plant (geitonogamy). Although it ensures
reproduction, even when there are fewer
individuals, or pollinators are not available.
It, however, reduced variation in populations
and may even result in accumulation of del-
eterious alleles, a phenomenon known as
inbreeding depression. Inbreeding species
tend to exist as relatively uniform popula-
tions, often differing considerably from one
another, because of absence of gene flow
between them. This commonly results in the
production of pure lines. In several genera
of flowering plants, distinct inbreeding popu-
lations have been recognized as distinct spe-
cies. Although they are mostly interfertile,
but very low level of outbreeding, and very
high level of inbreeding ensures that the
taxa remain distinct. Those taxa with very
minor differences, but reproductively iso-
lated, are known as microspecies, also
called as Jordanons, as they were first rec-
ognized by Jordon (1873). Being the result of
inbreeding, such microspecies are uniparen-
tal in origin. Many microspecies are recog-
nized with Andropogon virginicus species com-
plex, where many inbreed due to cleisto-
gamy. Several authors, however, avoid rec-
ognizing them as distinct species, because
of their great numbers.

Outbreeding and inbreeding are, however,
not isolated mechanisms. Some plants show
both, a phenomenon known as allautogamy.
Species of Viola and Clarkia, for example,
have two types of flowers: normally open
(chasmogamous) flowers which experience
cross-pollination. Others remain closed
(cleistogamous), and are self-pollinated.

Apomixis

The phenomenon of apomixis in a broader
sense includes non-sexual reproduction,
either through vegetative propagation (veg-
etative apomixis) or agamospermy, where

seed formation occurs without sexual
union. Vegetative apomixis is common in
plants where sexual reproduction is not pos-
sible. It is encountered in dioecious species
of Elodea with flowers of only one sex, some
species of Poa where flowers are replaced
by bulbils, and sexually sterile species of Po-
tentilla, Mentha and Circaea, where genetic
reasons don’t permit normal sexual repro-
duction. Agamospermy may be manifested
in a variety of ways. Embryo may be formed
directly from the sporophytic tissue such as
nucellus (adventive embryony), or from
diploid gametophyte where meiosis is by-
passed (gametophytic apomixis), either
archesporial cells (diplospory) or somatic
cells (apospory) developing directly into dip-
loid gametophyte. Embryo may develop from
unreduced egg (parthenogenesis) or from a
somatic cell (apogamy). Gametophytic apo-
mixis occurs in several families such as Ro-
saceae and Asteraceae. Although male par-
ent does not contribute towards embryonic
tissue, nevertheless pollination is neces-
sary because one of the male nucleus has
to fuse with female nucleus to produce en-
dosperm, the phenomenon known as
pseudogamy. Apogamy occurs is prevalent
in ferns.

The populations produced by agamo-
spermy may often show smaller differences,
because any genetic mutation is preserved
in population, and as these are stable
through generations, they are usually rec-
ognized as distinct taxa, often as apomictic
microspecies (agamospecies). Such
microspecies are more stable than those
produced through inbreeding (Jardanons).
Agamospecies with better dispersal mecha-
nisms, as in Taraxacum and Hieracium, are
widely spread, whereas those with poorly de-
veloped dispersal mechanisms as in Ranun-
culus are narrowly distributed.

POPULATION GENETICS

Population genetics deals with the applica-
tion of genetic principles to populations of a
particular species. A population constitutes
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a group of individuals growing in a specific
area and freely interbreeding. A group of
interbreeding individuals who share a
common set of genes constitute a Mende-
lian population. The widely distributed
species often have separate populations in
different geographical regions, known as
subpopulations. Each subpopulation grow-
ing in a particular geographical area
constitutes a local population. The entire
set of genetic information covering all
alleles in a population, forms its gene pool.
The evolutionary process is best understood
by studying the gene pool of Mendelian
population and not the individual members.

Allele frequencies

While analysing genetic data, it is more logi-
cal to talk in terms of genotype frequency
and allele frequency, instead of absolute
numbers. Thus in a population with alleles
A and a, and 100 aa individuals, 300
heterozygous Aa individuals and 600
homozygous AA individuals, the genotypic
frequencies are calculated as:

AA = 600/1000=0.6
Aa = 300/1000=0.3
aa = 100/1000 = 0.1

It must be noted AA genotype has 600+600 =
1200 A alleles, Aa genotype 300 A and 300 a
alleles, and aa genotype 100+100 = 200 a
alleles. This totals 1500 A alleles and 500 a
alleles. Allele frequency as such would be
calculated as:

A = 1500/2000 = 0.75
a = 500/2000 = 0.25

Please note, lower the allele frequency, rarer
it is. Once the value touches O, the allele is
lost, and the other allele with value of 1
would get fixed.

It is more appropriate to analyze popula-
tions in terms of alleles, and not genotypes,
because genotypes are disrupted during the
process of segregation in subsequent
generations.

Mating systems

Three types of mating patterns are recog-
nized, which determine the genotype fre-
quencies of populations. In random mating,
the two genotypes mate in proportion to their
relative frequencies in the population. A
population may undergo random mating with
respect to some traits, but nonrandom with
respect to others at the same time. Assor-
tative mating is a type of nonrandom
mating in which the mates are formed on
the basis of their degree of similarity in phe-
notype. In human population positive assor-
tative mating is more common, as mating
partners are more similar in phenotype, for
example skin colour. In several species of
plants negative assortative mating is
prevalent, the mating partners differing in
phenotype. In Primula officinalis, for example
pin type flowers (long style and short
stamens) produce pollen lower down in flower
but receive pollen higher up, where as the
thrum type flowers (long stamens short style)
receive pollen lower down, and produce
higher up. Consequently the insect pollina-
tors that work deeper into flower collect
pollen from pin types flowers and deposit on
stigma of thrum type flowers. Pollinators
working higher up (due to shorter mouth
parts) do the reverse, collecting pollen from
thrum type flowers and depositing on pin type
flowers.

The third type of mating involves inbreed-
ing, mating between relatives, and in
bisexual flowers, generally between gametes
of the same flower.

Hardy-Weinberg Law

Most species of animals and plants, except
inbreeding plants, random mating is preva-
lent form of reproduction. Thus each type of
mating pair is formed as often as would be
expected by chance encounter between the
genotypes. In a randomly mating population
with genotype consisting of alleles A and a,
with allele frequency of p and q, respectively
(note p + g = 1), genotypes formed from
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Table 6.2 Chi-square table showing the relationship between Chi-square vales, degrees of free-
dom and the probability. For a particular degree of freedom the nearest Chi-square
value is located from the row, the the appropriate probability value read from the top
row. Probability values lower than 0.05 are highly significant and do not support the
hypothesis being tested. The values higher than 0.05 support the hypothesis.
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fusion of A and a gametes of either parent
would be AA, Aa, Aa and aa. In terms of
allele frequencies the genotypes could be
written as:

AA: p2 AA: 2pq

The foundations for these calculations-a
landmark contribution in population genet-
ics- were laid by Godfrey Hardy and Wilhelm
Weinberg, independently in 1908. The law
is based on assumptions that in a infinitely
large, randomly mating population, free from
mutation, migration and natural selection

aa: q2

(five assumptions) the frequencies of the
alleles don’s change over time. The law also
concluded that as long as mating is random,
the genotype frequencies remain in the
proportion of p2, 2pq and g2. The sum of
genotype frequencies equals 1, i.e. p2 + 2pq
+ g2=1. The allelic frequencies remain con-
stant from generation to generation, in
such randomly mating populations.
Although it is difficult for a population to
be infinitely large in size, but a fairy large
population satisfies the requirement. If the
size of the population is limited, chance
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deviations from the expected rates can re-
sult in changes in allelic frequency, a phe-
nomenon known as genetic drift. It must
