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6. AFFINITIES - PALAEOBOTANICAL AND
GEOLOGICAL EVIDENCES, RELATIONSHIP WITH
ADJACENT REGIONS, PAST AND RECENT
PLANT MIGRATION

The planet Earth is ca 4.6 billion years old. The scientists are not sure when
Of I what form life first appeared on the Earth, During the Cambrian period
Primitive plants resembling algae of modern days appeared. The Odovician period
witsessed part of the seabeds aQvErgrown with algae which provided food for the
84 animals. The plant life became more varied in structure and included primitive
Vvascolar plants like ferns and mosses in Silurian period. During Devonian period
land plants which inciuded horsetails and clubmosses flourished extensively, The
Pant life contimyed to flourish during warm damp Carboniferous period. Huge
Clbinosses, horsetails and tree ferns soon grew into impenetrabile forests. The
Petmian period witnessed disappearance of old sype plants. The ferns were
ucoeeded by coniferous trees. The vegetation only grew in places where there
Wi enough moisture. Gymmosperms and conifers were widely distributed. The
lururiant vepetation included many speécies of gymnosperms during Jurassic
petiod. The fiowering plants which originated in mid Jurassic developed and
flourished duting Cretaceous period. During Palacocene and Eocene period
flowering plants, including deciduous plants, became dominant. Oligocene and
Miocene period was dominated by deciduous trees and conifers. The Pliocene and
N H_“E period fossil records exhibit progressive development of flowering
PEULS, Lhe Holocene peried is characteristic of equable climatic condition of the
present times, Life on land and in the sea were as it is today.

1 Some 300 million years ago the then India occupied high latitudes and lay
ute close to the South Pole (Fig. 1; Map 1-6) The Continental Drift Theory
Postlates that Peninsular India formed part of the Gondwanatand and it got
detachied from it 75 m Y.B.P. ago and started drifting towards norihern direction.
D]mns the course of northward passage the ladian Plate was subjected 10 different
climatic stresses and voleanic eruptions cgusing flow of Deccan lavas, leading 10

the imp'ﬂvtrishmem of #ts flora. Extinction took the tol! of most groups of the
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Map 1. Falacocontinentsl map of the latest Triagsic (200 m y; after Smith & Briden, 1979).

G anic fjoristic stock during the time of nonhward movement. As such, the
1810ty of the flora of Peninsular Tndia is that of floristic impoverishment due to
thb‘ﬂnw of Decean lavas during Cretaceous-Eocere period and spreading aridity
?::::g the Neogene-Quaternary times, The present day flora of Peninsular India
® 4N extant relictuat and was apparently supplememed by later day migrations
md__ *Declations. This movement continued traversing about 5900 km fo crash
"8ainst Laurasia in the northern tropical tatitudes during the Late Cretaceovs.

of T!“’ continued movement of Indian Plate towards north resulted in crumpling
i sediments ang progressive shallowing and narrowing of the Tethys. As a
ONsequence of this, east-west basins with intervening highlands were formed
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berween 37-53 million years ago. The last major phase of the noribern movement
of India occurred around 15 million years ago. The crash of Indian Plate against
southern part of Laurasia resulted in the upliftment of Himalayas,

Map 2. Palazocontinental map of the Early Creiacecus (120 m y; after Smith & Briden, 1979).

The clesing of Tethys sea and opering of the indian Ocean bronght about
new cljmatic pattern of trade winds and monsoon regimes. The upliftment of
Himalayas lead 1o chain of events resulting in formation of land and river systems.
These geomorphological changes resulied in extinction of vulnerable groups,
evolution of Ffloraa, migration of floras through corriders provided by the
mountain systems and adaplive radiation of species complexes in condncive
scological niche.
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Lakhanpal (1588) states *As a result of orogenic movements, there was
FORreasive shallowing and marrowing of Tethys durng lae Cretaceous,
iNating in the splitting of the sea into two or more longitudinal basins in
Bocene, By the end of the Oligocene the sea water has completely evacuated the
v Biving way to fresh water of subaerizl facics. As a result of "l’tgﬂﬁ'lmﬂ
Y®tion during Middle Miocene, a foredecp wes created along the southern side

o the fising Himalayas, ime which the Siwalik molassic sediments were
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deposited. Some furrows also developed on Tibetan side, in which the Kargil
molasse and other sedmunents of Ladakh-Karakoram areas were Jaid down. From
Late Pliocens to Pleistocepe the molassic sediments were uplifted and the
contipned elevation even after Plejiostocene resulied in the development of the
present day structure. By the end of Palagogene the ground was literally prepared
for the development of the Himalayan land floras. Irs major components were
estabiished during the Neogeng and final details acquired in the Quaternary
period”

AN

Map 4. Palacocontinemal map of the Late Eocenc (40 m y: after Smith & Briden, 197},
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Map £, Falaeocontinenzal mup of the Barly Miocene {3} m y; after Smith & Briden, 1979).

1. TERTIARY FLORA OF INDIA

. Geologically India is divided into three units (1) Peninsular, (2) Bxtra-
e m“_l‘“ and (3) Indo-Gangetic Plain. The Tertiary Flora of India can be
“onveniently divided into two groups Palacogene and Neogene. The Palacogenc

ﬂﬁrﬂ P PR o L ™ LI P
1218 found in Peninsular India while Neogene cecurs in both the Peninsular and
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gxtra-Peninsular region. They are predomunently tropical fioras, made up of
genera now confined to the old world, A notable feamure of the Indian Palasogene
{s the occurrence of a few Southern hemisphere 1axa which may recall the pre-

r‘n-nmm.r"- m]ﬂhnnnh1n h.ntnman 'ﬂ.f;ﬂ nﬂ.ri finrAdurann rAanfnonds $#n tha ooath
WRLAFEATNL 8 ST L RIRRRRALY WPk T L=t afld LE0OAWansE SORAnSING 10 Wnd 500U

(a) Palacogene vegetation of Peninsular India

During the Palacogene period the Indian Plate got separated {rom the main
landmass of the Gondwana, but not yet joined the Asian Plate. This was the time
when angiosperms of the Indian subcontinent witness their appreciabls spread and
diversification. The fossil flora is represented by the elements belanging so
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Imazing, estating, fresh water and terrestrial habitat with both everpreen and
deciduous forms. A mrajority of the taxa reported from Palaeogene focalities find
their place in the present day flora of the region. The fossil plants thus form the
ancestral stock of some of the present day taxa.

The presence of African, Madagascarian, Australian and South American
elements in the Palasogene flora of Indian subcontinent is indicative of India’s past
Cnrection with these Gondwanaland countries.

®)  Decean Interrappean Flova :

Mahabaie (1966), in his presidential a + Botany Section
Indian Science Congress, presents comprehensive and ucid aceount of Deccan
Intertrappean Flora and its compatison with the present day flora of the region.
The plant fossils preserved in the sediments deposited between successive lava
Rlows, the flora comprises woods, leaves, flowers, fruits and other organs

TENrEferntimer all cmaime moniime nlf Tlass Wi rmrdmme Thamedae o100V boe maesfimoned s d
TESSAUNG AL MAJOT EIOUpSs Of riani Kingooim. oands {1550} aas feviewed and

ress (o the Botany Section of the

wrews oewraF W = - =

Presenied a comprehensive account of the Palacogene vegetation of Peninsular

India based on the megafossils, He has dealt with thess elements in the foliowing
four assemblages.

@) Rejamundry assemblage
(8)  Nagpur-Chhindwara assemblage
(i) Bombay-Malabar-Worli Hill assamblage

(iv) Mandla assemblage
@ Rajomundry Assemblage :

This assemblage 5 dominated by ¢stuarine algel element and 13 species of
Charophytic EyIogonites. Some of the important groups are

Hellmeda, Dissociudella, Terquemella, Acetabularia, Neomeris, Holosporeiia
S Acicularig,

nne Faaeil worudes batomaite 1o
L a3 Ly gl Y LU uwvllbf“b L

Taxaceae ang odocarpaceae, viz. Taxaceoxylon kateruense, Mesembrioxvion
Fsiforme and M. dudukurense ate alzo reporied. Two palm taxa, viz, Palmexylon
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sindaram and Rhizepalmoxyion sundaram showing affinites to genus Cocos have
been described. Another fossil taxon Sermeratioxylon dudukurense 1w also
reported. These elements sugpest & mangrove habitat.

(i) MNagpur - Chhindwara Assemblage :
Algae : Some of the imporiant members of this assemblage are

(a}  Fresh warer Algae - Spirogyrites, Qedogonites, Westielopsis, Ulothrix
lik= filsment, Chara seuwsari, Fluychore rovl, P Sohmii and
Misrochara Bp.

(b  Marine Algas : Peyssonnelia antigua, Distichoplax raei, Solenospora
ap.

Fungi ©  Shuklania, Diplodia, Tetracosporium, Paleeosordaria,
Pericnoracites.

Bryaphytes : Shukianites deccani {anthocerotaceous capsule), Riceig chitaleyii
(thallus similar to Riccia).

Preridophyres ;  The imporant generz reporied are . Azolla, Rodeites,
Marsileg and Salvimia. A strobilus resembling Selaginella is alsp
reporied.

Gymnosperms © Mostly cones have been reported : Takliostrobes alatus and
Indosirobus bifidolepis © show resemblance 10 Abjuncae and also
to Podocarpaceae. Pityostrobus crassitesta . resembles Abietineac.
Mohgaanstrobus shanii : shows affinicy with modern Araucariacese,

Harrisosirobrs intertrappeq © uncertain  affinity. A cycadian ovule is alsp
reported.

Angiosperms :

{a) Monocots : Wood, fruits, petioles and roots of paim are of frequem
OCCUrrchcs,



2

|

(iif)

=

A=

n‘ﬁ—... L

Lty

=

A L=r=am rud - rhomow a T reTas=m= a2 Lo’ oo [
ANFPINTFLIES S PALARLIE I AN AL Lt

Patmoxylon (50 spp.), P. livisionoides shows affinity with extanl genus
Livistona, Palmocaulon hvphaenecides  showing similarity with he
living genus Hyphaena.

Other mmportant Monocot family is Musaceas. Fossil froit and
pseudostem has been assigned 0 Muasa, The keal Musophyifum is

aggrgmed o Musaceae,
=

Cycianthodendron sahnil having affinities with South American famiy
Cyelanthaceae is also reported.

Dicats - There is rich dicet assembl f Aowers, fruits and woods.
The flawer of Sahrianthur parijai and fruit of Enigmocarpon parijai
have affinities with Sommeratia apetala and §. acida. The other
noteworthy flower and fruits are Sahmipushpam, Chitalepishpam,
Harrisocgrpon and Sehniocarpum.

Fossil woods are mostly known from Keria and Mahorzan. The
most commeon species being Aifanthoxylon indicumn. The other known
gensra  are Simarouboxylon, Boswellioxylon,  Bridelioxylon,
Mallotoxylon, Terramelicxvlon etc. from Keria and Grewioxylon,
Elacocarpoxyion, Leeoxyion, Barringionioxylon etc. from Mabyrzari.
Aeschynomenoxyion is compazrable to extant genus Asschynomene. A
peduncle having affinitics with Nymphacaceae is also reported.

The intertrappeans near Nawargaon contain rich  floral
assemblage. The fossils include 5 species of Palmoxylon. Palmoxylon
lvistonoides shows affinities with extant genus Liwisiona and
Palmocaulon hyphoeneoides resembles extant genus Hyphaene.

The fossil wood discovered show affinities with the extant penera such

835 Evodig, Amoora, Sonneratio, Ardisia, Heterophragma, Gmeling,
Phyllanthus, Aristolochia elc.

“ombuy-Melabar-Worli Hills Assemblage : The fossil wood bamboo, leafles
“Ompargble to dcacis and seeds similar (0 Artabotrys have been reporied
alongwith fossit wood of Podocarpaceas.
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(iv) Mandla Assemblage :

(a) Mﬂﬂ{?Cﬂﬂ s {exclusively woods of palins) @ The taxa reponied Irom the

ﬂbﬁ#ﬁﬁi‘\.l&ﬁi‘l crvrrrvnraial o il raramd Adon alarniande h Awsiprer

MWIJIUI.H&H lﬂ WJ.I..I.PIII.IIII.UI.L t\"l'].l.l.l. IJJ.WL-IIL I.,.I.ﬂ."r Rrlb  RRRL RN D‘U‘l—-ll IC-I.III‘ o LA BI'I-'EE
Liciala, Chryselidoearpus, Byphaene and a froil comparable with Fyphaene
nedica.

{b) Dicots @ Pohahia, Homalivm, Hydnocarpus, Garcinia, Sterculia,
rewia, Elaeocarpus-Echinocarpus, Atlamiia-Limomia, Bursera, Canarinm,
{omphandra, Heyrea, Aglaia, Walsurg, Dracontomelum, Ailanthus,
Lophopetalum, Artocarpus, Sysygium, Euwcalyptus, Melaleuca  Tristania,
Barringtonia, Sonneratia and Drypetes.

Bande (1992} discusses further the douhts raised by Borkar (1987) regarding
presence of mangroves, coastal and mariv taxa in the Deccan Inertrappean flora
arotind Nagpur-Chhindwara and Mandla. He copciudes his argument on this issue
in the following words "It should be clear that the objections raised by Borkar
against the presence of Nipa, Sorneratia. Cocos, Distichopiax and Peyssonnefig
in the Deccan intertrappeans are not tenable. Occurrence of coastal and marine
envirooment around Nagpur during Deccan Interirappean sedimentation is also
suppoited by palaeontological evidence (Sahmi, 1983, 1984 Bhattacharva er al.,
1960)"

Eocene Flora of Kurch »

Lakhanpal et al. (1984) presented comprehensive review on the Eocene

3
3
5
]
i
;

Algae (3 species), Lithothamnium sp. cf. L. vafidum, L. sp. cf. L. hofilli and
Lithaphyllum sp.

The leaf impressions reported from Panandbro assemblage have been
assigned to Terminalia panandhroensis, Syzygium kackchense, Lagerstroemia
patelii, Cinnamomum eokachchensis, Ficuy kachchensts and Pandanus eocenicus.
Lakhanpal (1954) reported three species of Dicafviophyliwm viz., Dicotylophyllum
cordatum, D, panandhroensis and D. quadrinervatum. Recently, Guleria (1991)
described carbonised woods of Terminalia calamansanai and Sonpergria apetela
from the Rajpardi lignite mines (Bharach District, Gujarat),
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Eocene plant fossils from Fuller's earth deposits :

The agszemblage belongs to Middle Eocene in age and comprises leaf and
fruit-impressions belonging 0 Mesua cf. M. ferrea, Goreinia and Calophyiium
{Lakhanpal & Bose, 1951) and a fruit of Cacos (Xaul, 1951). Lakhanpal (1964)
later on assigned these leaves to Mesua tertiara and Garcinie barcoahii
respectjvety,

Eozene plants from Meghalaya -

Bhattacharvya (1967) described fossils of Nipa and Celophylium from Lower
o Middle Eocene beds near Cherrapunji and Laiirayngew in Meghalaya.
L&khﬂl‘lpﬂ] (1954, 1955 repuried the {olluwing leaf impressions from Middle
Eocene beds near Damalgin in Gara hills, Asgam

Nelwmbinm sp.  comparable with extant genus Nelumbium
Trema garoensis comparable with Trema orientalis
Neolitsia sahmii comparahle with Neolitsia zevlanicn

Grewin foxii comparabie with Grewia tifiaefolia

Bombacttes orientalis  compates with Erivdendron anfructuosum/ Bombax
5p.

r

Boze ang Sah (1964) reported a palm leaf Sabalites from near Laitryngew
Bear Shillong. Bande (1972) suggests that it should be referred to genus
Pﬁaeutmes Brongniart,

o Bhattacharya (1979, {983, 1985) has described 2 number of angiosperm leaf.
OWer and fruit impressions frem

() West Daranggiri
-~ Nelumbo shows affinity with Nefumbe nucifera.

()  Rongrenggiri and Nangalbibra
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Fossil plants Compares with modern taxa
Nipa sohnil Nipa
Poacites sp.

Nelumbe nangalensis Nelumba
Litseq sp. Litsea
Phoebe sublanceolata Phoebe
Artocarpus garoensis Artacarpus
Triumfeita rhomboideocarpa Triumyetta
Heteropanay sp.

Osmanthus eocenicus Osmanthus
Ligustrum turaensis Ligustrum
Antholithes oleaceagformis

A. campanulatim

(1) Garo Hills
Fossil plants Compares with moders taxa

I .Egnminmw"nm froute

o oy e m L e A M AT A

Leguminocarpon desmodioides Desmodivm riguetrum
L. derrisoides Derris cuneifalia

L. millettiodes Millettia rubiginesa
L. pongamicides Pongamia pinndaia

L. aibizioides Atbizia lurida

Based on the Palacogene fossil palnt evidence gathered from the different
locahties of Penisular India Lakhanpal (1970}, Lakhanpal ef al. (1984), Prakagh
(1973), Bande and Prakash (1983), Bande ef al. {1958) and Bande and Chandry
(199C) made efforts to reconstruct palaeoclimate and phytogecgraphy of the area.

The occusrence of estuarine algae and Cocos in the Intertrappean beds of
Rajahmundry is indicative of existence of sea shore which was little more inland
than the preseat shore line (Bande, 1992),

and broadly five ecological facies are decipherable, viz,
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(1) Marine : As is indicated by the presence of Distichaplar,
Peyssonnelia and Solenoporaceae,

(i) Mangrove : Suggesied by the occurrence of Sonnerariz and
Nipa

(i} Coasial : Indicated by Coces

{iv) Fresh water jakes, ponds, streams, marshes @ suggested by occurrence of
fresh water algae, water ferns, aquatic sngiosperms  Barringtonia,
Svzygium, Aeschynomene.

") Terrestrial and Upland : Indicated by Araucariacese, Podocarpacese and
ather arborescent angiosperms.

Araucariaceze and Podocarpaceas show wide range of altitudinal distribution
from high altitude 10 sea level (Florin, 1963). Most of modem comparable 1axa
&re distributed in evergreen to semi-cvergreen forests of Western Ghats and north-
©a8t India ang some of the elements in dry deciduous forests. It is, therefore,
Geduced that the depositional places were located at the mouth of the river and in
te vicinity of the sea.

The Mandla assemblage exclusively comprises angiosperms, dominated by

athorescent species. The components when compared with extant taxa are
Suggestive of evergreen to semi-evergreen vegetation. Bande and Chandra (1990),
based on the habit and habitat of modern taxa, concluded that "forest was
Constituted by wager loving forms like Syzygium, Drypefes, Barringionia, low
Wees and shrubs like Garcinia, Gomphandra, Grewia, Heynea, Alalantia
Limonia, Tristania, Polyalthia etc., moderate (o large sized trees like Bischofia,
*?Hmem, Dracontomelum, Hydnocarpus and Walsurea and some very large frees
hkﬂb Artocarpus, Canarium, Lophopetalum and Siercufic wih their crowns
PIOjecting up in the sky through the main forest canopy. The palm genera like
salidocarpus, Licuala and Arenga must have constituted the understorey but
Eyphaene must have occupied some open area. Presence of Sonneratia indicates
brackish water conditions, most probably at some distance from the main foress".

.....

Nagpur Chhindwara & Mandla assemblage envisaped "censral India had 2
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climate similar to the present day climate of Western Ghats. 15 has beent postutated
that the arca cnjoycd a humid tropical climate with an annual rainfall over 2000
mm, an uniform temperature thromghout the year and long duration of rany
season. The factors responsible for the occurmence of such a type of climae
were!

(I»  almost egoatorial position of the area during that period.
{ii}  presence of sea in near vicinity and

(iiiy probable sbsence of Western Ghats as main barriers in the path of the
southwest monsoon Curreants,

The northward drift of the Indian Plate, the withdrawal of sea and vplifting
of the Western Ghats in the post-trappean times resulted in the establishment of
the present day climate and tropical dry deciduous to moist deciduous vegetation
in central India against a tropical wet evergreen (o semi-evergreen forest of the

past”

Lakhanpal et al. {1984) have analysed the Papandhro assemblage belonging
to the Lower Eocene and atiempted to decipher the palaeo-environment around the
basiet, They stated that presence of marine algae is suggestive of transgression of
s¢a in the Kuich area during the deposition of their sediments. The occurrence of
angiosperm species, which are comparable to modern taxa, is indicative of moist
evergreen (o deciduous vegetation around Panandhro. The littoral and swampy
components like Lagerstroemia speciosa, Syzygium sp. and Pandanus tectoriuy are
indicasive of marshes around this locality.

The Middle Miocene Flora of Kapurdi (Rajasthan} is typically iropical in
characier. The occurrence of Meswa cf. M. ferrea, Garcinia and Calopfryiium
indiratas a moint tronical climois with savararsen foreet aroind Karordl, Preeanes
AAARE Ll ] Ll JAlLrEdd Il.'\.rl.!l'l.rlu fwrlLlLLRLIR W YT LR 'v"'l.Elwl.‘ LoFL Ww'lFh WL W s ' L lrer ) Pl

of Cocos suggests that shore line was not far away from the locality during Middle
Miocene.

Fossil plants described from near Damalgiri in the north-east are indicative
of presence of evergreen to seMmi-cvergreen vegelation amd a tropical to subtropical
climate around this lecality in Middle Miocene. Trema orientalis and Neolitseg
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Zevignica, identified from these deposits, are small 0 middle sized evergreen
trees. Grewia tiliaefolig is distributed in east wopical Africa and penmsular and
mttheastern parts of India. Erfodendron ocours in America but £, anfractuosum
is moderate-sized deciduous tree occurring in Burma, Andaman, Malaya Peninsula
and the Archipelago, western parts of Indian Peninsula and tropical America.
Bombax malabaricum another comparable form is well distributed in tropical
Hiraalaya and throughous the warmer forests of India to Burma and Sri Lanka and
dlap Java and Sumaira. Bombax insigne another species of the genus, is a common
tree of mixed deciducus forests extending into evergreen semi-evergreen forests,
It is essentially a tropical treg occurring In Burma, Andaman, Chittagong, Malaya
Peningula and Western Ghats of India {Lakhanpal, 1954},

Occurrence of Nipa in the Lower to Middle Eocene beds around Cherrapunj
and Garo Hills indicates an estuarine condition in both these areas, Presence of
Nelumbo suggests fresh water lakes or ponds. The occurrence of Calophylium,
Anamrpus, Litsea sp., Phoebe, Ligustrum and Osmanthus, all of which are
tropical to subtropical in habitat, suggests a depositional site, especially around
Rongrengiri and Nangalpibra in Garo Hills very similar to that around
Mehgaonkata during Decean Intertrappean sedimentation. It is interesting o note
that atleast four families, viz. Palmae, Guuaiferae, Nympharaceae and Moraceas
and two genera Nipa and Arocarpes are common in Deccan Intertrappean flora
of central indian and Lower to Middle Eovene assemblage of Meghalaya.

Bande (1992) summarizes the palaeoclimate as "An overview of the
Palatogene flora of India broadly suggests that wet evergreen to semi-evergresn
forests ang tropical climate in Central India, prevalent during early Palacogene,
L.e. during Deccan Intertrappean sediments, continued to prevail in the west as
well as north-east tndia at least till Middle Miocene. It was oaly in the post-
Palacogene period, after joining of the Indian Plae with the Asian Plate that the
Indian subcontinent started acquiring its presem day topography resulting in the
Onsetting of the curremt vegetational and climate pattern of this sub-continent™

(t}  Palago-Phytogeography and Plant Migration
The Palasogene represent a period when Indian Plate bad already broken

&way from rest of the continents of the Gondwanaland but had not yet joined the
Asian Plate. It is, therefore, obvious to expect the existence of some of taxa of the
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Palagogene Peninsular India baving affinities with those presently confined to the
other countries belonging to Gondwanaland of the past. An analysis of the fossil
planta reported from the Palacogene period of Peninsular India does support this
assurfiption. A few examples from these components are

Indian Fossil plants Showing Native of
resemblance
Raodeites Regnellidium Brazil
(Water fern)
Cyclantfodendron Cyelanihus Tropical America
Simarouboxylon Simarouba do
Hyphaene Hyphaene 41 species ootur
(frnit and also (2 species in Tndia) in Tropical
petole} & sub-tropical
areas of Africa
& Arabia,
Chrysalidocarpi Madagascar
Eucalypus Australia
Tristania  Melalewca do-

-—

Bande (1992} while discussing the phylogeography and piani migration
during the Palasogene petiod observes "It is ¢ssential to rethink regarding position
of India in relation to Australia in the past. Forther, if view proposed by some that
before the Gondwana break-up Australia and India were in juxtaposition 1o each
other is accepted, then what was the tinwe of separation of India and Australia?
Even afier the saparation took place, were these two landmasses infer - connected
through some land bridges (il as late as the Palaeogene? Can it be presumed that
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during the Pala&ngi:nt the present day tropical Africa, Madagasear, India and

AI‘{"“FI’ITIH sy e it 147 At rlameats ormrb thoa avictonma oF ot lanor
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fome common plant taxa on this? It should be interesting to note that at lteast a
few Indian Palacogene families like Myrttaceas, Lauraceae, Sterculiaceze, etc.
have been recorded from the Palasogene deposits of Antarctica also (Birkenmajer
& Zastawniak, 1986)".

The Indian flora acquired its composition after the Indian Plate joined with
Asian Plate and establishment of land connection between India and South-East
Asia (Bande & Prakash, 1986). An analysis of Palacogene {flora of India and
Palacogene vis-a-vis Palarogenc ax well as Neogene flora of South-East Asia will
ehow migration of various elements between these two landmasses,

Some of the genera which appear o have migrated from India to South-East
hsia during the Neogene are Sterculio, Grewia, Polvalihia, Gomphandra,
Lophopetalum, Syzygium and Sonneratia. Similarly the most significant floral
components which were added 1o the Indian flora from South-East Asia during

ﬂ]t’. nng!-Pn'!unnnn-nn- rerad  are Misdarcacanascsss and  gevaral sesnaera  ofF
—r LA T o e il B L L) S e ELpass Ly ¥ aradis (Al L

Leguminosae,

The Palaeopene ftora of Peninsular India copstimted the parental stock for
the present day flora of Iadia. This stock is replenished with the elements from
South-East Aisa, Asia, Africa and also Europe during post-Palacogens perind. The
infermingling of these elements and some other factors have resulted in giving the
present shape to Flora of Indian subcontinent.

() Neogene vegetation of Peninsuiar India :

Guleria {1992} summarizes the Neogene vegeiation of the Peninsular India
in the following words "during Neogene period the whole of Peninsular India was
covered by luxuriant tropical evergreen to deciduous forests. Occurrence of
Dipterocarpaceae from East to West and North to South alongwith other common

elements suggests a more or less upiform warm tropical climate throughout the

P-Fﬂ!nnnln gradual deereaze in rainfall during 'Mnnm-np due 1o northward shift
minstia, A Eraduas GUOTGaRsS I AL )

of the [ndian Peninsula from equator and growing cnnuucnmlltjr caused by the rise
of Himalayan moumains is decipherable. Further decrease in rainfali towards the
end of Neogene is evidenced by the complete eradication of dipterocarps and the
appearance of dry or desertic conditions towards the end of Pliocene in western
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(Gujarat and Rajasthan) and south-eastern (Cuddalore) part of the Peninsula is
noticeable. Large scale migration and admixwre of floras ook place between the

indian Peninsula, Secoth-East Asia and Africa due o land connections by the
Neogene. Wide spread occurrence of Dipierocarpaceae and dominance of legumes
together with Sapotaceae, Ebenaceae and Rosacese ete. distinguishes the Neogene

flora of Peninsular India from the Palaeogene”.

Lakhanpal (1970} while discussing tertiary floras of India states "A notable
featire of the Indizn Palacogene is the occurrence of a few southern hemisphere

rﬂl‘ﬂ'\.ﬂ‘ 1.r\dl n‘.ﬁ.r“ﬁﬂhﬂni o A n g e ey L2 e | ."'" nnnnnnnn Tl oo v e e o
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and Araucariaceas were characteristic during Mesozoic era and continued into the
Cenozoic. Podocarps gradually decreased through the Tertiary and only two
species have survived, Podocarpus wallichignus in Southern India and P
neriifoline in Eastern 1ndia. On the other hand araucarians are cnmpletcl}r absent

Tin .~ mf Tevrdoin mmd tlao arer | Warnooma M

i ha A
iIoid -I.I-'I'J-I-I-E, Lo OF «didiE a0G wWeit Iﬁ N0 rocdrd SYell i J-""‘-'GE,WI\.-. i

comparison of the Palazogene and Neogene floras of India by Lakhanpal (1.c)
shows that the following new families have appeared in the Neogene tme :
Parkerisceae, Gieicheaiaceae, Abietineae, Anonaceaz, Dipterocarpaceae,
Sterculiaceae, Rhamnaceae, Rosaceae, Alangiaceae, Compositas, Erit:aceac,

[ o | = S LT T T LY, LT ey vy Faomarang  [indaes I
SApOlaceat, CoHCAdEc, Y TR LaAdy,  Dodbaliaal, Sapahda, I qummMﬂ_c

Leguminosae, which was meagrely represented before, became abundant in
Neogene perind. Dipterocarpaceae, with centre of origin in Western Malaysia,
spread eastward to the Philippines area and northward through Myanmar to India.
From India the Diptocarpus spread westward into Aftica probably via Arabia. The
sudden abundance of Leguminosas in Neogene of Malaysia, India and Africa
sugpents that member of this family alsc migrated side by side with

Diplerocarpareas.

Neegene flora of Peninsular India can be broadly divided into five
groups,

i. Western India Neogere Flora :

) Guijarat flora (Kutch and Saurashira basins)
ify ~ Rajasthan flora {Jaisalmer and Bikaner basins}
tiiy Konkan flera

iv) Kerala coast flora {Kerala Lakshadweep basins)
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2. East Coast Neogene Filora :

iy
i}

lii)

Rajghmundry flera (Krishna-Godavari basins)
Neyveli lignite flora
Cuddalore series flora

3. North East Neogene Flora (Assam-Arakan basins)

4. Bengal and Bikar Neogene Flora

3. Central India Necgene Fiora

L. Wesiern India Neogene Flora

(i}

Gujarat (Kutch and Sonrashtra basing) ; The fossil localities le
adjacent to the Tropic of Cancer and hence fall in the tropical region.
The fossil assemblage comprises four genera of calcarcouws red algae
(Aethesolithon, Archaeoporolithon, Lz'rhaph}fﬂ’um akd Mesophylium)

I Ly O T R P

indicating maring habitat, LIHJLH-H[EH-MUII. aml I':-gl.siaiui‘l. of the s¢a in
Kutch duering Miocene: and a gymnosperm (Podocarpoxylon), three
monocots and over 25 dicot genera, The higher plant fossils comptise
peified woods, impressions of leaf, fruits and seeds and are
comparable with the following modern genera

Afzelia-fnisia, Albizio, Bauhinia, Barringtonia, Cassia, Ceviaps,
Chigrophora, Cinramomum, Cynometra, Dialium, Dipterocarpus,
Euphorbia, Ficus, Glwa, Isoberfinia, Lagersrroemia, Millettia,
Milletia-Pongamic, Murraya,  FPodocarpus,  Plerospermum,
Schleichera, Sonneratia, Sterculia and Termingliz. At present only
Bauhinia, Cassia, Ceriops. Ficus and Sterculia are represented in flora
of Kutch. The fioristic analysis presented by Guieria (1992) clearly
shows that Kutch had been the meeting ground of eastern clements,
viz., Cinnamomun, Dipterocarpus, Euphorbia, Glita, Murraya,
Prerospermum, Schieichera etc. apd western clements particularly
African, viz,, Isoberlinia, Chlorophora efc. This could be possible due
io establishment of land connections berween Malaya, India, Arabia
and East Africa during Neogene. The presence of Cerigps, Sonnerala,

Barringtonia and Lﬂggmmgmia indicates the exisicnce of litwral and
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fivering or swampy conditions. Presence ot other elements indicates
hixuriant vegetation and warm condition with plenty of rainfall during
Neogene in contrast in present day xenic condition.

Rajasthan {Jaisaimer and Bikaner Bosing) @ Guleria, 1984b, 1936,
19903, 1990b, 1991, 1992 reported 25 penera of pewnfied woods,
Eacepi for twu gymnosperms Arancarie-Agaifis and Podocarpus all
othar foeeile hﬂ-lnﬂg o dieot penera. The foest] wond fecordad are

atr iy mrwean L Ey-T- V1

conmarable with the modern taxa such as  Afrelia-fntsia, Anisopters,
Baphia, Bauhinia, Dialium, Dipterocarpus. Copalfera-Detarium-
Sindora, Cordia. Cynometra, Ertandrophragma, Erythrophleum,
Rhagya, Lagerstroemia, Mangifera, Milleftia-Pongamia, Ormosia,
Ougeiniat, Pierocarpus, Sterculia, Terminalia, Teirapienra and
Ziziphus.

The presence of evergreen elements such as drawcaria- Agathis,

Podocarpus, Anisopterqa aod  Dipterocarpus ndicates luxuriant
vegetition and tropical humid climate, However, the majority of

EPHPTB Yl o o Aomidhione e f‘l‘ 111.‘11#-:."-: a2 trand mu:nrr‘ﬁ t"ﬁ'ﬁ' ‘Iﬂ

e L e LR Y M LL WLELL

the rainfall. The o¢currence of African elements in Rajasthan further
supports this view. Nervertheless, the rainfall seems adequate for
fairly thick forest cover during Pliocene in contrast to the desertic
conditions encountered in the area today. As stated by Guleria (1992),
iie gocurcence of typical African gencra such a8 Baphia,
Entandrophragma, Erythrophleum, Khoya and Tetrapleura  are
phyiogeographically significant since they are basically confined to
tropical Africa and Madagascar. They indicate migration of plants
from East Africa to western patt of India. They have not moved
further to eastern or southcrn India. These have not becn cecorded
from other Meogene deposie. These elements perished from the

Iaisalmer and Bikaner region due to progressive increase in aridity.

The desertic conditions in Rajasthan are result of post-Pliocene climate
changes a5 also has been inferred in Kuich. The probzble means of

] nf Afwisan tawa are '|'|u|'|'| '|.r.nln.nt'|.r n'r whanmds ki
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animals. The possible routes could be
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Egypt 1o northern Arabia (0 Persia ro Baluchistan and Sind o Western

Toved 1
- REEy LELN

Ethiopia to southern Arabia (0 Persia to Balchistan and Sind o
Western India.

Kankean Flora » The fossils in form of compression or mumenified leal
remains or carbonised fruits have been reported from the lignite beds
of Ratnagiri District by Kulkarni and Phadtare, 198C; Dalvi &
Kulkarni, 1982; Phadtare & Kuikarni, 1984; Shinde & Kulkarni,
1989, These clemenis ave comparabie with the preseni day genera such
as Alangium, Diospyros, Dracontomelun, Eugeissona, (arcinia,
Nothopegin, Nipa and Nyssa and ranges from deciduons (o everpreen
trees. The occurrence of Mipa is indicative of estuarine condition

whtich even now exists at Ramagiri allowing the growth of mangroves.

Nipa no longer occurs in Ratnagiri. Gareinia, Diospyros, Nothopegia
are presently found in Western Ghats. Myssa is confined to Sikkim,
North Bengal and Assam extending further to Malayan region.
Eugeissona and Draconiomelum are typical Malaysian gepera; the
latter ganus also accurs in damp places along streams and river of
Andaman and Nicobar Islands. The assemblage indicates a wann
humiq palaeociimate.

Keraly Coast Florg (Kerala-Lakshadweep Basin) ; The Neogene flora
comprises carbonised woods deposits of Kerala coast. The floral
components are distributed over 15 families and 20 genera as reposted
for by Awasthi and Ahuja {1982), Awasthi and Panjwani (1984),
Awasthi and Srivastava (1989, 1990, 1992}, These taxa arc
comparable with the present day genera such as  Anisophyifea,
Anisgptera, Calophyllum, Canarium, Careya, Cassio, Cynometra,
Diospyros-Maba, Dryobalanops,  Fagara-Actonychia, Glua,
Gonostylus, Hopea, Hydnocarpus, Leea, Litsea-Cinnamormum, Piayena-
Palaguium, Shorea, Swintonia and Terminatio. Most of these
elements still occur in Tropical Evergreen forests found in Western
Ghats. The presence of Anisoptera, Dryobalanops, Gonysiyius,
Swintoria, which are rain forest trees suggest high rainfall and



FLORA OF INDIA [INT. VoL, 1I

excessive humid condition at the time of deposition. Their sbsence
today s suggestive of shift in the amount of rainfall in the Western
Ghats since Neogene.

Easi-Coast Neogene Flora -

(i)

{i)

Rajahmundry Flora (Krishna-Godavari Basins). A large number of
fossil taxa have been described by varmous palaecbotanmists (see
Guieria, 1992). However, thers is a confusion regarding the
establishment of the age of the Rajamundry deposits. In absence of the
index fossils of Neogeae, the Rajamundry cannot be regarded as
belonging o Miocens or Neogene period.

Cuddalore Series flora (Cauvery Basin) : The Neogene flora of
Cudidalore series of Souih Arcot district, Tamil MNadu, has been
thoroughly investigated. It consists of petrified woods, The flora has
been critically reviewed by Ramanujam {1968), Lakhanpal {1970,
1973) and Awasthi; {1974b). The fossil flora consists of 78 species
belonging 48 genera, The flora is predominenty angiospermonus and
dominated by dicots. Monocots are reprasented by 3 species of palm.
Gymnosperms are represented by 5 species of Podocarpaceat and one
of Taxodiaceae. The fossils are comparable with modern clemesis
such as !

Podocarpus, Livisiona, Xanthophyllum flavescens, Callophyllum
wightiagnum, C. inophyllum, C. tomentosa, Mesua ferrea,
Dipterocarpus indicus, D. tuberculatus, Dryobalanaps cblongifolia,
Anisoptera, Shorea, Hopeo, Sterculin-Firmigna, Atlanithus, Euphoria
longana, Mungifera alissima, Gluta, Millettia pendula, Pongamia
glabra, Erythrophloem?, Pterogyne?, Pterocarpus, Peltaphorum,
Cynometra, Tamarindus?, Afelio-Intsia, Bawhinia, Acacia, Sindora
supa, S. sigmensis, §. veluting, Albizia amara, Cassia javanicg,
Pericopsis  mooniana, Parinarium  corymbosum,  Terminalia,
Anogeissus, Barringtonia angusta, Careya arboreq, Lagersiroemig
fos-reginae, L. lanceslata, Sorneratic apetala, Duabangn grandifiora,
D. motuccana, Chrysophylium roxburghii, Diospyros-Maby, Diaspyros
assimitis, Alangium javanicum, A. meveri, Holoptelen integrifolia
Castangpsis, elc.
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Diprerocarpus, Dryobalanops, Hopea, Calophyllum, Mesua, Gluta,
Cynomeira, Afzelia-Inisia, Alangiuwm, Duabanga, Sommergria and
Podocarpus alongwith other deciduous trees suggests the existence of
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The absence of these taxa in the present day flora of Cuddalors
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components is quits gipnificant,
(iEi} Neyveli lignite flora .

The known megafossils of the lignite are based on the carbomsed
woods, dispersed xylineoid and non-xylinoid tissues. The fossil taxa,
comparable with the following extant taxa :

Phoenix, Dracaenn, Calophyiium/Mesua, Dipterocarpus, Hopea
Plagata, Shorea robusta, Sterculia, Grewia microcos, Glita, Bouea
burmanica, Cassia/dcacia, Bouhinia foveolata, B. mulgbarica, B.
racemose, B. retusa, Paringri indicum, P. rravenmcoricum, Altingia
excelsa, Carallia tucida, Terminalia, Lagersiroemia indicum, Careya,
Randia uliginosa, Bassig-Mimusops, Diospyros-Maba, Diespyros
assimilis, Melodinus monogynus, Cryptosiegig grandiflora, Litseq,
Cordia myxa, Excoecaria agallocha,

The existence of these fossils is suggestive of humid tropical condition
during the formation of lignite.

North-east Neogene Flora (Assam-Arakan Basin)

The fossil flora comprises predominenly dicotyledonous woods, a fruit
of Nipa and a few dicot leaves. Till date 45 genera spreaded over 20 families
nave been reported. Some of the important taxa are Adenanthera, .ifzeﬂa—

Iﬂ."t']:.n [ T S T T
kg

ia, Albizia, Anisoptera, Anriaris, Artocarpus, Bauhinia, Barringronia,
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Bischofic, Bursera-Garuga, Calophyifign, Careva, Cassia, Cinnamomum-
Dehasia, Cynometra, Dicspyros, Dipterocarpus, Duabanga, Elaeocarpus,

Gymnosporia. Echinocarpus, Garuga, Gling, Heritiera, Roligarna, Kayen,

P . [P e - b &, _ 3 _

Ringiodendron, Roompassia, Lagersiroemia, Lannea-Oding, Muodhuca,
Mangifera, Mallotus, Millettia, Nipa, Ougeinia, Phoebe. Phyllanthis,
Pometia, Sindora-Capeaifera-Detarium,  Shorea,  Sterculia, Swintonig,
Terminaiiy and Vitex,

Al these taxa are indicative of warm tropical rain {orests comditions

ﬂﬂnnnr Neoganes  Mast of thags 1axa etill orow in the area. It chows that the

vegetation and climate had not changed much since the Neogene. The
presence of Nipa in Garo Hills, Afzeflg-Jatsia in Cachar hills is suggestive
of existence of coastal condition in the area during Neogene. Obviously, the
sca had receded to its present position since Neogene.

The presence of taxa like Anisoptera, Dipterocarpus, Koompassia,
Pometia indicates migration of Indo-Malayan elements in the flora.

Bengal and Bihar Neogene Flora :

A.  West Bengal (Bengal Basin)

The Neogene exposure of Midnapur, Bankwra, Birbhuim and
Pardbaman districts of West Bengal have provided rich fossil
assemblage. The flora consists of 26 genera belonging to 10 families
of fossil woods. A palm and an arancarian wood had also been
reparted. The fossil woods are comparable with the modem taxa such
as  Afrelio-Intsia, Anisoptera, Agathis-Araucaria, Calophylhom,
Cangriutm, Cassia, Cynometra, Dipterocarpus,  Momgifera,
Dracontomelum, Gluie, Kayes, Koompassid, Laurinoxylon, Shoreq.

The fossil flora is indicative of warm teopical climate.

B. Bihar

Most of the fossils recovered from Chhota Nagpur (Bihar) comprise
leaf imspressions, though some flower and fruit impressions have beep
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found. Number of {ossil woods are very limiled. These elemenls have
been ileniified as follows : Shoreq robusta, Sterculia wilosa,
Prevopata elata, Grewin tiliagfolin, Evodia mefigefolia, Murrava
paniculgia, Garuga pinnaia, Spondias pinnata, Mangifera indica,
Erythrina suberosa, Millettia auriculata, Ougenia eofeinense, Bawhinia
sp. cf. E. purpurea, Hopeoxylon speciosy v, Combretum decandrum,
Terminalia tomentosa, Mitragyna parvifiora, Schieichra oleosa,
Madhuca indica, Lagerstroemin sp. of. L. parviflora, Diaspyros
montgna, Yirex negundo var. incisa, Alsionia scholarms, Cryptoleptis
buchanani, Maliotus philippensis, Ficus foveolata, F. glaberrima, F.
tomentosa, Ditlenia sp. and some fruits of Ziziphus xylopyrus, £,
mauriiiana, Dalbergia sissoo.

It is worth noticing that Gymnosperms are absent and so also
Dipterocarpas and Arisoptera which were widely distributed upto
Plioccens in India as reported from Kutch and Rajasthan. Amongst
Dipterﬂcarpaceat nn]}r Shﬂrm rabu.rm is repreaentcd which grows

* -

Ceniral Indian Neogene Flora

The angiospermous fossils (leaf impressions) pertaming to Mio-
Pliocene period belonging to Katnti Formation of Madhya Pradesh ares

i Tam s Lo, WF_ 4 aad Tirabko: Rfpilhi 71000y TRane fasailo saemneina Lanf
il g P T | u}' ‘_uu“m LIL r]wl L"l““l“ t]..?'l.lu; L lidr LRFOOLLO wil.l.P].l.ﬂ"- Awill

impresgions and are comparable with the modern taxa such as Miflettia sp_,
Lagersiroemia indica, Ficus infecioria and Rumex acetosella.

Neogene vegetation of other regions :

Tha .ﬂ i ie armeer gpevzfrr and Anac st theaw oy lickt on f
1 I.I.I.I. TINAUCDO 5 ¥ LY owllel Gild Wiifend dhR LILATET SESF 1= SRR R
palaeoclimate.

Andaman and Nicobar Isiands Neogene Flora :

Gee (1926) was the first to report the ocourrence of fossil red algae

th waol? e crmemmiend as drehasalitharbamnive Oither
othamnpion which is now rocognised as Archagolithothamnium.

members of rthe assemblage are  Aethesolithon, Lithothamaniemt  and
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Neosoleniopora. No other Megafossils have been reporied from this area. It
is difficuit to throw light on the past flora and climate of the Islands, A
carbonised lauraceons wood from the Eocene of Baratang Island has also

Guleria (i992) who reinvestigated the Neogens vegetaton of
Peninsular India concludes s follows "The Neogene vegetation of Peninsnlar
Indiz is mainly represented by dicotyledonous woods which are widely
distributed throughout the peninsnla. Paims are infrequent and gymnosperms
Tare.

During Neopens eptire peminsula was covered by rich vegetation since the
climate must have besn more or iess uniform on account of siwation of the Indian
perinsuia in the opical zope,

All the fioras from different basins show very close similanty in their
composition as most of the genera are common. The wide distribution of tropical
rain forest family Dipterocarpaceas from East w West and North 0 South
alongwith other gepera clearly indicates a more or less uniform tropical moist

climate throughout the Peninsufar India during the Neogene.

Aridity could have gradually incressed towards the close of Neogene due to
the growing continentality caused by the rise of Himalayan mountains and
disappearance of the Tethys sca in the North, This resulied in the complete
eradication of dipterocarps from Kuich, Rajasthan, Cuddolore and their recession
from the western Himabayan foothills to north eastern India.

There were Jarge scale migrations and admixicre of floras over Malaysia
Imlia, Arabia and Africa during Neogene due to establishment of land connectipns
by Farly Miocene. This was most probably the time when dipterocatps migrated
into India, colenised the Peninsula and spread westwards to Africa via Rajasthan,
Kuich and Arabia. Like wise some geners did migrate into India from Africa as
seert particularty in the flora of Kuich and Rajasihan.

The presence of some families and genera such as Dipterocarpacege,
Ebcnaceac, Rhamnaceae, Sapotaceae, Afzelia-Inisia, Gluta, Swintonia alongwith
the dominance of legumes distinguishes the Neogene flora from the Palacogene
flora of India”.
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2. Siwalik Succession :

Awasthi (1992} presented 2 comprehensive review of palaeobotanical records
fmm Neogene Himalaya and atiempted 10 reconstruct the vegetation pattern and
IeErpret the palacoclimate prevailing in the region during Siwalik period. The
tecovery of palynofossil from Kasauli and Dagshai formaiion is indicative of
Presstice of subtropical to temperate vegetation in the upper regions of the newly
uplified Himalayas. However, in contrast a rich assemblage of the megafossils
from the Siwaliks is indicative of widespread occurrence of tropical to evergreen
[ moist deciducus mixed forests in the lowland sub-Himalayan zope during
Middle Miccene-Pliocene. Awasthi (1992) furiher states "The assemblage is
dominated by wet-evergreen dipterocarps and associated taxa, most of which are
w 1 have entered the Indian subcontinent from South-East Asia during
Miacene and subsequently spread ali over and finally reached the lower slopes of

sub-Himalaya. This has resulted increase in the diversity of aopical vegetation"

The post-Pliocene orogeny of Himalaya brought great changes in the
tﬂi)lf!graphy and climate which adversely affected the vegetation pattern of the
fegion. The Eearly and Middle Siwalik tropical evergroen forests whose chief
SOMpOnents are Anisoptera, Dipterocarpus, Hopea, Shorea, (other than Shoreq
robusia),  Polyalihis, Calophylium,  Aphanamixis, Dysoxylum, Glurg,
Dracontometum, Mangifera, Swintonia, Cynometra, Koompassia, Ormosia,
Pongamia, Sindora, Duabanga, Diospyros spp.. Myristica etc. starved dwindling
®wards the end of Middte Siwalik and subsequently disappeared from the western
4nd cfm““l sectors, though a few taxa like Mangifera, Litsen, Cinnamomun,
Bﬂ“”.‘""ﬂr Datbergia, Ficus, etc. continued to adjust to the new climatic
“onditions, Extinction of tropical evergreen taxa and further rise of Himalaya gave
WAY to proliferation and diversification of tropical and subtropical moist deciduous
1o ‘?‘T_dﬂﬂiduﬂus temperate vegetation in the lower and higher slopes, respectively
%5 18 also evidenced from palynotogical records.

Hi The following threc major sedimentary zones have been wcntified in the
malayan orogenic halt :

1.
2,
3.

The sub-Himalayan zone
The lesser Himalayan zone
The Tethys Himalayan zone
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The sub-Himalayan zong tepresents tie Siwalik rocks of Neogens age. These
extend from Potwar Plateau in the west to Aronachal Pradesh in east, cover a
distance of ca 2400 km-in length. These are generally 20-25 km in width, These
are formed by accomulation of allwvial detritus into long narrow foredeep derived
from the rising Himalayas during Middle Miocene o Eower Pleistocene. The
foredeep was formed as a sequel to the collision of Indian Plate with Laurasia and
complets evacuation of Tethys sea during Oligocene. During the final phase of the
rise of Himalaya in Pleistocene-Recent, the Siwalik sediments were also upheaved,
folded and faulted forming a continuous mountain range of relatively low heipht
ranging from 1000 to 1200 m above m.s.1,

A large number of fossiliferous locatities from Palandn in the West to
Pasighat in the East (Arunachal Pradesh) have heen explored by various workars.
The information generated by these explorations and investigation of mega-fossils
has helped a lot in deciphering palasoecology and palaeogeography of the vegion.

The Siwaliks
{a)  Lower/Middle Siwalik (Middle/Upper Mincene) :

Grasses {Poacites sivaficns Sahni) occurred in Poouch region of the Jammy

& Kashmir State.

The vegetational complex in the Kalka region in Himachal Pradesh (the
foothills of Kasauli, Koshalia river in the Nahan formation and Nalagarh ;
Prakash, 1972, Table 3, 1979; Awasthi, 1982) comprised :

Albizinium eolebbekianum D, premacrocarpi

Carvoxylon pondicherriense D. siwalicus

Cassinium borpoghii Dracontoxyion palaeorangiferum
L. prefistulai Drvoxylon nahanai
Cynometroxylon indicium Millettioxylon pongamiensis
Dicorylophyllum sp. Pahudioxylon indicum

Dipterocarpoxylon nalagarhense

In the Dehra Dun region in Uttar Pradesh (from Mohand Kundian,
Balugoloa, Hardwar, Kalagarh and Tamakpur : Prakash, 1972, Table 3, 1979:
Awasthi, 1992), the vegetational complex was :
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Anrisapteroxylon jawalamukhi Fissistigma senii

A. kalagarhensis Glutoxylon kaiagarkense
Baukinioxylon indicum Lagerstroemia sp,
Berchemia balugvloensis Meliaceaephyitum mahagonites
Cynometroxylon indicum Parinarioxylon kalagarhense
C. shvalicus Persea puryagiriensis
Dipterocarpoxylon parabaudii Potvralthioxvlion indicum

D, ap. Sterculioxylon kalagarhense
Dipterocarpus sp. Terminalia sp.

Diospyras embryopterisites. Ziziphus sivalicus
Ebfﬂﬂxy!an miocenium

It is believed (Prakash, 1979} that some of these plant fossils show proximity
© the following extan: taxa.

Afeelia bipindensis Dipterocarpus baud:i
A, martabanica D. dyeri
Albizzig tepbeck D. indicus
Anisaprers scaphula D. macrocarpus
i floribundn Dracontomelum mangiferum

Careya arboreg Ficus cunen
Cassia fistula Fissistigma waltichii
C. siameq Millettin prainii
Cynometra cautifiora Polyalthia simiarum
C. polyandra Smilax macrophytl
C ramifiora 5. roxburghiana

Ergia sirspo Ziziphur incurva
Diospyras kurzii

The Upper Siwaliks (Pliocene)

— I - B ¢ g

Nring the Tarrot Formation the higher plant life comprised Borgginocarpus
npatii (Mathur, 1974 and Litsea bhariai Mathur, the lamter resembling
Modern Neolitsea patlens (D. Don) Momiyvama and Hara.
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Palmoxyion wadiat anid P, famuense together with grasses (Poacites) comprised
the vegetaiion in Jamzan region (Sahni, 1964; Mathur, 1978).

Om the India/Nepal border ac Bhikhnathoree in West Champaran Disirict the
vegetational complex was @ Ziziphus mauritionz and species of Mangifera,
Baghinia, Indigoferda, Dalbergia, Litsea, Cinnamomum, Fices, Gardenia, Toong,
Aphanamyxis, Kydia and members of Leguminosge {Lakhanpal & Awasthi, 1983).

Awasthi (1992) published Siwalik floristic compositions in tabular form from
mumber of assemblages which are reproduced below. The data comprises
family/fossil taxa, comparable extant species, broad distribution of comparable
extant species and forest type.

STWALIK FLORISTIC TABLES
(Awasthy, 1992 with deletion of author’s name)

Table-1. Balugoloa Assemblage {Himachal Pradesh}

Family/Fossil Comparable Cristribution of Eorest fype
Taxa eALANt species comparable indicated
axtant species
“SMILACACEAE
Smilax sp. Smilax roxburghiana -
£, macrophylia
5. proflfera
ANNONACEAE
Fissistigma senff  Fissistigma bicolor Nornheast India Evergreen
F. siwaltka F. rubiginosum Assam, Bangladesh, Evergreen
Myanmar, Thailand
Borneo
DIFTERODCARPACEAE
Dipterocarpis Dipteracarput MNortheagt Evergreen
siwalicis tubereulanus India, Andaman
islamds, Myaniar,
Malays
RHAMNACEAE
Berchemia Berchemin Sub-Himalayan Evergreen
dalugoloensis Joribunsdn reglon, Morth-east
s
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Family/Foasil Comparable Disuiburion of Forest (vpe
Taxa cxtant SpEcics compatahe indicated
exlanl species
Liziphus riwaticus  2iziphus Incurva, [mdiza, Myanmar Moist deciduous
Z. xylopyris to dry deciduous
FABACEAK
Dalbergia (fruity  Dalbergia sisson Greater part of India ~~ Deciduous
COMBRETACEAE
Terminalin Terminalia alata var,  Sub-Himatayan traeis,  Deciduous
briugotoensis nepafensis Punjab eastwards o
Whyvanmar
LYTHRACEAR
Lagersiroemia sp.  Lagersiroemia indica -
MORACEAE
Fieus precuneo Ficus cunea Himalayan foot-hills, Evergreen
Assgrm region,
Promoaladnnk
l.'HI.IJ.E.I.ﬂ.I.I.Eﬂ.I.I
Table-2, Nalagarh Assemblage
i
Pamily/Fossil Comparable Distribution of Farest type
Taxa exunt species comparable indicared
eXLant species
e .
DIPTBROCARPACEAE
fan I indicum Western Ghais Evergreen
Hwalices D, mrbineius Nartheast India,
D, gracilis Andaman lalands,
Malaya Peninsula
D, nalfagarhense  D. dyeri Malayn Pecinsula Evergreen
D, Preémacracarpum D macrocorpus Morthearr [ndia, Evergreen
) Myanmar
Ainia nahanensiv  Aglaia edulis Northeastern India, Evergreen
Banglndesh, Myanmar,

Malay Peninsula
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Family Foasil Comparable Dizmbution of Forest type
Taxa eAtant species comparable indicated
BXEAN SprECies
ANACARDIACEAE
Dracontomelume-  Dracontometun Andaman and Micobar  Evergreen
yion MANE [fErs islands, Malayz
Mangifzrumoides Peninsula
FABACEAE
Acrocarpus AcCroearmus India, Mysnmar Blodist deciduous
Fiwalicus Jrazinifolius
Adenarntheroxyplor  Adeénanthers pavoring  Indo-Malayan regiop Muist deciduous
Atbizinium Albizia lebbek Himalayan Deciduous
eoiebbekianim foot-kills
Cassinium Cossia fistula India, Myanmar Deciduous
prefictfia
Cyriommerracyion Cynomeira Northeast ndia, Evergreen
boidanii polyandra Myanmar, Malzya
Koompassiorylon  Koompassia Malayan region Evergreen
elegans muriareensis
Millettlozvlon Porgamia Ttwdda, Myanmar, Evctgreen
PORgaMisRSis pinnara South-gast Asia,
North Australia, China
Ormasiceyion Ormesia [ndia. Bangladesh, Evergrecn
benpalensis robusia Myanmasr
LECYTHIDACEAE
Laravoxyion Corava arbores ndiz, Myanmar Molst deciduous
pondicherfiense

Table-3, Kalagarh Assemblage

Family/Fossil Comparable Distribution of Forest [ype
Tara exfant species compatable indicated
gxtant species
ARECACEAE
Palmoxylen wadiai  Palm in gentral ---
ANNONACEAE
Paiyalitlaxyion Pobyalthia spp. Indo-Malayan Everpresn

indicum
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Family/Fossit Comparable Dristribution of Forest type
Taxa extant specics comparabla indicared
Extant species
DIPTEROCARPACEAR
AniSopteraxyion Aniroptera Myanunar, Thailend Evergreen
kailagarhense seaphuia Malaya Peninsula
A. oblengoides A. oblenga Myanmar, Malay Semi-cvergrcen
Peninsula to deciduous
Diprerocarpaxvion  Diprerocarpys Myanmar, Thaitand,  Evergreen
kalagariense obrusifolins Maiay Peninsula
B, porabawii; D, baudii Myanmar, Cambodia,  Evergreen
Thalland, Malay
Peninanla
D, surangeit D. mberculans Bangladesh, Evergreen
Myanmar, Thailand
D. rirgarhense 0. taberculais =do - -
Skoresiyion Shorea spp. Indo-Malayan region Evergreen
STRalm
Vaterioyion
kajagarhense
V. miacemicum - — -—
Wrﬂﬂxylm Shored miner Malaysia Evergmsen
Stwalicus
Bopenium Hopea matan Malay Paninsula Evesgreen
Prepuianoides
H. kaigparkensiy  H. sulcar Myanmar, Malaya Evergreen
SLERCULIACEAE
Starcutioxyion Sierculla cocointa Mortheast [ndia Evergreen
ilegorhensis 5. oblonga to Malaysn region
3. rhinopetaia
ANACARDIACEAE
Dracontometumo-  Dratontomeium Andaman islamds Evergreen
Xylon mangiferum
Rmgferumpides
Glitaxyion Gitla spp. Myanmer, Malsya Evergreen
kalagarhensis
FABACEAR
Berweleinivim Bauhinia Indin, Myanmar Moist deciduous

Palceomalabaricim malabarica
B. miccenicum Rauhinia relusa

Chota Nagpur, BEastern  Moist deciducus

and Weatern Ghate
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PFamily/Fossil Comparabk Distribution of Forest type
Taxa extant species comparable indicated
CAMEDT Species
Cynametraxylon Cvnametrs Naortheast India Evergreen
Berldenil polyandra
Millettioxylon —
kaloparhensis
Heapeoxylon Sindora Malay Evergreen
Fasiamerniy Siames Peninsula
Ormesivxyion Cvamersi Mortheast [ndia, Evergrscn
bangalensis robisia Bangladesh, Myanmar
ROSACEAE
Parinariocyion Affinities —- =
spfendinim doubtiy
COMERETACEAE
Terminalioxylon Terminalia Andaman pnd Nicobar Dy to motst
palosomanii manii Tslands decikluous
T. riwaldicws T. panicalata Western Ghats Peciduous
SONNERATIACEAE
Duabangazyion Dyabanga spp. Northeast Indian Evergreen
indicum tEgION
EBENACEAE
Eberoxylon Dinspyros Myanmar Evergreen
siwallcus brandisicna
E. kolagorkenzis D, malghprica Inda-Malayan region Evergresn
LAITRACEAE
Lourinoxylon Lawraceous —
siwallcus ZEneTa
Table-d. Popmagiri (Tanakpur) Assemblage (Awasthi, MS)
Famity/Fossii Comparable Disnribwition of Forest type
Taxa eXLant species comparable indicabed
CxLGNL Specied
STERCULIACEAE
Srerculla Sierculin urens Tndia, Myanmar Dire dweidvuhus

L bl
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Farily /Fossil Compatable Cristribution of Farest Lype
Taza extant spacies tormparable indicabed
ExLant $pecics
FARACHAE
Orrosic Ormosia robusia Nepal, North-sat Bvergresn
[ndia, Bangladesh
Myanmar
COMBRETACEAE
Termiinalia Terminalic India Deciduous
chebula
MYRTACEAE
Sy g Syrygium India, Myanmar Evergreen 0
clminl declducas
BORAGINACEAE
Cordia Cordia myza India, Myanmar, Deciduous
South East Asia
EBENACEAE
Diospyror Dispyros ebenion India, Sei Lankn Moiat deciduoos
D. iyhvatica
LAURACEAE
Perrea Persea spp. Indo-Malayan Evergroen
Cryptocarya C. griffithiana Indo-Malrysn Deciduous
MORACEAR
Artocarpus Antocarpus Indiz, Myanmar Bvergreen
integrijiiss
e
Teble-5. Bhikhanathoree Assemblage
—
Mi'ﬂ?:.u!i! Comparahie Distribution of Fnr:n ype
L extant species comparable indicated
cxiant pecien
MALVACEAE ,
Urena paineolobota Urena lobata Tropical i sub- Deciduous

tropical region
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TFamily/Fossil Comparatlc Dristribution of Forcat type
Taxa SXIANL 5peCics Comparable indicated
extant species
MELIACEAE
Aphanamixis Aphangimixis Indu-Malayan Evergreen
biikhnaikoriensls  polyrtachya
Toora siwalita Toang ciflara Indo-kalayan, Everpreen 1o
Australia deciduons
RHAMMNACEAE
Ziziphus chatmpa-  Ziziphus Tropical to sub- Moisat to dry
Fensis magritiong tropical region of deciduourg
the world
ANACARDIACEAE
Mangifera Mangifera indice Indo-Malayan Evergresn to
sowmeshwarica geciduons
FABACEAE
frdigafera Indigofera India Semi-evergreen
prepulcheils pulchelia 1o 4ry deckiuous
Dygliarpia sp. Dalbergia sissos India Dy deciducus
Daibergia
fatifalia
Derrs Derris scondens Indo-Malayan SEmi-SVerpresn
champarensis 0 dry decidugus
Ponpgamia swalita  Pongamin pinrgta Iilin, Suuthezast Jei-EYeTEreen
Asta, North 0 dry deciduous
Australia
CurFia gl Cassia glawea Indo-Malayan Cvesgreen
Bauhinia siwallka  Bavhinia mpp. Indo-Maiayan Deciducus
(B. diptera,
B. lomemtore,
B. corymbosg
MYRTACEAE
Sroyzinm Syzygium Mortheast india, Evergreen
palasobrasteaium  Broclequm Crissa
RUBIACEAE
Crardenig Cardenia Morhern Indta Moist declduous
polaroturgide rrgida
MYRSINACEAE
Ardisia anilaua Ardizia solanacea india, Myanmar, Moist deciduous

Sri Lanka



2000] AFFINITIES PALAEDBOTANICAL 19
Pamily/Fossi] Comparahle Distribution of Forest typa
Taxa EXLANK species comparatie indicated
ERIADG STRER N
CONYOLYULACEAE
f T . ndiz. Mg 18
carpoides Sri Lanka
LAURACEAR
Pﬁﬂ!bc champa- FPhoebe lanceciara India, ¥yanmar Evergreen
rensis Sei Lanika
q-'jﬂamm Cinnamomum India, Myanmar Everpreen 1o
Pdeotamria ameia Mopist deciduous
Litsen prenisidg Liren nitida Eaciern Himalaya, Semi evergreen
Agsam, Bangladesh
MORACEAR
Ficws champarense  Ficus spp.
Table-6. Koilabas Assemblage
1Fln:|i]3r ‘Fossil Camparable Listribution of Forest rype
eXtant speries comparable indicated
gxtant specles
E'ELENMCEAE
Dilfenia Diflenia indica India, Myanmar Moist evergreen
Palaroindisg
FIAC&URT[AEE&E
Ryparosq Ry, ' E
pargra kunsiferd Malaya vergreen
Prekunsiler;
CLUSIACEAE
Merug Terriara Affinities doubiful - w
DIPTEROCARPACT AR
Pierocarpys Dipterocarpus Northeast India, Evergtten to
siwallcys tiberculanis Myanmar, Southeast  maist deciduous
Asia
MELIA{:EAE
%ruxy{m Chlorozyion Indta, Sri Lanka Deciduous
Paiteotwisienia  swietenia
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FamilyFossil Comparable Dristriburion of Eorest [ype
Taxa cxkani species comparable i icared
e SPeciss
FABACEAR
Albizia siwglika Albizia gamblei Nonkeast india Moist decidugus
Cassia nepalensis  Lasyig hirsna Central India
Dalbergia Dalhergia sericea Sub-Himalayan Deciduous
minsericea region, Medagascar
Mifleriin Milleinia ovelifolia Tampu to Sikkim Moist deciduous
Swalica Upptr Myanmar
Millentia Millettia Upper Myanmar -
kotlnbarensis macrostackya
Ormasia robuws- Ormosia robusta Mortheast [ndia, Evergreen
foider Myanmar
COMBRETACEAE
Anogeissis Anageirur sericea Ceniral India Deciduous
EOSEricen
Calyeopteris Calycopieris Wesiern Peninsula, Dreciduous
Jloribundoides floribundn Nontheast India,
Myanmar
Terminalia Terminalia Malaya Evergreen
kpifabasensis angsifoiia
Terminalio T, pyrifofia Wyanmar —
sinelica
Terminalia xp. Terminalia arina Throughout India, Deciduous
Myanmar
RUBIACEAE
Randia miowa- Randla walfichii Northeast India Evergreen
Hickdi to Myanmar,
Andaman Islands
APCCYNACEAE
Tabernpemontana  Tabernogmoniana Sub-Himalayan Evergreen
Precoronaria EOronaria region, 5ri Lanka,
Myanrmar
SOLANACEAE
Dargra mipernice  Datura fasikose Tropical region —
VERBENACEAE
Viter prenegundo  Vitex negundo India, 5ri Lanka, Deciduous

China
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Family Fossi) Comparahle Distribution of Forest type
Taxa extant species sotnpatable indicawed
Sxtant spécics
Vitex siwglicus Vitex pubescens India, Myanmar Everpreen
LAURACEAR
Cinnamomum Cinnamomum Myanmar, Malaya Evergreen o
Riouncim Inunchin moiat deciduons
MORACEAR
Ficus precunse  Ficur cunea Sub-Himalaya region,  Deciduous
_ Assam, Myanmar
FICLS Mmiusoides  Flout renda Indo-Malayan Evergreen
Flous nepatentis.  Fieus glaberrima Indo-Malayan Evergreen
Table-7. Surai Khola Assemblage
Stratigraphic Pamily/Fossil Comparsble extant  Disthbu- Foresat type
Soquence ta specles tion indicated
:“dj Khols  MARANTACEAE
Clinogyns Clinagyne Indo- Moist deciduous
[l g rardis Malayan
region
FLACOURTIACEAE
Flacourtia Macoartia India, Deciducus
repalensis remned Rl Myatiraar,
5n Lanka
FABACEAR
Milletia Milleiiia Mafayan Muist decid-
LT T cubirhit region dutus
Bophinia nepalensis  Bauhinia Tndia, Evergtest to
rmaloharico Myanmar deciduous
B. varisgdd
EBEMACEAF
Llospreros minkak Digspyros kaki India, Maist deciduous
Myasimar,
China, Japan
EUPHORBIACEAE
Breyrle Brevala Indo-Malayas  Moist deciduntes
prerhamupides FAdmAides region
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Straligraphic Family/Fossil Comparable extant  Distribu- Forest type
Erquence KaxA apeeics ten indicaped
Kuiis Khtla  ARECACEAF
Curyotg Caryohe urens [ode-Malayan Evergresn
i e Prle s ol o raiok o iehe et -
ook FF Ll b bILES ll-'.'n"!' BddWP B ! ML WL
ANACARDIACEAR
Mangifera Mangifero India, Evergresa
Soineshwricg Indira South-Bast
Arta
Ghaa riwalika Cfute renghar Myanmay, Evergreen
Malaysia
Swimtartic Swintonis Bangladesh,  Evargroen
midcarica Nornibemda Myanmar
FABACEAE
Entade pelnes- Entadn Indo-balayan  Moist deciduous
Ferzrdang soardens region 10 &veIpTecn
COMBRETACEAR
Terminaiin Termuinalic India, Moist deciduous
pataeockebula chepila Myatumar,
Sri Lapnka
Termiinalia Tenmnalia Indiz, Deciduons
parandfirocsis coriaced Myaomar
Chor Khwola MYRISTICACEAE
heds Moo Myristiea Malay Evergreen
palgenglpmerata glomerata Peninsula
POACEAR
Hambusa Rambyso Indis, Muolst deciduous
Siwaltka Rulda Myaronsr
FABACEAE
Ml Milleitia Indiz, Decidpons
palaeoracemoss FaCEmara Myanmar
arada paloro- Erttade Sedndeane Tndis hdgier danidion.
scandens (Leaf) Myzncoar 10 SEmi-svergreen
KEUFHORBIACEAE
Excoecaria Ezcoecaria Scuthern Evergreen
prlarsererularn creaulata Indin
CLUSIM EAE
Cﬂ'op:h-ﬂum Cafophyiium Sikkim and Evergreen
JuraikNalaemids palyaniAnm Khasl Hills
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_ . Y —
SF““E“P]JE Family/Foszii Comparabte #xant Disrribu- Forest tvpe
e (k4] SPECiEs ricn indicatad
DIFTEROCARFACEAE
LXpRerorarpus LNpLEroCarpus Mortheask Evargreen
Ehalicus fukercufoius Imedia to
South-Fast
Acsia

Paim Kiwls  DurrEdOUARPAUEAE

beds ang Dipterasarpus Dipterocarpur Northoast Evergreen
Eaukas bads slwolicus tubercufanns Tudia 10
Saathy easn
Avia
L. Qurpirnmius — --- ---
ANNONACEAE
Polralifiia Folyaftfia Marthenst Evergreen
simiarm Aitfeet Lt B i,
Myapmar
BEABACEAE
Cynainieirg CyREmEinT Hhiasi and DveTETa®
Fwalika plvaadra Crahar Hills,
Mlalay
Perunzula
e, S—

Siwalik flora includes the following assemblages from number of exposures
located iny the foot-hills covering an area between Jammu in the west and
Aruniachal Pradesh in the east {Map 7).

Faunmy .

_ Sabni (1931) was first to report two pewified woods as Palmoxyion
JWEHSE and P, wadigi from near Jamma. However, the exact stradgraphical
POsilien of deposits in not known. The only other known fossil plant from Fammu

aien i- |« TR . - o 2 n
T8 VULHE SIWANCKHS, 3 graxs-like monocot el

Himachg) Pradesh :

Two imporeant localities, viz. Balugoioa near Jawalamuki i Kangra District

i atler Nalagarh in Solan District have been mvtsugalcd by various

D‘ﬂﬂ.ﬂ_l}bﬂtm“:ng .fl . s 1o
sty (Awasthi, 1992), The taxa recovered ac hisied in the able.
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Misp 7. Exmnt of the rocks of Siwalik Group (fter Awasthi. 1992)
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Utiar Pradssh :

From Mohand in Saharanpor District o Tanakpur at Nainiml there are
mumber of Siwalik exposures of Lower and Middle Siwalik which contain great
‘ﬂfn':t}r of woods and leaves. The fossil taxa published from Kalagarh area, Pauri,

I-:lllﬂ Arhus Tk aaFnanie B e a1k MNainimal D

in the Tahle,

mhil‘-Nf:pa] Border :

 Fossil taxa published from Bhikhnathoree, West Champaran are given in
Table,

Nepal :

_ The Nepalese Siwalik deposits published from Koilabas and Surai Khola are
DIEn e T
& k

Wen it Table 30 as 1o understand complete picture from east to west.
Bengal and Arunachal Pradesh :

Seme stray reports on megafossil from foothills of Bengal and Arunachal
Pradesh have been published. Pathak (1969} documented a few fragmentary leaves
such as Casianopsis iribuloides, Cinnamormum tamala, Machilys villosa, Litsea
Pobantha,  Bridelia stipularis, B. verrucosa, Mallotus philippensis and
Rhododendron tepidotum from the Middle Siwalik sediments of Mahanadi Section
i the foot-hills of Darjeeling District. Awasthi (1982), however, doubis the
genenic and specific (dentification.

Singh and Prakash (1980) have reporied leaves of Ziziphus and Digycored
from Pasighat, Districe Siang (Arunachal Pradesh). Choudhury (1970) reported
dicotyledonous leaves of uacertain affinities from the area. Awasthi (unpublished)
bas collected semisilicified and semicarbonised woods from Upper Subansiri
(Subansiri district, Arunachal Pradesh) which are comparable with the extani
SCOSTa such as Shorea, Euphorbia, Gluta, Albizia, Afzelia-Intsia, Cynometra,

Sia and Sindora, These are mostly everpreen genera.

1
o 1 - I [ T A

The small Amcrican ciemenis comprising  Aderocarion, Oxybaphus,
Podophylium, Meconapsis Sect. Stylopadium, Liguidamber, Gnetum, Lardizabala,
‘:'ffmﬂﬂ_"ﬂpa uniffora, Brassenia and Mirreola panicilata perhaps also arrived
SHoUgh the North-east (Vishnu-Mittre, 1969).
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3. Temperate flora and Himalaya .

After the final withdrawal of the Tethys duoring Oligocene, the further
Himalayan orogeny created conditions favourable for the migration from mainland
Asia of temperate plants during the Middle Miocene.

Latiudinally, nearly half of the India lying north of the Tropic of Cancer
should have been out of the realm of rapical zone, had not the lofty Himalayas
extending all along the northern boundary of the Indian subcontinent shielded from
the cooler influence of the northern lanes, resulting in the prevalence of a more
or less ropical mensoon climate almost throughout this region. Paradoxically, this
very mountzin which inigally guarded India from temperate climate of the adjacent
parts of Asia, itself provided in its rising altitude a favourable ground for the
growth of iemperate planis (Lakhanpal, 1985).

Broadly speaking the vegetation of Himalayas can be roughly divided into
three zones, (I} Subtropical from base of the moumtains upto 1200 m, (i)
Temperate from 1200 to ca 3600 m., (iii) Alpine Thigher altitudes UPLo
4500m,

The subtropical vegetation is an extention from Indian side. However, the
temperaie vegetation in the pext zome could have come from the adjoining
aortheastern, northern and northwestern regions when the Himalayas had attained
sufficient elevation to provide an environment cool enough for temperate plants
1o grow. Phytogeographicaily it is important to find temperate eiemenss entered

tha Himmo ':n ran -H a.tu-l r'h- ﬂ-u'lﬁ.m'l\.hl'nﬂlr-u avidanes tharaaf
i il Al niia Fe JUECLORS EVICCIRG UICIUOL.

The occurrence of temperate components in the geological history of the
Himalayan flora was amply revealed by the palynological studies conducted o the
Lower and Middle Siwalik beds by Banerjee (1968}, Lukose (1969), Nandi (1972,

MI'\ b Y T o I n gt TR i I e — I e I 7 v Dmmr
1975, Mathur {1973, .:uugu. Alld >aXEena u.:u:u;, SAXENA amd .:,mgn (1082 a & D]

and a few others. According to Lukose (1969, Nandi (1975), Ghose (1977}

s (1577},

Ranga Rao ¢f al. (1981) most of the pteridophytes and angiosperms represented
in the pollen contents of the Siwaliks belong t© humid tropical or subtropical
envircnments, most gymnospetins and some angiosperms are temperate. For
example Abies, Picea, Pinus, Tsuga, Alnus, Berula, Carya and Juglens, to which
some of the pollen grains have been assigned, are all emperate plants. These
forms are very low in frequency in the Lower Siwalik, they become more frequent
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in the Middle and Upper Siwalik beds. Based on these finding these palynologists
believe that the climate of the Siwalik country was humid tropical to start with but
Bradually became colder as reflected by the increasing frequency of temperate
Clements in the upper sediments.

However, thers is no evidence of occurrence of femperate mega-fossils from
Siwalik sediments. In the prevailing topical monsoon type of climate in the
Siwalik region there is no possibility of oecurrence of temperate elements such as

Ah;'” Piamm Tasrms i Darvarln st psblann thams wran am alrihAdas [ ST Sy T T Ty
TEEARAT) L LD, AJMAH A LY B, W0 MWW YRS B Al W AU L LS L

L&khanpal (1970) gives a plausible explanation that the Siwalik basin was
Surrounded by tropical plants whose temtaing became entomed in the sedimeants
being deposited thers. Along with them were preserved the poilen grains of
tniperate pymnosperms and angmspenns that grew on the higher mountains

'l'l‘l‘h.nh:..-'l :.. I IR T 1 M — — -
Saearvad L1 UGS OOFUN. 1 OESE l-ﬂ-ll.i.l.ﬂ.l e either air borne or I.IUI:I'I.E-I.I. UUWH
o (e Ik ha

ETAINE W
in the river int in. Thiz hvnothesiz wae corroborated a faw vear

IVvEeT 1N0G TAS MWAal un, I1ms LLL YL COrfohOraléd a 18w yeal

later by the finding of palm impressions fmm Liya formation of Ladakh a1 an
altitude of 5400 m above m.s.l. This leaf resembled very much with genus
Trachycarpus and is described as Trachycarpus ladakhensis by Lakhanpal er al.
(1984). The Livan Formation belongs te Miccene period. Trachycarpus maritima
ad T. fortunei grow in the hills of Khasl and Manipur hills at an altimde of ¢4
1250 m and belong 1o warm temperate reigon, Trachycarpas fakil grows at about
2200-2450 m jn Kutmaon {Himalaya) and is covered anmually by snow is definitely
4 temperate species. This unquestionably constitute forest temperate megafossils
finding from the Indian Tertiary.

= - _a__

By the Miocene period and with the rise of Himalayas, the land connections
WeTe established between Indian and mainland of Asia on the north side. It was
Psobabiy the time when northern remperate elements entered the Himalayan Flora.
A petrified wood collected by Thakur and Virdi in 1978 from Kargil Formation
{= Liyan Formation) has been assignad to temperate genus Pruaws (Rosaceae) and
nated it Prunus wadiai.

The uplift of the Himalayas took place in different phases and during the
itial one or two phases ending in the Oligocene there was progressive shallowing
Of the Tethys, resulting in complete evacuation of sea water and establishment of

fresh water or subaerial facies. The next phase Dharamshala or Siramurian

Q‘I'Dm‘:s_m_ cnliminatad the Middle Miorens and waz the stroneest of the
b L L P lll il l'!'l-lub..l.l.\.- 1%k Ll hr L uum
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Himalayan orogenic movement. This created favourable climate for migration of
tempetate plants from mainland of Asia.

Palacoclimate and Floral Evolotion

Awasthi (1992} based on review of Neopene of Himalaya concludes “the
Himalayan foothills tropical forests with overwhelming majority of evergreen
elements existed during Middle Miocene-Pliocene. The flora includes sizeable
number of evergreen raxa of South-East Asia distribution, e.g. Anisoprera, Gluia,
Koompassia, Sindorg, Swinfonia and some species of Dipierocerpus and

Hopea.*

The rise of Himalayas resulied in conversion of areas into land with mamber
of water basins. As a sequal to this the foothills all along Himalayas became more
warm and humid with high precipitation. The Indiag Plate has already joined with
Eurasia and leading to formation of land conmections between Indian and
oeighbouring countrics. Throuph these land connections the influx of aymerogs
tropical moist evergreen to semi-evergreen taxe from Southeast Asia has takeyn
place. The lead is taken by the dipterocarps through Burma and reached the
Himalayan as evidenced by fossil records.

Onp the higher slopes Sino-Japanese elements such as Trachycarpus, Prunug
and Populus support the different floral pattern. The tropical forests mostly
comprise 1axa of Malayan and South-eastern distribution whereas subtropical and
temperate forests had sizeabie Sino-Japanese and Russian elements.

The luxuriant evergreen forest started dwindling towards the end of Middle
Siwaliks or beginning of Uppr Siwaliks {Awasthi, 1992). Ultimaiely, these forasts
were replaced by deciduous elements sech as Clinogyne, Flacourtia, Miliztia,
Bauhinia, Breynia eic.

The Early Pleistocens Period witnessed the last phase of Himalayan uplift,
progressive change of warm humid to drier and cooler climate, This change in
climate has adverse effect, particularly on the dipterocarp community which has
a luxuriant growth, Almost all the members disappeared from the Weatern and
Central sectors of the Himalayan foothills. Dipterocarpus and Shorea are the sale
survivor which has restricted distribution in Assam and Arunachal Pradesh.
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Shorea robusta is only dipterocarp which occurs in Western and Central sectors
of Himalayan feothills,

. QUATERNARY YVEGETATION/FLORA OF INDIA

The Quaternary Perjod comprises two epochs, Pleistocene and Holocene and
Covers a time period from 1.64 m.y.B.P. 1o 0.01 m.y.B.P. and thereafter to
present day respectively. The Pliocene oropeny has induced drastic changes in

l.-JL]HI.Z!ILS- blmllﬂIl}', ihe EBDIDEIEH.I evernis ll]_ U'H: EEI'I}I' I"'lElSI{}C-EﬂE resilied in the

ﬂ'ﬂgr?_'l‘__!gn and establishment of ceniral Asian ff"'h':np-ﬂ- and 'F'llrn_':hhpnnn‘! taxa,

particularly in Himalayas. The pulsating climate and varving ecological mr:.ht
Provided ideal situation for extention and expansion of other floristic belts and
¢volution of Himalayan taxa from the migrant fioristic components.

2=

\'il"lh J’Iﬂfﬂ LTy nlﬂmmﬂﬂl I‘I'Illl‘!ﬂ'rnﬂﬂllﬂ ﬂﬂl’] ﬂ'llmrﬂ-ﬂﬂ‘l‘ lﬂ [ s T 1h i} &'lilﬂ.'llTﬁ‘l'\‘l'-i

d wrkd  WliREAE LR Hmlm! I.I.I.HEHIUEEJ.I.I'! MRl LRERRG R LFAL cldded LS LEAFYY G Y NSGLA G

which reveals ineresting information on the floristics and palacoclimate. Vishnu-

Mittre {1984) has published a comprehensive review paper on floristic changes in
Himalaya (southern slopes) and Siwaliks from Mid Tettiary to recent times. Gupta
and Sharma {1982) presented a critical review on the Quatsrnary
palynostratigraphy in India providing important informtation on Kashmir, Ladakh,
Himachal Pradesh, Kumaon Himalaya, Eastern Himalaya (Darjeeling and Sikkim),
Rajasthan, Gujaras, Maharashtra, Uttar Pradesh, Southern India, Eastern India

{Bengal, Assam).

Gupta (1992) while discussing chanping panern of vegetation in the
imermontane basins of Kashmir states “Palynciogical and Palaeobotanical
investigations carried over a lazge number of exposures have revealed that shere
is Bo unanimiry in vegetation all through the Xarewa deposits, instead a variety
of vegetation types has been recorded in time and space indicating their
tlevelopment under different circumstances. The vegetation met here varies from
t¥pical subtropic to desertic alpine type. The climate has not been static for a logg
Period rather reciprocity in climate has been recorded which has been decipbered
from vegetal signature left by the natare”.

The post-glacial sediments investigated from the lake basins in the valley

revealed  vepetational development reflecting on  three-fold glimatic
M“H"-,
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The fossil plant investigation from Pir Panjal dates back 1o 1864 when
Godwin-Austin reported the ocourrence of fosgil leaves belonging to the modern
specics of plants in clay deposits at Gojpathri near Nilnag and at Liddarmarg,
southwest of Gulmarp.

The existence of Karewa deposits, as far as Pir Panjal range, shows beyond
dovbit that the anciem Karewa Lake(s) must have greaily eaceeded the present
widtk of the Kashmir valley. Godwin-Austin referred Karewa deposits to
Fletstocene.

PLEISTOCENE

Palacobotany of Karewsa
MEGAFOSSILS

Mege-plant remein: from Karewa were firgt reported by Godwin- Austin
(1864), Middlemiss (1911) collected a number of fossil leaves, froits etc. from
Liddarmarg which were identified as Quercus glatca, Buxus semipervirens, Alnus
sp. The assemblage is indicative of sub-tropical forests and corresponds to the
present forests growing between the altimde of 1165-1670 m.

Quality and quzntity wise the Lower Karewa deposits toward Pir Panjal have
yeilded rich plant megafossils. Puri {1948) who carried out intensive and extensive
stdies on Karewa has identified three distinct floristic assemblages, viz. :

(1) Laredura Flora :

This locality lies 12 km south-west of Baramnla town. Puri (L.¢.) clubbed ca
equivalent fossiliferous sites such as Nichahom and Nagbal. The floristic
components of Laredura is indicative of both warm temperate and subtropical
form amd comprises fossil leaves of Quercus dilatata, Q. incana, Ulmus, Alnus,
Cedrus, Pinus roxburghii, Aesculus indica, Acer caesium. Presemily their modern

pranvalant do mat peiel in the wvallsry They are ractririsd ba dhe Thoran aleos oo sl e
LABYRLIN OO OO0 TRIST IO 6k Vanly, 08 &l RENCHO W Uit WOWEl Sicvalon

between 1165-2000 m a.s.l.
(2) Ningle Nullah Fiora

The locality lies at an altimde of 3200 m.s.l. and is approachable from

= e i -

Gulmarg. Butapathri and Gofipathri are two identical localites situated ca at the
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same aititude. The flonistic compenents comprse temperate forms such as

willows, poplars, cherries, walnuts, maples, ¢lms, sprce, silver fir, blue
pine, deodar etc. The modern egquivalent of these elements stll exist on the
northern siopes of Pir Panjal in Kashmir valley between altitnde of 2300-3300
m.s.1.

(3y Liddermgrg Flora

The locality lies at an elevation of 3500 m a.s.1. The fossiliferous components
are indicative of wropeial zone, These are Quercus incana, Machilus sp,, Acer
oblongum, Fittosparum eripcarpum, Berchemia sp., Mallotus sp., Leeg sp.,
AMyrsine sp. and Ficis cynea. This kind of fiora does not ex1st i the valley today.
1t is rather confined to sub-Himalayan rain forests.

Table-8. Plant fossils remains from Karewa, Kashmir
{Leaf impressions except few cases)

" —

Taxa Climate signal

—

{13 LAREDURA FLORA

Euphorbiaceas

Muflomns philippensis Subtropical
Hippocaaanaceae

Aeseulus fndica Temperate
MyTsinaceze

Myrsine sp. Subtrapical
Olcacens

Olea grandulifera Subtropical

"Fraxinus sp. Warm iemperate
Vlmaceas

s wallichiana Warm Lemperate

I Laevigaia Cool (2mperale

L. compesirts
Juglandaceae

Engelhardtia colebrookiana Subtropical
Lythraceas

Woodfordia fruticosa Subtrapical
Sallcaceas

Selix elegant Temperate
Pagaceac

Duercus semecarpifolia Cool Temperate

2. dilarare Sub-tropical

2. iiex Sub-tropical
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Taxa Climatic signal
Eetulareas

Botuia arilis Cool Temperate

B. alnaider Cool Temperate

Alrter nitidn Sul-tremical
Corylacdae

Coryius ferox Warm tempetals
Arceruceng

“Arer villosum Tetnperate

A caesium Tetriperate
Berberidaceae

Berberis tycinm Subtropical
Arailiaceae

Hedra nepolensis Temperas
Papilionaceas

Denmodiym nyidney Temperaic

D Iniifolizm Sub-tropical

D. dliaefolium Sub-tropical

Indigofera hepeprelea Sub-tropical
Anzcardincens

Fhis purfabensis Sub-tropical

B, succvedenss Sub-tronical

Lannea corcimandelica Temperate
Hoaaceas

Prioaur cerariodes

Pyrut pachic

Rozae webbiang Sub-rropical

R. maerophylia Sub-tropical

Spiraea sp. Temperate

Cotoneasier bacitiqris Temperae

Ruhus fraticosa Ternperate
Ranumculaceae

"Ranunsoius Ap. Tempecaie

™ Clamatis 9. Tatnwpetate

(2] NINGLE NULLAH FLORA

Hippocastanacens

Aescubu indica Cool temperate
Ulitecoac

T laevigara Warm emperate

Cool temperate

Salicageas

Split wallichiana Cool termperate

5. elegans Warm tempezaie

Papulur ciffatus Warm tetpweraie

P, balsamifera Wann temperate
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Taxa Climahe sipnal
Betulacess
Betln wilis Cald temperate
Sub-aipine
Alnus nepatensis Warm temperates
Cnld temperate
Accraceae
Acer pictam Cold eniperate
A, pentapamicim Cold empemts
A, wiflorm Zold remperais
Cornacesae
Cornus macrophyiin Warm empetate
Mariea begoninefolia Celd temperate
Qleareae

Fraxinur sxcelsior
R_ N
Prings comuta
Pyrus malus
Coloreasics MmN Lario

C. microphytia

Fagaceae

Chigrows thcana

Q. glauca
Urticaceae

Fleie clted
Buphonbiacess

Mallpius phifippensis
Lauraceae

Litsea fanaginesa

Cirmamomam famala

Maorhilux aidoratissimes

M. dwthie

Phoebe Imnceclars
Buxacess

By wallichiona

8. papillosa

Rutacess
Skreia [qreols
Toddalia sp.

Rhgmnis virgatis

Warm wmperate
Cool temperate

Warm temperats
Cool temperate
Warm temperate
Cool temperate

Sub-tropiczl
Warm temperais

.1
1 1Al

Tropical

Subtrapical
Subiropical
Subiropieal
Subtropical

Subrropical

Subtropical to

L I e T
anl I:-lI.FI..I-H

Subtropical (o
Warmh [emperats

Tropical 1o Sublropical
Tropical 10 Sublropical

Tropical



Taxa Climatic signal

R. riquetra Tropical

Herchemia flevibunda Tropical
Myrsinacear

Myrsine gfricana Tropical-Subropical

M. semizerratn Tropical-Sublmopical
Rubiaceae

Wendlandia exceriq Tropical

Pyrus communis Subtropical-temperate

Cotoneaster tacillaris Subtrapical-tempetate

Spiraen sp Suhtropical temperate
Berberidaceas

Berberis iyclah Subrtropical
Comaceae

Dendrobarthamia capitaia Subtropical
Papitlionacess

Dresmoditie poddocarpum Subtropical

D. laxiflortm Subtropical
AftEracsns

Inula cappu Tropical
Araceac

Acorys sp. Tropical
Cyperaceae

Scirpur sp. Tropical

Cyperus gp. Tropical

Fruit, "Leaf & Fruit

MICROFOSSIL

Palynology of Karewa :

The Kashmir walley presents a complete scruence of Pleistocene and
Helocene deposits in Karewa and lakes and swamps. i'he palaeopalynological data

obtained from these deposits throws light on the palacofloristics and palaciclimate.

The paiyoological stdies carried oot by Nair {1960) from Lower and Upper
Karewa reflected on the palacogeography and migeation of plants. The

investigation further revealed that plant components such ax Almus, Carpings,

Pinus roxburghii and Quercus though present in the deposits are conspicuous by

their absence in Kashmir valley today, although presenily they exist on the

southerh gloper of Pir Pamjal mountaing.
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Palynology of Lakes and Swamps in Kashmir

The palynological data obtained from some lakes and swamps represent
Posiglacial and Holocene time span, whereas other represent a part of Holocene
Period, Haigam (Vistnu-Mitie and Sharma, 1966), Baba Rishi and Yus Maidan
(Sharma & Vishou Mitre, 1969), Burman and Walanwar (Singh, 1964) profiles
¢ not yet dated radiometically. However. the evidence from vepetational
de“‘-lﬂpm:nt indicates that the Haigam Lake represents complete Holocene
scquence, whereas other lakes are shallow and represent either middle or upper
Part of the Holocens Period.

. The posigiacial pollen deposits suggest three fold vegetation development
V., pine-querceum mixtum-pine. This spectrum of vegetation development
Peveals three-fold climate oscillation viz., cool-warm-cool coinciding with world-
Wide scheme of postglacial climatic changes put forward by von Post {1946},

Pﬂ@mﬁgﬂhﬂc and 14c dating pmwdes a 1-:-ng Sequence nf changmg pattern ::-.f

¥egetation and climatic oscillation. The results can be summarised as follow.

Between 4.0 15 3.8 Ma More or less uniform
vegetalion prevailed
comprising Chirpine, Oak-
eldet-spruce-wainut-Poaceae
with minor variation at the

top where spruce replaced
Chirpine, The water plants

umproved,
Between 3.8 t0 3.7 Ma No pollen record available.
Wiwesn 3.7 10 2.6 Ma The cylicity of vegetaional
development  was  quite
evadent.

The vegetation between 3.7-
3.5 Ma was mostly
dominated by spruce forest.
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indicative of coolicold
temperate climate.
Thereafter, 2 catastrophy in
the vegewation took place
resulting in the establishment
of subtropical and dry
chimate. Colonization of
purz Chirpine forest took
place, however, this type of
forest did not last long. The
shift in vegetation i3 marked
by onset of warm icmperate
type of climate. Fhe climatic
tycle of subtropical and
warm temperature
altermating with each other
could be worked cut upto ca
2.8 Ma. Thereafeer,
temperate  climatic regime
was set-in, Slow and pradyal
deterioration in temperawre
continued till 2.6 Ma where
cool temperate and dry
climate developed
encouraging the
establishment of blue pine-
silver fir-spurce forssts,

Between 2.6-2.4 Ma No pollen record,

Between 2.4 10 2.2 Ma There existed typical
temperate climate in  the
beginniang which
successively became cool
and ultimately cold

temperate  climate  was
egtablished towards the ton

LF e L ol
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It was marked by
establishment of silver fir-
sprocc-cypresses forests.

Between .72 10 0.6 Ma The vepgetation was
reprezented by alpine scrub
with prepondrance of
Kosaceae {(Dryas)
Chenopodiaceae, Asteraceac,
Apiaceas, Poaceas etc. This
grade of vegetation forming
meadows 15 penerally found
in glping desert areés above
the ire=-line zone and could
be equated (o present day
vegetal scenario of Ladakh.

The glacial conditions must have prevailed during this period.

Between 0.6 to 0.3 Ma The glaciation influence
hegan to sink and laie glacial
conditions switched on
ceding pace o cstablish
spruce-Silver  fir-bive pine
forests typifying the
existence of  suhalpine
climats,

iod began,
The palynological data
obtained from the
investigation of lakes and
swamps tevealed plentiful
record of post-glacial events.
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The post-glacial vegetation all throuph the Kashmir valley is marked by a
thres-fold development viz. | pine-qoercetum mixtum- ping in chronological order.

The climate was cool-warm-cool,

The climat: remained changing all through the basiral development in the
valley since four million years.

Phocene to Lower Pleistocene !

The floristic alterastion of 3.5 m.y. B.P. in the Kashmir Valley comprised a
sedge/ grass steppes Inerrupted by Pinus roxburghii/Alnus/Juplans/Quercus forests
{Vishou-Mitre, l.¢c.). Thereafier until 2 47 m.y. B.P. Vishau-Miure (l.c.}
reconstrucied six pollen spectra from the part of Hirpur Section Loc. IIT between
I and II conglomerates (Dodia er af,  1982a).

Conglomerate-if
2,47 m.y.

Poaceae/Ouercus/Engelhardtia
Poaceae/Chenoamaranthis/Ouercus/Alnus
Pinus roxburghil
Larix/Quercus/Engethardtia/Poaceae
FPinus roxburghii
Careva/Chercus/Pogeeae

341 m.v. B,P,
Conglomerate-I

The vicinity of Wazpan, witnessed Chenoamaranths/grass/Artemisia sieppes.
The site has been dated to the upper part of Lower Karewa (Gupta #f al, 1982b).

Pollen investigations of Hirpur Loc. Il (Gupta er al., 1982b) shows Pinus
roxburghii, Juglans and Viburmum in the intervening sand layers; Pirus
wallichiana, Abies, Picea, Cedrus and Betyla in the intervening sud layers and
Larix, Cedrus, Juglans and Engelhardtia in the intervening lipnite layers in the
180 m long section. In this strange pattern of the course of vegetational
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dmrt:lﬁpmtnt, contraty to the normal course of vegetational development in the
Himalaya, 15 climatic oscillations viz., four tropical dry, one tropical wet, onc
Subtropical, four warm temperate and five cold and dry temperate have beep
inferred from 15 pollen zones for the Phocene w which the section is dated.

_ The: supporting and additional flaristic evidence from the Hirpur formation,
I‘* known from the fossil woods largely from the sandy layers and foliar
Impressions from the mud layers {Awasthi and Guieria, 1982a, 1982b) and
Comprises :

Abies of. A. pindrow, Acer villosum, A. sp.. Aesculus indica, Cupressus
I'_'-mdﬂiﬂ, Fraxinus excelsior, Juglans regia, Nelumbo sp., Pinus wallichiana,
Fopulys sp, cf. euphratica, Potamogeton sp., Preridium aguilinem, Reosa
Macropitylla,  Safix  wallichinne, S, sp., Trapa sp., Ulmus wallichiana,

I&Hm;{m 0 3T T nmren Dbl F oamre sl emerm wevi-birmabes A
.= wAARLFELTLIEETL, LIUVL LA R Al L RS UL RITH Wl

megafossils.

.
(Wb e E ]

Vishnu-Mittre (1984) provided detziled information on Southern slope of
Himalaya,

‘ The pollen analysis of other Lower Karewa exposures, like Sedau, Laredura,
Nichahom, Raithan, Botapathri (Vishnu-Mittre, 1993), have been litho-
Stratipraphically cotrelated and are believed to belong to Early Pleistocene (De
Terra & Patterson, 1939) or possibly Plincene/Early Pleistocene, are |

DPﬂI forest of Juglans/Utmus/Picea
Picen/Quercus/Cedrus woods
rass/Chenoamaranths/Artemisia steppes and decline of pine.
Pinus wallichigng mixed-oakwoods
18%atiou and cxpansion of Pinus walltichiana into grass/Sedge/Chenoamoranths

Seppey
Quercus. Afnys-Cedrus,

The floristic complex comprised the following taxa known from foliar

 Prossions described by R.R. Stewart and G.S. Puri and discussed and listed by
8hnu-Mittre (1965).



L

ANGIOSPERMS

Acer caesium

A. peniapomiclm
A. villosum

A, pictum

A. oblongum

A. sp. cf. acuminatum

A sp.

Acorus sp.

Aesculus indica
Alanginm chinense
Afnus nepalensis

A. nitida

A. sp.

Arremisia ap.
Berkeris ceratophylia
B. lycium

Berchemia floribunda
Bemda alnoides

B. wuilis

B. wallichianz
Carpinis sp.
Catanopsis sp.
Cerotaphytlum sp.
Cinnagmonum famala
Clematis montana
. sp.

Cornis capitaia

C. macrophyila

FLORA OF INLHA

Cotoneaster bacillaris
. microphylia

C. mummularia

C. =p.

Cyperus sp.
Desmodium gangeticum
0. laxifolium

D. laxiflorum

L} nuians

D. podocarpum
Engelhardtia colebrookiana
Ficus cuneq

Fraxinus excelsior
Hedera nepalensis
Indigafera hebepeiaia
L sp.

Inrnio cappa

Juglans regia
Lannea grandis
Litsea elongain

L. lanuginasa

L. sp.

Machilus duthei

M. odoratissimg
Mallotus philippensis

M. sp.

Myriophylium sp.
Nelumbo nucifera

(INT. ¥OL. 11
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Olea sp,
Parrotia jacquemontiana
Persicaria sp.

Phoebe lanceplata

Scirpus sp.
Skimmia laurecla
Syringa emaodi
Toddalia sp.

Populus alt T bispi

P. ciliata

P. nigra var. fastigata
P. sp.

Prunus cerasifera
P. comuia

P. jacqumontii
Pyrus aucuparia
P. communis

2. foliosa

P. pashig
Quercus dilatata
Q. glaucy

Q. ilex

Q. incang

Q. semicarpifolia

Rosa macrophylla

R. webbiang appr. R. beggariana
Salix denticuiata

5. elegans

8. gulacea (5. wattichana)

5. 5p,

Tvpha sp.

Uimis campestris

U, pumila (U, parvifolia)

U, villosa (U Inevigara)

. wallichiana

{7 sp.

Viburnim mullaha (V. stellulatum)
Wendlandia friticosa

GYMNOSPERMS

Abies pindrow (A. webbiana)
Cedrus sp. (deodara)
Juniperus sp.

Picea smithiana

Pinus wallichiana

Taxus sp.
PTERIDOPHYTES
Adianium

Dirvopteris sp. of. felix-mas
Selaginelia sp.



42 FLORA OF INDLA (INT. vOL_II

During the Pliocene/Early Pleistocene, Kashmir Valley experienced the
arrival aml f:xpanslﬂn of Pinus waﬂm&mna afl:er thn: decline of Cedrus/Oak woods,

d-:'clm-: ::rf ping fnrest:s Thls ﬂonsm: saquence Was gnvemad h}' IJ]IEE warm
temperate and tree cool oscillations of climate.

Last Glaciation (Pre 40,000 to 10,000 radio carbon Y.B.P.)

Within the Himalayan region itself, in certain areas where drier climate had
prevailed, the loessic deposits intercalated by palasosols are further manifestations
of climatic fluctmation during the last glaciations. The floristic change during the
last Glaciation comprised alternations of steppes and juniper in the irans-
Himalayan region of Ladakh, of steppes and alpine birch in the alpine region of
Toshmaidan Kashmir Valley, and of steppes and oak woods in the subtropical
region of Kathmandu Valley,

HOLOCENE

The Holocene is believed to have been a pericd of progressively increasing
warmth after the last glaciation. The release of water from the ice caused a
progressive rise in sea level which, during thé ¢limatic optimum in the mid-
Holocene had flooded the coastal area. A general mrend in floristic change in the
alpipe tegion abave the tre¢ limits comprised alternation between steppes and
Ephedra ot birch/oakiAbier as observed at Mar (3313 m) and Baltal during the
last 7300 radio carbon years (Bhattacharyya, 1982; Vishnmi-Mittre ef al., 1983)
However, a distinct increase in juaiper at 10,000 y. B.P. took place in Ladakh,
and the pine/hirch woods were constituted between 10,000 1o 9500 y. B.P. at
Toshmaidan in Kashmir Valley (Visheu-Mittre ef af., op.cit.). In the temperate
and subtropical Western Himalaya, a prominent trend has been from cenifers/oak

mll’l’ﬂ Wm‘ﬂtfmnlfmu gince the Inel‘ EI’\I"H;I o 70 vy, B P -n.uﬂ-n tha awromtioa thot

'-l' Pl -'I T RRLL WL PWWF“UH HL -

the oak/Pinus roxburghii woods showing an increase of pine have continued in the
subtropical region of Kumaon (Naukutchiya Tal profile : Vishnu-Mittre ef al.,
1983; Gupda, 1977, Sat Tal prefile : Gupta and Khandelwal, 1982), The undated
abtupt gecline of cakwoods and their replacement by Pinus in Kashmir Valley
L § Py | 1 [ p— reart s

{Haigam pollen diagram : Vishnu-Miiire and Sharma, 1966) may have occurred

before 4000 y. B.P., since pine forests have occurred in the valley in the
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1982 by).
In Himachal Pradesh, the cakwoods which were predominant over 4000 y.
B.P. became replaced by Cedms deodara forests about 1250 y. B.P. (Khajiar
palien profile : Sharma & Singh, 1974a; Vishnu-Mitire 1974; Vishou-Minre er
al., 198%) and by Pinug roxburghii forest elsewhere by 900 and then 600 vy, B P,

{Rewalsar and Parasram pollen profiles : Sharma & Singh. 1974 b; Vishnu-Mitoe,
1974 Vishnu-Miwre et al., (983).

The data on the changes of the ievel of sea and the land from the Indian
coastal region reveal that the sea level was nearly 160 m lower than high water
leve] (HWL) between 10,400 to 9,100 y. B.P.; at the same time juniper increased
in the steppes at Ladakh and pine-birch invaded the steppes at Toshmaidan in
Kashmir Valley. Submergence along Kerala coast is recorded 8000 v B.P.,
possibly then or later than oaks invaded the Pinus roxburghii forests in the
Kumaon region of the Western Himalaya, when the sea leve! rose about 2-3 m,
00 y. B.P. and continved until 4500 y. B.P. It is about this time that the
-okwoods predominated in the temperate and the subiropical region of the Western
Himalaya. Thereafter, sea level fluctuated between 1-3 m especially after 3000
¥.B.P. when Abies/birch/pine forest was established at Toshmaidan in Kashmir
Valley and conifers (pine/Cedrus forssts) became domivant in temperate and
subtropical repion of Western Himalaya. The oak woods had either disappeared
locally in certain areas (Kashmir Valley) or had been relegated to subsidiary
watus, surviving in sheltered belts within the conifer forests.

Man has plaved an important role it Holocene period in changing the flosistic
pattern.

Gupta and Sharma (1982) constructed poflen diaprams based on the
Wormation available from the deposits in  Ladakh, Kashmir Valley,
Rimachal Pradesh, Kumaon, Rajasthan, Umar Pradesh, Maharashira,
Gujarat, Assam, Bengal and Niigiri. Sharma (1993} aiso presenied

Pt~ analusic af nalvmnlasiasl Aaks v Himalavan  lasgebheine ssdiments
o HATRly Rilniy ol WV pral FIRAGmRGAL Waia VIL MIULaIgf il daug Al sl b

Revvering Kashmir, Ladakh, Rimachal Pradesh, Kumaon, Nepal, Darjecling and
pikiim,
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(i) Kashrir :

The pollen analysis dais from the lower and upper Karewa deposits (Nair,
1960) revealed existence of Alnus, Carpinus, Pinus roxburghii and Ceercus which
were present in Karewa deposits are conspicucus by their absence i the Kashmir
Valley today, although their equivalent species do occur on the southers slopes of
Pir Panjal mountains. Larix griffithiana which was one of the components of the
Karewa flora migrated to the Central and Eastern Himalayas (Sharma & Gupia,
Lc.}.

Broadly speaking the pollen analytical data from Toshmaidan (Singh, 1964;
and Haigam Lake {Vishou-Mitre & Sharma, 1966) three-fold vegetational
succssion i.e. Conifers-Quercetum-Mixmm-Conifer which 15 indicative of cool-
warm-cool climatic condition.

(i1) Ladakh !

The information obtained from the pollen analviical data from the Tsokar
Lake provides vegetational Mstory froin 30,000 to 9,000 years B.P. It is indicative
1l mmd Fimy aliimemrs draimes s Fnoe B WWY crmnmn Thoe Friocdemmemin mmscs iuwmda o
Ui LD alld ULy LLLILLEW- WUl e L lasl VWL Yol LIN. JEAHECT M LUILIUILLY

expanded during the amelipration of the climate.
(i) Himachal Pradesh :

Sharma (1993) States "Comparative evaluation of the pollen diagram for lake
sediments from different climatic or altimde zones in Himachai Pradesh reveal that
palagovegetation pattern in the Himachal Sector does not differ much from place
to place. Rather there is concordance of subtropical and temperats zongs in the
late Holocene period. Furthermore, the older Oak-pine forest arpund Khajiar Lake
in the (emperake zone was pradually replaced by temperate-zone forests of deodar
1200 year ago. Sumilarly, arcund Rewalsar and Parasram Lake in the subtropical
zone the oak-pine mixed forests growing 4000 year B.P. were replaced by pine
forest around 1400 years B.P. At Marhi Betula ("Bhojpatra™ was the chief
arboreal of the high altitude open forests, together with Cyperaccas grasses
forming the ground cover vegetation during the early Holocene, pointing to cool
moist climate in the ragion. It was above 8000 years B.P. that oak and fir invaded
the tegion, culminating in the growth of forests of Cuiercis-Abies-Betula. Thus
there was change 0 a warm-moist climate, which reverted to cool-moist climate
ag js reflected by the preponderance of Cyperaceae-Befula. "
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{iv) Kumaon Himalaya :

The Holocene deposits of subtropical belt of Kumaon Himataya refiect three-
fold climatic fluctation i.e. period of increasing warmth, period of optimum
warmth and period of decreasing warmth which was corroborated by the

&xistence of pine forests in the beginning, supercession of pine forests by broad-
leaved oak forests during mid-Holocene and finally reverting to predominating
pite: forests.

W)} Eastern Himalayas

(a) Darjeeling - The pollen anabytical pmﬁle from Lake Mirik reveals

S R g | L [P B [ g, [
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pericd (Sharma & Chauban, 198%a; Sharma & Chanhkan, 1988). The

smdiss indicate conditions aronnd 20,000 years B.P. Around mid
Holocene these grasslands were replaced by mixed broad-leaved forests
dominated by Quercus, Alius, Befwla and Corylis as climate turned

PR —

memuf‘:l]" OIS MeLst,

(b) Sikkim : The pollen analyticat data from the lake deposit from
Khechipiri reveals existence of mixed broad-leaved forests around 2500
years B.P. The mixed broad-leaved forests are indicative of warm and
noist climate, Arcund 1000 year B.P. Alnis dominztes over Quercus
and thete was incre=ase in Rhododendrons. This showy that the ¢limate
became more maoist.

(¥} Rajosthan

Singh # ql, {1974) while defining the Holocene vegetation and environment
Sonsidered all pollen diagrams collectively and grouped them into five phascs.

Phase I (10,000 year B.P.) - represents severe arid condlitions and strong
Winds. Extensive sand dunes were deposiced.

Phase Il (ca 9500 years B.P.)- is characterised by open grassland steppes
by sedges but poor in halophytes. Artemisia, a taxa of comparatively
Ripher rainfall, was characteristic of the phase.
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Phase IIF (ca 9,500-5000 years B.P.) - This phase is characterized by
Gramineae- Artemisia-Cheno-Ams assemblage. The vegetation was +  similar to
the previcus phase. The continwed growth of Typha angustata, Ariemisia and
Oldeniandia in good frequency is indicative of higher precipitadon.

Phase IV (ca 5000-3000 year B.P.)- This phase begins with abrupt increase
in eedlpes and rise in tees and shrubs, Prosopis cineraria, Acacia sp., Capparis
sp., Tamarix sp. and Mimose rubicaulis are recorded n semi-and belt. Ziziphus
sp. and Calligonum polveorcides in arid belt whereas Syzygfum cumind and
sedpes reached their maximum in semi-arid and and belts. Singh (1974) deduced
that during thiz period there was probably an increzse in rainfall over Rajasthan
by about 50 cm than at present,

Phase V-(ca 1200 years B.P.) is characterised by Gramineae-Cheno-Ams-
Cyperaceac-Calligonum assemblages and resembles existing climatic condition i.e.

{vi1) Crgfarad

The pollen diagram constructed by Visbnu-Mittre and Shatma (1975) from
Ox-bow Lake, Surat District is divisible inte three phases.

Phase ‘I’ is characterised by high and consistent values of Gramipese and
Cheno-amaranths followed by Leguminosae, Myraceas and Holopetelea.

Phase ‘II’ is characterised by high but inconsistent values of previous taxa.

Phase 'IH' is characterised by reversal of high values in Gramineaes and
Cheno-amaranths accompanied by Cyperaceae etc. It seem that estuarine condition
+ prevailed throughout or 12 indicated by high values of cheno-amaranths ete,

The pollen analytical investigation of brackish water Nal Lake (Vishmu-Mittre
& Sharma, 1979} revealed existence of prassland- l:hcnopod savannah in the
viciniry right from the Early Holocene (ca 8000 years B.P.). It contimued tll 2000

usar R D Afrar m vass B P Tha vagatratinn arFrnd Weld T alie sl m sad bheals ns
YORT ok Skl Ghnar YAl o, - 4l FERSUEIOD RDOUEG el LALE FOL § 351-080K A8

i8 indicated by a serious decline in total vegetation. The enhanced galinity might
have been the causative factor for the decline.



20001 AFFINTTIES - PALAEDBOTANICAL &7

(viil) Maharashtra ;

While investigating stratigraphy and palynology of the Mangrove swamps of
Bombay Vishou-Mittre and Guzder (1975) reported stray occurrence of taxa such
a8 Avicennia type, Sonneratia acida, S. apetala, Acanthns ilicifolius, Excoecaria

agallocha, Cargllia sp., Chenopodiaceae, Phyllanthus, Mynaceae and
Leguminosae.

(%) Uttar Pradesh .

Gupta (1978) constructed pollen diagram from the deposits of Meander Lake
m the Ganga Valley of district Pratapgarh. He divided the profile into four zones.

Zone I ; depicts open grassland where chenopods prew m great profusion.
The climate was very arid.

Zone 17 - depicts commencement of arboreal vegetation comprising elements

pach an Anna.ﬂﬂur Teromella and Prosopie, After a n'hnrn dacline Graminsae

Srralarwrmr g A Er el ) e e LR N

Tegaitied ]:ugh values in rest of the zone. Decline in Gramineae corresponds with
high values of Chenopodium and commencement of Cerealia pollen.

Zone JII : s characterised by an overall increase in pollen frequencies with
8ome new agdition such sy Impatiens, Potomogeton, Lillacene, Nymphasa and

ﬁm- These are indicative of relatively higher precipitation as compared to zone

Zone IV ; reflects maximum development of Cyperaceae and Liliaceae and
Wverall decline in trees and shrubs. The decline of Gramineac and sharp rise of
%ﬂeae, Litiacene, Alternanthera and Potamogeton indicates inundation of
ke margin,

Gupta and Sharma {1982) reviewed the Quatcrnary potlen analytical work

C¥Tied out eartier in Southern India. Themumgaunncamednulhydmunmc

swarmp, Ootacamund, Nilgiri depicts complete Late Quaternary
Vogetational history. The pollen diagram has been divided inwo three stages.
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Stage ‘I' (Ca 40.000-35,000 year B, P.)} : The vegetation was open Savannah
and largely comprised grassland with few strand of shrubs and trees. Impatiens
pollen showed high values. This stage cormesponds in tme o 1ast glaciation in

10771y
—Notthotr Tndia (Vishnu-Miire & Gupta, 1972).

Stage "I’ (24,275 + 700 years B.P.) : During this stage the grassland was
first invaded by Ligustrun: then followed the other components such as Rosaceae,
Malvaceae, Rhododendron and Dipsacws indicating a phase of tree/shrub
Savanoah.

Stage 'IH' {15000 year B.P.) : The forest vegetaton comprising fmrdonia,
Euonymus wxl Elaeocarpus alongwith 2 few shrubs such as Dipsacus, Lonicera,
Strobilanthes, Malvaceae and Lepuminosae was established during this stage
which soon declined, Savannah formation statted again during Early Holocene

penod.
{xi} Eastern Indla :
(a) Bengal Basin ;

Gupta and Sharma ().c.) reviewed the pollen analytical work done in Bengal
Basin. Gupta (1981} States "The pollen diagram constructed from Kolara,
Barrackpore and Namkhana have been divided into 3-5 pollen asemblage zones.
The vegetation pattern is metachronous thronghout the Bengal Basin. In western
and ¢astern parts of Bengal, the vegetational history begins with brackish-water
mined Heritiera forest during phase I where FPhoenix paludosa and Leguminosae
are quite frequent and Senneratin s sporadic. The ground vegeiation is dominated
Dy ferns and (sramineae, Phase II shows an overail increase in vaiues of Heritiero
ardl decline in Phoenix paludosa. Stray cocurrence of Rhizophora, Ceriops and
Sonnerafia is  recorded. Gramineas curve shows a notable increage whereas
Suceda and Typha have improved but Cyperaceae and other hydrophyles have
declined. Phase IT is determined exceedingly high values of Sosneratia, Acanthus
ilicifoling, Phoenix paludosa and Loranthus are co-dominants arboreal taxa. The
values for the above taxa cither dwindied down or disappeared during phase IV,
Heritiera, Ceriops and Leguminosas show gradual epward increase during
phase IV
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In the sputhern part of the Bengal basin the vegetation history begins with
Ceriops-Rhizophora complex indicating tidat mangrove conditions during phase-1.
Phase-11 is marked by the sudden disappearance of Ceriops and Rhizophora and
appeararce of Leguminosae in good frequency. This shows a short period of
cessation of the tdes. Pbase 111 18 marked by reversal of Rhfzophora alongwith

" ' 1 " g submerpence of land by sea-
water during ca 5000-3800 year B.P. Phage I'V signifies the admixmre of both
tidal mangroves and prohyaline vegetation whereas phase V records an
waprovement of salt-toleramt fresh-water elements indicating reduction in the
magnitude of tides”.

(b) Assam -

The polizn analytical studies carried out by Gupta (1971) from a trench near
Tockalai Experimental station at Cinnamara in north Assam revealed that forest

'lrEn'Frﬁ"‘;ﬂﬂ Frvmasa i ool Pl owin AT rnfer AT R S e ].?lll-u.-'- Fl - T | i TR
VTR RE WAL Bkl SRR ST Sa ey Gk WTRATTRLA TR Ty AR Yk, WrRET MO, W YRR,

Ternstroemia and Leguminosae. The bamboos and fern festooned the forest. The
Composition is indicative of subtropical climate with high' precipitation.

1. BRIEF RESUME OF VEGETATION AND FLORA OF INDIA

The presert day India occupies a remarkable peographic position and is
Situgted between 8°4'N and 37°6'N of the equator (Map #). It has an area of
3,280,383 sq. km. It is surrounded by Arabian sea in the west, Indian ocean in
the south and Bay of Bengal in the «ast, The coastiine runs to ¢g 7000 lan. In the
Darth it is surrounded by the mighty Himalaya with loftiest mountain peaks. The
UPper reaches beyond vegetation linss are perpetuaily snow-clad. its situation
between 8°4'N and 37°6'N gives this country a great latitudinal spread which
eans wide range of temperature conditions. Altitudinally, the extremes are even
m ranging from sea level to the loftiest mountains of the world. Between the

and the mountains India has practically all climatic zones from torried to
SITUC. The highest rainfall area (Cherrapunji) is located in India. The Rajasthan

is located in the west where exiremely high temperature have been
Teported. The cold degert {Ladakh) is located in the north. All these factors have

T maryRi W wwL e -

Contributed to the provision of an ideal and congenial niche for the diversification
:‘ﬁ ensichment of the flora. It is often said that few other countries of comparable
~&E possess such a rich and varied vegetation as India.
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more than 17000 species belong to angiosperms alone. The angiosperms species
are spread over 315 families {out of 400 families now defined) znd 2250 genera.
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PTH.‘EHI {i.c.} provided species mumber in the major plants gronps which is given
in the following table.

Table-9. Species number in the major plant groups in India aad the World

Kingdom .Divigion ADDIUR. Approx
nuraber of autnber of
species in species in
India the World

—

Monera  Bagraria Bacteria including B0 2700

Cynohacteria
Fungi 23000 100600
Prolista  Alpge 2500 22050
{inchating wacer
and saline maulds)
Planiag Bryophym Liverwarts, Mosses 2564 1500
& Homworts
Psilopaida Pzilopside 12 Several
Lycophyta Clubmosaes 103 1000
Sphenophyta Horsetails 1 30
Pleridophyta Ferns 900 L2000
Coniferophyta Conifers 55 530
Cycadophyta Cyrads 5 100
Gingkl:w}rn Gingkn 0 1
Gretophyta Gnetum 4 H
Anthophyts Flowsaring plants 135000 250000
h‘_-'_'_'—ﬂ—-_

—

Ta'#““* 10 Largest families of flowering plants of India by oumber of species

l—-._________\_
N&Tﬂc _'I'!'E Familu ] of nn.-r-i__q
w; F iy ] --‘--w
—
;' Poaceae: (raminae) 1291
N f_l'rj:hkdam 1229
4 “baceas (Leguminosac) 1192
) Mlﬂ!‘agl‘l- T T Py -
SI | L \wuln-m’ LFLF
. Euhmr;qm Gl6
;' L¥peracene 545
© Euphorislaceas 327
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Nzmie of the fmily Mo of specles

9, Larsiacezs {Labiatae) 435

B Acanthaceae 500

10.  Scrophularaceas 8

Table-11. 10 Largest genem of flowering plants of India by number of species

Name of the genusg Mo. of species

I. Imparien: (Palsaomnacede) 200

2. Carerx (Cyperaceas) 140

3 Frimufa (Primylaceas) I3

4. Pedicularic (Scrophulzriaceae) 100

5. Buifboplrylium (Orchidaceas) - i

6. Crotplaria (Fabaceac) &5

7. Pendrobism {Otchidaceze) o1

B Asiragaluy (Fabaceae) T

9. Fleus (Motacene) H

0.  Euphorbia {Euphorbiaceae)
Begonia (Begoniaceas) =)
Hedvoris {Rubiaceae) feach}

1 of India with anpproximace sumbesr aof macist
......... mpecied

Phytogeographic zone MNo. of species
1. Hitalayas 4000
2. Bastemn Ghats 2000
3. Western Ghans 4000
4,  Deserts (Thar and Ladakh) 1000
5.  Gangetic Plains 2000
4.  Peninsular Indin 3000
7. MNonh Eastern [ndia 00K
. Dslands 2000
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Monogeneric families of flowering plans in India

There are 80 monogeneric families of flowering plants in India. Out of these
62 belony (o Dicotyledones and 18 1o Monocatyledones.

L Dicotyledones families :

Barclayaceae, Basellaceas, Biebersteiniaceas, Cardioptervgaceae,
Chrysobalanaceas, Circacasteraceae, Eupteleaceae, Flindersiaceae, Frankeniaceae,
G}fl‘ocarpm, Ixonanthacese, Lecythidaceae, Martyniaceas, Monimiaceae,
Mmﬂam Nepenthacese, Nelumbonaceas, Nyssaceae, Paconiaccae,
Pistaciaceae, Plagiopieracese, Platanacese, Polemoniacese, Stachyuraceae,
T"n'ﬂcﬂntraﬂe,ae, Tropaczolaceae, Averrhoaceae, Carpinaceae, Casvarinaceac,
Ceratophyllacese, Cortariaceas, Corylaceae, Goodeniaccae, Hippocastanaceas,
H}’Pﬂmae:an, Moringaceae, Podophyllaceae, Stylidiaceas, Symphoremataceae,
T“nﬂl‘aﬂ:ae. Avicenniaceas, Cactaceas,  Erythropalaceae, Trapaceae,
hfwiattﬂcladme. Diapensiaceae, Illiciaceae, Menyanthaceae, Xanthophyllaceae,
Dmhipm_lw! Callitrichaceae, Erythroxylacsae, Alangiaceae, Pittosporaceae,

i e, Parnassiaceae, Aceraccaes, Aquifoliaccac, Ebenaccae,
Begonjaceae, Ralsaminaceae and Clethraceae.

0. Monocotyledones famities :

Flﬂﬂt”fl'l‘llﬂrnnn Hudatallaswnse Philvdrarsns Boanmiacrsas Trchansdasea
=T MEREL e R wry & LIS x | gtk

.l..l.J' [Srriim) gLt J AL LBl y 'I..ll,l.r R Rt LR Sl il b T

zﬂﬂnjch:]]iam:ac, Juncaginaceae, Trilliaceas, Triuridaceae, Cannaceae, Taccaceae,
wph’-m\!, Sparganiaceas, Xyridaceas, Aponopetonaceae,  Najadaceae,
Potamogetonaceas and Eriocaulaceae.

2]

s

ﬂPPrDzimately 266 genera of flowering plants in india are monotypic. These

are

;~ Acrachne Wight & Amn. ex Chiov {Poaceae)
Actinostemma Griff. {Cucurbitaceac)

. A. tenerum Goift.

Adenoon Dalz. { Asteraceac)
4. indicum Dalz,
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4. Adoxa L. { Adoxaceae)
A. moschatelling L.
5. Alcimandra Dandy (Magnaliaceae)

Y- S . N, FE ) P

A, uum.urul Hook.f. & LI.]:U].I:‘I.E

a. Aldrovanda L. (Droseraceae)
A. vesiculosa L.

7. Allmonia R. Br. ex Wight {Amaranthaceae)
A noaiﬂam(L}R Br. &x Hook.f

et e Malaloe Y DAL LA P P

A
SAFHANTRFFG LU . 14ﬂuuq~tm;

A. cocculus {L.) Wight & Armn,
9. Amthogonium Watlich. ex Lindl. (Orchidaccae)
A. gracite Lindl,
10. Apiuda 1.. (Poaccac)
A mutica L,
11. Arcvosperma Schulz. (Brassicaceac)
A. primuelagfolium (Thoms.) Schultz.
12.  Ariopsic J. Grah. (Araceas)

e

A. pettatn 1. Grah.
13.  Ascopholis Fisch. (Cyperaceae)
A. gamblsi Fisch,
14.  Asperugo L. {Boraginaceac)
A. procumbens L.
15. Aspidocrrya Hook.f. & Thoms. (Menisperimaccac)

A, uvifera Hook.f. & Thoms.
16.  Baeolepis Decne ex Mog. (Periplocaceae)
B. nervosa (Wight & Arn.) Decne. ex Moq.
17.  Baphicacanthus Bremek. (Acanthaceac)

A A Taat THoiniaaals
ﬂ I.J'Eﬂ'.!-'l-l'.l'. LIvCDN) DICINEK.

18.  Benincasa Savi (Cocurbitaceae)

B. hispida (Thunb.) Congm.
19.  Bhidea Stapf ex Bor (Poaceas)
B. bumsiona Bor
20,  Dischofia Blume (Bischofiaceac), {Euphorbiaceac)

B. Jovemica Blame
21.  Biswarea Cogn. (Cucurbitaceac)
B. tonglensis (C.B. Clarke} Cogn.
22.  Bigpharistemma Wallich ex Benth. {Rhizophoraceae)

| -] Jmﬁmuiﬂ’ Fa Y -ulu N TH e TWomas
F el "";"HJ'I'“-FH_I FEH LIV J LALLM KRR,



2000}

23.

a7,

3,

1.
34,

35

AFFINITIES - PALABOBOTANICAL

Blumeopsis Gagnep. {(Asteraceae)

8. flava (DC.) Gagnep.

Boenninghausenia Reichb. ex Meissn. (Rutaceag)
B, albiflora (Hook.) Reichb, ex Meissn.
Bonngyodes Blatt. & Hallb. (Scrophulariaceze)
B. limnophiloides Blatt. & Hallb,
Brachystemna D. Don. (Caryophyllaceas)

B. calvcinum D. Don,

Brasenin Schreb, (Cabombaceae)

B, rogseqa W.W. Smith

Bryocarpum Hook.f, & Thoras. (Primulaceas)
B. himalgicum Hook.f. & Thoms.

Bullevig Schlechter (Orchidaceae)

B. yunnanensis Schlechter

Butomur L. (Rutomaceae}

B. umbeliatus 1.,

Bythophyton Hook.f, (Scrophuliariaceae)

B. indicum Hook.f,

Coesulia Roxb, (Asteraceag)

C. arillaric Roxh.

Caiacanthus T. And. ex Benth, & Hook.f. (Acanthaceae)

C. grandiflorus (Dalz.} Radlk,
Calycopteris Lamk. (Combretaceac)

C. floribundz (Roxb.) Lamk.

Campbeitia Wight (Orobanchaceae)

C. cytinoides Wight

Cannabis L., (Cannabinaceae)

C. rafiva L,

Carmong Cav. (Ehretiaceae)

C. microphylla (Lamk.) G. Don.

Carviz Bremek. (Acanthaceae)

C. ecallosa (Nees) Bremek.

Castellia Tineo (Poaceae)

C. tuberculpsa (Moris) Bor

Catamixis Thoms. (Asieraceae)

C. baccharoides Thoms.

Caves W.W. Smith & Small. (Asteraceae)
C. tanguensis (Drumm.) W.W. Smith & Small.
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49.

50,

31,

52.

53,
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Cerasiocarpum Hook. £, (Cucurbitaceae)
C. bennemrii (Miq.) Cogn.
Chamasepharae Srhrenk. (1 nhmm:ﬂ.

e i e e I R e et 2

C. brachrdens Aitch, ex Hemsl.
Chionocharis Johnston (Boraginareae)
C. hookeri (C.B. Clarke) Johnston

Chlgmydites Drumim. (Asicraceac)

. prainii Dmmm,

Chioraxylon DC. {Flinderziaceae)

C. swietenia DC.

Choerospondias Burtt & Hill. {Anacardiaceae)
. axiflariz (Roxb.) Burtt & Hill,
Chukrasia A, Tuss, (Meliaceae)

C. tabularis A. Juss.

Chydenanthies Miers. (Barringtoniaceas)
C. excelsus (Blume) Miers,

Crreaester Maximn, (Circacsieraceac)

. agrestis Maxim.

Cleisocentron Bruhl (Orchidacesae)

L. trichromum (Reichb.f.) Bruhl

Cocos L. (Palmae)

C. nucifera L,

Colebrookea Smith (Labiatas)

. apposirifolia Smith

Corallobotrys Hook.f, (Ericaceae)

C. acuminata Hook.f.

Bl o HFpr R |

F ol By
'l-l-"-l"Ul-l-i'ﬂ-r""lil-l- AT, \mﬂ.‘:}

C. decurnbeny (Forssk) Excell.
Cortin DT, (Umbelliferae}

C. lindleii DC,

Contonia Wight {Orchidacear)

€. peduncularis (Lindl.) Reichb.f.
Craniptome Reichb. (Labiatae)
C. furcata (Link) O. Kize,
Cucubalus L. {Caryophyllaceae)
L. baccifer 1.,

Curanga Juss. (Scrophulariaceas}
L. feitterrge Mer,

[iNT. ¥OL. II
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Cydonig Mill. {Rosaccae)
C. oblonga Mill.

Namvlimndrog (Hoole £ Honl {Enﬂnrh": Pt vl |
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D, welwirschii Hook.1.

Danthonidium C.E. Hubb, (Poaceae)

D. gammiei (Bhide) C.E. Hubb.
Decalepis Wight & Am. (Periplocaceae)

n Iu-l-- TMH-H W1n]1r .Er .ﬁ
S THARHM TigiiL i

Desmostachya Stapf. (Pnacea.,}

D, Bipinnata (L.} Stapf.

Dichaetariac Nees ex Steud, (Poaceae)

D. wightli Nees ex Sieud.
Dicoelospermum C.B. Clarke (Cucurbitaceae)
I, ritchiei C.B. Clarke

Diectomis Xunth (Poaceas)

D. fosrigiata (Sw.) Kunth

Didicieg King & Prain {Orchidaceae)

D. cunninghami King & Prain

Dinebra Jacq. (Poaceae)

D. retrofiexa (Vahl) Panz.

Dipeniodon Dunn. {Dipentodontacese)

D, sinieus Dunn,

Dipterygium Decne. (Cruciferae)

D. plancion Decne.

Ditrichospermum Bremek. (Acanthaceae)
D. secundum (T. And.) Bremek.
Drimycarpuyr Hook.f. (Anacardiaceae)

D. racemorus Hook.f.

Edgaria C.B, Clarke {Cucurbitaceat)
E. darjeelingensis C.B. Clarke.

Eleiotis DC. (Leguminosac-Papilionacesc)
E, sorerig {L.,) DC,

Eleptheranthers Poit ¢x Bosc, {Asteraceae)
E. ruderalis {(Sw.} Sch.-Bip.
Ellistophyiium Maxim. (Scrophulariaceae)
E. pinnarum (Benth.) Makine

Enhalus Rich. (Hydrocharitaceae)

E. acorgides (L.f.) Rich, ex Steud.
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Enicostema Blume ((rentianaceae)
E. hyssopifolivm (Willd.) Verdoorn
Ennccarpus Nimimo &x J. Grah. (Tiliaceae)

________ [ PN %
.I:l I'I-I-.l'ﬂ'd'!'l-l.-l"ﬂl-l.l LILdL.

Eripglnssum Blume (Sapindaceae)
E. rubiginosumn Blume
Eriophyton Benth. (Lamiaceag)
E. wallichianian Benth.

Euclastz Fraoch (Poaceae)

E. condviotricha (Hochst.) Stapf
Euryale Salish. (Eurylaceas)

E. ferox Salish.

Falconeria Hook.f. (Scrophulariaceacs)
KN himalaica Hook £,

LS T oy

Fergusonia Hook.f. (Rubiaceas)

F. tetracocca (Thw.) Baill

Finlaysonia Wall. (Periplocaceae}

F. maritima (Blume) Backer ¢x K. Heyne
Frerea Dalz, {Azclepiadaceas)

F. indica Dalz.

Genteibua Bremek {Acanthaceae)

G. urens (Heyne ex Roth) Bremek,

F e F s PR, §

WI'I-IULHHWH oHAN. !,.thﬂlmlj

5. glabrum Cass.

Griffithella (Tul.) Warm. {Podostemaceac)
G, hookeriana (Tul.) Warm.

Gynocardia R. Br, (Flacourtiaceae)

I ol mmes T T
LA LMSCITLMDE Ihw: Ll

Halopyrum Stapf (Paaceas)

H. mucronanem Stapf

Halostachys C.A. Mey. (Chenopodiaceas)

H. caspica (Pall.) C.A. Mey.

Haplothismiaz Airy-Shaw {Burmanniaceas)

H. exannulata Airy-Shaw

Hardwickia Roxb. (Leguminosarc-Caesalpinivideas)
H. binata Roxb.

Hedinia Ostenf. (Cruciferas)
.H' tihaiven Thome b Cletant

FRLFNFLE § B HW LD f AL .
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117,
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Helicanthes Danssr (Loranthaceas)

H. elastica (Desr.) Danser

Hemidesmus B. Br. (Periplocaceae)

H. uficus (L) Schult.

Hemiphragma Wallich (Scrophulariaceae)

B. heterophviium Wallich

Hemsleya Cogn. (Cucurbitaceae)

. graciliflora {Harms) Cogn.

Herpetospermurm Waltich ex Hook.f. (Cucurbitaceae)
H. peduncidosian (Ser. ) Baill.

. Hesperethusa M.]. Roem (Rutaceae)

H. cremulata (Roxb.) M.]. Roem.

. Hewittia Wight & Arn. {Convolvulaceae}

H. sublopata (L.£.) O. Kize.

Hodacamis Hanl £ (Mucnrhitansse’
AELAEE AL TEHE EEARG L | e ilirtd ] LR A

H. macrocarpa (Blume) Cogn.

. Homalociadinm (F.¥. Muell.) Bailey (Polygonaceae)

H, platycladum {(F.V. Muell.) Bailey

. Houmynia Thunb. (Sayruraceae)

” vt Thiimh
"k WP LR B LIWLLILT 4

Hubbardia Bor (Poaceae)

H. heptaneguron Bor

Humnemannia Sweet (Papaveraceas)

H. fumarigefolio Sweet

Hyglismg Champ. (Triuridaccac)

H, janthine Champ.

Hydrilla Rich. (Hydrocharitaceae)

H. verticiliatg (L.f.) Royle
Hydrobryopsis Engl. {Podostemaceae)

H. sessifis (Willis) Engt,

Bydrocera Blume {Balsaminaceas)

H. triflora (1..) Wight & Arm.
Hydrotythrum Hook.f. {Lythraceae)

. wallichii Hook.f.

Hygroryza Nees (Poaceae)

H. aristote (Retz.) Nees ex Wight & Am,
Hymenandra A. DC. ex Spach {(Myssinaceac)
H. wallichii A.DC. ex Spach

™
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133.
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Hypopitys Hill. (Monotropaceae)
H. Iﬂnu,g:'rwm Nutt.

P b_n

PPl P,

. Indobonaglia Henry & Roy {ﬁ‘uummjmml;nw

r .r.lwrwﬁnm I’Mm Y Harv .Er
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Indofevillea Chatterjee ( Cucurbltaceaﬁ]

I khasiang Chatterjes

Indopiptadenia Brenap (Mimosaceae)

1. oudhensis (Brandis) Brenan

Indopoa Bor (Poaceat)

1. pauperculn (Stapf.) Bor

Indetristicha van Roven (Podostemaceas)
Ipseq Lindt. (Orchidaceze)

1. speciosa Lindl,

Ischnocfiog Hook I, {(Poaccace)

L. falconeri Hook £

Jamesbritienia O. Kiz. (Scrophuiariaceas)
J. dissecte (Del.) O. Kitze.

Jansenella Bor (Poaceae)

.'-U

. griffithiona (C. Muell. ) Bor

Jerdonia Wight {Gesperiaceac)

J. indica Wight

Kandelia {DC.) Wight & Arm. (Rhizophoraceae)
K. cande! (L.) Druce

Kendrickia Hook.f. (Melastomataceae)

K. watker! Hook.f,

Kingiodendron Harms. (Leguminosae-Caesalpinioideae)
K. pinnotum (Roxb.} Harms.

Koefzellu Hiroe (Umbelliferas-Apiaceas)

K. pabularia (Lindl.) Hiroe

Kurziodendron Balakr. {Buphorbiaceas)

4 o 2 .—'i I'.I-..'I e
I FII‘HHJH’WH LILUFE) DOIART .

Lacpitasr Brand. (Bo Orag )

LS

L. cobycosa (Coll, & Hc.mul } Brand.,
Lamarckia Moench. (Poaceae)

L. gurea (L.} Moerch.
Lamprachaenium Benth, (Asieraceas)
L. microcephalum Benth.

[INT. YOL. 11
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137.

139,
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144,
145.
146,
147,
148,
149,
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151.

152,
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Lawsonia L. (Lythraceas)
L. inermis L.

. Lepidostemon Hook.f. & Thoms. (Cruciferac)

L. peduncuiosus Hook.f. & Thoms,
Leprocodon Lam. {Campanulaceas)

L. gracilis (Hook.f. & Thoms.)} Lem.
Leptorhabdos Schrenk. {Scrophulariacesae)
L. parvifiora (Benth. } Benth.

Lopholepts Decne. (Poaceae)

L. ornithocephala (Hook.) Stend.
Marmynia L. (Martyniaceae)

M. annua L.

Megacodon (Hemsl.) H. Smith (Gentianaceae)
M. stylophorius (C.B. Clarke} H. Smith
Meryanthes L. (Menyanthaceae)

M. trifoliata 1.

Meteoromyrfus Gamble (Myrtaceac)

M. wynagdensis (Bedd.) Gamble
Meyenig Nees (Thunbergisceae)

M. hawtqyneann (Wall.) Nees
Micholitzia N.E. Br. (Asclepiadaceae)

M. obcordata N.E. Br.

Microcarpaea R. Br. (Scrophulariaceae)

M mintmeos (¥ e 3 Ao
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Microgynoecium Hook.f, (Chenopodiaceae)
M. tibeticum Hook.f.

Microschoenus C.B. Clarke (Cyperaceas)
M. duthiei C.B. Clarke

Miluls Prain {Alliaceae)

M. spicata Prain

Mischodon Thw. (Euphorbiaceas)

M. zevlanicus Thiw.

+ 'Myriostachya (Benth.) Hook.f. (Poaceae)

M. wightlang (Necs ex Steud.) Hook. f.
Nanothamnus Thoms. {Asteraceae)

N. sericeus Thoms.

Nechamandra Planch. (Hydrocharitaceas)
N, alfernifolia (Roxb.) Thw.

81



B2

156.

r
l

158,
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166.

161.

162.

163.

164.

166,

167.

168.

169.
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171.

172.

173,

174,
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MNelsonia R. Br. (Scrophulariaceae)
M. canescens (Lam.} Spreng.

. Neodictemon Raba & Heary (IJricacese)

N. indicum (Wedd.) Babu & Henry
Neolffa Chakravarty (Cucurbitaceac)
N. sikiimensis Chakravarty
Neurada L. (Neuradaceae)

N. procumbens L.

Nothosaerva Wight (Amaranthaceae)
N. brachiara (L.) Wight

Notochaete Benth, (Lamizceae}

N. hamosa Benth.

Myctanther £, (Verbenaccae)

N. arbor-rristis 1.,

Mvpa Steck. (Nypaceae)

Nypa fruticans Wurmb.,

Orinus Hitche. (Poaceae)

O. thorpidii (Stapf) Bor

feanenhelizm Badllr. (Qanindaceae)
L] T FLSP I‘.J.I.I'“ rrer LR e e o ",‘ ""r il

0. stivulaceum (Bedd.) Radik.
Ongeirnig Benth. {Papilionaceae)

0. oojeinensis (Roxb.) Hochr,
Oxyria Hill. {Polygonacese)

0. digyna (L.) Hill.

Pajanelia DC. (Bignoniaceas)

P. longifolia (Wild.) X. Schum.
Pomburus Swingle (Rutaceae)

P. missionis (Wight} Swingle
FParajeschiea Burkill {Gentianaceas)

1 ssannlnrd Thaelall
I . offsbrkkh LWL Bkl

Parastyre W.W. Smith (Styracear)
P. lacel W.W, Smith

[INT. VOL. II

Parochetus Buch.-Ham. ex D. Dost {Leguminosac-Papilionoideac)

P. commuris Buch.-Ham, ¢x D. Don.

Paroxygraphis W.W. Smith (Ranunculaceac)

P. silkimensis W.W. Smith

Parrotiopsis (MNisd.) Schneid. (Hamamelidaceae)

P. jacguemontiana {(Decne. ) Rehder
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FPauella Ramam. & Sebast. {Araceae)
P, sivagangana Ramam. & Sebast.

Pauia Deb & Dutta (Solanaceae)
xuummw“;

P. bellgdong Deb & Dura.

. Pedalium L. {Pedaliaceae)

P. murex L.

Pednogynte Brand. (Boraginaceas)

P. tibetica (C.B. Clarke} Brand.

Pentabothra Hooll f. (Asclepiadaceae}

P. nana Hook.{.

Pemapetes L. (Stercuiiaceas)

P. phoenica L.

Peracarpa Hook.f. & Thoms. (Campanulaceae)
P. eqrnosa (Wall.) Hook. f. & Thoms.

Phaenosperma Munro ex Benth. & Hook.f. (Poaceae)

P. globosum Munro ex Oliver

Philydrum Danks ex Gasrn. (Philydraceae)
P. lanuginosum Banks ex Gaertn,
FPhryma L. (Phrymatacese)

P. ieprostachya L.

Pistia 1., (Araceat)

P. stratiptes L.

Plagiopteron Griff. (Plagiopteraceae)

P. suaveolens Griff.

Platystewgna Wallich (Gesneriaceae)

P, violpides Wallich

Plesmoniym Schott, (Araceac)

P, margaritiferum Schot.
Pleurospermopsis Norman {Umbelliferac)
P. sikkimensis (C.B. Clarke) Norman
Pogonachne Bor (Poaceae)

P. racemosa Bor

+ Polysolenia Hook.f. (Rubiaceac)

P, wallictii Honk
FasdakL-rRER EELATE. L.

Polyura Hook . f, (Rubiaceae)
P, geminata Hook £,

+ Polyzygus Dalz. {Umbelliferac)

P. tuberosus Dalz.

B3
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194, Pommereulla L.f. (Poaceae)
P. conuicopiae 1.1

195, Porteresia Tateoka (Poaceae)
P. codrciaia {Roab.) Tateoka

196 Poitingeria Prain (Saxifragaceae)
P. acuntnagia Prain

197, Praecitrufius Pang, {Cucurbitaceae)
P. fistulosus (Stocks) Pang.

109 s Jgyy — ki Povemrals A ranthoswan
17d. rat:uuur-ummun:ru DIEICK, { ACANINACEIL)

P. glutinasa (Nees) Bramek.
19%. Pseudechinolasna Stapf (Poaceae)
P polysiackya {HBK) Stapf
200. Pseudodanthonia Bor & C.E. Hubb. (Poaceag)

B hiwalaiss (Tdanl "l n..nr o E = Hnhh
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201. Psendodichanthizzm Bor (Poaceas)

P. serrafaicoides {Cooke & Stapf.) Bor
Pseudogiochidion Gamble (Eupharbiaceae)
P. anamalayanurt Gamble

f§

283, Psewdosorghum A, Capms {Poaceas)
P. fasciculare (Roxb.) A. Camus
204, Psendosiachyum Munro {Poaceae)
P. polymorpfurm Munro
205. Pubistyius Thoth. (Rubiaccac)
P. andamanensis Thoth.
206, Pycnospora R. Br. ex Wight & Arn. (Leguminosae Papilionoideae)

P. intescens (Poir.) Schindi.
207, Queensiandielia Domin (Cyperaceae)
Q. Ayailing (Vahi) Ballard
208. Remirea Abol. (Cyperacesc)
K. maritimg Aubl.
209, Rhagadiolus Scop. (Asteraceac)
R. hedypnois Fisch. & Mey.

o h¥1) Piefamry Wi £ Thasel fmeelidea o
W AWAIHG P TRLLLE U L AR 1T memu}

R, atropurpurec King & Pantl.
211. Roylea Wallich {Lamiaceac)

R. cirerea (D. Don) Baill,
212, Rubitencris Kudo {Lamiaceas)

P asalwats (Dawih aw Tlanb % Wuada
dhe [P TEEHL | ARy e LAV ) Ill\-l-u
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Eontonoun Halalky & Spbeam (Acanthareae
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Rytilix Rafin. (Poaceae)
R, granmiaris (L.) Skeels

s

Ml ML R H..l.ll'lni

8. madurensis Balakr. 8 Subram.

. Sarcochlamys Gaud {Urtcaceae)

S. pulcherrima (Roxb.) Gaud.
Schisichera Willd. (Sapindaceac)
3. pleosg (Lour.) Oken,
Scirpodendron Kurz (Cypetaceae)
3. ghaeri (Gaertn.) Merr,
Scyphiphora Gaerin.f, (Rubiaceae)
3. hydrophyllacea Gaertn.f.
Sechium P. Br. (Cucurbitaceae)
5. edule (Jacq.} Sw.

Smithiella Dunn, {Urticaceas)

S. myriantha Dunn.

. dolena Lour. {Cucurbitaceae)

§. heterophylla Loy,
Sovmida A, Juss. (Meliaceag)
3. febrifuga A. Juss.

. Sphaerocaryum Nees ex Hook.f. (Poaceas)

S. malaccense (Trin.) Pilger.
Sphaeromorphaea DC. {Asteraceae)
3. russeliana DC.
Sphenoclen Gaertn. (Sphenocleaceae)
5. zevlanica Gaertn,
Sphyranthera Hook.f, (Euphotbiaceae)
S. lutescens (Kurz) Pax. & Hoffm.
Steﬂem L. {Thymeiacaceae)

8. chamaejasme L.
Stilbanthus Hook.f. { Amaranthaceac)
S. seandens Hook. f.

—

Stiptanthus (Benth.) Briq. (Lamiaceas)
S m'.lhﬂ‘nr"ﬁuur {Hanih L Arin
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Stracheya Denth. {Leguminosae-Papilionaideae)
8. tibetica Benth,

Streptolirion Edgew. (Commelinaceas)

. volubile Edgew.

B85
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. Struchiym P. Br. (Asteraceae)

S. sparganophorum (L.) O. Kuze.

. Taenigndra Bremek. (Acanthaceas}

T. micrantha (Wight) Bremek.

. Tainiopsis Schlechter (Orchidaceae)

T. barbata (Lindl.) Schlechter.

. Tamarindus L. (Leguminosae-Cagsalpintideas)

T. indica L.

. Tarphochlamys Bremek. (Acanthaceac)

T. affinis (Griff.) Bremek.

. Tecometla Seem. (Bignoniaceae)

T undslata (Smith) Seem.

. Tenagocharis Hochst, {Limnocharitaceas)

T. larifolin (D). Don) Buchen.

. Terniola Tul. (Podostcinacese)

T. zeviamica {Gardn.) Tul.
Rt === 5 ;

Testudipes Markgr. (Apocynaceas)
T. recurva (Roxb,) Markgr.

. Tetracentron Qliver (Tetracentraceae)

T. sinense Oliver

, Tatromeles B Rr {T___ mplnnﬁnp}

dws ALFR .

T. nudifiora R. Br,

Terrapanax Koch {Araliaceae)

T. papyriferum (Kh.) Koch.

Theiepogon Kotk ex Roem. & Schult. (Poaceag)
T. elegans Roth ex Roem. & Schult.
Theropogon Maxim. (Liliaceas)

T. palfidus Maximn,

Thylacospermin Fenzl. (Caryophyllacene}
T. rupifragrum Schrenk.

Thysanolaeng Nees (Poaceae)

T. maxima {(Roxb.) 0. Kize.

Toddalia Juss, (Rutaceae)

7. asiatica (L.) Lamk.

Trachys Pers. (Poacsac)

T. muricata {L.)

Trentlera Hook £, (Asclepiadaceae)

T. insignis Hook.f.

[INT. ¥OL. II
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25Y. Traenacamthus Nees (Acanthaceac)
T. griffithianus Nees
. Trichopus Gaertn. (Trichopodaceae)

g
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T. ramoricanee (Hack )y Bor

Bu miRwile ARl

Trochiscis Schulz. (Cruciferas)

T cochiearivides (Roth} Schulz,

Tupidanthus Hook.f. & Thoms. {Araliaceae)

T, calyprratus Hook.f. & Thoms.

Urochondra C.E. Hubb. {Poaceac)

U. semlosa (Trin.) C.E. Hubb.

Utleria Bedd. (Periplocaceac)

U. salicifolia Bedd.

Vossiz Wall_ & Griff. (Poaceae)

V. cuspidara (Roxb.) Griff,

Mosilave Dalz, (Leguminosac-Caesalpinoideas)

M, spicata (Dalz.) Nicols.

Wililsia Warm. (Podostemaceae)

W. selaginoides (Bedd.) Warm.

+ Zammicheilia L. (Zannickelliaceae)

Z. palustris L. sap, pedicellata Wahlen. & Rosen.
a2 L., (Cucurbitaceae)

Z, indica L,

Hiergvalieya ¥.], Nuir ¢f al. (Poacear)

S. rainii V], Nair ef al.

Nayariophyton T.K. Paul (Malvaceas)
N. zizyphlfoliom (Griffith) T.K. Paul

Nayar (1996) has published comprehensive account of endemism in India
h AN e Bero ot N )
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|“- which are dixtripnted orver 147 genera ahd 47 families, The families

and Poaceae have largest rumber of endemic genera {17 genera
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Navar ¢ -
ke c.) ra:ugmaen Tﬂllﬂ“"[ﬂg 3 Mf:gaccmrts and 24 Microcenires of

Raderic plm in Tndia.



Megacentras

1.  Eastzrn Himalaya
2. Western Ghats
3. Western Himalaya

FLORA OF IND1A [INT. ¥OL. I

Bow N e
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Microcentres

Andaman Growp of Islands
Nicobar Group of Islands
Agpastbyamalai Hills

Anamalai and High Ranges
(Cardamon Hills)

Paipi Hilis

Nilgiris, Silent valley, Wynad,
Kodagu

Shimoga Kanara
Mahabaleshwar Khandala Ranges
Konkan - Raigarh

Marathwara Satpura Ranpes

. Tiropati Cuddappa Nallamalai Hills
. Vizagapatmam - Ganjam - Jeypore Hills
. Southern Deccan {Leeward side)

. Chotanagpur plateau

. Kathiawar Kuich

. Rajasthan Aravalli Hills

. Khasia Jaintia Hiiis

. Patkol Manipur Lushai Hills

. Assam

. Arunachal Pradesh Himalaya

. Sikkim Himalaya

Garhwal Kumaon Himalaya

. Labul Himachal Pradesh Himalaya

Kashmir Ladakh Himataya

Of the 5725 endetnic species of India :

3471 species occur in Himalaya

2015 speciss occur 10 Peninsular India
239  species ocour in Andaman and Nicobar Islands

Megacentre of endemic plants of

Western Ghats has

1500 endemic species
(60 endemic genera)
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Megacentre of endemic plants of 1308 endemic species
Eastern Himalays has

Megacentre of endemic plants of 1195 endemic specles
Western Himalaya has

A'WDS the microendemic centres 239 endemic species
Andaman and Nicobor Islands has

Table-12. Endemism in plants of Iadia

Taxon No. of species Percentage of
endenic
Bryophyta 2700 29.00%
Peridophyta 1022 24.50%
ﬂynpmm 64 12.40%
Angiosperms 17000 33.50%

Tekhtsjan (1967) considered Eastern Himalaya alongwith Northern Myanmar
4nd Yunan axis as cradle of flowering plants.

Some of the Monocot families, viz. Eriocaulaceae, Marantaceae, Musaceae,

» Pandanaceae and Zingiberaceae show high endemism. The family

Peaceas haa about 360 endemic species (Jain, 1986). OF the 17000 flowering
#ecies 2560 species belong 2o tree species.

_Thﬂ insectivorous families are represented by Droseraceae (3 species),
_ i (36 species) and Nepenthaceae {1 species). The parasitic families
MY represenged by Loranthacese {46 species, Santalaceac {10 species),
B':‘ltlt!phom (6 apecies), Burmannisceae (7 species), Rafflesiaceae {1 species),
Mm‘“;mmm (1 species), Orpbanchaceae {54 species) and Cuscutaceas {12

The Adquatic angiosperms account for more or less 600 species.
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Mangroves occupy an area of 6740 sq. km. These are represemted by 59
species distributed over 4] penera and 29 families.

Some of the interesting saprophytes, such as Monotropa uniflora, Galeola
Julvoneri, Epipogeumn roseum, Aegineiia indica, etc. arc also found in Indian

Flawa

A Ragry inn

A number of primitive angiosperms such 28 Magnofia pealiong, M.
griffithii, M. pterocarpa, M. gustavii (Magnoliacese), Teiracentron sinensis
(Tetracentraceast, Holboellic [mifolic var. angustifolia (Lazardizebalaceae),

TTams nyrvali dososs e ooee b Irlnl :I'.'."m.l- n.tr'ﬂll..l':rr.l'l Hﬂﬂl]]]‘l.ﬂ.ﬂ n'lﬂlhlrlll'lrn I:F“
A LL IR U b L R e B J.I.I'H'I.I.IIJHI. Oy 7T hkin w“m _r"' 1.:' » ﬂ”lflsi“.

sp.. Carylopsis himalavana alongwith Myrica esculemta, Manglietin caveans,
Talauma hodgsonti and Houthiynig cordata are represented in the Flora of N.E.
India. Ocourrence of these primitive species makes this area a cradle of flowering

one of thf: most mpnmnt rcﬂcwablc biomass resources, shn}w great mvemty n
India. Of the known 30 genera and 550 species in the world about 136 species
oceur in India. The Indian subcontinent is one of the twelve centres of genetic
resources (Zeven & dc Wet, 1982) and has given the world over (wo dozen crop
plantg. The cultivar diversity is so emormous that Indian region formed the

"Hindustan Centre of Origin of Cultivated plants” {Vaviloy, 1951).

Nature has blesscd India with large number of plant groups having beautiful
flowers. Some of these arc specics of Owhids, Rhododendron, Hedychium,
Primula, Pedicularis, Meconopsis, Corydalis, =1c.

Kome of the rare and ornamenial Orchids are -

Papidopeditum fairieanur Cymbidium eburneum

P. venustum Vanda coerulea

P. insigne Kenanthera imschootiana
P. villosum Pleions maculata

P. hirsutissimion Dendrobium nobile

P. druryi D). hookerignum

Anovectochilus silddmensis D. densifforum, e,
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Some of the ornamental and threatened Rhododendrons are

Rhododendron nutialli R. hookeri

R, falconeri . macabeaniom
R eltioni R. wastii

R. arboreum R. hodgsonti

Some of the ornamental species of Hedychiums are :

Hedychium juteum H. radianium
H, greenii H. robustum
H. aureum H, dekianum
. longipedunculation H. gardrerianum

Some of the Primula spacios are :
Primula roven

P. munroi

P. atrodentasa

P. stugnrsi;

P. sessitis

P nivalis var. macrophylia

Tyl )
SRR

€ of the attractive species of Fedicularis, Maconepsis and Corydalis are :

Pedicularis rhinanthoides
P, Stphonantha
P, pyramidarg

B = e

Meconopsis aculeata
- Paniculain

Corydatis cashmeriana

- E0vanianag

- The Indian flora is further enriched by migration of plant species from the
“*ighbouring countrics with which India has land connections and also far flunged
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arca. The land connections in the north-west and north-east have provided

corridors for the migration of the plant species, The high ranges of mountains in
the north and seay surrowxding the hree sides of the Pevimsular India have acted

as effecdve bartiare for the miaration of nlants. More than S00 new records have

IR T Ny L b, L NS ) e BRma SR W e AUAT B =L AL

been meported during the current century. The areas from which plants have
migrated and some of their migrants ar= given below.

1. African elements ;

Some of the African taxa of common occurrence in India are Acaria spp.,
Alstonia scholaris, Blepharis spp., Calophyllum inophyllum, Catharanthus app.,
Dicanthium spp., Flacourtia, Geissapis cristata, Grewia, Halorrhena, Hyphaene,
Kalanchoe pinnrata, Lancea covomandelica, Pedalium murex, Psendarthria viscida,
Ricinus communis, Xemenia americong. Coccnlus hirsutus, Nymvhaen nouchali,
N. pubescens, Capparis sepiaria, Cleome monophylla, Hybanthis enneaspermus,
Pavonia ordorata, Melochia corchorifolia, C. aestuans, Blophytum sensitivum,
Melia compasiia, Cassine glauca, Celastrus pamickiaia eic. Some of the recently

wannrtad alawmaamts owa £ basarea ﬁrﬂ}"ﬂfl‘l.ﬂ?‘l‘l‘lﬂ Chvannoarsmbefime sl i = r
J.\.ri..I'UJ.I.M..I R L L N LE LT [- 1 R~ Sl T T FFRLAL WP R o T 1 F iy ik B w"vw}" Fidd F Tk L1} EFm'

Enphorbia chamaesyce, Gisekia phamcimdes, Hibiscus micranthus, Indigofera
spicata, Ludwigia erecta, L. hyssopifolia, Micrococen mercuiialis, Mitracarpus
verticillata, Brachiaria mutica, Melinus minutifiora, Riynchelyirim villosum &,
Raizada and Jain (1951, 1961) discovered rwo African gepers f¥gnanthie and
Exclasia. Bhandar: and Singh (1964) recorded Dactyliandra welwitchii, a
monotypic genus, hitherto reported only from Angola and § W Africa for the
first time from Indian Desert.

2. Arabian elements -

Arabian clements are represented by genera such as Acacia Nodonaen
Heliotropium, Peganum, Sabadora, Zygophylium, Periploca aphylla, Commiphora
mitkul, Capparis decidua, Sida grewioides, Indigofera anabaptista, Tribulus
alfatus, Melhania denhamil, Clicumis propheiarim eic.

3. Middie Asian elements ;

These are normally restricted to intetior ranges of Ladakh, Lahul and Spiti
Valley. Some of these are Acantholimon lycopodivides, Biebersteinia odora,
Halogetorn  glomeratus, Lathyrus  humilis, Myricaria squomosa, Oxyiropis
micropfvile, Resulans alpesinis, Saltx karelinn, Sorbana fomeniosa etc.
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4. Mediterranean elements :

These are mostly represemied by families viz., Brassicaceae, Caryophyilaceae
etc. Some of the example are : Fagomia arabica, Mansonia senegalenesis,
Argyrolobium flaccidum, Trifolium fragiferum, Trigenella, Mellilows, Medicago,
Traverniera, Ebenus, Aithagi, Papaver rhogas, P. dubium, Hypecoum, Farsetia,
Alyssum, Maleoimia, Diplotaxis, Erucg, Moricandia, Capsella, Iberidella, Istais,
Eryngium caerulenm, E, billardieri stc.

3. European elements :

The Ewropean clements are mainly represented by the herbaceous species
belonging to genera Ranunculus, Gentiana, Swertia, Anemone etc. A large number
of gpecies viz., dconogonium alpinum, Artemisia abysinthium, A. martima, Briza
medin, Barbargsa wulgaris, Cardamine impatiens, Carthamus lanatus,
Chenopodium foliosim, Centaurea iberica, Cuscuta europea, Dactylis glomerata,

nemarosa, Epilobium rosewm, Eurgphile verna, (eraninm pratense,
Hieracium virosum, Lotus corniculatus, Lycium ruthenicum, Lycopsis arvensis,
Medicago faleata, Melilovis officinalis, Mentha longifolia, Orobanche cernua, Poa
Wivalvis, Primula sibirica, Ribes alpestre, Saxifraga eppositifolia, ITrifolium
fépens, T. prarense etc. are found in temperate regions of Himalayas, Some of the
Tecently reponied European clements viz.,, Chrwsanthemum leucanthenuomn,
Comvolvaius arvensis, Cuscuta campestris, Lepidium ruderale, Rumex acetosella,
Senecio vulgaris, Anthoxanthum odoratum, Phalgris minor, Lathyrus aphaca,
Vicia sativa, Senebiera pinnatifida, Alyssum maritimum, Lepidium sativum have
been repotted from elsewhere in India.

6. Elemenis common with Afghanistan :

Angphalis conioria, Arabidopsis thaliamen, Arenaria griffithil, Arismisia
$acrorum, Astragalus coluteocarpus, Barbarea wulgaris, Bergemia stracheyi,
Bragsica nigra, Buplewrwm folcatum, Campanula aristaia, Centaurea wallichit,

orientalis, Dianthus crinitus, Dipsacus mitis, Draba alpina, Erigeron
wliradiotus, Ferula jaeschkeana, Gallium aparine, Geramium collinum, G.
Meeboldii, Graphalium luteo-album, Indigofera heterantha, Loppula barbaig,
Lapidium  ruderale. Lonicera heterophylla, Lycopsis arvensis, Mathiola
dorarissima, Melilotus officinalis, Papaver nudicaule, Potentilla atrosanginea,
P. sericea, Prangos pabularia, Rosa webbiana, Ribes alpestre, Sedum roseum,
Senecip pedunculatus, Sibbatdia cuneata, Silene vulgaris, Sisymbrium colurmnae,
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risonella comiculara. Vernonia perpusila are some of the elements occucring in
Himalayas and common with Afghanisian.

7.  Elements comnon with the Easiern United Stofes

The following species found in Ladakh are common with the Eastern United
Starey,
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Carex rigidn, C. stemophyila. Catgbrosa aguatica, Chenopodium h}'bndum.
Cystopreris fragalis, Deschampsia caespitosa, Eleocharis palustris, Epilobium
angustifolium, Eqguisetum arvense, Festuco rubra, Galium aparine, ©. boreale,
Glaiwx maritima, Hippurls wilgarls, EKoeleria eristata, Lemng mingr, Limoselia
aguatica, Milium effisum, Oxyria digyna, Pamassia palustris, Phragmitis
cormmunis, Planfago major, Poa alping, P. pravensis, P. nemoralls, Polveonum
aviculare, P. viviparum, P. hydropiper, Potentillt onsering, P. fnaticosa,
Potamogeton pectinatus, Primula  farinosa, Ronunculus agitalis, Sagina
procumbens, Saxifraga oppositifolia, Sedum rhodicla, Scirpus pauciflorus, S.
rufus, Triglochin maritima, Utricularia minor, Veronica anagallis, Zannichellia
palustris etc.

Some of the recent!ly reperted North American elements found elsewhere in
India are - Affernanifera pungens, Cualveclaria mexicana, Cassia corymbosa,
Catsia lnevigare, Centrosema virgionicum, Eleutheranthera ruderalis, Fupatorinm
adenophorum, E. erythropappum, E, ligustricum, Graphalium purpurerem, hyptis
peciinata, Melichia pyramidata, Nothosaerva brachiata, Oxalis latifolia, Oxalis
maritima. FPartheninm spicata, Petivera alliacea, Psdudo-elephaniopus spicara,
Solanwan glaucum, Tithonia diversifolin, Bromus uniloides, Setariz paniculifera,
Argemone mexicana, Malvastrum coromemdelianum, Malachra capitata, Passifiora
subergsa, P. foenda, Melochia pyramidata, Erigeron karvinskianus, Oountig
dillenii, Neptunin plena etc. Sowe of these are now naturalized in the country.

Some of the South American elements are: Altermantiera ficoideq, Boerhavia
erecta, Croton bonplandianum, Gomphrena celosioides, Ipomeea cameg, I
congesta, I. fisiiosa, Melochia pyramidata, Solanum viarum, Spermacoce
latifolia, Turnera subulata, Echinochloa cruspavonig, Eichhornia crassipes,
Paspaium difanon e,
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8. Siberian elemenis :

In temperate regions of India many species belonging to Porentilla,
Pedicularis and Lonicera are common, The other elements common with Sibetia
are  Arghidopsis humile, Astragalus densifiorus, A. nivafis, A. subulatus,
Artemisia desertorum, Chenopodium foliosum, Erodium stephanianum, Erysimun
hieracifolium, Genviana aquatica, G. squarosa, Geranium collinem, G. sibiricum,
Iropyrum grandifiorum, Lactuca scariola, Lomatogonium carinthiacum, Medicago
hpuling, Ovytropis lapponica, Polygala sibirica, Renurculus cymbalariae, R.
pulchelius, Roso eglantaris, Rubus saxarilis, Sedum gquadrifidum, Torularia
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humilis, Tussilago farfara etc.
8. Fibetan elements :

The genuws Hippophae 1 common with Indian flora. The other species
common with Himalayan elements are  Argbis fbetica, Amebia tibetiana,
Astragalus zanskarensis, Atriplex crassifolia, Braya alping, Chrysanthemum
tibeticurn, Corydalis crassifolia, Delphinium brunonianum, Elsholtzia densa,
Hippuris vulgaris, Inule falconeri, Leontopodium namum, Lomatogordum
thomsoni, Lychnis macrorhiza, Mattiastram tibeticum, Nepeta iibetica, Onosma
Kispidum, Oryrropis lapponica, Plantage minima, Polygonum sibiricum, Potentilla
multifida, Primula elliptica, Rubig tibetica, Saussurea subulata, Sedum tibeticim,
Stachys tiberica, Tanacetum tibericum, Waldheimia stoliczhai,

H). Chinese efements ;

Androsace delavayi, Boschniakia himalaica, Cotoneasier frigidum, Rrubus
Calycinus which originated in 8.W. China are found in Kumaon hills, Other
Chinese clements worth mentioning are Acer oblongum, Buddleja asigfica,
Calotropis gipantea, Cardiocrinum gigantesm, Dactylorhiza kategirea, Diospyros,
Hedera helix, Jasminum dispermum, Lonicera webbiana, Leycesteria formosa,
Primuia denticulara, Svida oblonga, Sympolocos panfculgta, Taxus baceagta ssp.
wallichiana, Valeriona hardwickii, V. jatamansii etc. are common to Himalayan

R

Betula alnoides, Cafficarpa rebefla, Cardamine griffithii, Cinnamomum
edrusifolium, Datbergio mimosoides, Heiwingia himalaica, Litsea cubeba, L.
Kingii, L. sericea, Lonicern adonophora, Magholia compbellii, Meconopsis
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nepaulensis, Michelia doltsopa, Milletita cinereq, M. pachycarpa, Neilfia
rubifliora, Oxmanthus swavis, Pangx psewdopinseng, Potentilla griffithii,
Rhododendron micromeres, R. nerifiorum, Rubus fragaricides, Salix siklamensis,
Schuteria hirsuta, Smilax ferox, Tetracenfron elc.

1t. Japanese elements :

Some of te importamt elemenis are Cormus comtroversa, Muruna
macrocarpa, Stachyurus, Helwingia, Schimg, (mercus, Taxilius kaempferi,
Mitrastemon yarmomotoi, Desmodium heterocarpa, Hydrangia macrophylla, Viola
thomsonil, Primula malacoides aic.

12. S.E. Asia and Malaysian elements ;

The Malesian clemeénis COMMo

i
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(1968) reported occurrence of Pefvirias in Indian Flora.

The other clements of S.E. Asia and Malaysian region are : Actinidia
callasa, Ampelocissus barbata, Awidesma acuminata. Bischofiz jawanica,
Brassaiopsis glomerulata, Cavallia brachiata, Crateva religiosa, Cynomeira ivipa,
Debregeasia longifolia, Dendrobium aggregatum, Duabanga grandifiora,
Engelhardiia spicta, Eria paniculata, Exbucklandia populnen, Firmiana colorata,
Garuga pinnata, Guetiarda Speciosa, Hedychsum coccineum, Hervitiera formes,
Hedgsonin  macrocarpn, Lepisanthes semegalensis, Lithocarpus elegans,
Lumnirzera racemosa, Mangifera indica, Meliosma simplicifolia, Michelia
champaca, Mucuna nigricans, Musa balbisiana, Ochrosia oppositifolia, Oroxylum
indicum, Procris crenata, Raphiodophora peepia, Spondins pinnata, Sonneratia
caseclaris, §. griffithil, Talauma hodgsonii, Tetrameles nudifloru, Toona surent,
Trevesia palmata, Veronia volkamerifolia eic.

13. Ausiralian elemenis :

There are few species in Jodis of penera like Baeckea, Leptospermum,
Melaleuca, Casuaring, Stylidium and Helicia which have their original home in
Australia. Some other elements are  Coiula australis, Demeila serpyliifolia,
Eryngium foetidum, Ipomoen quinata, Lobelia radicans, Psewdarthia viscida,
Rothia irtfoliate, Digitaria adScendens, Digitaria prestii, Polytrias amaura et
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14. Sri Lankan elements :

A number of 8ri Lankan elements have been reported from scuth India.
Recently, Henery and Subramanyam {1981) and Henery et af (1934) have reported
several typical Sri Lankan plants from Agasthymalai hills. Some of these are

Aberema  subcoriaceq, Biophytum nudum, Chrysoglossum macuiaum,

Feuoewia rnl'un.-fﬁ Fohranhaitin arwf.ﬂﬂlm Ftl’f.ﬂrum ..-fnmnrdru' Paverty saulamira
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Rubus micropetalus, besides Andrographis zevlanica, Antidesma mabaeoides and
Neonotis nummularia which were considered s¢ far as endemic to Sri Lanka,
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Rao and Sasiry (1974) reponied ocourience of Messerscfiimigia argentea, a

Sri Lankan clement, along the shores of Krusadi islands. Some of the other
specics common with Sri Lanka are - Diospyros ebannm, Ardisia solanaces,
Ipomoen eriocarpa, Phoebe lanceolata, Chioroxylon swietenia, Tobernaemontana
toronare, Vitex negundo, Figoourtia ramnoichii, Terminalia chebula, Humboidtia
8p, &fc.

Ramachandran and Nair {1988) in flora of Cannanore reporied large number
of species having remarkable affinitiex with Sri Lanka such as -Acacia  tora,
Adizia amara, Begonia malabarica, Caryota pedata, Clematis gouriona, Fagraea
tevianica, Filicium decipiens, Gordoniq obtusa, Gouania microcarpa, Harpuliia
arborea, indigofera consiricta, Kydia calycing, Litseq deccadensis, Milioyma
Smplicifolia, Mesua nagassarium, Myristica dactyloides, Narovelie zeylanics,
Newrocalyx calycing, Hedyotis nitida, Plerocarpus marsupium, Rouren miinus,
Sarcandra  chloranthoides, Schumannianthus virgata, Tarenna assiafica,
Tewrastigma leucostaphylum, Thottea siliquosa, Ziziphus xylocarpus.

IV. PHYTOGEOGRAPHICAL REGIONS

Sharma and Balakrishnan (sce Chapter §, Phytogeographic Divisions in Part
1 of the Introductory volume of the Flora of India) broadly classified flora of India
Iato eleven broad phytogeographic entities {(Map 9). Based on the knowledge

llimdh]rthccxtansweﬂumucmrvﬁysofﬂmmmu?mmngthclanﬂymb}'
Brdasinal Cuirmer aAf Todia and 1 availahls | ban

SRALCAL SUMVEY OF india and univergiiiss WJFH with the available literature
fhese are

1. Nerth-Western Himalayas

2. Indo-Gangetic Flains
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3. Eastern Himajayas
4. Assam
- | Indi

6. Arid zone

7. Northern Wesiern Ghats and Weat coast (Gog, N. Maharashira & Gujarat)
8. Southern Western Ghats, West coast and Lakshadweep Islands

9. Deccan

10. Eastern Ghats and Coromandel Ceast

11. Andaman and Nicobar Istands

3
1
*
3
b
3
?
Y
3

The namral vegetation in Himalaya show altimdina] zonations. In the foothills
of the Northwesiern Himalayas below 1000 m, the forssts are subtropical Dry
evergreen type. The importanr plani components are species of Acacia, Glea,
Pistig, Punice etc. The Jower altitudes comprise subiropical pine forests which is
chiefly represented by Pinws roxburghii and species of Qwercus or Syzygium or
Rhododendrons are occasionally associated. Between 1500-3000 m, Moist
Temperate Zone forests of Abies, Quercus, Cedrus, Picea and dcer are found.
The coniferous forests in Temperate Zone comptise species of Pings, Cedrus,
Picea and Tsuga. Occagionally, Taxus and Betuls also occur. The inner ranges of
mountains have Pry Temperate forests comprising Pinus gerardiang and specied
of Cedrus, Quercus, Acer, Fraxinus, Celtis and Olea. In sub-alpine zone the
foreste mainly comprise Pinus wallichiana and spacies of Abies, Picen, Taws,
Benda, Rhododendron and rosaceous plants. Above 3000 m, the vegetation is of
Moist Alpine Scrub comprising species of Betula, Rhododendron, Lonicera and
Berberis. Around 4000 m, mcuppernwﬂhmﬂﬁfv:gmnunhaanr}r Alpmt
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2. Indo-Gangetic Plains :

This region extends from castern Rajasthan through Uttar Pradesh to Bihar

.HI'_H'I Ranaa! whirh i mnerly nmder ﬂli'lhiunf-:nn Ly o Ty R . Ju— I'I.M
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Tropical Moist Deciduous forests having plant components such as Shorea robussa
mixed with species of Lagersiroemia, Adina, Kydia, Litseo, Syzygium, Molloius
eic. The larger foreat aress is under Tropical Dry Deciduous forests comprising
species of Terminalia, Anagmsm Semecarpus, Buchanania, Acacia and Aegle

atc Talk I'll'ﬁﬂﬂﬁ- halimmime o o . — e g PRI B el _isas sandd AT mmek Y
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and species of Cymbopogon, Apluda, Dicanthium, Bothricchloa, Desmostachya,
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vegetation.
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1 Map 8. Phywgeogmphical divisions of India, (after Balskrishnan, 19%948).
‘;ﬂ “Went Himalnyas, 2. [do-Gangenc Plaing, 3. Easters Himnlnyss, 4, Asswn, 5. Ceniral India, &,

Zots, 7. Nonhiern Western Ghats and West Const, 3. Southern Wesern Ghate, West Coam and
m“‘h 8. Devcan, 19, Essrern Ghats and Corcmande Coast, 11. Andaman 2ind Nicobar Tslands.
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3. Eastern Himglavas :

The Eastern Himalayas are wetter and warmer as compared (o the Western
Himalayas and, as a consequence, floristically richer alse. The foothill forests
have specics of Dipterocarpas, Artocarpus and Shorez assamica. The lower slopes
have trapical semd-evergresn forests of Tesminalia microcarpa, Michelia
chompaca, Phoebe, Dysoxylum, Canarium, Litsea, Mango and Catanopsis.
Patches of subtropical broad-leaved hill forests comprising species of Quercus,
Casfanapsis, Phoebe, Schima and Terminalia are also seen. Between the altitude
of 1800-3000 m, the forests are of Montane Wet or Moist type baving species
chiefly of Machilus, Cinnamomum, Litsea, Magnolia and Schima. Cedrus
deoddara, a significant component of Western Himalaya, is conspicuous by its
absence in Eastern Himalayas, Dry Temperate Forests chiefly of conifer trees are
found in inner ranges of Sikkim; they comprise species of Picea, Larix, Abies and
Tsuga. Above 3000 m, the Moist Alpine Scrub is found. Cart of the 990 species
of Indian orchids cz 600 specizs are found in Sikkim und Eastern India.

4. Assam !

Thizs arez consists of Assam, Nagaland, Manipur, Mizoram, Tripura and
Meghalaya, Cver the greater parts of this region the rainfall exceeds 200 cm,
while Cherrapunji io the Khasi Hills, with a pormal rainfall of 1080 <m, is
reported to be the rainiest spot in the world. The vegetation is haxuriant and the
valleys, where they are not under tea or agricultural crops, are clothed with
cxpanses of tall savannaly grass or with dense forest often of an evergreen type.

The hill forests of Assam region approximait in type to those of Eastermn

smanlmrrmm mnelae

separated broadly into Evergreen forests, Broad-leaved forests and Pine forest.

{iy Tropical Foresis :

In covers upto an elevation of 900 m. It comprises Evergreen, Semi-
evergreen forests, Deciduons forests (dry & moist) and scattered riparian forests
and swamps. Tropical Evergreen Forests are found in Assam valley, foothills of
Eastern Himalaya and in the lower parts of Nagatand hilis and Manipur. The
tallest recs comprises Diprerocarpus turbinatus, Canarium  resiniferum,
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Artocarpus chaplasha, Terrameles nudiflora, Ailanthus grandis, Euphorbia
longana, Kayea assamica, Terminalig chebula, Mesua ferreg etc, Lower trees are
Amoora  wallichil, Ficus rumphii, Lagerstroemia parviflora, Terminalia
myriocarpa, Michelia and all the member of family Magnoliaceae.

Palm species belonging to genera Caryota, Licuala, Arenga. Pinanga and
Didymosperma occur in the area. Tree ferns belonging to genera Cyarfeq and
Angiopterts also occur,

(il Deciducus Forests :

These are dominated by Shoreaz robusta, Carya arborea, Kvdia calycina,
Sterculia villosa, Bombax ceiba, species of genera Grewia, Terminafia, Bauhinia,
Albizia and Ading cordifolia, Gmelina etc.

Tall grasses such as Arundo dongx, Phraggmites communis and species of
Eenwra Saccharum, Anthistiria etc. are found in abundance.

Swamp and Marsh vegetation .

It comprises families Nymphaeaceas, Lemnaceae, Araceas, Cyperaceae,
Briocaulaceae, Najadaceae etc. Typha elephaniing, Arundo donax, Phragmites,
CoMmAis arc of common OCCWTENCE.

The shrubby elements comprise Crateeva lophosperma, Eugenia cinegia,
Homoniq riparia eic. The stunted ‘trees belong to Salix tetrasperma eic.

V) Temperate vegetation :

It ia found at an elevation of 1300-2500 m in Shiflong Plateau, Naga Hills,
Mizo (Lushai) and Mikir Hills. Some of the components are Albizia, Acer,
Mglans, Quercus, Micheiia, Magnolia, Rrododendron, Rubus spp., etz. On the
| altimdes Ainus nepalensis, Cornus controversa, Tiex spp., ctc. are found.
Wit the increase of altitude species of Rhododendron, Pyrus, Prunus, Spiraea,
Mm and other Rosaceae are found which gradually ends up in Tsuga-Picea-

Association.
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Sacred forests comprise species of Quercus, Rosa, Photinia, Pyrus, Prunus,
Sorbis, Castanopsis ete. A number of otber eiements belonging (o genera
Carylopsis, Exbucklandia, Alhizia, Manglietia with Schizandra, Kadsura, Acer and
occasional Alnws, Engelhardiia, Mahonig, Agapetes, Vacciniam etg. Treea ate
clothed with numerous epiphytss.

The Grassiand on the hills are covered with species of Arundineiia,

Py wabhoamananm Robimanhfan  Eeianthre ft-.-"llﬂ m 1 | RS e
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Paspalum etc.

(v) Subaipine vegetarion !

It occurs in Magalond, Manipur, etc. The dominamt trees are Abies, Tsuga
and Pirea and dense bushy Rhododendrons, Berberis, Salix, Agapetes, Juniperus
recurva, Sorbus, Rubus. The herbaceous components also belong to families
Ranunculaceae, Rosaceae, Polyponaceae, Gentianaceas, eto.

Some of the inferesting plants found in Assam arc Sapria himalaqyana,
Balanophora dinica, Mitrastemon yamometai, Monotraspa unifiorn, Epipogon
roseum, Galeola falconeri, Aldrovanda sp., Nepenthes i:r‘:a.rmm etc.

5. Cenirgt Indig :

The forests can be divided into two major types, viz. 1. Tropical forests and,
2. Montane subtropical forests.

1. Tropical forests :
{1). Morthern tropical semi-evergreen forests .

Some castern parts of Madhya Pradesh adjoining Orissa and having rainfall
of ce 1400-170) mm have this kind of forests. Some of the main compotients
are:

Terminglio alata, Stereospermum suaveolens, Tetrameles s, Shored robusia,
Ariocarpus iakoocha, Michelia champaca, Ceitis tetrandn, Bridelia squamosd,
Calamus spp; Dilienia spp., Ficus spp., Glochidion spp., Phoebe lanceolaia,
Litsea nitida, Leea cic. Bambusa qrundingcéa bambog breaks are commo.
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(). Trupical moist deciduous forests :

The major part of this forest accura on hilly ground in region with about
1500 mm and higher anmual rainfall. The common components are :

Shorea robusta, Prerocarpus marsupium, Terminalia elata, T. bellirica, T,
ﬂft:ebuia. Lannea caoromandelica, Dalbergia paniculara, Adina cordifolia, Bombax
Ceiba, Stereospermum chelonoides, Caruga pinnata, Soymide febrifuga,
Lagertroemia parvifiora, Anogeissus latifolia. Some of the small trees and shrubby
Cemponents are

Bridelia squamosa, Cleistanthus collinus, Mallotus philippensis, Diospyros
mel‘r"*”m}fﬂﬂ. Buchanania lanzan, Cassia fistula, Schieichera oleasa, Ougenia
ﬂﬂj.ﬂ'nsi-'r‘. Mitiusa tomentosa, Carya arborea, Dillenia pentagyna, Chioroxylum
¥ w‘iﬂfﬂfﬂ, Relicteris isora, Antidesma ghaesembilla, Gmelina arborea, Grewia
“atifolia, Breyaia vitisidnea, Embelia tsjeriameotiam, Ochna obfusata, Casearia
8aveolens, Holarrhena antidysenterica, Semecarpus anacardium, Ficus spp., Leea
:IPPu €. In the valleys apd gorges of parts of Raipur, Bastar, Balaghat,

“shangabad and Shahdol the orests are dominated by evergreen species such as
Fewiq rudificara, Toona ciliata, Diospyros montana, D. malabarica, Putranjiva
mxburghﬁ' Fiivus 5pp. €ic.

). 7y opical dry deciduous forests ;

T:na commmon components of these foresis are Termingha spp., Tectona
fﬂ’:;:d”- Presrocarpus  marsupium, Cochlospermum  religivsa, Diospyros
. HOXYium,  Buuren monosperma, Lagerstroemia parviflora, Anogeissus latifolia,
!;uiiﬂfiufm | Emblica officinalis, Stercutia sp,, Boswellia serrata, Hardwickia

- Bauhirnia app., Aegle mormelos, Acacia spp.. etc.

L], Ti"ﬂpfcﬂf "Thom fﬂfﬂ'ﬂ .

. F_rhc “Omnmon components of these forests are Acacia spp.. Ziziphus spp.,
f‘f*_spp.. Aegle marmelos, Gardenia spp., Randia spp., Cordia obliqua,

mm. roxbburghli, Prosopis specigera, Mimosa spp.. Gymnosporia spinosa,
“OUrtia indifica, etc.
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II. Moniane subrvopical forests

The following central {ndian type of subtropical forests found on some hifl-
tops of Madhya Pradesh, Orissa and Mt Abu of Rajasthan,

Theee foraete resemble .riru deciduons foree hr'mrﬂ'l with o hlﬂ]’lF‘l‘ FrnP.l_‘_,lmr_}_
of the evergreen, These occur in patches in Pachmarhl and Balladﬂa regions. The
main componenis are  Michelia champaca, Syygium cumini, Manilkara
hexandra, Mangifera indica, Symplocos lauriana, Salix tetrasperma, Lifsea
monopetale, Dillenia spp., Mallotus philippensis, Toona ciliata, Gnetum scanders,
Calamus spp. Tree fern - Cyathea spp. are of common cccurrence in these forests,

6. Arid Zane -

The western dry repion of India has four fairly distinct habitat conditions (i}
sarcly plains and dunes (i) gravelly plains (iii) rocky habitat and (iv} salinc
depressions. The sand duses have very sparse vegetation and the sandy plain a
few scanered trees of Acacia and Prosopis and bushy plants chiefly comprising
Calligonum, Lycium, Aervo, Leptadenia, Crotalaria and Capparis. The gravelly
plaing’ or rocks have species of Calotropis, (vmnosperia, Ziziphus, Cassia,

Commiphora, Indigafera, ewc. Species of Phoenix are commoi. The rocky habitais
have huches of Euphorbia and Grewia. In moist or shaded places species of
Arogeissus, Dichrostachys, Presopis, Acacia and Zizyphus are fournd. Species of

Seivadora and Tamarix occur near saline depressions,

7. Northern Western Ghaty and West coast -

Thiy area covers the northern paris of Western Ghats and adjoining west
coast, covening Goa, Wesiern Maharashtra and Southern Gujarat. The main type
of vegetation in Western Ghais of Maharashiza comprises Montane Evergreen
fForests and Moist Decikluous forests on the windward side of Western Ghats.
Qureshi (1965) remarks that the Evergreen forests occurring in Western Ghats of
Maharashira are not typical tropical evergreen forests. Though this region receives
rainfall of 625-750 cm, the evergreen trees are dwarfish with no tres gers or
canopies, Hence they are classified a3 Montane subtropical Evergreen forests. The
main componenis of whick are Amoora iawil, Aphanamixis rohunika, Walsurd
trifuga, Toema ciligra, Helopetalin integrifolia, Alttonia scholavis, Pongﬂﬂiﬂ

pinnata, Caryota urens, Teirameles nudiflora, Terminalia chebula, Bridelig
SGUamosa, eic.
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The second Yayer of these forests consiste mainly of Miliotmn tomentosa,
Murraya paniculata, Syzygium camini, Meyna laxiflora, Mammea suriga, Gnetum
uld, elc. A large number of herbaceous species become conspicuous during
Monedon. A number of terrestrial, epiphytic and Lithophytic orchids ocour 1n
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Dendrobium lawiana are some of the beautiful orchids.

“The vegetation shows north to south vadation which can be closely
®avelated with climate, Occutrence of evergreen forests vegetation is dependent
& humid conditions and in the more arid climate of the northern Sahyadris such
forest only occurs as low, stunted, semi-evergreen patches isolated along the upper
% of the Ghats and surrounded by the deciduous forests on the lower slopes.
Adione goes southwards along the Sahyadris the area of semi-evergreen forests

B, forming a wider band on the upper slopes culminating in the tropical
low, semi-evargreen conopy of the Mahableshwar Ghats. This steady change

;Dl'fclatcs with the increase in the rainfall and decrease in the length of the dry
eriod,

The spocies composition of the semi-evesgreenfeverpreen foresis aiso
becomes richer as one goes south, Typical giant trees of evergreen foreste such
:: Species of Calpphyilum, Hopea, Canarium, Mammea and several others begin

appear along Phonda - Ambolighat and Goa Ghats : at first occurring in small
"Wibers mixed with deciducus species which form majority of the stand.
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::;Erﬁenl vepetation on the Western Ghats. Further south, in the Agumbe Ghats

b ad in Crogrg Ghats, typical evergreen forests of entitely different floristic
Wern predonninate” (Rao, 1978).

i
3
i
3
]
"
3
5
-l
¥
3
1
-
5
E
L2
-

Sem ¢vertgreen type of forests occur aleng lower slopes in the Sahyadris and
nd even 1oy the évergreen forest belt of Karnataka Ghats. Some of the species
_ mfﬂl‘f!!eicherm oleasa, Miliusa tomentosa, Pongamia pinnata, Trema orientalis,
;;;-]';5‘”’?1 curtini, Ixora bracteata, Xeromphis spinsoa, etc. Shrubs and climbers
% Leeq iindica, Jasminum maiabaricum, Tylophora daizellii, etc.

mm::;r; tree species like Memecylon umbeilatum, Carallia brachinia, Xantolis
Moorg ‘:- ﬂ_"'IEEﬂ liicilm. Mimusops elangi, Mammea surige, Sageraea laurifolia,
AWl . Actingdaphne, angustifelia and Ancistrocladus heynegnus are

TERCinted ¢+ 5ox s ) . ,
S W lmgher slopes above 800 m as represemntative components of semi-

&xte
are
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evergreen belts of Sahyadris but also extends to the evergreen forests of Karnataka

zhats.

Some of the (hoa Ghais semi-evergicen clemecnts are — Hydrooarpus
faurifolis, Garcnia Indica, Hopea wightiang, Conorium sirictum, Euphoria
lengang, Nothopegia dalzellil, Syrygium hemisphericum, Aporssa lindlevana,
Artocarpus heteropitylins, etc.

Some of the deciduous type forcsts componcnts are  Iymenodictyon
excelcwm, Holonetalen integrifolia, Casearia graveniens, alhergia latifolia,
Gmeling arborea, Bauhinia racemosa, B, malabarica, Alhizia odoratissima,
Mevna laxiflora, Miragyna parvifplia, Steregspermum personatum, Milliusa
fomentosa, Zizyphus mawriting, Lannea coromandelica, Albigia  [lebbeck,
Terminalia panicilata, Mudhuca longifolia, cic.

8. Southern Western Ghats, West Coast and Lakshadweep :

The area inciudes Western Ghais and West Coast Konkan region of Karpataka
and Kerala and Wesatern Ghats of Tamil Nadu,

Floristically, it is richest part of Western Ghats, the main types of vegetation
15 Tropical Evergreen Ram forests and Moist Deciduons forests.

The dominant species of Wer Evergreen forests are Palaguium eilipticun,
Cutlemia exarillata, Mangifera indica, Canarium strictum, elc.

Sume Semi-evergreen forests species are Xylin xylocarpa, Vareria fndicd,
Terminalia paniculata, Mangifera indica, etc.

The Moist Deciduous Type Forests comprise species of Termingiii
panicutata, T. tomentosa, Lagmrmenuu lanceolata, Tectona grandis, o

Bramhbiesr mmiauadt H PR T I __

SMSUSE GrindinGced is at Lyp1 cal componeni of ihe undersiorey.

Southern Western Ghat Rain Forests basically differ from Rain Forests of
Assam and Andaman Islands, though some species of Calophylium and Mesus
Jeiveq are common (o all the dires regions. Arora {1960) recogrised following
layers in Coorg. First layer comprising tree species such as Tetrameles nudiflord,
Elaeocarpus wberculatus, Dipterocarpus indicus, Dysoxvium malabaricwm
Diospyros microphyila, stc.
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Second laver comsists ol tree species of Alstonia scholaris, Hardwickia
Pianata, Sirvchnos nix-vomica, Xvlie xylocarpa, Xanthopiyllum flavescens,
Artocarpus lokoocha, ewc. Third layer comprises wee species, viz, Calficarpa
lomentosa, Flacowrtia montana, Leea indica and species of Memecyion,

Pyychotria, ete.

The undergrowth forms dense thickets and are composed of shrubs and
chmbers such as  Ancistrocladus heyneanus, Calycopteris floribunda, Enteds
Parsaetha, Hemidesmis indicus, Nervelia zeylanica, Calamus spp.. Grefum ula,
Pothos scandens, Smilax zeylanica, Piper nigrum, Psychotria spp., etc.

The Nilgiris which falls under Wesiem Ghats of Tamil Nadu, has miost
cligracteristic vegetation type called “Shola”. It comprises everpreen forssts with
thick undetrprowth. Some of the important species are Hyvdnocarpus alping.
Michelia nilgirica, Berberis tinctoria, Mahonia leschenaultii, Garcinia cambogia,
Gordoniiq obtusa, Ternstroemia gymnahiihera, flex denticulata, I. wightiana,
Buonymus crenularus, Microtropis ramiflora, Cinnamomum wightii, Meliosma
Wightii, M. microcarpa, Osyris wightiana, Pentapanax leschenaultii, Schefflera
facemosa, Macaranga indica. cic.

Yerpens, Parthenocissus neilgheriensis, Osbeckia leschenantiana #1c. In the open
_ are many s and ¥ species such as Anemone riviians,

d0wns there herbaceous and shrubby species such rivulari
reniformis, Cardamine hirswia, Viola spp., Polygaia spp., Hypericum

*.}'Mr.gmu fmamsidote goaey et lmsia v Tndiaatasa nplahalls Carrhia avaailhic
R ST TR BT g e Dk e Gl B . AR AT i PR LTLE R, wiTHITHD S lalvida,

Bibus Moluccanus, Parnassic mysorensis, Rhodomyrius lomentosa, Bupletirum
Muctonation, Heracleum rigens, H. hookerignum, Galium asperifolium,
1974) Julgens, C. wightii, Swertia spp. eic. (Subramanyam & Nayar,

The underorowth comprises Clematic wipghtiona, Polveala arvillata, Viola
[r —g (=) L] o CF !

 Deccan .

The Yarge part of the platean is clothed with tropical thom forests comprising
Pecies of Acaria, Dichrostachys, Butea, Anogeissus, Aradirachta, Grewia,
s CIC,

of Tropical Dry deciduous forests occur in northern, central and southeen parts
Plattay; they have teak forests intermixed with species of Anogeissus,
*P¥ros. Dalbergia, Pterocarpus, Cassia, Butea, Adina, Aegle, Lagersiroemia

[ T ]
-y
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In Andhkra Pradesh this forest type has Prerocarpus santalinis, Anogeissus,
Hardwickia, Terminalia, Bucharania, Gardenia ¢tc. The Eastern pants of platean
in Arklhra Pradedsh and Orissa have moist deciduous forests comprising species
of Termiralia, Bowbax Dalbergia, Madhuca, Ceiba, Grewia, Phyllanthus,
Cleistanthus, Schleichera and bamboos. Shorea robustz is abundant in north-

easiern pari of the plateau.
10. Eastern Ghate and Coromandel Coast :

The forest vegetation on the Eastern Ghats is poor as compared to the

Wiaetarn Thate Wast arsa io nindar 'T'l-nnlr"nl Tirr Manidunme A Thoasn DAasacte
TH WOl il SoALLaAiT. 7 GIGAA i Wit HWF ek abed Upabaoe 101y LrbAaiadMLD L anli D OV oEs,

whereas some northern part bordering Orissa has Moist Deciducus Forests. The
“Sholzs" predominate in evergreen species belonging to genera A!sadaphté,
Antidesma, Elaeocarpus, Memceylon and abundance of Mifiusa, Myrisiica, (ea,
Symplocos etc. The Bvergreen forests of Tamil Madu, Carnatic region predominate
in species of Diospyros, Livsea, Prerocarpis, Syzygium, Tremg and Vitex. Species
of Dalbergia, Elgecdendron, Memecyion, Polyelthia and Wendlandia are found
in abundance.

The flora of Coromande] coast, 1o some extent, differs from rest of the
Deccan. It occupies the strip of lowland between the Eastern Ghats and Sea, and
stretches from Orissa to Tirunelveli. Thickets of thorney evergresn and deciducns
rees apd shrubs abound, belonging to geneta Flacourtia, Randia, Scutia,
Diospyros, Mimusops, Garcinia, Sapindis, Pterospermum ctc. (Hooker, 1904,
1907 : 37}, Strychnos mux-vomica is also characteristic. The evergreen forests
components are Eugenia bracteata, Memecyion umbellatiun, Carallia integ:fﬁm
Linociera malgabarica etc. Mimusops hexandra is confined to the coastal aress
from north of Madras to Point Calimere. In the extreme southern coast Acacia
planifrons, Cocculus leaba, Capparis aphylle, Cassic ovalg and C. angustifolia
arc characteristic {Mani, 1974a). The coastal area supports mangrove swamps with
Avicennin officinalis, Lumnitzerg racemosa, Bruguiera spp., Rhizophora spp. and
Chenopodiaceae in the mouth of the rivers. The sandy beaches support
H}'drophyk:x maritima, Ipomoea pes-caprae, Sesamum prostractum and Spinifex

SFRATFISIS.
11. Andamen and Nicobar Islands -

Renvoize {1979} remarked that Andaman Jslands are continental fragments,

Whm_ﬂ! 'hp H‘Mﬂf 'l"ﬂﬂ!‘]ﬂ aim heloamis e n.n -lnn- ar Dbk thana 1*'---‘- -ll.ﬁﬂ.l‘
it Fantdfin I Chargcisl. o0l uitil 1S1an0s S
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remaricably different vegetation. However, the Tropcial Wet Evergreen, Semi-

evergreen and Moist Deciduous forests are main forests types in both the
islands.

The Andaman Islands have rich Dipterocarpus and Pterocarpus forests. The
Nortl; Islands of Andaman have Tropical Wet Everpreen forests with tail
arboresceni species such as Dipterocarpus griffiihil, Endospermion mdaccense and
Terminalia bialata. The Moist Deciduous forests have species of Prerocarpus,
Terminalia, Canarium, Chukrasia and Atbizia.

The predominant arborescent species in Great Nicobar Isiands beloag
0 genern such as  Terminglia, Canariwm, Arocarpus, Calophyllum,
Miliusa, Horsfieldia, Amoore, Alsiomia, Hopea and Syzyghum. Significan-

- e oF

ly genera Diprerocarpus and Pterocarpis are  absent in  Nicobar

. .
HD bl
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$enera as Cerfops, Rhizophora, Sormneratia, rugm'ﬁ Heritlera, Avicennia,
Wipa, Thespesia, Pandanus, Aquillaria, etc.

Cn the basis of endemism and species assemblages Nayar (1996) proposed
e following 20 phytogeographical division (Map 10).

Andaman Group of Islands
Nicobar Group of Islands
Southern Western Ghats
Northern Westerny Ghats
Lecward Deccan Plateau
Southern Eastern Ghats
Northern Eastern Ghats
Chotanagpur, Malva, Vindhya Plateau
Westarn Himalaya

. Central Himalaya

- Bastern Himalaya

2. North Esstern India

I I L

bl

[
i
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Map 19. Phytogeographical divisions of Indiz, Nepal and Bhutan {2fter Nayar, 1996),
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Y. PHYTOGEOGRAPHICAL AFFINITIES AND MIGRATION

) MIGRATION FROM QETSIDE INDIA :

The pecurrence and vertical distribution of plant fossils in the geological past

I"I-I‘I.l!l #hrracs tha rals+ nf mnlesas Flovs AF Tndia ith vha
l.l.l.luwll. Ell.l.j.'l'u- I.I.EJ.I.I. Il,.FJ.I. HW J.'I...-J.n.l.J.UJ.I.:lI.I.IP L) § l.rf:l.lu'\-‘l..r ].J.'L'l.ﬂ. UJ_ 1“.“‘“ “I_“I_ H]L.-

neighbouring countries. The data provided hy Dr. L5, Guleria (Personal
communication} and review papers by Awasthi (1992}, Guleria (1992), Bande
(1992), Lakhanpal (1973), Mahabale (1968), Vishnu-Mittre (i1969) and host of
other palaeobotanists explicitly exhibits relationship of flora and vegetation of

mama o m omanaa Wl em =l ol aeas el

fﬂlﬂFUgl:-l.lﬁ allll INCURE e Ul l[l.'.lld-l-l -‘!UULUIIUIEIII. WILIL WiC IS I,E.I-IIJU"_'iﬁE Eﬂﬁﬁﬁﬁ,
Readers are referred to tha rpmm]v nnh'lmhpﬂ detailed account of Micro and

e . R Anrraa o mad R im ayFa il ERaaEa

Megafossils; on Cenogoic {Tertiary) megafossils by Srivastava (1992}, and on
Cenozoic (Quaternary) palynclogy and pzlacobotany hy Chavhan (1992), The
passing remarks on the palaco-ecology and palaeoclimate provide further evidence
on the relationships.

The breaking away of Indian Plate from the massive Gondwanaland,
movemeni towards north and shrinking of Tethys, formation of foredeep or basin
extending from west to east, complete obliteration of the Tethys, upliftment of
Himalayas, formation of land bridges and land connections, migration, spread and
#most disappearance of warm humid tropical vegetation, continucus increase in
arid condition and mijgration of large number of neighbouring taxa from all sides
ko Indian subcontinent has changed the floristic and vegetational scenario. The
8iscovery of plant mepafossils bear testimony to this change. The [ndo-Malayan
faxa, which were abundanmt during Neogene peried are hardly available todzy.
Amoung the dipterocarps only genus Shores represents in the north,

The diverse climate and habitats provided an ideal and congenial niche 10
Wfferent elements migrating from the neighbouring areas to colonise them. Today,
the fiora is an admixture of taxa drawn from regions such as, South America,
Afvica, Burope, Mediterranen, Middle East, Afghanistan. Central Asia, Russia,

. Tibet, Burma, Japan, Indo-Malaya, Australin 21,

Hooker (1904) commented "The flora of British India is wore varied thaa
Bt of any other country of equal area in the eastern hemisphere, if not n the
Slobe, This is due 1o its geographical extension, embracing so many degrees of
""““ﬁl‘!. temperate and tropical; to its surface rising from almost absolute andity
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to a maximum of humidity; and to the migraiion of plants from widely different
vordering countries, notably of Chinese and Malayan on the east and the south,
of oriental Buropean and African on the west, and of Tibetan and Siberian on the
north™ .

Hooker and Thomson {1855) atempted phytogeopraphicai analysis of the
Flora of Indian Empire. OB Clarke F1R80D8% bhzead on the distribution of F-:mul:.r

Mrn
d Lw'd &l TR Rt IFLRL mnrl W L.l SRR DAY G A LAy LEdiE AL

Cyperaceae recognised Eastern Himalayas and Assam as distinct areas. Hnuk:er
{1907) in his botanical divisions of India recognised Eastern Himalaya as distinct
eptity and placed majos parts of Assam, Shillong Plateau, Nagaland and Manipur
hills with Myanmar, Hooker (1904} further stressed thag the floristic diversity and
tichness of the Indian subcontinent is due (o the migration of plant species from
different adjoining areas Chinese and Malayan in the East and South; European,
Siberian and Tibetan in North and African, Oriental and European elementd in the
West,

(i) NORTH WESTERN CORRIDOR
North Western Himalaya

The vegetation 1n Himalaya shows albtudinal zonations. In the foot bilis of
North-Western Himalaya below 1000 m, the forest are sub-tropical Dry Evergreen
type. Between 1500-3000 m, Moist Temperate zone forest of Aftes, Quercus,
Cedrus, Ficea and Acer are found. The coniferous forests in Temperate zone
comprise species of Pimics, Cedrus, Picea, Truga cte. Occasionally Taxws and
Betula also occur. The inner ranges have Dry Temperate forests comprising Pings
gerardiana and species of Cedrus, Quercus, Acer. Fraxinus, Celtis and Olea. In
sub-alpine zone the forests mainly comprise Pinus wallichiona and species of
Ables, Ficea, Toow, BHefula, R&m:‘mfendmn and Rosaceous piams Above

IM¥] m.  the vesstabion m M ot Alriss eneh oo il
iy Lo MOLBT Aapind A0nuD wa-uyunulﬁ, apm..-wa O Leviad,

Rhododendron, Lonicerg and Berberis. Arcund 4000 m, the uppermost limit of
vegetation has Dry Alpine sctub, The main elements arc specics of Juniperus,
Lonicera, Artemisia, eic.

A bulk of species of the teroperate zone origin are derived from Europe and
their distribution is characteristically restricted to the Himalaya, the Khasi Hills
in Assam, parts of Eastern Ghais like Mahendragiri, Yercaud and Palni- Anamalai
Hills and the southern part of the Weastern Ghats. The distribution is thus
markeily discontinuous. Clematis, Anemone, Thalictrum, Ranuncaius and Caltha
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which occur m H1ma1a}ra5 are alsn fcmnd m hlghf:r reac:hes c:f Wn:smm and Eastﬂm

OCCUrs m Hlmala}ra, Wﬂstﬂm leet, Khasi H1lls Eastt':m and Westmn Ghats and
Sri Lanka, in addition to Afghanistan, Russia, North Asia and Fapan. Thermopsis,
Trifolium pratense {Europe, Siberia, Afghanistan and the Himalaya), T. repens
{Himalaya, Niigiri, 3n1 Lanka, Notth Asia, PBurope and Neith Amenca).
._P{_w‘i_nnlluﬂum which accurs 10 North America is also fpund in I—lirrml a, Serel;

sibiricum (Siberia, Russia (European) to Noth-West Himalaya).

The North-Western Himalaya provided a gateway for the migration of

bl i i an e rw - o

FHATILE from the :il.u:uu.uuuq; TCEIDiS. The pujuﬁg,mgmyml.m AL1Ti hEE
Motthwesrern Himalaya with that of Europe, the near East and Middle East have

been intensively investigated (Legris, 1963; Gupta, 1962, 1964, 1932. Meher-
Homji, 1973; Rao 1974, 1975, 1981; Dhar 1978; Sahni, 1982; Hajra & Rao,

1990),

The Mediterranean elements comprise partly the southern Europsan and
Partly alsc the Nerth African species of plants. Some of the lanter come from
Abyssinia, Sudan and Sahara and have been termed the Sudano-Deccan elements
it our flora by some botanists (Meher-Homji, 1965). They extend eastward
through Irag, Arabiz, Balychistan and sometimes partly also through Afghanistan
10 Narth-West Himalaya.

The European ang Central Asian taxa are found in the area west of river
Sutlej while the Chinese taxa extend from Yunan in the east right through the East
Himalayan ranges. Many of the clements from dry mountains of Western and

iddie Asia have spread 1o the western ranpes of the Himalayas, The migration
i greatly due to the arid and dry conditions prevailing in the interior ranges of
, Lahul and Spiti valley. Some of the clements of Middle Asia which are

1m the North-Western Himalaya are Roswlaria alpestre, Salix karelini,

ia tomentosa, Lathyrus humilis, Acantholimon lycopodioides, Myricaria
Yuamasa, Oxytropis microphylla, Halogeton glomeratus, Bieberstenia odora etc.
Qedrus deodara which is common on the Western Himalayan slopes extends upto

Afghanista,
n’. Stevpes Elaments -

g e ma

The dry conditions prevailing towards the western ranges, particularty in the

1
Meerior | have favoured influx of taxa from western and middle Asian mountains.
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The Artemisia dominated the steppes of the extreme north-west and include 1axa,
whirh have wide distribution in the Middie Asian Highlands.

The Steppes species have their homes in lowlands of Turkestan, in the

Pamirs, Afghanistan and also occwr in Nornthwestern Himalava. Some of these
glements come partly from West Asia and partly from East Mediwrranian and
extend eastwards fo Sind and Pumjab. They rarely penetrate western part of the

Tl s mm LI P [ ol PR pam i E s . | s I ™o o
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Nilgiri Hills. Stsppes elements form minor constituent of {ndian Flora. Some of
the important elements of the sieppes are : Megacarpen, Tauscheria, Euclidium,
Hippophe rhamnoides ssp. wurkistanica, Myricaria, Guldenstaedtia, Astraguius,
Triplostegia, Morina, Scabiosa, Dipsacus, Anthemis, Aremisia, Cnicus,
Hyoscymus, Eurotta ceratoides, Axyris aemaranthoides, Haloxylon recurvum,
Kochio,  Juniperus  semiglobosz, Juniperus  twrkistamica,  Acantholiion
Ivmmﬂm;dﬂ Eremurus, Fertifo, Praneos. etc. Cedrus deodara !’I—l;mnlg_wn
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Cedar) is distributed from Afphanistan to West Nepal.

The species of West and Middle Asian mountains, suited to comparatively
dry conditions, exiend along upper region of the Himslaya from Afghanistan 0
West Nepal. Some of the Western, Middle and Nerthern Asian components are

diztrihuted unts the 2xtreme of Western Himalavs, Thev show vnru*rnn extent of

AV e e S LAl e SAALIImInY L AFm g SRS ==yd in A e

penciration, some reaching only Kashmir and the other extending to the length of
Western Himalaya and such species are  Thylacospermum rupifragum, Lamium
riombaidenm and Physechlaing praealta.

The second type of distribution mcludes species confingsd o North Westem
Himalaya and extending upto Afghanistan, viz. Peeonic emcdi, Christolea
himaiayensis, Epilobium spp., Primula floribunda and P. rosea.

A mumber of species from Burope and other iemperate regions are found
here. Some of these are Melilowus officinalis, Medicago falcata, Aconogonum
aipingm, Trifoliun  repens, Lotus comiculaius, Onopordum  acamehium,
Chenapadium foliosum, Centaura iberica, Geranium pratense, Mentha longifolia,
Carthamus lanares, Ariemisia abginthivm, Briza media, Dactylis glomerata, Poa
triviglis, Draba nemorosa, Erophila verna, Barbaraea wulgaris, Cardamine,
Impatiens eic, Viclg biflora, a common component of North-Western Himalaya
also occutrs in Eurgpe, Siberta, Ceniral Asia, North Korea, Japan, North America.
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Capparis spinosa in known from Afghanistan to MNepal, West Asia, and Europe.
Pog alping is widely distributed i Pakistan, India, Europe, Mediterranean region,
Midgle East, Central Asia and NMorth America.

The third type of distribution is the species of West China, which are
distributed all along Himalaya and reach Kashmir in the West. Such species are

Joatwin v il oo T Ly J | [P Y iy byt T uet gt o i n-d[lrl-i-u.n [y |
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Magnolia campbelli spacies originate in western China and reach Kumaon in the
West, Circaeaster agrestis, a curious litle plant, extends from North-western
China across Tibet to Garhwal Himalaya.

Himalaya has served primarily as & "route of emigration and colonization
from east and northwest, secondarily of endemic development”™ (Stearn, 1968).

Some of the species wiz., Coroneaster frigidus, Rubus calycinus, R.
Qcuminams, Androsace delavayi, Osmanthus suavis, Boschrickia himalaica ete.
m"igi‘ﬂaﬁllg in Sowh-West China reach only upto Kumaon in Uwar Pradesh.
Cypripedium elegans, Cypripedium himalaicum, Roscoea purpurea, Primuia
Ybetica, Primula primula extend from South-West Tibet to Utiar Pradesh.
Circaeqster aggresfis, a plant of North-West China, exiends across Tibet to
Himalaya upto Garhwa).

Some of the extraneous elements of flora of South-West China, Central Asia,
Weat Asia, Europe bave so co-mingled with the North Western Himalayan flora
that they form its permanent components today. However, some of these, viz.
Melilotus aiba, Melica nutans, Potentilia fruticosa, Aconogonum alpinum,
Hﬂnmgm strobilifera, Nastwrtium officinale, etc. remamed unchanged.

Table-13. Some species of Chinese origin widely distributed in the Himalaya

i_'u-_-___ . S e
e Family Distribution
Vitlertana joommansi; Valeriacese Afghanistan to S.W. China, Mysnmsr
an e Aardwickif Valeriaceae Pakistan to 5 W. China, Myanmar, 5.
LR
wﬂ Frum gigantewm Liliaceae Kashmis t0 3W. Chins, Myanmar
lorkiza hatagirea Orchidaceae Pakistan to §.E. Tibet, Europe, N.

Africa, Ceniral, Wedt and 5.E, Asia.
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Name

Family

Distmibution

B ﬂm_gf.r:l dm.!‘fr 1] f.n'!:n

fre £l

Taxus wallichlona  Taxaceae

FPrimula densicuiaia
Taxur daccaia ssp. walfichiana

Primulareas

R

Afghanictan to 8. BE. Tibet, Myanhar

L Ry f ot

Afghanistan to 5. W. Chinz, Myanmar, 8.E. Asia.

Afghanistan to §. E. Tibet, Myanmar.

Afghanistan p $.%. China, Myanmar,
&.E. Asia,
Pakistan to S W, China, Muan

Ayanmar,
Japan, S.E. Asta,

Jaiminum dispermum (ieaceae Kashmiir to §.W. China, 5.E. Asia.

Buddisia agiatices Loganjaceae Pakistan to Biwian, Ceniral and South
Ching, Myanmar, 8 E. Asia.

Acer oblongum Aceraceae Pakistan to S.W. China, Myantsr,
L5, Asia

Hedera nepaltnsis Araliaceas Afghanistan to 8. W. China, Myanmar

Svida oblonga Cornaceae Kashmir 1o 5 W. China, Mynnioar,
5.E. Asiz.

Laycesteric formosa Captifoliaceas Pakigtan to 5. W. China, Myanmn

Lomicerg weblbignu Captifolinceae Afghanistan tp 5.W, Chinu.

{ufter P.K. Hajra & R.R. Rao, 1550}.

Anemone vitifolia extends from Himalaya to Sowth China, Formosa and
Luzon in the Philippines. According to van Steenis (1934) this species has
foltowed the Formyosan - Luzon migratory ttack. Sarcocorca saligna extends from
Afghanistan and Himalaya to China, Formosa, Sumatra, Java and Lesser Soenda
Isfands; it is also found in Sri Lanka,

"Thae Chineae momntxing, being much older in age, have had considerabls
mfluence on the Himalayan flora, and many plants from these mountains have
spread westwards to the younger Himalaya. During the Tertary Period, a
common flora must have covered the whole of East Asia, including Himalsya,
China and Japan® (Hara, 1966).

The Himalaya run from Nanga Parbat on the Indus to Namcha Barwa on the
bend of the Tsang-Po in 8.E, Tibet {ca 2250 lom), the floristic pattern of Western
Himalayas 1s very distinct. The Eastern Himalaya is ticher and more diverse in
plant wealth because of greater amount of precipitation as compared with the
Western Himalaya.
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Notwithstanding, that flora of Morth-Western Himalaya is admixture of floras
from Mediterranean region, Central Asia, Europe, S.W. China atc. the area is
very rich in endemics. The Himailayas as a whole and Peninsular India are two
main regicns of India which are very rich in endemics. Some of the endemic
species of North-Western Himalaya are  Androsace primuicides, Hedysarum
cashemiritnum, H, microcalyx, Saussuren wkinsondt, Suwssuree clarkel, Puoa
foleoneri, Poa koelzii, Puccinellia stapfiana, Puccinellia thomsonii, Catabroseila
himalgica, Arabis temuirostris. Hvalopog nutans, Delphinium roviei, Carex
munroi, Microschoenus duthie. Dicranostigma lactucoides, Erophila tenerrima,
Christolea scaposa ete.

Some of the primitive species, viz. Circaester agresis, Parroiiopsis
Jacquemontiana, Myrica esculenta, Holboellia latifolia var. angustifolia, Michelia
kisopa are also found in the region.

The spread and recession of Ice Sheet (Glacial and interglacial periods) must
Bave exterminated some of the taxa during placiation and provided suitable piche
for iaflux of species from neighbouring arca during Interglaciai Period {warmer
Period), The altcrnate movements of Iec Sheet must have been responsible for the
bolation and disjunct distribution of many plant and animal species.

Rau (1975) while discossing the phytogeographic affinities of Himalayan flora
“ﬂﬂ "In the Himalaya, the glaciation, however, did not affect the foothills, with
the reguiy that the vegetation of the lower belt was not affected. Migration of flora,
rvival of relices, evolution of now species by an intermixing of differcnt fioras
o munaﬁaaﬁun of species from the lower altiudes must have all had a

role in the present day composition and distribution of the Himalayan
fioe of high alticrde"

‘) NORTH-EASTERN CORRIDOR
Enstern Himaglaya -

The Fastern Himalaya includes the present Sikkim, Darjeeling district of

Weu:
;‘:‘ﬂmlﬂl and Arunachal Pradesh. The Eastern Himalaya has been considered

=sunct phytogeographical region (Clarke, 1898, Hooker 1907, Chauetjee,
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184G). The Western Himalaya is known for magnificient snow covered peaks, the
Eastern Himalaya stands out for their rich florstic wealih.

MNEFA} as part of .Assa.m Flnra and recognised close aff‘nmes ber.wecn flora of
Azsam and Myanmar. He further treated them as part of the Eastern Border lands

comprising mostly the Tertiary mountmins with highly tropical climate and
remarkably diverse flora and vegetation. Biogsographically Assam and north
myanmar ATe mgmy mansivional regions where large scale commingling of Asiatc

£
-
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Takhtajan (1986) places Arunachal Pradesh in Eastern Himalayan Province
within Eastern Asiatic region of Boreal Sub-Kingdom alongwith parts of eastern
Nepal in the West upio Kali river valley, Darjeeling, Sikkim, Bhutan, large pars
of Assam Himalaya, cerain extreme south and southern parts of Tibet.

The Eastern Himalaya is considered to be the treasure house of a mytiad of
plant species. There are rumercus reasons for floristic richpess and biological
diversity in comparatively 0 small an area. The topography is one of the main
factors behind this. The Eastern Himalzyas, though lower n altitede om the
average than its Western and Central counterparts, are in a position to directly
confront the moisture laden monsoon winds, blowing inland across the Bay of
Bengal. This leads to a gh degree of precipibon which has no equal on the
pianei.

The Eastern Himalayas are wetter and warmer as compared 1o the Western
Himalayas. Az a result, these are comparatively richer floristically. The foot-hills
have species of Dipterscarpis, Artocarpus and Shorea assamica, The lower slapes
have tropical scmi-cvergreen foresis, Between 1800-3000 m, the forests are

Montane Wet or Moitt tvne  edrur deodarg is congmicuous h'l." ite ahesgnes T

AR L Rl W e s AR A Ak S ECE pF S el L E L= el g -Lrl A g

Eastern Himalayas. Dry Temperate forests chiefly of conifer trees age found in
inner ranges of Sikkim. Above 3000 m Moist Alpine Scrubs are found.

The special horseshoe-shaped arrangement of the foid of mountains in the
Eastern Himalayan region, ensures plenty of rain in most of the places, Along
with region of high rainfall, there are alse regions of moderate to low rainfall
zones, which account for the great diversity in plant wealth found here. Added to
this, the altitide of the area is also greatly varied from a few hundred metres in
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the plateaus and valleys to the lofty ice capped mountains with Mt. Kanchanjungha
iowening over all the other peaks at a height of 8598 m. All these factors greatly
coamiributed to the varied and rich floristic diversity. Because of the prear
aliitudinal variation, the area finds represehtation of tropical, temperate and alpine
forests. The Eastern Himalaya hag tich representation of orchids, riododendrons,
bamboos and species hedychiums. Out of the ca 1200 specits of orchids so far
koo from India ca 650 species arg reported from Eastern Himalays. King and
Famling (1898) estimated ca 480 species of orchids in Sikkim Himalaya and ca
425 species in Arunachal Pradesh. Out of a 1otal of ca 82 species Rhododendrons
® 70 species have heen recorded from Eastern Himalaya. Sikkim has ca 37
Bpecies and 2 varieties of Rhododendrons. Arunachal Pradesh has 52 species, 5
Mubspecies and 5 varietics of Rhododeadrons. Qut of the oa 60 species of
Hedychium in the world 34 species are represented in the Eastrn Himalaya, Out
* the 100 kmown speciea of bamhoos in India oz 58 species are found in Eastern
India. The Eastern Himalaya is rich in endemic species.

_ As stated earlier the flora of Arvnachal Pradesh has a large number of
®grant species from the adjacent areas. Some of these are

O} South-Egst Asion-Malaysian elements :

detinidia callosa, Ampelocissus barbata, Anfidesma qcuminatum, Bauhinia
Hurpurea, Bischofia javanrica, Brassaiapsis glomerulata, Caraliia brachiata,
Crotaevg religiora, Debregeasia dongifolin, Dendrobium aggregatum,
BPusbanga grandifiora, Engelhardtia spicate, Evia paniculata, Exbucklandia
Populnea, Firmiana colorata, Garuga pirnnata, Hedychium cocrvinewm,
Msonin macrocarpa, Lepisanthes senegalensis, Lithocarpus elegans,
Mangifera indica, Metiosma simplicifolia. Michelia champaca, Mucuna
rigricans, Musa balbisigns, Oroxylum indicum, Procris crenata,
R“PhWOpham peepla, Spondias pinnata, Talanwma hodgsonil, Tetrameles
Mudiflora, Toona sureni, Trevesia palmata, Vernonia volkamerifolia, etc.

M-ﬂﬂm&fmﬂe glemenis ©
Floristically, Western and Eastern Himalayas have distinet entities. The

——oweid Himalayas have many species common with China and Japan, Some

'ﬂfﬂgﬂ,m_
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Berula alnoides, Callicarpa rebella, Cardamine griffithif, Cinramomum
obiusifolium, Dalbergia mimosoides, Helwingin himalaica, Litseq
cubeba, L. kingii, L. sericea, Lomicera adenophora, Magnolia

e LY 0 | I
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campbells, Meconopsis nepanlensis, Michelia dolis
cinereq, M. pachycarpa, Neillia rubifiora, Osmanthus suavis, Panax
psevdoginseng, Poteniilla grifitthii, Rhododendron micromeres, R.
nerfiflorum, Rubus fragarvicides, Salix sikkdmensis, Shuwreria hirsiea,

Smilax ferox, Tefracentron, €iC,
(b) Japanese elements :

Some of the species common with and excended upto Japan are : Cornis
comtroversa, Mucing macrocarpd, Taxilius kaempferi, Stachyurus,
Helwingia eic.

Euro-Siberian elements -

Goodyera repens, Hedera sp., Juncus inflexus, Lithospermum officinale,
Polygala siberica, Prunella widgaris, Ranuncmlus scleramus, Stellaria
wiiginosq, Thiaspi arvense, Veronica, Anagallis aguarica, Viola biflorag etc.

A number of primitive angiosperms are present in Arunachal Pradesh
which gives distinct phytogeograpical positon 10 Arunachal Pradesh within
Indian subcontinent. Some of these elenments are : Alnus nepalensis, Altingia
excelsa, Retula alnoides, Exbucklandia popuinea. Holboellia latifella var.
angustifolia, Howtngnia cordate, Magnofia eriffifhii, M. prerocarpa,
Manglietia caveana, Talaia hodgsonii, Tetracentron sinense.

(b} Assam :

From phytogeopraphical point of view the Assam area consists of Assam,

Nagaland, Manipur, Mizoram, Tripura and Meghalayn. The vegetation is
hoariant. The hill forests of Assam region approximate in type to those of Eastern
Himalayan region, except that there is no alpine zome. These hills may be
separated broadly into Everpreen forests, Broad Leaved forests and Pine forests.
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Some of the interesting plant [ound in Assam are Supriu Wimdaiayeno,

Bﬁfﬂl‘!ﬂphgrﬂ dintern Mitraciemon vamomoial Monotrona uniflorn _E;:r}_l};nﬂnﬂ
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raseum, Gajecla falvoner, Aldrovanda sp., Nepenthes Ehasiana, etc.

The influx of humid tropical Asiatic clements has taken place through the
Assan gateway, The tropical Asiatic elements larpely of Indo-Chingse and
Malayan affinities tepresent perhaps the most dominant component member of our
Present day flora, not only in the lower slopes of the Himalayas but also deep
south jn the Peninsula. These ¢lements have spread far west along the southern
Slopes of Himalaya practcally upto Kashmir and along Eastern Ghats to the
Peningula, In many cases the species are identical in the Peminsula, Myanmar,
Assamn, Thailand and Malaya and in other cases local species have evolved in the
Peninsula (Mani, 1974).

In Eastern India the invasion is from West China (Yunan) and Myanmar, the
“Ommon components are - Congea fomentosa, Diospyros glandulosa, Edgeworthia
"'l'"":rf-?ﬂm;ﬁﬂ. Jasminum  dumiceln,  Kalanchoe spathidata,  Swertia  lacei,
T"ﬂﬂ'ﬁefaxpermum etc. It is likely that some genera like Photinia, Eriobotrya and
Pygeum have entered [ndia from West China and Myanmar.

A larpe number of taxa from Siberia, China, Myanmar, Malacca and
T"mﬂsﬂﬂrim, Java, Japan. Sumatra, N. Guinga, Sri Lanka, Bhutan, Perak, West
Atrica, Australia, Penang, eic. eniered Assam. Some of these raxa are - Nympaed
¥ygmaea (Siberia, China} Orephea polvcarpa (Myaumar), Popowia kurzii
Mysamar), Homalium schleichii (Myanmar), Solomonia aphylia (Malacea and
Tenasserim), Annestea fragrans (Myanmar), Nertera sinensis {China), Alniphylium
Jortunei (China), Corylanthera tenuiy (Java), Beccannda cordifohia (Myanmar},
Mitrastemon yamormotai {Japan and Sumatra), Apfrvilorchis montara (St Lanka), -

asiq wallichii (Sumatra, Java and N. Guinea} Bulbophyilum listerd {Bhutan),

v Periciltium (Tenasseritn), Coelogyne carnen (Perak), Dendrobivm bensonine
Yanmar}, 3. terminale (Tenasserim), Epipoginm roseum (W. Africa, Java and
A‘Wiﬂ}, Eria biflora (Myanmar), Eria fragrans (Myanmar), Paphiopedilum
eanum (Bhutan), Paphiopedilum spiceriamem (Bhutan), Polystachya
vescens (Java), Sarcochilus kyserix (Tenasserim), Dioscorea laurifotia (Penang),
varia, Gomiothalmus, Pittosporum glabratum (extending from Hong Kong to

L Hills jn Assam), Decaspermumt paticwlapem (occurs in Philippines,

Wakia, Java, Malaya, Myanmar and Assam), Gryspora {from Sumatra, Eastern
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Bimalaya and Khasi Hills), Medirilla {from Malaya, Khasi Hills, E. Himalayz and
Sri Lanka), Gymnopetalium (Malaya, Myanmar, Assam, E. Himalaya, Deccan and
Sn Lanka} Mymﬂm {Malaya Andaman, M}ranma.r E Hlma]ajfa Western

Uncaria (Malaya, Myanmar, Assam, Eastem ami Westem Hlmalaya Hedyans
(Myanmar, Assam, Himalaya, Deccan, Western Ghars and Sri Lanka), Knoxig
{Malaya, Myanmar, Assam, Himalaya, Western and Eastern Ghats and Sri
Lanka). Lasianihus (Malayva, Myanmar, Andaman, Assam, E. Himzlaya, Ersiern
aut Western Ghats and Sri Lanka), Wiloughbeia (Malaya, Myanmar, Assam and
Sri Lanka), ek,

Hooker (1904) who used a wnit of ten dominant families in his various
botanical provinces as 4 measure of compansion on the distribution, includes
major pact of Assam with Gangetic Plain and treats Eastern Himalaya as a
separate area by itseif. He considers hill areas of Assam, including the Shiliong
Plateau, Patkai, Naga and Manipur hilis as phytogeopraphically decply related

with Myanmar.

Clarke (1898} based on distribution of Cyperaceae, especially gehus Carex
considers Eastern Himalaya and Assam as distinct Subarea. Chatterjee (1962)
following Clarks treats Aseam as a distact azen becauss of its distinctive flovs.
Ridley (1942} states that "no siory of piant distribution is complewe without 3
considerable knowledge of Tertiary palacobotany. Tt cannet also be understood
fully without a comprehension of the position and form of land surfaces during
that period and the time of the evolution of the flowering plants”. Kingdon-Ward
(1960) considers that the position of Manipur in the middle of the glaciawed
mountains and astride on of the glacial escape roule was particularly favourable

for recerving coniribuiions of (lora from all dircctions. It has very high perccitag®

of Indo-Malayan species and an admixture of some Sikkim Himalayan, Burmese.
Siamese 4nd Chinese species. Joseph (1969} attempted 1o localize the cradle of
flowering plants from an analysis of distribution of primitive plants. The table
adopied from Takhtajan (1969) shows primitive species of plants, cxisting in the
Northeassern parts of India, especially the Eastern Himalaya, Assam aod
Myanmar. It is remarkable that none of these species are found in any ofhf
part of India.
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Table-14. Primitive flowering planis occurring in Northeastermn
India and Myanmar (from Takhtajan, 1969).

Speties Dristribratiog

‘..‘annﬂ..l_;-na.nn.n
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Magnoiiz Assam, Myanmar through Inde-China to

Magnalin griffithil

Muagnofia peatiang

Magnolia gtesravi
Manglietia

Euptelea

Telracentraceze
Tetrgeentran

Menispermaceae
Pycnarrkena
Hoematocarpus

Aspidocarye
Lardizabalacear
Decaisnen
Helboeilia
Stauntonio

Parvatia
Hamamelidacene
Exbuckigndia
Dua}-;;'m
Ailinpia
Piperaceae
Hﬂunu}.mﬂ

""ill"l'illal:cue
M}"ﬂ'fﬂ 25rifenta

R rad Ly

Malayan Archipelago.

Axsam and Myanmar

Assam

Assam

Assam, E. Himalaya and South China thtough
Thailand and l[lﬂﬂ-{:lii.ﬂa mo Java.

E. Himalaya, China and Japan.

E. Himalaya, Upper Myanmar and Southwes:
{China,

Assam, E. Bitnalaya to northwest Australia.
Agsam, B Himalaya, West Malaysia and New
Cuinea.

Assam, Bastern Himalaya and Southeasy Agia.

B, Himakays and West China.,
Assam, B. Hi » China and Brikin,
Assam, South China, Taiwan, Laos,
Yiemam, Korea and Japan.

Aszam, E. Bengsl, South and West China.

B. Himalays, Assam to Sumaira,

Himalaya, Assart, China, Taiwan, Korea and
Iapan.

Aszam, Japan and Chinz 10 Java and Sumatra.

Assam, Himalays to China, Japsn, Thailand,
Indo-Chinn and Tuiwan.

Himelsya, Assam and China,
Himalaya and East Asia.
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Rajasthan ;

The western dry repion <an be distinguished into four habitats (i) Sandy
plains and dunes Rajasthan desert or Thar desert fall in this area (i) Gravelly
plains (iii) Rocky habitat and {iv) Saline depressions. Sand dunes have very sparse
vegetation and the sandy plains a few scattered trees of Acacia and Prosopis and
bushy plants chiefly comprising Cafligonum, Lycium, Aerva, Leptadenia,
Cratalaria  and Cepparis  The gravelly plaings or rocks have species of

F oo mas e imreefanrn . R

LHIUIFUFI&, uynuwajmrm, EALTE TR Lm.\M. Lmrumprwru, Ifﬂ‘g{{;fm;m ﬂpﬂum
of Phoenix are common. The rocky habitats have bushes of Euphorbia and
Grewia. In moist and shaded places species of Anogeissus, Dicrostachys,
Prosopis, Acacia and Ziziphus ave found. Species of Saivadora and Tamarix occer
near saline depression.

With the advent of Indira canal a large number of weeds from Punjab have
migrated into Western Rajasthan. These spacies are Antirrhinum cronfium,
Arenaria  serpyilifolia, Asiragalus  iribuloides, Centgurium  cemtaurioides,
Gastrocotyie hispida, Hypecowm procumbens, Kochia indica, Lophochloa pumila,
Muaicolmia africana, Malva sylvestris, Oenanthe javanica, Phalaris minor,
Plantago amplexicaulis, Polvgonum lanigerum, Fsammogelon canescens, .
{Shetty & Singh, 1987).

The climate of desertic zone in the west of Aravalli is characterised by
extremes of temperamure, severe droughts accompanied by high wind velocity, low
relative humidity evaporation far exceeding precipitation and tgo scanty rainfall
i support any appreciable vegetation. The climate in the sast of Aravalli is almost

-El-l'l"ll.-!l'l"lt'l amd .ﬁﬁrﬁnuﬂhu.-h:l milAsr T onnrvvet raranasmrvasley Asmos rl-nlrhiﬂ'l'll
Rl VUELPATdaYwY DLLlllr. oo SUPPAITL WHLGHANY@Y SOl wndildlhwer

vegetation,

Rajasthan in the west provided gateway for the influx of plants from Africs,
Afghaninan Baluchistan, Sind, Arabia, Egypt, Abyssinia, Persia, etc. Many of

Al _ _ o

ithese found their way 1o Uﬂjﬂl’ﬂi and the Western Ghais. Some of the ciemenis of

Mediterranean, Indo-Malayan and Ynde-Chinese origin have also been reported.
These elements tend 1o change the floristic spectrum. However, Rajaschan
maintaing its floristic individuality and shows high degres of endemicity.
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Bhandari {1%¥78) in his "Flora of the Im:l desert” attempted to classify
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analysis of the desert flora as follows

Phytogeographic Regions
Cosmopolitan 1.2%
Tropical 12.7%
Affican ... 39.1%
Mediterro-Tropicall @ ... 12.4%
Afro-Rajasthani ... 20.0%
Afro-Oriental ... 39.7%
Afro-Malayan 4.7%
Afro-Australian 12.49
Saharo Rajasthani 7.6%
Saharo-Orental ... 1.8%
Iraniay 6.1
Irano-Rajasthani @ ... 63.6%
Itano-Oriental 36.3%
¥do-Rajasthani (Endemicy ... 10.8%
Ohentw @~ 17.0%
Oteptal @ 73.7%
Indo-Malayan = ... 14.2%
Indo-Chinesc 12.0%
Anstraliay 2.8

The data represented above show percentages of different-clements of flora
Tcopded from this region. It is observed thar if the cosmopolitan and tropical
mmmmmmmwumdcmummmmm

% Compared 1o the Eastern edements (27.8%). It supports the view that this descri
h‘m“ﬂphmnfmmmw“mﬂm

The Aftican clements (39.!%) show overall dominance in this region as
to the Oriental elemems (17.0%).
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The mvestigation carned out by Bhandari (1978) are in conformity with the
analysis of the flora of this region brought cut by Blatter and Hallberg (1918-21),

in broader aspect of phytogeography.

Takhtajan, (1986} while discussing Sindian Province states "Despite the
enormous area of this province, its flora is not tich, containing no endemic genera
and only a few endemic species”, However, studies carried out by Bhandarl (1.c.}
reveal endemic flora as high as 10.8% which is surprisingly high as compared
with age of this desert which is only 5000-10000 years.

Blatier et qf. (1925) while analysing the flora of India observed many of the
Indian species which are common with Africa, Afphanistan, Baluchistan, Sindh,
Arabia, Egyot, Abyssinia, Persia, etc. Memtion may be made of the following
SpECHES |

Nymphaea steliata (Africa and India)

Farsetia jaguemontii {Afghanistan, Baluchistar, N. India, Siad and Rajasthan)
Capparis decidua {Tropical Aftica, Arabia, India)

Polycarpaea spicata (Egypt, Abyssinia, Sind and Gujarat)

Bergia odorata (Tropical Afnca, Egypt, Persia, Sind and Gujarat)

Sida grewioides (Tropical Africa, Arabia to Baluchisian, Puxjab and Sind)
Grewia villosa (Tropical Africa and India)

Melhania denhamii (Tropical Africa, Arabia, Baluchistan, Sind and Rajputana)
Tribulus alatus (N. Africa, Arabia to Sind and Rajpuiana)

Zygophyilum simplex (Tropicel Africa, West Asia, Sind, Rajputana)
Commiphora mukni (Arabia, Baluchistan, Rajputana)

Crotalaria burhia (Afghanistan, Baluchistan, N.W. India, Sind and Gujacat)
Indigofera anabaptista (Arabia, Afghanistan, $ind, Pugjab, Rajputana)
Cucumis prophetarion (Tropical Africa, Arabia, Baluchistan, Sind, Rajputana)
Periploca aphylia (Egypt, Arabia, Persta, Afghanistan, Baluchistan, Sind Punjab,
Rajputana)

Heliotropium calcarewn (Baluchistan, Sind, Rajputana)

Blepharis sindica (Sind, Punjab, Rejputana, Gujarat)

Ephedre folitata (Syria 1o Afghanistan, Punjab, Rajputana}

Commeling albescens (Tropical Africa, Arabia, Baluchistan, Sind. Rajputana)y
Schweinfurthia sphaerocarpa (Afghanistan, Baluchistan, Sind and Rajputana)
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Maheshwari (1962) while studving flore of Dedhi obscrved prescace of a
large mimber of namralised alien species in the area. He summerisad the results

and presentad the data in the following tabular form. The Afriean components
dmost comprise 21% of the total flora,

Table-1%5. Qripin of plants of Delhi State

Pznis of Nutmbet Percentaye
1. Worth African - Indisn Desert Belt 22 4.60
1. Tropical Africa 37 7.74
3. Tropical Africs and M. African. 23 4.81

indian Degert Beit
€. Africa and West Asia 17 1.56
£ Muditerranean Region 19 2.09
8. Indian Region Bl 16.95
7. Info-Malayan Reglon and E. Asia % 6.5
L. Indo-Malsyan and Africa 33 6.90
% Temperaio Region 8 1.67
8. New wonia 14 2.93
1L, Tropical Cosmapotien 200 41.84

He further commented "India is country with land connection on the north
30d west, and plants have migrated from N.E. Africa or West Asia, and South-
West Ching by way of Arabia, Afghanistan, Kashmir and N, Myanmar and N.E.
Fndiﬂ respectively. The presence of these jand connections together with
Boclimatic conditions tends to distribute plants from one 10 other and vice verse
®¥ natural process of plant distribution.” The surrounding countries which have

[

;:'f“ih“tf-‘ﬂ much to Indian flora are Sri Laska, Myanmar, Malaysia, 8. W.

<t Lasern China, West Asia and Africa.
y Afticin and East Mediterransan eiements are oftent found in Gujarat and
Orthwest Indla; such species belong to genera Alstonin, Ancistrocladus,

;ﬂmﬂunm, Ceropegia, Dicanthiym, Elscholtzia, Flacourtle, Hollarrhena,
onsonta, Perogata and Sansiveria. Common East-Mediterranean plants found
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in Northern india are members of Boraginaceae, Capparidaceae, Caryophyllaceae,
Cruciferac, Fumariaceae and Labiatae.

The Mediterranian elements :

These elements come partly from southern Europe and partly from North
Africa. Some of the latter come from Abyssinia, Sudan and Sahara,

They extend eastward through Iraq, Arahia, Baluchistan and sometimes partly
throngh Afghanistan to Northwest Himalaya, more commonly plains of Sind and
Punjat and occasionatly southward to Deccan. A number of Mediterranean specics
have penetrated to the Western margin of the Upper Gangetic Plains and Western
Ghats and Sti Lanka. Some of these species are .

Fagonia arabica, F. bruguieria, Mansonia senegalensis, M. heliotropioides,
Argyrolobium flaccidum, Trifolium fragiferum, Trigonella, Mellilotus, Medicago,
Colutea, Traverniera, Ebenus, Alhagi, Prosopis. Papaver rhoeas, P. dubium,
Hypecoum, Farsetia, Alyssumi, Malcolmia, Diplovaxis, Eruca, Moricandia,
Capsella, Iberidella, Istais, Chovispora, Cleome, Ervngium caerwleum, E.
biflardieri, etc,

Central India ;

Two major forest types, viz. (i} Tropical Forests (i) Montans subtrapical
forests are represenied in Central [ndia. Northern tropical semi-evergreen forests
occur in some parts of Madhya Pradesh adjoining Orissa, Tropical moist
deciduous forests occur on hilly ground, Tropical dry deciduous forests, (ropical
thorn forest, are quite conspicuous. Momtaae subtropical forests are found on
some Will tops of Madhya Pradesh, Orissa and Mt Abu of Rajasthan,

Two important mountain ranges Vindhya and Satpura are found right across
Madhya Pradesh from Sonth-West to North-East and distinctly meet the Chhota
Nagpur plateau of Bihar, These ranges have played an impartant role in migration
of plants from Eastern Himalaya, Assam, Myanmar, Malaya and other couniries
of the South-East. Plants have migrated from here to Western and Eastern Ghats
a1l Sri Lanka. Some of the specics from these region are siill found in Central
Indian region. However, the Eastern and Western Ghats have large number of
migranis as compared 1o the Ceniral India.
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Western Ghats :

The Western Ghats exhibit two distinct zomes, viz. (i) Morthern Western
Ghats and West Coast, covering Goa, Western Maharashtra and Southern Gujarat
and (ii) Southern Western Ghats, West-coast and Lakshadweep : the area includes
Western Ghats and West-coast Konkan region of Karnataka, Kerala and Western

past E 1 TSR Ker Western
Ghats of Tamil Nadu.

Western Ghats of Maharashira suppont Montane subtropical Evergreen
forests. The main components are Amoorg lawll, Aphanamixis rohutuka, Walsura

.h'l.'l.‘nn-.ﬂ Tanns ~MiiAata ITalamaralin intsarifFalins Adlcrnmin orhniormc Panoamin
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Binngra, Caryota urens, Tetrameles nudiflora, Terminalia chebula, Bridelia
Mpigmosa, etc.. The second layer comprizes Miliosma fomentosa, Murrava
Poriculata, Syrygium cumini, Meyra laxflora, Mammea suriga, Gretum ufa,
Bic. A pumber of terrestrial, epipnhytic and lithophytic orchids occur in the
aea.

The vegetation shows north to south variation which can be closely related
With climate. Typical giant trees of cvergreen forests such as species of
Siophyilum, Hopea, Canarium, Mammeq etc, begin appearing along Phonda,
Ambolighats and Goa Ghats.

Southern Western Ghats are flonistically richest part of Western Ghats, The
Wiain type of vegetation is Tropical Evergreen Rain forests and Moist Deciduous
. Wet Evergreen forests comprise species of Palaguium ellipticum, Cullenia
$ewrillaza, Mangifera indica, Canarium strictum etc, Some Semi-evergreen forest
Becies are Xylic xylocarpa, Vateria indica, Terminalia paniculata, Mangifera
eic. The Moist Deciduous type forests comprise Terminalia pariculata, T.
Rimentosa, Lagersiroemia lanceolata, Tectona grandis, etc.

Southern Western Ghat Rain Forests basically differ from Raia Forests of
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Prreq are comrnon o all three regione.

; The Nilgiri which falls under Western Ghats of Tamil Nadu has unique type
o' Wegetation called "Shola™ Ht comprises Evergreen forests with thik
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ToweeMwill, 3ome of the mmporiant "Shola” species arc RYGROCArpuS iR,
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Michelia nilagirica, Berberis tinctoria. Mahonia leschenauliii, (rarcinia cambegia,
Gordonia obtusa, Ternstroemia gymnanthera, llex demticulata, 1. wightiana,
Exonymus crenulatus, Microtropis ramiflora, Cinnamonmum wightii, Meliosma
wightii, M. microcarpa, Osyris wightiana, Peniapanax leschenqulrii, Scheflera
racermosa, Macaranga indica, etc. The wundergrowth comprises Clemuatis
wirhtliang, Polvgala arillato, Viclg serpens. Parthenocissus neilgheriensis,
Osbeckia leschenaultiona, #tc. In open downs there are many herbaceous and
shrobby species such as Anemone nwilaris, Ranancilus rentformis, Cardamine
hirsuta, Viela =pp., Polygala spp., Fypericum niysorense, impatiens spp.:
Crotalaria spp., Indigofera pulchella, Smitfhia graciis, Rubus moluccanus,
Parnassiao  mysorensis, Rhodomyrius  tomentosa, Buplewrum mucronatum,
Heracleum rigens, H. hookeriaram, Galium asperifolium, Campanula filgens, C.
wightii, Swertia spp., etc. (Subramanyam & Nayar, 1974).

The typical tropical African c¢lements have Dbecome naturalised and
diffcrentiated into endemic forms on the Weatern Ghatz and Sri Lanka, Some of
the African components are Ochirocarpus longifolive, Munduleqa, a South-African
and Medagascan genus Gelssapsis, Lepiodesmia congesia, Delomix regia,
Tamarindus indicus, Acacig, Bryophyllum pinnatum, Plumbago capensis,
Salvadora, Cryptostegia grandiffora, Sessamsen, Pedolium nmurer, Riclmus
commiinis, Psendarthria, Hardwickia, Cephaiandra, Cienolepis, Gaernnena,
Blepharis, Peristrophe bicalyculata, Lasiopogon, Vicoa, Carthamus, Dicoma
tomentosa, ete, {Mani, 1974).

The Matabar region is characterised by the presence of Guitiferae,
Dipterocarpacess, Myristicacese, abundance of Malayan forms especially among
Sterculiaceae, Tiliaceae, Anacardiaceae, Mesliaceas, Myrnaceae, Meiasiomaracess,
Vitaceas, Geaneriacese, Piperaceas, Scitaminese, Orchidacene ete. Podocarpus
latifolin is confined to the hilis of Tinnevelly and outside it is known from
Myanmar and Malaya. Western Ghats flora shows great affinities with that of
Malesian region (Hooker, 1904; Subramanyam and Nayar, 1974), Indo-Malayan
genua Sarcandra (Chloranthaceae) is represented by §. chisranthoides (vesstliess}.
Kunsiieria predominantiy Malayan genus is also represemnicd in the Western Ghat.

Some of the other migrants are  Viole patrini (Siberia, Rusgia, Japan,
Himalaya and Eastern and Western Ghats), Pofyeala siberica (Himalays, Kahai
Hills, Siberia, China, Japan, Westcrn Ghats from Nilgini southwards to Sri
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Lanka), Stellaria saxatilis {Sibera, Japan, Khasia Hills, Himalaya and Nilgiri),

RbEgmnue vireatue ste (China Janan Himalava Milaidd and Balnt Faoanmia
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arabica (Egypt to Western Ghats), Rubia (Himalaya, Western Ghats, Sri Lanka,
Japan, elz.).

The following are some of the humid tropical Asiatic elements found in
Western Ghats  Pittosporum tetraspermum, P. flonbundum, P, dasvcaulon,
Gareinia indica, Xvlia xylocarpa (Malaya, Myanmar, Philippines), Rhodomyrius
tomeniosa (Malaya, Nilgiri and Palm Hills, Sri Lanka), Beilschmedia {Western
Ghats, Cenwral and Eastern Himalaya, Assam, Myanmar and Sri Lanka),
Cianamomum, Machilus, Phoebe and Litseq (Myanmar, Malaya, E. Himalaya,
Westzrn Ghats and Sri lanka), Hedvotls (Myanmar, Assam, Himalaya, Deccan,
Western Ghats, Sri Lanka), Knoxia (Malaya, Myanmar, Assam, Himalava,
Western and Eastern Ghats, Sri Lanka, Tropical Australia), Lasignthus (Malava,
H)’anma.r, Andaman, Assam, E. Himalaya, Western Ghats, Sri Lanka).

8K Lankan elements

The monotypic genus Xendrickia which includes specier X walkeri is
featricted to Anamudi region of Anamalais in South India and Adam’s Peak of Sri
Latks, In addition to this, numerous species of this region are common with Sri
Lanka. Some of these are -Filicium decipiens, Gyrinops walla, Gordonia obrusa,
Kydia catycina, Myristica dactyloides, Polyaithia longifolia, Clematis gouriana,
Narvelia zevianica, Capparis grandis, (lax ycandens, Gouania wmicrocarpa,
2yphus xylopyrus, Tetrastigma lanceolarium, Meliosma microcarpa, Crotefaria
Rana, Prerocarpns marsuptum, Acacig suma, A. ferruginea, A. caesia, Albizia
4mara, Osbeckia wightiana, Begonia malabarica, Neurocalyx calycinus, Hedyolis
mitida, Tarenna ariatica, Maesa perrottetiana, Canscorea wallichii, Premna
fementosa, Teucrium tomentosum, Apama siligrosa, Sarcandra irvingbeileyl,
litsea deccanensis, Helivanthera hookeriana, Schumannianthus  virgatas,

ineria  tricocarpa, Calomus  pseudo-tenuis, etc. Indo Sti Lankan
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Bt Humboldiia (Leguminosae) is repressnted by 7 species in Western

The common occurrence appears to support the view that in bygone times Sri
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Thete are numirer of Western Ghat taxa which are common with Africa,
Abraham and Vawsala (1981) ceporied occurrence of [0 genera ol Orchidaceas,
viz. Acampe, Bulboplvilum, Diosporis, Eilophia, Habenaria, Liparis, Nervilin,
Oberonia, Satyvium and Vanilla, Calarthe mascua, O, volkensis, Eulophia

g + Ll Rl P it b . P L g

epidendreq, E. schimperiong eic. are conmmon with East Africa,

{iv) EASTERN GHATS AND COROMANDEL COAST

The Eastern SGhats pass ihrough Andhre Pradesh and Tamil Nado 1o
Kamataka and touch the East Coast at several places and Bastar District of
Madhiya Pradesh. Eastery Ghats do not form continuous ranpe because the great
tivers Mahanadi, Godawari and Krishna cut across them. They form the
condinnous range only in Mallamalai Hilis. The highest peak in these Ghats is 17350

m high in Biligirirangan Hills forming the Southern tip of these Ghais.
The Coromandel coast occupies the strip of lowland between the Eastern
{thats and sea. It stretches from Onssa to Tirunelveli in Tamil Nadu,

The forest vegetation of Eastern Ghats is poor as compared 1o the Westem
Ghats. Vast area in under Tropical Dry Deciduous or Thom forests. Some
northern parts bordering Orizsa have Moist Deciduous forests.

A large tmamber of species common with the Sri Lanka, Malaysta, Myanmar,
Tropical America, Africa, Madagascar, Austrafia, South-East Asia, Middle-East,
China, Malacca, New Guioea, Philippines, Japan, Afghanistan, Pakistan,
Indonesia, ete. have been reported from towards Eastern portion of the Peninsular
India and Eastern Ghats and Coromande] coast. Some of the examples are :

Naravelia zeylgnica (India, Sti Lanka to Malaya)
Dillenia pemagyna (India, Myanmar, Malaya)

Annona squamosa (Trop, America, namralized in India)
Coceulis hirsutus (Trop. Africa to India, Myanmar)
Ttospera cordifolia (India, Sri Lanka, Myatmar)
THiacora acumingta {Jodia, 811 Lanka to Malaysia)
Nymphaea nouchali (Africa to India)

Nympkaea pubescens (Africa, India to Malaysia)

P R N VI I . Iy DR [, [N o UL (R [ I JI LW TR Y
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Capparis zeyianica {India, Sti Lanka to Myanmar and Malaysia)
Cleome monophylla (Trop. Aftica to India)

Hybanthus enneaspermus {Trop. Africa to India and Australia)
Cochigspernemn religiosum (India, Sri Lanka o Malaysia)
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Polygala elongata {India and Sri Lanka)
Polygala arvensis (India, Sri Lanka to Malysia)
Thespesia lampas (Trop. Bast Africa, to India, Sri Lanka and Malaysia)
Hibiscus vififolius (Trop. Africa, India, Sri Lanka 1o Malaysia and Australia}
Hibiseus funariffolius (Trop. Africa, India, 5ri Lanka, Mvyanmar)
Hibiscus micranthus (Trop. Africa to India)
Hibiscus lobatus (Trop. Africa to 5.E, Asia)
Pavonia odorata (Bast Trop. Africa, India, Sri Lanka to Myanmar)
Sida cordata (Trop America to Africa, India, Sri Lanka and Malaysia)
Sida acuta (Trop, Africd, Todia, Sri Lanka to Malaysia)
Melochia corchorifolia (Trop. Africa, India, Sti Lanka to Myanmar)
Relicteres isora (Middle East, India, Sri Lanka to Australia)
Stereutia yrens (Indha, Sri Lanka, and Myanmar)
Firmiana cotorara (India, Sri Lanka, Myanmar)
Corchorus aestuans (Tropical belt from Africa, India, Sri Lanka to Ausiralia)
Corchorus Jascicwlaris (Trop. Africa, India, Sri Lanka to Myvanmar and Australia)
Iﬁuny’em pilosa (From Africa to India, Sti Lanka, Malacca cte.)
Tiumfetta rhomboidea var. rhomboidea (Africa, Sri Lanka, China to Australia)
Grewiq tiliaefolia (Trop. Bast Africa, India, Sri Lanka to Myanmar)
Grewia flavescence (Trop. Africa to India)
i tenax (Trop. Africa, Middle East, India in Dry localities)
Grewig hirsuta {India, Sri Lanka and Myanmar)
‘Hi.ﬂ'i!agc benghalensic (India, Sti Lanka to China, Malacca)
Aspidopreris indica (India and Myanmar)
Tributus terrestris (Trop. Africa, India, Sri Lanka to Australia and America)

1
Siophyium reinwardiii (India, Sri Lanka, China, Myanmar)
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Qttn‘.w cormicidafa (India, Sri Lanka, Myanmar)

Na"’"ﬂ cremdat: (India, Sri Lanka, Myanmar}

Micrometum pubescens (India, Sri Lanka, Myanmar apd Malaysia)

Allarthus excelsa {Trop. Africa, India, Sri Lanka, to Myanmar and Australia)
ites qegyptiea (India, Sri Lanka and Myanmar)
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(riruga pinnata (India, Myanmar}

Melia composita {Africa, India, Sri Lanka, Anstralia)

Ximenia americana {Trop. New World, Africa and India)

(Max psittacorum (India, Sri Lanka, Myanmar}

Opilia amentacea (India, Sri Lanka, Myanmar)

Maylenus emarginata {Trop. India, Sti Lanka to Myanmar and New (uinea)

S A 1l T ommmlem o nremmmmm sl

Cassine glanca {Africa to lodia, Sri Lanka and Myanmiar}
Celactrur poniculnte i Tron, Africa India 84 Lanks F“l‘rr]rnﬂmpt’\

g e ek LE2 . L i Bl =] —a P AL g

Loeseneriella obtusifolia (Indiz and Myanmar)

Ventilago denticulata {Tropical from India to Malaysia)
Vemrtiago madraspatana (Indiz, Sri Lanka, Myanmar)
Ziziphus ruposa (India, Sti Lanka, Myanmar)

Ziziphus penoplia (India, Sri Lanka, Myanmar and Austruliz)
Ziziphus nunpmilaria (Maddle East to India)

Ziziphus mauntiang {Africa, India, China and Australia)
Cissus quadranguiaris {Africa, Sri Lanka, Malaysiz}
Cayratia trifolia (India, New Caledonia and Avstralia)

Leea macrophyila (India, Myanmar)

Leea indica {india, 5ri Lankzs, Chings, Myanmar and Ausiraiia)
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Derris scandens {Tndia, Sri Lanka, China, Malaysia and North Anstralia)

Derriy indica (India, Snt Lanka, Malaysia and N. Australia}

Dalbergia volubifis (India, Sri Lanka to Malaysia)

Mucuna pruriens {Africa, Indiz, 511 Lanka, Myanmar and Malaysia)

Urgrig picta (Africa, India, Sri Lapka, Malaysia and Philippine Islands}

Abrus precatorius (India, Sri Lanka to Malaysia}

Crotalaria calycina (Africa, Fodia, Sri Lanka and Myanmar)

Indiggfera cordifolia (Middle East, Indias, Sri Lanka, Malaysia and North
Australia)

indigofera linifotia (Middle East, India, Sri Lanka, Malaysia and Nortt Australia)
Indigofera linnael (Adrica, India, Sri Lanka, Myanmar and N. Ausiralia)
Indigofera cassioides (Pakistan, India, Sri Lanka, Myanmar 1o China snd Indo-
China)

Indigofera astragaling (Africa, India, Sri Lanka, Philippines, N. Ausralia, South

AP RS T o e, EERESS

Ammca}
Indigofera glabra (Tropical Africa, Indis, Sri Lanka}
Arviosia scarabaecides (Madagascar, India China, Malaya Peninsuia)
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Abysicarpus vaginalis (Africa, Middle East, India, Sri Lanka)
Stylosanthes fruticosa {Trop. Africa, india, 511 Lanka, Malaysia)
Zomia gibbosa (India, Australia)

Rhynchosig rufescens (India, Sri Lanka, Malaysia)
Ritynchosia viscosa (Africa, India, Sti Lanka)
Flamaim & At Tudia Cel T anla
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Desmodium triguetram (India, Sri Lanka, Myanmar)
Desmodium velurinum (Africa, India, Sri Lanka, Malaysiz and Philippines)
Desmodium gangeticium (Africa, India, Sri Lanka, Malaysia ard Philippines)

e pulchellum (India, Sri Lanks, Myanmar, North Austrzlia}
Qesmodium motorium {India, Sri Lanka, Myanmar, Malaysia and Philippines)
Desmadivm friflorum (India, Sri Lanka, Malaysia and Ausiralia)

it heterocarpa (india, Sti Lanka, Mysnmar, China, Japan and Malaysia)
Bauhiniq variegata (India, China, Myanmar)

nea tomentosa {India, Sri Lanka, Malaysia}
Bauhinia racemosa (India, Sri Lanka, Malaysia)
hexapetaium {India, S Lanka, Myanmar, Malaya Peninsula)

TM T LI L N B T S (AL Y
rindus indica l|,luu1,: nlul..u, India, S Lanka and L\'Lﬂ.lﬂjhlﬂj

?ﬂﬂh fistula (India, Sri Lanka, Myanmar, Malaysia)
Ca8sia auriculata (India, Sri Lanka, and Malaysia)
absus {Middle East, India, Sri Lanka, Australia)
g‘?""'ﬂ Bumila (India, Sri Lanka, Australia)
fachys cinereq (india, 511 Lanka, Myanmar, North Australia)
7 il podvancisirg (Mexico  Peninsuiar Tndia}

DPurrastha i"l"-..-l a, Sri Lar -mlm Mvyvanmiar and Maiava 'ﬂnmnnnln"l.
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48 lebpeci: (Africa, India, Sri Lanka, Myanmar and Australia)
oderatissima (India, Sti Lanka, Myanmar, Malaya Peninsula)
pmnam {(Africa, India, Sri Lanka, Myanmar and Malaysia)
intsia (India, Sri Lanka, Myanmar)

ola niforica {Africa, India and Sri Lanka)
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la bellirica (India 1o Malaya Peninsula)

?"‘f"ﬂfm chebulg (India, Sri Lanka, Malaya Peninsula)
Uycoprers floribunda (India, Sri Lanka, Malaya Peninsula)
“eYa arbgreg (India, Myanmar)

Jr "ngloniq arutangeia {India, Sri Lanka, Myanmar, Australia)
ﬂﬂdfﬂrﬁrn Fpgord mn o Ohicnt
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Ammannin baccifera (Africa, Afghanistan, India, Sri Lanka, Malaysia, Ausizaliz)
Ludmgm pras.m:;m (Iadia, Sri Lanka, Malaysia)
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Trichosanthes cocionering (India, Sri Tanka, Myanmar, Malaysia and North
Ausiralia)

Solena heterophyiiz {India, Sri Lanka, Myanmar, indonesiz}

Coccinie grandis (Africa, India, Myanmar, Malaysia)

Diplucos palmaiis {Africa, India, S Lanka, Myanmar and North Ausiralia)
Mukia maderaspatona (India, China, Malaysia and Auscralia)

Cucumis callosis (North Africa, Pakistan, India, Sr{ Lanke and North Ausiralia)
(rfinus oppositifolius {Africa, India, S3ri Lanka, Australia}

Moliuge pentaphylla (India, Sri Lanka, China, Malava Peninzula)

Alangium saivifolium (East Africa, India, Sri Lanka, Myanmar, Malaysis and
Philippines)

Oldenlandia ovatifolia (Tropice from India, Malaysia)

Oldenlandia nitida (India, Myanmar)

Knowxta sumatrensis (India, 50 Lanka, Myanmar, Malaysia and Ausmralia)
Borreria stricig (India, S0 Lanka, China, Malaysig)

Borreria arficulgria (India, China, Malaysia, Philippines)

Ading cordifolioc (India, Sci Lanka, Myanmar and Indonesia)

Mitragyna parvifolic {India, Sri Lanka, Myanmar}

Morinda tinctoria (Indiz, Sri Lanka and Malaysia)

Hymenodictyon oritense (Indha, S50 Lanka, Myanmat and Malaysia)

Terenna asiatica (India, Sri Lanka, Malaysia)

Pavetra indica {(india, 511 Lanka, Malaysiz and Ansirslia)

Wendlandia tinctoria (India, 5ri Lanka, Myanmar and Malaysia)

Gardena turgidg (India, Myanmar)

Gurdenia resinifera (India, 51 Lanka and Myanmar)

Randia spinosa (Africa, India, Sri Lanka and Malaysia)

Randia wliginosa (India, Sri Lanka and Mvanmar)

Ensete glaucum found in Visakhapatnam hills, Meghalaya, Myanmar, Thailand

vic. 18 relicl species.
Coromandel Coast

The Coromands) coast oocupies the stip of lowland between the Eastern
Ghats ang sea. It stretches from Orissa to Tirunelveli. Thickest of thomey
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evergreen and deciduous trees and shrubs abound belonging to genera Flacowrtia,
Randia, Seutia, Diospyras, Mirmusops, Garcinig, Sapindus, Pferospermium, eic,
(Hooker 1904, 1907 : 37). Strychnos mux-vemicg is slso characteristic. The
tvergreen species are Eugenia bracteata, Memecylon wmbellatin, Carallia
integerrima, Lonicera malabarica etc. Mimusops hexandra is confined (o coastal
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Blanifrons, Cocculus laeba, Capparis aphylla, Cassia ovata and C. angusrifolia
e characteristic {Mani, 1947a). The coastal area supports mangrove swamps with
Avecennia afficinalis, Lumnitzera racemosa, Bruguicra spp., Rhizophora spp. ., eic.
Thﬁ Sand}r beaches support Hydrophylax maritima, Ipomoea pes-caprae,

i PFU&I.FHIHH’I and ﬂF!ﬂgfﬂ ST FOFIES .

Rao and Sastry (1974) while smdying the coastal vegetation of India reported

the strand vegetation of India comprise admixture of Afro-Perso-
Arabian/Western and Indo-Malayan/Eastern elements or Polynesian. They further
Sated that the terrestrial estarine flora distributed in the estuarine and tidal
Mangrove zones is derived chiefly from Malesian and Polynesian Istands. The
following are some of the elemens which are found in the Coromandel coast and
bave gistributional ranges upte Myanmar, Malay Peninsula, Austrahia and
Polynesia  Aitmania rodiflora, Bauhinia anquing, Callophyllum inophyllum,
Cﬂfﬂﬂ‘ﬂpis gigantea, Cordie subcordata, Clerodendrum enerma, Cyperus
Pendunculatus, Ipomoea macrantha, 1. Pes-caprae, Heritiera linoralis, Morinda
Cltrifolia, Oldenlandia diffusa, Pemphis aciduda, Scaevola plumieri, 5. faccada,
m}‘Phl'phﬂm hydrophvilacea, Spinifex littorens. Many of these taxa extend upio
South western Indian Peminsula from Malesian Islands through Malacea,
T%ﬂaswim‘ Sunderbans and Coromandel coast.

The strand flora of Sri Lanka is well represented along the southern shores
®F Taril Nadu including the islands in the Gulf of Mannar.

(¥) DECCAN

The large part of the plateau is covered with tropical thorn forests comprising

ie8 of Acacia. Dicrostachys, Butea, Anogeissus, Azadirachta, Grewia,

% etc. Tropical Dry Deciduous forests occur in northern, central and
w part of placau. They have teak forests imermixed with species of
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Lagerstroemia and bamboos, the other deciduous components are -Samfalum
album, Cedreln loona, Sovmida febrifuge, Capparis, Grewia, Phylanthus,
Euphorbia nerilfofia, Borassus flabellifer, Phoenix sylvesiris, Flacouria, Randia,

Dinenvrne The Egstarn narte of nlateny in Andhra Prodech and Origca have mnist
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deciduoous forests compnsing species of Terminalia, Bombax, Datheriga,
Madhwca, Ceiba, Grewia, Phyllanthus, Clelstanthus, Schieichera, eic., Shorea

robustz is abundamt in north-eastern part of platean. A number of taxa from
forgign countries having more or less identical climatic condition have rigrated
o the Pemnsular India. Some such taxa are

African Madagascan elements !

The tropical African, especially the East African and Madagascan elernents
constiute an improtant component of Peninsular fiora, The following are the
African camponents © Ervthroxylon  monogynmum, Mundulen,  (feissapsis,
Lepiadesmia congesia, Delanix regia, Tomarindus indica, Aeacin, Bryophyilum
pinnatum, Plumbago capensis, Sabvadora, Cryptostegia grandifiora, Sesamum,
Pedalium murex, Ricinus communis, Pseudarthria, Hordwickia, Humboldtia,
Cephalandra, Clenolepis, Gagrinera, Blepharis, Perisirophe bicalycudata,
Lasippogon, Vicoa, Carthamus, Dicoma tomentosa. Deccan has fewer Malesian
elements, and in some dry arid area it contains an admixture of Omano-Sindian
glements {Takhtajan, 1986).

Meher-Homji {1965) after analysing the floral elements of the dry region of
India recognised two zones  "one in the noith contiguous 10 the desert of Thar,
extending ine Rajasthan, the Punjab, pars of Unar Pradesh and nerth Gujarak.

TE!F othar semi_arid snos ﬂlﬂ'lﬂf-d-l“l in ths Em'lﬂ! 11‘u"-l:|r:|n-|:' thae Manran Plafraan and
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parts of Coimbatore, Ramanathpuram and T1mnelvali District in Madras”, He
further added that the concentration of the "Tropical and North African Indian
Desert” clements in the northern semi-arid zone rather than in the Deccan, Also
the sub-desertic climate does not enter Deccan. Only a very nepligible percentage
of Mora of Sudan and South-West Arabiz occurs W Deccan, themeby the relative
floristic individuaiity of the Deccan from the rest of Suddan territory.

The woody temperate members, though very few, that are fovnd i the
present day flors of Deccan region suggest that they are ones which have been left
over after the Plgistocene glaciation. The monsoon ephimeral flora alse ¢xhibits
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lemperate clements which are interpolation in the tropical elements of the
Palacocene flora. Suck elemems of tcmperate type would have graduvally
disappeared as the aridity increased oo the whole Deccan Plateau.

(V1) ANDAMAN AND NICCBAR ISLANDS -

The islands are considersd crucibles of evolutionary sites where the
evolutionary processes are stifl very active. The distances of islands frem the
Comtinents play important roles in the phytogengraphical distribution of plants.

'T"Inn ﬂ.-u:lrnﬁ Vnmn Trdanooisan nesh .HF'!:-.‘
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Andaman and Nicobar are situaied in the north- snuth direction has significantly
Contributed towards the distributional pattern of plants in Andaman and Nicobar
Islands with Andaman group displaying plant constiments of many Barmese otigin
#Bd Nicobar group with Indonesian elements.

[t 4] ﬂr‘h':.ﬂl"l tha scland
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The following tabls indicates presence and absence of some of the taxa in lwo
Eroups of islands,
Nicobar
Pievocarpus datbergioides
I}ipfemmmus spp.
Pometia pinnata
Arecy trigndra
SCyphiphora kydrophyilacea
Pemphis acidul
Ancistrocladus tectorius
Crypterenia panicalata
Tetrameles nudiflora
andamuanensium
Mﬁwpux neriifofia
2. wallichianus
Mangifera andamanica
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Bentinckia nicobarica +
Rhopaloblasta angiiste +
Ciyeosms pilosa +

Balakrishnan et af (1984) summarised "Great Niccbar I[zsland shows no
endemism at family level, the Dipterocarpacese, Simaroubaceae and Polygalaceas
arc not represented in Great Nicobars but occnr in Andamans and Malesia, "

Great Nicobar and Indonesia share more common familiss than with Indo-
Myanmar-Thailand families, At family levels Great Nicobar is more allied to

Malesia than to Andamans. The presence of maty -r.ner--ﬁ: commotl betwesn
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Andaman and Nicobars is considered as & sign of recent axchange. Oue of 684
species, 72 are endemics, 210 species are strictly Malesian and the rest 402
species are having wide-spread distribution through Asia to Australia, They
conclnde {op. cit.) ... in the long disiant past this island was connected by land
with Sumatra and nmhgbiv also with Burma through Andamans and this Iand
conhection enabled it 1o bear a large number of species of these adjacent regions.
This longer period of connection with Sumatra also enable it to have more
Malesian elements than northern elements. The later complete isolation of the
island produced physical barriers which resuited in the evelution of several

endemic species. This nrmmnl flora got enriched hv lone digisnees mioration from
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Sematra, Malaya, Thaﬂand and Andaman resulting in present day mixed flora of
the Tslands".

Rao (1987) gives the phytogeopraphical distribution of plants of Andaman

and Nicobar Islands a8 follows.

=== T e e A R -

Indo-pacific :

Aegiceras cormiculatus, Asplenium nidus, Cyperus pedunculatus, Dodonqed

viscosa, Euphorbia atote, Hermandic peltata, Heritiera littoralis, Ipomoes

macrantha, I. pes-caprae, Lumnitzera littorea, Messerschmidia argentea, Morindg
citrifolia, Pemphis aciduia, Scaevola sericea, Rhizophora stylosa, etc.

Indo-Malestan ;

Cynometra iripa, Guetfarda speciosa, Heritiera formes, Lumnitzera
racemosa, Ochrosio oppositifolia, Sonneratia caseolaris, S. griffithii,



2000 ABFINITIES PALAEDBOTANICAL 141

Indo-Burmiese :

Phoenix poaludosa, Sonneratia apetala, Aegialitic rotundifolia, Heritiera
Jormes.

Inda-aiﬁ';'mn :

Calophyllum inophyllum, Lancea covomandelica, Ximenta americana,
Neo-Tropical :

Cordia subrordata, Suriang maritima.

Balakrishnan (1584) enlisted 144 (axa as endemic to Andaman islands and 72
Iaxa to Great Nicobsr Island,

Vasudeva Rao (1986) in his preliminary report on the Angiosperms of
Andaman and Nicobar Islands records 1454 taxa. Of these approximately 14%
mginsperms are endemic and about 54 % occur in mairland India. Approximately
32% taxg extend ta the adjacent areas of § E. Asia and Malesia dut do not occeur

a myinland India.

Phytogeographically, Andaman groups of Islands and the Nicobar group
®ppear io be distinct. The angiospermiic componenis of Andaman Islands show
Beneral affinitics towards S.E. Asia and mainland India while those of the Nicobar
falands have affinities 1owards Malesia.

(VID) NATURALIZED EXOTIC PLANT SPECIES

During eighteen and nineteen centuries a large number of wild specias were
brought unwittingly by man from different couniries, particularly from tropical
L and Australia. Some of these also cams from Africa. These have spread
2 different areas and namuralized duting course of time. Some of these are :
) American stemenss -

mhcﬁem didvma, Cuiaruma tomentosa, Melochia nodifiorg, Argemone
Treoana, Swietenia mahagoni, Anacardium occidentale, Caesalpinia coriana,
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Parkinsonia aculeara, Cassia hirsita, €. occidentalis, C. alata, Mimosa pudica,
Desmanthes virgatus, Leucaena glauca, Acacia farisiana, Enterolobium saman,
Conropita guianensis, Turnera wimifolia, T trioniflora, Pasvifiora foetida, Cerens
fiexaponum, Opuntia coccinellfera, Flaverig contrayerba, Tridex procumbens.
Erigeron mucroratum, Eupatorium odorarum, Lagascea mollis, Theveria nerijfolia,
Rapwolfia canescens, Lochnrera rosea, Quamoclit phoenicia, . pinnata, [pomoes
quinguefolia, Datura metel, Nicotiana plumbaginifolia, Solanum seaforthianium,
Scophularia dulcis, Bigonia magapotamica, Martytia annua, Lantana aculeaia,
Clerodendron aculeatum, Hyptis sugveolens, Gomphrena globosa, . decumbens,
Pepromia  pellucida, Euphorbia prostrate, Croton bonplondignum, Pilea
micropivlla, Eichchornio crassipes, Anona sguamesa, A. reficulata, eic.

(1i) Anstralian elemenis .

Acacia retinodes, A. longifolia, A. melanoxylon, A. decurrens, A, dealbaia,
Flaveria australasia, eic.

(iit) African elemenis -
Adansonia digitata, Brvophyllium pinnatum, Delonix regia, eic.

According to Maheshwari (L.c.), of the total number of Indian fiowering
plants, ca 46% are foreign and now namralised in different parts of the country.
He has classificd these plants as ;

(1) Pl regional species (Palaeotropical, neotropical, pantropical and
cosmopolitan grovps)

(2) Weeds of the cultivation and other wmiroduced weeds.

(3) Exotics and escapes from cultivation.

{4) Species of limited distribution in India and adicimng regions.

The first three groups may be congidered to present 10% of total figure. The
planiz belonging to the fourth group have migrated into India from Malaysia.
China and West Asig, §t is assumed that 10% of indian florz has come from West

Aara med aliond aas . T g [ Y Jemon mmd hEwlasrmes
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sides. This, together, makes up the total 1o 40% for all the forcign plants, For
details the readers are refered 1o the paper by Maheshwari (l.c.).
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M) MIGRATION OF PLANTS WITHIN INDIA :

In addition to the migration of plants from the neighbouring countries, as
discussed earlier, a number of Himalayan plants both from Western and Eastern
sides have migrated to Peninsular India and hill-tops of South India. Mukherjee
{1935) reported many West Himalavan elements in Mahendragiri. Mooney {1944)
reported ocerrence of Pyracantha crenulate, Pyrus pashia, Berberis asiafica, eic.
it the hills of Jashpur and Sarguja. Rubus ellipticus from Muyurbhanj. These are
normally found in the temperate region from Kashmir to Bhutan, Khasia Hills etc.
Gupta (1962) reported a number of Himalayan plants in Peninsular hills.

The "Shola” forests of the Nilgins in South India are unique. The Pleistocane
giaciation has repecatedly pushed the temperate taxa right down to Soutk Indian
Hills, They could not recede back to eriginal habitat and got souck up to South
Indian hill-tops particularly in the Nilgiris and Anamalai Hills etc. The emperate
forests of Nilgiris have affinities with Florz of Naga Hills, Manipur, Khasia and
Eastern Himalayas. The following species are common with Eastern Himalayas:

Hypericum hookerianum, . nepalensis, Ternstroemia japonica, Earva
Japonica, Rhamnus dahuricus, Photinia notoniana, Rubus ellipticus, R.
lasiocarpus, Rhododendron arboreum, Gaultheria fragrantissima, Gardneria ovaia
together with species of Kedsura, Berberis, Pinosporum, Elaeocarpus, Euormvmus,
Meliosma, etc.

Species of Thalictrem, Ranuwncuius, Cardamine, Geranium, Alchemilla,
Fragaria, Seuteliaria, Potentitla, Paranassia, Lysimachia, Swertia, Gentiana and
Wany Cyperaceas and Poaceae are common in grourdd flora.

Al importani aspeci of the hill iop flora of South India viz; the prescnce of
temperate or semi-temperate members side by side with subtropical or tropical
Specics such as Cardamine hirsuta, Delphinium indicwm, Thalictrum daizellii,
Impatiens parvifiorus, Hypericum indicum, Senecio grahami, Clematis gouriana,
©iC, are believed to have got stabilized bers in the post-Pleistocene period.
Their occurrence and proportionate increase with clevation of mountins in
Nilgiris, Mahabaleshwar and other places in Wesiern Ghats. They abruptly

T towards the Northern end of Western Ghats. Rosa mudtiflora, Spiraea
*D., Salix tetrasperma, Hex prinsepia, Pimpinella sp., Ariemisia vuigaris also
diseprieqr.
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A good number of axa of Himalava, Meghaiaya and Assam are found in
Vishakhapatnam district and some species of Assam are still found in Kalahamdi
ardl Bailadila (Mooney, 1950%. OF these mentionsd may be made of : Anaphalis

adnata, Beilschmieda sikkimensis, Bulbophyllum — densifiorum,  Calicarpa
macrophyvila, Chirita hamosa, Eulophia explanato, Forrestia mollissima var,
glabrata, Lysimachia olternifolia, L. decurrens, Mucuna nigricans, Parahaenea
sagittata, Polygala furcate, Prunys jenkinsii (Balakrishnan, 1604; Subba Rao &
Kumari 1968, 1971, 1972). Ensete gloucwm found in Visakhapatnam hills,
Meghalaya, Myanmar, Thailand, efc. is a relict species,

The presence of Himalsvan Mgn-hnlmm and Arzam fﬂu.n+ Epnmnn in BEastara
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Ghats is of preat phytogeographical significance. There are several views on the
presence of these elements in the Eastern Ghats,

Haipes (1921-25) explained them as relicts of the tme when the hifls of
Orissa were much higher and served as siepping stones for migration of specics
from higher lands of the Deccan Peninsula to newer Himalayas.

Biswas and Sampathkumaran {1949) explained that they are relicts from the
time when thers was 4 land connection between Deccan Peninsula and Indo-
Malayan region.

Mooney (1950) feels that some of these are relict species from an earlier and
on

conler elimate and some are thrm_ h hird migran
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Razi (1955) suggested that hills of Bihar and Orissa ptayed an important role
in migration, Seshagiri Rao and Narayanswamy (1960) consider the presence of
Himatayan specics on the hills of the Eastern Ghats "as instances of either
discantimous distribution or remnant vegetation of bygone days, got isolated on
account of ancient geological disturbances”.

The discovery of fossil Gymnosperms, Gingke from Deccan Intertrappean
beds of Eocene and also from Rejamundry sand-stonc serics of Mid-Tertiary from
Pangdi, Taxaceoxylon from Kateru and Dadoxylon alongwith Mesembryaxylon
from Pangdi and Rajamundry has been interpreted as indication of cool climss
in the region prior to uplifiment of Himalayas (Meher Homiji, 1980).
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Sume northern parts burdering {rissa have Mnist Deciduous forests. The

nf Hnnalaya, Meghalaya and Assam are f{H.lIll;l in Vlshakhapamam dlsmcl and
tome species are still found in Kalahandi and Bailadila {(Mooney, 1950). Of these
mentioned may be made of : Saussurea heteromella, Polygala furcara, Sleanea

g | b I, PR I W Y

I'FETLEHHL'EH, ﬂu.mm Eugmmjauum, .DII.IEJ{-'FHIHHHI HI!TH LIELAF LEFTE l_ﬂ Dll.l-ll-d.ll UI‘-'.AU-'U.J‘,
Eulophiia explanata, Forrestia mollissima var. glabrata, Prunus jenkinsii, Chirita
hamosa, Rhaphidophora decursive, Beilschmiedia sikkimensis, Parabaena
sagittate, Mucuna nigricans, Anaphalis adnata, Lysimachia alernifolig, L.
decurrens, Cailicarpa macrophviia, eic.

The Malabar regior 35 characterised by the presence of Gutiiferae,
Dipterocarpaceae, Myristicaceae, abundance of Malsyan forms especially among
Sterculiaceae, Tiliaceae, Anacardiaceae, Meliaceae, Myriaceae, Melastomataceae,
Geaneriaceae, Piperacese, Orchidaceae, etc. Podocarpus lavifolia is confined to
hiliz of Tinnevelly and outzide it is known from Myanmar and Malaya.

Some Eastern Himalayan species common with Malabar region are
Ternstroentia japonica, Hypericum hookerignum, H. nepaulense, Eurya japonica,
Rhamnus dahuricus, Photinia notoniana, Rubus elfipticus, Rubus lasiocarpus,
Caorallia integerrima, Rhododendron arboreum, Gaultheria fragrantissima,
Gardenia ovata and species of Mellosma, Rosa, Pygeum, Vibuwrnum, Lonicera,
i,

A number of Western Ghat elements are seen wild in the Eastern Ghats,
Some of these are : Nothopegia racemosa, Syzygium malgbaricum, Glochidion
ehipticim, Debregeasia malabarica, Xenacanthus pulneyensis, Mallotus
ﬂmrnﬂﬁabm Pouralzia bennettiana, Enoxia mollls, Lobelia zevianica, Dicliptera
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Leylanica, Platystoma flaccidum, Plectranthus moilis, Polypleurum filifolium, Pilea
Urirervia, Microstylis versicolor, Polystachya Ravescens, eic.
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LY Probably they might have extended in the past along the Wastern Ghats -
Biligirirangan - Shevroy - Kaltayan - Javadi hills and further notth to Eastern
Ham- | .
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shift of the equator (Auberville, 1969), the uplifi of Himalayas and maximum
rise of Western (Ghats in the Plejocene (Krishnan, 1968; Vaidyanathan, 1977
have contributed towards comparatively drier conditions on the Coromandel
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Coast amx] the Eastern Ghats (Mehr-Homji, 1980). Thus, thess plants
prefering moist climaie may be relicts of earlier vegetation of cooler climace
that prevailed in the Eastern Ghais prior to the uplift of Himalaya.

{iiiy The original flora of the Deccan Iatertrappeans {rom Miocene period of
Andhra Pradesh has migrated either to the south or t the west near Nilgiris
and Western Ghats where probably found better habitat or ecological niche
than the Andhra Pradesh (Mahabale, 1979).

A few species exhibiting lnxuriast growth in the everpreen forests of the
Karnaeaka Ghats also occur unkler identical climatic conditions in the tropical rain
forests of Asgsam and its surroundings. A few typical axamples of giant tree
species are : Acrocarpus fraxinifolivs, Aglain roxburghiona, Aphanamixis
polystachya, Artocarpis lakoochsa,  Bischofle  jovanica, Touna  ciliate,
Dipterocarpus turbinatus, Dysoxylum binectariferum, Michelia champaca and
Tetrameles nudifiora (Rao, 1978).

Similarly, there are several genera commaen to both the evergrean forests of
Wesizrn Ghats anxl Eastern India although considerable variation in species occur;
examples are Calophylium, Dipterocarpus, Hopea, Ailawthus, Canarium,
Chickrasia, Carallia, Tetrameles, Polaguium, Cinnamomum, Phoebe, Antiaris
and Ariocarpus (Rao, 1.c.)

Anemone rivularis, an Himafayan plant, reached Western Ghats and Sri
Lanka (Jain, 1967).

With the construction of Indira canal in Rajasthar, a number of weeds, vir.
Antirrhinum orantium, Arenanig serpyllifolia, Astragaius tribuloides, Centauriun
centaurioides, Gastrocotyle hispida, Hypecoum procumbens, Kochia indica,
Lophochiva pumila, Malcolmia africana, Malva sylvestris, Genanthe javanica,
Phalaris minor, Flaniage amplexceulis, Polygonum lanigerum, Psammogeton
canescens eic, have migrated from Punjab to Rajasthan recently {Shetty & Singh,
1987).
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A large number of new distributional records from different parts of the
country have been reported by the scientists of Botanical Survey of India and
botanists of other instittions.

Diffgrent views have been expressed regarding migration of plants within the
country. Some of the views are :

Clarke (1898) and Haines (1921-25) have supgested that the hills of Parasnath
Ay bave scrved in cthe past as stepping stone for the passage of plant species
between the hills of Peninsular India and the Eastern Himalaya.

1.  Southern rowtes across the Indlan ocean ;

This theory posmlates the ocowrrence of a land connections between India,
Australiz and New Zealamh. Puri (1960} states that land connections do naot
seem 13 have ocCurred over Bay of Bengal but across the Asgam hills through
the Vindhya-Satpura rend of mountaing of the Westarn Ghats and then south
1o Sri Lanka. It is conjuncmred that plant migration in the past has occurred
according to these routes,

van Steenis (1962} indicated possibility of land bridges and their roie in
migration of the flora. His theory embodies the idea that in the dim
geological past the palaeotropics and the npeotropics were comnectsd by a
tropicul land bridge across the Pacific, and should be imagined a more or less
intermitently interrupted chain of islands, not unlikely the Malaysian and
Aunstralisn continents,

&  Decoan Trap theory ;
Occarrence of similar genera of birds in South India and Malayan Peninsula
led to the postulation of the theory that Deccan traps were possibly
repponnible for this distribution. Hora (1949) showed that since migration

00ocwred in waves during the Pleistocens petiod and pot im Tertiary, this
cowld not be the reason,

Y. Continuous range theory

Actording to this theory the localitics at which species arc found today must
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hawve, at ome time, formed parts of a continious range of distribution of
specics, This was postulated by Hora {1.¢.) from the distribution of fishes and
other animals and since then considershle evidences have been brought
forward in favour of this hypothesis, resulting ir famous Satpura
Hypothesis.

The Satpura Hypathesis envisages that Satpura-Vindhyan ranges had an
aliitude of 5000-6000 fi. during Pleistocene, forming conmtinuous ranges of
mountains between Himalayas and Western Ghats. During this period the region
had rainfalt of 150 inches supporting thick tropical evergreen forests. This theory
is based om the following fundamental cORCEpLs !

1. Contimity of Vindhya-Satpura ranges with Assam Himalaya in the east
and Western Ghats in the west,

2. Vindhya-Satpura ranges and northem siles of Western Ghats having an
clevation of 5000-6000 fi.

3. Continuity of an ecological belt of mountaing with rainfall of about 100
inches or above and consequently of tropical evergreen forests between
Assgm Himalaya and movntains of Ceylon via Vindhya-Satpura trend
and Western Ghats.

4, Dispersal of fauna from cast to west and consequent changes in
wopography therefore.

These concepts of Hora (l.c.) endeavour 1o explain the presence of
Malayan Flora and fauns in Peninsular India and Ceylon conceiving the route
of migration from Assam ard Eastern Himalaya to the plawcau of Chota
Nagpur across Rajmshal gap. The migration to Chota Nagpur platesu wis
probably along Vindhhya-Satpura-Western Ghat route and Orissa~ Eaatern
Ghat-Western Ghats. Puri (1.c.) adds that the modern distribution pattern of
various specics follow ecological conditions of the habitat of which
m.npcr‘amr‘epia;{: mlf&wtjjmﬂmwmmpanmmmmu!prmipim The
migration has taken piace dueing the Pleistocens,

Auden (1949) feels that “the evidence is not in favour, therefore, of the
conception of major Satpilra range extending across India during Teritary period
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that has subszequently been worn down to present elevation. It suggests rather the
downfaulting along the Narmada and Tapti rifts at the close of the erruption of
traps and unequal elevation of the repions since Miocene™. He further states "It
is necessary to suppose that, while the central part of the Peminsula was

undergoing mild uplift during Pleistocene, the bordering areas of Curch,
Sanrashira and north Et"l‘lﬂ‘ﬂl weres subiected o dmﬂ-umn
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Hora (1951) teoriented his theory mainly based on the climatic fluctuations
of the Pleistocene period. The hypothesis of Hora regarding the existence of
Satpura across the gap has not, therefore, been finally agreed and the existence

of horthern elements in the flora of Penimanlar India may have to he f.nu-:rhf i the

effect of glaciation during the Pleistocene.
4. Glaciation Theory :

During the glaciation in Himalayas the temperature was lowered throughout
the Country. Medicott and Blanford (1877) first suggested that "the occutrence of
Himalayan plants and animale of the higher ranges of south India may be due to
We retreac of the species in the first place towards the equator and subsequently
B8 the temperature increased to the higher pars of the Hills®.

However, Hora (Lc) doss not agres with the temperature factor. He
fusiders that high humidity during the glacial period was more potentiat in the
Siatribution of animals and aridity produced discontinous distribution.

Puri (1962, 1.c.) states that "It may appear that glaciation, by changing the
“Cological condition of the environment, has certainly influenced whatever factor,
™3y have been responsible for bringing about discontinuous distribution of fndian
i NS, As a result of the refrigeration during the ice age, great quantity of

Mestone from the Himalayas are dissolved out and was washed to soils in plains,
thug changing the fertility and minera! composition of scils, both in hills and
E’ll::ﬂs It seems probable that plant species which have been growing on these
o S3tone soils in Hitoalayas were able to successfutly migrate through the plains
smf_ﬁ:th Indian Hills, where the conditions of the climate and soils were probably

1o that of Himalayan region during Fleistocene and post-glacial period”™.

_ Burkill (1.c.) considers that "There is no reason for thinking that shere has
TN ANy laleral migration between the mountains of Deccan and Ceylon and
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mountains of Sumatra and lava : but into Malaysia there may well have been two
rouses for these northern plants, one via Burma (o Sumatra and on Java, the other
via Formosa and Philippine islands to Borpeo and i is possible that in Borneo,
Rothain peak in Celebes seems to owe the ompin of some of its plants. New
Guinea has very littte common with Himalayas".

The spread of rainforest penera took place before glaciation period through
the Bay of Bengal route and the detsrioration of the climatic conditions after
glacial period distrupted the continuity of vegetation in different areas, The
Himalzyan plants spread to other parts of India later than the rainforests elements
came 0 southern India throogh the Ceylon-Decean rowtes; Ceylen and Malaysia
during the glacial perusd.

The glaciation destroysd the rainforest’s Malayan elements from the
Himalayan ranges to the west and further checked westward migration (Burkill,
f.c.l.

DISCUSSION

The Peninsular [ndia which formed part of Gondwanaland got separated from
it some 75 m Y.B.P. It started grifiing (owards northern direcrion and during this
pracess the Indian Plate was subjected to different climatic stresses and volcanic
ernption cavsing flow of Deccan lavas, leading to impoverishment of its flora. The
extinction took folt of most of the groups of Gondwanic florstic stock drming
northward movement. The history of the fiora of Peninsular India i3 that of
florisiic unpoverishment due W the low of Deccan lavas during Creiaceous-
Eocene period and spreading aridity during Neogene-Chiaternary times.

The present day flora of Peninsular India is an extant relictual and was
supplemented by later day migration and speciation,

The Indian Plaie crashed against Laurasia in the northern tropeial latitudes
during Late Cretacsous. The continued movement of indian Plate towards north
resulted in crumpling of sediments and progressive shallowing and narrowing of
the Tethys, As a consequence of this, east-wast basin with intervening highlands
were formed between 37-53 million years ago. The last major phase of the

northern movement of India accorred aroond 15 million years ago. The crash of

Indian Plate against southemm part of Lsurasia resulted in the uplifiment of
Himalayas.
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The closing of the Tethys sea and opening of the Indian ocean browght about
mew pagern of trade winds and monsoon regimes. The upliftment of Himalayas
lead to chain of events resulting in the formation of land and river systems. These
changes resulted in extinction of vulnerable groups, evolution of floras, migration
of floras through corridors provided by the mountain system and adaptive
tediation of species complex in conducive ecological niche.

There was progressive shallowing and narrowing of the Tethys during late
Cretaceous, culminating in the spliting of the sea into two or more longimdinal
basins in Eocene. By the end of the Oligocene the sea water completly evacuated
the repion, giving way to fresh water and subaerial facies. The vigoroms
tlevation during Middle Miocene resulted imto formation of a foredesp along
southern side of rising Himalayas, into which Siwalik molassic sediments were
deposiied.

From late Phocene to Pleistocene the molassic sediments were uplifted and
Continued elevation even after Pleistocene resulted in development of the present
day strucrure. By the end of Palacozene grounds were pra:parcd' for the
ﬁﬂvelupmem: of the Himalzyan land flora. Its major componenis were established
firing the Neogene and final details acquired in the Quaternary period,

%0 as to bave an insight imo the spread, diversification of angiosperms,
Phytogeographical affinities, palacoecology and palasoclimate of the Indian
Subcondnent it is imperative to examine the geological events and floristic changes
that haye taken place during the Tertary period. The Tertiary flora can be divided
Ito two groups.

W Palacogene :

The Palacogene fiora is found in Peninsular India. These are predominantly
opical floras, made up of the genera now confined to the old world, the notzble
feature of the Indian Palasogene is the occurrence of a few southern hemisphere
'a3a which may recdll the pre-Cenozoic relationship betwsen India and Gondwana
(Lakhanpal, 1970).

Duting the Palacogene the Indian Plate got separated from the main landmass
of Gondwana, but not yet joined the Asian Plate. It was the period when

AN . N |

‘Bl0sperms of Indian subcondnent witnessed thier apprectable spread and
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diversification. The plant fossils are represented by the elements belonging to
marine, cstuarine, fresh water and terrestrial habitat with both cvergreocn and
deciducns forms, It i siginificant to note that majoriry of the taxa reported from
the Palasogene localities hind their place in present day flora of the regisn. The
presence of African, Madagascarian, Anstraliap and South American elements in
the Pa]amge:ne flora of the indian subcontinent is indicative of Indias past
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The plant fossils recorded from the Palacogene period have already been
given in the text elsewhere under Intertrappean Flora, Eocene Flora of Eutch,
Eocene plant fossils from Fuiler's earth deposits near Barmer in Rajasthan and
Eccene plants from Meghalaya. The Deccan Interuappean is the oldest flora of the
Indian Palacogene. The fossil record for this period is from Rajamundry
assemblage, the Nagpur Chhipdwara assemblage and the Mandla assernblage, The
presence of Cocos fossil in Rajamundry is indicative of zea shore. The Nagpur-
Chhindwara assemblage is tropical in character and in which aumber of ecological
facies are recognsable viz., (i) Marine {ii) Mangrove (iii) Coastal, (iv) Fresh water
and {v) Terrestrial. The presence of Gymnosperms are normally indicative of high
altimde. However, Florin (1963} pointed out that thev can well grow at the sea
level, Most of the comparable taxa of this assemblage are presently found in the
cvergreen to semi-evergreen forests of Western Ghats and N.E. India with some
fosms occurming in dry deciduous forests,

The Mandla assemblage is exclussively angiospermons domipated by
arborescent taxa, This assemblage is also tropical snd most of its sxtant taxa grow
in Western Ghats and North East India.

Bande and Prakash (1982) while analysing the Nagpur-Chhindwara and
Mandla assemblages envisaged in Central Jndia a climate similar to present day
climate of the Western Ghats. The area enjoved a humid tropical climate.

The northwards drift of Indian Plate, the withdrawal of tethys sea and
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vegetation (Bande & Prakash, 1987).

The occurrence of medern comparable forms of angiospermous specied
described from Panandhro (Lower Miocene, Kutch) viz., Terminalia crenulold
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Syzygium sp., Lagerstroemia speciosa, Cinnamomum zeylanicum, Ficus tomentosa,
Pandanus diversus, P. furcaius and P. fecforius is suggestive of a moist
t¥ergreen 1o m:cn:muus vegetation around Panandbro. me presence of swampy

™
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Middle Eocene flora of Kapurd:, Rajasthan is also typically tropical iz nature.
The presence of Mesua of. M. ferrea, Garcinia and Calophylium is indicative of
f0ist tropical climate with evergreen forest flourished arcund Kapurdi. Fossil
#ovos suggests that the shoreline was not far away from Kapurdi during Middle

The small assemblage reported from near Damalgiri in the north east is
indicative of evergreen to semi-evergreen vegetation and a tropical 1o subtropical
climate. Grewia tiliaefplia tepored from Damalgiri also occur in Africa.
Similarly, Eriodendron occurs in America, £. anfructuosum occurs in Myanmar,
Andamans, Malaya Peninsula and Archipslago, western part of Indian Peninsula
and tropical America. Bombax malabaricum reported from this deposit occurs in
Wopical Himalaya, wariner forests of India o Myanmar, Sri Lanka, Java and
Sumates, Bombax insigne, common in mixed deciduous forests extands into
E¥erpreen or semievergreen forests, It is a tropical tree occurmring in Myanmar,
Andamans, Chittagong, Malaya Peninsula and Western Ghats of India {Lakhanpal,
I954). Four families viz., Palmae, Guttiferac, Nymphaeaceas and Moraceae and
820era Nipa and Ariocarpus are common in the Deccan Interrappean Flora of
Central India and Lower 1o Middle Eocene assemblage of Meghalaya.

The palacogens flora of India suggests prevalence of wet evergreen to semi-
“Vergreen forests and humid tropical climate in Central India during early
Palamgtmt ie. during Decaan Intertrappean sedimentation. It coatinued to prevail
10 the west and the north-east India till the Middle Eocene, In the post Palasogenc

Period, after the joining of the Indian Plats with the Asian Plae, that the Tndian
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. “Ringsnt started acquiimg its present day topography resulting in the onsetting
°F the current vegetational and g!__ t= mattern of thi beontinent (Bande,
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The palasogene represents a period when the Indian Plate had already broken
Asi Y from the vest of the continents of Gondwanaland but nad not joned with
"0 Plate, It seems natural expect a few taxa having affinities and commoness

d gy
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with the countries forming the commoen !lnndmass in the past. The Indian
Palaeogenic flora, particularly the Deccan Interitappean does have some taxa
which lend support to this assumption. The affinities of Rodeires have been traced
10 Regnellidivm, a fresh water fern; Cyclanthodendron and Simaronboxylon to
fropical American genera Cvolarithus and Simarouba respectively. Hyphaene has
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occurs in Africa and Arabia. Another paim Chrvsalidocarpus, a geous native
to Madagascar, has been described. The occurrence of Ausiralian taxa
viz., Eucalyptus, Tristamia-Malolenca  (Bande ef al,, 1986) is also
interesting.

The present day flora is ugually considersd Indo-Maiayas in characrer, A
comnpansion of Palacozene flora of India vis-a-vis Palacogzens as well as Neogene
floras of South-East Asiz has shown migration of various taxa between these 1two
masses. Some genera which miprated from India to South-East Asia during
ngi:nc are .Sm'*ru!m Gmm Pm‘yah‘hm. Gﬂﬂgﬂhﬂndm Laphapﬂalunl.

lmhan ﬂura fmm SnuthuEaat ﬁma durmg Pﬁst-PaIaengene period are
Dipterocarpaceae and many genera of Leguminosae.

The Indizn flora of present day acquired its present composition only aftex
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between India and South-East Agia (Bande & Prakash, 1986).
{iiy MNeopene :

Driring the Neggene perdod the climars was war roplcal and more o legs
unifors thronghout the Peninsular India. §t was covered by the luxuriant tropical
evergreen 1o deciduous forests. Tt was the period when Dipterocarpaceac was
predominaat from East to West and North to South alongwith other common
clements. The gradual northward shift of Indtan Peninsala from the aquator and
EFowing contingntality caused by the rise of Himalayan mountain resulted in e
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decrcase of rainfall uuu.ug nwgnm‘: Towards the end of nnu;hul: LTI Wae
further decrease in rainfall. It resulted in complete disapprearacne of the
dipterocarps and these were replaced with dry or desertic elements towards the
end of Pliocene in western {Gujarac and Rajasthan) and south-eastern (Guddatur)
part of Indian Peninsula.



K AFFINITIES - FALAEOBOTANICAL 155

The establishment of land connection during Neogene period facilitared large
scale migration and mingling of floras berween Indian Peninsula, South-East Asia
and Africa. The wide spread occurrence of Dipterocarpaceas and dominance of
Leguminosas together with Ebenaceac, Rosaceae etc. distinctly demarcated
Neogene from that of Palacogene.

Thi Meogent sodiments appear sporadically along the West (Kuich,
Saurashtra, Cambay, Konkan and Karela) coast and Fast coast (Cauvery, Krishma,
Godavari, Mahanadi and Bengal basin). Recently, fossils have been reported fraom
Rajasthan, Madhya Pradesh and South Bihar.

1. Western India Neagene Flora :

The presence of calcarions fossil red algae belonging 1o modern comparable
taxa Lithophvilum, Mesophyilum, Aethesolithon, Archaeoporolithor in Kuch is
Indicarive of Marine habitat ransgression and regression of sea in Kuch daring
Miocene.

The angiospermous petrified woods impressions of leaves and fruits and
belonging to modemn compatable taxa viz., Aftelia-Intsia, Albizia, Bawhinia,
Barringtomia, Cassia, Ceriops, Chlorophora, Cinnamomum, Cynometra, Dialium,
Dipterocarpus, Euphorbia, Fleus, Gluta, Isoberlinia, Lagersiroemia, Millettia,
:’rfurrc;gya, Podocarpus, Prerospermum, Schieichera, Sonneratia, Sterculla and
Terminalia have been reported from Neogene of Kutch., However, it is interesting
10 note that only Bawhinia, Cassia, Ceriops, Ficus and Stercutia are reported from
the nresent day flora of Kutch.

Kutch had been a meeting ground of eastern (Cinramormem, Diprerocarpis,
Euphorbia, Gluta, Murraya, Pterospenmum, Schieichera) and western elements
“tpecially African (Isoberiinia, Chiorophora, e.). This could be possible duc
S3tablishment of Jand conpection between Malaysia, India, Arabia and East Africa
Guring Neogene, During ngcna Kutch supported luxuriant vegetation and warm
“ondition with plenty of rainfall in contrast to predominanty scrubby vegetation
0 xeric ponditions of present day Kuich.

'.H-
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Recentiy, fossil wood of Agpeg (Dipterocarpaceac) has been discovered from

near Bkavnagar {Saurashmra) which is indicative of luxuriant vegetation (Guleria,
1992),

Guleria {i.c.} rcported tumcrous fossila from Jaisalmer and Bikaner basin
{Rajasthan) which are comparable with modern taxa aoch as Baphiz, Bauhinia,
Diglturn, Dipterocarpus, Copaifera-Detarium-Sindora, Cordia, Cynometra,
Entandrophragma, Eryihrophleum, Khaya, Lagerstroemia, Mangifera, Miilettia-
Pongamia, Ormosia, Ougenia, Pterocarpus, Sterculia, Terminalia, Tetropleura
and Ziziphus.

The occurrence of evergresn forest compobents viz., Araucaria-Agathis,
Podocarpus, Anisoptera and Dipterocarpes 15 indicative of luxuriant vegetation
and tropical humid climate. The numerical abundance of these genera is meagre.
The decikduous gencra predominate which indicates trend towards shift in rainfall.
Tie occcurrence of typical African genera viz., Baphia, Enrandrophragmas,
Ervthropideum, Khaya apd Fetrgplenrg further suppert it and bave oememious
phytogeographical significane. These genera are primarily confined to mopieal
Africa and Madapascar. [t indicates migration of plants from East Africa w
western parts of India. The possible routs of migration could be sither Egypt 0
notthern Arabia to Persia to Batuchisian and Sind to Western India or Ethiopia 10
Southern Arabia (0 Persia to Baluchistan, Sind to Western 1ndia,

Konkan fossil flora in comparable with such modern taxa as Alanginm,
Dicepyros, Dracontomelivon, Eugeissona, {ercinia, Nothopegia, Nypo and Nyssa
and ranges from decidurus to evergreen tress. Mypa does oceur in Ratnagini at
present. Garcinia, Diespyros, Nothopegia occur in Western Ghats, Nysse 18
confined to Sikkim, North Bengal and Assam extending further to Malayan
region. Eugeissona and Dracontomelumt are typical Malzysian geners.
Drracontomeium i8 found in Andaman and Nicobar Islands.

The ¥erals coast fossil flora i= comparable with modemn taza viz.
Anisophyilea, Anisoptera, Cﬂtmfr}rﬂum Canarium, Caeryo, Cassia, Cymomeira,
Fagaria-Acronychia, Glwa, Gonystylus, Hopea, Hydnocarpus, Leea, Liynd
Cinnamongim, Payeng-Paloguiym, Shorea, Swintonia and Terminafin. Most of the
genera are important components of tropical evergreen forests and found b0
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present day flora of Western Ghats. The presence of Dryobalanops, Gorystylus
and Swinionia which are tropical rain forest components are indicative of high
-rainfall and humid condition. Their complete absence from Western Ghats and

Kerala coast indicate shift in the amount of precipitation since Neogens period.
(i) East-Coast Neogene Flora ;

The East-Coast Neogene flora deposits have been reported from Rajamundry
area, Neyveli bignites and Cuddalur series near Pondicherry. The ape of
Rajamundry deposits is doubiful, The fossii flora of the rest two localities is quite
significant and is comparable with the modern 1axa such as - Phoenix, Dracaena,
Calopiyltum, Mesua, Dipterocarpus, Shorea, Sterculia, Grewia, Gluwta, Bouea
burmanica, Cassia. Bauhinia malabarica, B. racemosa, B. retusa, Parinar
indicurm, P. travancoricum, Altingia excelsa, Terminalia, Lagerstroemia indicum,
Careya, Randia wliginosa, Bassia, Mimusops, Diospyros, Maba, Melodinus
monogynus, Cryptostegia grandiflora, Cordin myxa, Excoecania agallocha from
Nyveli Lignite, and families Podocarpaceae, Palmae, Polygalaceae, Clusiaceae,
Dipterocarpaceae, Sielcwliceas, Simarovbaccac, Sapindaceac, Anacardiaceac,
Leguminosae, Rosacene, Combretaceas, Lecythiadaceae, Sonneratiaceas,
Bapotaceac, Alangiaceae, Euphorbiaceae, Ulmaceae and Fagaceae (Cuddalore
keries).

The occurrence of evergrean moist 1axa, viz., Anisoptera, Dipterocarpus,
Bryobaianops, Hopea, Calophytium, Mesua, Cynomeira, Aftelia-Inisia, Alangium,
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eurrene of lyxuriant vegetation supported by high amount of rainfall during
Mio-Pliocene period. Most of these taxa 2re at pressat confined 1o Western Ghats.
The flora is phytogeophically interesting since it contains Indo-Malayan taxa.

Ui} North.east Neogene

The North-cast fossil flora (Assam, Arpkan bagtin) contain modern
Bomparable taxa such as Adenanthera, Afzelio-Intsia, Albizia, Anisoptera, Anriaris,
""""mlpm. Bauhinia, Barringtonia, Bursera-Garwga, Calopkyllum, Careva,
' . Cinnamomum-Dehasia, Cynometra, Diospyros, Dipterocarpus, Duabango,
Eoeocarpus, Echinocarpus, Gluta, Heritiera, Holigarna, Homalium, Kayea,
&'!"Odeﬂdmn Koompassia, Lagersiroemia, Lannea/Oding, Madhiica, Mangifera,
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Maliotus, Millettia, Ougeinia, Phylionthus, Pometia, Sindora- Capaifera-Detarium,
Shorea, Serculia, Swintonia, Terminalia and Virex, These taxa are indicative of
warm {ropical rain forest copdition during Necgene. Most of the taxa stilf exist
in the area indicating thereby that climate has not much changed since Neogene
period. Presence of Anisaptera, Dipterocarpus, Koompassia, Pometia, suggests
migration of indo-Malayan componetits in the flora.

The plant fossil reported from the Neogene penod are comparable with
modem taxa swch as Afzefla-Intsia, Anisoptera, Agathis-Aravcaria, Calophylium,
Canaritem, Careya, Cynometra, Dipterocarpus, Draconiomelum, Gluia, Kayea,
Koompagssia, Shorea, etc. are indicative of warm tropical climate,

In Bihar fossil reports of Dipterocarpus and Anisoptera which were wide
spread upto Pliocene in Indiz are lacking. The family Dipterocarpaceae is
represented by Shorea robusta, a taxa which grows rclatively in dry habitats. The
asscmblage shows significant resemblance with the present day flora,

(iv) Himalavan Neogene :

Awasthi (1992), while discussing palaeoclimate and floral evolution based on
review of Neogene of Himalaya concludes "The Himalayan foothills tropical
forests with overwhetming majority of evergreen elements existed during Middle
Miocene-Pliocene time ..., ..... The flora includes sizeable number of evergreen
taxs of South East Asian distribution, e.p. Anisoptera, Giuta, Koompassia,
Sindora, Swintonig and some specics of Dipterocarpis and Hopea.”

The risc of Himalaya resulied in conversion of area into land with number
nfwamrhasins.humquﬂmﬁisﬂnfmthﬂlsﬂiﬂmgmmm?ubmmmt
warm and humid with high precipitation. The Indian Plate had already joined with
Lauragia and jcading to formation of land connections berween Indig and
ncighbouring countrics. Through these land connections the influx of numerous

tromical moint evergreen to semi-svergreen specier from South Eagt Aria has taken
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place, The lead is taken by the dipterocarps through Myamnar and reached
Himalayas as evidenced by fossil records.

On the higher slopes Sino-Japanese clementz such as Trachycarpus, Prunas
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comprise taxa of Malayan and south-castern distribution whereas subtropical and
temperate forests had sizeable Sino-Japanese and Russian elements.

© Theluxurianf avergreen forests started dwindling towards the end of Middle
Stwaliks, or beginning of Upper Siwaliks (Awasthi, 1992}, Ultimately, these
forests were replaced by deciduous elements such as Clinrogvne, Flacourtia,
Millettia, Bauhinia, Brevnia, eic.

The Early Pleisiocene Period withessed the last phase of Himalayan uplift,
progressive change of warm humid to drier and cooler climate. This change in
climate had adverse effect, particularly on the dipterocarp community which has
2 Juxuriant growth. Almost all the members disappeared from the Western and
Central sectors of the Himalayan foothills. Dipterocarpus and Shorea ate the sole
gurvivor which has restricted disinbuton in Assam and Arunachal Pradesh.
Shorea robusta is the only dipterocarp which occurs in Western and Central
sectors of Himalayan foothlls.

Awasthi (1992} prescoicd a comprehensive roview of palacobotanical records
from Neopens Himalaya and attempted to reconstruct the vegstation pamern
trongh Siwalik Succession and interpret the palacoclimate prevaiting in the region
Buring Siwalik period. The recovery of palynofossils from Kasauli and Dagshai
forsnation is indicative of presence of subtropical to temperate vegetation in the
Upper regions of the newly uplift Himalayas. However, in comrast a rich
Mpemblage of e megafossils from the Siwaliks Is Indicative of widespread
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¥ gub-Himalayan zone during middle Miocens Pliocene. Awasthi {1992) further
Wates “The assemblage is dominated by wet-evergreen dipterocarps and associated
¥ixa, most of which are known to have entered the Indian sub-continent from
Bouth-Fast Asia during Miocens and subscquently spread all over and finally
feached the lower slopes of sub-Himalaya. This has resulted itcrease in the
$iversity of ropical vegetation,

The peat-Pliocens orogeny of Himalaya brought great changes in the
M and climate which adversely affected the vegetation pattern of the
tegion. The early and Middle Siwaliks tropical evesgreen forests whose chief
Copanents are Anisoptera, Dipterocarpus, Hopea, Shorea, (other than Skorea
fodusia),  Polyalthia, Calophytlum  Aphanamixis, Dysoxylum,  Gluta,
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Dracomomelum, Mangifera, Swintonia, Cynometrd, Koompassia, Ormosia,
Pongamia, Sindora, Duabanga, Diospyros spp., Myristica eic. staned dwindlmg
towards the end of Middle Siwalik and subsquently disappeared from the western
and central sectors, though a few taxa like Mangifera, Litsea, Cinnamomum,
Bauhinia, Dalbergig, Ficus, etc. contineed to adjust to the new climatic
conditicns. The extinction of tropical evergreen taxa and fyrther rise of Himalaya
gave way Lo proliferation and diversification of tropical and subtropical moist
deciducus 1o dry deciduous to dry deciduous temperale vegetation in the lower and
higher slopes, respectively as is also evidenced from palynological récords.”

The following thres major sedimentary zones have been identified in the
Himalayan orogenic belt

{ij The sub-Himalayan zonc
(ii) The lesser Himalavan zone
(i) The Tethys Himalayan zone

The suh-Himalayan zone represents the Siwalik rocks of Neogene age. These
extend from Potwar Platean in the west to Amnachal Pradesh in east, cover a
distance of ca 2400 ko in length. These are geperally 20-25 km in width. These
are formed by accumulation of alluvial detrites inio loog narrow foredeep derived
from the rising Himalayas Juring Middle Miocene 0 Lower Pleistocene. The
foredeep was formed as 2 sequel to the collision of Indian Plate with Laurasia and
complet: evacuation of Tethys sea dering Oligocene, During the final phase of the
rise of Himalaya in Pieistocene-Recent, the Siwalik sedimenis were also upheaved,
folded and faulted forming 2 contimuons mountain range of relatively low haight
ranging from 1000 w 1200 m above m.s.1.

A large number of fossiliferous localities from Palandri in the west to
Pasighat in the east { Arunachal Pradesh) have been explored by varicus workers.
The information generated by these exploration and and investigation of mega-
foasils has helped 4 lot in deciphering palacoecology and palacogeography of the
region,
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Sorne stray reports one megafossils from foothills of Bengal and Arunachal
Pradesh have been pubiished. Pathak {1969) documentzd a few fragmentary leaves
as Castanopsis ribuloides, Cinndgmomum tamala, Machifue villosa, Liseq
poivantha, Bridelia stipularis, B. verricoss, Mallotus  philippensis  and
Rhododendron lapidotum from the Middle Siwalik sediments of Mahanadj Section
in the foo-hills of Darecling District. Awasthi (1982), however, doubts the
generic and specific idemtification.

Singh and Prakash {1960) have reported leaves of Zryphus and Dioscorea
from Pasighat district, Siang {Ammachal Pradesh}. Choudhury (1970) reported
dicotyledonous leaves of uncertatr affinities from the arez. Awastht {unpublished)
has collecred semusihicified and semicarbenised woods from Upper Subansin
(Subansiri district, Arunachal Pradesh) which are comparable o extant genera
such as Shorea, Euphorbia, Gluta, Albizia, Afzelia-Intsia, Cynometra, Cassia and
Sindora. These are mostly eversreen genera.

The small American clements comprising Adenocaunion, Oxybaphus,
Podophyiium, Meconopsis Sect. Styfopodinm, Liguidamber, Onetum, Lardizabala,
Monotropa uniflora, Brassemia and Mifreola paniculata perheps also arrived
throuph the north east (Vishou-Mittre, L.}

+
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a time from 1.64 m.y. R.P. t0 the pres.em. The Plincene orogeny brought ahont
drastic changes in floristics, The geclogical events in the early Pleistocene resulted
in the migration and establishment of Central Asian (Chinese and Euro-Siberizn)
taxa particularly in Himalayas. The Himalayan region which has been thoroughly
investigated produced intercsting results, During this period the wet mopical

foreets of wactorn Himalavs ocourring on the lower clones vanishad and temperate
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forests were transformed into dry and moist forsst types. Podocarpus and
Magnalia dispapeared by the end of Pliocens. Cedruy miprad from the
Mediterranean. The emergence of the Himalayan taxa, during Plioccne/Early
Pliestocene from Sino-Japanese genera, viz. Abies spectabilis, Berberts fycium,
Betila wiilis, Cinnamomum iamala, Desmodium gangeticum, Juglans regia,
Muachilus duthie, Pinus wollichiqna, Phoehe lanceolata, Rhamnus purpurea,
Ulmus wallichiana forms nother interesting aspect of the flonstic change. The



162 FLORA OF INDIA [INT. ¥OL. 11

J'H"I.ﬂ-' mimaufﬂl 'IJ:IIF -‘nﬁn—u—ll‘nr“ Fr\rl.fn. w.dhh s Ulmn1nl:n

el o
dther Pliccens/Pleistocens species recorded from Western Himalaya today cocur
in Western and Central region of China. Some of these taxa are Abies oblongum,
Alnus nepalensis, Berchemia floribunda, Betulz alnoides, Castanopsis sp.,
Clematis montana, Cotoneasier microphylla, Cupressus torulosa, Desmodium
laxiflorum, D. velwtimon, Inula cappa, Litseq elongata, Mallotus philippensis,
Hef.rm'm pungms, Mymma senuﬁerram, Pﬂpufus m.imm Prunus cumu!a P}'r'us

wm'hc.-‘uanﬂ Wmdfordm ﬁmm.m 21c.

The Sino-Japanese taxa predominated Piiocene and Pleistocene floristics of
Himalaya, The Tropical African taxa such as Ziziphus mauritigna reaches the
lower slopes of Himalaya in Pliocene times.

The early Pleistocene uplifi of Himalaya and the associated mountains was
equally effective in floristic changes. It resalted in development of arctic alpine
belt into which migrated and established the Central Asian {Chinese-Euro-
Siberian) taxa. The extinction and expansion of ather floristic belts, the altmdinal
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the migrants as a result of varying habitat and pulsaong climatic fluctuation. The
rising mountzing acted as effective barriers (o plant migration and also monsoon
clouds, causing formation of inner dry valleys into which migrated taxa from the
neighbouring dry regions. The pre-Pliocene summer higher rainfali in the Western
Himalaya changed into a moderate or low rainfall with high winter precipitation
in the form of snow, providing ¢nvitonment suitable for the Mediterrancan flora
to invade the region. Vishnu-Mittre (l.c.) states “the Himalayan flora developed
secondarily from predominant Sino-Japanese flogistics. When did the Saharo
Sindhian floristice now skirting the %ills and also ocourring in Kashmir Valley and
the [rane-Tutarian elerpents migrate and become established?”

Karcwa deposits of Kashmir contain large number of fossil Jeaves

inhresiinne wl'l'mll are comnarshla with the modern taxa. Their gignifirannm has
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been discussed elpewhere in the ext.

The Pleistocene wemperate and boreal spacies of Himalaya that spread duriag
Pleistocene glaciation on the Himalayas, across the Aravalli Mountains w the
Western Ghats and reached [he sxtreme end of Peainsular India and in some casos

to Sri Lanks that was still connected with the mainland of Peninsula, With the

retreat of the glaciers from the Himalayas in the post-Pletostocene, they becoms
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isolated in the south from main range in Himalayas, The major bulk of these
gpecies is concenirated on the higher elevation of Nilgiris, Anamalai, Patani and
Cardamom Hills in the southern part of the Western Ghats, but some of them may
be found i Mahableshwar in the northern end of Wesiern Ghats. Some of the

Pleistocene relicts are :

Ranunculaceas

ﬂllﬁhl‘i'n: nnnnn
b LRLLIRE D by i

Cruciferae

Violaceae

Polygalaceae

Caryophyilacene

Clemans (Himalaya, Nilgiri and Anamalai
Hills)., Ranrncudis (Himalaya and South Indian
Mountains).

Fﬂnlr’.ﬂ'f';-ﬂ "'II"M ﬂﬂA E"rimnr;n
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Cardamine and Capsella

Viola patrinis (Siberia, Russia, Japan, Himalaya,
Eastern and Western Ghats).

Pofygala siberica (Himalaya, Khasy Hills,
Siberia, China, Japan, Western Ghats from
Nilgiris southwards to Sti Lanka).

Silene gallica, Stellaria paniculata, 8. media and
S. saxatilis (the last species occurs in Siberia,
Japun, Khasi Hills, Himalaya and Nilgiris) and
Arenarig, €.

Geranium nepafense (Himalaya, Nilgiris and Sri
Lanka).

Rhanmnus virgatus (Chipa, Japan, Himalayas,
Nilgiri and Palani).

Ulex europaeus, Cyfisus scoparius, Trifolium,
Parochaetus communis and Indigofera pulcheila.

Prinsepia utilis (Himalaya, Khaai Hills, Nilgiris),
Fragaria, Potentilia and Alchemitia
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Imbelliferas : Buplenrum and Heracleum
Caprifoliaceas : Viburnum and Lonicerg
Rubiaceas : Galium

Compositae : Erigeron alpinus, E. canadense
Primulaceas : Lasymachia

Gentianaceae : Exacum and Swertia
Scropbulariaceae : Veronica and Pedicilaris
Labiatae : Teucrium

Eupheorbiaceae ! Euphorbia helioscopia
Ulmaceae : Celti

Juncaccae : Juncus

Araceat X Arisaema

The configurstion of the Himalayan mountains has largely been responsible
for the concentration of the Eurapean and Siberian plants in the North-West
Himahyuandﬂhimand]apamelemtntsinthe&smmmﬂa}m The
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Meconopsis sect. Stviopodium, Liguidamber, Gnetum, Lardizabala, Monotropa
uniflroa, Brasserin and Mitreola panfeulata perhaps also arrived through e
north,

Diffusion of neciropical and extratropical pew arrivals took place during %
Quaternary largely governed by repeated climatic flucruations. This has eventually
resulted in the mixtute of eastern ¢lements in the west and of western in the exst.
The subtropical transitional belt berween the cemperaie and tropical vegetation wal
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alao formed during this period. Some tropical elements on tofry mountaing such
a8 Osbeckia, Agrostemyna, Plectranthus, members of Cynandraceac,
Zingiberuceae, Araceae, Commelinaceae and orchids either conbmued to
withstand, in nunataks, the onslanght of refrigeration of climate or advanced
northwards during favourable period of climate. To this may be added the tropical

genera Menispermum and Cerberg which occur in Sibera. Several of the exmra
wopical elements such as Stellaria wliginosa, Circea alpina, Sanicula europea,
Brunella vulparis and species of Thalictrum, Cordamine, Geranium, Fragarnia,
Poientilla, Parnassia, Artemisia, ste. were pushed down 1o the South Indian Hills

by Quaternary climatic flucruations. Amongst these the rypical Himalayan genera

E'I'Ir"l"l ag n..n-rl\a'rll'r oo e m Rahmuo Parinufrrio nmd phrﬂfu‘fﬂfﬂr’mn :H Rraish
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Tadian Hills still provide testimony to such large scale floristic migration {¥ishnu -
Mittre, 1.c.).

Quaternary palynological data is available from large number of iocalities,
viz, Kaghmir, Ladekh, Himachal Pradesh, Kumaon Himalayas, Eastern Himalaya
{(Darjecling and Sikkim), Rajasthan, Gujarat, Maharashtra, Uttar Pradesh,
Southern India, Eastern India (Bengal basin and Assam) which vividly reflects the
vegetational history of the region and palaecclimate.

Holocene history of mangrove vegetation in India has been reviewed by
Khandelwal (1991} Several deltic zomes, viz. Gangetic Delta, Mahanadi
Brahamani Delta and Godavari and Cauvery Deltas have been palynologically
ilm.':sﬁgated‘ The results from Sundarban suggest that the climate of the recent
Bast was almost same as today.

Kerala sediments indicate lwxuriant growth of mangrove vegetation arcund
11000 yrs, B.P. However, 6000 yrs. B.P. the onwards the mangroves declined
i could be equated with the existing mangrove ecosystem of Karela,

Cuorrently, India with its land connections on three sides, viz. North, West

hae snaniaed faivlu armnd sumbar AFf slant snaisane Fram the neiobbewisnoe
LGS WiAfMILLAL FREITLY EIARD LIWEEOHCR LA PRl Py TIAVLE i T it i sl

. The areas that have coniributed most to the alien ¢lements in the Indian
florn are Myanmar, Malaysia, South-West China, Japan, Tibet, Siberia, West
Adla, Europe and Africa. Hooker (1855) recognised the following principal
m in the Indian flora : (1) The Malaysia elements which are the most
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Subcontineni was considered meeting place of {ioras from the west, north and
east, and with little botanical character of its own. This concept has been proved
to be incorreet in the light of data on endemice available at present.

Walff (1950), however, stated “thus Hooker {1835} finds in the flora of the
Himalaya and Northern Indiz a European element becanse the species forming it
are [tkewise found in flora of Western Europe although, of course, it is perfectly
clear that the centres of areas of these species lies precisely in the Himalayas,
where in post-glaciai times they spread to Europe. Hence this elements might be
designased as Himalayan in fiora of Europe but in no case as Furopean elements
in the flora of India."
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the ancient Otigocene flora of the world. The Magooliacesze, Lauraceas,
Hamamelidaceae, Cupuliferas, Salicaceas, Rosaceae, Umbellierae, Cornaceae,
Primulaceae, Styraceae, Gemtiznaceae, Boraginaceae, Chenopodiacese,
Engethardtia, Carex and some other plants had a wide distribution in the
Cretaceous times over the entire northern part of the world upto the arciic region.
Inindia, this flora is now pracucally limited (o the Himalayas. Rarely, however,
some representatives of the families are seen as Far southward as mountains of
Java and Sumatry.

A considerable flora in the tropical parts of India comprises chiefly tree and
shrubs or rain forest type, extends from Malaysia through India o North Africa
and reappears in Eastern Scuth America. This flora seems to have originagd in
the Oligocene period, or atleast was in existence even then as far as north

The glacial oscillation and the upliftment of Himalayas and the migration of
large number of plant species from the neighbovring countries has a remendons
impact on the composition of Indian flora. The migration has taken place both
cast and westwards (Map 11). The spread and naturajization of thesc taxa has
changed the floristic and endemic scenaric of the Indian subcontinent (Chatierjee,
1939; Mukherjee, 1940). The plant families such as Cruciferae, Caryophyllacest,
Capparidacese, Fumariaceae  (partly), Boraginaceac (partly), Rosaces®
(partly), and Labiatae (partly) bad their origin in East Mediteyransan regioh
{(Map [2).
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The North-East African or West Asian plant species migrated into India after
the closing of the east end of Mediterrancan probably considerably Jater than
Miocene age and the desert formation of Arabia and Baluchistan, much of the
west eoast of Imhia became merophiyiic and sub-deseriic. The deseri elemenis
hailing from Africa, Arabia., and the western paris of south Asia, invaded
Rajasthan, Sindh, Bombay and went as far south as Kerala. The characteristic
Ones are : Salvadora, Azima, Dodongea, Acacia, Heliorropium, Indigofera,
Farsetia, Maicolmia, many crucifers, Zvgophyilaceae, Cappartdaceae, and grasses
(Ridley, 1942).

In Wesiern Himalaya the dry conditions prevailing iowards the wesiern
Fnges, particutarly in the interior, have favourd the influx of species from the
western and Middle Asian mountaing. The Artemisia dominated steppes of extreme
Dorthwest include many genera, which have wide distribution in the Middle Asian
Highiands, Some of the important components are; Axyris, Eurotia, Kochia,
Simiperus semiglobosoq var. rurkistanica, Astragulns, Hippophae rhamnoides ssp.
"‘f‘fkﬂrr&nfca and Acantholimon lycopodioides. The species of Middle Asian genera
Vit., Eremurus, Ferula and Prongos are also presemt here. Cedrus deodara
(Hjl'lia.!a}'an Cedrusg) is distributed from Afghanistan to Nepal (Rau, 1974), Some
of the western and Middle Asian components are distributed upto the extreme of
?f'ﬂ_ﬂf:m Himalaya, some reaching only Kashmir and others extending to the

UEth of Western Himalaya and such species are : Thylacospermumn rupifragum,
rhomboidenn and Physochiging praeglia,

 The secand type of distribution inciudes species confined w North-Western
;I.'mala}'a and extending upto Afghanistan viz. Paeonia emodi, Chrisiolea
"Malayensis, Epilobium spp., Primula floribunda and P. rosea.

The third type of distribution is the species of West China, which are

et
*;L"“"Tﬂd all along Himalaya and reached Kashmir in the west. Such species are
: lI T am ] ) L] - = a Fod o d- | P - frw r . - g |
Mr- ata  E PaUCIIOra, Anemone ruplcoid and A. vHeha. FrUREG SINKIERSLY and
Gfnolin ramobelli sooc WMasters China and 1e3
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:?t Circasaster agrestis, curious linle plant, which extends from north-west
'MA acress Tibet 1o Garhwal Himalaya.

o Himualaya has served primarily as a toute of migration and colonization from
St and morthwest, secondarily of endemic development (Stearn, 1969). Anemone
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rividaris a Himatayan plant reached Western Ghats and Sri Lanka {Jain, 1967).
Anemane vitifolia eatends from Himalaya to sonthk China, Formosa and Luzon n
Philippines. According 1o van Stcenis (1934) this species has followed the
Formosan - Luzon migratory track. Sarcocpcca saligna extends from Afghanistan
and Himalaya to China, Formosa, Sumatra, Java and Lesser Soenda Islands, it is
alsc found in Sri Lanka. Primuda profifera, 2 Khasi Moontain and Eastern
Himalaya species, is also found in Malaysian mountains.

The Chinese ‘mountains, being much older in age, have had considersble
infiuence on-the Himalayan flora, and many plants from these mountains have
spread westwards to the younger Himalaya. During the Teritary period, a common
flora must have covered the whole of East Asia, inchiding Himalaya, China and

m"“ {HH‘IE. L%ﬁ"ﬁ}.

The spread and recession of Iee Sheet (Glacial and Inerglacial period) must
have exterminated some of the taxa during glaciation and provided suttable niche
for inflix of species from neighbouring areas during interglacial peried (warmes
perind). The alternate movements of Ice sheet must have been responsible for
isolation and disjunct distribition of many plant and animal species,

Rap {1974) while discussing the ph}rmgﬂngraphic.ai affinities of Himalayan

flarn ptatas 1T tha LEiomcln Hon oo pieie A wome aﬂ-ﬂl ﬂ-\.- FMI“H'“E
JELAL O O P 2 ““— .l-]-l-ll\.l-mﬂ-:ﬂ-j i Elﬂ-\rml-‘u‘-ll Hl.-"'l\"ul'm. \.-I-I'I-l AN oy

with the result that the vepetation of the lower belt was not affected. Migration of
flora, survival of the yelict, evolution of new species by an intermixing of
different floras and acclimatisation of species from lower altitudes must have all
had a role it as determining the present day composition and distribution of
Himalayan flora of high altrude.”

The Eastern Himalayz and Nerth Eastern India provided comridor for the
migration of large number of species from Ching, Japaz, 5.E. Asta, particularly

Malaveia, A number of 'ﬂrlm-ﬂrhnnnﬂ elamanie are common with that t_‘li
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Arunachal Pradesh, The region is very rich in endemics and floristic diversity. It
is also considered as ope of the centres of speciation, A number of primitive
angiosperms viz. Alnus  nepalensis, Altingia excelsa, Betula alnoides,
Exbuckiandia popiiinea, Hotboellia latifolia vat, angustifolia, Houstuynia cordata,
Magmolia griffithii, M. plerocarpa, Manglietia caveana, Talauma hodgsoml.
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A number of plant species from Siberia, China, Myanmar, Malacea and
Tenasserim, Java, Japan, Sumatra, New Guinea, Sri Lanka, Bhutan, Perak, West
Africa, Ausiralia, Penang etc. entered Assam through the Eastern corridor. A
detailed account is given elsewhere in the text. Janaki Ammal (1954) established
that Noreh-East india and South-West China are another source of plants for Tndja.
The extreme parts of Mishkmi Hills in Assam and adiacent portion of China are
Cenires of distribution for many of our Asian plamnis.

Species wise the Peninsular India is quite rich, Approximately 2045 species
of Dicots and 500 species of Monocot are endemic to Peninsular India. A large
mmmber of spectes have migrated to this area as detailed elsewhere in the rext.
Peningylar India comprises four distinct zones :

(2) Eastern drier zone af Decoan » With typical deciduous forest components
such as Sanfalum album, Cedrele tooma, Soymida febrifuga, Capparis,
Urewia, Phyllanthus, Euphorbia neriifofie, Borassus flabellifer, Phoenix
sylvestris, Flacourtia, Randia, Disspyros, etc.

The tropical African, especially the East Afocan and Madagascanan
elements, constitute an important compenent of Deccan flora. Some elements
from other countries such as Australia, Myanmar, Sri Lanka and Malaya
have also been reported.

O The Egstern Ghars : They arg rich in migrated species from number of
neighbouring countries, viz. S Lanka, Malaysia, Myanmar, Tropical
America, Africa, Madagascar, Australia, S.E, Asia, Middle East, Chiba,
Malacca, New Guinea, Philippines. Japan, Afghanisian, Pakistan, Indonesia,

(© Malabar and Western Ghats : Malabar flora is much richer in species and
Contain representative of such families as Dipterccarpaceae, Guttiferae,
Palmae, Sterculiaceae, Myristicaceae, Myrtaceae, Anacardiaceae, etc. Many

"PeCies of palms, bamboos, Impariens, Strobilanties, Arisgema are endemic
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to this region. This region has abundance of Malayan elements, Podocarpus
latifoiia, & Gymuoosperm, is confined to hills of Tinnevelly (Tamil Nadu) and
ougide it is knowa from Myanmar and Malaya, Western Ghats show great
affinity with thar of Malesian region (Hooker, 1904, Subramanyam & Nayar,
1974). Indo-Malayan genus Sarcandra (Chloranthacese) is represented by S,
chioranthoides (Vesselless), Kunytleria, a prominemt Malayan genus, is

represented in Western Ghats,

A large number of Eastern Himalayan species are common with Malabar
T Il

A member of 1axz are common with Sni Lanka. Monetypic genus Kendrickia
(K. watkeri) is restricted to Anaimugi region of Anamalai and Adam’s Peak of Sei
Lanka.

A large numbcr of orchidaccous elceents common with Western Ghaks and
Africa have been reported by Abrabam and Vatsala (1961). Mehrotra and Jain
(1982) observed 52 species of Tribe Andropogoneae of Poaceas common with
Aftica.

Indo-Sii Lankan penus Humbsidiia is represented by seven species,

(d} Deccan : The word Deccan as used by Mahahale {1966) loosely denotea any
area to the south of Vindhyas right to the tip of Jodian Peninsala, Mababale (I.c.)
"includes all the atea to the South of Narmada and Mahanadi right upte Cavety
basin. This aren is bounded on eastern side by a discontingous mountain chain, the
Eastern Ghats, on the west by Sahyadris or the Western Ghats and encircled at ihe
soath by Milgiris and Kodaikanal Hills. It forms a broad-based inverted triangle
comprising a part of Madhya Pradesh, the whole of Maharashtra, a part of south
Gujarat, Onassa, Mysore and Andhra Pradesh, ”

“On the hill side and on the plareay several genera of plants, inchuding highty
specialized rust fungi in point of host preference, are known 1o be common i Esst
Africa, Madagascar and Western India, the hmmmppnudmhawnﬂsrﬁ
to Deccan through & long hazardows rowte from Abyasinia fo Egypt, Syris
Palestine, Arabia, Iran, Baluchistan, Afghasistan andd North-West fronties parth
of India and Pakistan. They arrived through mountain passes into Indiy waiiey
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from where they are supposed to have spreadowt into Rajasthan, Northern Gujarat
and adjacent countrv, They possibly migrated forther to Deccan from these
tegions. An alternate route consisting of Monkey Bridge from Madagascar to the
Western coast of India through Seychelles and Socotra Islands has been sugpested
but thiz has not found wmwch favour with the plant geographers and
palseobatnista, " Chatterjes (1940, 1962}, Ridley (1942), Puri {1960), Legris
(1963}, Karnik (1961} have given list of some genera found in the Deccan region
amd other countries such as Africa, Ausiralia, Myanmar, 5n Lanka, Malaya,

Andamans, etc.

Another group of plants reached Deccan from the East by two or three
alterngte routes from Malayz, Java, Sumatra, Andaman, Sri Lanka, South India,
Malabar and athence upto the Western Ghats and Deccan Plateau. The species of
Podostemaceae, Bignoniaccear, Dipietocarpaceae, Samydaceas, Combreiacest and
Anacardiaceas are supposed to have reached by this roate,

The second rome is Myanmar, Assam, Eastern Ghats. Quite a number of

irepical species from Malaya are supposed tc have migrated by this route towards
the Eastern Ghats and 0 plains lying to the south of the Mahanadi and Narmada,
Mast of these are moisture joving species as in Assam. They are now stabilized
in pockets of Eastern and Western Ghats where climate is moist.

The third routs has been proposed by Hora {1949, 1950). It supposes that the
Tigration of the flora and fauna from Malaya took place through Myanmar and
Assam from where they migrated to Vindhyas and Satpura through Rajmahal
Garp gap. They reached the extreme northerly end of the Wesiern Ghais across
te coutinent through Satpuras, moving from cast to west, a litle above the
Narmada vailey and migrated both towards Konkan and also to the main Deccan

(Karpik, 1961). Those loving moisture migrated further Southwards ll
Mmmmiﬂn*hmnnhcmigmﬁdupmﬁhw all along the
Vindhya Satpura routs before reaching Sahyadris. The Satpura thus served as a
E;“@L-IWI}' for the species o migrate from Maiaya, Myanmar, Assam to Malabar
I South tdia. Some moved sotith-castwards to Fastern Ghats. Dr. Hora's
‘E‘Fﬂﬂl Hypothesiv cnvisages that there has not been much rise in temperature but
WNighily more tumidity and rainfall atleast on an everage by 10-15" in Deccan. 1t
_'h Pretupposes that Vindhyas were main watersheds of India then. There is
Sther view of Pascoe that the main watcrsheds then couid have heen the

ragming North-East in which direction south-west monsoon move today.
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Himalayas had not risen then, and therefore, only climatic zonation could have
bc::n mustly rcspnnslblt for the maoist trnplr.:al clcumms from Ma]a}ra Myanmar

thi: suhanuem climatm n:hangcs sc\'ml uf t]:-r:se species dlsappcar:::d and wers cut
of from Malaya, Myanmar, Sri Lanks and other countries. Kingdon- Ward (1921),
Burkill {1924), Audep (1949) and Razi (1950) favoured this view. After the Oligo-
Miocene period Himalayas were rising and reached greatest heights in Pleistocens
period. Many earlier moisture ioving plants statied moving northwards. In
Pleistocene, temperature of Deccan went down stll further, but nowhere spow
was formed. Atleast four glacial and three interglacial period are known, Many
significant changes took place in the composition of Indian flora in all these
epochs. Several Oligo-Miccene elements from the Krystofovisch Flora of Middle
East Asia came to India and spread ia the Indo-Gangetic region (Ridley, 1942).
Alpine flora invaded Himalayas and got sefiled there. Later both these elements
spread to Deccan, the drier species on the platzau, and sub-temperate on the
mountain tops of Western Ghats, Nilgiris, ete. Thus we find admixtore of
subtemperase plants  with earlier oopical and sub-tropical species on the
hill tops of Deccan and South India and not on the plateau (Mahabale,
1966},

Chatterjee (1939) observes that 61.5% dicotyledonous species of Indian flova
and 18.2% of the flora of Peninsular india is endemic.

In the geological past during Oligo-Miocene period the Krystofovisch flora
of Middle East came te India and spread in Indc-Gangetic region {Ridley, 1942).
Today, the long stretch of dry desert and warm alluvium Indo-Gangetic Plain acts
a8 a barrier for migration of Himalayan planss to south Indian hills and vice-veraa,
Thiz area is under intensive cultivagon, It is very poor in endemics. The south-
zastern end of Gangedc Plain merges with littoral and mangrove region of
Sundarbans where species of Heritiera, Bruguiera, Sonneratia, RAizophora etc.
pre-dominate the forest vegetation.

The invasion of the sea-shore or maritime plants of Indian coast was by a
different route than the terresirial ones. A large number of these plants (&.g., from
Lauraceae, Guttiferae) were  evolved in the Coral Islands of Polynesia and
Malaysia and their seeds drifted along the south coast of Asia, seitling on the
eastetn shores of India, rarely travelling upto the western coast, Typical examples
are : Mammea, Samadera, Xylocarpus granatum, Calubring asiatica, Desmodium
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smbeltarum, Derrs uwliginosa, Afrelia bijuge, Rhizophora conjugata, Bruguiera
eriopetala, Pemphis, Soyphiphora, Guenardic, Wedelia biflora, Ochrosia,
Tournfortia argeniea, Avicennia officinalis, Cassytha, Hernandia, Flagelloria,
Remirea maritima, Spinifex squarrosus, etc. (Ridiey, 1962).

Rac and Sastry {1974} while studying the strand vegetation of India and

P‘ililULl-l-lHH}" LUl'Ullldlll-lf-l Coast I.'EPUILE‘A.I that ll 1-.--l'..ll-l-l]..ll1‘-!il=ﬂiI il-ul-l-llil-l-l-lﬂ L'll Afro-Perso-
Arabian/Western and Indo-Malayan/Eagtern elements or Polynesian, They further
commented that the terresirial eswraine flora disiributed in esturine and tidal
mangrove zone s derived chicfly from Malesian and Polynesian islands. Sri
Lankan elemems are well represented along souciern shores of Tamilnady and
islands in Guif of Mannar,

Hooker {194} inchudes Lakshdweep Isiands uader Malsbar and points out
that vepetation is Malayan with no endemic species. An analysis of vepetarion
teveals that it is mixture of Malesian, Polynesian and Ausiralian affinity. Many
castern elements occurmng here extend upto South-western Peninsula from
Mafesian [slands through Malacca. Andaman and Nicobar [slands, Moulmein,
Tennasserim, Sunderbans, Coromandel coast and Sri Lanka {Rao & Sastry, Lc.)

The Arakan Yoma-Indonesian ate of hill range on which the Andaman and
Nicobar Islands are simated in the north south direction has significantty
coniribated towards the distributional panern of the planis in Andaman and

- Nicobar Islands. The Andaman grovp dispiays plants constitienis of many
Burmese origin whereas Nicobar group with Indomesian elements, The Great
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Exotic weeds

The ineroduction of exotic species, weads, (economic, horticultural elements,
®¢.) tmmdvertant seed aduioation in imporied cereals, better means of
Uitnenication have facilitated introduction and wide spread of exotic weeds and
St elamenta from the neighbouring and as well as from far of countries. These
h"e become naturalized and form part of the regional {lora. Some of these exotic
Weods have become nuisance, health hezards and even chocke dams, rivers, efc.

“of the typical example arc : Lantana camara vas, aculeata, Ipomoea
Chguloyg, Ageratum conyzoides, Eupatorium glandulosum, Helianthus dannuns,
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Tithonia tagetifiora, T. diversifolia, Barleria cristata, Adharoda zeylonice, Clitoria
ternata, Jatropha gossypifolia, Pedilanthus tithymaloides, Eichhornia crassipes,
EpTontid cida, Stegia gra ra, Agave angustifolia, Opun

e IR | [of o YANPR Ly s aledea  Fradeve Boasmanlandiamesdt o cofarhiarm  codaecitoes
wunrms&gﬁ-:u, AAQILOTED G, LNUT Ls il ililing DHPOLANITTIL DG vty

Argemone mexicana, A. ochroleuca, Aeschynomene americana, eic.

In addjtion to the migration of plants from varicus couniries through North,
North-Western, Western, North-Eastern, Eastern corridors, coastai areas and
islands, ctc. a large scale migration of plants within the country hag taken place,
This factor is also responsibie for the change in the regional fleristic compoesition.
Phytogeographically the presence of Himalayan and North-Eastern and Easiern
elements in Mahendragiri Hills, Chotanagpur ranges, Vindhyan and Satpura
ranges, then South India to Western and Eastern Ghats is very interesting The,
Enstern Ghats elements in Western Ghats and vice-g-versa have alse been reported
in the past. The migration of large numher of weeds from Punjab to Iniira canal

region in Rajasthan hac been reported recendy (Sheity & Singh, {.¢.).

The recently carried out smdies on the statistics of Indian flowering plams
by Karthikeyan (wnpublished) reveals l:xiatance: of ca 17000 species. The species

richness in cach phytogeographical unit {sensw lare) is as follows :
Himalayas 8000 spp.
Eastern Ghats 2000 spp.
Western Ghats 4000 spp.
Deserts (Thar and Ladakh} 1000 spp.
Indo-Gangetic Plains 2000 spp.
Peninsular Plains 200H) spp.
N.E. India 5000 spp.
Islands 2000 spp.

The high Himalayan range is efféctively izolated from the Notthern Aasia by
the dry Tibetan platesu to the north and warmer alluvial plains to the south.
Consequent]y the temperate and alpine vegetation of the Himalayas contains
several species that have been unable o migrate either north or south, Peninsular
India i& bounded on the rorth by broad Endo-Gangaetic plgin, and on three sides
by the gea  Both these regions show high degree of endemicity. Muheshwari ot 2.

= e L = W ST aawaTy mrErETEE e EE S rE

(1964} sate that in “the region as a whole, {including Pakistan and Burmna).
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61.5% of dicotyledons are endemic.” They further state that "61.5% is rather a
high figure for a comtinental arcas like India with land conncctions in three
directions, east, north and west. The two regions contributing most of this high
endemic contents are the Himalayas with 3165 and Peninsuiar India with 2045
endemic species. The endemic species commaon to both regions are 533"

The "Wides™ wotalling about 38.5% of the species, are widespread and #xiend
to other countmies. According to Chanerjee (/. c.) they fall under three categories
(i} those which are chiefly tropical and subtropical and have fairly wide
distribution in Asia and sometimes beyond i1, (2) a considerable number extending
just beyond the boundaries of our area into South-western China, Thailand, Tibet
-Bnd Afghanistan; (3) ¢ultivated and introduced plants.

Nayar {1982) observes that endemism in Indian flora works out to be around
33%. The Himalavan and Western Ghats in Peninsular India are two major areas
where endemics are concentrated. To a lesser degree endemics also occur in NLE.
tegion and Eastern Ghats and arid zone of Western India (Guiarat and Rajasthan).

Mo end i
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been i:lmmw:rgd from Tndia. Out of these 136 endemic penera 14 are spread

throughemt India, 57 are confined to to Peninsular region, 62 are restricted to the
Himalayas and only 2 to the Andaman Islands,

Approximately 27 genera are commoen to Peninsular India and Sri Lanka.

According (o Nayar (1982) there are 57 endemic genera and 2100 species of
ﬂﬂwﬂ‘ﬂlg plamts in Peninsular Jndia, most of which are confined 1o the Western
Ghats. The occurrence of 57 endemic penera in Western Ghats as compared to the
84 from rest of India {Nayar, 1980) might indicate that it i8 an ancient flora. Most
of the endemic specics of Western Ghats are Palaco-endemics,

The information on endemic species of the Eastern Ghats is very scanty,
19 endemic taxa have been reported from Orissa and  Andhra

Hooker (1907) opines Wat flura of India is mercly a mixturc of floras of the
ing areas such as Malaya, orient, Africa, Tibet. China and JTapan,
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Champion and Trevor (1938} state "It is evident that there is no indian flora
s A separgte entity but our vegetation is compounded of several elements which
are presént in very different proportion in the different areas.”

However, Chatterjes {1940} while analysing the Dicot species found cordrary
to the expectation that India has high percentage of endemic species. He further
states that "in fact the proportdon of endemic species is 50 high that it can compare
favourably with some of the oceanic islands”. According to Chatterjes (£.¢.} 50%
flora of Indiz is endemic.

Peninsular India and Himalayas show high degree of endemicity and hence
floristic distinctveness. Wullf (1950) feels Hooker's European elements in Indian
flors contradictory. He feels that the Himalayan elements have gone to Europe in
the Post-Glacial Period.

As stated earlier the Himalavan and Peninsular India share maximuom of

endemic species, The Indo-Gangetic plain is poot in endemics. The rough estimate
is as follows

Endemic species

Dicats Monocots
Himaldayas 3169 1030
Peninsular india 2045 500

The Penaular India, bordered in the north by Bundelkhand and Rajmahal
hills bas characterisic true Endian flora which is reflected in its components. "It
is palaeotropic flora derived from the original Gondwanaland” {Nayar 1987).

There are 58 endemic genera in Peninsular India, of which 47 are
MORKYpic.

Sharma (1983) observed that 13% flota of 5.E. Rajasthan is endemic. The
mumber of endemic species, as reported by him, in cach family is as follows -
Acanthaceae (12), Ampelidaceac (2), Anacardiaceae {2), Annonaceze (1)
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Apiaceae (1), Asclepiadaceaze (2), Asteraccae (9), Boraginaceae (2), Brassicacege
{1}, Euphorbiaceae (21, Fabaceac (sensu str., 123, Gentianaccae (3), Gesneriaceae
{1}, Lamiaceae {3}, Oleaceas {13, Rubiacese (1), etc.

Shah {1983) reported 168 species as ¢ndemic 10 South Gujarat. The
distribution is as follows Dang Forest Division (97), Rajpipla Forest Division
(i4), Bulsar Forest Division {10} Dharampur Forest Division (7) and 2 each in
Brauch and Surat.

Sabnis and Rao {1983) while investigatinig floristic analytical data of South
Eastern Kutch revealed that phytogeographically, the area is more akin to Sind
(Pakistan) and N.W. Rajasthan than any part of Gujarac State. The flora shows
dominance of western elements over eastern or Indo-Malayan. Endemism is very
low (2.4%) and fow of the endemic plants are restricted only to Kutch and
Saurashtra region while other endemics are comparatively widely distriboted over
the entire northern semi-arid zone.

Saxena and Brahmam (1983} observed that out of ca 2500 angiosperms and
Pteridophytes occurring in Orissa, 8 species, viz, Acacia donaldii, Aglaia
hasiettiana, Aspidopteris hurchinsonii, Homonoia intermedia, Mucuna minima,
Oryza jevporensis, Tragia gage! and Dvaria ewcima are endemic.

Dhar and Xachroo (1983) observed "In so far as the monocats (Gramineae

Exchodady ars .rlnn.r-nrrmrl the axtent of endemism n Hnuﬁmir "lrnﬂln'un seems to

be megligible, excending not more than 15.94 on an average. The ﬂvcrall mean
Percentape of the endemic taxa in dicots amounts to 31,38% of the toral flora”
percentage of endemism in alpine families is reported as  Primulaceae
39,53y, Saxifragaceae (53.37), Pumariaceas (52.00), Dipsacaceac (50.00),
ariacese (44 710, Asteraceae (39 82), Parnassiaceae (33.33), Gentianaceae

49.09. T o

Nayar (1996) has published comprehensive account of endemism in [ndian
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®® distributed over 143 genera and 47 families,
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Westarn Ghats have 1500 endemic specics
Bastern Himalaya has 1808 endemic species
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Pepinsular India has 2015 endemic species
Andaman & Nicobar islands have 239 endemic species

Table-16. Percentage wise endenism in different plant groups in india

Taxon No. of species Percentage of
endenics
Bryophyta 2700 29.0%
Preridophyta 1022 24.5%
Gymnosperms 64 12.4%
Angiosperms 170060 33.5%

Hr: has mcngmacd 3 Mcga endlemic ccmn:s and 24 Micro v:ndcmlc cacnn'l:s

mntmhﬂns :uld uther fm:lors he has prnpnsed 20 pl‘qrtﬂgengraphm dwmcm fm'
India, Nepal and Bhutan,

From this analysiz it is evideot that only 33.5% angiospermic flora is
endemic and the rest comprises migrants from various neighbouring and far
flunged countries.

Nayar (1987}, while analysing the fiosa of india, made the following
observations on the affinities of flora with the neighbouring countries, In terms of

nercentape it comes 1o -

= ==y gl o LI

S.E. Asian and Malayan affinity ca 35%
Temperate Asian oa 8%
Steppes e 1%
African cit 2%
Mediterranean-Iranian oa 5%
Naturalized aliens ca 18%

In addition 10 the deliberace introduction of the frwit trees, economic plants,
ornamental plants, and escapes, efe., the naturalisation of some of these plants has
tremendously changed floristic compositiott in many artas. A large nmmber of
exotic weeds have also entered Indian subcontinent and are fast spreading in all
directions.
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From the outgoing palzscbotamical evidences, presence of alien elements in
Indian fiorg, and migration of plant species, phytopeographic distinctiveness,
centres of speciation and high degree of endemicity it can easity be deduced that
Dotwithstanding that Indian subcontinent is considered as a meeting ground for the
flora of North, West and East, India does have flora of its own. In the light of
discoveries of new taxa, new distributional records, mongpraphic smdies,
additipnal floristic information and other relevant data it has become absolutely
Decessary fo carry out intensive examination to find out exact posiiion of the
Indian flora and endemicity today.

The flora of India has undergone tremendous changes in the geological past
88 revealed by the recent palacobotanical findings. The climatic and edaphic
changes have exterminated many taxa and also opened opportunities for migration
of many taxa to the isoclimatic regions.

Today, the picture of green vegetal cover is very gloomy, The wanton and
Unmindful felling of pristine and virgin forests all around for developmental
Works, mining operations, dam constructions, rapid urbanisation, rehabilitation in
nd argund the forest areas, ever increasing population and its demand for forest
Produce, need and preed of human beings is destroying the habitats and fragile
€Cosystems at an alarming rate.

The damage dene io the vegetation of the country by human beings is far

BTPhtne sho 41 e Wt A ¥l skmas scildemen R, P
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Phst, The people have not learned the lesson from the geological past and history.
The Plundering of the foresis imcluding the tropical rain forests continues
Unabated. The ramification of this wamindful devastation aré very serious. The
Shrinking of natural forest cover and invasion by the non-indigenous elements,
%ge scale cuitivation of inroduced species, has staried showing the adverse
“ffects. This is fast changing the biological spectrum of the subcontinent. A large
Mher of plant and animal species have already become extinet. Tt is estimated
aPPTDKImaI:El}f 10% of the Indian flora i3 under threat, The total effect is
“reation of degertic conditions, which will in due coarse of time render this
Indian subcontinent izhospitable for the living beings (plants and
Atitmals), Tllltﬂr conservation, protection and afforcstation efforts made by
Soverument ang noh-government organisations are not commennsurate with the

dw done by anthropogenic activities and degradation of forests. According to

4.0. 1981; Conserving the world Biological Diversity 1990 TUCN, Gland,



1. FLORA OF INDIA [INT. ¥OL. il

India has 51,841 thousand ha of closed forest arca, of which 0.3% area 18
deforested every year. This aend has to be reversed on wop priority basis by the
policy makers with constructive participatory management of the people wha live
in and around forest areas and depend solely on the forest produce for thier daify
sustenance. Wood substitizstes for timber and fire-wood on subsidised basis has 1o
be provided to the concerned people so as to reduce dependibility on the forest
weakth,

The destrucoon of wild natural habitats, deoudation of mountains and
dwindling of vepetal cover has started showing adverse effects. Sincere global
efforis are requirad to check this menace, otherwise the time may not be far off
whick may result in global environmental changes and make the siwation beyond
hurman conirol. The posierity may wilness the vast migration and disappearance
of flora and faupa.
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7. A STATISTICAL ANALYSIS OF FLOWERING
PLANTS OF INDIA

{5. Karthikeyan)

I.I}. Hooker with the help of his associates had presented a consolidated
taxonomic reatment of Indian Flowering Flants (J.D. Hooker, ef ai. 1872-1857).
It i2 a common knowledge that this monumental work covered the Fiora of British
Indicn Empire, i.c., India, Pakistan, Bangladesh, Myanmar, Sri Lanka, Malayan
Peninsula, Nepal, Tibet, etc. Hooker, e al. have described in this werk, a total
of 171 families, 2325 genera, 14312 species, 25 subspecies, 2302 varieties, 11
f':l‘l':\'ariﬂies and 9 forma. An analysis reveals that 170 families, 2073 genera,

Wz species, 17 subspecies, 1363 varieties, 4 subvarieties and 1 forma belonged
10 the: political boundaries of present day India.

In the ensuing 124 years, many new genera, species, varieties, subvarieties
forma and two famities {Clethraceae and Hydatellaceae) have been described!
feported from India, Taxonomic work has been going on in a big way in almost
Al major botanical institutions involving Indian plants, This has thrown much light
8 the taxonomy and nomenclamre of Indian plants which has resnlied in a berter
Understanding of them.

A tentative analysis based on contemporary knowledge js presented betow.
Itshould be noted that this kind of analysis can never be final and complete as the
W of species is subjective. In addition, constantly naw taxa are being
discovered and described or the already accepied genera or species arc being
Teduced and merged, thanks to a better understanding of the group or groups as
e case may be.

Number of various taxa of Indian Flowering Plants, as on daie, has been
hown in Tables 1 and 2:

TABLE-1
‘H—_____ _ 5 .
Families Cienera  Species  Subspe- ¥are-  Subvafi-  Forma
cies ties eties
HM;__ 203 2282 12575 237 1711 30 L")
44 02 4134 45 412 3 18
o 247 3084 16809 282 2203 33 "8

T——
HPIrES based o Karthikeyan, et ai. 1989
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TABLE-2
Sl.  Family No. of N, of No, of No, of No, of
No. Genera Species Subse- Varie- fort
Cies Hes/Sub-
variebis
1. 2. 1. d, 5 B 7.
DICOTYLEDONES
1. Acanthaceae o 500 — B4 -
2. AccreCeac 1 25 4 -
1. Achnidizccas 2 10 1 -
4. Alzoacenc ¢ 17 — 8 -
5.  Alangmceas L i - - -
4. Amaranthaceae 20 60 3 18 -
7. Anacandiaceas il rll) -
8. Ancistrociadacear 1 4 - -
9. Annonaceae 24 120 - 4 -
10. Apiaczae (Umbelliferae) Te 288 L 32 2
11, Apocymacess 47 119 - 21 —_
12. Aquifollaceae 1. 15 4 2
13. Anliaces 17 69 14 -
14. Aristolochinceat 5 25 5 -
15, Asclepindacens 57 260 ] 15 -
18, Asterzceae (Compositac) 1466 800 20 81 ]
17. Averrhoacess 1 i - -
18, Avicennizcear 1 3 - - -
i%. Balanophoraceae 3 8 1 1 -
20, Balssminacess | 200 — 23 -
21. Barclayaceae 1 1 - - -
22. Barringtoniiceat 4 12 1 1 -
3. Basellacear L 1 - -
24, Begoniaceas 1 5 3 -
25. Berberidaceae | 58 3 18 -
26. Betulaceas 2 7 - I -
27. Biebersicininceas 1 1 - -
28. Bignonlaceae 20 4 k] 3 -
9. Bixacear 2 2 - -
30. Bombacaceae 3 L) - -
3. Boragingreae 43 209 7 {30 -
31. Brasslcaceae (Cruciferac) o 207 3 5 -
33, Burseraceas 8 Py, 2 -
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1. 2 ' 3, 4. 5 5. T,
76. Euphorbiaceae 24 52T 1 71 1
7. Eupteleacass 1 1 .- - -
78. Fabaceae {Papitionaceac) 133 473 28 145 12
79. Fapacese ] 57 - M -
80, Flaoyrtizceas 1L 38 - -- -
1. Fimdersiaceas | 1 - . -
1. Frankenizceae 1 | - - -
3. Fumariaceae 4 63 - a —
4. Gentianacenas 24 190 - 36 1
25, Geraniacear 3 44 1 3 --
BG. Oesoerlaccac 24 114 - 18 -
87, Goodeniaceae ] 2 - .~ -
8B. Gyrocarpaceac 1 1 - - -
89. Hakcragecear 4 12 - -
90, Hamamelidaceae 1 9 - -
1. Hermandiaceae A 2 - .- —
92, Hippocastanaccac 1 ) - — —
81, Hydrophylaceas 2 2 - - -
4. Hypecoartens I 2 - — —
&5. Hypericaceae 3 2% 4 z -
M. Jeaciareass i1 22 - 5 -
97. [lecebraceas 3 4 - t -
98. LliEcone l 4 - - -
9, Txonanthsoeas | 1 — - -
100, Jaglandaceae 2 2 - K| -
101, Lamiscess (Lebjaas) T2 435 — &5 -
102. Lardizabalpceas 4 5 - 1 -
103, Lauraceae it 212 1 K| -
104, Lecythidacezas 1 1 - - -
105. Lentibularipgcears 2 M - - —
106. Linaceas 5 12 - — -
107. Loganiacese I 44 - 3 -
108, Lorasthacsae L4 Th l i1 -
109, Lythraceas 1 53 - 3 1
{10, Magnoliaceae 3 24 .- - -
1il. Malpighiaccas # 25 - g -
112, Malvaceae 12 91 5 17 -
113. Manyniaceas i 1 - - -
114, Mclasiomaiaceac 21 1X) . 1 -
115, Meliacexe 23 o7 s 29 -
116, Menispermaceas 22 43 - 2 -
117. Menyuntmaceas 1 4 .- - -

F18. Mimosateas 21 127 10 18 -
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119,
1260
121
123,
123,
124
125,
126,
127,
128,
129,
130,
131,
132,
133,
134,
135,
135,
137,
138,
139,
140,
141
143,
143,
144
145
146,
147,
148,
149,
150.
151
153
153
154,
155,
156,
L57,
158,
154
160

—r—— T

Monimmaceae
Mouatropaceas
Moraceae
Morinaceas
Moringaceae
Myricaceas
Myristicageae
Myrzinaceae
My niacese
Nepenthaceas
Nelumbonaceae
Myctaginaceae
MNymphasacear
Nyssaceae
Ochnaceae
Hacaceae
Cleaceas
Opiliaceae
Onagraceas
Orobanchaceae
Crealidsosne
Paconiaccae
Fapaveraceas
Parnassiaceae
Passiflotacese
Pedaligreae
Phytolaccaceas
tipetacear
Mstaciaceas
Pirtosporaceae
Plagiopreraceas
Pllutagina'caa:
Plamnaceae
Flumbaginaceae
Fodaphyllaceas
Podostemaceas
Polemaniaceae
Polygalaceae
Polygonaceae
Portulacaceas
Primulaceae

. Proteaceae

1. 1. 5. 6. T,
1 1 - .- -
4 5 - e -
13 122 3 34 -
3 g - - -
1 2 - - -
I 1 - - -
¥ 5 2 2 .
12 109 - 17 ;
14 145 ! 15 .
1 1 -- -
1 1 -- - -
4 15 - " -
2 7 - - -
1 1 - - -
4 & -- - .-
5 15 - 1 .
19 o4 4 4 1
3 3 -- -- -
[V 49 8 11 2
7 12 -- 2 -
2 19 -- -- -
1 1 - - -
5 27 - - !
1 13 1 - -
1 24 1 - -
vl 4 - 1 -
4 & - - -
4 103 o 1 --
1 l 1 -- )
1 11 -- 1 -
1 1 - - --
1 12 | 2 -
| 1 -- - --
6 10 - - ==
| 2 = 1 -
g 207 -- -- -
1 | -- 1 -
4 3 - 8 -
18 1.5) 10 63 --
2 8 - | .-
7 183 4 M Z
2 7 -- -- --
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i. 1, 3 . A & T.
161. Pyrolaceae 2 6 1 1 -
— 162, Raffesiacese ) 2 = = =
163, Ramunculpceae 28 193 3 2l -
164 Resedaceac 1 5 - -- -
165, Rhwmmwsas 135 68 - G -
166. Bhizophoracese 8 13 -- -- -
167, Rosacens 40 431 4 80 1
169, Rubiaveac iis 610 . o7 >
169, Rutacene 29 114 1 2 -
170, Sabiaceae 2 i3 5 1 -
171, Balwaccac s i .- 7 1
172. Salvadoraceas 3 4 . - -
173. Saotalaceas 10 18 - 2 -
174, Sapindaccac oy | L4 - 5 -
175. Sapotaceae 14 49 - 4 1
179, Saxifragacens 17 143 & it 2
177, Schisandrazcas 2 & -- 1 -
178, Scrophulariaceas 2 368 10 43 -
179, Simarovbacene 9 16 - | -
180, Salanaceas 17 s 7 la -
18]1. Sonneratiaceas 2 4 - - -
182, Stachyuraceas 1 1 -- — -
183, Sterculiacear 19 [ — ] -
184, Siylidiaceas 1 ) - 1 -
185, Styracaceas 5 45 7 12 -
1BS, Suymphoramatareas 1 2 - 2 -
187, Tamaricaccae 3 16 .- — -
13B. Teracentmcess 1 t a 1 -
18%, Thearsne o n - 5 -
190. Thymelacaceas 14 23 l ] -
191. Tiliaceae a 53 a - -
193, Trapaceae 1 K| - 1 -
193. Tropaeolaceac 1 1 -- - -
194, Tumeraceas 1 2 -- - -
195, Uinmarme G 22 1 T -
196. Urnicacear 29 153 z 58 1
197, Varcinisceas 2 24 1 4 1
198, Valerianaceas 5 27 -- 2 -
199, Yerbenaceas 3 140 -- 15 1
2050, Yiolacese 3 41 1 2 1
201, Viraceze 11 109 | ] -
202. XNenthophyllaceae I 4 -- [ -
203, Zygophyliaceas B 13 -- 3 -
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1 2 2 4, 3 & 7
MONOCOTYLEDONES

1. Agavaceae 2 18 - 3 -
2. Aligmataceae a 14 1 1 -
3.  Amaryllidaceae b 24 - i) 1
4. Aponogetonacenc 1 8 - - -
5,  Amceas 29 126 1 L8 -
6. Arecacear (Falmae) 24 G4 - i} 1
7. Buranniaceae y | - - -
B. Butomaceae 2 2 - - -
% Cannaceas 1 ] — 1 —
10, Croenmelingceae 14 ok 2 T -
11. Cymodoceaceae 4 6 - - -
iZ, Cyperaceas 38 545 i3 93 I
13. Dipsroreacess a 13 - 34 -
14, . Brigcaulacezs 1 70 - - -
15. PFlagellariaceas 1 i - - -
186. Hydatellaceae 1 1 - — -—
17. Hydrocharitaceae 5 1§ 1 1 ~
18. Hypoxddacese 3 9 ~ - ~
19. Ifdacess 5 21 - - -
20, Juncaceae 2 51 - 7 -
il Jumcaginareae 1 2 - - -
22, Lemnaceae 4 13 - - -
i3, Liliaceas 45 214 2 28 4
M. Marantacess & 14 - -- -
25, Musaceae 2 25 - - -
26, Najadaceae 1 14 - 5 -
2T, Orchidacess 154 1229 3 43 4
8. Pandanacess 2 17 - - -
2. Philydraceas | 1 - - -
3. Poacese (Gramineae) 263 1291 19 13473 1
31. Pontederiaceas 2 3 - -- -
2. Poumogetoisceas 1 1% 2 : -
33, Ruppiaceae 1 1 1 - .-
M. Smilscapeas 2 33 ~ 3 -
. 33, Sparganiacear 1 4 - - -
3. Stemonacces 2 2 - 2 -
7. Taccaceas 1 3 - - -
3. Trichopodaceas 1 1 - -- .-
. Trillaceas | 2 .- 1 -
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1, 1 3 4 5 A 7

40. Triurdaceas 1 2

41, Trphateae i 3 —

41, Xyridaceas 1 6 -

43, Fannichelhaceae 1 i -

44, Zingiberaceas 24 191 15 -
DICOTYLEDONES

II.

HI.

Total number of families : 203

The 27 families with 1 penus each and I species only @ Braclayaceae,
Basellaceae, Bicbersteintaceae, Cardiopterygaceae, Chrysobalanaceae,
Circasasieraceae, Clethraceae, Eupteleaceae, Flindersiaceae, Frankeniaccae,
Gyrocarpaceae, [xonanthaceae, Lecythidaceae, Martyniaceae, Monimiaceae,
Myricaceae, Nepenthaccae, Nelumbonaceae, Nyssaceae, Paeoniaceae,
Pistaciaceae, Plagiopteraceae, Platanaceae, Polemoniaceae, Stachyuraceae,
Tetracentraceae and Tropacolaceae.

The 35 families with 1 genus each with species ranging between 2 lo 200%

Averrhoaceas (2}, Carpinaceas (2), Casuarinaceas (2}, Ceratophyllaceas (2),
Conariaceae (2), Corylaceae (2}, Goodeniaceae (2), Hippocastanaceae (2),
Hypecoaceae (2), Moringaceae (2}, Podophyllaceas (2), Stylidiaceae (2,
Symphoremataceae (2), Tumeraceas (2}, Avicenmaceae (3), Cactaceae {31,
Erythropataceae (3}, Trapaceae (3), Ancistrocladaceae (4), Diapensiaceae (4),
lliciaceae {4), Menyanthaceae (4), Xanthophyllaceae (4}, Dichapetalaceae
{5), Caltimichaceac (63, Erythroxylaceae (6), Alangiaceae (7), Pittosporaceae
{11}, Planiaginaceae (12), Parnassiaceae (13}, Aceraceae (25}, Aquifoliaceae
(25), Ebenaceae (51}, Begoniaceae (55) and Balsaminaceae (200).

* Number of species indicated within brackets after the family names
hereafter.
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IV. The 27 families with 2 genera egch -

Bixaceae (), Cabombaceae (2), Datiscaceae (2}, Hvdrophyllaceae (2},
Tuplandaceas {2), Rafflesiaceae (2, Chloranthaceas (3), Droseraceaes (43,
Pedaliaceae (4}, Sopneratiaceae (4}, Buxaceae (0), Pyrolaceae (6},
Schisandraccae (0}, Bemlaceas (7), Nymphacaceac (7), Proieaccae (7)),
Flatipaceae (%), Hernandiaceae (8), Pormulacaceae (8), Actimidiaceze (103,
Sabiaceae (15), Elacagnaceae (19), Oxalidaceas (19), Vaccimiaceae (24),

Elacocarpacess {33}, Lentibulariaceae (36) and Salicaceas {64).
V. The 15 families with 3 penera each

Opiliaceae (3}, Nlecebraczae (4), Salvadoraceae (4), Bombacaceze (5),
Lardizabalaceae {5), Resedaceae (5), Balanophoraceas (8), Morinaceae (8),
Dilleniaceae (12), Tamaricaceae (16), Magnolizceae (24), Passifloraceae
{24}, Hypericaceae {200, Viclaceae (41} and Berberidaceae {68).

VI. The 12 families with £ genera each ;

____________ B o, TP I, | I, [ T oo A1

L\'iUl.lLTLlUI.Id.'I.rEﬂE 12), LAIINACTEC {0}, ru}'wlmwnc u.u, LripFacaccac ii1up,
Raronptoniacese {12}, Halorapaceae (12}, Caonnaraceae (14), Nyctagipaceae
(15}, Maipighiaceze (25), Polygalaceae (31), Fumanaceas (65} and
Piperaceae (101).

VII. The 10 families with 5 genera each :
Linaceas (12), Olacaceae (15), Aristolochiaceas (25), Myristicaceae (25),
Papaveraceae (27), Valerianaceac {27), Dipterocarpaceae {30}, Geraniaceae
(44), Sryracaceae (49) and Clusiaceae (Guttiferae) (53).

VIII. The 3 families with 6 genera each :

Plunbaginaceae (10), Zygophyllaceas (15}, Ulmaceae (22), Onapraceae (49)

and Fagaceac {37)].
[X. The 5 families with 7 generq each ;

Hamamelidaceae (9), Cormaceae (15), Orobanchaceae (32), Capparaceae (33)
and Caprifoliaceas (72).
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X. The 4 fanufies with 8 genera each ©

Rhizophoraceaz (18), Burscraccae {22), Combretaceac {48) and Tiliaceae
(53).

XI. The 4 families with 9 genera gach

Simarcubaceac (16), Aizoageae (17), Podostemaceag (20) and Theaceas
(23).

XIl. The 5 fumilies with 10 gengra each :

Santalaceae {18}, Flacourtiaceas (38}, Crassulaceae (71), Oleacese (99} and
Primulaceas (183).

XIE1. The 3 famifies with 11 generg each ;
Loganiaceae {44}, Lythraceae (53) and vitaceae (109).
XIV. The 3 families with 12 generq each :
Icacinaceae (22), Campanuvlaceae (46) and Myrsinaceae {109),
XY. The 2 families with 13 penera each ;
Moraceae {122} and Ericaceae (175).
XVI1. The 4 families with 14 genera each :

Thymelasaceae (23), Sapotaceas (49}, Loranthaceae (70) and Myrtacese
(146).

=k r¥T . e = B ___SE . ..
AVIIl. The one family wi

.

Celastraceae {102)
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X1X. The 4 families with 17 gerera each

Araliaceae (69), Solanaceae (75), Saxifragacese {(148) and Laoraceae (212)
XX. The one family with I8 renera :

Polygonaceae (164}

XXI. The 2 families with 19 penera each .

XXII. The 2 farmilies with 20 genera each :
Bignoniaceae (34), and Amaranthaceas {60).
XXIO. The 4 families with 21 genera each ©

Sapindaceae  (55), Anacardiaceae {70}, Munosacese (127) and
Melastomataceae (150)

XXIV. The 2 families with 22 genera each :
Menispermaceac (43) and Malvaceae (93},

XXV. The 2 families with 23 genera each ;
Maliaceas (97), and Verbenaceae (140).

XXVI. The £ families with 24 genera each :

Annonaceae {120} and

?1} Macpariarsss (1143

" Ml B ' e P i L AL
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XXVIIL The one family with 28 genera ©
Ranunculaceae (1931

XXIX. The 3 families with 29 genera each |

Rutaceae (114), Urticaceae (153} and Convolvulaceae (199).

XXX. The one furnily with 39 genera -
Cucurbitaceae (99},

XXX1. The one family with 4} penera :
Rosaceae (432).

XXXIL. The one family with 43 genera :
Boraginaceae (2097

XXXIIL The one family with 47 genera :
Apocynaceae (1159}

XXXIV. The one family with 57 genera :

XXXY, The one family with 62 genera -
Scrophulariaceae (368).

XXXVI. The nne family with 64 genera -

Brassicaceae (Cruciferas) (207).

{INT. VOL. I
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XXXVIL, The 2 famiies with 72 genera each :
Apiaceae (288) amdd Lamiaceas (Lablatae) (435),

XXXVIIL The one family with 84 penera :
Euphorbiaceae (527}

XXXIX. The one family with 92 genera :
Acanthaceae (5000).

XL. The one fomily with 113 genera :
Rubiaceae (616).

XXLI, The one family with 133 genera -
Fabaceas (Papilionaceac) (973).

XXLII. The one family with 166 genera ;

Asteraceae (Compositae) (800)

Thh Tt 'Fl'l'rn;-l'liﬁn l’l-l'l'l.l"l“l'l 1 bl ot m'rI"n.hnr A oo
Ay Lhrl] LIRS IRS-07 LLAT 4A L] L

Leguminosae (Fabaceae + Caesalpiniaceas + Mimosaceae) (1192},
Asteraceae (800), Rubiaceae (616), Euphorbiaceae (527), Acanthaceae {500),
Lamiaceae (435), Rosaceae (432), Scrophulariaceac {368), Apiaceae (28#) and
Asclepiadaceas {260).

Total nombgr of genera 2282
Total mumber of species 12575
Total number of subspecies 237
Total number of variefzs 1771
Total number of subvarieties 30

Total number of forma 50
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Largest genus fmpatiens (200)
Genera with only one species @ 992

Some families with more number of genera with only one species are
Asteraceae (84}, Fabaceae {70} Rubiaceae (55), Acanthaceae (43}, Brassicaceae
{36), Apiaceae (34), Euphorbiaceas (31}, Asclcpiadaceae (30}, Lamiaceae (29) and
Scrophulaniaceae (27).

The ten families -which have genera with large number of species are
Baisaminaceae {Impatiens 200 species), Fabaceae {Crotzlaria 104 species),
Scrophulaniaceae (Pedicuiaris 98 species}, Ericaceae (Rhododendron 97 species),
Primulaceae (Primula 135 speciesy, Myrtaceae (Svoygium 91 species) Moraceae
{Ficus 100 species) Saxifragaceae (Suxifrapa 89 species) and Piperaceae (Piper 88
Species).

MONOCOTYLEDONES
Total number of families : 44

I.  The six families with I genus and 1 species only ©

Fiagellariaceae, Hydatellaceae, Philydraceae, Ruppiaceae, Trichopodacee and
Zannichelliaceae.

II. The twalve families with [ genus only with varying number of species .

Juncaginaceae (2}, Trlliaceas (), Truridaceas (2), Cannaceae (3),

Taccaceae (3), Typhacese (3), Sparganmiaceas (4), Xyridacese (6,

Aponogetonareae (8), Najadaceae (14), Potamogetonaceae (! 8) and Eriocaulaceae
{70}.

I1Y. The 9 families with 2 genera :

Butomaceae (2}, Stemonaceae (2), Pomtederiaceas {3), Burmanniaceae (8),
Pandanaceas (17), Agavaceae (18}, Musaceae (25), Smilacaceae (33) and
Juncaceae {53).
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IV, The 2 familles with 3 genara each !
Hypoxidaceae (%) and Dioscoreaceae {330,
V. The 2 families with 4 genera each ;
Cymodoceaccas (0) and Lemmnaccac (13).
VI. The 2 famifies with 5§ genera euch -
Iridaceae {21) and Amaryllidaceas (24).
VIL. The 2 families with 6 genera and 14 species each :
Alismataceac and Marantaceas,
YIIl. The one family with Y genera ;
Hydrocharitaceas (18}
IX. The one family with 14 genera
Commelinaceae {90).
X, The 2 famifies with 24 genera each :
Arecaceae (Palmae) (94} and Zingiberaceae {(181),
Xl. The family Araceze has 29 genera and.)26 specics.
XIL. The family Cyperaceae has 38 genera and 543 spccies.
X[1. The family Liliaceae has 45 genera and 214 species.
XIV. The family Orchidaceae has 184 genera and 1229 species.

X¥. The family Poaceae has 263 genera and 1291 species.

215
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The famibes with larger nymber of species jn descending order are Poaceae
{1291}, Chrchidaceas (1229), Cyperaceae (545), Liliaceae (214), Zingiberaceas
(191}, and Commelinaceas {90},

Total number of genera : 02
Total pumber of species 4234
Tatal number of subspecics 45
Total number of varieties 432
Total number of subvaricties 3
Total mumber of farma 18

Largest gems @ Carex {160).

Genera with only one species-2635.

Liliaceae (19) Orchidaceae (60) and Poaceae (111).

far,:

Families with large number of genera with single species : Cyperaceae (13},

Approximate number of genera/species of different categones :

Endemic genera
Endemic species
Herbs

Shiubsg

cNERELIFF N

Climbers {herbaceous as well
as shrubby)
Trees

Branching paim
<

nwhimaraad marines AnoincneEme
LTI REAR AT ANSOGPH IS

141
4500
1205 (Succulent
herbs,
2i
2746
1735
2863
1
13

Found only on sea shores of islands but not of that on mainland India, so

Thuaren involuta of Poaceae.

Foul smelling
Aromatic

62
254
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Epiphytes 750
Mangroves 30
Saprophytes 7
Paragites and root patagites 309
Insectivorous/carnivorous 40
Stinging hairy 20
Salt marshy 26
Poisanous 2000
Economically usefot (edible 5000

planis, cereals, pulses, fruits,

vegetables, cic.)

Fodder plants 1250
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8. WILD RELATIVES OF CULTIVATED PLANTS

{(R.K. Arora)

INTRODUCTION
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variation of immense value to plant breeders. They have evolved to survive
drought and floods, exireme heat and cold, and have been adapted 10 cope with
many nztural hazards (Hoyi, 1988). They have often developed resistance to pests
and diseases and are thus crucial o crop improvement. They constitute a large
i mmanr . T ey g . [P mond dn bha reem—a g £ 1 [Rapeyrysqunre. iy I g

afidy o1 diverse ERGpoLs which nced o be dppeda 107 their POCTnia o
inmumerable promising characteristics.

Large variety of cultivated plants used by mankind today have besn derived
from the wild relatives through selection or hybridization. For bringing out
desired improvements, @ gensticist or a plant breeder needs to know the inberent

mm!lhes in the wild relatives of a nnmrulnr plant or anannI Thes, the scope

of utilization of the wild relatives of our crop plants has beep increasing day by
day with cur increasing capacity to study the genes responsible for various traits
and their manipulation. Of late, science of genetic epginegring has opened almost
unliznited possibilities for the conservation and use of this unigue wild piant

wealth,

The conmibution of wild relatives towards economic remrns is well
exemplified by crop plants such as rice, wheat, sugarcane, potato and tomaio,
hesides several forages and other crops. Exploiting wild genepools requires
intensive efforts and extensive knowledge of taxonomy, reproductive biology,
cytogenetics, genetics and in many cases cell culture cechniques (Scaiker, 1989).
Thus, good species collections must be obtained and studied accordingly to

identify and incorporaie their desirable atiributes judiciously.

Unfortunately, changing land use patterns, rapidly increasing pressure on
land both for agriculture and forestry development programmes as well as
expanding demand for industrial and urban sectors have posed sericus threat to the
existing diversity in the wild relatives and related species. Hence special efforts
are required to collect and conserve these resources for their current nse and for

posterity. An overall assessment of the natmere and extent of this diversity
oocurring in India, and its distriburion, ecology and potential uze, is nresanlnd
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Classification of wild relatives

In classifying wild rclativcs of crop plants, it is neccssary to sort out the
intricate relatinnship of species, subspecies, varietias and ecotypes and gronp these
according to degree of relationship in 2 given crop genepool (Hoyt, [988). A crop
genepool inciudes all the cultivars, wild relatives and related wild species
containing all the genes available for breeding use. Each crop genepool {GP) can
be divided/ciassified into three GP levels in genetic perspective (Harkan & de Wet,
1971; Hoyt, 1988):

GP1- Primary gencpool : Crossing is easy in the primary
genepool and hybrids are fertile; gene
transfer is simple. '

GP2- Secondary geneponl : Can he crossed with GP1; hyhrids are
usually sterile but with some fertility,
pene transfer is possible but mgay be
difficult.

GP3- Tertiary genepocl : Can be crossed with GP1; but hybrids
arz sterile; gene tansfer may be
possible with radical measures.

By and large, wild species in the pritnary genepools cortribute germplasm

aa— | R —— e ——— | S i mowonrusal A

Inore u-.nuu}' ihan those in dic am.uuua.:_-; ECNEPDDL, WIALT KF dmf EeDigrs0l CAll
Only he used for some crops for & limited numebr of genetic raits (Harlan, 1975},

Thus, from the wtilisation or exploitation view-point, wild genepools may be
assigned 1o the following two categories

Easy 1o exploit ;

Wild progenitore : Closely related to ¢rops; belong to
primary genepocl.

Oher wild species : Relatively distantly refated, cross

vompatible; belong to the secondary
genepool.
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Difficwdr to explait ©

Wiid species : Digtantly related/unrelated taxa of
different genera {species), broadiy
falling into the tertiary genepool,

The understanding of weedy forms and wild progenitors is very important in
the effective utlization of wild plant diversity. The taxonomy of a crop species is
inseparable from that of the wild types and related wild species. overall range of
the speciey variability is too much wider to reckon with and has necessitated the
creation of infraspecific taxonomic categoriss to accommeodate several groups.
More than 65 iniraspecific categories bave been miroduced {hirasek, 1961, Hili,
1989).

Species diversity

The tsumatcd srrrmgth of wﬂd rciamu:s of c:n:rp plants anl:i reiated taxa

the economic plant groups, category wise, the species of relevance to
cuitivated/crop plants may be grouped as foliows :

Crop groups Species No.
Cereals and millcts 51
[ Legumes il
Fruits 108
Yepatables 54
QOilseeds 12
Fipre plants 24
Spices and condiments 27
Orthers 26

This diversity belongs to 48 families and 116 gencra. Botanically, this
asscmbiage includes the Poaceas {Gramineas) foercals and millets, bamboos,
sugarcane), and Leguminosac (grain legumes/pulses/beans}, with much diversity

e Frmiie rmaAn  acesarrinr v QAasoresas Dinnans Ao ns o A s ardincses
i G Ly es LAA-uLlilRg b Sbiboohah,  SiaiAcdh,  RIMALRRR,  Sagesiiaimsins,

Rhamnaceas, Myrtaceas and Moraceae; for vegetable types in Malvaceae,
Asteraceae (Compositae), Solanaceae and Cucurbitaceae; tuber rypes in Araccac
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and Dioscoreaceae; for oilseeds in Brassicaceae {Cruciferac) and Fedaliaceae: for
fibre crops in Tiliaccae and Malvaceae, for spices and condiments in Liliaccac,
Zingiberaceae and Piperaceae; and among other economic commaodity proups, in
Theaceae for wild relatives of tez and in Rubiaceae for wild types in coffee, Table
1 summatizes the floristic strength of wild relatives and related species accurring
in India.

Table-1. Floristic strength of families and genera of wild relatives
occurring in India.

Total strength : 48 familics, 116 gencra and 320 specics

[E—

{Nn.j Na)

=10 1

=10 1

>3, <10 2 Rozaceas

45 2 Malvaceae, Zingiberaceas

4 Anacardiscens

AraCcean

Morceas

SRpoiRCeas

2 & Brassicaceae (Cruciferss)
Tiliaceas
Rutacze
Asteraceae (Compaositae)
Musaceae
Polygondcede

1 13 Theaceas
Lauraceae
Solanaceae
Lamiorens {Labiatasr)
Amaranthaceis
Chenopodiaceas
Pipcracrae
Arceaceas {Palmae)
Pedaliaoese
Lilincens
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Floristic analysiz of 116 genera of wild relatives points out the foliowing

pattern of species richness :

{i)

(i)

(i1)

(iv)

{v)

{vi)

Genera represented by one species only @ Aegle, Aegilops, Hygroryza,
Trilobachne, Cicer. Lablab, Euwphoria, Punica, Coccinia,  Neoluffa,
Colovasia and Myrica,

Crenera represented by two spm:ics : Fagapymm Chionachne, Eleusine,

[ P R ey e oy o | g, PR [ 3 TTPEY Ny
[}
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Brassica, Carthamues, Citrafius, Ensete, Mimusops and Carim.

Genera represented by three o four species : Coix, Hordeurn, Mischanthus,
Eremopyrum, Canavelia, Lepidiem, Sesamum, Malus, Fragarie, Madhura,

Ry Syrarr | oy

MHFHMIH, HHAFELHILAY, .Lﬁl"ﬂ-'ﬂ- WH-I- Ulﬂfﬂ-l-

Genera represented by >5, < 10 species : Avena, Echinochioa, Dofichos,
Lathyrus, Erianthus, Coffea, Camellia, Cucumis, Coleus, Phoenix, Pyrus,
Morus, Elaeagnus, Amomum, Myristica (Knema), Malva, Momordica,

| F o NPISY Ry sasmmnmastlansm man F ot TR

ﬂﬂﬂlfl’mﬂm, ﬂtpmfﬂ, LLF LT HY, iJUJ'UH—J nmurum.um -i:IH.U LJI-E'HUPWI-HHL

Genera representsd by > 10 or <20 species : Prunus, Rubus, Cinnamornumn,
Curcuma, Zingiber, Rumex, Boehmeria, Zizyphus, Paspalum, Pennisetum,
Setaria, Saccharum, Vigna, Atvlosia, Mucuna, THgonella, Arnocarpus,
Carissa, Citrus and Cordia,

Genera with >20 <30 species : Digitaria, Trichosanthes, Garcinia,
Elaeocarpus, Maughania, and Alfium.

(vii) Genera with > 30 <40 species | Panicum and Hibiscus.

{viii) Genera with more than 40 species : Piper, Diospyros, Svzygium, Dioscorea,

4

Rubus, Ficus, Grewia, Crotalaria and Selanum.

The above diversity, vis-a-vis species richness, is shown in Fig. 1 (Arora,

L - e PO -of 2 N | Y P

1‘_:!‘_‘:!'1} .H.IIJ.U[IE l,[l.l.'.- .].LLI ﬁl..l'ELri.'Eh ﬂUUl-ll inr ATE 'Fllill'ﬁllﬂh- HI].UFUI rare Lﬂ.ﬂ..n. l.-FElUH-EI-I-l!
to different economic plant categories as  given in rable 2 (Arora & Nayar,
1984).
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HYGRORYZA, ELYMUS, HORDEUM, SESAMUM, MANGIFERA,
PYRUS, CICER, ZINGIRER, GOSSYPIUM

DOLICHOS, ORYZA, ABELMOSCHUS, TRIGONELLA

CITRUS, MUSA, ARTOCARPUS, PRUNLUS, CURCLIMA
TRICHOSANTHES, VIGNA, ATYLOSIA, SACCHARUM

10 20 30 40 50
NO OF SPECIES

Fig. 2. The number of species in some impartant taxa of wild relatives of crop plants,

Table-2. Wild relatives and related endemic and/or rare species including
endemic cultigens (Arora & Nayar, 1984}.

Cerealg and Milles

Legumes -

Fl'uit t}'p{s .

"'“Eﬂahle T¥pes

Coix lacryma-fobi var. ma-yuan, Digilario cruciaia var, escufenta,
Digiiaria sanguinalls Subsp. aégypricca var, frisnemtaces, Orvio
malampurhacnsis.,

Atylasia cajonifolln, Atyiosia grangifiora, Atplosia miveq, Conmvalia
siocksii,  Cicer  microphylium, Dolichey  bractearns, Dolichos
purpureas-wild fignosus forms, Lathyrus altaicus, Vigna mungo var,
sytvestris, Vigna radiata (serulosus forme), Vigna grandis, Vigna
vexiflata var. stocksii/Vigna capensis,

Citrus assamensis, Citrws ichangensis, Citrus indica, Citrus latipes,
Docyitla hookerians, Malus baccata var. Mmalalca, Muse cheesmanii,
Muse glasca, Musa flaviflora, Musa itinerons, Musa pagentiim, Musq

FIRRE I ROy F T . T T T Thwr n w2 1

rikkimertsls, Musa Mannil, Musa velgiina, Prinus acuminaia, Prumis

Jenkingii, Prunus tomeniose, Pyrus kmaonl, Ribus Hneaius,

Abelmprchus inberculas, Aftium rubellum, Cucumiz hardwicki,
Curcurng  amarisrima, Lo kermaphrodite, Luffa  wmbeilam,
Maughanie vesiita, Neoluffa sikkimensis, Solanim melongens var.
intarum, S melongena var. polangi, Trichosanthes khasiang,
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Trichosaniles majuichld, Trchosarther  ovidie,  TRchosgrrhes
tamenios, Zingiher intermeditm,

Orlseed types : Sesamum laciniaium, S. prosivatum.

Miscellaneous : Bunittn persicum, Camellia drupifera, Comellia Letescens. Lifium
mackliniae, Linim perenne.

Fhytogeographical analysis

The phytogeopraphical distribution of 320 species of wild relatives and
related taxa in different botanical regions pinpeints to the concentration of s
genctic wealth in the warm humid tropical, sub-tropical repiops and in the
Western Himalayas, with low representation in the drier north-western region. The

[ Ny Aty TR — e Jp, B, Sy ye— L T - TMrecen =
L LILrwWin

ORET R DCCIIITINE 0 b botanical Zone is as fo
Phytogeopraphical Zone Wild relatives
(specics no.)
Western Himalavae 125
Eastern Himalayas 82
North-eastern region 132
Gangetic plains 66
Indus plains (Noith-wesisn plains) 45
Malabar/Western peninsular
region/Western Ghats 145
Deccan/Eastern peninsular
region/Eastern Ghats a1

The concentration of this diversity i wild relatives in different
phytogeographical zones of India is shown in Map 13. (Arora, 1991).

Keeping in view the overall species tichness, and the range of distribution of

species, this diversity in wild relatives would fall in the following groups

A, Widely distributed taxa .

Wider habitat range vis-a-vis diversity in number of species, e.g.
Solanim.
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Map 13. Distributlon of diversity in-wild rstatives of crop plans in differem
phyto-geographical regions af Indis.

Wider habitat range but taxa with limited number of species, ¢.g.

dre_

Aemoschus, Musa.
Wider habitat range of taxa with single species adapted to more

specific soil, climate regime; sporadic distribution within the
geographical range, e.g. Buniuwm persicem in Western Himalaya.
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B. Endemic faxa .

Narrow range of dismibution, more localised; narrow ecological
amplitude, e.g. Cafarus Cajanifolius in Belladilla range of Orissa,
Abelmoschus tubercilomus in North-western drier plains of Uttar
Pradesh, Rajasthan and Gujarat, and Picrorfiza kurrooa in Western
Himalaya.

C. Rare/endongered taxa :

Extremely nartow range of distribution, fow populatien densicy per
site, such as in Musa sikkimensis and Copiis feeta in North-easiem
region/Eastern Himalaya.

Wider distribution range, with over-eaploited populations; natural
habitat of species disturbed, such as in Rawvolfia serpenting in
Western Ghats,

Ecology and distributlon of diversity :

Ecologicaily, the wild reiatives of crop plants occor as components {im
specific habitats) of the different vegetation types, i.e. climatic, edaphic, biotic or
bioedaphic dispersed within the different botanical regions (Map 2.) It is evident

that :

1. The

. —
AL

ical moist evergreco/semi-evergreen forests in the western and

IlIan-i-llll!li A o
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in wild relatives of perennial cuitivated plants. Some of the major raxa
available in such habitats are :

(a)

(b)

Wild relatives of fruit trees, such as species of Ariocarpus, Citrus,
[Py P H | g e ———— [y By ] Y iy A

LR FLERTeed, mt‘.‘r..i'p_rru.':l'. nm-:uuurym .l:.uprrw”mn:rpnrumm .J_r;_ygimn.

Snondias, Mimuseps and Mangifera.

Wild tree species of value 28 spices/condiments, like Cinnamomum and
Knema/Myristica speties,



2000]

WILD RELATIVES OF CULTIVATEL: PLANTS 27

{¢)  Wild species occurring as forest underprowth, such as Amonuom,
Prper, Zingiber and othcrs. Piper, being mosily viny, oflten occur on
the cutskirts of forest openings with several legumes, such as species
of Vigna, Pueraria, Canavalia, Atvlosia, Maughania and Dofiches;
cucurbits, like Luffa, Trichosanthes, Momordica, Cucumis and
Cocciniq and others, like the non-tuberiferous Selanum spp.,
Abetmoschus, Corchorus and Vitis,

(dj The edaphic/bio edaphic plant communities in the above forcsts
support wild types related (o sugarcane Sacchartm and related types,
and species of Carisya, Ziziphus, Capparis, Grewia, Phoenix, Solanum
and grasses, like Digitaria, Polwoca, Chionachne, Trilobgchne,
Panicton and Setaria species.

{ey  Specialized habitats which are ecologically distinet, like the low lying
water logged areas/ponds/lakes, etc. hold nch diversily in Coix species
and related Maydeae, Onza nivara, O, rufipogon and other species
(particularly in the peninsular tract), Echinochloa spp. (Water logged
habitat annual to perennial types) and Caravafia virosa, Porteresia
coarctata, Hygroryza aristata, Leersig spp. in peninsular coastal tract
in brackish water and Vigna fwreols in beach forests (edaphically
distinct). Besides, wild taxa of potential utility, such as Coix giganteq,
elc. are also available here.

The dry tropical vegetation (mostly the deciduous forest types), as prevalent
in southern peninsular tract and the northern plains, possesses diversity in
fruit trees, like Aegle marmelos, Feronia limonia, Sabvadora persica, Cordia
subcordata, Phyllanthus embiica, Diospyros, Morus and Grewia spp.; thorny

shrubs, like species of Carissa, Caeppars  and Ziziphus, and other
F ML, Flu"!-lhrﬂ ' B Sor P AP Ry st ol i F

components like Solanum surattense and Sesarmign indicum and with viny
1ypes, like Vitis spp., Momordica balsamina, Coccinig indica and Cucumis

prophetarum often along forest openings/edges.

Ecologically more distinct than the dry tropical vegetation 18 the semni-atid
desert vegetation occurring in the Indus plains and in drier peninsular beit,
marginal to the above type or even to the moist tropical deciduous type.
Edaphically distinct habitats with specific flora of wild relatives/related types
are met with, e.g. sand dune habitat, including rocky areas of Notth Western
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drier plains with fruit tree types, like Capparis decidua, Carissa congesta,
C. spinarum, Ziziphus numpmiiaria, with Grewia terax more common in
rocky sites. Grasses include Paricum spp., Elewsine compressa, and other

hiphly heat/drought tolerant types.

The montane sub-tropical vegetation as prevalent in the peninsular tract,
particularly in the hills of Western Ghats and in the North-eastern region

(1200-1800 m) holds diversity in temperate types well adapted to more
humid tropical/sub-tropical climate :

fal EFmit 1tres comnnnente inchde (R Tiritl ot rrsie Nammia  and
1‘ F N FLS i e LR LA Yl Y I.r. il s il e Al
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Elaeccarpus species.

{b) Rich undergrwoth of Rubus, Solanum and several species of genera
listed above, under humid tropical type.

(c} In the biotic vepstation type, i.e. Nilgiri sub-tropical hill savannah
logally called Sholas (grasslands at 1860 m), more cold adaptable sub-
tropical components ocewr, e Viema,  Anlosia/Cojanus,
Trichosanthes, Abelmoschus, Solanum, Dolichos and Setaria, with

a
‘msrw o ko

s s mimaab md TR

UL LMWL L FFHEHFHJ.
The temperate vegetation types ocowrring i the Himalayan region possess
rich diversity in:

{a)  Fruit tree types pome and stone fruits reiated ko cultivaled types

Pyrus, Prunns and Malus and others like Myrica and Mors spp.

(b} Rubws and Ribes spp. as small trees and undergrowth of Fregara,
Lathyrus, Lingm, Allium, Hordeum, Digitaria and Elymas spp. as
common compornents of bioedaphic/biotic temperate habitats,

{c)  Vitis spp. and cucurbits, such as Cucumis pubescens, €. hardwickii
and Trichosanthes spp. occur in forest opening/outskirts.

In conrast to temperate vegetation, the alpine vegetation, characteristic of
higher elevation rone of the Himalayas ca 2100-3300 m, is poor in wild
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relatives and very few rres/shmbby components ocevr, Sorbus, FPrunus,
Kibes and Rubus. The alpine meadows and alpine scrub are bicedaphic types
wherein cocur Allium, Avena, Aegilops. Eremopyrum, Elymus, Hordeum,
Trigonela, Lathvrus and C¥cer species. These represent exttemely cold-
hardy/drought-tolerant germplasm.

Among the wild relatives death with above, Hordeur spp.. Elymus and
Eremopyrim ooour a3 weeds in the Worth-western Himalayan region within
and along barley fields; Saccharum cytotypes occur in the Indo-Gangetic
plains, and the widely distributed and highly variable wild forms in Vigha

nmhﬂ}jnfn ‘_'rru‘l U 'nn.rfrnfn 'l.ru'l- cirhinhats aeor in tha h-.nnl.nul ard Bllh?fmﬂ;ﬂﬂl
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Zoncs.

From the above, it is svident that :

(i)

(ii}

(iii)

(iv)

{v)

Maximum variability in fruit ree components occurs in the homid
tropical/subtropical zone of peninsular region and in the North-gast, and for
pome and stone fruats, in temperate forests of the Wesiern and Easiern
Himalayas.

A large proportion of diversity in wild relatives of cereals and millets occurs
in biotic/bicedaphic  habitats both in tropical/sub-tropical and
temperate/alpine regions.

Maximum variability in legumes and cucurbits occurs in bicedaphic types
tither within the moisi-tropical zene of peninsular region and in the north-
eastern region, or along openings in the evergreen forests or in cleared
secondary vepetation compornets.

Several of these also occur a8 nadergrowth in climax forest types, i.c. Piper
spp. (climbing on Gurcinia and others), Curcuma, Zingiber, Dioscorea and

Rolowrom enn in susrrrsan forscts
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Ouly a few species occur in specialized habitats as components of primary
edaphic types, i.e, Vigna lutesla in beach forest; Oryza rufipogon along
margin of ponds: Porferesia coarciata and Cangvatia viresa as compenents

ﬂ! hemnalericlh cmrmbon - I nin mmmrtn] mkenemd orakalinn
wTAGELA Wl ADw/or coasial SEaika bl i Ll
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13 more prevalence of wikl relatives in  disturbed, bioedaphic

habitats.

In situ conservation of wild relatives

The above information on the phytogeographical and ecological synthesis of
the wiid relatives of crop plant can be appropriately used in adopting in sim
conservation measures for this group of plants in national context. Examples may
be cited considering the gverall vegetational zones within each biosphere reserve,
ard the range of climate, soil, and physiography. Thus rich gepetic wealth of wild
relatives oocurs in :

(a)

Mysore Plateau-Wynad-Nilgiris : particularly for legumes, Canavalia
virosa, C. ensiformis, Dolichos unifiorus, D. bracteawus, Vigna radiata

(b}

{c)

var. sublobata, V. dalzelliana, V. bourneae, V. wightii, V. umbellata,
V. aconitifolia, V. tnilobata, V. capensis, V. pilosa; wild population
of fruit aees,-Artocarpus heterophylius, Mangifera indica, Euphotia
longan, Ziziphus rugosa, Z. xylopyra, and others; Solanum spp.,
Momordica cochinchinensis, Trichosanthes spp, wberous types
Amorphophallus camparnulatus and A, butbifer; oilseed types, Sesamum
lacininturn and §. prostrgtum, and others, like Clmramomum
revlanicien, Knema attenuata, Cwrcuma  zedogrio, Zingiber
cassumunar, Saccharum spp; Coix giganteq, €. lacryma-jobi and
Poanicum psilopodium.

Simlipai and Jeypore Hill Forsts {Orissa) : Oryza nivara, weedy O.
rufipogon; legumes Aryiosia s.pp Mucuna pruriens, M. uftlis, Vigna

ar | R P r

imwm’ iﬁ, F. mauuu WiF. suﬂmmuu, i" i.»I-I_PI-'MHp 'I' mmuum. ¥.
aronitifolia: species of Syeveium, ?erﬁut' Abelmoscineg, Solanum
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(including primitive potangi type), Lu_ﬂit, Saccharum and related
B,
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The biosphers rcactve in the North-western Himala :,za would hoid
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versity in Elymis dahuricus, Fordeim spontaneirs, Ficas palmala,
untum persicum, Vigna umbellata, Cucumis hardwickiy, f.'"= pubescens

[
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and specics of Eremopyrum, Setaria, Rubus, Ribes, Pyrus, Ziziphus,
Solanum, Coleus, Linum, Amaranthus, Chenopoditm and Aflim.
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(dy The biosphere reserves in North-castern region would hold rich
diversity in Mucura bracleata, Vigna wumbellata, V. pilasa, V.
capensts, V. radiata var, sublobata, Citrus assamensis, C. indica and
other species, e.g. Myrica esculenta, Musa spp., and warm sub-
temperate types like Pyrus, Prunus, Rubies and others. Rich variability
would be available in certain endemic species of Trichosanthes,
Neoluffa sikkimensis and others, like Piper, Curcuma, Dioscorea,
Alpiniz and Camellia, and wild types in Alocasia and Colocasia. Also
the variability in Saccharum, Erionthus and relajed cypes is weil
represented hete,

{¢) In the Gulf of Mannar and in the Sundarbans occur Vigna luteoia,
Oryza rufipogon, Poreresia coarciara and Hygroryza aristaia.

Economic potential of wild relatives

The wild species are important as possible donors of drought hardiness,
Mdaptability to cold and to cerain exacting edaphic situation, e.g. Poreresia

Coarciaty in the brackish waters of Sundarban delta; Oryza aivara, the annual wild
Tice, for resistance to rice tungro virus; Vigna mungo var. syivestris and V.
rediata var, sublobaia exhibiting telerance to yellow mosaic virua; Abelmoschis
Nberculams has contributed onc genome to cur present day cuoftivars of 4.
£5cuientus and i important in providing material toierant (o yellow vein mosaic
virus; wild type of Sesamum laciniatum has been used for studica in the disease
Tegistance of sesame, S. indicum. Saccharvm and related gemera Ripidium,
-fdemﬂach}ra and Mircanrthus are likely sources of disease resistance and drought

Wlerance Saccharum spontanewm and S. runja.

As sources of potentiai rootstocks and as breeding materials, the rich
diversity in wild fruits needs to be smdied in deiail. More important genetic
Te8ources are Artocarpus, Mangifera, Citrus and Musa species, e.g. Musa
Selbisiang, M. acuminasa, Citrus indica, Mangifera sylvatica and Artocarpus
Aeterophyltus in the sub-tropical belt, and of pome and stonc fruits (Docyni,
hm’: Prunys, Rubus, Ribes, Sorbus, ci.) tn sub-iemperate/temperate belt. Musa
geTplasm from North-sastern region could prove to be dronght and fire resistant,
being subject to high bioedaphic stress under fhum (shifting) cultivation.
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Rich diversity otcurs in the wild relatives of Maydeae (group 1o which maize
btlﬂngs} This Asiatic grnup of spa:le,s of Cm.r Fafymca. Thiﬂbar::hne and

TEsistance. ]Ea]l:all:,.r nnpurtant are ﬂ]l: wild Tnucr.ac mamljr pccurting in the
Himalayas, including Elvmus and Eremopyrum and the wild species in Hordeum,

Ameng  cucurbits, rich diversity m Luffa, Cucwis, Momordica,
Trichosanthes spp. andd others needs 1@ be screened. Detailed studies are yet to be
carried out for disease resistant traits. Similar smphasis needs to be given to wild
species of miberous crops, ginger, Curcurma and related Zingiberaceae of which
rich diversity exists in India.

Besides, wild tea genetic stocks occurring in the forests of North-gastern
region, species of Camelliz and even Euryga, may be important. Some of these
could provide hardy reot-stocks amkl even be used as sources of cold tolerance.
Wild species of coffee, Coffea bengalensis and others, from the humid tropical
belt, also need o be assessed for their vse,

Some general considerations

The above account demonstrates the richness in species diversity in wild
relatives in the Indian sobcontinest. In order 1o effectively utitize such gepetic
resources rekated 1o cultivated plants, the primary emphasis has to be on the
collection and conservation of this plant wealth.

In vational context, primarily the Natignai Bureay of Plant Genetc Resources
(NBPGR) and the Botanical Survey of India {BS1), have betn engaged in
collecting wild specics diversity from different regions, The NBPGR szed bank
holds representative variation of several wild relatives. Apart from such ex sire
CONservation measures, i sy meagyres have also been stressed at national level.
The site of a sancruary/biosphere reserve for conservation of Cifris gertplasm in
Garo Hills (Meghalaya) in the North-castern region has been identified. Further,
the horticultwral/vegetatively propagated materials are held by relevant ICAR
Institutes/Centres such as Indian Institute of Horticultural Research at Bangalore
for Citrus and Musa spp.; Banana Research Station at Kannara near Trichur under
the Kerala Agricultural University for Misa; Central Instiaie of Horticulture for
Northerss  Plains at Lucknow for Mangifera and sugarcane Breeding Institule af
Coimbatore for Szccharum and related diversity in Enanius and Neremgo.
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Collections of some wild species are also being maintained by severat crop-based
institutes such as the Ceniral Rice Rescarch Instinute, Cuttack, for Oryza. The
Botanicat Survey of India alsn maintaing some wild relarives or velated species,
such as the pewly described taxa - Oryza indandamemice and other threstened
species at its Regional Stations and Botanical Gardens, Wild species related to
ICRISAT mandated crops have been collected jointdy by NEPGR-ICRISAT in
coliaborative caploratons, thus augmenting diversity in wild Cicer, Atylosia,
Penpiserum and other species.

Conservation and sustainbale management of range of diversity in wild
tclatives requires specific srategies and dynamic approaches. Both ex siri and in
St measures need 1o be inprared effectively amd also economically. While ex
5ifi conservation is being done using long-term  seed storage facility and field
gene-banks, efforts have also been made in recent vears for én sity conservation
of these valuable materials, The Ministry of Environment and Forests has now
asstgned high priority to establishment and management of biosphere reserves in

the country. While 14 such reserves have been identified representing biological

I.'Il‘l.l'l-ra | o 1] AR vaind e alisaosia mmsan P pmr aotalelichoad wles Ti o zpiefl laa
""l"l-"!lf III. QI COU-LIUGRLI i:.l..I'I.I.'l.-n, L“Lﬁl\'h I GILaUIdaCl fidd. LI Wikl .

ideal to conserve wild species diversity in these reserves and allow them to co-
exizt and evolve in their natural environment. In case of endangered species (rare
and endemic taxa), it would be desirable to maintain and conserve such diversity
in ¢xperimental plats within the biosphere reserve or in pther anajogous ecological
tiches, Population studics and periodic monitoring of genepools will form an
important part of this programme. There is also a need to establish geastic
gardens in different eco-climatic zones and these may possibly be nearer to the
Televant biosphere reserves so as to conserve genetic diversity of wild relatives
and other useful specics in environments similar to their otiginal habitats,

Of equal concern in conservation of plant genetic weaith are the species listed
D Teble 2, the distributional area for many of which for various bio-
M’Phlﬂmulngmaifsmm-mnnnmm reasons is shrinking fast. Rehabilitation of such
fora by adopting ex situ measures or through protection of habitats ¢fc., i.e. in
sty measures, is important. Particwlar emphasis will have to be given to unique
element of such flora/vare endemic species in particular zones, like Citrus and
Musa spp,, in North-eastern region, Thus, it is felt that this floristic treamment of

relatives of cultivated/crop plants, would prove useful in sorting out the
Priority areas/plants, for conmservation vis-a-vis managemens of conservation

Mratmar. .
LRSS in nartionai perspective.
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9. LESS KNOWN ECONOMIC PLANTS

(K. Thothathri)

Plants have been usetol to men and animals from tme immemorial. The
importance of earth’s green mantle and its role in keeping the oxypen and
carbondicxide balance cannot he over emphasised. A lot of references, right from
vedic period on man utilising plants for his livelihood such as food, shelter,
clothing, ete. are available, Man has domesticated plants similar to what he did
with animals.

India has rich plant resources, occurring in different climatic conditions.,
There are about 17000 flowering plants, estimated for the Flora of India and
hardly 3000-3500 plants are utilised by man. Of these, majority are medicingl (ca
1500-2000 species as menticned in Wealth of India). Edible plants such as cereals,

LT T |

PRaises, uu—.iﬁm.lu, \rl:glzl.a.uu:-zi, uu.uu, ¢ic. number 1530, There are about LW-:!-JU
timber yielding piants, 200 fodder plants, and about 500 plants used in tanining,

gum and resin indusoy. However, majority of the plant speciss still remain less
known economically if we review their role vis-a-vis man’s utilisation. There are
hardly 20-25 species of cereals still used by man for his stapls food and he has not
iTied others, whereas many potential species still exist in the wild, Simiiar is the
_case of pulses and oil-seeds which figure in our daily requirements of feod. Only
in the case of fruits and vegetables we have been experimenting with more and
more less kpown plants.

Tribals in Fxlia have been wsing quite a number of plants to cure their
ajlments and their knowledge is passed on crally to only a few in their generation.
Of Iate quite a number of thess planis have been subjected to chemical screening
- ind a number of active principles (alkaloids, eic.) have been recorded, which are
eXperimented in diseases like cancer, heart ailments, eic.

Grasmandlagummar:mcmnreimpormmgmupsufplamsusedbymau

Tha Faruile: ~F Tomemnas s myawivnnm nromiee for oroducine the unuﬂu
- lm" vl m!_“m wu“’ﬂ mﬁﬂl.l.u\.l.l.l.l. PAVILLE M LA PR A da

incrensed supplies of vegetable protein that the world will need in the near fumrc.
In developing countries cultivation of legumes is best and quickest way t0 augment
the production of feod proteins. Food legumes, particularly the grain legumes or
Pulsex, are imporiant foodstuff in all tropical and subtropical couniries where they

za dsw Fnoe floau

B o e emkmlem Kot Ton
L1l u:'l.u.ﬂ ddd T E MDY

% second in importance ondy to cereals as source ol protein,
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provide the only high protein component of average diet and over [0 miilion
tonnes are consumed annually,

(Grain lepumes have a high total protein content (average 20-26 per cent) and
can be considered as a natural supplement to cereals since, although they are
usually deficient in the esseniial amino acids methivnine and cystine, \they contaim
adequate amount of lysine. Whereas, cereals are deficient in lysine but contain
adequate amount of methionine and cystine, The toxic principles, if any, ib grain
lepumes are usually removed by cooking.

In addttion to their vatue as foodstuff, food legumes are also hmportant in
cropping system because of their ability to produce pitrogen and increase soil
fertility, thereby partizlly replacing the use of expensive nitrogenous fertilisers.

With current food shorage, winged bean (Fsephooarpus terragonolobus 1.}
is of considerable interest as a high prowin, mulii purpose crop particularly
suitable for cultivation in bumid tropics where the incidence of protein deficiency
in human digi is difficult © remedy. All parts ave edible, Like soya bean, this
covld be utilised as scurce of edible oil and has a potential a8 a substimee if
commercial production could be developed. In future winged bean could become
as imnportant as soya hean 1n world agriculture.

As taber crap some of the legumes, which are normally known for their
edible seeds or tender pods as vegetable, produce tubers which are protein rich as
they fix mitrogen. Hence their exploitation as staple food crop offers a way o
integrate into sstablished root bes crop dief that are much more nutritions. The
whole topic of leguminous root crops calls for concentrated research by
anthropologists, botanists, agronomists, plant breeders, {ood scientists, nutritional
experts, ew:. Species such as Vigna vexiilara (L.) A. Rich., Vigna maring (Burm.)
Merr., Flemingia vestifa Benth. ex Baker sie, (Wild in Himalayan hills, b
cultivated in Assam) are such niber crops. The small and juicy tubers of F. vestita
are edible and are rich scurce of iron and phosphorus, containing more than 3
times the protein of cassava. Puerarig tuberosa DC. has edible tubers with 11%
pIvicin.

Less known plants which would play a vital role in the field of food,
medicine, forestry industry etc. have been catalogusd under the following heads:
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L Food Plants
A. Cereals
B. Pulses
C. Tubers
D Oil-geads
E. Vepetabies
F. Frits amxl Nuts
11 Timbet/Wood/Fire wood/Paper pulp yielding Plants
111, Medicinal Plants
IV, Fibre Plants
Y. Fodder Plants
Y1, Tannin/Gums/Resin/Latex yielding Plants
¥II. Miscellancous Planis
VIII. Multi purpose Plants.
I. Food plants

=y Japap | [ TR -

Cereals, pmﬁ-\-a, wbers, vﬁﬁﬁﬁb}ﬁﬁ oit-seeds fruits and ouis fall woder this
Category. Important but less known plants under sach category are enumerated
with notes o their potential,

A, Cerenls : Coix lacrymg-jobi L. is 3 good substitute for rice. Echinockioa
Jfrienentaceg Link is a good millet ¢crop in Punjab and Gujrat. Edible sitarch
is obtained from Hitchenia canling Bak., the Indian arrow root plant widely
used in hilly area. Tacea leontopetaloides (L.} Kuntze, the tahiti arrow root
is the source of edible and nutritive starch used for preparing bread cake,
portidge, o

B. Pulses : Canavalia ensiformis (L.) DC., commonly known as the ‘sword
bean’, can be cultivated for the edible seeds. This has a considerable futurs
becanse of its suitability for cultivation in areas of low aldtude, high
temperature and relative homidity unsuitable for other lepumes. C. gpladiata
(Jacg.} DC. can be similarly tried as a good pulse crop. Vigna aconitifolia
(Jacq.y Marechal, V. umbellata (Thunb.) Ohwi & Ohashi are the other
potential puise crops.
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Tubers : Some of the legumes which are normally known for their edible
seeds and tender pods are also a good source of protein rich tuber as they fix
ntrogen. Hence their exploitation as staple food crop offers a way to
integraie into established root crop diets. Such mbers are produced by Vigna
vexifiatn (L) A. Rich. and V. maring (Burm. ) Merr. Flemingia vestita Benth,
ex Baker, wild in the Himalayas, is cultivated in Assam for the juicy edible
tubers, rich in iron and phosphorus and contzin, 3 times more protein than
in cassava plant. Pueraria tuberosa DC. is again another important tubercus
crop, rich in pretgin (11%). The edible tubers of Dioscorea esculenta Burkill

were once a good substtute for potato before the latter was introduced into

e e - e ke RS A T W e g i nw T .

India. Similarly the mbers of 2. hamilionii Hook f. are edible. 1n both the
cascs the fubers are to be cooked well to remove the poisonous alkaloid. The
thizomes of Nvmphaea steflata Willd, constitute another source of famine
food. The starchy tubers of Scirpis grossus L. are the staple food of wibals.
The rhizomes of Nelumbe nucifera are used as vegetables and for making
pickles.

{¥il-seeds : Edible pil ag well as oii for industry are available from a number
of plants. India ix yet to reach selfsufficiency in oil seed production and has
to depend on impeort of edible oil. This can be rectified if we pay attertion
to few of the less known oil vielding plants, Diploknema butyracea (Roxb. )
Lam. {Indian butter), yiclds the ‘Phuiwara butter, nsed in the manufaciure of
margarine, $03p, candles, etc. Edible oil can be obtained from the sceds of
Aphanamixs polystackya (Wallich) Parker. Myriel oil, used in soap industry,
is obfained from Myrins communis L. Seeds of Xanthium strumaritem L. are
a good source of vegetable oil for soap, paint and varnish industry.

Vegetabies  Leaves of Houttuynia cordata Thunb., Sasropus androgynous
Mert, and Gerardinia spp. are used as a substitute for vegetables in Eastern
India. Pods of Prosopis cinerarig Druce and P. chilensis Kuntze are edible,

Fruits and Nugs ; Good number of wild palats vield edible fruits/outs but
their vield and taste require improvement through breeding, Fruies of Carissa
carandas L. are used in jelly industry. Edible berries (Indian star apple) are
from Chrysophyilum cainito L. The froits of Diospyros kaki L. 1., Elaeagnus
latifolia L. and E. umbellara Thunb. are cdible. The fruits of Euphoria
langan Stewd. and Nephelium lappacenm L. are edible like litchi, Gmeling
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arborea Roxb, and Mippophae rhamnoides L. yicld fruits which are tich in
carotene and vitamin ‘C’ Cheap but nutritive frait, rich in Vitamin *C* are
obtained from Zizipftus mouritiona Lam. Berties of Myrtus communiy L. are

gdible. The fruits of the genux Spowndias 5. axillaric Roxb., 5. pinnara
(L.f.) Koz, §. mombin L., 8. cytherea Sonn.|. are edible like mango and
can be improved through breeding. Nuts of Castanopsis hysirix DC, and
seedds of Euryale ferox Salish., are edihle,

I. Timber/Fire Wood/Paper Pulp Planis

Fust like cercals, ow timber resources arc based on fow sclected specics.
Further there is the ever increasing demand of firewood since conventional energy
tesources, liks coal and petroleum products are getting diminished in siock. In this
comnection the following plants deserve special atiention: dlangium sabvifolium
(L.f) Wang (wood for agriculiural implements), Aphanamixis polystachyae
(Wallich) Parker (Wood for dugout canoes, furnimre, ewc. ), Calophyllum apetaium
Willd. (wood for bulldiogs, boat making), €. slatum Bedd. (for rafters, ceiling
boards, etz.), C. sowlattre Burm.f. (for making dugout cances) and Caralfia
brachiata (Lour.) MerT. (timber for house building, agriculiural implements, etc.).
Chiorophora excelsa Benth. & Hook., a native of America and Africa recently
imtroduced in [ndia (firnber much valued for making gun carriages, finc furniture,
pancls, ctc.}, Dillenia pentagyna Roxb., D, indica L., Dolichandrone stipulaa
Benth_ {wand durahle and used in many ways), Duabanga sonneratioides Buch. -
Ham. (wood light and durable), Echinocarpus dasycarpus Benth. and £, assamicus
Benth, {wood for planking, making tea boxes), Hesperethusa crenufaia (Roxb.)
-Roem, (wood for axies of carts and walking sticks), Heteraphragma adenophyiium
Seem (wood for furnmiture and cabinet making), Hopea edorata Roxb. (Wood for

boat building, rail slespers, eic.), Hymenodictyon excelsem Wallich (wood for tea

sleepers, eic.), Hymenadictyc
chests, planking, cheap fumnitare), Machilus macrantha Nees {wood for house,
baat building, cabinet making, rail slespars, etc.), Naucien sessilifolia Roxb.
(timber for planking, house building), Olax ferruginea Royle (wood for tool
handles, boat building, carving, etc.) and Schrebera swierenioides Roab. (tmber
valuable and used for various pucposes such as weaver’s looms, agricultural
implements, building construction, etc.) are the other species worth consideration.

Plants such as Daphne ofecides Schreb., D. papyracea Wallich ex Steud,,
Hedyehivm coronarium Koenig and Themeda arundingeea {Roxb.) Ridley are
£00d source of paper pulp.
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Fire wood Crops : Non renewable scurces of energy such as coal and
petroleurn are geiting depleted gradually and people will have to depend on plants
as fuel for cooking and heating, Growth of hyman population is far cutpacing the
growth of new trees in social forestry. Pecple in industrialised nations have no
jdea how important fire woed is to the less developed countrics, In poor/
developing countries 9% of penple depend on fire wond as theer chief sonree of
fuel. Fire wood scarcity i3 most acute in India. There are a numbet of plants less
kniown but potentially important as fire wood for fael, such as Leucaena latisitiqua
(L.) Gillis and Sesbanig grandiflora (L.} Mem. efc. These plants are future
sources of fuel energy and they can be developed through social forestry/energy

plantations, ete. The following deserve mention as fuel yielding spacies;
Casuaring equisetifolia L., Porgamia pinnota (L) Pierre, (meling arborea
Roxb., Rhizophora mucronaia Poir., Bruguiera gymmmorhiza (L.) Savigny,
Ceriops tagal Robbins, Sesbania bispinosa (Jacg.) E.W. Wight, Syzypiwmn cumini
(L.) Skeels, Afnus nepaiensis . Don, Grevilleg robusta A. Cuan., Acacla rilofica
{L) wm& ex Dxl., Acacia smgar (L.) w;:r.d Adhatoda zeylanica Mndik

Gmllf:m:n Pr:rruttet Azadirachm mdzm A. Iuss . Cqmnm cgfm (L.} M:]lsp
Cassig siomea Lam., Parkinsonia aculema 1., Pithecellobinm dulce, (Roxh.)
Bensh., Prosopis cineraria (L.} Druce, P. julifiora {Swartz) DC. and Ziziphus
mauritiana L.am.

., Medicinal Plants

Native plants have been used as medicine in Siddha, Ayurveda and Unani
preparations. Their role and importance have increased in recent times for their
cfficacy. The following are potential but less knwon ptamts of medicinal value:
Acalypha indica L. {(skin disorders), Athagi pseudathagi (Bich,) Desv, cx Baker
(decoction of twigs and roots), Aflamandn eathartice 1. (root exiract as
anticancer), Alsionia scholaris R. Br. (leaf and bark), Brucea javanica {L.) Merr.
(fruit and leaves), Cedaba farinosa Forsk. €. infoliata Wight, & Am.,
Caesalpinin crista 1., Capsella bursg-pastoris Mocuch, {(for haemorrhage and
biood pressure), Clerodendrum servorum Moon (fever, rheumatism}, Crglews
nurvafa Buch.-Ham. (bark), Cryplocoryne wightiana Thw. (Leaf oil in
elephantinsis), Dichroa febrifiga Lour. (root antimalarial), DHetamaus albus 1.

{root and bark), Didymocarpus pedicellata R. Br. {leaf for stonts in kidney and
bladder), Entada phaseoloides Merz. (seeds), Ficus glomeraia Roxb. (leaves and
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fruits), Hamiltonia suaveolens Roxb. {root and bark) etc. The penos Hedvoris is
highly medicinal where plant’s extract of . corymbosa Lam., H. herbacea L.,
H. wmbellota Lam. and H. aquricalaria L. is given in dysentry amnd cholera,
Hernandin ovigera L., Holostemma annwlaris Schum. (roots), Ichnocarpus
frutescens R. Br, {roots). fpomoea nil Roth (seeds), Jatropha cercas L. (chizome),
Jussiaea suffruticosa L., Matricaria chamomulla L., Melia azedarach L. (leaf and
gum), Narcgamia alata Wight and Am. (root, stem & leaves), Operuculing
trpethum (L) Silva Manso {Indian Jalab or Turpeth), Oxalis acetoseila L.
(teaves), Peganum harmala L. (whole plant}, Psoralea corylifolia L. (seed oil in

leucoderma), Sgivagdora persica L. {fruit and stem bark), Scoparia duicis L.

l":l'rmlhn from leaves redoce hlood suoar), ‘:ﬂﬁjﬁnﬂﬂﬂ viragsa {E_g\;h} Pax, &
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Hoffm. (several alkaloids from plant parts medicinel), Semecarpus anacardium
L.f. (fruits), Solanwm indicum L. and §. Khasianum C.B. Clarke {alkaloid
solasodine and sclasonine used as alternative sources of steriods for the
preparation of cortisone and sieroid sex hormones), Sphaeramhuy indicus L.,
Stellaria media (L.) Vill., Stephania glabra Miers (alkatoidz from tubers),
Symplocos racemosa Roxb, (leaves and bark), Toddalia asiatica Juss, (yoot bark),
Xeromphis spinosg Keay (bark and fruits} and Taraxacum officinale Weber ex
Wiggers (roots and rhizome), etc. The sewds and fruits of Syzyghum cumini {L.)
Skeely are effective m diabetes.

IV. Fibre Yielding Planis

Apart from the traditiona! fibre pilants like jute, cotton, sunhemp, coconut
there are other plants whose parts can be well utilised for extracting fibre. Some
of them are Aburilon indicurm (L) Sw., A. theophrastii Medik., Debregeasia
hypolenca Wedd,, D. longifolic Wedd. (bark fibre), Helicteres isora L. {bark),
Oreocnide integrifolia Mig. (bark fibre for cordage), Sida acuta Burm.f. and §.
tordifolia 1., Yucca gloriose L., Y. aloifolia L. and Urena lobara L. yield
excellent fibre which can very well compete with jute,

?i Hoddow THoawd
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Fodder and pasture grasses are the natural food for caitle. Under this
catzgory the following deserve attention : Daciylis plomerata L., Dichanthium
annulatum Stapf, Indigofera hirsuta L., Ischaemum rugosum Salisb., Iseilema
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Benth. is a good forage crop in addition to its heing a green manure. Exbuckiandia
popuinea (R. Br. ex Griff.) K.W. Brown and species of Fices also provide good
fodder.

Vi. Tannin/Gum/Resin/Latex

Tangin is the backbone of many indusiries, the most important being that of
leather industry. Indian plants are excellent source of tannin such as species of
Acacia (A. leucophloea {Roxb.) Willd., A. mearnsii Willd. 35% in bark),
Bruguiern gymnorhiza Lam. (bark 25-65%), Caesalpiniq digyna Rouwl., C.
pulcherrima (L.} Sw., Osyris wightinna Wallich ex Wight. (leaves 20%), Rhus
Javanica L. (ieaf galls concain quality canniny, Soxrneratia apefala Buch. & Ham,
(fruit and bark), Soymida febrifuga A. Iuss., Tamarix aphylla (L) Karst. and T,
mroupii Hole (bark and \eaf galls).

Canatium benghalense Roxb., Hopea odorata Roxb., Kingioderdron
pinngtum Harms (oleoresing and Yaterig indica L. are some of less known plants,
yiclding good resin.

Elaeodendron glancum Pers,, yields pood pum. Latex from plants, such as
Castilia #lastica Cerv., Cryptostegia grandifiora R. Br., Palaguium sp. {Indian
guttapercha of commerce) find use in industry, Wax from Riws succedanea L.
obtained from the mesocarp of fruits, is used in candle indusiry.

VII. Muhipurpose Plants

Ailanthus altissima (Mill.) Swingle : The bark is medicinal and usefel in
cardiac troubles, diarthoea, dysentry and as antispasmodic: the wood of the plant
is used for gemeral constructiops, furniture, ete.; fmits and leaves are also
medicinal Diploknema butyraceq (Roxh.) Lam. : the flowers are the sogroe of
honey; seeds yield a fat called *Phulwa’ or Phwlwara botier, used in the
manufactyre of margarine, soap and candle industry. Algngium salvifolium (L.1.)
Wang : the root bark is medicipal and used in cutaneous affections. It is also
antimbercular; leaves are hypoglycaemic and fopits ate astringent; seeds are wnic
and vield a faay oil; the wood is uwsed for making agricultural implements.
Aphanamixiy polysiachya (Wallich) Parker @ the timber is durable and used for
making duvgout canoes, furniture, etc.; seeds yield an essential oil; bark s
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astringent and used in liver and spleen discases and rheumatism. Arenga pinnaia
{Wurmb} Merr. : the tender leaves and sweet pith are edible; a symupy liguid
from the male inflorescence is a source of sugar; the siarch from the trunk is a
source of sago. Bauhinia variegaia L. : the leaves constitie good fodder; roots
and bark are medicinal; leaves and pods are eaten as vegetable; flowers are
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Roxb. : the wood is valuable and usded in planking, furniture, shafts, axils, ew.:
the root 1s an important ingredient in ‘Dasamula’ tonic, Myrties communis L. the
leaves being aromatic are vsed as flavouring agent, as well as in medicine; the
berries are edible: wood is used in tannery; leaves and flowers vield the ‘Myrtel
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oil’ used as & flavouring agent in soap industty: the sesds produce a fany oil.
Nypa fruticans Wurmb : This is an alround economic plant but not much utilised.
The leaves are excellent material for thatching; the sweet sap, tapped from the
male spadix, is used for making jaggery, sugar, alcohol and vinegar. The palm is
ready for tapping after 5 years and tapping can be continued upto 5O years, A
palm similar o Mypa is Phoenix sylvestris Roxb. It is capped for the sap which is
source of palm jagpery and sugar. The sap can be fermented for production of
alcohol and vinegar.

Pongamia pinnata (L.) Pierre : the plant yields the ‘Pongam” cil used in
tannin and soap industry, burning and &s medicine. Sapindes lanrifolius Vahl is
the South Indian soap nut tree. The fruits, roat and bark are medicinal. Saponin,
extracted from the fruits has wide applications in textife industry and the nuts are
used as detergent.

The penus  Sesbania with its 2 species 5. grandiffora (L.) Poir. and §.
bispinosa (Jacq.) W.F. Wight is a very useful plant. The former, due to its fast
growth_ is rated high as a forage, green manure as well as fire wood crop. Young
leaves and the large flowers are used as vegetable, the leaves containing 36%
protein with high mineral and vitamin contents. The seeds contain 40% protein
and uged as poorman's food. Gum idential to gaur gum is olxained from S.

hdped ekt wid Farmmo nm avasllaar piess Af monae

Biipirosa. The siem is uscd as fire wood Al fOTNS a0 eXCanint sCUrcE 1 papel
pulp for fibre board, hard board and particle board. Xarthizm strtenarium L. is
8 weed throughout Indiz. Several parts of the plant are used in medicine, edible
oil, etc. Decoction of the herb is useful in chronic malatia, leucorrhoea, urinary
diseases, and as diuretic and sedative. Oil from the seeds is used in soap, pajm

o tamaam maw B R -

and varnish industry. The oil cake Is a pOO OTZANIC MAarniie as it COMAIms highe
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nitrogen content (8-10%). The fruits are rich in Vitamn *C* leaves are asiringent,
diuretic and antisyphylitic and the reot 18 a bitter tonic in cancer.

VII1. Plants of Miscellaneous Uses

Many species of Carsia are good ornamentals and serve as handsome avenus
trees, Spathodea campanulate Beauv. Cochlospermim religiosum Alston and
Lagerstroemia parvifipra Roxb. are similar omamental plants. The stem of
Clinogyne dichotoma Salisb. can be used for making fine mats. Croton
sparsifiorus Morong, another weed can profitably be used for compest manure as
it is rich iz potash and nitrogen. Species of Desmodium are pood manure as well
as cover crops in plantations, Species of Iphigenia are a pood source of
colchicine, used in drug industry for cortisone. Roos of Derrix elliptica Benth,
and D). ferruginea Benth. yield rotenone which is a good insecticide. Pongarmia
pinnaia, Seshania speciosa Taub., Tephrosia candida DC. T. vogellii Hook f. and
. Purptrea Pers. are good green manure and cover crops in plantations.
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10. ENDEMISM IN THE INDIAN FLORA

(M. Ahrnedullah)

Generally, when a taxonomic unit is found to oceur i a restricted area which
is 130iated by geugraphical or te:mpnral barriers it is called endemic. As such, the
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species of cosmopelitan species. Conventionally an endemic taxon is one which
occurs in a small restricted area, 1.e. an island, a peninsnla, a phytogeographical
area Of 4 mountain range.
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centtes of speciation, areas of extinction, vicariance and adaptive evolution of the
flora and fauna of the area. The biogeographic evolution of an area also is known
to influsnce the extant pattern of distribution of plants and acimals, sacluding theiy
endemism.

Wegener’s theory of Continental Drift helps explain plant distribution and
endemism to a certain extent. According to the Continental Drift theory the Indian
plate of the Gondwanaland, which comprises the present peninsular Indisn region,
broke up from the main landmass during the Cretaceous and moved North-

eastward by Middle Epcene 1o crash against laurasia. As the Indian plate moved
northward (traversing abowt 3900 km) it was subjected to various climatic drift,
followed by volcanic eruptions causing the fiow of deccan lavas and resulting in
the loss of many Gondwanaland floristic groups. Fossils representing the
Glossopterian flora have been found, Anyway, as the Indian plate crashed against
Laurasia, the impact caused the upliftment of 2 moyntain range  the Himalayas.
The uplifiment of the Himalgyas was a major eveny thar reflected on land
formation, river systems, climatic systems, etc. So much so that the Himalayan
law preside over the ecology and biogeography of the whole Indian region. This
also reselied in the extincton of some vulnerable piant/animal groups, evolution
of flora/fauna, their migration through the new corridors afforded by the mountain
chains and adaptive radiation of species in new ecological niches and refugie.
These cvents may also be responsible for the creation of endemic clermnents in
India.

The Himalayan uplifi from Middle Eocene to Plec-plistocene afforded
creation of moumain chains  which acted as corridors for the species of
temperate Central Asia the North Mediterranean elements from the West and Sino-
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Japanese elemenmts from the North-east, acting as the genetic stocks for the
evolution of new spevies complexes in areas of clinatic ad ceological sinffs and
functioning as remnants of floras in the different microclimates of the mountain
iystem.

Theoretical Aspects of Endemism

Endemic taxa testricied to a particular island, mountein peak or isolatcd
Imeontain range or peninsula may well he remnanis of an ancient flora, which in
the course of geological and climatic changes got isolated/restricted to a particular
Eeographical region. This antiquity can be judged by iz taxonomic isolation,
hature of its habitat and possible fossil history. The exdemic taxa occurting in
such isodated/restrictod atvas ame possible survivors of their ancient stock dhat
occurred in continental areas subjected o cataclysmic geological and climatic
changes. Another School of thought contends that endemics are newly evolved
species, The concepts of endemic are many.

Earlier Concepts

The term Endemic area was used by De Candole (1855) for an area of a
taxonomic enit, especially species, which has a restricted diseribution or habitat,
1s0lated from its surronnding region through geographical, ecological or smporal
bartiers. According to Engler (1882) there are two kinds of endemics ; one based
% the preservation of ancient forms, which may have originated in
enbirely  difforam: and the other on the development of entirely new
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forms.

Drude {1850) described refics as those taxa that occur in disjunct areas; the
tmermediate link being lost by environmental or geological changes. Such
tlements that form discontinuous ot disjunct genera or specics werc also termed
ay fﬂdﬂﬂ!fﬂll par roncarwion hu T-'!rln!:.ﬂ l'”lmml ronservaiive h'li" Diels {]9{}31

relic or ancient endemism by Herzog (1926} and as palaeoendemics by Chevalier
&M Guenor (1925). The last mentioned term (palacoendentics) has survived the
Passage of time and continue to be used even roday.

Similarly different terminologies were used te describe cndemics that were
Suppazed to have been newly evolved primarily through speciation. The newly
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evolved endemics were called awfochthonous endemics by Engler (1882),
secondary endemics by Drude (18900, endemisme par novation by Briguet {1908},
progressive endemics by Diels (1908), neoendemics by Herzog (1926), Braun-
Blanquet (1923) and Chevalier and Guenot (1925). This last term is still popularly

Later-day concepis

The concept of endemism received further attention in the period starting
from 1950, According to Wulff (1950) due to the phenomenon of vicariance and
adaptive radiation some endemics, which for all purposes should normally he
congidered as palacoendemics, appear as an evolving group of species, called
Active epibiorics. Epibiotic species are relict species that undergo diversification.
FPavarget and Contandriopoulos (1961) stwhied endemistn applying cytotaxonamic
methods because this can throw light on the relative age and mode of speciation
of endlemic taxon. According to them, endemics can be classificd as below ;

{2) Palaroendemics : Which are taxonomically iselzied, show no variation and
oceur in isolated refugra.

(by Schizogndemics - Which are produced by gradual speciation having common
origin, but isolated in different ecelogical niches. They usually have identical
chromosomes.

(¢} Patroendemics ; Farent endemics, i.e. diploids which pive rise to

Anlunlaide
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{d) Apoendemics ;: Which are polyploids vsually of hybrid origin, arising from
widely disiributed diploids.

Bramwell ({972) detailed che concept of palacoendentic elements and their
ramre. Richardson (1978) describad varions kinds of sndemics that are now

popularly used in phywgeography.

la modern asage the terms Paicesenderic, Neoendemic and Holoendemic
find a very broad acceptance. These are elucidated below -
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Palaeoendemics : These are ancient endemics reprasenting remmants of older
floras and usually occurting in Jand masses of peolopical andquity. A larpe
tumber of endemics are supposed to be palacoendemics or their derivatives.
According to Bramwell (1972) the characteristic feamures of palacoendemic
ciements are @ (3) taxonomically isolated complements having no closely related
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mountain summits (iii) low level of polyploady. {iv) major disjunction m the
distribution and {v) possible fossil evidence.

Nevendemics , These are newly evolved endemic taxa of reladvely recent
arigin possibly from an aclively evolving genetic stock occurring in a particular

eentone. Neasndemice have r-'lnn#'l'l..r relaiad taxa oocurring in the game area, Thevw

also develop throuph speciation. A high level of polyploidy is found among

neoendemics. They generally have herbaceous or shrubby forms and occur in an
Area which are often subject to environmental or climatic stresses.

Holoendemics : These arc endemics that are in an inrermediate stags between
Deosndemics and palzeoendemics. All endemics start 2z necendemics and end as
Palacoendemics. Under favourable conditions neoendemics stabilize and diversify.
This is the stage of holoendemics. The pathway of acoendemics becoming
Palacoendemics is : ecrigin, expansion, stabilization, diversification, migration,
frﬁgmﬂﬂtaﬂﬂn, contraction and extinerion. There is no time scale for this pathway
a1 taxa pass along the evolutionary pathway at different rates and a holoendemic
¢ould anly he one step removed from the ancestor of the group, ie. have a few
"advance" or "derived” characters, while a contemporancous role would be many
Steps removed, with numerous such characters (Richardson, 15978},

Endemisn in Indian Flora

By virtue of its varied physiognomy and climate, India harbours a rich flora
With » fairly high degree of endemism. Being bounded on the North by the
Hmﬂ}'as and with its peninsular part surrounded by the different oceans, the

of the Indian flora is enough to give rise to enxlemism.

Chﬂﬂm’jﬁt (1940) pioneered the work on endemism in the Indian context,
Ing 10 him the "British Ixlia” had 133 endemic genera of Angiospernis,

to Chatterjee (1940) approximately 61.5% of the Indian flora are
Cidemi, However, Chatterjee dealt with British India which included India,
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Pakistan, Myanmar, ete. According to Takhtajan {1969) the Indian floristic region
has about 150 endemic genera. Rao {1972) listed 164 encdmic genera for the
Indian Aoriste region inchaling Myanmar and Sri Lanka. According to Nayar
(1980) there are 141 endemic genera in India. Acanthaceae and Poaceac have the
highest number of endemic genera (17 genera each). Preracanthus and
Nilgirianthus {Acanthaceae) have the largest number of endemic species, i.e. 20
species each. About 110 endemic genera are monotypic.

Az many as 15 genera are found to be endemic (although by and large spread
throughout) to India as a whole. The genera restricied to India as & whote
are .

Amischophacelus R.S, Rao & Kammathy {Commelinaceac)
Bentinckia Berry ex Roxb. {Arccacsac)
Caesulia Roxb. (Asieraceac)
Colebrookea Sm. (Lamiaceae)
Glossocardia Cass, (Asteraceat)
Hoppea Willd. (Geatianaceae)
Indockioa Bor {Poaceac)

Indoneesiella Sreem. (Acanthaceae)
Indopipiadenia Brenan (Mimosaceae)
Lophopogon Hack. (Poaceac)
Octotropia Bedd, (Rubiaceae)

Ougeinia Benth. (Papilicnaceae)
Plesmonium Schott. {Araceae)
Porteresia Taieoka (Poaceac)

Trichopus O.E. Schulz. {Diocscoreaceae}

The genera Bertinckia and Octotropia show disjunction in their diswibution
: the former is found in Kerala and Nicobar Island, while the latter is distributed
from Western Ghats to Assam.

Apart from the above genera that ¢¢gur throughowt the Indian region there
are penera that are restricted exclusively 1o two major regions i.e. The Himalaya
and Peninsular India.
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Endemisin in the Himalayas

The distribution of high altimde Himalayan flora was described by Rau
(1974) as one of migration of floras, survival of relics, evolution of new taxa by
an interaction between different floras and acclimatisation of species from lower
altitndes, A fairly good degree of endemism is found 1 all the altitudinal zones
of the Himalayan vepetation. According to Nayar (19800, about 67 gencra
{Appendix-T) are found resiricted to the Indian Himajayas. Many pgenera with
restricted distribution extend to Tibet, 5.W. China, N.E. India and Myanmar.

About 40 genera are confined to the Eastern Himalayas while 11 gepeta ars
confined 1o the W. Himalayas. Joeschkea and Parajaeschken are examples of two
endemic pairs with species complements adapted to different climatic zones of the
Himalayas., The monotypic Drimycarpus and Parrotiopsis Tepresent iree gencra.
Listrobanthes, Megacodon, Pseudoachranthera, Psendostackyum, Pteracanthus,
Sympagis and Trigenanthus represent genera with shrubby elements.

Genera with both woody and shrubby elements are : Cargmixis, Lacaitaea,
Physolena, Pottingeria, Rovign and Trachycarpus. The rest of the 53 penera
tomprise herbs are twingrs. The genus Catomixis is on the verge of depletion
(Ahmedullah & Nayar, 1985).

e al " lasal tlhames mmn oan wmamwsr mo 11
Al the species level there are as many as 3,1

Himalayas (Chatterjee, 1940). A large number of these are threatened.

Endeminm in Pepinsular India

Next to the Himalayas, Peninsular India harbours a hagh degree of e

Aceording to Chatterjee (1940) there are 34 endemic dicotyledenovs genera,
However, some of the genera listed by him {L.c.} i.e. Adenvon, Calacanthus,
Decaschistia,  Dictocanthus, Goniocaulon, Megenia, Nothopegia  and
Stenosiphonium have been found to be distributed outside the Indian region as
well, Similarly, the gencra Beddomea, Neopotiandra, Prossonus, Selenocarpus,
which are found in Chatterjec’s list of endemic genera, have been reduced to the
fynonym of Aglaia. Meineckia, Margaritaria and Spondias respectively through
Mf'dil)f taxcnomic Tevisions.
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Detatled studies on the endemism in the Peninsular Indian flora came out
recently (Ahmedullah & Nayar, 1987). According to this study, there are 33
genera which are endemic to Peninsular India (Appendix-TE. Of these, 47 are
monotypic. The families Poaceae with 13 genera and Acanthaceae with 9 genera
have the highest reprasentation of endemic genera in Peninsular india.

The endemic gemera of Peninsular India comprise herbs, succuient
scapigerons plams, shrubs, climbers and oees. Tree species are maindy
represented by the genera Poecilonewron, Blepharistemma, Psendoglochidion,
Meteoromyrtus, (honephelinm and Erinocarpus. Such woody life (orms are
generally reckoned to be relictual in nature, The genus Poeciloneyron with two
tree species, viz. P indicem and P. paxcifforum occur in the evergreen forests of
southern W, Ghats. The mangrove member Blephariytemma with a single species
{B. membranifolia) is an inicresting endemic genus as this iniand mangrove
specics has adapted to the lowland forest conditions of the southern W. Ghats.

Carvia, Nilgirianthus, Phleboptyllum, Taeniandra and Xenacaonthus arc
represenied by shrebsfundershrubs that form the components of the tropical rain
forest of W, Ghats. The monotypic genus Moullava with its scandent habit is
found growing in the secondary forests of the foothills of northeen and central W,
Ghats. Baeolepis, Decalepis, Janakia, Oiarehis and Seshagiria are endemic
genera of twining undershrubs.

Some of the endemiic genera are very interesting. The genus Frereq is a
monotypic genus with very few populations in unnar hill fort, Mahabaleshwar,
Purandhar hills and other adjeining lecalities in the nonthern W. Ghats. Frerea
indica has a very poor fruit formation. However, it has a remarkable capacity to
tide over the drought period. The capacity to root vegetatively has helpd it survive
so far. Frerea indica is a good example of a palacoendemic on the verge of
extinction due to habitat joss and poor fruit set. The same i3 the case with the
monotypic genus ileria that is restricted 1o the Anamalai hills. Hubbardia is
anothet good example of an extinction-prons endemic genus. Any alteration in
s balanced habita: condidons can cause its extinction (Ahmedullah & Nayar,
1987).

On the other hand, genera like Moullava, Lamprachaenium, Nanothamnus
and Carvie have successfully cstablished themselves. Thers are examples of
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endemics that show successful adaptations for survival and spread {Ahmedullah
& Nayar, 1987).

The phenomenon of palacoendemic species becoming epibotic through
vicarious speciation in different ecological niches is seen in the endemic genera
Givphochioa anx] Manisuris. The endemic species of Glyphochioa (G. ratragirica
and . sartapauf) occurring in the windward side of W. Ghats on exposed laterits
goils as vicariads are different from the species {G. goaensis) occurring in Goa
and those species (5. divergenis) oocurring in the sheltered hills of Goa and the
species of Manirurls commonly seen in the plains of Andhra Pradesh and Tamil
Nadu {Ahmedullah & Nayar, 1987). At the species level Peninsular India harbours
a8 many as 1932 taxa, including 1758 taxa ac species l=vel and 144 taxa at
infraspecific level (Ahmedullah & Nayar, 1987} The bulk of these endemics are
found in the W. Ghats region, while only 74 taxa are endemic to the E. Ghats
region, where endemics like Cycas beddomel are endangered {Ahmedullah &
Nayar, 1987). Of the 1932 endemic taxa, 1384 belong to dicotyledones while 548
taxa belong to the monocotyledones. Families, like Poaceac, Rubiaceae,
Acanthaceae, Orchidaceas and Leguminosae have the largest representation of
endemic taxa in the region.

As many as 27 genera are commonly endemic to Penipsular India and So
Lanica reflecting past geolgical connection (Nayar & Ahmedullah, 1985),

Appendix-I : Endemic Genera of the Himalayas

1. Aechmanthera Nees (Acanthaceae)
3 species of small shyubs; emperate Himalaya.

2.  Arcyosperma Sclmlz (Brassicaceas)
1 spacigs of leafy herbs: W. Himalaya.

Rk

Biswarea Cogn. [Cucurbiizceae}
1 species of scandent herbz; E. Himalaya.

4.  Brachysremma D. Don (Caryophyllaceae)
1 species of branching subscandent herbs; C. and E. Himalaya.
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1 species of scapigerous herbs; E mala}ra

Catamixir Thoms, {Asteraceae)
1 species of erect wndershrubs; W. Himalaya,

Cautieya Royle (Zingiberaceae)
5 species of herbs; Himalaya.

Cawlokaemprferia K. Larsen {Zingiberaccae)
2 specics of herbs; Khasi & Jaintia Hills.

Caveqa W.W. Smith & Small (Asteraceas)
1 species of herbs; E. Himalaya.

Chionocharis .M. Johnston (Boraginaceas)
1 species of herbs; alpine Himalaya.

Cleisocentron Bruil. (Orchidaceae)

1 species of epiphytic herbs: E. Himalaya and Assam.

Contia Hook.{. (Apiaccae}
I species of herbs; Himalaya.

Cranfotome Reichb. (Lamisceae)
1 species of herbs; temperate Himalaya.
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2 species of epiphytic herbs. Temperate Himalaya.

Curcumorpha A.S. Rao & Verma (Zingiberaceac)
1 species of herbs; E. Himalaya and Assam.

Cvathopus Stapf (Poaceas)
1 species of herbs; E. Himalaya.

Diditea King & Prain (Orchidaceae)
1 species of herbs; Himalaya.

(INT, VOL. T}
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19,

21,

25,

27.

29,

30.
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Diplomeris D. Don (Orchidaceae)
3. species of hebs; wopical to temperate Himalaya,

Driryearpus Hook f. (Anacardiaceae}
1 species of wees; E. Himalaya.

Edgaria C.B. Clarke (Cucurbitaceae)
1 species of scandent herbs, E. Himalaya,

Eriophyion Benth. (Lamiaccac)
1 species of herbs; Alpine Himalaya,

Esmeralda Reichb. f, (Orchidaceae)
3 species of epiphyiic herbs; E. Himalaya.

Hemiphragma Wallich (Scrophulariaceae)
1 species of herb; temperate Himalaya and Assam.

Indofevillea Chanerjee (Cucurbitaceac)
1 species of woody climbers, Assam.

. Irdopolysolenia Hook. I, {(Rubiaceae)

1 species of undershrubs; E. Himalaya.

Jaeschkea Kurz (Gentianaceae)
3 species of herbs; Himalays.

Rashntiria D.Y. Hong {Scrophulariaceae)
1 species of hetbs; W, Himalaya.

Khasiaclunea Ridsd. (Rubiaceae)
1 spacies of undet shrubs; Assam, Khasia hills.

Lacaitpea Brand (Boraginacear)
1 species of under shrubs; E. Himalaya.

Lepidosiemon Hook.f. & Thoms. {Brassicaceas)
1 species of herbs; E. Himalaya.
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32,

33

34,

35.

36.

37.
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. Leptocodon Lem, (Campanulaceae)

LA TR R L e,

1 species of twining herbs: E. Himalaya.

Listerobantiies Bremek. {Acanthaceze)
1 species of skrubs; E. Himalaya and Assam,

Mezboldia H. Wolff, (Apiaceae).
] species of berbs; W. Himalaya.

Megacodon (Hemsl.) H. Smith (Gentranaceae)
1 species of shrubs; Himalaya.

Micholitzia NE. Br. (Asclepiadacear}
1 species of climbers; Assam.

Microschoenus C.B. Clarke (Cyperaceas)
1 species of herbs, W. Himalaya.

Miiula Prain (Alljaceas)
1 apecies of herbs; Himalaya.

e 0 el o o e ol ol R o e
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41.

42.

43,

. A TR LA e

Necluffa H.L. Chakraverty (Cucurbitaceas)
1 species of scandent herbs; E. Himalaya.

Afatanhastas I'iuerll"l"l.l T aminmoan

LILAN 'ﬁ“ﬂllm} .

1 species of herbs; E. Himalaya.

Parajaeschkea Burkill (Gentianaceas)
1 species of herhs; E. Himalaya.

Parakagemferia A.5. Rao & Verma (Zingiberaceas)
1 species of herbs; Assam.

Paroxygraphis W.'W. Smith (Ranunculaceae)

. .
1 crmaniter ~f havhe: T imalayn
1 SpRAies O Ouids, . 1ifTaadyd.

Parrotiopsis (Neid.) Schmeid. (Hamamelidaceae)
1 species of small trecs; W. Himalaya.

{INT. VOL. II
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47,

48,

49,

51
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53.

54,

35,

56.
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Pauia Deb & R. Dutta (Solanaceae)

1 species of herbs: E. Himalaya.

B T w1 LALIEFRa EL L

Pedinogyne Brand (Boraginaceas)
1 species of herbs; E. Himalaya.

Pentabothra Hook f. (Asclepiadaceae)
1 species of herbs; Assam.

Picrorhiza Royle ex Benth. (Scrophulariaceae)

T enecien of herthe: W Himalavn
W w'h AR e =T F R

A g Lo

Platystemma Wallich (Gesnatiaceas)
! species of herbs; temp; W. Himalaya.

Pleurospermopsis C. Norman (Apiaceae)

Polyura Hook . f. (Rubiaceae)
1 species of herbs; E. Himalaya.

. Preudaechmanthera Bremek. {Acanthaceae)

1 species of shrubs; Himalaya.
FPseudodanthonia Bor & C.E. Hubbard (Foaceae)
1 specics of herba; W, Himalaya.

Pseudostachyum Munro (Poaceae)
1 species of shrubs; E. Himalaya.

Pteracanthis (Nees) Bremek. {Acanthacess)
20 species of shrubs; Himalayas.

Pycnoplinthus O.E. Schulz, (Bragsicacess)
1 species of herbs; Himalays.

Rovlea Wallich (Labiatae)
1 species of undershiubs; Himalayas.
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59.

61.

62.
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Sempervielia Dunn. {Crassulaceae)
4 species of herbs; W, Himalaya.

Smithieiln Duon (Urticaceae)

1 gﬁriﬁg of herhe: E. Himglava

- & AERT g E ) Ll R T

Stilbanthus Hook.f. (Amaranthaceag)
1 species of woody climbers; E. Himalaya.

Stintanthus {Benth.) Briq. (Lamiaceae)
1 species of herbs; E. Himalaya,

Sympagis (Nees) Bremek. (Acanthaceae)
5 species of shrubs; £. Himalaya.

Tarphochlanmys Bremek, {Acanthaceac)

1 species of undershrubs; E, Himalaya and Assam.

Theropogon Maxim. (Liliaceas)
1 species of herbs; temperate Himalaya.

Thomsortia Wallich {Araceae)
2 species of herbs; Himalayas.

Treutiera Hook.f. (Asclepiadzceas}
1 species af twining herbs; E. Himalaya.

1 species of shrubs; E. Himalava and Assam.

Appemdin-il : Endemic Genera of Peninsilar India

11

2.

Anapyttum Schott. {Araceae)

1 species of tail herbs; plains to 8.W, Ghats.,

Ascopholis Fisch. (Cyperaceas)

1 species of erect herbs; C. and 8.W, (Ghats,

[INT. ¥OL. [I
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3.

10.

11.

12,

I3.

14.

15,

Baeolepis Decne, ex Moq, (Periplocaceae)
2 species of climbing undershrubs; S.W. Ghats.

Bhidea Stapf. (Poaccas)
1 specims of herbs: N. 'W. ghats.

Blepharistemma Wight ex DC. (Rhizophoraceas)
1 species of (rees; W. ghats.

Bonnovodes Blaet. & Hallb. (Scrophulariaceas)
] species of herbs; N.W. ghats.

Campbellia Wight
1 species of patagitic herbs; southern W. phats,

Carvia Bremek. {Acanthaceas)
1 species of shrubs; N. W, Ghats,

Chandrasskharania Nair, Ramch. and Sreskumar
1 specics of herbs; W. Ghats

Darahonidium C.E. Hubb, (Poaceas)
1 species of berbs; N.W. Ghats.

Decalepis Wight & Am. {Periplocaceac)
1 species of climbing shrubs; Peninsular Iixlia.

Dicoglospermum C.B, Clarks (Cucurbitaceae)
1 species of climbing herbs; W. peninsular region.

Diplocentrum Lind], (Orchidacsas)
1 species of epiphytic herbs; S.W. Ghats.

Ertnocarpus Nimmo ¢x J. Geah. (Tiliaceas)
1 species of trees; C. & N.W. Ghats.

Frerea Dalz. (Asclepiadaceae)
1 species of herbs: N W Ghaty,

& pTERRS W il |
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Gantetbua Bremek. (Acanthaceae)
I species of herbs; Peninsular India.

(lyphockloa W D, Clavion (Poaceag)

[INT. ¥OL. II

i8.

19.

20,

2.

23,

24,

ra
Ln

26.

27,

28

& species of herbs; W. Ghats

Griffitheila (Tul.} Warm. (Podostemaceae)
1 species of herbs; W. Ghats.

Hepiothismia Airy-Shaw (Burmanniaceae}
1 species of herbs; S.W. Ghats.

Helicanthes Danser (Loranthaceae)
I species of parasitic shiubs; W. Peninsula India (W. Ghats)

. fubbardia Bor {Foaceac}

1 species of delicare herbs; C.W. Ghats,

Hyalisma Champ. (Triuridacsae)
1 species of saprophydc herbs; S.W. ghats.

Hydrobryapsis Engl. (Podostemaceas)
1 species of herbs; W. and E. Ghars.

Indobanalia Heury & B. Roy {Amaranthaceae)
1 species of undershrubs; 8.W. Ghats.

Fou A D Thanaono %
litimj."m-l- LIV . 4 LR kil

I species of herbs; W. Ghats.

Indotristicha van Royan (Podostemaceae)
1 species of herbs; 5.W. Ghats.

Janakig Joseph & Chandrasekaran {Periplocaceas}
I species of herbs; 8.W. Ghats.

Jerdonia Wight (Gesneriaceae)
1 species of scapigerous herbs; S5W. Ghats,
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29,
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Kanjarum Bamam. [Acanthaceae)

2l

30.

31,

32,

33,

34,

35.

37

38.

39

41.

1 species of undershrubs; 8.W. Ghats.

Lamprachaeniion " Benth. {Asteraceae)
1 species of herbs, Peninsular India.

Limnopoa C.E. Hubb. {Poaceae)
1 species of aquatic herbs; 8.W. Ghats.

Meteoronyrtus Gamble {Myrtaceae)
1 species of small trees; 5.W. Ghats,

Marisuris L. (Poaceae)
1 species of herbs; Peninsular India.

Moullava (Rheed) Adans. (Caesalpiniaceae)
1 species of scandent shrubs;, W. Ghats,

Nanothamnus Thoms. { Asteraceas)
1 species of herbs; W. Ghats,

Nilgirianthus Bremek. (Acanthaceag)
20 species of shiub;, W. Ghats.

Normanboria Butzin (Poaceac)
1 species of herbs; Tamil Nadu.

Gehreinauclea Ridsd. & Bakh.f. (Rubiaceae)
1 species of small trees; C. and 8.W. Ghats,

(Hanthus Benth. { Asclepiadaceae)

4 species of twining undershrubs; W. Ghats extending to E. Ghats.

Fog THUrgray Ty LI g | | (R - L %
LALUNIELROGHET POl [oariideid F

1 species of wrees; S.W. ghats.

Paracantieya R.M. Smith (Zingiberaceae)
1 species of herbs; C.W. Ghats.
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42, Phiebophyllum Nees (Acanthaceae)
& species of shrubs; W. and E. Ghats.

43. Pleocanlus Bremek. (Acanthaceae)
3 species of small undershreba; W. Ghats.

44, Poeciloneuron Bedd. (Bonpetiaceae)
2 species of large trees; C. and 5. W, (hats,

45, Pogonachne Bor (Poaceae)
1 species of herbs; coast of Maharashtra,

46. Polyrygus Dalz. (Apiaceae)
1 spacizs of herbs; C. and N.W. Ghats.

47. Proteroceras Joseph & Vajravelu {Orchidaceae)
1 species of herbs; 8.W. Ghats.

48, Psendodichanthium Bor (Poaceae)
1 species of herbs; N.W. Ghats

49, Pseudogiochidion Gamble (Euphorbiaceae)
1 species of trees; S.W. Ghats {Annamalai)

50. Sanfapauc Balakr, & Subram. (Acanthaceas)
I species of berbs; Alayar hills.

51. Seshagiria Ansari & Hemadri {Asclepiadaceae)
i species of climbing undershmba; N.W. Ghats.

52. Sientvalleya V.. Nair et al. (Poscese)
1 species of herbs; S.W. Ghats (Silens Valley),

53, Taenmigndra Bremek. (Acanthaceae}

1 memmmims =l = [P — N B 3 M . S
1 il U WIRICLBUI UL, 0. 1T . WPLgLS.

$4. Trilobachne Schnek ex Henr, {Poaceae)
1 species of herbs; W. Peninsular region.
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33. Tripiopogon Bor (Poactac)
1 species of herbs; W. peninsular [ndia

36, Titlerin Bedd. ex Benth. (Periplocaceae)
1 species of shrubs; S.W. Ghats.

37, Vanasushava Mukhetjee & Constance (Apiaceae)
1 species of herbs; S.W. Ghats.

28, Willisiz Warm, (Podostemacene)
1 lu.ngr-mn of | hFT’hl B W, Ghats,

L

39, Xenacanthus Bremek. (Acanthaceae)
3 species of shrubs; §.W. Ghats.
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11. EXOTICS - INTRODUCED AND NATURAL
IMMIGRANTS, WEEDS, CULTIVATED, ETC.

{D.5, Pandey)

The flora of India is very rich and varied on account of varied altitudinal,
edaphic 2nd climatic conditions. It has besn considered that India is a region-of
the Indo-Malayan sub-kingdom under the palacotropical kingdom (Good, 1947).
Hooker {1204) and Champion and Trevor (1938) are of the view that flora of
India is merety miziore of the surrounding countries, viz., Malaya, Africa, Tibet,
China and Japan and there is no Indian flora as 4 separaie endty. It is estimated
that 1ndia has approximately 46,000 plant species. of which shout 17,000 are
vascular plangs and ca 5,000 species are endemic (Nayar & Sastry, 1987). Indian
flora shows ca 61.5% of endemism (Chatterjce, 1939), whereas Blasco (1971)
considers only about 59% species endemic to India. Many species thonght to be
ciklemic are either reduced or located in the adjoining geogpraphical territories
{Nayar, 1877). The lofty mountain ranges in the North and presence of sea an its
three sides provide an ideal sinsation for the preservation of an unique flors.
However, Chatterjee (l.c.) considered that there was originally a typical
Indian flora, which became masked by plant invasions from the surrounding
COWn{Tics.

There are many foreign elements in Indian flora, brought mainly by
Pormguese, Spaniards, Dutch, French and Englishmen either kmowingly or
unknowingly. Even prior 10 the settlement of Jesuvit missionaries and early
European explorers, a good number of economic plants were brought by the
Aryvan seftlers from the countries lying North-west of India.

Although the great namrzl barriers {mountain ranges, sea and deserts) have
protected the indipenous flora, yet land mass connectiong in the north and the west
have provided migratory routes to many exotic elements from North-East Africa
or West Asia, and South-West China by way of Arabia, Afghanistan, Kashmir apd
North Myanmar and North-East India respectively. the migration of flora mighit
have occurred due to land bridge connecoons. Since all' continents are or al least
were connecied doring the Ice Age, duough two wide terresirial Jand bridges and
one very wide insular isthmus, viz, the Panama isthmus linking the Americas,
Beringia comnecting North Asiz znd North America, and the Malaysian
Archipelago joining Aszia and Australia (van Steenis, 1962}, In course of several
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years these elements got acclimatised. distributed gradually, from one place to
other with the aids of wind, water and narural apencies, sometimes even
eliminating the indigenous flora. As such, large number of species have come o
India from the surrounding cowntries (Map 143, viz., Myanmar, Malaya, South-

Wanr rMaies FEoctern ki Toeeme TEFaor Aal Ot T ceslem man ¥ bl & Tsl o ol
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the vegetation of mosr of these regions is very different from Tndia, none the less,
the great influence of these countries on the flora of India is evident (Chatterjee,
1939; Mukerjee, 1940). Chatterjee (1947) is of the view that species originating
in East Mediterranean regions, which had migrated both east and westwards
mostly belong lo the [amily Brassicacese, Carvophyllaces:, Capparaceae,

Fumariareas. Aoraginacsss. Rogaress and ominoeas (Man 1"."1 For Ptn.fnﬂ'lnn

ToEnEimi i frereinery AL L e T e T i )

Arabidopsis wallichii (Hook.f. & Thoms.} N. Busch., Areraria serpyilifolia L.,
Brassica wournefortii Gouan, Capsells bursa-pastoris Moench., Cardamine
impatiens L., Cerastium trigyaum Yill., C. dahuricum Fisch,, Descurainia sophin
(L.} Webb ex Prantl, Digmthas carvophyllus L., D. orientalis Adams, D, crinitus
Sm., Erophila verna {L.) Besser, Evysitum repandum L., Farsetia jacquemontii
Hook.f. & Thoms. ssp. edgewsrthii (Hook.f. & Thoms.} Jafri, Fortiynia anchert
Schuttl,, Lepidium latifelium L., Lychnis apetain L., L. coronariq Desr.,
Malcolmia africana Br ., Maithiola odoratissima R. Br., Moricandia arvensis DC.,
Rorippa nasturfivm-agquaticum L., Neslia paniculata Desv., Silene argenosa C.
Koch, S, comoideq L., §. widgaris (Moench.) Garke, Sisymbrium irio L., S.
loeselii L., Stellaria aguatica (L.) Scop., and §. bulbosa Wulfen. are some of the
species which are found exteading from West Asia to India,

East Brazilian, Mexican and African weeds might have got introduced into
India through Portuguess ships. Mexican weeds began to get introduced into [ndia
when they touched and passed through Mexico. Later, these ships touched at the
Cape of Good Hope to get supplies, as such many African weeds too got picked
up. Many of-South American, Mexican and African plants of economic value wete
brought by the Spaniards, Duick, the French and Evropean persennei and along
with them many species of weeds came to India, established and sometimes got
'i"l'l.ﬁ.ll.‘..'-l.‘}r -‘:IPI.'I.'.-H.I.I -ﬂIlu l,l.lLlI_Il.illl‘.:J.jl' Llf.‘.-l._.-ii.l_]._].ﬁ- Fi?l.l._ll.- U‘l I.Iil.l.l-iii.ll J.lU‘_a- T“l_li.ﬁ Pl_l:ﬂ:ﬁﬁﬁ l:lf
introduction of alien weeds, initiated some 450 vears back, is snll active and will
doubtiessly continue indefinitely. The modern man has thus become the greatest
single agency in the distribution of plants throughour the world (Srivastava,
1964).
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A large number of exotic weeds have also been imtroduced, either
intentionally as ornamental plants or accidentally with food grains, ballast, packing
materials, seeds of economic planis or by adhering to clothing of men and hairs
of domestic animals. Among such omamental plants which were first mirgdupced
in the lodian Botanic Garden, Howrah and then became wild and naturalized are
: Wild Moming-Gloty, Convolvulizs arvencis L. (Burope and continental Asia,
introduced probably in 1804 by W. Hamiiton Esq.)}; fpomeea carnen ssp. fistuiosa
(Mari. ex Chorsy) Ausbn {America, cultivated sisce 879); Wild Sage, Lanmana
camara L. var. gaeufeats {L.) Mold. (South American Shrub, iniroduced in 18089
by W. Hamilton Esq.); Devil's-Claw, Marynia annua L. (Mexico, Brazil,
Tropical America, introdoced in 1802 by W. Hamilton Esq.); Rouge Plant,
Rivinia humilis L. (South American plant, introduced during 1300 by W.
Hamiltoo Esq.); Water Hyacinth, Fichfiornig crassipes (Mart,) Solms. (Brazilian
plant, first introduced in Dacca towards the 19th century as an otnamental plant
now spread all over India); Carrot Weed, Parthenium hysterophorus L. (an
American weed, appeared accidenmtally in the [ndian Botanic Garden, Howrah in
the year 1810 (Roxburph, 1814); Portuiace oleracea L. and Medicago hipulina
L. (European weed, introduced into India as impurity of vegetable seeds);
Graphalium purpyreym L, (tropical American weed, supposed to have been
introduced with the American cotton seeds); Aragallis arvensis L. {European and
Mediterranean region, introduced by the early Duich settlers from the East Inddies
as impurity of vegetable seeds); Croton bonplandianum Baill. (reached inte India
through ballast of mud from South Amenca in the year 1397), e, have become

!91.-1- ‘.‘ﬂ"lﬂﬂ"l'll.lﬂ'l": .Fr n'lll' Iﬂ":l"t- Chorrna B Dﬁ-l‘ll"ﬂ'll 10944 l‘n‘huh'!imrﬁ: I""M"ﬁ"ﬁ.
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considers that deforestation, fanlty pasturage methods, shifting cultivation, faulty
methods of harvesting, construction of roads and railway iines and continwons
sowing of impure seeds are the main factors responsible for the spread and
inerease of alien plants in India. The first systernatic enumeration of exotic weeds
was given by Bruhi {1908) followsd by others like, Kashyap (1924}, Biswas
(1934}, Maheshwari (1961), Srivastava (1962}, Rajagopal and Panigrahi {1965).
Matthew (1969), Maheshwari and Pawl {1975), Murti {1975), Maity and Guha
Bakshi (1981) and Sharma and Pandey (1984). Chatterjee (1947) gives 38% of
fureign plants which have narralized in Indja. Maheshwari (1962, 1963) has
stated 27% naturalized and introduced plants in the Flora of Delhi. Sharma and
Pandey {1584) mentioned 38.16% of cultivated and aliens/exotics in the Flora of
Aliahabad Distirict, whereas Maheshwari (1962} states that ca 40% of the
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flowering plants arc forcign and naturalized in various parts of the couniry. Nayar
(1977 states that ca 18% of Indian (ora constitutes adventive aliens of which
aboui 55% are American, 10% Asian, 20% Asian and Malesian and 15%
European and Central Asian species.
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the followirng categories :
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Tropical and South African

Austro- Asian

Escape and run-wild from cultivation

Recentdy inireduced weeds

Other agri-horticultural, scomomic and medicinal plants
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I. NEQ-TROPICAL
{Mexico, Brazil, South America, Central America, Tropical America).

Species naturalized throughout India :

Acacia farnesiana (L) Willd. {Tropical America}, Acanthospermim hispidim
DC. (South America), Adenostensma lavenia (L.) Kuntze {South America),
Ageratum conyzoides L. (South America), Aloe vivipara L. {Cemral America),
Alternanthera ficoidea (L) R. Br. {South America and West Indies), A
parorychioides St. Hill {Brazil}, 4. pungens Kunth { Tropical America), Argemone
mexicang L. (Mexico, Ceniral America and West Indies), Bidens pilosa L.
(probably America), Blainvitiea acmefla (L.) Philipson (South America), Bromus
uriolpides (South America), Cardiospermmum hoalicacabum L, (South America},
Cassia hirsuta L. (Tropical America}, €. eccidentalis L. {South America), C. forg
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odorgta (L.) King & Robinson {Jamaica), Comyia bornariensis {L.) Crong.
(Tropical America and Argentina), Coronopus didymus {L.) Smith {Tropical
America), Crassocephaium crepidioides (Benth.) Moore (Tropical America),
Croton bonplandianum Baill. (Paraguay), Datura inroxiz Mill. (Mexico), D. mere!
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Digiraria cifiaris (Recz,) Koel, {Tropical America), Eichhornia crassipes (Mart.}
Sclms. (Tropical and Sub-tropical America), Eclipta prostrata (L.) L. (South
America), Ergeron canadensis L. (North Amenca), E. karvinskianus DC.
(Mexico to Panama), Eupatorinm fropezoidenm Kunth (probably Mexico),
Euphorbia heterophylla L. {Tropical America), E, hirig L. {Tropical America),
E. thymifolia L. {probably Tropical America), Galinsoga parviflora Cav. {Tropical
America), &. quadriradigta Ruiz & Pavon (Mexico), Graphalium purpuresm L.
{Tropical Amenica), Meliotropium indicum L. (America), fpomeea carmeq spp.
Jistuipsa (Mart. ex Choisy) Austin (South America), £ congesia R. Br. {South
America), Jofropha heterophivila Steud. (Toopical Amenca), J. gossypifolio L.
(Brazil), Lantana camara L. var, gesleara (LY Mold, (South Americal, Leonotis
nepetaefolia (L) Ait. f. (probably Tropical America), Lepiditm virgiticam L.
(North America), Lewcaena laristliqua (L.) Gills (Tropical America), Martynia
arnua L. (Mexico, Brazil, Tropical America), Mimesa pudica L. (Brazil),
Oenothera rosea Ail. (Texas and Peru}, Opuntic diflenii Ker-Gawl. (South
Americz), Oxglis cornfeulma L. (South Eurcpe and North America), Q. Jebilis
H.B. & K. var. corymbosa (DC.) Lount. (Brazil}, O. lmifolia H.B. & K. (Brazil),
Parthenium hysterophorus L. (West Indies, Central and North America),
Peperomin pellucida (L.) H.B. & K. (Cenmal America}, Pilea muscosa Lindl.
(Tropical America), Pfirhecellobium dulce (Roxb.) Benth. (Cemral America),
Seoparia duleis L. (South America), Sida cordata (Burm.f.) Borssum (Tropical
America), Tridax procumbens L., and Xanthivm strumarium L. {(South America).

Species naturalized in some parts of India ;

Abutilon cirspurm (L.) Medik. (Tropical America), Anacardium cccidentale
L. (Brazil), Agerarum houstonianum Mil. (Mexico), Agave angushifolia Haw.
{probably Central America), Agave vera-cruz Miiler (Mezico}, Arnana squamosa
L. (Tropical America and West Indies), Aeschynomene americana L. (America),
Argemone ochrolenca L. (Mexico), Bidens sulphurea (Cav.} 5ch.-Bip (Central
America), Calceploria mexicana Benth, (Mexico), Cassia alala L. {South
America), C. colutevides Collad. {South America), €. sophera L. (probably
America), C. tomentosg L., (Tropical America), Calpogonium muconoides Desy,
{ America), Centrosema pubescens Benth. {Tropicat America), C. viriginianum (L.}
Benth. (Tropical America), Cesirien divrnumt L, (West Indies), C. fasclenlarum
{Schicht.» Miers. {Mexica), Comvza sumairensis (Retz.} Walker (South America},
Chromolaena adoraia (L.) Robinson (Tropical America), Corchorus aestuans L.
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{Tropical Americay, Croraiaria anagyroides Kunth (Tropical America), fghlia
imperialis Rocze] {Mexica), I suaveolens H.B. ex Willd. (Mczico), D, ranuda L.
(Ceniral America), Desmoadisn iortuoswm (Swantzy DC. (Tropical America),
Eruca vesicaria (L.} Cav. ssp. saqtiva (Mill.) Thel. (South America), Eupatorium
cepillifolivm (Lam.) Small {Tropical America), E. glandwlosum H.B. & K. {South
America), E. figustrinum DC. {Central America), Euphorbia geniculata Orieg.
{Tropical America), E. prostraia Ail. (Tropical America), Evelvuluy nummularius
L. (West Indies), Flaveria trinervia {Spreng.} Mohr. {Tropical America), Fuchsia
boliviana Carr. var, foqeriens Johnston {Jamaica), Furcraea foetida {L.) Haw.
(South America), Helianthus cucumerifolius Torr. & Gray (Morth America),
Heliotropinm curassavicum L. (West Indiesy, Hyptis suaveplens Poit. {South
America), Ipomoeq coccinea L, (Tropical America), f. purpurea Roth {Tropical
Americay, I quameciit L. (Tropical Amcrica), Iseilema laxim Hack. (Tropical
America), Jatropha cureas L. (Tropical America), Lagascea mollis Cav.
(Mexico), Lantana wrifeliata L. (Tropical America), Lepidium virginicum L.
(Notth America), Lippia javanica (Burm.f.) Spreng. (Tropical America),
Malachra capitata L. {Tropical America), Mabastrum coromandelianum (L.}
Garcke (West indies), Mecardonia procumbens [Miliery Smaii ( Tropical America),
Mikania cordate B.L. Robinson (Trepical America), Mimwosa diplotricha C.
Wright ex Saov, var, inermis (Adelh.) Veldk. (South America), M imvisa C
Martius ex Colla (Tropical America), Mortanoa bipinnatifide C. Koch (Mexico
to Columbia), Neptunia plenc (L..) Benth, (Tropical America), Nicotiang glauca
Graham (Tropical Amenicay, N, plumbaginifelia Viv. (Tropical America),
Cenorftera pdoraia Jacq. (300th America), O, rosea Soland (Peru), . repapien

r.‘-l'l.'l.l Al arinn nand Cravil A oy o M irnamty o 'Iulirrullvi'r LY 11! T it b .ﬂ.rﬂnr:r-l'l"l.
- L] H‘l.Tl'-'ﬂI.HU el FUTERLEL J"I.Ili'h-hl.\fﬂ_i'-l 'LIFIH‘I!I.-I F-III-EH!’IJ AWLANL, |._J.u..n.|.|.|. f BRERWE Bt gy

Chalis deppel Lodd. (Mexico), O. pubescens H.B. & K. (South America),
Pariinsonia acwleara L. (Tropical America), Passiffora subulata Oricga
(Mascarne Islands), Passiffora motlissima (H,B. & K.) Bailey {Western Tropical
South America}, P. morifolia Mast. {(South America), Physalis minima L. {South
Amwrica), Prosopis glundulosa Tormey (Tropical America), P, juliflora (Swarts)
D, var, }r:frﬂnm .""I"'rnhmr-I America), P _rr';gjg:ﬁg,m_ {Swartz) DMC. var. horridn
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(Kunth) Burkart (Peru), Psidivm guafava L. (Tropical South America), Riving
husmijis L. (Tropical America), Rauvolfio tetraphyila 1.. (West Indies), Romneya
conteri Harv. (South California and Mexico), Ruellia wberosa L. (Tropical
America), Solanum hispidum Pers. (Central Ametica), 5. jasmineides Paxt. (South
America), Selidapo microglosse DC. {Brazil), Soliva anthemifolia (Juss.) R. Br.

ex Tese (Sauth Amarica), Sorghum halepense (1) Pers, l""l"'rnmmﬂ America and
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Meditarranean regicns), Stacitviarpheta indica Vahl (South America), Stvlosanthes

sundaica Taub. (South America), Srenplobium stans Seem. (South America),
Synedrelia nodifiora Geartm. (Tropical America), Tagetes minm:: L. (South
America), Tithomia rotundifolia (Mill.) Blake {(Cenirai America), I. ragerfiora
Dest, (Mexico), Turnera wimifolia L. (Brazil), Verbesing encelioides {Cav.) Gray
(Tropical Ameticay, Vigna adenontha (G F. Meyer) Marechal ot al. (South
America), Volwilopsis numularia (L) Roberty (Tropical America), Wissaduln
periplocifolia (L.} Prest. ex Thw. {Tropical America).

II. NORTH TEMFERATE
{Europe, Mediterranean regions, South Burope, Temperate region)

Species naturalized throoghout India :

Anagatlis arvensis 1.. (Europe and Mediterranean regions), Capsella bursa-
pastoris (L.} Medik. (Temperaw axd Arclic Burope), Convoluvaluy arvensis L.

IFnrmme Fnrlfhruhl'lhl .ﬂn1ﬂ- l"‘ll.-l Wﬁriﬂ urh'l Tn'rnnnrum ﬂ-nlnﬁ"l. nlnrinrrr hir S gl p g Mg

L ) L e e . Rl L PR S R

L. (Western and Central Europej, Fumorig indice (Hassk.) Pugsley (North
Temperarte region), Lathyrus aphacae L. (Europe), L. odoratus L. (Italy and
Swily), Malus syivestris (L.) Mill. (Furope and Temperate Asia), Medicago
polymorphae L. (Burope), Melilotns albg Desr. (Europe and Temperate Asia) M.
indica (L.) Ali (Soulh Bucope & Suuth Weslern Asia), Phalaris rinor Retz.
(Mediterranean regions}, Silsne pallica L. (Ewrope), Spergula arvensis L.
(Europe), Steflaria media (L.) Villars (Burope), Trifofium dubium Sibth. (Europe
& Caucasug), Vaccaria pyramidata Medik, (Europe).

Species poturaliced in some parts of India :

Brizg minor 1. (Meditetrantan regions), Chamaecytisus hirsutug (L.) Link
(Europe), Hypochoeris glabra L. (South BEurope and Mediterrancan regions),
Lepidium ruderale L. (Barope), Macroptifium lathyroides {L.} Urban var.
lathyroides (Europe), Medicage lupaling L. (Europe), M, polymorpha L. var,
apiclare (Willd.) Van Dost & Reich. (Europe), Poag ammua L. (Europe and
Temperate Asia), FPolycarporn teraphyliem (L) L. (BEurope), FPolygonum
hydrapiper L. {Temperate region). Rhammus persica Boiss. (South Burope and
North Africa), Sarothamnus scoparius (L.) Koch. (Europe), Yaraxacum offficinale
Weber {Europe), Teline monspessularia (L.} K.H.E. Koch. (Europe), THfblium
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hybridum L. (Europe and Continental Asia), T, imacarratumm L. (BEurope), T
Subterranewn L. (Mediterrancan regions), . fomeniosum L. (Burope), [Hex
exropens L. (Evrope), Verbascum thapsws L. (Furope and Asia), V. virgatum
Stokes (Central and Wesiern Europe), Yeronica gragallis-aquatica L. (Temperate
region), Vicia villosa Roth {Europe).

iIl. NORTH-AFRICAN, AFRO-ASIAN AND ARABIAN
Species natoralized throughout India :

Cleome monophylla L. (Afro-Asia), Digera muricara (L.} Mart. (Asia and
Tropical Africa), Emilia sonchifolia (L.) DC. (Africa and Asia), Eragrostis tenetin
{L.) P. Beauv. sx R. & 8. (Africa amxl Asia), Laggera aurita Sch.-Bip. {Afro
Asia), Merremia gangetica (L.} Cufo. (Afro - Asis), Portuiaca oleracea 1. (North
Africa), Pupalio lappacea (L.) Juss. (Afro-Asia), Polypogon monspeliensic (L)

Desf. (Temperate parts of Asia, Africa and Europe), Sphaeranthus senegalensis
DC. (Africa), Vicia hirsuta Gray and V. saiiva L. (West Africa and Eurape).

Specles naturalized in some parts of Indis :

Aristida adscensionsis L. (Nonh Africa), Cymbopogon mariinii (Roxb.)
Wats, {Afro-Asia), Indigofera linnaei Ali {Afro-Asia), Ipomoeq carica (L.) Sweet
(Afre-Asia), Jatropha gfar:duh_‘fem Roxb. (Afro-Asiay, Lawsonia inermis L.
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{L.) {Afro-Asia), Punica granmum L. (Afghanistan, Baluchistan and Persia),
Vigng rrilobata (L.) Verde. {Afro-Asia}.

1V, TROPICAL AND SOUTH AFRICAN
Species naturalized throughout India ;

Chioris inflata Link, Cleome rutidosperma DC., Euphorbia nirucalli L.
(Tropical Africa), Euphorbia prostratg Ait. (West Africa and Mauritius).

Specles naturalized in some parts of India :

_ Agapanihus africanus (L.) Hoffmgg. (South Africa), Asparagus africanus
WAL {Aftica), Corchorus olitorius L. (Africa), Datbergia melanoxyion Guill. &
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Pery. (Tropical Africa), Guwizona abyssinica {L.f) Cass. {Tropical Africa),
Hibiscus ovalifolium (Forssk.) Vahl (Africa), Mefianthins major L. (South Africa},
Penniseturn clandestinum Hoschst. (Tropical East Africa Mauridus)y, Oxalis pes-
ceprae L. (Cape of Good Hope, Sowth Afnca}, . variabilis var. rubra Jacq.
{South African).

IV. AUSTRO-ASIAN
Species naturalized throughoui India

Arcacia disiachya (Vent.) Mack. (Western Asia), Althaea fedwigli L. {West
Asia, Mediterranean regions and South Africa), Conyza bonariensis (L.) Crong,
{Austro-Asia), Crotalaria medicaginea Lam., Dimeria ornithopoda Trin.,
Desmodium  micropiylium  (Thunb.) DC., [ndigofera glandwlosa Willd., [
trifoticta L. and I, trifa 1. (Ausiro-Asia), Lobelia radicans Thunb. {South and
East Asia, probably Java} and Ovtelia alismoides Pers. {Austro-Asia).

Species naturalized in some parts of India :

Acacta deaibarg Link. {N.5. Wales, Victoria, Queensland and Tasmania), A.
longifolia Willd. (Anstralia}, A, melanoxylon R. Br. (South-East Avstraliz), Carsia
pianiticola Domin {Australia), Cassytha filiformis L. (Australia), Cveisus
canariensis Steud. (Canary Islands), C. proliferus L.f, (Teneriff Islands),
Eucalyptus globulus Labill. (Tasmania, Victoria and N.S. Waley), Hakea
safivifolic (Vent.) Burtt (Quecnsland and New South Wales), Hardenbergi
compioniana (Link.) Bemth. {(Western Australia), Wlicium combodianum Hance
{(Southern Indo-China and Southern Myanmar), Lepidinm safivium L. {South
Western Asia and North Africa), Prunus armeniaca L. (Siberia to China), P.
persica Stokes (China), Rosa mudtiflora Thunb. {China and Japan), Salvia plebeia
R. Br. {Austto-Asia), Sporobolur digrder Beauv. (Austro-Axin), Solarem biumei
Nees & Blume (Malaya), and Wedelia calendulacea Less, {Ausiro-Asia).

V1. ESCAPE AND RUN WILD FROM CULTIVATION

Occasionally, many of the inroduced and cultivated plants get escaped from
their cultivated site to a nearby arca. Later, they form a part of the flora
dominating over epdemic species duc to their casy propagation, dispersal,



20001 INTRODUCED AND NATURAL TMMIGRANTS WEEDS. CULTI. r

adapiations and favourable environmeial comlitions. Ameng such (ew species are:
Althaea roseq (L.} Cav. (Ching}, Annona reticulara L. (West Indies), A, squamosa
L. (West Indies), Antigonon leptopies Hook. & Arn. (South America, Mexico),
Anthoxanthum odorarem L. (Borape to temperate Asia), Asclepias curassavica L.
(Tropical America), Bauhinia rufescens Lamk. (Tropical America), Belamcanda
chinensis (L.) DC. {China), Beliis perennis L. (South Europe), Briza maxima L.
iMeditcrrancan regions), Bromas unedloides H.B. & K. (South Anxerica), Buddiefa
madagaccariensis Tamk. (Muxdagascar), Brugmansia suqvenlens (H.B.¥ Berchi.
{Mexico, Chile and Peru), Capsicion annuwm L. (South America), Cassia alata
L. {West Indics), C. didymobosrya Fresen (Tropical Asmerica), Catharanthus
roseus (L.) G. Don (West Tndies and Madagascar), Cestrom aurantiuvm  Lindl.
(Guaremaiay, Clchorium fmrybus L. (Bwrope), Clerodendrum aculeaium Griseb.
(Tropical America), C. fragrans var. plenifiorum Schauer (China and Japan),
Clitoria ternatea L. (Tropical America), Coffen arabica §.. (Aeab), Coriardrim
sativiom L. {Southern Burope), Cymbalaria muralis (L.} Gaerin, (Europe), Dactylis
2lomergta 1. (North Africa and Temperate Asia), Erechtites valerianiifolia
(Wolf,) DC. (Tropical America), Elschoitzia cafifornica Cham. (Caiifornia),
Eupuiorium conyzeides Y¥ahl (Tropical America), Fagopyrum esculention Moench.
(Central Europe and North Asia), Fuchriz macrostenuma Beiz. & Pav. (Chile),
Gomphocarpus fruticosus (L. Ait. (Cape of Good Hope), Gomphrena globosa L.
(probably America), Hibircius sabdariffa L. {America), Lantana camara L.
(Jamaica and West Indies), Limon usitatissionan L. (Mediterranean regions),
Lycopersicon esculentym (L.} Karst, [Tmpit;a] America), Matirandia barclaina
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L. (Mexico), Merremia ifizsecia {Jacq.) Hallier £. { uuplmn Amcrica and Wesi
Indiss), Mirgbilic jolapa L. (Tropical Ametica), Nicandra physaloder (L.) Gaertn.
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(an}, Oenothera rosea Soland. {Perw), Opuntia elatior Mill. (South America),
O, monocantha Haw. {(South America), O. wulgaris Mill. (North America),
Pachyrhizus rosews (L.) Urhan (Central America), Panicum maximum Jacq.
(Tropica) Africa), Paspalum dilaiatm Poir, (South Ametica), Passiflora eduiis
Sims, (Trupical South America), Pergularia minor Andr. (China), Physalis
Peruviena 1. (Tropical America), Ricinus communis 1. (Africa), Rosa damascena
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Mill, (Damascus), Rumex acetosella L. (Burope), Santoiing chamaecyparissus L.,
Mediterranean regions), Sesbania sesban (L.} Merr. (South Africa), Solanum
sisymbrifolium Lamk. {Brazil), Solidago canadensis L. (South America), Spartixm
Juncewm [, (Mediterranean regions), Spiraea canfonlensts Lour. (China and

Tapan), Thurbergla alaia Boj, {Tropical Afnca), Trifolium alexandrirum L.
{El"-"ntnnrl Svria), Tropaccium maius L. (Egypt and Syria), Verbena kipirnatifida
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Schaver {Centrat U.5.A. and Mexico), V. bonariensis L. (Argentina, Brazil and
Paraguay), V. rigida Sprenp. (Brazil to Argentina), Vinca major L. (Europe),
Zantedeschia aethiopica (L.} Spreng. (South Africa), Zephyranthes aurea Backer,
Z. tubispatha Herb, (Pern) and Z. rosen Lindl. (Cuba).

VII. RECENTLY INTRODUCED WEEDS-

A number of weeds have come into India recently and are spreading very fast
to different regions of the country. Some of these are | Agrostemma githage L.
{Eurcpe), Acanthospermum hispidum DC. (South America), Aexchynomene
americana L. (America}, Alternanthera paronychinides St. Hill (South America),
A. pungens HLB.& K. (Tropical America), Apium leptophyllum F. Muell. ex
Benth. (Australia), Argemone ochrolenca Sweet (Mexico), Asclepias curassavica
L. (Tropical Amersica}, Asparagus africanus Lam. (Africa), Calceolaria mexicana
Beath, (Mexicoy, Carthaenms oryacantha Bieb. (Caucasus), Chenopodium
ambrosioides L. (Mexico), Chromplaeng odoratg {L.) Xing & Robinson (Central
Amenica), Cleome rutidosperma DC. (Tropical Africa), Conyza bonariensis (L.)
Crong. (Western Asia), Cofula australis Hook.f. Australia), Crassocephaliom
crepidioides (Benth. ) 5. Moore {Tropical America), Crotor bonplandianunt Ball,
(South America}, Darura suaveolens H, & B. ex Willd, (Brazil), D. querciolia
H.B. & K. (Mexico), Erigeron annuus Pers. {Tropical Amernca), E. karvinskianius
DC. (Mexico to Panama), Eupetorium glandulosum H. B, & K. (Mexico}, E.
ligtistrinum DC. (Central America), Exphorbia graminea Jacq. (Central America),
E. geniciiata Orteg. {Tropical America), E. prostrata At {Tropical America),
Eichhornia crassipes  Solm. (Brazil), Flaveria australasica Hook. (Ausmalia),
Catinsoge parvifiora Cav. (Tropical America), G. quadriradicto Ruiz & Pavon
(Mexico}, Cnaphaliuom purpurenm L. (Tropical America), Gomphrenn celosivides
Mart. {Southern Brazil), Fypiis suaveolens Poit. {Tropical America), [Mician
cambodianum Hance (Southern Indo-China, Southern Myammmar), Jatropha
gossypifolia L. (Brazil), Lagascea mollix Cav. (Mexica), Mecardonia dianthera
Penneit {Tropical Amenca), M. procumbens (Mill.) Smali (Tropical Awmetica),
Mikania cordata B.L.. Robinson {Tropical America), Mitracarpus scabrum Zucc,
(Tropical Africa), MNicotipna glauca Grabam (Tropical America), M.
plumbagintfolia Viv. (Tropical America), Onalis latjfolio H.B, & K, (Mexico), .
martiang Zucc, {Brazil), 0. pes-caprae L. (Cape of Good Hope), Parthenium
hysterophorus L. (West Indies, Ceatral and Notth America), Peperomia pellucida
{L.) H.B. & K. (Central America), Polycarpon tetraphyilum (L.) L. (Europe),
Riving humilis L. (South Amenica), Ruellia tuberosa L. (Tropical America},



2000] INTRODUCED AND NATURAL IMMIGRANTS WEEDS, CULTI. 279

Sagina apetala L. (Burope}, Scoparia dulcis L. (South America), Solanum blumei
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America), Synedrelia nodiflora Gaerin. (Tropical America), Talinum paniculatum
Gaerm, (Tropical America), Tithonia diversifolia A. Gray (Mexice), T. tagetifiora
Besf, (Mexico) and Verbesina encelisides Benth & Hook.f. ex A, Gray (America
& Austratia), (See Prain, 1890: Collet, 1902; Bruhl. 1908; Burkill, 1911; Calder,
191%; Gamble & Fischer, 1915-1936; Dudgeon, 1920; Kashyap, 1924; Jouge:,
1928; Mayranathan, 1929; Fyson, 1915, 1932; Bor, 1934, 1973; Biswas, 1934;
Kanjilal & Kanjilal, 1934; Kanjilal ef al., 1939, 1940; Raizada, 1935, 1936, 1950,
!95?; Mukerjee, 1940; Sandwitch, 1946; Chaterjes & Raizada, 1948; Mooney,
1950; Data, 1954; Tadulingam & Venkataratnam, 195%; Srivastava, 1955:
Sundararaj, 1956; Parnaik, 1956; Rao, 1956; Cook, 1958 Chaudhury, 1559;
Duthie, 1960, Maheshwari, 1960, 1961, 1962; Mirashi, 1960; Chatterjes, 1560;
Venkatesh, 1960; Haines, 1961; Backer & Brink, 1963; Rao & Kumari, 1963,
1964; Srivastava, 1964: Rajagopal & Panigrahi, 1965; Babu, 1966, 1969, 1977;
Gupta, 1967, 1968; Matthew, 1959, 1969, 1981, 1983; Rao, 1960; Babu &
Biswas, 1970; Yonzone ef al., 1970; Pandey, 1971, 1979; Maheshwari, 1972;
Noit & Pandey, 1972; Maheshwari & Paul, 1975; Murti, 1975; Raizada, 1976,
Srivascava, 1976, Nair, 1978; Saldhana & Nicholson, 1978; Bennet, 1979; Deb,
1981; Maiti & Guha Bakshi, 1981; Rao & Razi, 1981; Varma, 1981; Nair &
Henry, 1983); Chowdhery & Wadhwa, 1984; Tiwari & Maity, 1984; Saldhana,
1984; Sharma & Pandey, 1984; Sharma et al., 1984; Rothe, 1985; Verma e af.,
1985; Mukherjes, 1986: Henry #f al,, 1987; Rac of gf., 1988; Panigrahi & Murti,

iggg; Lakshminarasimhan & Sharma, 1991; Sanjappa, 1991; Sreekumar & Nair,
i},

VIH. OTHER AGRI-HORTICULTURAL, ECONOMIC AND
MEDICINAL PLANTS

Iniroduction of exotic plants into India was mainly for agri-horticultural and
CCOnOmic needs which included cercals, vepetables, edible-tebers, fruits, pasture
lii_ﬁ fodder, green manure and cover crops, fibre, timber, oil, gum, dye, tannin,
*Pice and condiment, narcotic and hypnotic, heverags, masticatory, medicinal and
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1. Cereals : pean) Millet, Pennisetum glaucum (L.) R. Br. (Tropical Africa);

fﬂrghum. Sorghum vuigare (L.) Pers. (Arabia); Maize, Zea mays L. (Central
ATIETICA),
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Puises ! Pigeon Pea, Cajamis cgjan (L) Millsp, {(Africa); Horse gram,
Macrotyloma uniflorum (Lamk.) Yerde {Old World): Lima Bean, Phaseaiis
funatus L. and Common Bean, P. widgaris L. {Tropica! America); Pea,

Picam parivien 1. fmlm'mﬂ. Cow Pea, Vt:m'n FinNLnLiy fT "L Cavi ex Hamgk .

Lk i L ar o mrre s

(Tropical Africa} and Scarlet Runner Bean, Vigna unguiculata {L.) Walp.
{Central America).

Vegetables ; Lady's Finger, Abelmoschis esculentur (L.) Moench. (Tropical
Africa); Wax Gourd, Bepincasa hispida (Thunb.) Copn. (fava); Beat Root,
Bete vulgaris L. (Europe); Cauliflower, Brassica oleracea L. var. botrytis
L.. Cabbage, Brassica oleracea L. var. capitata L., Brussels-Sprouts,
Arassica oleracea L. var. gemmifera Zeok, knol khol, Brassica oleracea L.
var. gongyloides L., Sprouting Broceoli, Hrassica oleracea L. var. flalica
Plenck, and Turnip. Brassica rapa L. (Europe); Garden Cress, Lepidiam
sarivum L. (Weast Asia); Tomato, Lycopersicon esculentum Mill. (Tropical
America}; Chovole, Sechium edule (Jacq.) Swartz (Mexico) and Solovm
melongena L. var, incanum (L.) O. Kuntze (Tropical Africa).

Edible wibers - Helianthus twberesus L. {China}; Tapioca, Manikot esculenta
Crantz (Tropical America);, Potatoc, Solanur tuberosum L. (Temperate
regions of America).

- itvla Busrrm + Thma Awmla A e masaanIoer A v nnr' r‘hn-:—lmrn
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Annona cherimolia Mill. (South America}: Sour soup. Amwna muricaia L.;
Bullock's Heart, Annona reficulata L. and Custard Apple, Anrona squamosa
L. (Tropical America); Bread Fruit, Arocarpuy aitiliy (Park.) Fosberg
(Polynesia); Bilimbi, Averrhoa bifimbi L. {Malaya), Carambola, Averrhog
caramhala L. (OIndonesia): Akee Blighln sopida Koenig (West Africa):

A e e -] =111

Papaya, Carica papaya L. (Central America); Netal, Carissa grandifiora A,
DC. {South Eurape); Castanea sativa Mill. (South Europe); Lime, Cizrus
aurantifelic (Christm.) Swing. {East Indies); Pummelo, Citrus grandis (L.}
Qsbeck, (Malaysin); Grape fruit, Citrms paradisii Macf, (West Inlics);
Mandarin, Citrus reticulata Blanco (China): Sweet Orange, Citrus sinensis
(L.} Osbeck {South China); West Indian Star Apple, Chrysophyilum cainito
L. (West Indies}: Melon, Cucumis mele L. {Africa); Tree tomato,
Cyphomandra beracea (Cav.) Sendi. (Peru); Chinese Loquot, Ericborrys
Japonica {Thunb.) Lindl. {China); Java Apple, Syzygium samarengens
{Blume} Mermr. & Perry (Malaysia), Pitanga Cherry, Eugenia wsiffora L.



200

INTRODUCED AND NATURAL [MMIGRANTS WEEDRS, CULTI. 281

{Brazil}; Stwrawberry, Fragaria vesea L. (Earope and West Asia); Garcinia

lvingstonel T. Anders (East Africa); Litchi, Litchi chinensis Sonn. {China);
Barbadas cherry, Maipighia giabra L. (Tropical Ametica); Mammey Apple,
Mammea americana L. (Tropical America); Sapodilta, Manilkara zapoia (L.)
van Royen (Central Americay; White Mulberry, Morus aiba L. (China),
Rambutan, Nepheliimn lappaceun 1. (Malaysia); Passion Fruit, Passifiora
edulis L. (Brazil); Avacado, Persea americana Mill. {Ceniral America);
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Gooseberry, Physalis  perwviana L. (Tropical America); Psidium
friedrichsthelianum (Berg.) Nied. {Central America); Guava, Psidium
guajave L. and Guinea Guava, Fridiumn guineense Sw. {Tropical Aperica);
Strawberry Guava, Psidium cartfevanum Sabine (Brazil); Pomegranate,
Purica granatum L. (Iran); Tamarind, Tamarindus indica L. (Tropical
Africn); Commozr Apricot, Prunus armeniace L. (Siberia 10 China); Commnon
Plum, Prunus domestica ssp. inssitia (L.) Sch. {Southern Europe, America
and South of Caucasusy; Peach, Prunus persica (L.) Siokes {China);
Common Pear, Pyrus communis L. (North Persia, Westward to South
Europe); Japanese Pear, Prunus pyrifolic Nakai var, cultrg Nakai (Chinay;
Manila Tamarind, Pithecellobinm dulce (Roxb.} Benth. (Mexico); Great-Hog-
Plum, Sponrdias cytherea Sonner. {Society Islande); Malay Apple, Syzygium
malaccense (1) Merr. & Perry (Malay Peninsuia).

Pasture and fodder : Rescue Grass, Bromus uniploides H.B. & K. (South
Atnerica); Rhodes Grass, Chioris gayana Kunth (Tropical Africa); Weeping
Love Grass, Eragrostis curvata (Schrad.) Nees (Africa); Sheeps Pescue
Grass, Festuca ovina L. (Temperate Asia); Guinea Grass, Panicim maxinom
Jacq. {Tropical Africa): Kikuya Grass, Pennisetum clandestinum Hoshst.
{Tropical East Africa); Mesquite, Prosopis chilensis Swmntz {Tropical
Ametica and West Indies); Johmson Grass, Sorghum halepense (L.}
Pers. (Tropical Africa); Bgyptian Clover, Trifoliun alexandrinum L. (Syria
and Epypt): Urochioa mosambicensis (Hack.) Dandy (East Africa and
Myanmar).

Gireen manure and cover crops : loint Veich, Aeschynomene americana L.,
Centrosema plumieri (Turp.) Benth., Centrosema pubescens Benth., Butter-
Fly Pea, Clitorea rernatea L., Phaseolus lathyroides L. (Tropical America);

T'I'-l."'l"l'lr‘!ﬂ- Kutey Pu wlemno et dan (Davh ' Boanih I‘Halﬂun"l ¥udmn
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Pueraria thunbergiana (Sieb. & Zuec.) Benth. (China); Commen vetch,
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Yicia sativa L. (Europe), Common Seaban, Serbanic sesban (L.} Merr.
{(South Africa); Egyptian Clover, Trifolium alexandrinum L. (Syria and
Egypt).

Fibre crops : Century Plant, Agave americana L. (America), Agave decipiens
Baker (Yucatan); Sisal, Agave rigida Mill. (Mexico); Ramie-Plant,
Boehmeria nivea (L.) Gaud. {China, Japan and hMalayan Isles). Kapok, Ceiba

mamtamdrea {7 % oaoaetn CTearasal A coaseinat: Tihata Tite arcbarmac samorrlaeio
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L. (Sonth China}; Tussa Jute, Corchorus olitorfus L. (Africa and Asia);
Mauritius Hemp, Furcraea gigontea Vent. {South America); Cotion,
Gossypiam hirsutum L. (Mexico); Malachra capitata L. (Tropical America);
African-Bow String, Samsevieria infasciata Prain (West Africa); Spanish-
Dagger, Yucca gloriosa L. (North America, Canada, Carolina and Peru) and
Wissaduta periplocifalia (L.} Presl ex Thw, (Tropical America).

Timber ; Black Wood Acacia, Acacla melanoxylon R. Br. and Silver Oak,
Grevillea robusta A. cunn. (Australia); Nauclea orientalis (L.) L. {(Malaya,
Myanmar and Sri Lanka}; Jamaica Dog Wood, Piscidia piscipula {L.) Sarg.
{Jamaica and Tropical America); Weeping Willow, Salix habylonica L.
{Greece, Asia Minor and Nepal); Swietenia macrophyile King (Honduras};
Mahogony, Swietenia mahagonii Jacq. (Jamaica and Central America); and
Montezuma Cyperus, Taxodium mucronatum Tenore (Mexico).

Oif © Candle Nut, Aleurites moluccang {L.) (Malaya); Tung, Aleunies
cordata Steud. {China snd Japan); Cashew, Argcardium occidentale L.
{Tropical America); Ground Nut, Arachis hypogaea L. (South America);
Rape, Brassica napus L. {(Mediterranean regiong); Camphor, Cinnamomen
camphora (L.) Nees & Eberm. (Eastern Asia); Palm Oil, Elaeis guineensis
Jacq. (Tropical Africa); many species of Entalyprus ( Australia); Sun Flower,
Helianthus annyes L. (North America); Punk Tree, Melaleuca leucadendron
L. (Malaysia); Pepper Mint, Mentha piperata L. (Temperat= regions);
Camphor Basil, Ocimum kilimandscharicum Guerke (Bast Africa), Screw-
Fine, Pandanus odoratissimis L.f. (Old World Tropics); All Spice Tree,
Pimenta dioica (L.) Merr. (West Indies); Bay Trees, Pimeniz racemosa
(Mill.} I.W. Moore (West Indies and Tropical America); Castor, Ricinus
commurnis L. (Africa); China rose, Resa chinensis Jacq. (China) and Damask
Rose, Rosa damascena Mtll. (Syria).
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11. Gum, dye and tannin : Silver Wattle, Acacia deaibata Link. and Green
Wantle, Acacia decurrens (Wendl.) Willd. (Ausirzlia): Babul, Acacia nilotics
s5p. indicq {Benih.} Brepan and Gum Arabic, Acacig semegal (L) Willd.
(Africa); Camwood, Baphia nirida Afzel. ex Lodd. (West Africa}, Annatto,
Bixa oretfana L. (Tropical America); Divi-Divi, Caesalpinia coriaria (Jacg.)
Willd. (West Indies); Logwood, Haematoxvion compechianum L. (Jamaica);
Rouge-Plant, Riving Fumifis L. (South America) and Californian Pepper
Tree, Schinus moile L. (South America),

12. Spice and condimenmt @ White Mustard, Brassica atba {L.) Rabenh,
{Mediterrancan regiondy; Chillies, Capsictim annuum L. var. acuminarum
Fingerh. and Bird Pepper, Capsiciem frutescens L. (Tropical America},
Padang Cassia, Cinmnarmomum buwrmanii Blume {Indonesia); Cassia,
Cinnamomum cassia (Nees) Nees & Blume {Myanmar); Cinnamomum,

Fg_ﬂﬂﬁmnm: wo ol mionsr Blammas (e T anla’t -u-h'l ”‘lﬂ-mnn L e 'ﬁ-ln.rr-ln [
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Houtt. {Moluccas),

13. Narcotic and hypnotic : Datura arborea L. (South America); Horn of Plenty,
Darurg innoxia Mill, {Mexicu} Daiura sangrinea Rmz., & Pav.; Coca,
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Mmriana tabacum L. {S-:::uth America) and Terbinra corymbosa (L..) Rafin.,
(Mexicoy.

o
i

Beverage : Arabic Cofiee, Coffea arabica L. (Ethiopia); Liberic Coffee,
Coffea liberica Buill. ex Hiemn. {Liberia); Congo Coffee, Coffea robusta
Linden (Tropical Africa); Coffee, Coffea stenophylla G. Don (West Africa)
and Cocoa, Theobroma cacae L. (South America).

[
[

Masticatory ; Abata Kola, Colg acumingta (Beauv.) Schon & Endi. and
Ubanja Kela, Cola nitida (Vent.) Cheval, (West Africa).

16. Medicinal plants : Barbados-Aloe, Aloe barbadensis Milt. (Mediterranean
Tegions); garden Asparagus, Asparagus officinalis L. (Eurcpe, North Africa
and West Asia); Ipecacuanha, Cephaelis ipecacuanha (Stokes) Baill (Brazil);
Quinine, Cinchona calisays Wedd. and Cissampelos pareira L. (South
America); Henbane, Hyascyamus riger L. (Europe); Sensitive Plant Touch-
me-not, Mimosa pudica 1. and Balsam of Peru, Myroxylon pereirae (Royle)
Klotzsch (South Americay, Opium Poppy, Papaver sommiferum L. (South
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Europe); Rauvolfia tefraphvita L. (West Indies); Rue, Ruwta graveolens L.
{Mediterransan repions); Sweet Broom Weed, Scoparia didcis L. (Tropical
America), Strophanthus, Strephanthins Rispidus DO, (Tropical Afnca); Milk
Thistle, Sonchus oleracers L. (Probably FEurope): Black Eyed-Susan,
Thunbergia glata Boj. ex Sims. {Tropical America) and Withania Somnifera
(L.) Dunal (Mediterranean regions}.

Ornamental trees .nl::n:l-m where  falisaa ain Wnﬂlﬂ- A racda bailavann
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F. Muell. (Australia); Red-Hot-cat-Tail, Amfvpha hispida Burm.f. (East

Indies); Copper leat, Acalypha witkestana Muell.-Arg. (Pacific}; Quccusland
Kauri, Agathis robusta F. Muell. and Agarhis brownii (Lam.) L.H. Bailey
(Anpstraliz); Agave vicorge-reginge (Mexico), Allamanda, Allamanda
cathartica L. (South America); Alternathera amoena Vosgs. (Brazil); Alkanet,
Anchusa  capensis Thunb, {South Africa); Floss-flower, Ageratum
houstonianum Mill. (Mexico); Amaranthus caudarus 1. {Tropical Africa),
Coral Creeper, Antigonor ieptopus Hook .f. & Arn. (South America); Queen
of ihe Flowenng Tree, Amfiersiia robitis Wallich {(Myaninar); cominon Snap
Dragon, A4ntirvhingm mains L. (Mediterranean regions); Rat-Tail Cactus,
Aporocactus flagelliformis Lam. {Mexico, Central and South America), New
Caledonian Pine, Arawcana columnaris {Forst.) Hook. (New Caledonia); Mz,
Gunningham’s Araucaria, Arancaria cunninghamii Sweet (Austraiia); Norfolk
Islands Pine, Areucaria excelya R. Br. [Norfolk Island {Australia)]; African
Daisy, Arctoris sieechadifolia Berg. (South Afrnica); Fring-Flowered
Aristolochia, Aristolochia cifiasta Hook. (Buenot Aires); Calico Flower,
Aristolochia elegans Mast, [Rio de Jangrrio {Brazil)], Pilican-Flower,
Aristolochia grandifiora Sw. ((uatemalz), Livad-flowered Birthwort,
Arnstolochiia macrowra Gomezs, the Bud's Head Binthwort, Arisiolockic
brasiliensis Mart. & Zuce., Aristolochia ridicula N.E. Brown and
Aristolochia ringens Wahl (Brazil); the Hairy Birnthwort, Arstelochia
tomerttosa Sims. (Notth America); Partidge Breast, Aloe variegata L. (South
Aftica); Garden Asparagus, Asparegus officinalis 1.. (Burope, North Africa
and Western Asia); the Fern Asparagus, Asparagus piumosus Baker {South
Africa); Banisterin laevifslin A. Muss. (Branl): Borleria fupulima Lindl,
{(Madagascar); Ovchid Tree, Bawhinia biakeana Dunn (Hongkong); Begonia
manicata Cels, (Mexico); Black-Berry Lily, Befamonnda chinensis (1..) DC.
(China and Japan); Daisy-Flower, Bellis perennix L, (South Europe}); Shrimp-
Plant, Beloperone guticia Brandegee (Mexico), Bignornia alliacea Lam.
(Brazil); Trumpet Flower, Bignomia capreoiate L. (North America);
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Bougainvillea, Bougaimvilles glabra Choisy and Bowgainvillea spectabifis
Willd. (Brazil), Brachycome iberidifolia Butt. (Australia); Browallia,
Browallia viscosa H.B. & K. (Tropical America); Brownea coccinea Jacqg.
(Venezuela); Lady-of-the-Night, Brunfelsia emericana L. (West Indies);
Brunfelsic unifiora Pohl & D). Don (Brazil);, Buddleia madagascariensis L.
{Madagascar); Pot Marigold, Calendula officinalis L. (South Furope and
Australia); Sweet Sultan, Cenfauria moschata L. (Orientalis); Wall Flower,
Cheiranthus cheiri L. {(South Europe); Pride of Barbados, Caesgipinia
pulcherrima (L.) Sw.; Caladium bicolor {(Ait.} Vent., Pink Powder Puff,
Calliandra haematocephala Hassk. (Tropical America); Calliandra brevipes
Benth. & Hook. and Callfandra tweedi Benth. {Brazil); Calfiandra
porntoricensis Benth. (West [ndies); Bottle Brush, Callistemon citrinus (Curt.)
Skeels and Callistemon pollandii Hort, (Australia); Aster, Callistephus
chinensis (Cass.) Nees {China}; Yeliow Oleander, Cascabela thevetia (L.}
Lippold (West Indies): Periwinkle, Catharanihus roseus (L) G. Don
{Tropical America); the Java Cassia, Cassia javanica L. (Sumatra and Java);
Cassia glate L. (West Indies}, Prickly Apple, Catesboen spinosa L. (West
Indies); the Day Jasmine, Cestrum dinrnum L. and Lady-of-the Night,
Cestrum nocurnum L. (West Indies), chrysanthemum, Chr}*.mnthﬁmum
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(Angtralin); Coboen scandens Cav. {Mexico); Scarlet Cordia, Cordia
febesting L, (Cuba, West Indies and Florida); Cannon Ball Tree, Covroupita
guyanensis Aubl. (Tropical Scuth America); Rubber Vine, Cryprostegia
grandifiora (Roxb.)} B. Br. {Africa or Madagascar); Flamboyant, Deionix
regia (Boj. ex Hook.) Faf. (Madagascar); Weeding Flower, Dombeya
wallichii D. Jackson (Madagascar); White Lace Fuphorbia, Eupherbia
lencocephala Lotsy (Mexico); Poinsettia, Exphorbia pulchervima Willd. ex
Klotz. (Ceniral America); Cape Jasttine, Gardenia jasminoides Ellis (China);
Spotted Gliricidia, Gliricidia sepium (Jacq.) Walp. {Tropicai Scuth Amevica);
Bedgehog, Gmelina phifippensis Cham. (Philippines); Stinkwood, Gistavia
augussa 1., {Brazil); Fire Bush, Hamelia patens Jacq. {Tropical America},
Changeable Rose, Hibiscus mutabilis 1., and Shos Flower, Hibiscus rosa-
sinensis L. {China), Fringed Hibiscus, Hibiscus schizoperalus (Mast.)
Hook.f,, (Tropical East Africa); Rose-of-Shavon, Hibiscus syrizcus L.
(Syria); Common Moming Glory, Ipomoea purpurea (L.) Roth (Trapical
America); May-Flower, Jacaranda acwsifolia Humb. & Bonpl. (Brazil and
North-west Arpentina); Kalanchoe laciniata (L.) Pers. (Acrica, Java, China
and Japan); Cucumber Tree, Kigelia africana (Lam.} Benth. (Tropical
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Africa); Pink Kopsia, Keopsia fruticosa A, DC. (Myanmar); Sweet Pea,
Lathyrus odoratus L. (Burope); Horse Tamarind, Lencaena lafisiliqua (L)
Gillis (Tropical America); Cat's claw, Mcfadyena unguis-cati {L.) Gentry
{Argentina); Great Laurel Magnolia, Magnofia grandifiora L. (North
America), Slesping Mallow, Malvaviscus arboreus Cav. (Mexico); Mounlmein
Rosewood, Milletiia peguensis Ali (Myanmar); Red Mussaenda, Mussaenda
ervthraphyila Schum. & Thom., (Tropical Africz); Flag Bush, Mussaenda
philippica A. Rich. (Philippines); Sacred Bamboo of China, Nandina
domestica Thunb, (China and Japan); Nemophila, Nemophila insignis Benth.
(California}; Memesia, Nemesia versicolor E. Mey and Nemesia strumosa
Benth. (Sonth Africa); Oleander, MNerium oleander 1. (Mediterranean
regions); Flowering tobacco, MNootiong alotg Link. & Ono var, grandifiora
Comes (South Afnica); Love-in-A-Mist, Nigella damascena L.
{Mediterranear regions); Snake or Serpent Cactus, Nyctocereus serpentinus
Brint. & Rose {Mexicoy; Ochna atropurpurea DC. (Sonth Africa); Oles
enropea L. (Europe); Prickly Pear, Opuntiz elgtror Mill. (South America);
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Bunny Ears, Cpentia micredasys Pﬁ:lff. {Mexico); Opunnia tunicata Hort,
(Central America); Jerusalem thom, Parkimsonia acmieata L. (Tropical
America)y, Candle Tree, Pormentiera cereifera Sesm. (Central America);
Passion Flower, Passifora coerulea L. (Brazil); Giant Granadilla, Passiflora
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Schum. {Tropical America); Purple Wreath, Patreq volubilis L. (Tropical
America), Petunia, Petunia violacea Lindl. {South America); Plemeria alba
L. (West Indies}; Pagoda Tree, Plumeric rubra L. (West Indies) and
Plumeria rubra L. forma acuminato (Ait.) Sant. & Irani ex Shah (Mexico);
Portlgndia, Portigndia grandifiora L. (West Indies); Ross Moss, Porrulaca
pilosa L. ssp. grandiflorg (Hook.{.) Geesink (South America); Speck-Boom,
Portulacaria afra Jacq. (South Africa); Pomegranate, Punica grananim L.
(Afghanistan, Baluchistan and Persia); Gelden Shower, Pyrosregic venista
(Ker-Gawt,) Miers. (Brazit), Pereskia bieo DC. (New Grepmada, Mexico),
Phlox, Phiox drummondii W.J. Hook. (Texas); wbe rose, Folianthes
fuberosa 1. (Mexico); Quassia, Quassia amara 1. (Tropical America);
Lemonia, Ravenia spectabilis Engl. (Cuba & Brazily, Traveller's Tree,
Ravenala madogascariensis 1.F. Gmel, (Madagascar); Migtionette, Kevedn
alba L. (South Europe); Reseda lutegic 1. {Europe);, Coramon Mignonetie,
Resedg odorota 1.. (North Africa and Mediterranesan regions); Pothos,
Rhaphidophora aurea (Linden cx Andre) Furtado {Selomon slands); Mossea-
in-the-Cradle, Rhoeo spathacea (Sw.) W.T. Stearn (Central America);
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Rondelenia odorata Jacg. (Weat Indies and Mexico), Russelia equisenformis
Schl. & Cham. and Russelia sarmentosa lacq. {Mexico): Scarlet Salvia,
Safvia splendens Ker-Gawl. (Brazil); Sancheziz nobitis Hook.f. {Equador);
Red Saraca, Saraca declinata {Jacq.) Mig. (Sumatra), Saritaea magnifica
(Buli) Dugand. {South Amenica); Butter Fly Flower, Schizonthus wisetonensis
Low. {South Amcrica); Flonsts’ Cincraria, Senecio cruendus DC. {Canary
Islands); Sarissa japonica (Thunb ) Thunh. (China and Japan); Purple-Heart,
Sercreatea purourea L. {Mexico): Sweet William, Silene armeria L. {(Scuth
Europe); Potato Tree, Solanum grandifiorum Ruiz. & Pav, (South America);
Potato Creeper, Selanum jasmincides Paxt., and Solamm seafortiianum
Ander. (Tropical America), Gianc Patato-Vine, Selanum wendiandii Hook.f.
(Tropical America); Tulip Tree, Spathodea campanulata Beauv. (Tropical
Africa); Variable Flase Yalerian, Stachyiarpheta jamaicensis (L.) Yahi and
Stacirytarpheta migabilts Vahl (Tropical America); Malay Apple, Syzvgim
malaccense (L.) Merr. & Perr. (Malay Peninsula); Tabebuia argenteq Britt,
{Paragua}r}- Golden Trumpet Tree, fabebiia {:hrymmha {Jacq.) Nicholson

Yr_____ JIEF . . z_
{South Amecrica); Roble Blanco, Tabébuia ;.-rcmu_unﬂm nemsl. (west Imdi

Central America): Pink Pou, Tabehuia rosea TWC. (Central and South
America); Aftican Marigold, Tageres erecta L. (Africa or Mexico); French
Marigold, Tagetes patula L. (Mexico}, Fame-Flower, Talinum calycinum
Engelm. (Mexico); Yellow Elder, Tecoma stans {L.) H.B. & K. (Tropical
America); Bush-Clock-Vine, Thwibergla erecra (Benth.) Anders. (Tropical
Africa); TReyallis glauca (Cav.} O. Kuptze (Tropical America), Tithonia
rotundifolia (Mill.) Blake (Mexico), Toreria fournieri Linden ex Fourn.
(Cochin China}; Chinese Star Jasmine, Trachelospermium divaricatum
(Thunb.} K. Schum. (China); Tradescamtia fluminensis Vell. (Brazil);
Nasturtium, Tropaecium majus L. {South America}, Vaccaria pyramidata
Medik. var. roseg Hon. {Europe and Asia), Verbain, Verbena bipinnatifida
Nutt, (Californiz 1o Mexico); Varbena peruvigna Britt. {Argentina and South
Brazil); Monarch-of-the Veld, Venidium fasteosum Stapf (South Africa);
Garden or Florist's Violet, Viola odorata L. {Burope, Africa and Asia},
Pansy, Viola tricolor L. var. hortensis DC. {Europe); Blue-Acacia, Wisteria
sinensis (Sims.) Sweet (China or Myanmar), Xenthosoma lindenii Engl.
(Columbiaj, Spanish- Dagger, Yucca gloriosa L. (Morth America),
Wandering Jaw, Zebrina pendule Schnizl. (Mexico), Zephyr-Flower,
Zephyranthes condida Herd, (Peru); Common Zinnia, Zinnja elegans Jacq.
(Mexico), etc. (See Connor, 1873; Gamble, 1902; Prain, 1903; Duthie,
1903, 1929; Troup, 1932: Benthall, 1946; Bailey, 1928, 1928b, 1945,
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Vavilow, 1940/50, 1951; Blatter & Millard, 1954, Bor & Raizada, 1954,
Santapau & Randeria, 1955; Coats, 1956; Booth, 1957, Bruggeman, 1957;
Firminger, 1958; De Candolle, 1959 Pal, 1960; Gupta & Marlange, 1961;
~ Desai, 1962, Haines, 1962; Mehra, 1965-1966; Backer & Brink, 1963, 1965,
1968; Maheshwari, 1963, Santapau, 1965; Gupta, 1967, Gamble & Fischer,
1915-1936; Purseglove, 1968, 1972; Singh, 1968: Marthew, 1969, 1081,
1983; Maheshwari & Paut, 1975; Bose, 1976; Srivastava, 1976; Nair, 1978;
Saldhana & Nicholson, 1978; Bennet, 1979; Pandey, 1979; Jain & Sastry,
1980; Maity & Guha Bakshi, 1981, Nair & Henry, 1983; Sharma & Pandey,
1084; Pandey, 1984; Chakraverty & Iain, 1984; Rothe, 1983, ¥erma 7 ai.,
1985: Ambasta er al., 1986; Banerjee eof 2., 1987; Henry er al., 1987;
Papigrahi & Murti, 1989; Pandey & Chakraverty, 1990; Lakshminarsisnhan
& Sharma, 1991; Sanjappa, 1991; Paxley ef ai., 1991; Sreckumar & Nair,
1991; Chakraverty 2f al., 1992 and Pandey & Chakraverty, 1992),

THem sptablichememed of Tedices Thaioma. rrmdar: TTAcram [ Jg——— T oww el
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Botanic Garden) in 1787, has playad very imponant rale for introduction,
acclimatisation and distribition of many cultivated planis of agri-horticultural and
economic/medicinal imperiance for which authentic records are available and
hence, these deserve & separate mention, Some of the more important species first
introduced to this gurden ate

. Forage, food and Ol : Soya Bean, Giveine max (L) Merr. {Cochin China,
Japan and Java from Moluccas); Cajeput Tree, Melaleuca leucedendron L,
(Myanmar, Malayz Islands, arousd 1810 by Lt. M’Kenzi).

2. Fodder : Lucorme, Medicago safva L. (Western temperate Asia, in 1796 by
B. Boswell); Egyptian Clover, Trifolium alexandrinum L. {Syria and Egypt,
in 1803 by T. Grahamy}.

3. Fruits : Sour-Sop, Arnona muricata L. (Tropical America, in 1811, by A.
Roberts); Straw Berry, Fragaria vesca L. (Temperate Europe, Wesiorn Asia,
and East of North America, before 1808}; Black Mulberry, Morus migra L.
{Asia probably Persiz, in 1795).

4. Fibre : Ramie-Rhea, Boehmeria nivea (L.) Gaud. (China, Japan and Malayan
Isles, Roxbargh™s period berween 1793 to 1813),
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9.  Timber : Mahogony, Swietenia mahogoni (L.} Jacg., (Jamaica and Central
America, in 1795 from West Indies), Swietenia macrophylla King (in 1872
from Honduras},

6.  Omamental trees, shrubs, climbers, foliage eic. ©  Allamanda, Allamanda
cathartica 1., (Brazil, during 1803 by W. Hamilion Esq. from Guinea):
Partidge Breast, Aloe vera L. (South Africa, probably 1806} Queéen-of-the
floweting Tree, Amherstia nobifls Wallich (Myanmar, in 1826 by N,
Wallich); Gardea Asparagus, Asparagus officinglis 1.. (Europe, North Africa
and Western Asia, probably before 1794); Bambusa burmanica Gamble
(Myanmar, during 1876 by Ofiver); Chinese Ramboo, Bambusa glaucescens
(Willd.} Sich. ex Munro {China and Japan, befors 1794); Buddha’s Bamboa,
Bambusa ventricosg McChure (China and Japan, before 1913); Bambusa
viulgaris Schrad. var, sfrimta (Lindt.) Gamble {China and Japan, during
1863); Bougsinvillea, Bougainviliea Spectabilis Willd, (Brazil, during 1803
by W. Hamilion Esq. from Guinea); Australian-Pine, Casuarina equisetifolia
J.R. & . Forst. (Australia, Malaya and Pacific Islands, in |798), Garden
Croton, Codiaeum varieganon (L.) Bl. {Java to Australia and South Islands,
during 1798 by C. Smith); Coivillea racemosa Boj. (Madagascar, during
1840); Butterfly-Pea, Clitoreq termatee 1. (Tropical America, in 1814);
Calbash tree, Crescentia cujete L. (Tropical America, during 1795 by W,
Hamilton Esq.); Dendrocalamus membranaceus Munro (Myanmar, during
1892); Syrian Hibiscus, Hibiscus ryrigcur L. {Syria, before 1794), Hibiscus
tiligceus L. ssp. hastames (L.f.) Borssum (Society Islands, during 1809
received by the missionaries brought by Lord Minto from Othaheite); Crape
Myrtie, Lagerstroemia indica L. (China, before 1794); Double Cocomn
Tree, Lodoicea maldivica:(Poir.) Pers. (Seycheles, in 1894); Sweet Scented
Oleander, MNerium indicum Mil, (China, Cochin-China, before 1754);
Jerusalem Thomn, Parkdnsonia acufeain 1., (West Indics and South America,
in 1797 by W. Hamifton); Passion Flower, Passiflora coerulea L. (Brazil,
during 1799); Passiflora suberosa L. (West Indics, during 1804); Plumeria
alba L. (West Indies: during 1801 by W. Hamilton) Travellet's Tree,
Ravenale madagascariensis J. F, Gmel. (Madagascar, Captain Tennant
brought from the Islands of Mauritivs, before 1832); China Rose, Rosa
chinensis Tacq. (Chipa, in about 1794 by William Roxburgh from China);
Chinege-Arbor-Vitae, Thuja orientalis L. (China and Japan, before 1794);
Thyrsostachys ofiveri Gamble (Myanmar and Thailand, during 1892);
Thyrsostaclhys siamensis Gamble {(Myanmar and Thailand, before 1890);
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Grant warer Lilv, Victona amazonica (Poepp.) Sow, {Brazil, about 1873);
Santa Cruz-Lily, ¥Victoriqa cruziana d’Orb (Paraguay, during 1881}); Spanish
Dagger, Yucca gloripsa L. {North America, in 1799), Wanderipg-Jaw,
Zabrina pendula Schnizl, (Mexico, in 1300 by W. Hamilton Esq.) .

7. Seasonal flowers : Pot Marigold, Calendula officinalis L. {South Europe.
before 1814}; Sweet Sultan, Centayrea moschata 1. {probably Persia, before
1300 by Colonel Drver); Wall Flower, Cheiranthus cheiri L. (South Europe,
before 1840 by General Martin); Sun Flower, Helignthuy aanuxs L. (Central
America and Peru, before 1794); Heliotropium peruvianum L. (Peru, in
1801Y; Sweet Pea: Lathyrus odoratus L. (Italy, in 1799). Love-in-a-Mist,
Nigella damasceng L. (South Earope, probably before 1814 by Coltonel
Garstin), Africanr Merigold, Tagetes erecta L. {Africa or Mexico, probably
before 1794}, French Meripold, Tageres parda L. (Mexice, before 1794);
Nasturtjum, Tropaeolum majus L. (South America, in 1799). (See Roxburgh,
1814, 1820, 1824, 1832; Voipht, 1845; Troup, 1932; Bailey, 1928, 1928b,
1949; Samtapan, 1%5; Sen & Naskar, [965; Deb, 1977, 1982; Chakraverty
& Mukhopadhyay, 193); Saldanha, 1984; Sharma & Pandey, 1984

Bhattacharya ef ai., 19806 and Bose e ai., 1987)}.
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Plate 3. Argemone mexicana L. (BSI, IBG, Howrah)



Plate 4. Prosopis juliflora (Sw.) DC. (BSl, 18U, Howran)



Plate 5. Althaea rosea Cav, (BSI, IBG, Howrah)



Plate 6. Asclepias curassavica L. (BSI, IBG, Howrah)



Plate 7. Manilkara zapota (L) van Royen (BSI, IBG, Howrah)



Plate 8. Nicotiana tabacum L. (BSI, IBG, Howrah)



Plate 9. Catharanthus roseus (L.) G. D¢
(BSI, IBG, Howrah)

Plate 10. Gliricidia sepium (Jacq.) Kunth ex Walp
(BSI, IBG, Howrah)




Plate 11. Hibiscus rosa-sinensis L. (BS1, IBG, Howrah)

Plate 12. Saritaea magnifica (Bull.) Dugand. (BSI, IBG, Howrah)



Plate 13. Tabebuia argentea Brit. (BSI, 1BG, Howrah)

Plate 14, Tabebua pentaphyila Hemsl. (BS1, IBG. Howrah)



Plate 15. Tagetes patula L. (BSI, 1BG, Howrah)



Plate 16. Parkinsonia aculeata L. (BSI, IBG, Howrah)



12. ETHNOBOTANY IN INDIA

(D3.C. Pal)

The unique empiric knowledge system zbout the use of the biplogical
Iesources among ihe various human communities fiving close to nature is very
ancient in India. This rich horitage of knowledge and age old wisdom of India
might weli be among the earliest in the world. According o 1991 censns over
67.8 million tribal people, belonging to over 550 communities having 106
linguistic and 227 subsidiary dialects, constitute §.08% of the population of the
country. ‘They Live in about 3K forest dominaled villages which cover about
15% geographical arca of a total of 3029 million hectares of Indian land mass (8°
47-37°6" N and A3°7°-97°25' E). With these vastly diverzified living ethnic groups

and rich biological resources, India represents one of the great emporia ::rt‘
ethnobotanical wealth. In this perspective ethnobotanical stedies may be highly
profitable from academic, indigenous knowledge, local koowledge, communiry
knowledge and folk knowledge point of view for plamning and decisivn muking
prupose. There are some spatial aspects of aquired unique imowledge system of
ethmc commmunities. The orgamsed and systematic studies on ethnobotany as
source of indigenous knowledge are very recent in India. However, up nll now,
the possible application of indigenous knowledge in planning and deciston making
has been upexplored. The present chapier focuses on the Ethnobotany in India
Whirh can facilitate the management of indigenous information and enhanee its
usefulness. In this respect a few important reference, on international studies,
which have prompted Indian research in this field, have been referred.
Ethnobotany in the realm of health care system, food, other agricultural crops
Lnprovement, conservation of genetic resources and the welfare of ethnic races
with suataingble uses of plant resources have been emphasized in India.

Ethnohetany :

The wertn "Ethnobotany” is derived from two Greek syllables Owmikos or
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etymologically the term "Fthnobotany™ refers 1o the sdy of palnts of race(s). Tor.
John W. Harshberper (1B85), first coined the term “Ethnobotany™ and applied it
to the study of plans used by primiiive and aboriginal people. He published it in
the "Philadelphia Evening Telegram™ and later under the heading "Some New
Ideas" in 1896, Robbing, ef. af. (1916), considered Ethnobotany as the study and

evaluation of the imnwledoe of all the nhages of n]_ ant life with nnm:lmr agorigte
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Faulks (1958} categorically stated thar Ethnobotany encuinpassed the entire
realm of "Economic Botany”, incivding the modern use of pianis. This view 18 not
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indigenous pepele and their plant swroundings forms the subject of
"Ethnobotany” They specified that Ethnobotany mneludes the smdies of plam
weaith used by tribal people for their food, fodder, medicine (both human amd
veterinary), clothing, house building, oil sced, narcotic, beverage, fibre, dye, tan,
agriculioral instrumcnt, hunling tuplements, mate

belief, taboo, totem, e, and the impact of
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vegetation and of the individual plant species. Ford (1978} included the modern
uses of plant also in the purview of Ethnobotany. Heiser (1920}, interpreted
Ethnobotany as studies of plants used by human commwnities in past apd of

present survivals at any (evel. Manilal { 1988) stared that "Ethniobotany denotes the
entire realm of useful relationship between piant and man”. Bur harmful effects

are also within the purview of cthnobotanical studies. Now Ethnobotany can be

defined as direct totai relationship of plants with man. This man-plant relationship

can not be restrcted 10 the Wmits of Bconomic Botany and Environmental studies

only. The intimate relationship between plants and man  the man of past, has

come 0 us through surviving traditions only. S0 man-plant relabion is
multidimensional. Schultes (1962), poiated out that ethnobotamical studies require
muliidisciplinary and interdisciplinary approaches.

Jain (1987, broadly classified man-plant relationship into two groups, viz.
(i Abstract, and (i) Concrete. The abstract relationship includes faiuth in the
good or bad powers of plants, avoidance, sacred plants, worship, folklore,
taboo, totem and other plants of aesthetic values. In literamre  similies and
metaphor  coming from plants and plamt pari(s) are also inchaded within this
realm,

The concrete relationship includes mainly the materialistic usage of plants,
such as in food, medicine, shelter, ete. Jain (1989) categorised the Abstract and
Concrefe relationship between man angd plants under four headings, viz. (a}
Relationships useful both to man and plants (b} Relationships usefal to man,
harmful to plants (c} Relationships useful to plants, harmful to man (4}
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Rtelationships harmful both to man and plants.

The relationships useful both to man and plants cover the realm of
domestication of plants, agricelture, development of improved crop varieties,
hybridisaction, creation of hardy, diseases-resistani varieties, propagation,

matainabls l-‘l'“r\lﬁihhni‘l. and conservation of wild nln'rlt resourees. The relation
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useful to man but, harmful to plants inclode f]lﬂ areas of the practice of
monoculture forestry, silviculture, vsage of minor forest produces, etc. On the
other hand relatjonships useful to plants but harmful to man include cbnoxicus
weeds, like Parthenfiom, Mikania, Eupatorium, Argemone and the plants in
pesticides.

The relaticnships harmful both to man and plants come under the purview of
damage to environment, environmental pollution, deforestation, creation of wasie
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work in Ethnobotany is the smdy of selection process brought aboitt by the tribals
in certain economic plants and conservation of germ plasm through patronage of
land races.

Ethnobotany plays a material role n the advancement of many aspects of
other subjects, like Anthropology, Sociology, Agriculmre, Horticulmre, History,
Archeology, Medicines, Ecology, Geography, Linguistics, efc.” A comprehensive
study combining all the above disciplines could only provide clue to the origin of
caltivated plants, distribution of wild relatives, history, names, migration of
lwman races, phonetics of different dialects of ethnic groups, etc. In this
perspective the works of De Candolle (1886}, a French Botanist, and Vavilov
(1926, 1951), a Russian geneticist and agronomisi, can be meniioned. They took
the aid of Ethnobotany to acertain the centre of origin of economic plants in the
world,

Etbnobotany - Its Interdisciplines and Subdisciplines :

The interdisciplinary and subdisciplinary sealm of Ethnobotany are often been
confased with each other, Ethnobotany itself is a multidisciplinary and inter-
disciplinary science. It has many subdisciplines. With diversification of
Ethnobotanical studies along new lines, more and more branches are being added
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Ethnobotany beyond its ordinary realm of botany has great significance for
other branches of science, like meteorology, cosmetics, dietetics, music,
mxicniﬂg}'. narcotics, pharmacology orthopaedics, gynaecology, paediatrics,
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scope of related discmlinegs is ofien not possibe.

The study of various inter-disciplines of Ethnobotany, viz. ethnometeorology
involves the weather forecasting through plant behaviour; ethnocosmetics involves
traditional cosmetics; ethnodieteics for the siudy of food during sufferings amd
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i related to plant used in instruments. referred to music; ethnotoxicology,
ethnonarcotics referred to plants used by edhnic groups for hallucinaton and
narcotic purpose; ethnopharmacology includes the pharmacology of ethnobotanical
spamﬁ ::Ihnﬂormupacdlcs mvnlw:s the smu:-,r nl traditional methods mr Imalmg

the study of plants nsed fnr curing eye diseases; ethnng}ruaemlngy covers the
traditional methods of treatment of female diseases; ethnopaediarics is the smdy
of plants used for diseases amongst children, and so on. More and more new
subjects are emearging in the inter-disciplinary appreaches of ethnobotany.

On the other hand the stadies dealing with the relationship of man with
various subgroups of plant Kingdom, like algae, fungi, bryophytes, plenidophytes,
lichens, etc. are called subdisciplines of ethnobotany and have been termed as
ethoezlgology. ethnomycology, ethmobryology, ethnopteridology,
ethnolichenology, ethnotaxenomy, ethnopalacobotany, ete

Ethnobotany - Its Relation to Felklore, Myths, Ecomomic Betany and
Traditional Medicine :

The word ethnobotany is somerimes interpreted with Folklore, Economic
Botany and aiso considered as synonymous with traditional medicine. But the
scope of the subject is much more than that. All the traditional systems of
medicine today, which are well organised, distinct systeros of diagnosis and cure
for aitments ia India, have their root in ednobotany,

The usage of processed, improved plam products, their commerce ad trade
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arc termed as "Economic Botany ™.

Folklore deals with only unrecorded customs, beliefs, magic and rimals.
Folkjors practically recognised historical science in wesiern countries. Whereas,
myths have been defined as stories of anonymous origin prevalent among the
Peuple and accepted as wue. Myth is said to be motivaisd not only by subjective
wighfy] thinking, but also by the quests for an understanding of the significance
of nature and life. Myth may be considered as primitive ethnobotany expressed
in practice form.

Ethnicity ot Indian Tribals :

The Indian tribals gencrally posses the characieristic featre of thres great
races of mankind, viz. Negroid, Cocasond and Mongoloid. Anthropologically the
term "Australoid”, which was arributed to some Indian tribal groups, has besn
detived from the type "Negrito” under the great race Negroid.

Major Linguistic Classification of the Indian Tribalx :

The Indian wribals may be classified under three major linguistic groups. The
dizlects of these groups have no written script, The Muynda, Samal, Lodha,
Kharia, Dithore, Ho, Asar, Goml and other tribas of cenmal and castern India
belong to Australo-Asiatic linguistic proup. The Craom, Kondh, Toda, Balmaki,
€IC. of sastern, central and southemn India speak Dravidian language. The Mech,
Rabha, Toto, Nicobarese, Lepcha, Bhutia, Miris, Karbis, Nagas, Khasis, Monpa
and other tribals of North-eastern India belong to Tibeto-Burmar linguistic group,
whereas Ongacs, Sompen, Greal Amlaminese, sic. haye praciicully ou specific
dialeces but have a good number of gutiral sounds,

Historica) Background :

Since the coining of the term "Ethnobotany™ in 893, the subject is now
#hout hundred years old. Sicne then ethnebotany has had a wonderful history in
U.8.A. While Harvard University has become a Jeading cenire of ethnobotanical
Studies, the University of Michigan has established an sthnobotanical laboratory
and many other universities of U.S.A. have included ethnobotany as a subject of
study and research. Canada has instituted "Canadian Ethnobiology Service”. It has
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In 1987, the department of Ethnobotany has been established at the Kunming
Institute of Botany, Academia Sinicia. Ethnobotany has also been introduced as
a subject of study along with Economic Botany in the univetsity of Murtia, Spain.
The subject has received considerable importance in Ethiopia, Ghana, Uganda,
Kenya, Scuth Africa, West Indies, Indonesia, Ausiralia, New Zealand. It is the
thrust area of rescarch in Bangladesh and Nepal. In December 1994, an
International Conference on Ethnobotamy was held at Dhaka. The subject is
receiving increasing attention in Buropean countries as well, like UK., France,
Denmark, Portugal and others.

In India, with her vast heritage of vedic literature such as Rigveda (2500
B.C. 1600 B.C.), Atharva Veda (1500 B.C.-500 B.C.}, Kautilva's Arthashastra
(321 B.C.-186B.C.}, Vishnu Puran {500 A.D.}, Agni Puran {500 A.D.-700 A. D},
Yishnudhzrmoteara Mahapuran (500 A.1).-700 A.D.), Apstanga Smriti (200 B.C.-
200 A.D.), Brihat Sambhita (500 A.D.), Upavanavinoda (1120 A.D.-1330 A.D.),
etc., and with medievat Inerature in Sanskrit, Pali, Tamil, Persian and other
regional languages, posses huge wealth of ethnobotanical information,
Ascertaining of the botanicai identity of large number of plants in ancient
literature is one of the branch of investigation in ethnobotany. Starting from
"Vihalyakarapi” in Hindu epic Ramayana and "Soma” in vedas, more than one
and a half dozen of plants have been anributed to different group of plants,
varyving from flowering plants, like Tridax, Barleria and Sarcosterma 1o fungus,
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Cenvella asiatica 10 Bacopa monnierl, and in the case of Bala species varies from
Sida rhombeidea to Sida spinosa. The names jatamansi, punarnavg, etc., are also
atiributed to more than one taxa. Bodding (19253-1940) perhaps sown the seed of
field investigation in ethnobotany through his pioneering contribution on “Studies
in Santal Medicine and Folklore™, This was foliowed by an equally important
contribution by late Prof. G. P, Majumdar (1938) through his publication - "Some
Aspects of Indian culture (in plant perspective)®. The Bulletin of Botanical Society
of Bergal added the sub-title "Ethnobotanical studies in India® to it. Kirtikar and
Basu (1933) stated "Ethnobotany is virmatly a new field of research in India®.
They further remarked that etheobotany will become a more important subject
when its smdy would progress to 2 point where resulis could be studied
comparatively, De (1968) also supported Kirtikar and Basu's view and stated that
ethnobotany was a pew science in India.



2000] ETHNOBOTANY IN INDIA 309

Botanical Survey of India : The Mother of Indian Ethnoboianical
Research :

Botanical Survey of India was reorganised in 1954, to underiake the survey
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section of the Central Botanical Laboratory of this Tnstitution has undertaken
siudies on this subject. Late Janald Ammal (1950), the person behing the
tecrganisation of the depariment, suggested the initiation of researches on
cthnobotany in Central Botanical Laboratory with particular emphasis on
documentation of subgistance food plants of certain tribals of South India, specially
various prospects of genus Disscoreq. From 1960, Dr. §.K. Jain, initinted
intensive ethnobotanical field studies among the Gond tribe of central India. In the
Indian context he devised the methodology for the study of this subject in the
field, The publications of Dr. Jain and his co-workers, like D.C. Pai, C.R.
Tarafder, J.N, Dey, D.K. Banerjee and others in early sixties encouraged similar
activities at many other cenwres, like National Botanica! Research Instiouis
{N.B.R.1.), Lucknow, Naticnal Bureau of Plant Genetic Resources {N.B.P.G.R),
Dethi, Central Council for Research in Ayurveda and Siddha (C.C.R.AS.):
Central Council for Research in Unani Medicine (C.C.R.U.M.); Central Council
for Research in Homoeopathy (C.C.R.H.) and Tropical- Botanic Garden and
Research Institute (T.B.G.R.1.). Thiruvananthpuram. In 1981, the Department of
Sicence and Techuology, Government of India, decided to set up an "Al! India
Co-ordinated Research Project on Ethnobiclogy (A.1.C.R.P.E.)under the umbrella
of "Man and Biosphere"” programme, The proposal for the praject was first floated
by Dr. T.N. Khoshoo in July 1974. The project came into operation in Fuly,
1582, with eightesn centers of stmadiss. Simultanecusly ethnobotany has been
incarporated in the syllabus of Botany in many Universities, e.g. Manipur,
Guwahati, Srinagar, Garhwal, laipur, Joypur, Calicut, Sagar, Bhagalpur,
Darbhanga, Calcutta, Vidvasagar, etc. in Under as well as Post-graduate degree

T e T - Atnmzilioie hos alas hows meassoised Fopr demtannet amd oane deapeesl

WURIGES. LIS QISCIPITE ES 130 Dol TGO 106 QUCIOTAS abl DOal-Gcioril
research work by various academic institutions in India. These developments had
rémendous impact on botanists, anthropologists, folklorists, traditional medicine
Practitioners, health conscious individuals with direct bearing on rural health
Cire systen and  comservation of wild plamts. Several Public Service
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of India itzelf has a
museum.
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Botanical Servey of India organised a special session on "Plants in Folklore
and Folklife" during XII International Congress on Anthropological and
Ethnological Sciences, held at Delln in 1978, Similar sessions were also
organised by the department during Botanical Conferences of the Indian Rotanical
Society held at Calicut, Meerut and other places. It was followed up by the
formation of a Society of Ethnobotanists in 1981 in India. Since then the soviety
has been regularly orpanising seminars and workshops on ethnobotany in order
o create awareness about recent researches in ethnobotany and to help evolve
gries about grdiez on ite different sobbrapcbes
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Founding of societies of Economic Botany, Ethnobotany and Ethnobiology
and their regular publications have considerably popularised the subject. The IV
Internationa! Congress of Ethnobiology held at Lucknow in 1594 has further
helped in better understanding of the subject and its significance in contemporary
world, Such advances ethmobotanical smdies on vatious tribal communities
notwithstanding, very little work has go far been done on textual resources and on
comparative analysis of available information from various ethnic communities in
India. The vast area of folkbotany, Folkiaxonomy and the studies of plants used
in various cultures remain more or iess unatterded. On the other band sthnobotany
of lower group of plants is almost totally untouched.

Area Covered Tnder Ethnobotanical Stmdies and the Tribal Comemnnities

Parfly or wholly Stodied by the Botanical Servey of Indin upto
1997 ;

The scientist in Botanical Survey of Indiz have vndertaken ethoobotanical
explorations in some areas of Andaman and Nicobar Isiznds, Andhra Pradesh,
Aronachal Pradesh, Bibar, Kerala, Karnataka, Madhya Pradesh, Maharashtra,
Magaipur, Meghalaya, Napaland, Orissa, Rajasthan, Sikkim, Tamil Nadu, Utear
Pradesh and West Bengal. Besides, several other Rescarch Institutions and
universiics have alse vndertaken ethnobotanical studies in other geographical
areas, like Himachat Pradesh, Gujrat, Kashmir, etc. The Department has research
wings at its different regional circles ¢ carry out ethnobotanicaf studies as a pat
of this regular researck programme.

The major ethnic groups studied during the course of thess investigations are:
Asur, Balmikis, Bhils, Bhumij, Bhutias. Chenchus, Garos, Gonds, Great
Andamanese, Hoes, Jaintia, Karbis {Mikirs}, Khasis, Kharias, Khonds, Khols,
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Lepchas, Lodhas, Mahlis, Mundas, Meech, Maria, Mishmees, Monpas, Miris,
Nicobarese, Onpes, Otaons, Paarias, Rathas, Reddhis, Saoras, Santals, Shompens,
Toda, Totos, etc.

Impact :

The Impact of these smdies are seen in many areas of piant science including
tomservation of biediversity, forest vegetation as sacred proves, non-timber forest
produce, etc. So far it has resuited into the documentation of about 9500 species
used both for human and veterinary medicine, food. fodder, fiber, housebuilding
materials, gum, resin, dye. fuel, oil seeds. narcotics, beverage. poision,
pesticides, musical instruments, material culture, source of germplasm, incense,
Perfumes and magico religious purpose. It is seen that a quite good oumber of
wild, semi-wild plant species have been found with new information regarding
their weefulness, Over 3500 species posses medicinal or aromatic properties, Bt
the scientific verification of these informations has so far been done in 3% cases
only, It is estimated that about 1523 wild plants have so far besn botanically
identified as wild edible plants for human consumption. Recent sthnobotanical
investigations and discovery of remarkable medicinal properties, such as cortisone
Precursors from sapopemins of plants, like Costus, Solonum, Dioscorea;
hypertensive agents from Verarrwm; cylotoxic priaciples frem Podophylium;
ephedrine from Ephedra; ginseng from Panax, puggulipid from Commiphora;
taxol from Taxus; cocain from Erythroxylon, antimalarial drug from Artemisia;
Vincristine and vinblastine from Catharenthas; Khellin from Amae visraga,
reserpine from Rquvelfia; hesperidin from Citrus plants; bishydroxycoumarine
from Melitous officinalis, etc. have given new impetus to the study of the subject,
Modern medicine is paying increasing attention to the medicinal plants used by the
tribals. Perhaps at present a quarter of modern pharmacentical products such as
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amongst a long list of other items (Soedigdo, ef al., 1980) originated frnm plamt
CXracts. The commercial vatue of these medicines and drugs, and other
Pharmaceuticals, now amounis to some US $ 40 billion a year (Myers, 1983). It
has been estimared that the total export of medicinal plants from wilkl Indian
sources has increased from about Rs. 220 million in 1974-1975 to Rs. 5000
millicn in 1980 (Chatterjee, 1980).

India and Africa are the cradles of psychoactive drugs that may have some
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of these countries are the custodians of traditional knowledge about thess
paychoactive drogs.

In India, during last three decades about 450 scientific papers and one and
hatf dozen books on ethnobotany have been published by about 160 research
wotkers covering about 3023 plant species of ethnomedicinal importance. All
these plants have bean systematically screened 10 ascertain thejr biological active
principles. A broad based biological screening of these species, belonging to 1400
genera and 265 famileis, bas confirmed the field information, on different
bivlogical activities, viz. antbacterial, antifungnal, antih=lminthic, antiprotozoal,
antiviral, antifertitity, hypoglycaemic, antilipaenic effect on cardio-vascular system
(CVS), anti-inflammatory, stc. (Mehrotra, 198%). Most of these plants belong o
Angiosperm and ave known for thier usefulness for about 4000 drug industrics of
various systems of medicine in India.

Distinpuishing Features of Tribal Medicine :

{a) The tribal system of medicine is primarily a system of compound drug.

(b) Rice beer, country liquor, mauha liquor, water, ete. are considered as carrier
of medicineg,

{c) Long pepper, round pepper, ginger, betel feaf, etc. are reparded as agents for
bio-aszimilation of medicine.

(d) There i5 no written formula due o want of written Ianguage sCripst.
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(f) Very specified and systematised medicine.

(g) Preference is given to fresh and living plants.

(h} An age old system of medicine guided by experience.

(i) There i3 no measuring scale and unit, thus only approximiry.
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The ethnobotanical studies conducted so far on different areas of i sub-
disciplines and interdisciplines has hardly covered 10-15% of the tasks involved
in India. Except for the tisting of plants used by the specific ethnic groups of a
particular geographical region, no attempt has so {ar been made to integrate alj the
sub- as well as imterdisciplinary approaches of the: subject together. The subjecs
has very recently been included in the research programmes of rural health care
gystem, emergency food plants and life supporiing drug potents. in Indin the
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vastness of the scope of the subject has been indicated by Sarin (1989) and Rao
1989). Other than helping in planning of economic development in rural and
tribal area the folklore studies may give new thoughts for rewriting history. It may
increase the stock of words for enriching literature. It may help judge the social

and economic conditions of the people. Riwals, legends, religious ceremonies,
tales, proverbs, riddies, etc. can help in national integration, solve viilage
disputes, environmental protection, etc. It can give clue for revitalisation of folk
artisans. It also can be deployed for the evaluation of the commercial aspects
for sustainable use of locally available raw materials in respect of development
and planning, forest management and conservation of native plant genetic
TEsources.

Food :

Tanaka (1976), Uphof (1968}, Zeven (1975), etc. documented about 3000
important plant species and 1000 potentially useful piants which are meeting the
present human needs. Ambasta ef al. (1994) mentioned nearly 5223 plant species
as useful plants in India. Arora (1991), Singh and Arora (1978), Bhandari (1974),
Roy Chaudharj and Pal (1978) and many others have made notable contribution
in this regard. For example the plants like Piper peeploides, Parkia
roxburghii, Moghania vestita, etc. are unknown or less known for their usefulness

1b‘l'lf nad mem o cem o —aa LT A BT il maiea . mdmdaan [ [ P & R T To st mson alitn  n
Mk WAL AN \Fl:g':lilUll: IH MU uvadicl L dlated, ooulaily IIWHJUFII“ FEGAC PR ENILG, 4

cucurbit, is used by Mizos as oil-seed and Digitaria cruciata var. esculenta
a8 cereal by Khasis. Several other plants like species of Alocasia,
Colocasia, Amorphophalius, Dioscorea, etc. are cultivated by various ethnic

Cominunities,
Medicine :

In recent years, the special uses of plants in ancient times by the primitive
societies have caught a greater attention. The discovery of plants as source of
hallucination and narcotics by Schultes (1973, 1996), Schmltes and Hofmann
(1980, 1987), Prance (1970), Rubin (1975), Marlin (1984), Wasson (1969), Jain
ef al. (1994) has created a global sensation on psychoactive drugs. The recent
cthiobetanical studies in India have resulted into documentation of about 3500
Species & against 1800 known earlier. The efficacy of contraceptives derived from
Sapogenous plants, like Abrus precarorius (white secded), Helicteres isora (fruits),
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Dendrophthoe falcata (host parasite junction), Emtada phaseoloides (seed), used
by the tribaly in Tndia, has been established. Similarly Aegle mormelos (young
leaves) and Coceimig grandis (fruits and feaves) are used to cure diabetes amongest
children. Argyreie nervosa {roots), Atyiosia scarabaecldes (seeds), Drosera
burmanni (leaf traps), Cassiz firula (roots), Curculige orchigides (roots),
Schrebera swictenlotdes (fruits) are used in veterinary medicine, The plants, like
Phyllemithas fraternps (whole plant) iz vsed in jaundice and Clawsens exoavara
{whole plant and Copris teeta (roots) are used n malarial fever.

Folklore :

Plants, like Achyvranthes aspera and Piwmbage zevianica are used for
expediting childbirth, and Viscum album, a parasite, is used for kesping the evil
eyes away.
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The usefulness of plants, like Paspalum scrobiculafien (seed coats), Riveg
hypocrateriformis (sceds), Grewia microcos (leaves), Streblus asper (wood powder
for Myanmar cigacetis), Terminalia bellirica (cotyledons) as sources of narcotics
is onknown or little known.

T
IIMSIET

In India, starting from Aconitum a good momber of plants are used as poison.
But tribals normally use Cleisianthus collinus (Yoots), Derrls scandens (sends),
Aconitum {rocs), (loriosa superba (Subers), sfrychnos-nux-vomica (seeds) for
poisoning of the arrow heads.

Beverage :

Various starchy plant saps, leaves, seeds and flowers are used an raw
material for preparation of beverages. Beskies, tea and coffee, Heritizra linioralis
(leaf tea), Caryota urens (aap), Nypa fruticans (sap), Madhuca indica (flowers),
Rhododendron (flowers), etc. are used by the Indian tribals for both alocholic and
nonalcoholic beverages.
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Arms and Instruments :

are used for making bows. Similarly Anodendron panicuiatum (fibre), Bauhinia
vahlii (bast fibre), etc. are used for preparing bow strings. Ancistrocladus extensus
(stem), Arundo donax (stem), Dendrocalamus strictus (branches), eic. are used for
making shaft for arrows.

Fibre ;

More than 150 plant species of both wild and cultivated origin are known to
yield fiber. The plants, like Calamus viminalis (stem), Calamus palustris (stem),
Donax cannaeformis (leaves), Borassus flabellifer (leaves and petiole fibre),
Combretum roxburghii (stem), Eulaliopsis binata (leaves), cic. are used by
different tribals for obtaining fibre.

Magico Religious Belief :

There are uses of plants for various magico religious beliefs as well. It may
be for treating ailments, securing huck, detecting missing pets, etc. In these
perspectives Clerodendrum serratum (stem) is used for curing viral disease, like
"Naranga® which is manifested by biisters on stem. Similariy, white fiowered
Clitoria ternatea (leaves) juice is applied for curing eye cataract.

Taboo and Totem :

— gy

There are toboo and totemic palnts. Haldina cordifoiia, Dioscorea spp.,

nf onrh mlante
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Every human community has some sacred plants and flowers. Few examples
of such plants are Adansonia digitata (Buddhists), Aegle marmelos (Hindus), Ficus
0. (Christians), Phoenix (Muslims), Haldina cordifolia (Tribals), Canrnabis
(Tribals). The flowers, like Calotropis procera, Hibiscus rosa-sinensis, Clitoria
ternatea, Nyctanthes arbor-tristis, Nelumbo nucifera, Datura metel, Saraca asoca,
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ctc. are regarded as sacred. Similarly, some patches of vegetation are regarded as
sacred groves. According to Gadeil and Vartak (1981), in Maharashtra alone there

arc abour 400 sacred groves which cover about 3,570 hactares of land, These
patches of vegetation have been dedicated to some deity. Hajra {1981), and
Maheshwari &t al. (1981), have done good work on this aspect in North-east and

central India respecdvely.
Some areas of Prioritization in Ethnobotany for 21st Century :

Jones (1541, 1962) and Jain (1989) observed that ethnobotany is actually the
reciprocal and dynaic aspect of human interactions with plaats, But, Ford (1978)
stated that ethrobotany has been applied to the solution of modem world probiems
where ecclogical perspectives have dominated both resarch and policy decisions.
For ecological smdies scientisfs aie dependent on cthnobotany. Vety fecently it
has been realised that ethnobotany is the vital discipline for ecological studies.
Even biochemigiry, despiie its identity as a highly speciallised scientific discipline,
has become a prominent approach t¢ ethnobotany, It has been redefined as

integrated discipting that draws inféllectual strength from plant scicmce and
anthropology. The fellowing are the major thrust arcas :

Scientific confinmation of the sthnobotanical information already received.
Field studies on the basis of geographical areas and tirbal groups.
Museum and herbarium studics.

Studies of folklore and folk taxonomy.
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Studies of total ethnobotany covering all aspects of the sjubject into a single

species, or genus or family.

Comparative analysis of information already received.

Smudy of anciemt and medieval literature.

Rele of tribal participation in forest management,

0. Role of tribal participaticn in environmental magagement and conservation
of nawre,

11. Smdy of folk medicine, veterinary medicine and house hold remeidies.

12, Looking for new chemical compounds in already known medicinal paints,

13. Looking for the new uses of known ethnobotanically important plants,

14. Looking for newer and ncwer genetk resources in respect of food, medicine

and other economic plants.
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16. Study of ethnobotany in respect of gymnosperms and lower groups of plants
like algae, fungi, lichen, liverworts, mosses and pteridophytes
17. The cultural recognition of planis.

18. Symbolic representation of plants to cultural understaning.

19. Intelectual property right and royalties from marketable plant products,
20. Social differentiation of plantlore and communications about plants.
21. Gender differences in plant based knowledge.
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13. PLANT-BASED INDUSTRIES

(G. Sen Gupta)

INTRODUCTION

Plants provide man with his basic needs of food, shelter and clothing.
Moreover, many essential and daily requirements are alse obtained from plants.
To provide us with our requirements all kinds of industries, small and large, have
graduaily been established, As pewer uses for plants and their derivabives,
byproducts or waste products of other plant based industries are baing discovered
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glrides in industrialisation with the result that today there are many piant-based
industries.

1. TEXTILE INGUSTRIES

The textle indusiry is one of Indiz's oldest induostries, heing well nver a
bundred years old. Of the total industrial output of India, the textile industries’
Share is approximately 20-25 %. The total employment in textile sector is estimated
about 64.2C million in 1995-96 against 30 million in 1990. The total exports of
the textilc industry during 1998-99 amovnted to Rs. 52,720.78 crore i.e. pearly
25% of our mial exporn.

L. Cotton (races of Gossypium arborenm, herbocenm and hirsutum)

Among cotton-producing countries, India hag the largest area under
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cubtivation. There was a record production of 114 lakh bales (of 170 kg each) of
cotton in 1990, India is now in a position to export ¢otton yarn and textiles
earning valuable foreign exchange. India iz also the first counry o bave
commercigl ¢ultivadon of comon hybrids. The cotton extile industry comprised
the hand-spun, hand-woven khadi sector, the medium-scale powerloom sector and
the high-tech sector. The number of cotton/man made fibre mills has increased
from 378 in 1951 0 1782 dll March, 1998. Out of these, 192 are in the public
sector, 151 mills in corporation sector and 1439 mills are in the private sector.
Cloth production in the mill sector in 1990 was 27810 lakh sgq m, in the
Powerloom scoior (including hosiery) it was 114040 lakh sg. m and ia the
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bhandloom sector (excluding khadi, woollen and silk fabrics) it was 45370 lakh sq.
m. In the unorganised sector, cloth preduction in the handloom sector was 350.8
crore m and in the powerleom sector it was 643.7 crore m. In 1990-91, the
powerloom sector cioth production was valued at Rs. 10,988 crore, while exports
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decentralised zector, accounting for more chan half the total cloth produced and
employing 53.5 lakh people. Duting 1995-99, the cotion production in the country
reached 127.7 lakh baiss.

H. Jute {(Corchorus capsuiaris ang olitorius) :

The jute industry ig also more than a hundred years 0ld. Indiz is the wordd’s
principal jute producing country and it also is one of the bigges: foreign exchange
¢arners. The total production reached about 101 lakhs bales {each of 150 kg) in
1997-98. The industry employs about 2.5 lakh people and also supports 40 lakh
Jutc farme.rs In 1980, the total numher of Imms were 44,516, In 1939-91) lhen:

each) whllcthatﬂf_ru:c guﬂdsw 13641akhmnn=5 out of which 2.36 lakh
tonnes were exported. The indusiry is facinig competition from synthetic and non-
synthetic substimte fibres, The industry is, therafore, recrienting itself to meet this
challenge by paying more atteation on increasing yield, diversification of jute
products and products mix, improving quality and in streamnliping-and modernising
marketing procedure for both inicrnal and external trade. Jute is biended with

robbem Aar thees 1 n furn are hlendad with rayon, 2ilk and svnihetie 'H]'I'I'F-l and woven
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im0 fabrics.

11, Other fihres :

Plant fibres other than jute and cotton are cbiained from coconwt {Cocos
rucifera), which is coir, and gisal hemp (dgave sisalanz), flax  (Limum
usitatissimuom), mesta {Hibiseus cannabinus) (production of mesta in 1997-58 was
12,39 lakh bales of 180 kg, #ach), *‘sunn’ hemp (Crofalaria juncea) (production
of 'sumn’ in 1989-90 being 40 million tonnes), sabai (Ewlaliopsis binata) etc. Man-
made non-syathetic fibres lik¢ rayon, acetate rayon, viscose rayon are ususlly
obtained from the pulp of cotton linters, Bambrsa arundinacea, Dendrocalans
strictus, Eucalyptus globulits, Gossypium arberewmn, Acacia spp., eic.
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IV. Products of textile indusiry :

There is a wide range of products which most industries themselves are
manyfacturing, Mention may be made of yarns, threads, fabrics, readymade

Farments, laces, 1apes, embroideries, upion fabrice or blended fabrics, rwines

......... eg, lapes, embro ce or hlended fabrics, rwines,
ropes, cords, sacking, hessian, canvas migs, carpets, waterproof cloths, roofing
fabrics, tinoleurn, blanksts, hosiery, furnishing clothes and upholstery, industrial
fabrics, etc, In 1987-88 cotton yarn, fabrics and made up articles worth Rs.
1063,78 crore were exported, while jute products, including twist and yarn worth
Rs. 242.82 crore were exported. In 1988-89 production of jute goods was 13.88
lakh tonnes, [n 1987-88 the readymade garment sector earned Rs. 1792 crores in
foreign exchange, while in 1990-91 it earned Rs. 4640 crore. There is vast scope
for increasing trade in readymade garments.

V. Hapdloom sector :

This sector presents one of the oldest conage industries. This indusiry
Provides livelihood to about 15.6 lakh people. In 1989-50, there were over 70
lakh handloom-weaving hovseholds. Production of cloth by 38 lakh working looms
was 7170 m sq. mirs, during 1998-99. During the same period exports of
handioom products fetched Rs. 807 croere. It is essentially a rural-oriented
tndusiry and the Government has been encouraging weavers to form co-operatives,
by giving them incentives, in order to safeguard their interests and for their
Welfare. The need to standardise, improve quality and design, cater to the fashion
Tequirements of importing countries and at the same tme countinue to maintain
the regional diversities of weaving patterns are all recsiving the altention of
toncerned authorities. Traditfonally, handloom fabrics were woven from cotton
and silkz, it now man-made fabrics and jute are also being used. Handloom
products are becoming increasingly popular both withiz and outside the country.
The future of this industry is very bright.

2, FOOD GRAINS

Food grains are mostly produced in the unorganised sector and farmers retain

4 portion of their produce for themsetves. In 1998-99, food grain production was

Y &Aoo
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L Rice (Oryza sativa) :

Our principal food grains is rice and in 1998-99 the production figure was
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84.74 m tonnes. Rice mills dehusk the grains and remove the outer bran from it,
Of the total rice produced, nearly 35% is dehusked in the neariy 34,680 modern
rice mills, Handpounding 1 remove the lmsk is still practised o rural Indis €ven
todony. Basmat rice which 15 o vonety with non-sticky grains and a superior
aroma, has a pood demand in the internanonal market, specially the middle-cast.
In 1996-97, the export of this item earned Rs, 3172 crore,

The bypreducts of rice miiling are - busk, bran and polish. The rice husk bas
many wses, such az paper pulp for manufacture of various packing and insulatmg
materials and as ingredient for breakfast foods. The bran is the most important
bypreduct and is used as catile feed and for extraction of fafty oil. It is also tzed
in mahufacture of rice bran oil and in the soap industry and alse gives an edible
oil.

Processed rice products are flaked or beaten vice (chura, avai), parched or
expanded rice (waermury), parched paddy (Keel), ground parched rice (sattu), deep
fried crispies from rice or along with pulses, and fermented pudding fiaff) and
pancake {dasa).

1I. Wheat (Triticum oestivum)

Wheat is the aext most important erop and its production in 1998-99 reached
71.04 m tonnes. Wheat 13 grour in flour mills to give wholemeal flour or ana.
Stong milis drives by hands, bullocks or camel are still 10 be found in rural north-

o mo o 'lﬂu“l b1 “nllnr_ﬂm- 1--1] '|llul:' TR r lnmman nwo wm the neeoss m el ey
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In thase mills wheat is converted into wheat flour fmaidal and semolina fsufi).
They also produce atta.

Nearly 10,35 m tonges of wheat is converted into various wheat products by
about 820 soller flour mills. The flowr is utilised by the bakery wndustry o
produce bread and other bakery products. Varioug protein food formulations are
prepared with flour which is mixed with proundmt (drachis kypogaea; flour and
tapioca (Manihot esculenta} flour. Semolina is used in preparation of breakfast
foods, Puffed wheat flavoured with malt (Sorghum bicelor) and cocoa {Theobroma
cacao} and coated with sugar is also produced. The byproducts of wheat milling,
are also the constitusnts of livestock feed.

Apart from the rice and wheat, the production of different course ceteals
together reached 30.94 m tonnes during 1998-99,
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IB. Jowsr {varieties and races of Sorghum bicolor, cernnum, durra and
others):

This crop occupies more area wder oultivation than any other crop except
rice. In 1998-99, production was-8.53 m tonnes. Sorghum grain is malied and is
used in the food nhr! hrewery 1nrtnti'rﬂ “H:‘lrﬂh 1= 3 h‘:mrnﬂ:l.r"r nf i jowar and it
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used in the textile industry and for preparing adhﬁswes. Gluten rm:al. another
product, is used as cattle feed.

IV. Maize (Zea mays) :

The production of maize in 1998-99 was {0.78 m toones, From the wet-
milling industry of maize is obtained starch while the other subsidiary products are
maize off and residwes. The maize oil is mostly used in various industries and for
manufactuce of soap, while the residues is converted into animal feed. maize is
fﬂlum as a green fodder for live-stock aad the grains as poultry feed. Maize bran
It also used as jivestock feed. Other products are dextrose, com syrup (liquid

EIME\ ﬂ-l'll'l ervhital 11##@‘ in frowvl mravraneing mAvetey faskbrae  Arvilse Aminee =i
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ﬁlllngs} and the pharmaceutical industry. The products of dry milling are used for
the mannfacture of cornflakes, popcom, eic.

V. Bajra (Penmisetum typhoides) :

_ Its production in 1998-9% was &.88 m tonnes. The husked grain is ground to
Etve four. The grains vield malt and is a source of diastase. The plant is utilised
a3 a green fodder.

T

¥L Groundnut (Arachis Aypopaes) :

In 1997.0% nradnaHam af oreaimdvar was T 55 m tonmee onk .nf' 'l].!l"lli""'l E'n ﬂg-
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of the erop was utilised for production of grousdmut oif, In 1979-80. 349 tonnes
of groundnut in shell, worth Rs. 12.76 lakh, and 22,776 tonnes of groundnut
kernel worth Rs. 13.45 crore were exported. After extraction of oil, the oilcaks
i used as tivestock feed. Techniques have been developed to produce edibie
Protein-rich flours and protein isolates from oilcakes. These are used as proiein
80Urces or protein supplements to food. Products of groundnue include roasted or
talted ground nuts, proundnut (peant) buteer, gronndnut candies, groundnut
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britle, chocolate-coated kernels, etc. Some of these are used in formulations with
other proteinaceous ingredients and skim milk powder. The shells are used for
manufacture of particle boards and as roughage in cadle feed.

VII. Bengal Gram (Cicer arietinum) :

In 1997-98 production was .12 m tonnes. Products of gram are dzal, gram
atta, sattu, eic.

IX. Pulses :

Pmdul::tiun of pulses durng 1998-99 has been 15,55 m tonnes which recorded
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3. FOOD AND AGRO-BASED INDUSTRIES, INCLUDING
HORTICULTURE and FLORICULTURE

The indusries which come under this category have a vast potential for
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amounts 1o Rs. 722 crore today, while that of processed foods alone in 1989-90
was Rs. 368.09 crore. Inspite of the rich resources of crops, the area put under
cultivation of horticultaral crops is barely 6% of the total coltivated area in India,
and that too mostly in the cottage and small-scale sector. Our glchal trade of this
item is only 1%, wihile the umutilised capacity is 2s high as 62% and the wastage
of fruits and vegetables is nearly 30%. Inspite of that India is the second largest
producer of vegetables and the third largest producer of fruits.

Lack of proper links between the producing and the processing centres,
inadequate or non-scientific starage facilities, fack of transportation services and
the abseace of effective marketing skills continue 10 plague not only the
horticultural industry, tut a vast number of other Indian Industries as well,

mallv in the gnorganised or small-scale tecior. These conktraigdt act as
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bortienecks in exploitarion of this highly promising sector of the Inxlian ¢conomy.

To minimise wastage of fresh fruits and vepetables, the industry i
encouraged now to take advantage of the techniques of irradjation, by gamma
rays, of perishables to considerably extend the shelf-life and freshness of thc

taducts Thie tachniaue iz ahenl ol h*-hr hnfml#:t confrary o nondlar h.-h.m"

t“.:l'l. Sl A, & BEELF RN R A L Ly t!vt!l-l.l.n.l. =11 =11} lll-l-l.llul. H
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being encouraged by the United Nations and our Government. The Bhabha Atomic
Energy Centre have successfully tested over the last 25 years the lasting quality
of potatoes, onions, mangoes, bananas, wheat and wheat products, spices, etc. Till

now, the Indian Government has approved irTadiation of onion, spices, etc. meant
for export and is actively considering domestic clearance for spices, potatoes and
onions. Snitable packaging and cryogenic techniques go a long way in prolonging
retention of the freshness of perishables or its shelf life. Tissue culture techniques
for rapid multiplication of uniform quality coconuts, oil palm, papaya etc. have
been standardised.

I Fresh fruits and vegetables :

The production of fruits in 1989-90 was 265 lakh tonnes and that of
vegetables 495.3 lakh tonnes. Interestingly, over 55% of export earnings in fresh

Fl'll'lia F . [ [ ey ¥ S UL S .
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1990 was 95 lakh tonnes. Production figures of other fruits in 1990 are bananas
62 lakh tonnes, oranges -18.54 lakh tonnes and apples -9.78 lakh tonnes. Of
vegetables, it is seen that onion (Allium cepa) constitutes the single largest item
of export, followed by potato (Solanum tuberosum). In 1990 production figures
of several vepetables are as follows-potato-150 lakh tonnes, lentils (Lens culinaris)
7.03 lakh tonnes, dry beans {Phaseolus vilgaris)-40 lakh tonnes, Among the fruits
in which there is trade mention may be made of grapes (Vitis labrusca and
vinifera), pomegranate (Punica granatum), papaya (Carica papaya), banana
(Musa paradisiaca), ber (Ziziphus mauritiana), aonla (Phyllanthus emblica), ime
(Citrus auraniifolia), mandarin (C. reficulata), apple (Malus pumila), pineapple
(nanas comosus), custard apple (Anona squamosa), guava (Psidium guajava),
chikoo (Manitkara achras), etc.

II. Dried fruits (inchuding dehydrated and frozen fruits and vegetables) ¢

Under this, mention may be made of the following almond (Prumus
amygdalus), walnut (Juglans regia), cashewnut {(Anacardium occidentale), peas
{Pisum sativum), groundnut cte, Dehydrated fruits include banana, mango, dates
(Phoenix sylvestris), figs (Ficus carica), pomegranate, onions, potato, peas,
caulifiower (Brassica oleracea var. botrytis), okra (Abelmoschus esculentus),
carrote (Daucus carota), cic.
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III. Procesged frmiic and v

I this sector there were 3112 (Jan. 1999) licensed units, with production off
processed fruits and vagetables amounting to 9.4 lakh tonnes in 199899, Of the
itlems being exported it may be mentioned thar over 60% earnings came from
export of mango pulp and juice, piveapple and other froit juices, jams and jelleey,
manpo pickles, dehydrated onions, parlic (AMium sativam) powder and mango-
based products. Some of the other fruits are apple. guava, palmyr palm (Borassus
flabellifery, sweet lime (Citrus limettoides}, banana, papaya, sttawberty (Fragaria
chiloensis), tomato (Lyvcopersicon  esculenmem),  Jackfmit  {drtocarpus
hererophytlus), pear (Pyris communis), peach (Prunus persica), cherry {P. avium),

e peksoak ilLe. wemie Al m i mcisamn Af [T NPT o . |
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tramendong prnnﬂ potentiality as ite canned ig LY alras _d}r hei
Thailand to the aver-increasing Asian markets and USA.

The bottling and the canning industries are intimately linked to this sector.
Soft drink production in 1958-99 was 5670 m boitles.

IV. Floriculiore :

This sector is now a booming indusiry. In the year 1995 flower trade at e
retzil level in India almost touched Rs. 300 crores. The principal items are the red
roscs (Rosa hybridy), followed closely by chrysanthermums (Chrysanthennim spy.
and cultivars) and carnations {LMonthis caryophyiius). Orchids, gladioli ((Hadiobs

A _L L i

5P },U-HHHH {,.I'.-HHHHE]JP jH.If--EI.i.HU\"CI}’ niuch in demand. A Bs. 30 crore Ceniral
Government project for the development and export of orchida and sther flowers
over a 3 year period in four southern/western states on completion, would eam
foreign cxchange worth Rs. 100 crore in place of the present Rs. 8 crore, The
project when fully implemented woutld also provide employment to 50,000 persons
in cach of the four states.

For interior decoration, ¢rotons (Codiaeum verieganan), Indian rubber tree
{Ficus elastica}, palms, cacti, succulents and other ornamentals which are shade.
toleram are commonly used.

alive (Oieg europieg), aonia, BCh (Litchi chifensis), gmurTu‘ ﬁ, cic. Items like
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With the realisation of the vast potential of trade in horticultural products
special emphasis has been given in developing temperate, sub-tropical and tropical
fruits, vegetables, ornamentals, coconut (Cocos nucifera), areca nut (Areca

~ cmechu) cashewnuts, spices, mushrooms, etc. The use of tissue-culture technology
has found application in the floriculture industry for large scale multiplication of
orchids and other species.

V1. Processed foods :

Consumer industrics manufacturing bakery products, breakfast foods,
biscuits, confectionery and other ready-to-eat-foods which come under this
Category are rapidly expanding, Manufacturers of malt extracts and beverages,
chocolate and cocoa powder, instant food blends, protein foods, weaning and
invalid foods also have a bright future.

Production of ready-to eat-foods went up in 1998-99 to 30 lakh tonnes, cocoa
Products to 34,000 tonnes and high-protein foods to 8,900 tonnes. The importance
given to this sector can be gauged from the fact that in 1988 a separate Ministry
of Processing Industrics was established.

With the creation of a conducive industrial atmosphere following the
Governments [iberalised economic policy it is expected that major foreign
investments are likely to be made in the food processing industries. Several
¢xport-oriented units in the fruit and vegetable processing sector were expected
to come up all over the coutry linked to rural areas and were likely to attract
nearly Rs. 150 crore in foreign investment. In this sector, several foreign
Companies already operating in the country were being permitted to raise their
Cquity and thus may net another Rs. 150 crore.

8. Bakery industry ; Produces bread, biscuits, cakes, cookies ctc. using mainly
wheat flour, Bread is now sometimes fortified with vitamins and minerals.
Other ingredients used are sweet potato {Ipomoea batatas) flour, tapioca flour
and starch as well as maize starch and oats (Avena sativa),

o
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Breakfast food : This inciudes roiled oats, comflakes (from Maize), wheat

flakes, shredded and puffed wheat, etc.
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Snack foods : Such products include potate chips, chips made from bananas,
Jackfruit, tapioca etc. Others are roasted or salted groundnuts, cashewnnis,
peanut candies, chocolate coated kernels, ete. ‘Mixmres” or chana chwr are
mixtures in various proportions and combinations of pounded and flaitened
gram, and gram products groundout, cashewnut, shredded and flaked
cotonut, custy (Mirrraya koenigii) leaves flavoured with spices,

Beverages and insiani foods : These are products of cocoa, pre-cooked maize

meal, soyva (Glycine max} flour, maize endosperm, growndoui {Jour and
pilcake, tapioca flour, wheat etc,

Protein food formulations : Various such formmlations are now being
mamfactured, Government is encouraping 2 formulation of wheat flour 75
parts, tapioca flour 17 parts and groundnut flour 8 parts. Anothey
formulation, bal-akar, a children’s mitritious food mamifasticed from Bulgar
wheat flowr, groendnut flour and skim milk powder in the ratic 7; 2: 1 or
whole wheat flour 65 parts, groundnut flour 18 parts, dehusked sezame
(Sesamum indicum) flour 7 parts, bengal gram flour 10%, fortified with
vitamins B,, B, niacin, calcium apd iron salts is also being actively
encouraged. Production of baal-ahar was 40,000 tonnes, which was gradually
to be raised to 1 lakit tonnes. Various other brands’ of formulations are also
being produced.

Infant ond invelid foed ;. Tapioca yields sage which produces puddings,
porridges and macaroni. Malted food and malted milk producton in 1997-98
has touched 55,000 tonnes. “Malt extracts” from barely (Hordewm vuiigarey,
ragi {Eleusine coracana), jowar, oals and wheat are also used in bakery
industry 10 some ¢xtent, while the bulk is used in the distillery industry.

4. BREWERY INDUSTRY

Country iquors :

In India distilled liquor is produced almost throughout the coumiry onl a

cottage-scale from fermented molasses, palmyra jaggery. mafna (Madhuoa indica)
flowers, rice and from the juice tapped from the following palms date, palmyrs,
coconut, and ripa (Vypa fruticans). There is a consigerabie amount of ade in this
country product, produced in the tribal belts as well as utban arsas. The country.
liquors are sometimes spiced with various flavouring agents.
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II. ‘Foreign’ liquors :
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mulasse d spirit, whlte whisky is produced from molasses, spirit and malt.

Genuine whisky is produced from barley malt while genuine brandy is
produced from grape juice. These are manufactured by several large unils,
Grapes, grown indigenously, is mostly consumed as fresh fruits, desert fruits,
kishmish or rasins, while small quantities are used in the preparation of ayurvedic
and unani medicines, and some for manufacture of grape-juice, grape syrup and
selected seedless varieties are canned. The wine industry uses grapes which are
mostly imported. A beginning has been made to produce wine from locally grown
suitable types for production of rasins. Beer is produced by fermentation of malted
barley. Hops (female inflorescence of Humulus lupulus) is added to_give it a
flavour and for preserving it. India, in 1975, imported 185.6 tonnes of hop valued
at Rs. 40.6 lakh. Hops is now being cultivated indigenously to meet out increasing
demands of beer.

During 1980-81, there were about 123 distilleries with an annual installed
Capacity of 6.64 lakh litres. The recent liberalisation of the Government’s
economic policies has turned out to be a boon for the beer and alcohot industry,

Whlﬂ.h Pl‘mfe an |nu¢otnﬂ35t of Bs. 3% crore by non-resident Tnﬂiaﬂn 'l'l.l'il‘l'l an
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quity participation of Rs. 90 crore.
5. PROCESSED FEEDS

Feeds fall into the categories of cattle feed, poultry feed, pig feed and to
some extent feed for horses, sheep, goat and laboratory animals. By 1970 or so
this industry had 28 units in the organised sector, which produced about 190,000
tonnes of processed feeds, of which poultry feed accounted for 58,000 tonnes.
Besides these, in the unorganised sector there were many units engaged in hand-

mixing of feeds, mainly for poultries.

The ingredients of these feeds include grains and seeds of bajra, barley, black

gram (Vigna mungo), chin (Panicum miliaceum), horse gram (Dolichos unifforus),

.IDWBI oats, Cogsin 1ar =a atc Tha other raw mnrﬂlmﬂtﬂ are
Lkl W AL lvlul I“El' l.l.l.ll.l.w,

generally thc byproducts of the milling and other industries, Mcntinn may be
made of the byproducts of grains, ‘chunis’ of ‘arhar’ (Cqjanus cajan), black gram,
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gram, grain scivings, maize bran and gluten, defatted rice bran, rice polish, wheax
bran, the ollcakes of copra and coconut cake, cotton seed, groundnut, maize,
mustard (Brassica campesiris ssp. oleifera and B. juncea), saffiower (Carthamus
tinctorius) sesame and soyabesn meal. Other ingredients are mbers of tapioca,
brewers grain, molasses, dried yeast shidpe, mange seed kernel, mahua flower
and residue, ste.

6. SUGAR INDUSTRY

Sugar is obtained from complex intcrspecific hybrids between Saccharin
spontaneum, 5. officingrien and 8. sinenge. The supgar indusoy is a major plant-
based industry. In 1983-84, it emploved abouat 3.25 lakh workers and many
million farmers and agriculmrists were connected with it. Up to Sept. 1998, there
were 465 sugar factories, of whick over 275 were in the co-operative sector. The
later accounted for 57% of the total sugar produced. India is one of the leading
sugar producing countries. In 1997-98 sugarcane productior was 2763 lakh tonnes
which yielded over 130 lakh tonnes of sugar. About 50 60% of the total cane
produced is atilised for *gur’ production, 25 - 30% for production of white sugar,
about 10% for planiing purposes and aboui 5% for *khandsari* production. “Guk’
is manufaceered on cottage industry scale in the unorganised sector. In 1998-59
the sugar cane production in India reached 290.66 m tonnes.

The byproducts of sugar are :

a. FBogasse ; This is used as a fuel in sugar factories, Recently it nse has also
as a raw materizl, along with certgin long-fibred pulps, for manufactare of
writing paper and particle and fibre boards.

b. Canre fifter cake : It is used as a fertiiser and for manufacturing lime and
several other products.

¢. Molasses : It iz used for manufacturing industriaj aleohol, liguors, for
flavouring “hookah' sobacco, as a caitle feed, in foundrics and as fucl. The
alcohol producing industry has flourished primacily because it is able to
utilise the molasses byproduct. This in tirn bas led to development of a
number of alcohol based industries with 2 wide range of organic chemical
products, like acetic acid, acetic anhydride, acetone, butanol, ethyle acetate,
polyethene, siryene, PYC and synthetic rubber,
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Beet sugar (Beta vulgaris var. crassa) :

Sugar is also obtained from beet root. In 1981-82 there was only one factory

which produced 1810.6 tonnes of beet sugar.
Gar :

It is also obtained from Phoenix sylvestris and this ‘gur’ is more nutritious
than the one obtained from sugar cane. Other sources of ‘gur’ are palmyra palm,
Coconut palm, and the toddy (Caryota urens), palm. The fresh, unfermented sap
or ‘nira’ of palmyra and date palms is a nuiritious beverage which is bottled and
marketed, though in a limited extent.

L. Spices :

‘ India is the largest producer and exporter of spices in the world. Indian
Spices are of superior quality and are, therefore, much in demand. In 1996-97, the
total production of spices was 27.8 lakh tonnes. Exports in 1996-97 wers expected
1o exceed Rs. 1200 crore.

A.  Black pepper (Piper nigrum) : It is one of the main spices and alone
constitutes about 85 % of the total spices exported. In 1990-91, its production
was expected to be around 45,000 tonnes. In 1989-90, 42,000 tonnes black
pepper worth Rs. 210 crore were exported. Limited quantities of green
Pepper in brine amounting to 338 tonnes and valued at Rs. 41.6 lakh,
dehydrated green pepper amounting to 49 tonnes and valued at Rs. 21.3 lakh
and white pepper amounting to 8 tonnes and valued at Rs. 2.8 lakh were also
exported.

b. Ginger (Zingiber officinale) - Ginger is also an important spice. In
1990-91, the production of ginger was cxpected to be 1.7 lakh
tonnes. In 1989-90, 5,200 tonnes of valved at Rs. 10.4 crore ginger was
eXported.
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Cardamom :

(i) Small cardamoem (Eletfaria cardamomum} ;
The small cardamom is in greater demand than the large cardamom.
Its preduction in 1990-91 was 4250 tonnes. in 1989-90 export of
small cardamom was worth Rs. 11.25 crore.

{ii}y Large cardamom {Amomum subulatum) ;

The large cardamom export in mid 1980's was about 200 tonnes
which fetched Rs. 140 lakh.

[+ 8

(i)  Chillies (Capsicem spp.) ; 80,000 tonnes and 8,000 tonnes valued at
Rs. 14.95 crore.

(i Turmeric (Curcuima domestica) @ 2.7 lakh tonnes and 13.000 tonnes
worth Rs. 13 crore. India is the largest producer and exporter of
turmeric.

(iiiy Corignder (Coriandrum sativam) ;. Prkluction was 3 lakh wmnnes.
(iv) Garlic (Alfiam sativum) @ Production was 2.75 lakh tonnes.

(v}  Curry powder ; This is a mixture of several spices. Export of 3000
tonnes of this commaodity was valued at Rs. 5 crore.

(vi} Saffron (Crocus sativis} © Production in 1981-82 was 10.13 tonnes.

Total exports in 1981-82 of the following spices was 17,635 tonnes valued
at Rs. 14,85 lakhs : these are cumin {Cwmimuen cyminum), fennel
{Foenicalum wvelgarey, feougreck (Trigonefin foenum  groscum), celery
{Apium graveolens), dill (Amethum graveolens), ajowan (Trachyspermum
ammi).
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Realising the vast export potential of spices, several schemes have been
formulated for the development of traditional and non-traditional spices, such as
pepper, clove (Syzygium aromaticum), Nutmeg (Myristica fragrans), cinnamom,
eic., by maintenance of demonstration plots and by the distribution of seedlings

amd accessories, etc. to farmers, The Spices Board is promoting scientific methods
of cultivation to boost production and by the introduction of improved high-
yiclding varieties. The application of tissue culture techniques for the supply of
Planilets of spices of superior strains of uniform quality in large numbers, such as,
cardamom, vanilla, clove nutmeg, ginger and trumeric has also been taken up by
the Spices Board to ensure quality. Easy methods of vegetative propagation of
Pepper and nutmeg and high production technologies for pepper and cardamom
have also been developed by the Tndian Agricultural Research Tnstitute.

II. Spice Qils and Qleoresins
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sector and also of several South-gast Asian countries. However, in industrially
advanced countries of the west, where processed foods are consumed in large
Quantities, except for pepper, most of the spices (80 90%) are used by the
indusirial sector and its household sector prefers to use spice extractives like oils
and oleoresins, Till about ten years back, India traditionally exported only spices.
If it had produced and exported these spice products the unit valuc in foreign
exchange realised would have been considerably higher than by exporting an
equivalent quantity of spice itself. Due to lack of kmow-how spice oil and
oleoresing conforming to stringent specifications could not be manufactured to
enable But conditions have now changed and India is fast emerging as a major
Producer and exporter of spice oils and oleoresins and the industry has a bright
future,
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LI

M. EN p 1=k D i L, TR I . o (g, -y F

Toial spice oils exporied in 1981-82 was 16.6 tonnes valued ai Rs, 2.63
trore. The major spices, whose oils and oleoresing are exported, are pepper,
ginger, turmeric, cardamon, cinnamom (Cinnamomum zeylanicum) leaf oil,
Caraway (Carum carvi) oil, chillies, fenugreek, clove, coriander, etc

8. OILS AND OILSEEDS

_ India is a major oilseed growing country. It has a highly developed oil-based
Industry employing more than 1 crore people. Primarily it is a edible-oil industry
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which accounts for 83 % of the total supply of vegetable ail. The nonfood naes ars
mainly in the soap, paint and varnish industries. India faces a chronic shortage of
edible vegetable oil. During insufficient or delayed monsoons production is
adversely affected and correspondingly imports are more. In 1985-90, 6,07 lakh
tonnes of edible oile were imported. In 1998-99, the total oilseeds production
stood at 25.68 tonnes and 22.53 lakh tonncs of cdible oils worth Bs. 6,925 crore

were imported .

‘The vegetable o1l industry has been modernised and the age-old ghani has
been replaced to a large exeznt by rotaries, hydraulic presses and expelbers. The
unorganised sector, represented mosdy by the ghanl, is amall. In 1973, in the
organised esactor there were 235 registered large oil-milling yrits. Extablishing
modern solvent extraction plants is being encouraped 1o obtain maximym yield
from oilseeds. Upte April 1991, 823 licenses had been issued for such units. The
production from these units increased from 3,04 takh tonnes in the oil year 1981-
BZ to 7.95 lakh tonnes in the oil year 19894,

There has been a worldwide increase in the demand for edible vegetable oils
partly due to health concerns, which has resulted in a decline in consumption of
anima) fats, In order o increase utilization of untapped mom-conventional sources
of edible oil, the industry has been allowed to blend groundnut oil {a conventional
edible oil) with refined sovabean oil (a non-conventional sdible oil) in order to
increase the utilisation of the untapped non-conventional surces of edibie
oil.

I,  Groondowt (drachls kypegaea) :

1o cariicr ycars, 83 % of ibe toial vil producad was wsed in ithe manufaciure
of vanaspay, bul gradually s use wae reduced and now its use is totally
prohibited in manufacture of varaspai, The groundnut oil is now replaced by
cotton ssed il in vanaspati manufacture.

The demand for groundnut oil exceeds production within the cowumry. In
1979-80 refired groundnut oil to the tune of 3,002 ronnes was imported, Now a
days, however, to meet this shortage, the cheaper sayabean and palm oite are
being imported. The cultivation and production of these two oilseed plants
indigenously is being actively encouraged. About 80.9% of the total il produced
iz used for oil extraction, 12% as seed for sowing, 5.1% for edibje purposes and
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Bropmdnut ofi in the soap industry is now resiricied 1o about 50,000 tonnes per
year in the unorganised sector,

. RapeseedMustard (varieties of Brassica compestrds ssp. oleffera and B,
funcoalk:

The term ‘rapeseed’ is a generalised term applied to the seeds of the brassica
tiltivated in many parts of the world as an oil-sesd crop. Although there are
B¥veral distinct species, subspocies and varictics, but the eils obtained are similar
in composition and contents and is knowe as rapeseed or eolga ail. In Tadia, the
ediblé oit is termed as mustered oil.

The export of mustard seed and oil has been banned except under very
Bpecial circumstances, primarily to cncourage oil crushing within the country,
ﬁnmlalpmductiun of mustard oil in 1980-81 was 6.87 lakh tonnes and of oil cake
Wag 13.96 lakh tonnes. In 1981-82 the production of mustard oil was 5.28 lakh
tonnes. To meet the demand of edible oil, 7150 tonnes rape/colza seeds valued at
Rs, 1.9 crore were imported during the same period. In 199G production of
Mustard oil-seed was 41.23 lakh tonnes.

I, Coconut (Cocos rucifera} :

In 1982, this important oil-seed sector had 1439 crushing units. In 1990,
Pmﬂuﬂﬁﬂn of coconut was 63 lakh tonnes. The oil is extracted from copra, which
1 the dried kernel of the coconut. During 1981-82, production of copra was 3.71
lakh tonnes, milting copra 3.31 lakh tonnes and edible copra 40,000 tonmes.

IV. Cotlon-seed (Gossypinm spp.) :

Cotton-seed is a byproduct of corton gimning industry and the oit is mainly
vsed for manufacture of vanaspati. The oil-cake is used for manufacture of catile
feed and soap. In 1981-82, cotton-seed oil production was 2.10 lakh tonses,
Decorticated cotton seed extractiona/expellers, a byproduct of scienlific processing
h88 no interna market and is exported. In 1981-82, 2 lakh tonnes of the above,
Worth Rs. 28 4 crore, was exported. In 1980, 36.10 lakh tonnes of cotton seed
Was produced.
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V. Sovabean {Glycine max) :

There has been a rapid increase in production of this ui1~sf.=ed 1 the last
decade or so. Produciion of soyabean rose from 2.5 lakh tonnes in 1978-79 w
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ename] industries, while the oil-cake is edible and is used in the processed feeds
and food products indusicies.

V1. Sesamum or til {Sesamum indicum) :

Over 82% of the sesamum oil produced is utilised for edible purposes. In
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lakh tonnes. The oil is also used in the soap, cosmetics and pharmaceutical
industries. The oil-cake is an esteemed livestock feed.

V. Sunflower (Helianthus anmuus) :

Since sunflower oil contains 60% polyunsaturated fatty acid which conirols
cholesterg! levels in human beings, it is pow being preferred to conventional oila
by many and, thereforz, the use of this edible oil is increasing. Production of
oil-seed in 1989-90 was 5.5 lakh tonnes. The opil-cake iz a livestock feed and the
crop an useful fodder.

V1. Safflower (Cartkamus tinclorius) -

A non-conventional edible ¢il, it is gradually finding a market. Oil-seed
production in 1990 was 4.91 lakh tonaes. It is also used in manufscture of
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IX. Castor (Ricinus communis} :

India is a major castor il producer. In 1989-90 pil-seed production was 4. 75

lakh tonnes, Export of castor oii in 1979-80 amounted 1o Rs. 52.10 crore. With
suitable processing it can be nsed in soap manufacture thersby relieving the

[ il ok

pressure on other edible oils 1o the extent nf 25%.
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X. Linseed (Linum usitatissimum) ;

Annual production in 1989-90 of this oil-seed was 4 lakh tonnes. The oil is
used in various industries.

XL Oil paim (Elaeis guineensis) :

The cultivation of this palm which is a native of west Africa is being
vigorously taken up in India. The help of tissue culture.techniques have also been
adopted to enable large-scale plantations. The reason is that the oil palm is the
highest edible oil yielding plant. Compared to groundmut, sunflower and soyabean
which produce 0.8, 0.7 and 0.6 tonnes oil per hectare, respectively, its production
i8 4-5 tonnes per hectare. It can, therefore, play an important role in bridging the,
gap between demand and supply. The oil-palm also yields palm kernel oi] used in
various indusiries, The expected yield from a 1976 plantation in 2500 hectares is:
Palmoil 4446 tonnes, kernel oil 616 tonnes and oil-cakes 616 tonnes.

XII. Niger seed (Guizotia abyssinica) :

A Production of this oil-eed in 1989-90 was 2.1 lakh tonnes. It is mainly used
tor edible purposes.

XIII. Ricebran :

~ Of late this by product is being used for extracting edible oil. The stalk is
2130 used as cattle feed.

Vanaspati is a mixwure of edible vegetable oils which is refined,
hYdeEnated, deodorised and vitaminised. It closely resembles ‘ghee’. The
Vanaspati industry is the second largest plant-based industry next to the sugar
}ﬂdusuy, In 1982-83, about 15,000 persons were directly employed, while
Indirectly the Vanaspati Industry employed 60,000 persons, In 1989-9¢ there were
120 licensed vanaspati units and the production from these, between November
1989 and October 1990, was 8.8 lakh tonnes and touched 19.9 lakh tonnes during
1998-99, 1tg capacity is also partially utilised for manufacture of margarine,
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hakery shomening and refined oil for consumphion and induostrial hard oils for soap
making.

At present, the edible vepetable ¢ils used in the industry are mainly conon
sced oil, palm ol {mosdy imporied) and io a limiiasd exiénf rice brag oil,
mustard/rapeseed oil and sal seed oil. The byproducts are utilized in the zoap
industry.

10. PLANTATION INDUSTRIES

Most of the industries in this category are major industries, many of which
are making rapid strides in the export market.

1. Tea (Camellio sinensis} :

I.Eifl. I.E UIe UI. I.l.ll: oS ]IIIPUI.I.:I.I.IL l.lld.l.ll.dll.UII. MUPE I..I.I.l..l.lifl. I.Ei I..I.H.'.. ﬂrg_ﬁl..
producer, consumer and exporter of black tea. Tea production in 1991 wag 741.7
m kg, while exports were 203 m k2 valued at Rs. 1,100 crore. CTC tea
prociiction in 1991 was 578 m kg, most of which was being consumed within
India. The estimated production of orthodox tea in 1921 was 163.7 m kg, most
of which was being exported. In 1997 the production of Tea reached 810.6 m kg
of which 196.4 m kg wers sxposted.,

Some of the products are packaged tea, tea bags, instant tea, etc. Instant tea
1§ manufactured from green leaf and not from manufactured black tea. It is
produced mainly for the export market by sevral units. In 1982, 7.66 m Kg instant
ea was produced. Export of 8.54 million kg worth Ks. 4.34 crore was made in
11K In 1] saxnont ~F 'lllnl'unt fan wag up hor ) AR millian % ovmr -ﬂh-
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previous year, packet tea was up by 7.5 m kg. whﬂe bulk tea declined by about
15 million kg.

Tea waste was used 10 produce caffeine, there being 2.5% content in it. In
1971, ihere were 4 units which manufactured 33,800 kg of caffeine.

IT1. Coffee {(Coffen arabica, C. canephora and C. Hbericg) :

India produces about 3% of the total world production of coffes, In 1991,
coffes production stood at 2 lakh tonnes. In 198990, expott of 1.30 lakh tonnes
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fetched Rs. 359 crore. During the same period instant coffee export figure stood
at 2,500 tonnes, During 1996-97 the export of coffee reached Rs. 1426 crores or
US § 402 m. The coffee plantations engaged about 16 lakh workers. Over 98%
of the plantations are small holdings of less than 10 hactares. In 1981, there were
99,802 cofifee estates of which 97,709 were small-holding estates. In 1997, the
production of coffee in India reached 2.30 lakh tonnes of which 1.3 lakh tonnes,
worth Rs. 1307 crores, was exported. Incidentally the export has been more or
less stagnating over the last decade.

IlI. Rubber (Hevea brasiliensis) :

The cultivation of rubber is predominantly undertaken by small holders,
numbering about 4. 10 lakh. In 1990-91 production of rubber was 3.3 lakh tonnes,
while consumption, which has always exceeded production, was 3.7 lakh tonnes.
The shortage of rubber is a chronic one and in 1990-91 upto 31,700 tonnes of

Tubber had to be imported. In 1997, the production of rubbers reached 5.9 lakh
tonnes, thus leaving a gap in demand and supply of just 5%.

Apart from the tyre industry, which is a bulk consumer of about 55-60% of
rubber produced, and conveyor belts, most of the other products are made by
small-scale sector units. The total number of rubber goods manufacturing units is
about 5752, of which over 200 units are fairly well organised. About 52% of
rubber consumed is used by automative tyres and tubes, cycle tyres and tubes
acoount for about 11%, while belts and hoses account for about 6%. The rest is
accounted for by other products. The rubber goods industry offers direc and
indirect employment to over seven lakh people.

IV. Tobacco (Nicotiana tabacum and N. rustica) :

India is the fourth largest producer of unmanufactured tobacco and is the
sixth largest exporter of tobacco. In 1985-86 over 3 lakh people were employed
In the tobacco industry. Tobacco production during 1997-98 was provisionalty
Sstimated at 573.60 m kg of which 116.5 m kg was Virginia tobacco. In 198%-50,
about Rs. 172 crore worth tobacco and tobacoo products were exported. About

75% of tobacco exports comprises Virginia flue-cured tobacco.

' Tobacco products may be graded as smoking tobacco, chewing tobacco and
Inhaling tobacco, which are produced by diverse industrics. In the first category
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are the cigars, cheroots, cigareies, bidis, pipe and hookah mixtures. The secomd
category of wbacco produects include surti, zarda, kimam, dokia, sukha, pan-parag
and pan muasalos. In the last capegoty is the snuff.

In 1981-82, there were 15 cigarette facteries in the private sector and one in
the joint sector. Production of cigarettes in 1981 was 86,338 million pieces. In the
same petiod there were about 1 zarda {Chewing tobacco) manufaciuring factories
and 3 snuff factories. In 198]-82, the export of cigarettes, bidis and hookah
tobaceo paste fetched Rs. 2.1 crors.

The bidi industy usually uses the leaf of tendu (Diospyros melanoxylon} as
the wrappcr for the tobacco. The sale of ‘tendu pana' {lu:af} is a source of revemie

Bauhinio racemosa, Camrwpm mdim Burea mannspemm and Shorea mbm!a
The bidi indusiry is a thriving one and in 1973 itseif there were 2171 registerad
faciories. About voe [ifth of the total wbacce produced is utilised by e bidi
indugity. In 1981, it was egbimated thar abont 300 million pieces of hidiz were

matufactored.

The consumption of tobacco has marginally dectined due to increased
consciousness of the harmful effects of smoking. Therefore, some of the
lobacco companies have gone in for diversification of their products to
offset losses incurrad due to  decreass in  sale of tobacco and tobacco
products.

V. Coashevmat {Anacardivm occidantale) @

This crop is an important foreign exchanpe carner since it holds a virtual
monopoly in inernational cashew made. It 5 now being furned into 3 planiation
cron. Cashewmut i now bacomine more and mare anﬂn'r in devel omed pouptries
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and cashew kernels and the oil are major export items. There are about 310
cashew processing factories where roasting, shelling, peeling, grading and packing
of cashewnuts takes place. Inddia produces about 40% of the world cashewmt. In
199697, cashewmut production was to the tune of 4.30 lakh tonncs. Export
figures for 1979-8¢ are, as follows-29.786.5 tonnes of cashew kernels (whole)
worth Re. 96.39 crore, 8,209.2 tonnes cashew kemels (broken) worth Rs, 21.7 -
crore and 13,031 .1 tonnes cashewnut shell liquid {CNSL) worth Rs, 14.6 crofe.
The export of cashiewnut kernels during 1996-97 had been worth Rs. 1288 crores

or US $ 363 m.
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The juice of the cashew apple, which is the fleshy recepracle of the
cashewnut, is vsed in making syrup, juice, candy and pickle after removal of is
astriftgent compounds. The CTNSL is a valuable raw material for (e mamnfacinre
of vatious industrial products. New pesticides, insecticides, dyes and drugs
have aiso been prepared from its phenclic constituencs. It also has therapeutic
uses,

¥1. Cocoa {Theobroma cacao) :

Larpe seale plantations initiated from mid 19603 bas given rise ta a crop
which produces eaough for meeting internat demands. During 1992, however, one
of the leading units manufacreing cocoa products incurred fosses due 1o crop
faiture which forced it to make imports of raw materials thersby cutting down
Profit margins. Estimated production of cocoa beans in 1982-83 was 3000 toones.
In 1982, there wers about 6 major processing vnits. The cacao or cocoa/chocolate
pawder, obtained from cocoa beans, forms a highly nutritious beverage and a
food, It is the basic raw material for production of drinking ¢ocoa {chocolate),
chocolates and other products. It is extensively used in the bakery and the
coufectionery industries. The production of cocoa products in 1989-9 was 40,004
lonnes,

Cocoa i3 exported as cocoa bean, powder, chocolates, cocoa butier, etc. and
during 1980-81, 308 twonnes of cocoa, valued at Rs. 59 crore, and 23 tonnes of
Cocoa products, valued at Rs. 4 crore, were exported.

VIL. Betel (Piper betel) :

Cultivation of bete! vine involves highly specialised techniques and exireme
care as the crop is a delicate one. It is, therefore, restricted to smalt holdings and
the industry is in the unorganised sector, The mature or ngar mature leaves
Constitute the ‘pan’, taken as a masticatory. It is chewed with various ingredicnts
depending on the individual taste. The production figures and other data could not
be collected but besides production for internal combustion seme amount of export
of “pan’ leaf also tzkes place.

The following crops, though strictly not falling in the category of plantation
Craps, are treated here,
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VIII, Coconut/coir {Cocos nucifera) :

The coir industry is more than a hundred years old. In 1982, there were 3932
units producing coir and coir products, of which 3704 wnits were in Kerala itaclf,
The 1931-82 production figures are as follows : coir fibre  1,70,000 tonnes; coir
yarn - 1,22,900 tonnes; coir products - 23,400 Honnes; ¢oir ropes - 35,690 tonnes;
curled coir - 2,500 tonnes; rubberised coir goods - 1,500 tonnes, Products include
mats, mattings, rags, carpets, etc. Varions handicrafts and toys are also produced,
Export of coir fibre and coir produects in 1981-82 was 30,079 tonnes valued at
Rs. 26.94 crore,

Bzsides the coir fibre and the cocomt oil, the coconut shell is ased ,
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The Coconut Development Board recently placed bulk orders for supply of
coconwt shells. The coconut shells are being converted mto contziners for serving
ice-cream and salzads. Gradually a global market iz emerging in developed
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cream during the Summer Qlympiads held in Barcelona, Spain, in Fuly-Auvgust,
1992,

IX. Arecanut fAreca catechu) :

India ranks first in both cultivated area and production of arsca auts in the
world. in 1980-81, areca nut production was 1.91 lakh tonnes. Exports were to
the extent of 370 tonnes worth Rs. 73.7 lakh.

11. PAPER INDUSTRY

The paper indusoy in India is more than a hyndred years old. it is 2 viml
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there are 31 large, imteprated pulp and paper mills, besides which 296 smail and
medium paper mills are operating. The country js self sufficient in respect of
common varieties of paper, printing paper and paper board, and only certain
varieties of paper, including newsprint, have to be imported. At pressnt, the
oroduction of paper and paper board was 45.5 lakh tonnies, The industry is facing
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on non-conventional raw materials, such as waste paper, rags and agro-residues.
Till the 1960’s, bamboo (70%) and sabai grass were the principal raw materials
used for manufacture of pulp, papers and board. Nowadays, utilisation of bamboeo
has been reduced and have been partially replaced by wood and other non
traditional raw materials, like rags, waste paper, and agricultural waste. India is
one of the largest paper pulp producing country, principally from Dendrocalamus
Strictus and BRambusa arundinacea. At present, bamboo and hardwood constitute

30-51%, of raw malerials used for paper making. Besides the above two named
bamboo species, other bamboos used are a few other species of Bambusa and
Dendrocalamus, Schizostachyum pergracile, Gegantochloa awuriculata several
Species of Ochlandra; other species are are Salai (Boswellia serrata), conifers, like

Abf_’f nlllﬁm.u a.ﬂrl P;sm Sﬁuﬂunﬂn Iﬂ.rﬂumﬂle HGHI as raw mﬂfﬂﬂnlu ara thm

Tl‘lemada arundinacea. T. cymbaria, Vetiveria zizanioides, Heteropogon contortus,
Saccharum procerum, Erianthus ravennae, Phragmites karka, etc. Other raw
Materials are bagasses (the fibrous stalks left after crushing sugar canes obtained
from sugar mills), waste paper, straw from wheat and rice plants, rags, etc. In

1980-81, there were 7 paper mills which supplemented their raw materials with
bagasse.

There are 39 mills manufacturing newsprint. The production of newsprint in
1998-99 was 5.00 lakh tonnnes. The demand for newsprint is partially met with
Imports, varying from 1.82 lakh tonnes in 1996-97 to 3.05 lakh tonnes in 97-98.

The Handmade paper industry with incentives from All India Khadi and
Village Industries Board has been partially meeting the demands of blotting paper,
filter paper, drawing paper and bond paper. The raw materials used are Tags,
Wasic paper, jute, grasses, straw, linseed sialks, cotton linters and wood barks,

12. TIMBER INDUSTRY

Timber extraction and sale of timber is almost wholly controlled by the
Forest Departments of the State Governments and constitutes one of the chief
sources of revenur for the forest departments. The total production of wood in
1981-82 was estimated to be 20.31 million cu.m, of which 8.2 cu.m constituted
industrial wood. Fuel wood production was 12.019 million cu.m. including wood
for charcoal, some of the important timbers in demand are teak (Tectona grandis),
Sal (Shorea roubsta), gamar (Gmeling arborea), hollock (Terminalia myriocarpaj,
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chuglam (Terminalia bialara), shisham (Dalbergia sissoe), rosewood (D, latifolia),
champ {Michelia champaca), Artocorpus hirsutus, red sanders (Prerocarpus
samalings), deodar (Cedrus deodara), ebony (Diospyros spp.), chir (Pinus
roxburghii), Kail (P. wallichiana), Xyfia xylocarpa, Mahogany {Sweitenia
mhoganf} willow (Salix spp.) gamgan (Dipterocarpus spp.) Salai (Boswellia

1. Plywood and other boards :

Compressed beards in this category have several major advantages over solid
wood. Plywoods are manufactured in different qualities depending upon the
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as fibre hard boards, particle boards, vencered particle boards, fibre-insulation
boards, high density wood particle beards, mediun density wood-based laminates,
wooden fluch door shutiers, eic. Fibre boards, hard boards and insulaticn boards
are made from thinnings from forests, plywood waste, saw-mill waste, etc.
Particle boards are made from wood waste of all types, including tops and tops
of trecs, edgings from saw mills, shells of groundnut, fibres of leaf and leaf
petioles of date palm and many unorthodox raw materials. Innovative cechniques
have been involved for products like improved or modified wood which are
specially  treated  with  syathetic  resins  or other material involving
impregnation.

H. Sports goods :

In 1971-72, there were about 725 umits in the country manufaciuring sports
goods, the majority of which were in the cottage-scale sector, Of late, due o
increased aftention to Sporis activities the industry has received a boost. Spont,
products, with wood as a raw material include items like posts, presses, rackets,
bats, sicks, wickets and items of indoor games, such as boards, paraltel bars,

ete,

The timbers uwsed for making the above sports items, include mulberry
(Morus aibg), ash (Fradnus spp.) willow (Saliv babylonica), Beech (Fagus
syivatica}, canes and rattans, rosewood, gafeda (Popuius aiba), teak, deodar, chir,
sal, wn Toona ciliata), jaman (Prurus cornita), eic.
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HI. Ships and boat building :

for this purpose.

The following timbers are used for boat construction ainee {Artocarpus
hirsutus), benteak (Lagerstroemia lanceolata), Indian laurel (Terminalia
tomentosa), sal, Calophyllum elatum, Acacia nilotica, khair (4. catechu), bijasal
(Pterocarpus marsupium), mango, padauk (P. dalbergicides), Artocarpus
chaplasa, Melia composita, bhendi (Thespesia popuinea), semal (Bombax ceibay),
baing (Tetrameles nodiflora}, et

IV. Tays:

During 1971-72, there were 336 units manufacturing toys, of which 24 were
togaged in manufacture of wooden toys only, and a few were manufacturing toys
made from papier mache (paper pulp), coconut pith, ‘shola’ (deschynomene
aspera), ctc, Earlier, toys were almost wholly made from wood and tin. These are
mostly replaced by plastic, vinyl and other synthetic materials now. However,
traditional wooden toys are still manufactured in the cottage industry sector. The
toys are usually lacquer painted. The woods more commonly used in this industry,
are haldu (Haldina cordifolia), jack-fruit {Ariocarpus heterophyllus), sandal-wood,
Gardenia latifolia, Givotia rottleriformis, Uncaria gambier, Plerocarpus
santalings, shisham, walnut, Diospyros spp., eic.

V. Match Industry :

Both match boxes and match sticks are manufactured from specially suited

h_l,'l_'l_hnr Matohk sticls aea alon oezda fomne nanan and nankad i ﬁnrﬂl\nnﬂl foldarve
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There were 1169 match factories in the country about 30 years back, many of
them located in southern India. During the same period there were 20 factorics
Which produced splints and boxes. Most of the factories were small and medium-
Scale manufacturing units in the cottage sector. Some of the timbers used in this
industry inciude, Ochlandra travancorica, Ailanthus spp., Alstonia spp.,

Anthocephalus chinensis, semal, salai, Canarium euphyllum, Endospermum spp.,
Evodia spp., Hymenodictyon excelsum, Pterocymbium ftinctorium, Wrightia
tinctoria, Zanthoxylum limonella, Trewia nodiflora, Swintonia fioribunda, etc.
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¥1. Pencil Indusiry :

The raw materials for manufacmring pencils were previously imported into
India, Substitute Indian woods are now bring uscd, such as Cedrus deodara and
Cupressis tnrulosa, Other plaot wood vsad in this indvstry are Alstonia scholaris,
Bombax celba, Canarinm euphyllum, Holisarma arnottiang, Hymenodictyon
excelswm, Larix griffithiana, Mastixia arborea, cic.

VII. Canex and bamboos :

The cane industry : There are about 2000 smal! to medium cottage scale
units, mostly in the unorganised sector which manufacture cane furnitire and other
products. In 1981-82, cane production was 2.91 lakh kg valued at Rs. 5.85 lakh,
Over 18 species of Calamus and two species sach of Doemoncrops and
Plectocomia are comrmercially important, The thick canes are used mostly for
manufacturing walking sticks, furpitore frames, and wmbrelia handies. The canes
which are thin are penerally used for making baskets, seats and backs of chairs,
lamp shades and fancy items. Some of the more important spacies of canes are
Calarues  gamblet, C.  thwailtesii var, canaranis, €. nambariensis, C.
pseudotenuis, C. tenuis, C. rotang and Daemonorops jenkinsiana. The processed
canes Of . andamanicus and C. pseudorivalis from Andaman Islands are in great
demand. The bulk of . nambariensis is exported 1o Sylhet in Bangladesh for their
cottage industrics,

Bamboo indusrry : Besides being used in the paper industry, bamboos are
used for construction work, fencing, as scaffolding material, for manufactere of
bousebold items, ornamental vases, mats, hats, baskets and wicker works,
forniture, sporis articies, bows, arrows, walking siicks, ladders, tentpoles, etc.
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Bambusa arundinacea, B. balcooa, B. tuldda, B. pallida, B vulgaris and B.
polymorpha, Dendrocalamus strictus, Melocanna baccifera, (Rgantochion spp.,
Schizostachyum spp. ad Arundinaria racemosa.

VI, Saw milly :

The prowth of the wood-based industries iz directly linked to the developmeat
of the saw mill industry. Saw mills saw log of wood into planks. baulks and
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scantling. In 1982, there were 3430 saw mills in India, of which 1086 were small
units,

13, HANDICRAFTS

The handicrafts industry is mostly village-based and is in the small-scale
Cottage scctor. Its potential as a foreign exchange carner has been fully
appreciated. The state governments have set up their Handicrafts Development
Corporations, while in the central sector the Development Commissioners of
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The industry provides employment to about 40 lakh artisans scattered all over
India, In 1998-99, export of handicrafts feiched Rs. 7072.34 crore as compared
1o Rs. 5998.58 crore during 97-98, and included items like woollen carpets and
druggets, art metal ware, hand printed textiles, wood wares, zari, ivory products,
eic,

A wide range of articles from ornamental vases, lamps, decorative pieces,
fancy articles, wall-hangings, decorative furniture, baskets, mats, toys, eic. are
some of the products. The wood used for many of the articles comes from choice
timbers, such as walnut, sandal wood, ebomy, marblewood (Diospyros

ﬂ!anmraml ete. Coconmut and coir nrnd'm-ru papmr mache articles, cane nrrujll.r'm

shola, lacqucred decorative aruclcs. etc. are some of the specialities. Beads from
Elaeocarpus spp., Cucurbita pepo, Abrus precatorius, Putranjiva roxburghii, Coix
SPP. are also prepared. Baskets and weaving materials are made from bamboos,
canes, grasses and sedges. Some of the species involved are toddy paim, coconut
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corymbosus, C. elatus, C. malaccensis, C. rodiatus, Clinogyne dichotoma,
Eriarithus munja, etc.

14. PHARMACEUTICAL INDUSTRY

More than 40% of the pharmaceutical preparations are derived from plants.
If bacteria and fungi are also included then the fignre comes to over 60%. In
Comparision to other developing countries India has a very advanced
Pharmaceutical industry, It has achieved international standards in sophistication

of production technology. In 1989-90, drugs worth Rs. 4060 crore were

A SLE

manufactured, while fnr 1990—91 figures were cxpectcd to touch Rs. 4300 crore.
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During 1997-98, the production of bulk dmps and formulations bas been of the
order of Rs. 2023 crore and Rs. 12,008 crore respeciively. In 198%-50, drugs
worth Rs. 842.70 crore were exported. There are abowt 230 units mannfacturing
drugs in the organmised sector, six in the joint sector, five in the public sector and
about 5000 units are present in the small-scale secior. India also occupies a
leading position in the supply of medicinal planis and related products. In 1971,
total export of these items to six of the most advanced nations was worth
approxitately U.S. $6.4 million. The main crude drugs which find a good
market, include  Aconite (Aconitum napellus), Aloes {diee barbadensiz),
belladonna (Atropa belladonna), cinchona (Cinchona spp.), dioscorea (Dioscorea
prazeri, eic.), digitalis (Digiralis purpurea), ephedra (Ephedra gerardiana), ergot
(Claviceps purpurea), hyoscyamus (Hyoscywamnus niger and H. muficus), ipecac
(Cephaelis ipecacuartha), isafgul (Plantage ovatn}, opium (Papaver somniferum),
papain (Carice papaye), podophyllum (Pedephylium hexandrum), pyrothrum
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emodi), senna (Cassia angustifelia), sceamoniuom {(Datura stramoniuny), periwinkle
vinca (Catharanthus rosess), efc. Bxport of medicinal plants and herbs in 1974-75

was worth Rs, 1391.9 lakh. Expart af crude opium topped the list with an amount
of 759.6 tonpes worth Rs. 17.5 crore during the same. period, followed by
peviliugm (Plantogo ovata) sk worth Rs. 7 crore, kuth (Salssurea cosius) roots,
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derivatives and active principles amounted to Rs. 4,45 crore in 1974, Among
others, export of #-tonone in 1974-75 was worth Rs. 1.7 crore, mentho] Rs, 29
lakh, allaloids of suxvomica Rs. 25 lakh, papain Rs. 15 lakh, berberine
hydrochloride Rs. 10.4 lakh,

Some of the drags are bricfly enumerated here.

1. Cinchona (Giackona seccirubra, C. officinalis, €. robusta, . ledgeriana
and C. ledgeriana "x* calisaya) :

In 1976, preduction of dry bark was 5-6 lakh kg, which in mum yiekded
12,000 to 20,000 kg. of quinine saits valued at Rs. 1.2-1.5 crore. The industry
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are only two plamations, both in the public sector. The demand for quinine has
come down due to virtual eradication of malaria and replacement of quinine
by asynthetic substitutes. Therefore, of late the manufacture of quinidine is
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picking up. Quinidine is wused in treating coronary ailments and psychic
ailments,

II. Opium (Papaver somniferum} :

The cultivation of poppy has been under Government control since the end
of last century. The latex of poppy yields raw opium, the narcotic properties of
which has encouraged illegal cultivation of poppy and production and trade in
heroin, a major cause of drug abuse. The raw opium is processed in the two
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(a) export opium, (b} medicinal opium powder and cake, and (c) excise opium.
India exported 730 tonnes of opium in 1980. The medicinal opium and opium
alkaloids of which major ones are morphine, codeine, papaverine and thebain are
used in preparation of drugs and formulations. The excise opium is produced in
small quantities for supply to registered addicts. India produces over 80% of the
total world output of tegal opium.

UL Rauvolfia (Rauvolfia serpenting) :

_ About 25-27 tonnes of dry roots are collected on a restricted scale from the
wild every year (data of 1976). If demand increased this amount could be raised
to about 70 tonnes. The actual present supply is 30 tonnes dry roots from all

SOUICES. The demand for the raw umg and the alkaloids is mmlﬂ within
India at well as the international market. "'I"hn tnnn‘lu contd ha increaeed if nnl‘u
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large scale cultivation of R. serpenting is undertaken Already this plant has
become scarce in its natural habitat and falls in the category of threatened species
YCIging on ‘rare’ status,

IV. Senna (Cassia angustifolia) :

In 1974-75, about 7000 tonnes of senna leaves and pods were marketed.
During this period there were 12 large processing units to clean, grade and bald
the produce. Of this, 6317 tonnes worth Rs. 2.71 crore were exported.

V. Belladonna (Atropa belladonna and A. acuminata) :
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the drug, The quantity collected from the wild became reduced due to dwindling
natural resources. The figure stood at 4 quintals in 1974-75, whereas in 1966-67
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this figure was 81 quintals, a clear indicatron of cver-exploitation. The cultivasion
of belladonna has been taken up in the public sector and in 1975-76 the total
production was 472 quintals,

V1. Apar (Gelidiella acerosa, Gracilaria corticata, G. edulis, etc.):

The anmzal production of agar-agar in 1976 was 100-200 topne=s, which was
likely to double in the near future, while the anmal requirements by the 1980°s
was put at about 500-600 tonnes. At thar time, it was assessed thar the namral
supply of agar-agar from the marine alga Gelidiella acerosa was 10-15 tonnes
{(dry) per anmum. It was assessed that there would be acute shortage due to
indigcriminate and unscientific harvesting of this alga as well as, alternadve
sources, {rracilaria spp. and others.

This drup has come into prominence due io discovery of anticancer activities

of some of its alkaloids (of which theye are over 100 in this species), of which
vinblastin and vincristine are the most important. The export of roots and leaves
of this plant has siarted since the mid 1960’s and has been increasing every year.
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IX. The indigenous systemx of traditional medicine :

Thete have been efforts at reviving the mdigencus systems of medicime, sach
as ayurveda, unani and siddha. This can be gauged from the tonnes of,
formulations and drugs which are commonly found in the market now a days
based on these systems of medicine. Ayurvedic herbs exportad in 1974-75
amounied 1o 117.8 tonnes valued at Rs. 4.8 lakh. The demand for ayurvedic
medicines is increasing. However, in the absence of uniformn methods for
preparing ayurvedic drugs sendardisation has become difficult and there is po
quality control.
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Homeopathy is becoming increasingly popular due to its comparatively fewer
side effects and relatively cheaper reatment. Homeopathic medicines in the form
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of tonics and formulations are now in demand and the indusiry is expanding.
However, the butk of raw materials and many drugs of high potencies or mother
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required for indigenously preparing mother tinctures are also imported.

We have to put a curb to the indiscriminate exploitation of the forests for
medicinal plants extraction. Due to increased awareness the public and the private
sectors are making efforts at "or™ have already started large-scale culiivation of
selected medicinal plants in order to stop the harmful praciice of indiscrimate
exploitation of our natural resources.

15, ESSENTIAL OILS AND PERFUMES

Essential oils are extracted and used in various indistries, chiefly in fhe soap
and cosmetics industries, pharmaceutical industry, and in other industries, like
Confectioneries, aerated waters, ‘attars’, scented tobacco, ‘agarbattis’, incense,
insect-repellants and in the paint and varnish industries. In 1974-75, export of
essential oils fetched Rs. 9.3 crore. Important essential oils produced are sandal
Wwood oil, lemongrass oil from Cymbopogon flexuousus and C. citratus, palmarosa
oil form C. martinii (motia variety), eucalyptus oil from Eucalyptus globulus and
E. citridiora, Khus oil from Vetiverig zizanioides, linaloe oil from Bursera
penicifigta, davana oil from Artemisia patlens, valerian oil from Valeriana
Jatamansi, Indian olibasum from Boswellia serrata, ajowan oil from
Trachyspermum ammi, cinnamom oil from Cinnamomum zeylanicum, citronella
oil from Cymbopogon narduus, ginger grass oil from Pelargonium graveolens,
jasmine oil from Jasminum auriculatum, J. officingle forma grandiflorum,
Champak oil from Michelia champaca, turpentine oil from Pinus roxburghii and
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Uil spp., patcnnun oil from ragasrenwn cabiin, citras oil from Citrus
aurantifolia and C. reticulata

REFLF .

L. Perfumery Industry :

Natural perfumes are mostly obtained from essential oits of certain plants and
their products, These are-attars or ottos, which are flower distillates; agarbattis or
incense sticks; alcohol-free products; concentrated and dilute alcoholic solutions.
The attars or ottos, used for perfuming tobacco, agarbattis, hair oils, soaps, etc.,

are obtained from rose, jasmine, kewda, champa, khus, henna/mehndi, bakula,
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harsingar, kadamba, keser, kuth, efc. Atars are essentially a cottage-industry
product whose market fluctuates and bhas now declined primarily because their
------

standard quality perfumery compounds are freely available in the mavket,
Agarbamtis, which emit fragrant fumes when burnt  are a flourishing cotage as
weill as smail-scale industry. The alcohol-free products are used in the cosmetics
and soap industry. Floral and aromatic waters {rose water, kewda and khus
waters) are used for diffusing perfumes in semples and on ceremonial oocasions,
and also used in ayurvedic and unani medicines, They are prepared by distilling
floral and herbal (vepetative) parts in water.

II. Flavouring essences :

These ars obtained from aremadc plants and are some tmes mixed with
synthetic essences. They are used in soft drinks, confectionesy items, chewing
gums, desserts, icings, baked goods, drugs and pharmacentical preparations. Some
esgemtial gils, like peppermint, anise, etc. are used in tocthpaste and have anti
bacterial property. Natural flavaurs are obtained from exteact of Vanilla fragrans,
lemon, spices, almond, sic.

III. Turpentine oil ;

This nil is obtained from the, sleg-resins tapped from Pinws roxburghii and
from Boswelfia serragta. 1t is used in varnishes, paints and lacquers, ip
pharmaceuticals, perfumes, syothetic pine oil, as disinfectants, insecticides, and
a8 an important raw material for synthesis of terpene chemicals used in many
industries. Resin also finds tse in various industries. In 1980 or so the anmaal
production of crude resin wag about 48,000 tonnes,

16. SOAP INDUSTRY

In §971, thete were 44 units in the large-scate sector manufacturing differend
brands of soaps, while in the small-scale sector, there were approximately 3500
units. The raw materials for manufacturing spaps are fatty material, soap-stocks

andl resins, The fatty material consist of allow or palm oil, edible cils of low
quality, such as oils of linseed, castor, ricé bran, mahua, etc. The hard fats
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include partly hydrogenated groundnut, linseed and castor oils. Soft and hard
soapstocks are available from oil refining and vanaspati factories, using coconut,
Mahug, linseed, castor, groundnut oils and varinus minnr and nnn-tradjtiunal uils

pfnnam) knsum {Schle:chera oleosa), sal, kakhan fSaIvadara alemdes) ete.
About 45% of total resin production, obtained from turpentine distilleries, is

diverted for the soap indusiry. The soap industry has expanded over the past
decade or more.

Essential oils and aromatic chemicals extracted from aromatic plants are also
used for perfuming soaps.

17. PAINTS AND VARNISHES

This industry uses linseed oil, castor oil (Ricinus communis), tung oil
(Aleurites fordii), wbacco seed oil, safflower oil, coconut oil, cotton seed oil,
Soyabean oil and several other oils as drying oils. It also uses resin and cashewnut
shell tiquid resin besides turpentine oil.

Paints are broadly classified into (a) building and structural paints, (h) coating

f“"‘ transport vehicles, railway coaches and ships, and (c) general industrial
finishes. There are many large-scale and small-scale units in this thriving
industry,

18. DYES AND TANS
I Dyes:

Natural dyes 1o a large extent have been replaced by synthetic dyes. Limited
amount of natural dyes are produced, such as cutch from Acacia catechu, kamala
from Maliotus philippensis, annatto from Bixa orellana, turmetic from Curcuma
domestica, Haematoxylin from Haematoxylon campechianum, saffron from
Crocus sativus, chlorophyll from Spinacia oleracea, carotene from Daucus carota,
litrmus from lichen species, etc. They are mostly produced in the smaii to medium

Scale secior and arc used in various ways.
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II. Tams :

The tannin from Acacia mearnsii has almost replaced the bark tans obtained
fram A. nilotica and Cassia auriculata, Other important tannin yielding species
in vse by the tanning indusiry, are Riizophora mucrongta, and Ceriops tagal, C,
roxburghiang, while the myrobalans are obtained from Terminalia chebula and
Phyllanthus emblica. They are chiefly used in the leather industry and in the
writng ink-industry.

II. Inks :

One of the constituents of printing ink is resins and patural resing are
obtained from shellac and rosin. Writing inks have several ingredients of vegetable
ungm Jﬂm unpﬂﬁam SOUICE ATE thf: gaﬂs prﬂduced On Quercus mfmana and

mak'u]g luw grade mks are ubtamed fr-::lm C'uesaimma dig}'ﬂﬂ C. -:.'ﬂrmrid
Terminalia chebula, T, bellirica, Acacia carechu and Phyllanthus emblica,

19. LAC AND SHELLAC INDUSTRY

Although lac is an insect exudation, this iz produced oniy when this parasitic
insect anaches jtself to the twigs and branches of some host specific trees in the
larval stage. The lac is the exudate which the insects excrust themselves with for
protection. The host specific trees are kusum {Schleichera olecsaj, palas
{Butea monosperma), ber (Ziziphus mauritiana} and phont (Z. xylopyrus}. The lac
industry uses the crude lac or stick lac and refines it to produce seed lac, shellac,
bution iac, garnet lac, dewaxed lac and bleached lac in cotiage scale and large-
scale shellar factories. India is one of the major lac-producing countries. In 1982-
83, there were 198 shellac factories with a production of 13,420 tonnes lac, out
of which 7,000 tonnes were exported. In [981-82, 10,700 tonnes lac worth Rs.
15.66 crore was exported,

Shellac is mainly usedt as surface-coating material and is used in other
ndustries such as printing inks, handicrafis, pharmacenticals, cosmetics, bair
lacquers, electrical industry. etc. Lac is used in manufacture of French polish,
gramophone records, electrical insulation materials, hats, grinding wheels,
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mdhesives, metal enamelling, nail polish, dental plates, lac bangles, jewellery
fittings, crayons, etc.

20, KATHA AND CUTCH INDUSTRY

An importamt forest based industry, there are 3 large-scale units in the
organized sector which has a iotal annual production of about 1000-16030 1onnes
Cukch. The unorgantsed sector of the tribal communities produce about 3000
tormes of katha. These products are derived from khair fdcacia catechu). Katha
i nsed as a masticatory with pan, the betel leaves, and in medicine. Crrck is rich
in catechu-tannic acid and is used in dyeing cotion and Sitk and in calico printing,
It 15 also used o dye ship sails, mail bags and for making jute rot-proof, for dying
pulp and paper and tanning fishing nets

21 LCTICIDES AT

The namral organic insecticide useqd are pyrethrum extracts, nicotine sulphate
ahd rotencids. The plants, which possess inseci-repellant properties include
Nicotlana spp. with nicotine, Chrysanthemum cinerariifolivm with pyrethrom,
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Ricinus commaunis, etc. In 1982-83, production of pesticides, including chemical
pesticides, was 65,000 tonnes.

22, CO-OPERATIVE INSTITUTIONS

The co-operative movement has made noteworthy propress in agricuitural
credits, marketing and processing of agricultural produce, supply of farm inputs,
distribution of consumer goods. Co-operatives are mostly village-based. The total
value of agricultursl porduce marketed by the Co-operatives amounted to above
Rs. 6274 crore i 1989-90. The total value of foodgrains handled bry the marketing
co-operatives was abont Ra. 1128 crore in 1986-87.

Independent proceszing untts in the co-operative sector inchude large units
such as co-operatve sogar factories, spinning mills and solyvent extraction plants.
Medium and small units such as rice mills, oil mills, cotton ginning and pressing
umits, juts-baling wnits are mostly adjuncts of co-pperative marketing societies. In
March, 1080, there were 2422 agro-processing units. During 1989-90 sugar
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season between October and Septemrber, 211 co-operative sugar factories produced
66 lakh tonnes sugar, which accounted for about 60% of total production of sugar

in the country.

In 19%0, ioial muber of co-operaiive spinning mills were 10,948 i the
growers sector and 61 in the weavers sector, having about 11 % of total spindiage
capacity in the country, Tn 1987-88 there were 300 oil mills 2nd similar units in

the co-operative sector.

23, MISCELLANEA/RECENT TRENDS

I. Sal:

Leaves are extensively used for manufactureing platters (Plates) and various
other containers and receptacles. Dried leaves are inter-woven and compressed and
cut &0 the desired shapes and gizes. These are manufactured on a coftage scale I
the unorganised sector. The leaves of palas (Butea monosperma) are also used in
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II. Tissue culture techniques :

These techniques are now being emploved 1o augment biomass production for
wse a3 fuel, fodder, timber and industrial/commercial wood in increasing amounts,
Two pilot plants at several research laboratoriex are carrying out large-scale
sticropropagation/bulk multiplication of major forest tree species with the aim of
producing several million plantets a year for use ag indicated already.

HI. Biofertilisers and Organic Manures :

a. Biofertilisers : It has been demonstrated that biofertlisers are an
effective, cheap and remewable supplement to chemical fertilisers.
Emphagis has been laid on an integrated nutriznt supply to the crops in
question, through combined use of fertilisers, organic manures and bio-
fertilisers. Rhizobium inoculants have been found effective in fixing
nitrogen in pulses, legume fodders and oil-seeds, like sovabean,
groundouts, o, Bluc-green algac (BGA) have been found to be
successful in aitrogen-fixation in low-land paddy. The BGA is also able
to reduce salinity of the water. In arder to fully utilise benefits of bjo-
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fertilisers, the Governmeni has staned 3 natonwide project on

development and use of bicfertilisers and has set up a national centre art
Ghaziabad {U.P.) with six regional cemtres. The anticipared production
of the BGA, Rhairobium inoculants, from these centres in 1990-91 was
85 vonmes. During 1988-30, sixty BGA centres have produced 110 .

tonnes of the algas and in 1989-90 it was 200 tonnes. This level of

production was expected to be mamtained in 1990-91, Effons are on to
develop efficient algal strains which could grow and fix nitrogen under
adverse conditions for wheat, because wheat cultivation does not require
submerged water conditions as ricc docs.

b.  Organic manures : It is estimated that about 100 crore 1onnes of organic
was(e in the form of crop residues, besides cowdung, are avaitable in
the country. There is a potential of 6500 lakh tonoes of rural composi
and 160 lakh tonnes of urban compost which has not been fully utilised.
These materials contain approximately 65 lakh tonnes of nitrogen, 23
lakh tonnes of phosphate and 45 lakh tonnes of potassium. Even if a
significant portion of this could be recycled, cur agricultural economy
would improve and the crop land would become better. The
Governinent has taken steps to promote technology which would enable
utilisation of these wastes to provide low-cost compost and 10 enrich
these, if need be, with nutrients.

IV. Natural health foods :

D to increase in the awarness about the harmful effects of chemical
ingredients such as artificial and synthetic inputs for agricultural crops, the use of
Datural health foods is paining popularity and has almost become a craze in
affluent developed countries and societies. Crops grown without or with minimal
use of chemical fertilisers, pesticides, insecticides; products without artificial
colours and flavours as well as additives and foodstuffs with minimal processing
nd refining are, therefore, growiog in demand. Global trade in namral health
foods is 4 multi-million dollar business. There is a vast export poential for exotic
foods, natural products, such as unsweetened food spreads, dehydrated fruits and
vegetables, unprocessed honey and spices and nawral herbs amd herbal

Preparations, Indian food industry could take advantage of this newly emerging
treqd.
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trade alone. Isracl, Spain and Italy have also surged zhead. Thatiand is a
comparatively newcomer. India with its variety of soils and climatic conditions
should 1ake advantage of this. We should, therefore, first of all idencify market
opporminines and assess the exrent of demand. Then efforis should be made 10
mobilise cultivation and supplies through a co-ordinated effort i both production
and expont marketing.

24. CONCLUSION

e |
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Agricn ¥y
linked with industry. Recent advances in biotechnology, genetic enpinesring,

phumsynthem tissue-culture, etc. are coming closer to one ancther and are
merging arcas of collaborative research for promoting the prowth of agricultural
productivity. The conservation and planned exploitation of germplasim resotrces
and the inventorisation of namral rescattcss are among some of the priorities and
thrust areas of agrnicultural research and education. The latter is one of the basic
pbjactives of the Botanical Survey of India.
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Today there is a crying necessity o initiate drastic measures for conseTving
our natural resources and prevent its further relentiess apd indiscriminate
exploitation, It mest be reatised that this cxcessive exploitation has lod to a rapid
rhn'l.-hnn and Asctmrtion of our foresre. In the nat tan w0 threase dacadee it ix
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r:st:matud that we have lost about 40% of our forests. We must iry to incelcate a
scientific approach in the exiraction of natural resonces and plan it in such 2
manner a5 to give it A reasonable change to renew and replenish itself again and
again. The alarming depletion of the forests and natural resources with the total
destruction of several clements is compelliing us to make all ow efforts at
collecting and preserving genetic respurces of coltivated and economic plants in
germplasm banks.,

Large scale cultivation of economically important species has to be
mowragﬂdm put a check o their expleitation from namre, Our aim should be to

aamathina far ol
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14. WASTELAND DEVELOPMENT AND
SOCIAL FORESTRY

(N.P. Singh)

INTRODUCTION

With the advent of civilisation, the Jand has been meeting such basic needs,
as food, fodder, fuel, clothing and shelter as well as other material needs of the
Inankind. Soil, therefore, constinues the most precicus resource for any nation.
However, the increasing pressure of both buman and livestoek population, coupled
with the resultant depletion of vegetation cover, has exposed the land surface w
the vagaries of namre. This has lead to the erosion of top seil, thus converting
large tracts of the country inio wastelands. As it threatens to undermmine the basic
means of the lite support systems, an all out concerted effort 18 needed not only
o check the menacing expansion of the wastelands, but also 1o reverse the rend
through environemntally vizhle and socially beneficial corrective measures. As the
social foresiry can effectively address the problem, it is inseparably tinked to the
wasteland development. Various issues involved in this regard are being discussed
and suminarised.

Wasteland Devclopment

The rural poor heavily depend on land in the absence of substantial growth
in employment in the country. But becauss of heavy pressure of population, the
degradation of land has diluted land’s inherent capacity to support life systems,
Which results inte waseelands.. Rapid cxpansion of wastelands is seriously
tadermining the productive resource base. The Table 1 helow shows the state-wise

use according to the land use classificaton.

Table shows that out of a total estimated area of 304 million ha, agriculiural
land occupies ahout 142 million ha, while the forests occupy about 67 million ha.
The forest cover of India is indicated siate-wise in Table 2. According to an
estimate. of the abave said nearly 93 million ha of agricuitural land and about 36
Initiion ha of forests are suffering from various kinds of degradation respectively,
Which shows that more than half the area is degraded. These estimates of
Wastelands in India are furnished state-wise in Table 3, whercas some split details
are provided ia Table 4 (also 3 maps).
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Table-2. Forest cover of India

(Area in 5g. km}

8. Htee/UTs Dense Open Mengrove Total Parest
No. resi Forest cover

{Crown {Crown

denginy dengity

40% and 10 1o

abaove) 4%
1, Andhra Pradesh 23043 19,859 383 43,290
2. Anunachal Fradesh 34,155 14,447 -- 8,002
3. Assam 15 548 B.275 - 23,324
4. Bihar 13,300 13,224 - 25,524
5. Dralh; 15 10 -- 26
6. Goa Q95 232 3 1,252
T, {ujarar 5,337 5,750 /T 1258
B Haryana 370 234 - 6
g, Himachal Pradesh 9,560 2,961 - 12,521
1. Jummu & Kashmic 11,0208 G420 -- 20,4940
11,  FKarnataka 24 854 7,546 3 32,403
12. EKeraa 8,454 1,880 - 13,33
13,  Medhya Predesh 82745 48 450 - 131,195
14. Maharashira 23,622 212,397 124 44,143
15, Manipur 4,937 12,481 - 17418
18, Meghalaya 4,044 11,513 - 15,657
17. Mizoram 4 348 14,4217 - 18,775
18. Magalamd 3,487 10,734 - 14,111
19,  Orisga 26,101 20,629 211 46941
20 Punjib 3ll 76 — 1,387
ra | Rajasthan 1,650 9,663 -- 13,253
22, Sikkim 2,423 106 - 3,128
23,  Tamil Nadu E.676 8,367 21 17064
24, Tripusa 1,819 A - 5,548
25. Utar Pradesh 22,958 11,036 - 33984
26, West Betigal 31,557 2,669 2,123 8,349
27. A & N Islands &.520 127 G 7.413
28.  Chamdigarh & 1 - 7
2%, Dadra & Magar 158 45 - 244

Hawveali

30  Daman & Din -- 3 - 3

11,  Lakshdwesp* - - - -
32, Pordichery* -- — - -

*No discerhible forest cover, {Source ; Forest Survey of India : State of Forest Beport, 1587},
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Table-3. Estimates of wastelands in India

(Lakh hectares)

———

States/UT Non-Forest Forest Total
Degraded Degraded
Area* Arga*#
Andbira Pradesh 76.82 31.34 114.16
Assam 9.35 7.95 17.30
Bihar 38.96 15.62 54.58
Gujarat 71.53 6.83 78.36
Haryana 244 0.74 2478
Himachal Pradesh 14,24 334 19.58
Jamrnu & Kashmir 5.31 10.34 15 6%
Kamnataka T1.22 20,43 91.65
Kerala 10,53 2.26 12.79
Madhya Pradesh 129 .47 71.95 201.42
Maharashtra 115,60 28.41 144 .01
Manipur 0.14 14.24 14.38
Meghalaya 8.15 11.03 19.18
Nagaland 5.08 878 11,86
Orissa 3L.57 32.27 63.84
Purjab 11.51 079 12.30
Rajasthan 180.01 19.33 199.34
Sikkim 1.31 1.50 2.81
Tamil Nadu 3382 10.0% 44.01
Tripura 1.08 8.65 9.73
Uttar Pradesh 66.35 14.26 80.61
West Bengal 21.77 3.59 25.36
UTs 8.89 27,15 36.04
Total $36.91 158 .89 1295.80

¥ Source : Society for Promotion of Wasteland Development (SPWD), New Dejhi. 1944
** Barren area notified as forest not included in the above figures.
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Map 16. Estimared wastelands in India in non-forest degraded area
(source : SPWD, New Delhi).



2000] WASTELAND DEVELOPMENT AND SOCIAL FORESTRY

59

. 4 "'
% - 20 T
s 9
:ILAHHm =
Degraded Areas8.88

Map 17. Estimated wastelands in India in forest degraded area
{source : SPWD, New Delhi).
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Map 15. Map showing {46 districts with wastelands
jfource  NWDE, New Delki).
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Table-4. Estimates of Wastelands in India (Non-Forest Area Only)

{Lakh hectares)

States/UTs Saline & Wind Water

Alkaline Eroded Eroded Total

Lands Area Area
Andhra Pradesh 2.40 74.42 76.82
Assam - -- 9.35 9.35
Bibar 0.04 -- 38.92 38.96
Gujarat 12.14 7.04 52.35 71,53
Haryana 326 {599 2.76 24.04
Himachal Pradesh - - 14.24 14,24
Jammu & Kasbmir -- - 5.31 5.1
Karnatzka 4,04 - 67.18 71,22
Kerala 0.16 - 10.37 10.53
Madbhya Pradesh 2.42 - 127.05 129 .47
Maharashtra 5.34 - 110.26 115.60
Manipur -- - .14 0.14
Meghalaya - - 8.15 8.15
Nagaland - -- 5.08 5.08
Orrissa 4 04 -- 27.53 31.57
Punjab 6.88 - 4.63 11.51
Rajasthan 7.28 106.23 66.59 180.01
Sikkim -- - 1.31 1.31
Tamil Nadu 0.04 -- 33.88 33,92
Tripura -- -- 1.08 1.08
Uitar Pradesh 12.95 - 53.40 66.35
West Bengal 8.50 -- 13.27 211,77
UTs 0.16 - 8.73 5.89
Total 71.65 129.26 736.00 934.91

Source ; Society for Promotion of Wasteland Development, New Delhi-1984.

As early as in 1928, the Royal Commission on Agriculture made a very
strong recommendation that all wastelands, viz. village forests under the control
of revenue department should be handed over to forest departments of respective
states and be managed as fuel and fodder reserves for the people. But the problem
of wastelands did not get its due recognition till very recently. A committee on
Natural Resources, in 1963, seems 1o be the first one to present a study on
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wastelands includmg saline, alkaline and waterlogged lands and their reclamation
measures. Suddenly these problems gaimed importance zad pat a big boost for
over the last decade. The nineties saw a score of papers and books in this
ditection. To mention a few: Tweari and Mascarhenas {1983) selected Singhbhum
disirict of Bihar for their studies on wasielands development and environmessal
management through community foresiry. Singh {1933) prescntcd the probiems of

'Il.rﬁﬂ.nlu-nr*l!l ri Toudan v-rl.d-rrin 1O 10T haeniolhad diassaors el r—TY
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and wtilisation of wastelands. Forest Research Institute, Dehra Dun {Anonymons,
1988) alzo came out with a compilation on wasteland development for fuelwood
and fodder production. Ram Prasad {1988} provided the iechnology for wasteland
development. Gupta and Maroo (1991} discussed the issues and challenges in the
ufilization of wastelands.

Adiseshiab (198%) while providing the economics of wasteland davelopment,
defined the wasizlands as a piece of fand which has been damaged and has
suffered degradation due (0 fnter alin: its over use, wrong use or uncared for state
which result in eroded soils, sabinity and alkalinity, water logging, ravines and
gully erosion and degraded forest land, The present comcept, however, is that
wasislands may be defined as lands where the production of biomass is Jess than
its optimum productivity. It also refers wo an available piece of land which is not
being used {0 its optimum productvity, thus leading {0 national wastage, Abrol

and Tthara ”ﬂmuunﬁ f‘m\ '|.:tr'|'“'|n- n‘1‘1l1nﬂ ﬂ'u:l- rerhnnlooise  for 1\:11:11'#1“111'1
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development, mapped the dcgradad snils, viz. soils of arid, semi-arid, seb-humid,
humid and salt affected soils. Sastry er af. {1990) and Singh {1989) have dealt
with plants that could be used for reclamation of wastelands along with detailed
list of plants. Sastry et @l., ([.c.), in particular, suggested over a thousand species
for various habitats.

As the problem of wasiclands attained promimence and the need for their
development was recognized, many seminars were conducied to guide its proper
development. ICAR sponsored a seminar and a Summer Instinue at the Central
Arid Fone Research Instifute, Jodhpur in 1986 on the wastelands and their
utilization (Shankaranarayan, 1988) and on wastzlands in anid and semi-arid zones
and technologies for their improved utilization (Anonymous, 1986) respectively.
A semipar was organised at New Delhi in 1986 on the dimensions of wasteland
deveiopmeni {Ancnymouos, 1989), Another one was orgatised at Dalramipur in
1987 on the utilization of wastelands for sustainable development (Sharma et al.
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1990). An international workshop was also organised at New Delhi in 1990 on the
land use systems research (Anonymous, 1992).

According to an estimate at least one-third of the total landmass of India is

badly degraded and about half the forest area has poor or no forest cover. Rapid
expansion of wastelands is endangering vital life support systems, Hence the
Government of India felt an acute need for urgent action to tackle these problems.
The first major decision was taken in 1985 with the launch of the Wastelands
Development Programme to deal with issues, like ecological crisis caused by
deforestation and degradation; socio-economic crisis caused by acute shortages of
fuelwood and fodder and for making afforestation a people’s movement. The
National Wasteland Development Board was established in the same year and was
given the mandate of undertaking wastelands development through a4 massive
programme of afforestation and tree planting with people’s participation. The
programme was accorded high priority by inclusion in 20 Point Programme as

wetwd 1 wirhish anviansne that affnein wall ha sands dn seaor trana and raioa
PULLL 1Y, WAL CUYoaRtyd LG LIV AL LR LLIGLEL B B RLPYY HOIT WrCCs andag raisc

more forests with the full involvement of people, protect the traditional righis of
tribal population and local communities of access to firewood and forest produce,
reclaim wastelands for productive use and plant appropriate vegetation in hill,
desert and coastal areas. The Board realised that the afforestation effort on a
country-wide basis could not succeed without the active participation of the public.
The Government had neither the means, nor the money for such a massive
programme.

A review of the work done by the Broad in the next four Years (1985-1989)
revealed that though the afforestation targets under social forestry programmes had
been achieved and some other initiatives taken, it was not satisfactory with regard
to increasing the pace of afforestation, increasing the avatlability of fuelwood and
fodder for the rural poor and in securing people’s participation in the afforestation
activities (Anonymous, 1989). Therefore, the programme of the Board was
restructured and strengthened in 1989 and the Wastelands Development
Programme was made a Technology Mission on 5.10.1989 (Anonymous 1990).
Subsequently in April 1990, it was decided that this programme will be guided
and oversecn by the National Wastelands Development Board, which will adopt
& mission approach for enlisting people’s participation, harnessing the inputs of

geipnre  and fn‘hnnlng}; and nr-hnwmg mlpr.dﬁwmhnam co-ordination in the
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programme planning and implementation. The programme would focus on
checking land degradation and putting wastelands in the country to sustainable use,
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mereasing bjomass availability, especially fuel wood, fodder and forest prodace
and restoring the ccological balance, To implement this programme six ‘mini-
missions’, viz. Planning and Policy, People’s Participation, Technology Exiension,
Regencration of Degraded Forests, Greening of Public Lands and Farm Forestry,
were created.

Wasteland development cannot possibly be a single point prograrmme. It
requires a broader and more ¢omprehensive approach, necessiating an inter-
disciplinary and multi-pronged strategy. Therefore, the main clements of the
Mission stragegy include. People’s participation at all stages, specially through the
panchayats; inicgraied land use planaing om watershod basls; village lovel action
plans; emphasis on conservation, acological restoration and natoral regeneration;
fuelwond, fodder and tumber production; Techmology extension; Resohution of
relevant policy 1ssues like grazing and livestock management and reducing the
pressure on the forests in the coumry, and the targei areas, viz. depraded forest
area, degraded pastures and public lands and private wastelands and dvy famm
lamkls. Sume of the pukicy issues are land ose mechamisms, prazig zmd livestock
manageinent, futlwood congervation, wood substitation, benefit distribution under
neoprammes on poblic lands, resource mobilization for Mission activities,
insututional finance and other support for farm forestey and fiscal incentives {0
promote farmer-industry nexus,

The technoiogy extension is aimed at wearment of problem lands, like
saline/afkaline, and/sandy and ravinous tracts and promotion of Agro/Farm
Forastry on dry lands amd especially o develop low cost technnlogies; evaluation
of the avajtabie technologies; assess research gaps and to sponsor time-bound as
well as resuli oriensed programmes for treating/reclaiming different kinds of
problem tands, fuel wood and fodder production, etc. The fasiest developing field
of bictechnology can heip in choosing/improving the suitable species for various
probelm areas.

Nearly half of the forest arez of the country has become degraded with Linde
Of 50 vegetation, Its main causes are the biotic pressures, specially fires, grazing
and reroval of firewood and timber far in excess of the carrying capacity., Much
of the degarded lands are on the forest fringes close to habitations. There are also
siczable pockets of such degraded lands right inside the forest areas, including
grasslands. {Tig. 3},
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Fig. 3. Cycle of destruction in forest lands.

For ensuring environmental stability and restoring ecological balance,
regeneration of such degraded forest lands is a national imperative. The earlier
programme had over-played tree planting, which needs a change. Utmost priority
should be given to aiding and fascilitating the process of natural regeneration and
encouraging plantation of multi-tiered and diverse vegetation comprising
indigenous species. Management intervention, including planting, should be
restricted to degraded forest lands where natural regeneration is not possible. On
such lands fuel wood, fodder, fruit and other useful species will have to be raised
mainly for meeting the domestic requirements of the right-holders and the rurai
poor. Choice of species should be made in consultation with the local people.
Grazing should be regulated and diverted to other areas with the co-operation of
the local people. Cut-and-carry system of grass/fodder collection will have to be
encouraged, besides stall feeding of catfle. Fuel-wood, fodder and small timber
will have to be distributed to the right-holders on subsidised or free basis. Fuel-

‘wood conservtion measures, like distribution of improved chullas, Kerosene,

biogas, etc. will have to be taken up in a concerted manner in collaboration with
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the concerned line agencies, People's co-operation will have 1o be promoted in the
protection of such areas through social fencing as far as possible,

The greening of public lands (other than forest lands) is needed to upgrade
these lands mainly for biomass production. Most public Jands many of which are
grazing lands are common property resources. However, doe to high grazing
pressure and other factors, including non-involvement of local community, thase
lands have become degraded. The greening of these Jands should be ensured for
raising of fuelwood, fodder and timber for meeting the Jocal needs. The livestock

population has grown from 292 million in 1931 to 416 million in 1992, which bas
to be taken into account as these resuit increased prazing pressure.

The proposed aim of raising fuelwood, fodder and timber on and around farm
lands and homesteads is to increase the productivity of unutilised or vndemtilised
private lands. Keeping in view agro-edapho-climatic conditions, different modes
of crops, legumes, grasses and rees will bave to be developed and propagated.,
For rainfed lands agroforestry models involving multiple nse species will have to

Ln sepmmmmbeed o ome bt temavod et e frenlipirmd amd ftaabhar masds 'T"'I-.... Ml iy e
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Farest Policy lays down that for the sake of National Ecological Security and in
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the interest of forest conservation, wood for industrial ne¢ds should not be made
available from the forest areas. Hence this requirement has to be raised on ron-
jorest lands, specially on private dry lands. Efforts will, therefore, have to be
made to develop appropriate models for raising industrial wood-based raw material
through farm forestry. Special attention will have to be paid 1o the fostering of a
farmer-industry pexus by providing all help and incentives (o the farmers. Urban
areas account for a substantial proportion of the fuelwood consumed, which is 2
priced and marketable commodity in wrban areas. Thesefore, raising of fuelwood
to meet urban needs is ofien a bankable proposition. This has to be promoted both
through distribution of scedlings amd by incentives for block plamtations. The
Narional Bank of Agriculture and Rural Development (NABARD} has a mumber
of schemes, some of which cater to certain aspects of Farm Forestry, under which
individuals, private companies and corporations are eligibie for bank finance.

It is estimaied that the tota! coverage under the Afforestation Programme
during the Seventh Plan Period {1985-90} was about 9 m ha. This is proposed to
be almost doubled to make it 17 m ha during ihe Eight Plan Period (19%0-93), viz.
 m ha under regeneration of degraded forests, 2 m ha under greening of public
lznds and & m ha under farm forestry.
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The major sources of finance within the couniry are Staie Plans, Ministry of
Environment and Forests, Department of Apriculture and Co-operation and
Deparment of Rural Development. The (utat allocation (rom all these sources for

the Afforestation Programme during the Seventh Five Year Plan was shout Bs,
2600 crores, which is now proposed to be raised to Rs. 4350 crores during the
Eighth Five Year Plan. The foreign funding bodies include the World Bank,
Swedish International Development Anthority (SIDA), Canadian Tnisrnational
Development Authortity (CIDA), Danish International Development Authority
(DANIDA) and the U.S. Agency for International Developmens (USAID). Many
of the Wasteland Development and Social Forestry Projects are being funded hy

these bodies in various states,

There are several schemes being run by the National Wasteland Development
Board under various heads, like Puelwood and Fodder projects, Decenmalised
People’s Nurseries, Margin Money Assistance, Integrated Wasteland Development
Project, Aerial seeding. Conservation and Development of Minor Forest Produce
including Medicinal Plants, Seed Development and Grants-in-Aid 1o voluntary
Agencies, Some important prajects include Dwelhi Campaign, Green Haryana
Programme and Green Rajasthan Programme, etc.

In 1992, National Wasteland Development Board, with the mandate of
dﬂ'ElOping wastelands in mon-forest areas and regenerating degraded community
ind private lands was transfetrad to the newly created department of Wastelands
Development in the Ministry of Rural Development. Consequently a National
Afforestation and Eco-Development Board was created In the Minisuy of
Environmem and Forests with the capanded mandate of cos-development along
With regensration of depraded foreer areas and lands adinining foresr areas,
nationa) parks, sanctuarics and other proiected areas, and ecologically fragile
freas, like the Western Himalayzs, Aravallis and Western Ghats. This is
Rsponsible for promoting afforestation, free planting, ecological restoration and
SCo-developmental activitles in the coumry with its seven regional cemres, Its
Major programmes alse include integrated Afforestation and Eco-Development
Projects scheme, Fuel-wood and Fodder Projects scheme, Raising of Minor Forest
Produce including medicinal plants, Grants-in-aid to  Non-Governmental
Organisations and Voluntary agencies, Secd Development Schemes, Aerial
sceding, Externally-aided Projects, etc. Besides, communication znd general
Awareness jls other mwajor indbatives include description, classification and
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mapping of wastelands using Geographical Informatiom System, technology

extengion and National Fund for afforestanon,

B =T FS SaFr = wre L LAt

As already indicated earlier Wasteland Development and Social Forestry are
ingeparable, Therefore, many general points of Wasteland Development and the
ree planting, ie. Afforestation, in particular will be discussed under social
forestry below,

Social Foresiry

The word ‘forest’ derived from the Latin word ‘Foris’, meaning outside,
which probably refers to the village boundary or fencing, A large part of the
earth was covered with vegetation before man appeared. The initial man, as is
well known, was a huater. Later he soon learnt the use of various forest products.
Subsequently he started clearing foresis for prictcing agniculure a process
which is ongoing tll today. In the early part and 6l pearly the middle of this
cenury thers used 10 be paiches of forests ocaed in and around our villages from
which the villagers used to derive their daily needs of fuel, fodder and small
timber, etc., besides these serving as grazing grounds. But now with the manifold
increase in the popalation of man and cattle, these have become either degraded
or have just vanished, putting pressure on the far-flung foresis, Al present the total
forest area seems to be abowt 19.7% of the total area of the country but it i

PR TR — wmla —vas o mlla PR | - M e
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per year. All this has necessitated the need for reforestation or zfforestation
through social Torestry.

The knowledge of medicinal and poisonous plants seems to have been much
advanced during the time of 'Vedas' (ea 1500 BC). The epics ‘Ramayana’ and
‘Mahabhsrara” speak 3 great deal shout our forests. The ‘puranas’ had forewarned
us about the deforestation. The forests were well-cared for during the Maurya and
the Gupia periods but were mostly neglected during the Muslim pericd and early
British period. But it started geting some anention during the nineteenth century,
pariiculariy in the later part.

The idea of today’s so called social forestry seems to be desp seated in our
culture a8 Lord Buddha wished every pood Buddhist to plamt a tree and 1o look
after it for 5 years and likewise 5 uwees should be planted in his life time. Even
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subsequently Emperor Ashoka got shade and fruit trees plamied along the
roadsides. The Forest Scientist Wasteby was perhaps the first person o use the
word ‘Social Forssry' in the Ninth Commonwealth Forestry Congress during
1968 at Deihi. He defined that "Sociak Forestry is a Forestry which aims at
Producing flow of protection and recreation benefits for the community® (Tewari,
1983). Subsequently it was included in our Fourth Five Year Plan (1$6%-74) as
an idea o formulase and launch social foresiry schemes. The idea was picked up
and stressed in the subsequent Plans. Then what really is the Social Forestry? It
i3 a programme recommended by the National Commission on Agricultyre {NCA,
1976) (Khosla & Kohli, 1987). The main task assigned to it by the NCA is that
it should meet the community requirements of fuclwood, fodder, timber and
recreation. According to the NCA this task must be achieved by creating social
forests, i.e, by raising tees on wastelands, vitiage and panchayat lands and on
the sides of roads, canal banks and railway lines.

Sccial Forestry has assumed great significance today. Several papers and
books have been published about it. To mention a few; Rao (1979), Srivastava and
Pant (1979), Jefi Romm (1980, 1981 a & b, Oka {1981), Clande Alvares (1982),
Agarwala (1983}, Tewari {1983}, Tewari and Singh (1984), Anonymous (1984},
Deshbandhu and Garg (1986), Khosla and Kohli (1987}, Swarup and Chand
(1987), Vyas (1981), Bhattacharyya (1990), Gordon ef &f. (1990), Tha and Sen
(1991), Burch and Parker {1991) have discussed the measures and modets for
" manzgement of comimon, public, forest and community lands.

Bhattacharyya (1990) reasons that during the last 30 years, about 25 mithon
hectares of land, which was recorded as culturable wastelands or barren
uncaltivated lands, etc. wers cleared for the extension of agriculture. This wanion
destruction of forests not only caused untold misery and hardship to the rural poor
but also wrought havoe on the village economy. Apart from creating an ecological
imbalance, sources of their living were destroyed, Keeping this in view, social
forestry was started. A score of altemative terms are being used for Social
Forestry, viz. commueity foresiry, farm forestry, urban forestry, recreation
foresiry, environmenml forestry, “Vanamahoisava®, arboriculire, tree farming,
forest farming, small scale forestry, village woodlots, bio-agsthetic plantations,
Enerpy plantations, three dimensional forestry, tree crops and livestock forestry
for 4-F (fuel, forape, fodder, fertilizer) and agto-forestry, etc. Some people prefer
Community forestry over social forestry. But as community is a parrower termn in
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COmparision 1o society, community foresiry at best can be (reated as a superfluous
name for social foresiry and all the rest t0 be taken as narrow subdivisions under

T weres crer haozn wooadsn wfdhoa oo Frmd Faddas H.01 fzrebas hoolshe,
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environment and income, which mast he met by oor social forestry. Hence there
is a growing concern and consequently need for extending social forestry as much
as possible. India has a toral forest area of 19.27% (Table 1) as against the
desirable area of 33.3%. Of this forest cover, good standard forests may be only
60% and the remaining 40% arc margingl ones. This arca also is getting depleted
at an slarming rate year after year. Therefore, extension is need of the timeg and
that is where social forestry fits intp. Afforestraton benefits us by way of
increased employment, creation of an economic capital, increased food and fodder

production, avenues for cottage mdustry, regulahnn of streams, rivers and
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necessity of the poor have plaved havoc with the fnrr:sts in our country.
Therefore, the afforestation under social forestry provides one of the best plans
for raising the standard of the poorest class of our society, both during its
execution and latier when it mamres for its exploitation by way of unlimited
benefits to the socicty. (Fig. 4).

The environment of any Jocality in nature is maintained by its vegetation. It
is well known that the leaves absorb carbon di-oRide and release oxygen in the
atmosphere, It is caloulated that on an average [ ha of woodland absorbs about 3
woas of carbon di-oxide and release abuut 2 tons of oxygen per anoum. Therefore,
any programme of afforestation is bound (o imgrove the environment.

The stams of our forests is well knwon today that they are degrading, both
qualitatively as well as quantitatively. More afforestation is, therefore, imperative
10 check and reverse this process. The fuel wood will contdnue to remain the
major source of anergy and in India. As abour 75-20% of population in India lives
on agricutture, raising of fuel wood plantations and village forests is necessary for
improvemnt of their living conditions. Brandis visualised the rofe of village forests
over a century back, which was followed up by the then Government. Social
forestry today is a multpurpose and multi product concept, for the people, of the
people and by the people. 3o people should never Le forgetwen, whether it
is the governmental agency or any voluntary one which iz executing the
programme.
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social forestry 1§ in scattered blocks of various struchares. Besides, the choice of
soecies will also be limited to suit the local conditions from place o place.
However, general principles according (o Tewari (Le) are ;

1. There should be some main, useful tree species of longer rotation, say &0
years of wmote, i.e. Maedhuca latifolia, Azadirachta indica, Tamarindus
indica, Mangifera indica, Terminalia arjuna, Artocarpus heterophyiius,

Albizig sp., ete. These are to be planted at wider spacing of 10-12 m.

2. There should be a middle storey iree crop of medium rotation age, say of 30-
40 years, 1.e. Derris indica, Dalbergia sissoo, Acaca nilotica, Albizia sp..
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etc, that can be planted in between the lines of main mee species and which
will yield fuelwood, seeds and fruits, e,

3. There can be short rotation itee crop of 5-1C years or so, 1.6, Excalypius sp..
Lencaena leucocephala, Moringa oleifera, Sesbania grandiflora, Acacia
niletica, Prosopis jefiffora, eic. These could be planied in some arcas ai
rather cioser spacing of say 2 x 2 m. They will be mainly fuel-wood and leaf
fodder yielding trees

Such an intensive planting will ensure maximom utilisation of solar energy
and soil nutrients from various depths. It should be seen that 2-3 lepuminous tese
species are definitely there. This will ensure self-manuring of the otherwise
impoverished soil. Feacing of these plantstions will be necessary in most cases.
ﬁm far as pr::smble lwc hedpe fenc:mg of Acacia mﬁmm and Prmap:s jufu‘lum 1:

alsu y:cld fuei-wood later. Terminalia arjuna is gund in a]kahne snﬂs wim:h 18
used for rearing tassar cocoons. Techmique of planting along the road-sides, canal
sides and ralway iracks is quite different. Along the roads where there is
possibility of planting only one row, generally shade and fruit trees are planted
with Acacia nilotica and Prosopis juliflora as fencing. Whenever wider strips are
available, multiple row of planting of fire-wood species along with shade and fruit
bearing species may be done at close spacing, In the case of railway line planting,
the first row of plants should be raised at 2 distance of not less than & m from the
centre of the track. The plants away froimn the track shounld be species whose height
may be ip ascending order. This will ensure that during wind stonn no tree may
fall on the tracks, affording safety to the traffic. Canal planting is almost like the
road-sides, Morws afba may be raised here for rural cottage industry for silk
producton.

Under block planting, the blank mounds of village tanks, compounds of
school buildings amd other vacant lands in or near the village can be taken up for
planting of tree species, like Madhuca latifolia, Azadirachta indica, Pongamia
pinnara, Mangifera indica, eic, Other trees may include Acacia  milotice,
Leucaena lencocephals, Morus indica, Terminalia arjuna, Moringa oleifera,
Sesbania grandifiora. Eucalyptus sp., Ziziphus mauritiana, Aegle marmeios and
Emblica officinalis, etc., with a fencing of Acadia nilotica and Prosopis jutiflors,
wherever possible. Many of these species provide necessary source of raw
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material for cottage industries, like hide tanning, ‘pattal’ making, basket making,
ol crushing, paper making, etc. This will help the people below the poverty line
in geiting employment. Many of these species can 2lso be used for planting on the
ficld bunds, around housgholds and compowkls wxl other wastelands,

Choice of species, including exotics, suitable for various habitats regionwise,
Viz. temperate Himalayan, sub-tropical and tropical region, the last one including
high rainfall seas of western Ghats, W. Benpal and Assam, medium rainfall areas
of Indo-Grangetic ptains and the Peninsula and dry areas of Rajasthan and
Pestinsular India have been provided by Anouymous 1984, Tewari, 1983, Tewari
an Singh 1984, Singh 1989, Xhasla and Kohii 1987, Sastry et al. (1990), from
wheib selections have to be made depending on the locality, situations and the
actual need of the local people.

Chinese had built several dams and reservoirs on major tivers, for controiling
the floods, besides afforestation over 100 million ha during 20 years from 1946-
1970, which has almost controlled the problem. A similar approach is being

Planned for the comtainment of floods in the Ganges and other major rivers of
India,

Employment potential is a very important component of social foresury.
Employment is generated in the planting work, in the protection, lrrigation and
Care of plantations, in collection of flowers, freits and seeds, ete., in processing
for extraction of oil from the seeds so collected, in marketing and subsequent
processing of the oil and ail cakes produced, in the dziry industry to be developed
from the fodder leaves available from the planiations, by rearing of sitk worsmi on
Mulbeery angd tassar insects on arjun, from small scale paper pulp factories run on
_SESbanfu grandifiora and Moringa ofeifera, besides some indirect addition to
income through minor forest products, etc. Some other benefits that are to be
detived from social forestry programmes are prevention of cnvironmental
poliution, control of floods, increasing the productivity of the existing agricultural
!‘“’da, habitar for bird and other wildlifc, providing matcrials for low cost housing,
increasing the yield of underground water resources atd better inland navigation,
IC. The local people must participate in zll these programmes whole
beartedly withous any hesitation: and must get the major share of benefits derived
from thege programes. Then only the success of these schemes can be
Enarantesd
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According o Panda and Panda (in Ram Prakash et ai, 1988} high denslty
enetgy  plantstions result in  income, employment, self-sufficiency, soil
conservation, better land utlisation, insurance against failure of crops,
development of multistoried agriculture and reducing evaporation losses, utility
during drought years, thermal power generation based on fire-woeod from HDEP,
utilisation of industrial waste through HDEP and casing of the fucl-wood
Criss.

The afforestation propramme under social forestry in India was heavily
toaged in favour of Eucalypins specics until a few years back. This aver emphasis
appeared right in view of its being extremely nseful particularly for the production
of paper and yarn. But now it is shrouded in mystery with 50 many points being
raised against it. As it is now supposed to posses antiphytosocial properties, its
indiscriminate cultivation at the cost of apricultural crops and other fast growing
species should be looked into rationally til positive resuits on the contrary are not
available. Instead our indigenous, fast growing species may be adopted in its
place.

The social forestry programmes are currently going in most of the states of
India with the help of governmental and other Indian agencies. However,
some State projects are externally aided. The World Bank is giding the gtajes
of West Bengal, Karnaiaka, Himachal Pradesh, Guijarat, Uttar Pradesh,
Rajasthan, Kerala, Jamnmu & Kashmir and Haryanz. The iast two are
partially aided by DANIDA also. The SIDA is aiding the projects in Tamil Nadu,
Bihar, Orissa and Afdhra Pradesh, while USAID is assisting the stase of
Maharashtra. This clearly shows thai the deforestation and wastelands are global

phenomenon and, therefore, afforestation throuwgh social forestry is the only

s B UL
[~k =1

In the end, a word of caution about the high expectations we have from the
Social Forestry Programme in India. Mishra (in Trivedi et al. 1991) stated, “I8
2000 A.D. when our population will be around 1 biltion 2nd the animal population
about 700 midlion, there would be need for about 250 billion tons of food graink.
2000 million tons of dry and green fodder for animals along with 300 million ton#
of fuel wood”.
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{H.]. Chowdhery & P.K. Hajra)
INTRODUCTION

"The universe is the creation of the supreme power ment for the benefit to
all His creations. Individual species must therefore learn to enjoy benefits by
funmng a part of the system in close relation with other qnerlrw_ Let not anyone
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$pecies encroach upon the others right.”

Isho-Upanishad

Extinction is a well known biclogical phenomenon and infact the success of
€volution is measured in terms of survival, failure by extinction. However, the
recent extinctions are direcly or indirectly related to human activity. Many species
have been recklessly destroyed because of their commercial exploitation on world
wide scale as in the case of blue whale, fur-seal, musk-deer, the great one-horned
rhino, elephant, tiger, etc. and even some of them have become extinct, like Dodo
and India’s hunting Cheetah, etc. which are the known examples of direct human
activity. The same is true with many plant species as well. However, the majority
of recent extinctions in plants and animals have occurred due 1o indirect human
activity by way of environmental changes arizing from the degradation and
destruction of natura! habitats, deforestation for agriculture and urbanisation, It
is estimated that atleast 7.4 million hectares of forests are completely lost each

Year world-wide for road construction, human settlements, industry and land for
farming and by over-grazing of grasslands, especially in dry regions.

The ability of the species to adapt themselves apainst the changing
environmental conditions varies from species to species. Some of the endangered
Species biologically have a very low reproductive rate which can become
disastrous if the normal low reproduction is foiled by changed environment,

The rapidly increasing population and increased human activity brought by
the marvels of science and its application has produced astonishing results in terms
of economic growth and prosperity. But at the same time it has badly damaged the
ecological system, upon which the entire life support system is based, The
Situation becomes more critical in case of living resources because remewal is
based on a judicious mix of conservation and sustainable utilisation, failing which
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they may be lost for ever. Unfortunately. the suess on the eanth’s environmeat
and nargl living resources is increasing day by day affecting the quality of fe
on this planet, and al the same eroding the carvying capacity of the carth in terms
of its ability to meet basic human needs. According to an estimate every night
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water is a luxory and some 35 years from now this planet will have to snpport
more than 8 billion humans in additions to billions of animals {Swaminathan,
1991). Thers bhas been a growing concern now about the survival and exisience
of human race on this planet because of the destsuciion of renewable and non-
renewabie namral rescurces as a resujt of human aotivity direcily or indirecidy.
Although very late, but fortanately 2 sort of awarensss has been penerated all over
about what could happen by ihe end of this cemury if the human activitics
damaging the earth’s environment and resources are oot stopped. The man has
also started realizing that the earth, respurces are limited and should be utilized
in such a way that these assets are not damaged or destroyed and should be
conscrved for futire generations. It has, therefore, become the need of the howr
that all the developmental activities should be planned in swch a way that the
earth’s environment and life support systems are conserved not only for the
betterment of the human beiags but also for every other living form which share
this planct with us. The first United Nations Conference on Human Envirooment
held at Stockholm in Jure, 1972 was a landmark step in this direction and is
regarded gne of fhe mosi imporiant eveni in e ficid of covironmenial
conservation, which has successfully focussed the world anention towards the
dangers to human survival and quality of life posed by the contimious deplation
and erosion of basic life suppott systems.

Concept of Protected Areas :

The concent o of nrotected srepe for the mnm;nhﬁﬂ af rartain calactad notwral
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resources has existed in various ancient human societies. Weill known ciassical
writers, like Plato described the role of forests in the mamtenance of water cycle,
protection of soil erosion as back as 5th Century BC. Variety of motives led the
past civilizations 10 take conservation measures which often were very different
from the modern concept. Of these religious @boos have ofien been the prime
chjective of such protective measures, In many primitive socicties trega, water and
animals were worshipped which is evident by the existing sacred forests in many
parts of the present day world. The excessive hunting of selected ammals in the
past also led w the introduction of protective areas, Alexander Von Humbolde
(1767-1859), a German biologist and geographer, who iz regarded as the pioneer
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of the present day ecology, for the first time propounded the theory of nature
conservation and relationship between the human beings and their envirenment.

The first nature reserve of the present times was established by a group of
French painters referred as Barbizon Schaol, who officially protected the part of
"Fontainebleau forest” for its natural beauty in 1853. In 1864, Pragident Abraham
Lincoln of the United States of America, on the recommendation of an American
natpratist John Muir, voted unanimously through Congress a law declaving
Yosmite Valley and adjoining Seguoia forest of Mariposa a nature reserve and the
state of California was entmgted with the r;grrugpﬂihillw of preserving the forest
of Sequoia gizantea. However, it was on Ist March, 18?2 when the 1st ever
National Park of the world “The Yellowsione Naticral Park" was establisbed by

prcrmulgahng a fﬂ-deral Law b:.r the United States of America prbh:hmng 3.113-’

Till the end of the Ninsteenth Century only Britain followed the suit and
declared vast areas of its empire into nationat parks, like "The Glacier National
Park”™ in Canada (1886), "Royal Naticnal Park” in Avustralia and the "Sabie
National Reserve" in South Africa (1898) which Jater became the famous "Kruger
National Park" in 1926. Subsequently, Sweden declared six National Parks in
1909, followed by Switzerland, which established a National Park in Engadine in
1915, based purely on scientific considerations. Subsequently, between the two
world wars, the protected areas kept on multiplving all over the world and the
nature protection became the global concern. By the middie of the 20th Century,
the need for an International Organisation for nature conservation was felt
necessary to help, advise and, assist countries their National Conservation
Programmes and vitimately in 1948, many international official and on-official
avthorities/organisations founded the "International Union for the Conservation of
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Nature and Natorat Resources” {TUCN).

The creation of National parks was further emphasized and popularized
through various international conferences, like "The effect of man on the
Biosphere”, a United Nations Educational, Scientific and Cultural Orgapisation
(UNESCO) sponsored conference in Paris in 1968 and “Man's Environment” in
Stockholm i 1970. The international conference organised hy UNESCO in (968
prompted the International Biclogical Programme (IBP), [IUCN and many other
International and Naticnal Organpisations to initiate smdies for the protection and
preservation of flora and fauna. Subsequently at the 10th General Meeting of ithe
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IUCN, the Survival Service Commissi
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d:velnpnunt of m!:tnaﬂtnnal CONVEMions on conservation, such as Wetland
Conventiotr, World Hentage Convention, Endangered Species Convention and
South Pacific Convertion and the sefting up of Biological Records Cenire of the
Nature Conservancy, U.K. and Threatened FPlanis Committee of the IUCN with
regional and specialist groups on Palms, Orchids, Cycads, tree ferns and
acculents, et have drawn workd-wide agention and have helped crese
awarcness for the conservaticn, preservation and protection of the fiora.

Though it was very late but finally in 1980 the Intcrnationa! Union for
conservation of Naiure and Natral Resources (IUCHN) iawnched the “Workd
Conservation Stragety” (WCS) which defined conservation as” the management
of human use of the Biosphere so that it may yicld the greatesi sustainaable benefit
to present generstion while maimtaining its potendal to meet the needs and
aspiration, of the fumre generatiop as well”. The WCS has three main

objectives

- Maintenance of ¢ssential ecological process and life support systems.
- Preservation of genetic diversity.

- Sustainable utifization of natural rezources and ecosystems.
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different kinds of proteciod Arcas, included in the Uniied Nation list
compiled by the TUCN with the help of United Nations Envircoment Programime
{UNEP), UNESCO and the World Wide Fund (WWF) for nature, for the purpose
of conservation in 1982, are as follows :

i'rll. -|

Scientific Reserve/Strict Nature Reserves.
National Parks/Provincial Parks.
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Natwre Conservation Reserve/Managed Nature Rescrves/Wildlife
Sapctuaties,
Protected Areas.

Resource Rescrves.
Anthropological Reserves/Natural Biotic Areas,

s

S h e



piLLI]] FROTECTED AREA NETWORK : IN SITL CONSER VATION 343

8. Muitiple Use Management Areas/Managed Resource Areas.
9. Biosphere Reserves.
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Of these, India has only four, viz. Biosphere Reserve, National Parks, Wild
Sancries and World Heritage Sites.

According 0 an estimate there were 3500 major protected areas established
in 125 counries covering a total area of about 4.3 million square kilometers in the
World by 1988. Today there are nearly 10,000 protected areas recognised across
the globe, covering ca 6.3 per cent of the global landmass (IUCN, 1994). But
unforunately even this significant increase in the protecied areas has not been able
16 stop the depletion of many plant and animal species nor it coild check the
degradation of ecosystems which are very often completely destroyed. Some of
the most vuinerable and threatened ecosystems identified in the present day world
are Tropical and Subtropical [sfands; Tropical Rain Forests; Arid and Semi-Arid
Regions; Mediterranian Ecosystems; Subiropical Mountain Valleys of southemn
Asia and Sowh America and Fresh water Areas. Such ccosystems have
Cxceptionally high diversities and may face complete extinction if their over
exploitation continues at the present rate. During the past 10 years about 25000
Plant species (Lucas & Synge, 1978) and aver 1000 species of vertehrate animals
(IUCN, 1975) are reported to be on the way of extinction.

The only answer 1o this problem is the tomal protection of plant and animal
Species through establishing the nature reserves. In view of the world’s fast
Btowing population, which is going to be around 8000 million in the near future,
and in order to prodive enaugh food to such an enormous population, preservation
of plant and animal genetic pool is very sssential. The present resources will not
b¢ sufficient for this purpose as the survival of the present population is based

GI:I]‘-' an 2 gmall number of 'n'lnnl.‘ npu than K} mermﬂ and animal ﬂnﬁmn

Whereas, e 1.5 m species of plants and animals etc. recorded so far which may
have enormous potential to feed the fumre world.

Himn' of Protected Areas in India :
India, with its rich biological heritage, has also a long history and tradition

of conserving the nature and natural resources, Worshipping tress, forests, rivers,
Ponds and moyntains is a common feature in the social, cultural and religious
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ways of the Indian people from the time immemorial. The widely followed and
practiced calt of non-violence and vegetarion food habit, restraints laid on the
vsage of wild animals, plants in particwlar season, sex, age of the concerned
species were simple but very effective methods of conservation evolved by our
apcestors. A large number of animals and trees have been associated with some
gocd omen and are weaied as sacred and protected by one or the other
community. The Hindu sect widely practicad in our couniry prohibits its followers
to cut a green tree or iill an animal. Hundreds of Bishmois, including children and
women, laid their lives in order to prevent the cutting of green trees kifling of
animals by the rulers in Rajasthan, a tradition which is still followed, Apart from
Hinduizm other religicns, like Buddhist, Jainism, ete. originated in this country
have also preached, as philosophy of life, 1o love and protect the namre and all
living beings.

The world’s first recorded conservation measures were enforced and enacted
by Emperor Ashoka as back as 3rd Century B.C., when he extended his
benevolence to all living beings and established hospitals and protected places for
animals and birds.

The well known manual of State affairs "Arthashastra”, written in . 4th
Century B.C. by Kautilya, recommends strict protection and establishment of
proiecied areas {Abnayaranyas). Great emphasis was laid by cur sages on the
conservaton edhic in the natural surroundings of their Ashrams, the pride scats of
learning in anciept times. Thus, the ethos copssrvation has been inpramed in our
gultural beritage, manifested by India’s with biological, ethaic and cultural
diversity. In the subgequent period many hunting reserves were established by the
rulers for their cecreation and some of the existing ones have beea convented into
National Parks arxl Sanctuaries aftzr Independence,

Phytogeography and Biodiversity :

The Indian region lies in the tropical belt streaching over an ares of about
329 mitlion hectares {2.46% of the total world’s landmass). Geographically, it is
situated between 68°531° and 97°25" E longitude and 645" and 37°%' N latingde,
The diverse physiography and geology of the country has produced nearly ali soris
of climatic conditions to support a large variety of ccosystems. This has resulwed
in all possible types of vegetation ranging from (ropical o subtropical; temperate
to alpine; humid evergreen rain forests to dry deciducus forests; hot dry deserts
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0 cold deserts; mangroves o submerged; saline to fresh water: sand dunes o
SWAmp vegetation, etc. As per the current estimate {(Sharma, & al, 1997) estimate
there are about 45,000 spéeies of plants occur in India cut of which ca 17,500 are
ABgiosperms; 48 gymnosperms; 1200 pteridephytes; 2825 bryophyies; 6500 algae;
14,500 fungi and 2021 lichens with a very high percentage of endemism.
Chartetjee, (1940) reported about 6700 species (cg 61%) as endemic out of the
11,000 species of flowering plants known from the erstwhile Indian region which
included Pakistan, Nepal, Bhutn, Myanmar, Bangladesh and Sri Lanka.
However, as per the current estimate, about 6100 species (ca 31 %) of flowering
plams are endemic out of the 17,500 species known from the present political
boundaries of India. These endemic species are largely coneentrated and confined
0 the Himalayan region, N.E. India and peninsular India. The endemistn of such
A high magnitude in the Indian flora, which is next only tw Australia is mainly due
to the presence of geographical barriers in the form of hish Himalayan mountains
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and the dr'l.l' deserts 1 the western rerion which have wrmn]hf Blocksd th
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Migration of species and at the same time tropical humid conditions prevailing in
the Western Ghats and North-Eastern India are responsible for evolution and
Speciation of many endemic species.

(s |:|

The Indian fiora shows affinities with the flora of Middie East, Central Asia,
Russia, China and East Asia. Many Indo-Matayan and Sino-Japanese elements are
of common occurrence in Bast Himalayan region, whereas Evropean elements
kave found their way and naturalized in the temperate and alpine Tegions of North-
Western and Western Himalaya. Western and peninsular regions of India have
Many African elemenis comraon in their flora,

Based on the habitat diversity the Indian region has been divided into the
fﬂ]lawing 12 blogeographic provinces representing 3 Biomes and 2 natural
Realms, The Himalayan region, including che trans-Himalayan cold desert areas
of Lagakh and Himachal Pradesh, are part of the, Falacarctic Realm whereas the

PR = T A J— 1 ARTEL
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“vBi velong o the Indo-Malayan Realm {Udvardy, 1975):

Himalayan highlznds

Tibetan

Thar desert

Malabar rain forest
Indus-Ganges Monsoon forest
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Degcan thorn forest
Ceoromande)

Mahanadian
- Bengalian rain torest

Rirrma Monsoon forest

- Laccadives Islands
Andaman and MNicobar
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Rodgers and Fanwar { 1988) have proposed i biogeographic zones oi Indis

based on the range of biological diversity for planming effective conservation
strategy.

Trans Himalaya
Himalaya
North-East India
Gangetic Plains
Semi-Arid
Western Ghats
Decean Peninsular
The Islands

The Coasts

Indian Descrts
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Recently, Gadgil and Meher-Hemiji (1990) proposed 16 phytogeographical
zones of India, whereas Balakrisman (1996) divided Indian region o 11

nhytoeenoranhical zones as follows :
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North-West Himalayaa
Indo-Gangetic Plains
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Assam (North-Eastern Tndia)

Ceniral [ndia

And Zone

Northern Western Ghats and northern West Coast

Squthern Western Ghats, southern West Coast and Lakshadweep
Deccan

Bastern Ghats and Corotnandel Coast

Andaman & Nicobar Islands
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Major threats to the Biodiversity :

The biodiversity throughout the world is being affected by the direct and
indirect activities of man. In addition, such natural calamities as drought, floods,
landalides, erosion, cyclong, gales, etc, are also responsible to some extent for the
loss of biodiversity, It is felt that unless immediare and effective measures are not
taken, we may loose some of our important natural living rescurces before
knowing their potential economic use. The IUCN Threatened Planey Committce
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Graring
Regeneration of Sciub (& lack of grazing)

Changes in arable farming
Ploughing of old grassland
Foresiry

Traditional rural practices
Flooding

Drainage

Water pollution

Air pollution

Industralization and urbanization
12. Road constraction

13. Tourism and infrastructural facility development in Coastalfintand

area
14, am constuchon

15.  Mining and quarrying

16.  Pressore from introduced plants

17.  Collection for horticultursd purposes/academic (Botany)
18.  Critically low populaiton (say below 100 individuals)
19.  Natural causes

20.  Lack of pollinators
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The major chreats affecting the biodiversity are summarized below which are
more or less the same for any region of India :
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1. Popalation pressure and encroachment of the forested area :

agncull:ural ﬁe‘!ds mﬂusma] areas Ccausing po]luu{m c}f VATIOALS i:mds
which are harmful for all the living beings.

2. Large scale removal of natural resources :
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medicinal plant, timber, and various minot forest products ete. from their
natural habitas, fishing operations causing rapid deplstion of marine
resources and affecting the growth of manipe flora and fauna, In addition,
in the coastal area removal of coral reefs, sea weeds and coastal
vegetation are some of the major causes threating the biodiversity.

3. Habitat destruction :

Construction of roads, hydroelectric projects, urbanisation, tourism and
industralisation, larpe scate felling of trees in caichment and coastal areas
have far resching ill effects on the bicdiversity of a particulsr region. In
addition to these, over prazing of meadows and forested arcas entails
heavy damage o the herbaceous and shrubby undergrowth, depletion of
rare, endemic plants as well and at the same time it affects the
germinating seedlings of trees.

4. Exotie weeds :

Once the original vegetation is destroyed, various weedy elements such
as. Ageratum, Lantana, Polvgonitim, Mikenin, Merremiaetc. invade such
arcas which causes natural regeneration of the vegetation extremely

difficult.
e ekl . TaANE .
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As stated earlier nature comservation in India was given due importance since
time immemorial however, it was further saeamlined in the last quarter of the
Nineteenth Century when several legislations were snacted for the protection of
flora and fauna.
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Cui of the long list of various acts enacted from Gime 1o time, some of the
important Ccntral Acts mcant for the conscrvation of Namre and Natural
Resources are as follows :

e e

25,
25,
27.

Fisheries Act
Live-stock Importam Act
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Farest Act (Reserved & Protected Forests)
Sugar Cane Act

Agricultural Produce Act (Grading & Marketting)
Drugs & Cosmernics Act

Coffee Act

Import & Export (Conaol) Act

Rubber (Production and Marketing) Act
Drups (Control) Act

Tea Aci

Prevention of Cruelty 1o Animals Act
Customs Act

Cardamom Act

Seeds Act

Wild Life (Proleclion) Act

Marine Products Export Development Awnthority
Water (Prevention & Control} Pollution Act
Tobkacce Board Act

Coconut Development Board Act

Forest (Conservation) Acl

Air (Prevention £ Control) Pollution Act
National Oil seeds & Yegetabie Qils
Development Board Act

Inland Water ways Authority of India Act
Spices Board Act

Environment (Protecrion) Act

1897
189%

18914
LFL

1927
1934
1937
194G
1942
1947
1947
1950
1933
1960
1962
1965
1966
1972
1972
1974
1975
1979
1980
1981
1983

1985
1986
1586

In addition to thess Central Acts, various state Governtuents have also
brought-out a large numaber of acts for the conservation of nature and namral

FRERrul mrmn
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.. The most important step towards consetvation was the enactment of the
Indian Wildlife Act, 1972" and the constitution of "Ceatral Board of Wild Life"
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by the Goverament of India, which was later redesignated as "Indian Board for
Wild Life" (IBWL), with following functions :

Conservation and control of wildlife through co-ordinated legislative and
practical measures and declaration of certain ahimal species as "protected”
and prevention of indiscriminate killing of wild animals,

Setting up of National Parks, Sanctuaries and Zoological Gardens,
To promote public interest in wildlife and its preservation.

To advice Government on policy for exporting living wild arimals and wild-

life products.
Prevention of cruelty 10 birds and animals.
To perferm various other functions for which the Board has been constituied.

The IBWL also constiated speciatized wings like Zoo Wing, Flora Wing and
the Bird Wing for making appropriate recommendations for conservation 10 the
Board after detailed studies in each case.

Apart from a large numbers of Wildlife and Forest Protection Acts, the
Indian Constituticn has also laid due emphasis on the need for protecton of
Environment and Ecolegy. The Constitution of India, adopted in 1950, in its
Directive Principles of State Pelicy entrust the following respongibilities for the
State and citizens through Adicle 48 A and Asticle 51A{p) which state that .
*Stats shall endeavour to protect and improve the environment and safeguard the
forests and wild life in the country®. "It shall be the duty of every citizen of Indis
1o protoet andd improve  the netural environment including forests, lakes, rivers
and wildlife, and to bave compassion for living creatures. "

The Biosphere Reserves :

Theid:aufﬂiusphereﬂemewas initiated by UNESCQ in 1973-74 under
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genetic diversity they contain is the basic philosophy behind the concept of
Biogphere Reserves, i.e. to provide in-sifu conservation to plants, snimals and
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wicroorganisms not in isolation but in their totality as part of wider ecosystem.
As such, the Biosphere Reserves are established to address the needs of
conservation of biodiversity and natural landscapes of pristine and representative
ecosystems. A further objective of the programme is ‘to predict the consequences
of today’s actions on tomorrow’s world and thereby to increase Man’s ability to
manage efficiently the natural resources of the biosphere” (IUCN, 1979).

The concept of Biosphere Reserve was refined by a task force of UNESCO’s
MAB programme in 1974 and the first Biosphere Reserve was established in 1976.
Smce then the m:twork of thc m{ernatmml bmsphm TESErves has grown and b}r

Renerve Ccngress was convened by UNESCO and UNEP at Mmsk (USSR) in
1983, and an action plan was drawn up with the cooperation of UNESCO, FAO,
UNEP and TUCN.

(i} To conserve for the present and future human use the diversity
and imegrity of biotic communities of plants and animals within
the natural scosystem and to safeguard the genetic diversity of

snecies on which their cnntmnmnr evalution drnendg
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(ii) To provide areas for ecological and environmental research
including particularly baseline studies both within and adjacent
to these reserves

(iii) To provide facilities for education and training

{iv) To maintain essential ecological process and life-support system
v To preserve genetic diversity, and

(vi) To ensure that the utilization of living resources and ccosystems

in which they are found, are sustainable.
Concept of Biosphere Reserve :

~ The Biosphere Reserve concept envisages an approach for maintaining the
Integrity and biological support system for man and nature throughout the
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biosphers. As such, it stvolves conservation, restoration and acquisition of
knowledge which can play the role of meeting scientific, economic, educational,
culmural and recreationat needs. They also represent means for mainraining the
genepools of species of plants, animals and micto-organisms in tofality, by setting
aside Tepresentative arcas of wide ranging natural ecosystem throughout the world,
for conservation and research, It may, however, be noted that the Bicaphers
Reserves are not 8 substinite for, but a reinforcement to the existing protected
aeas.

fi] Structure and design of Blosphere Reserve ! In order to achieve
conservation and management objectives, a biosphere reserve is usually
demarcased into (i) a natural or "Core Zone®, which is the Sanctum sancrorsm of
the reserve and (ii) Buffer Zone for manipulative research and other human
activifies. Ideally the two zones shonld belong to same biome. Each reserve
includes ane or more of the following categories : (2) natural biomes (b) unusal
or unique communities of biodiversity or areas with uausual natwral features of
exceptional intarsst, (o) harmomious landscapss resnlting from traditional land use
practices and (d} modified or degraded ecosystems which still have some capacicy
t0 pevert (0 more ot less natwral conditions.

(ti) Selection Criteria ; While sclecting the representative natural areas it is
suggested that the following criteria must be regarded as mandatory (UNESCO-
MAB, Final Report No. 22, 1974),

@)  Represencariveness @ The site shouid represent all the characicristic

features of a particular biome, 30 that information relating o the

ratre and d}ntnmirg of a rearrve oo

e e A LEPL =32 =3 ek i 210 N1 Alf NN

throughout a biopeographical region.

There may be critical areas within the biome, such as the centres
of distribution of particular floristic clements or rare, cndangered of
threatened species. Such areas will have special significance for the
conaervation of genetic diversity and ahould be congidered within the
context of unique areas.

fh)  Natural genetic diversities : Presence of genetic diversity and dhe
potential for conservation of ecosystem in its totality,
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{c) Naturalness : Priority being placed on the least modified areas and the
modification should be interpreted broadly to include a range of
conditions from total destruction of natural habitats.

I,
.
hry

Effectiveness as a conservation urif : Ii invoives a number of factors
such as size, shape and location with respect to natural protective
barriers. The area should be self regulating and free from human
interference with legal protection which is of utmost necessity.

B

e}  Importance : The siic should have unique richness in genetic
resources; areas which need immediate attention due to continuing
threat to species contained therein and have potential for preservation
of accumulated knowledge by specific ethnic groups.

The Governmeni of India bas consiiwied a Indian National Man apd
Biosphere (MAB) committee to advisc on policy and programme formulation for
Biosphere Reserves in the country. This committee, in 1979, has identified a
network of 14 representative ecosystems to be designated as Biosphere Reserves.
S0 far, 12 Biosphere Reserves have been designated, till February 2000, in
different biogeographic zones of the country (Table 1), Table 2 provides the list
of Riosphere Reserves proposed by the Indian MAB Committee, which are yet to
be desipnated.

Table-1. Details of Biospheres Reserve established so far in India.

Biogeographic State Name of the Area Daie of

No. Retion Biosphere (in sq. km.) nHifica-
Raserve Hon

L @ @) (4) (5) (6)
1. Western Himalaya  Uttar Pradesh Nandadevi 2236.745q. km 18.1.1988
2. North-East India Meghalaya Nokrek §20.9935q. km 01.9.1988
3. North-EastIndia  Assam Manas 7837.005q. km  14.3.1989
4. Gangetic Plain West Bengai Sunderban 9630.00 sq. km  29.3,1989
3. Coastal Tamil Nady Gulf of Mannar 10500.00sq. km  18.2.1989
6. Western Ghat Karnataka, Nilgiri 5520.005q. km 01.8.1986

Kerala & Tamil
Nadu
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{1 (2} ) ) () (&)

T. IDnlands Andaman & Great Micobar 825.00 &g km  (K.1.198%
Nicobar
Ixlande

3. Deccan Penimsular  Orism Stmlipal 437400 5q. km 22.6.1994

2. North-Exu India Aseam Dibru Saikhowa 76500 5q. km  28.7.1997

10. Emstern Himalzya  Annachal Dehang Debang  5111.503q. ken  02.9.1998
Pradesh

1i. Ceotral Indin Madhya Pachmarhi 482628 5. km  03.1.199%
Pradash

12 Fastern Himalaya  Slkkim

Table-2, Biosphere Rescrves proposed by Indian MAB committes, Ministry of

8i. No. Name of the Biotphere Regerve State/T.T.

1. Namsdapha Arunnchel Pradesh
2, Valley of Flowers Uerar Pradesh

i Littic Rann of Kuch Gumt

4. Kanha Madhyz Pragesh

3. Thar desert Rajasthan

1. Kagicanga AREANT

7. Marth [nlands of Andaman Andaman & Micobar

Table-3. Bicaphere Beserves auggested by State goverament/expart

groups/experts, vet 1o be notified.
i Mo HNamw of ibe Blosphere Resarve Sime/ U T,
1 Madhys Pradosh
. Anmriartay Madhya Pradesh
3 Cold desort fammu & Kashimir
Himachal Pradesh
4. Seshackalam Andhra Prsdesh
5. Chintapalli Andhra Predash

. Lalshalween [lands Lakshdwesn
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Comprehensive project documents for the above mentioned Biosphere
Reserves, based mainly on the guidelines given by the International MAB
Committee have already been prepared by experts and are being published by the
Ministry of Environment and Forests from time to time.

National Parks and Sanctuaries ;

The year 1972 proved to be a turning point in the history of wildlife
conservation in India when the Union Government cnacted the "Wildlife

{Protection) Act" which provided a legal frame work to impose strict regulitions
on the hunting and trade in wildlife. Following this act, large areas in different
parts of the country were declared as National Parks and Sanctuaries. In 1973
"Project Tiger", launched with nine reserves, has now a chain of 23 Tiger
reserves covering an area of over 33,000 sq. km (Table 4). Similarly “"Crocodile
Breeding and Management Project” was undertaken with Food and Agriculture
Organisation (FAO) and UNDP assistance in 1976 to protect three highly
endangered species of Indian Crocodiles and now a number of Breeding centres
and Sanctuaries have been set up in different parts of the country.

Likewise to save individual species many other projects were launched such
as .

Asiatic Lion in Gir (Gujarat).
Barasingha in Kanha (Madhya Pradesh).
~ Hangul in Dachigam (Jammu & Kashmir).
Brow-antler deer in Keibul Lamjao (Manipur).
Great Indian Rhinoceros in Kaziranga (Assam).
Asiatic Elephants in different states where they are found.
- Himalayan Musk deer in Himalayan region (Himachal Pradesh, Jammu
& Kaghmir and Uttar Pradesh).
- Orchids in Arunachal Pradesh and Sikkim.
- Rhododendron in Sikkim.
- Nepenthes in Meghalaya.
- Citrus in Meghalaya,
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Table-4. Tiger Reserves in [ndia

Sl MName State/Union Area
WNa Teriory {sq. Km)
1. Bandhawgarh Rajasthan 1162.00
2. Dardipur Karnawaka R
3. Buxa West Bengal EAL RN
d, Larbel Unar Pradesh 1314
5. Dampa Mizoram 0K, 0
& [radhwa Uttt Pradesh 811.00
1. Indiravati Madhya Pradesh 2799 .00
-0 Ealpkad-Mundarthural Tamil Nadu 800,00
9. Kanha Madhya Pradesh 154500
10. Marnag Assam 284000
Maharachtea 1547 (i)
12, MNagarjunsagar Andhr: Pradesh 3568.00
13. Namdapha Arunzchal Pradesh 1YE5 .14
14. Palatnau Rihar 1026 4K
15, Fanna Madhya Pradesh 54200
16. Pench Maharashira T35
17. Ranthambhore Rajasthan 1234 .00
iB. Simplipal {rissa 2750.00
19, Sundarban waat Bengal 58500
M, Periyar Kerala 777.00
21, Bariska Rajasthan B&G.00
21. Tambz Matizmashirs G20.00
i B Yalmiki Bihar 240,00
Todal M6 00

L Ey——

Despite all such policies and rules framed o prowct the wildiife by
Government of India, the destiuction of foreste and notural hohitats coptingsd

AFA Wl EARA R Lo ]

unzbated for want of mose and more land for agricubture and other developments)
activities as a result of rapidly growing population. Though the protected areas did
¢xist in this country time back, long since it was nnlymﬂletatemnetetnslxuﬁ
kar the concept of conserving the fast depleting natural resourcss and degradlng
envitonment gained momentum resulting intc many areas being brought under
protected category in different parte of the country. This network has grown
significantly in the following years and today India has about 85 National Parks
and 448 Wildlife Sanctuaries (Table §, 6) covering an area of about 1,48,000.00
#q. km or about 4.3 per cem of the 1otal geographical area of the counry or ce

20 per cant of the foresied land of the DOUn(TY.

gl W A e i rr—
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Table-5. National Parks and Wildlife Sanctuaries in India

&t Stae/Union Toul N.B.f Total area
No.  Terriipsy W.L.S. {sq. km}
1, Andaman & Nicobar Islands 8194 127313
rs Andhra Pradesh 4/21 12204.50
3 Artmachal Fradssh paLY 524598
4, Astain e 10210, 58
L Bihar Piyh 4449 8%
5, Chandigath (41 25.42
T. Tisthi 011 13.20
8. [aman & Liu 0/l 2.8
9. L 114 462,76
10, Chujarat 4/21 [7386.83
11. Haryana 1/10 344.08
12. Himachal Pradesh 2130 5997 B
13, Jammu & Kashimir 415 14057, 74
14, Kartaiake 520 &710.189
15, Kerala inz 2679 38
16. Madhya Pradesh 11/32 17052746
17. Maharashirs 3725 14953.94
18, Manipur A1 TE6.65
19,  Mcghalaya 2/3 301.69
20, Mizoram 2/3 210.00
21, Nagaland 1/5 226.43
22, Drissa 2/18 7427 66
24, Pumjab 6 294.32
4, Rajusthan 4422 95220
25, Bikkln i o4z .10
s’ Tamil Nadu ST 307266
. Tripum 044 503 62
r: Uttar Pradesh 7429 13537.95
3, West Bengal 5158 9.1

N.P. = Natiooal Pack / W.L.5. = Widlife Sanctuary
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Table-f. Statewise List of National Parks and Wildlife Sanctuaries in India

Name of Natonal Parks Ared
and Wildlife Sanciuaries {20, kms.)

Andamen & Mirohar

Caropbell NP 42923
(alathea NP 11400
Mazrine (wandoor) NP 281.50
Middle button island MP 0.54
Moun; harriett NP 46.61
Marth butien island NP .44

— Saddls peak NP 92,54
South butten island NP 0.03
Arial slands WS .05
Banboo islard W5 0.05
Barren island WS .10
Battimaly laland W$ 223
Bellc islamd W3 0.03
Benrnett icland WS 3.45
Bingham island W5 0.08
Blisicr ialand 'WE 2.26
Biuff island W5 1.14
Bopdaville islend WS 2.55
Bryeh iFlamd WS 0.23
Buchanan island W8 $.11
Chane] island WS$ .12
Cinque lslands W5 2.31
Clyde island W5 0.5
Cone isiand W3 0.565
Curlew (B.P.} island WS 0.16
Curtew island W2 0.a3
Defence istand WS 10.49
Dot islamd WS 0.13
Dottrsll island W5 0.13
Duncan island WS ¢.n
Bast jsland WS 6.11
East of inglis iland W5 3.35
Egg island WS 4.05
Elat istand WS 9.36
Entrenco lslaul ‘WS 0.96

Gander island W5 0.05
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Manw of Nationz| Parks Area

and Wildjife Sanctuaries {5q. kms.)
Girjan islang WS 0.8
Choose: island WS 0.01
tiump isiand W5 0.47
Tnterview iiand WS 133,87
James ieland WS 210
hmgle istand WS .52
Kwangrong istand WS .57
Kyd istand WS 8.00
Landfull island WS p
Latouche jsland WS 096
Lohsbarmck (satiwater crocodile) 2.2
Mangrave island W5 .39
Mg k jsland WS .78
Mayo island WS 0.10
Megapode isiand WS 0.12
Montogemery ixtand WS 021
Marcondam istand WS 6.81
Narth brother island WS 0.75
North igiand W8 0.49
Mosth reef tatamd WS 348
Ofiver islang WS 0.16
Orchid baland WS 0.10
Ox jslapd WS 013
Dygrar jnland -1 WS 008
Oveter island -II WS 0.21
Paget isiand W'§ 1.36
Parkineon [sland WS 0.34
Patsage jcland W5 062
Patric island WS 0.13
Pracock island WS 0.42
Pitman island WS 1.37
Puint isand WS 307
Boivmma Wabinds WS 0.16
Ranjger irland WS 4.26
Renf island WS 1.54
Roper ixland ‘WS 5. 46
Roas igland WS 1.01
Bowe island WS .01
Sandy fslant WS 1.58
Sed motpent istand WS 0.78

Sherk igland WS .50



410 FLORA OF INDIA [INT. vOL. I}

Name of Natiena] Parks Area
and Wildlifs Sancmaries {sg. kms.)
Shearme tsland W3 T7.85
Sir Hugh Rass island W5 1.1
Sisters 1sland WS 0.3
Snake island -1 WS 0.73
Snake tsland [0 WS 0.03
South brother island WS 1.24
South reef Sland W5 1.17
Bouth setingl kipml WS i.493
Spike island -[ WS .42
Spike island -iI WS 11,70
—  Swat shaod WS O
Surat island W3 .31
Swamp island WS 4 0%
Tabie {deigano) jsland WS .19
Table {excelsior) island WS i.69
Talabaicha island WS 3.3
Temple island WS 1.04
Tillongehang icland WS 16_83
Tree island WS 0.03
Trilby island WS .96
Tuft icland WS 0,19
Turtle islands WS .39
West island WS 6.40
YWharf ieland WS 0.1t
White ¢liff island WS 0.47
e B
Andbra pradesh
Kasu Brahmanande Reddy NT 1,42
Mahaveer Harina YWenasthali NP 14.59
Mrugavani NP 1.60
&ri YenkMegoaarg NP As52 .62
Coringa W5 2387
Emmangarmm W5 80613
Chandle Brahmeswaram W3 1154 00
Kamdinya W5 5180
Eawal W5 B93.00
Kinnerasanl W35 435.41

Kolleru W3 673.00
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MName of National Parks Area
and Wildlife Sanctusries foor. kwmst
Krishans W5 194.81
Lanja Madugu Sivaram WS 36.29
Matjira W8 H 00
Nellapattu WS 4.40
Pakha] W5 &79.30
Papikondz WS 551,00
Poctuaram WS 130.00
Pranahita W3 136,02
Pulicat lake WS 500,00
Rajty Candhi {N} {Magacjunsagar-Srisailzem) W5 211 .06
Bajiv Gandhi (S} (Nagerjunsagar-Srisailam) WS 134700
Rollapady WS 6.14
St Lankamalleswaraat WS 464,42
3 Vankateswara WS 504594
12204.50
Arunachal pradesh
Mpiuling NP 433.00
Namdapha NP 1985.23
D'ering memoriai (lall) WS 19000
Debang WS 4149.00
Eagle nem WS 21T H0
Hanngar WS 140.30
Kamfang WS 78360
Kane We 55.00
Mehao W5 281.50
Pakhui W 851,95
Sessa orchid WS 100,00
YN 95
Axgorn
Kazirangs NP* 430.00
Mitag NP* SEH0.00
Bamady W5 26.00
Dreepan bee! WS 4.14
Dibru-gaikhows: WS 640,00
Garampan| W5 6.00
Lanihowa W3 70,00
Mamesl W5 130,00
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Name af Naticnal Parks Area
and Wildlife Sanchusaries (3. km.}
Pobitara W5 B
Rajiv gandhi (orang) W3 75.50
1920.58
Rihar
BEetla NE 231.47
Valmiki NP 335.65
Bhimbandh WS§ f21.99
Dalma WE 193 22
Gauam budha WS 25950
Hazaribagh WS 184,25
Kabar lake W5 63.11
Kaimur WS 50.75
Koderma WS 177.95
Lawalong WS 2077.00
_ Mahauaduar W5 63.2%
Magi dam WS 1.91
Makti dam WE in
Palamay {P=Ha) WS 747 60
Palkot WS 123.00
Parasnach W5 49.93
Rajgic WS i4.04
Topchanchi WS .75
UMdnipur W8 4.74
Vajmiki W3 461.00
Yikramshila {gangetic dolphin} WS 50.00
4449 53
Chandigarh
Sukhna lake WS 25.42
2542
Defhi
Indira Privadarshini (Asols) WE 13.20
1338
Din
Fudam WS 2.18
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Mame of Wational Patks

A
and Wildlife Sanciuaries 5. Kis.
Goa
Wragwan Mahavir {mollem) NP 10°7.00
Bhagwan Mehavir (mediem) WS 24006
Boodla WS 1,00

—Chorso istand (Dr. Salim AIWS 2.18
Cotigan W5 105.00
46178

Ghifarat
Batuds Ny 23,99
Gir NP 2581
Marine (gudf of Kachehh) NP 162.69
Velavadar NP 34.08
Balayarn Amabajt WS 203
Bardy WS 192,31
Divimkhal {Shoalpaneswar} WS 607,10
Gagn vidi WS 3.33
Gir W3 1153.42
Hingoigarh WS 6.54
Jeakore WS 18066
Sumbogadhs WS 130.38
Kachchh bustard ‘WS 2.0
Knchchl desett WS 750612
Khijsilia W5 605
Marins (gulf of Knchehb) WS 45102
Nal exrovar WS 120.82
Marsysn sarovar W5 765.79
Paniya WS 39.63
Porbander lake W5 1.0%
Porme We 160.84
Romgrurs vidi WS 15.01
Ratanimabal WS 35.65
Tieol lake WS 694
Wikt aps WS 4953.70
17386 .53

Haryany
SultaNPur NP L4
Abrhghahar WE 1153



Name of Natonai Parks Arca
and Wildlife Sanctuaries (5q. kome.}
Bhindawas WS 4 06
Bir bara ban W5 4 14
Bir shikargarh WS 7.58
Chzusala W8S 106.00
Chhilchila WS 0.28
Kalegar WS 628
Khaparwas W5 12.31
Nahar W5 2.0
Sarzswati plantation W3 4 55
344,03
Himachal pradesh
CGirear himalayan NP 620.00
Fm vallwy NP 475,00
Bandli WS 4i.32
Chail WS 104.54
Churdhar WS 5515
Daranghali WS 42.00
Darlaghat W5 140.00
(lamagul aiahbehi WS 108.85
Gobindeagar W5 100344
Kalatop-khajjair WS §9.00
Eangwur W5 5400
Khokhan W5 14.04
Eian W5 14.19
Kibber W5 133350
Kugti W8 374.B4
Lippa asrang WE 30.89
Majarhal WS G2.00
danali WS 31L.EQ
MNaina devi WS 156,00
Mgy WS 218.37
Fong dam lake WS A07.2%
Renuks ‘WS d.02
Rupi bhaba WS 125.00
Sangla {mkeham chitkul) W5 650,00
Sechu an pala WS 102.95
Shikari devi WS 214.00
Shitli Wa Z.13
Shimla carchment WS .25
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Name of Mational Parks Arss
and Wildlife Sanctuaries {8g. kms.)
Simhefrars W§ i9.03
Tulra WE 26.40
Tirthan W5 §1.12
Tupdah W2 54.32
5041 RB7
Jemonmg & kashunir
City foress NP EAv
Drchigam NP 141.00
Hemiy NP 33%0.00
Khtwar NP 400.00
Baliml-thgjwas WS 203.00
Crangthang WS 4000.00
Gulinerg WS '180.00
Riiﬂpon wa 110,06
Hokergar W§ .00
Tasro WS 4 .00
Xargkaram WS 5000.00
Lachipora WS 8400
Limber ws 26.00
Mandini WS NM
COvera W§ Er AT )
Overa.am W8 425.00
Ramnagar rakha WS £2.20
Surinsar mannar WS 35,13
Trikuta ‘WS 3.0
1408774
Earmataka
Abgh; NP 230 .00
Bandipur NP 274,00
Bannerghaug NP 104 .56
Rudremukh NP 500,32
Nageruhale NP 643.38
Adichunchunagit WS 0.84
Arhithiy WK 13,50
Bhadra WS 492 46
Biligisi rangaswary emple WS 539.52

_;.lnln—..._"_'l Lo FT.] 181 A8
LGN T ANFL vl
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Name of National Prerks Ares
and Wildlife Sanctuaries (zq. kow.}
Cauvery WS 510.51
Digndali We B41.18
Donaji bear WS 55,87
Ghataprabha WS .
Ouodavi WS 0.1
Melkoie emple W5 49,62
Moakamhiks W5 147.00
Nugu W8 30.32
Pushpagir WS 102.92
Rancbhenmar WS 119.00
Ranganathitin W5 0.5
Sharavathj valley WS 43123
Shetrihalli W8 19560
Someshwara WE B4.40
Talskaveri W5 105,59
6710.19
Kerala
Bravikulam NP .00
Periyar NP 350.00
et valley NP 80.52
Arslam WS 55.00
Chendursig WS 100.32
Chimnooy W5 o 00
Chinnar W5 9044
ki WS .00
Neyyar WS 123.00
Parambikulam W5 285.00
Poechi-vazhani WS 125.00
Pepparas WS N
Petiar WS T7T7.00
Thattekndu WS 25.168
Wayanad W5 444
2679.88
hipdhyn pradesh
Bandbavagarh NP 443 O}
Fossil NP 0.27
Inditavati NP 1258.00
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Name of Natiotal Packs
and Wildlife Sancouarics

Kangar valley NP

Kantg NF
Madhay-shivyuri NP
Pann NP

Pench (priyadarshini) NP
Sanjay NP

Satpiira NP

Pachnmrhi Ws
Palpur (kuno) WS
Pamod W5
Panputha W3
Pench W5
Plwrg WS
Ratemwmaids) s
Ratepuni wg
Saitans WS

-fhl‘lil.u Follahary 1118
o IWHELIL TT

Sardarpor Ws
Seviarsc: W
Singhort W
Sitand; ws
Son grarial ws
SANe plngle W5
i {wild budduls) WS

[ e T
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Name of Nationgi Parks Aren
and Wildiife Senctuaries (4. kma.)
Mnaharpakirs
Jugamal NP 362.80
MNawegaon NP 134.88
Punch MNP 25736
Sanjay Ganghi (horiviili) NP 36.95
Tadoba NP 11¢6.55
Andhari W5 9.7
Aner dam WS 294
Bhimsshankar W5 130.78
Bor WS 61.10
Chandali W§ 30897
Chaprala WS 134.78
Deolgaon-rehkuri WE 2.17
GCautala WS 250,61
Great indian bustard WS B4S5.44
Jatkwadi W3 341.05
Knlxuhai W8 361,81
Karnala 4.4%
Katepurna WS T4.00
Kovana WS 47355
Marine {maivan) WS 29,12
Melghat WS 1262.00
Nagzira WE 152.41
Nandur W5 100.12
Painganga WS 324.62
Phansad W$ (part 1) 4979
Phansad WS (pant ) 20.00
Radhanagari WS 371.80
Sagareshwar W5 10.87
Tanea WS 304 .81
Yawal WS 177.52
14953.94
Manipar
Keibui-laniao NP 40.00
Sirohi NP 41.80
Yangoupokpi-lokchao WS 184 B5
266.65
Meghalaya
Ralphakeam NP 120.00
Nokrek NP 47.49
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Name of Narional Parks Area
and Wildlife Sanctuaries (sq. kms,)
Baghmara (pitcher plant} WS 0.03
Nongkhyllem W§ 29.00
Siju WS 518

301.69
.-

_ Bloe mountain NP 50.00
Murien NP 200.00
Dampa W§ 340.00
Knwanglung WS 50.00
Ngengpui W$ 170.00

810.00
Nagaland
Intanki NP 202.02
Pakim w$ 6.41
Pulicbadze WS§ 9.00
Rangapahar 9.00

226.43
Orissa
Bhitarkanika NP 367,00
Simlipai NP 845.20
'Elliipalli ws 168.35
Balukhand W5 .72
Bhitarkanika WS 170.00
Chandaks WS 175.79
Chilka wst 900.00
Debrigarh WS 346.91
Hadgarh WS 191.60
Karlapat WS 147.66
Kbalagunt WS 116.00
Kotagarh WS 399.50
Kuldiha WS 272. 79
Lakhari valley WS 185.87
Nandankanan W$ 14.26
Satkosia (north) WS 318.00
Satkosia (south) WS 478.52
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Name of Natiocal Parks Area
and Wildlife Sancosaries {57, kms.)
Sinlipal WS 1354.00
Sunaheda W5 500 .00
Ushakothi (badrama) WS 304.03
Td17 .64
Punjeb
Abohar WS 18600
Bir banerheri WH 6.50
Bir gaordiakpura WS &. 10
Bir motnagh WS 6.40
Harike lake W5t Be&.00
Trkhanj rebampur W5 3,82
204,52
Rajurthan
Desant NP 3162.00
Kzoludeoo ghana NP*! 28.73
Rantbambore NP 392.00
Bariska NP 271.80
Bandh baratha W5 192.76
Batai Wh 152.90
Bhensrodgarh W5 229.14
Dasteh W3S 26580
Jalsnmand WS 5200
Jamwa ramgarh WS 300.00
Jewshar sagar WS 180.00
Eel devi WS 57638
Kumbhalgarh W§ 578.23
Mount abu WE Z83.34
Nargarh WS 50.00
National chambel| WS 230.00
Phulwar] ki nad W5 3141
Ramigarh viehdhari W5 31.00
Sajjangarh W3 5.19
Suriaks ‘WS 492.00
Savrni man zingh WS 103,25
Sherguth WE 2.1
Simmata WS 42794
Ta! chhapper WS 7.80
Todparh wali WS 405.27
¥an vihar WS 58.593

9410.20
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Mame of Matioaal Parks Atea
and Wiidiife Sancaries (5q. Kms.)
Sikkim
Kharigchendzonga NF 850.00
Fambong iho WS 51.75
Kyongnosia alpine W& 4.00
Masram WE 35.34
Singba (rhedodendron) W3 .09
242,10
Tamil hedu
Pr. ). Jayalalitha (Mudumalai) NP 103,24
Guindy NP 2.92
fndira gandhi {Aooamalai} NP 11711
Marine (gulf of marmar) NP 100,00
Mukrarthi WP TR 44
Chlmrangudi W5 0.47
Dr. J. Iayalalitha (Mudumalai) W3 217.76
Indira Gandhi {Annamzlai) WS 915,95
Ealakad WS 2231
Eapjirankulam WS 1.04
Karikili ws 051
Ruthankulam-Kadanioalam W3 1.29
Mundsnthurei W5 567.38
Paint calimere WS (¢) 17.26
Pulicat lawe WS 153.67
Srivilliputhur (giant squirrel) WS 485.20
Udayamarthandaguram lake WS 0.45
Upper kothaiyzr WS 64.00
Yaduvoor W5 1.23
Vadumpb oo ont we 0.33
Vellanady W5 16.41
Vecangudi WS 0.38
MT1.66
Tripars
Gunri Wws 3894
Roa W5 0.85
Sepahijale W5 18,53
Trishoa WS 194,70
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Mame pf Mational Parks Area
and Wildlifa Sancruaries {zq. s}
THiar pradesh

Corbeit NP 520 82
Dudhwa NP 490,00
Gangowri NF T390.00
Govind pashu vihar NP 472 O
Handa Devi NP* £50.00
Rajaji NP g20.03
Valley of fHowers NP 87.50
Askot annk dest W5 600.00
Bakhira W5 8.9
Binssr W3 435.59
Crandraprabhs W5 TR}
Govind pashu vibar WS 953.12
Hastimpur WS 2073.00
Krimur Wi 50D 75
Kntemninghet W5 400,00
Kadarnath WS o75.00
KishzsNPur WS ZIT.Nd
Laka bahosi WS f1.23
Mahavir swami WS 590
Musssoort WS 11.00
Wational chambai W3 S350
Nawahgang W5 7.24
Okl WS 4.00
Parvati sranga WS 11.00
Pama WS 10
Ranipur WS 235,00
Saman WS 5.00
Samaspat W5 T.99
Bandi WS 100
Sohagibarwa W3 423.21
Sohelwa WS 452,57
Sonanadi W3 301.7%5
Sar aarover WS 4.00
Surba tal WS 34,00
Turtle WS 1.8
Viju; sagar WS 5.00

13537.9%
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MNames of Nativnal Parks Arca
and Wildlife Sancuaries (5q. kms.
West henpul
Buxa HP 117. 14
Goramara NP 79.45
Neora valley NP BE.00
Singalila NP 78.00
Sunderban NP* 1330.10
Baliavpur WS 2.00
Bethuadahazi WS 1.21
Bibhutibhusan (purmadan) W3 0.60
Buxa WS 151 .R%
Chapramari W5 9.60
Haliday islands WS 595
Jaldapara WE 216.51
Jorepokhri WS 0.0
Lothlan island WS 3I8.00
Mahananda W5 127.22
Narend repur W5 .10
Raiganj W5 1.30
Ramnabagan WS .14
Sajuakhali W3 162.40
Senchal WS 34.60
2748.2]1

{Source : Wildlife Institute of India, Dehra Dum).
NP = National Park; W5 = Wildlife Sancrary.
" Declared as World 15oritage Site

# Declared as Ramear Site

Prior in 1976 the suhject of Wildlife waz the concern of the State onify as
included in the List-II {Statz list) of the Constitution. However, in view of the
importance of the subject and amount of attention it required, it was later
transferred to the Concurrent List (List-TII), through the 42nd Amendment in

1976, cmpowcering the Government of India (Cental Governme

thege issues,

L - 1 =T .
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The most significant achisvement in the ficld of conservation of wildlife and
natral resources was the lavnching of the "World Conservation Strategy” in India
by the then Prime Minister {iate} Mrs. Indira Gandhi in 1980. Simulianeously, the
formulation of the "National Copservation Strategy” was initated and a few
months later, the Forest (Conservation) Act was promulgaied. The Foresr
{Conservaton) Act, 1980 came as a major relief o check all such operations
whick may damage the forest and wildlife. According 2 this Act, oo forest area
can be de-reserved or diverted (o any other purpose without the prior approval of
the Ceniral Government. The international trade in wildlife and wildlife products
has been strictly regulated under the "Convention on International Trade in
Endangered Species of Wild Fauna and Flora™ (CITES) after India became one of
the signatories to the convention.

The 15th meeting of the Indian Board of Wildlife held on 15t Octoher, 1982
at New Delhi with late Prime Minister Mrs. Indira Gandhj as Chairperson framed
a long term strategy and action programme for Wildlife conservation in India
laying emphasis on :

Establiskment of Protected areas covening all major ecosystems with adequate
geographical distribugon.

- Restoration of degraded habitats to their original state,
Rehabilitation of emdangered and threarened species,
Captive breeding programmes for threatened plant and animal species in
Botanic Gardens apd Zoclogical Parks.
Effective management of the Prowcied Areas by fully wained personnel in
Wildljfe.

«  Development of Resgarch and Momitoring facilities for a better Scientific
umerstanding of the habitat and population biotogy of the Wildlife.

- Wildlife education for popularising its importance and contribution for human,
betterment by way af keeping the environmental balance intact.

Under the Wildlife Protection Act and the Indian Forest Act, the following
types of Protected Areas are recogmsed :

-~ Nationa! Park {NF)
Wildlife Sanctuary (WLS)
Game Reserve (GRj

Closed Area (CA)
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Reserved Forest (RF)
Pratected Forest {PFY

According o Wildlife Protecion Act-1972, a NATIONAL PARE is defined
as where, “Ng person shall destroy, exploit or remove any wildiife or destroy or
darage the habiiat of any wild animal or deprive any wild animal of its habitat

svmant ondAor Aawd fn Aascaedoanoa wrih oA ndrn:l:rr nmﬂr..-:l..rf Fang tha ThisFf 1IN
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Warden and no such permit shalf be granted aniess the State Governmeni, being
satisfied that such destruction. exploutation or removal of wildlife from the
National Park is riecessary for the improvement and better management of wildiife
therein, authorises the issue u_,f such pe‘:ﬁﬁif . [Section ..-r._-\u} of the nl.-Lj npan

from this grazing, private land holding or right is not permitted in a National Park
[37(7) of the Act.}. Similarly a SANCTUARY is defined ax where, "No person

shall hint any wild animal or remove therefrom any wild animal, glive or dead,
or any frophy, uncured trophy and meat derived from such animal provided that
the Chief Wild Life Warden is satisfied that it is necessary thar any wild animal
in g sanctuary should be hunted or removed faf for the better pratection of wildiife
or, b} for any other good and sufficient reason, he may, with the previous
approval of the State Govermment, grant a permit anthorising any person o hum
or remove such wild animals under the direction of an officer authorised by him
ar cause it to be hinted or removed [Section29(1) of the Act]. The Chief Wild Life
Warden shall be the auwthority who shall control, manage and maintedn the
sanctuaries [Section 18-34) Chapter IV of the wildlife Proteciion Act 1972]".

In India, the maximum threat to the flora or plant life lies it such areas
which are subjected to varicus developmental activities. Forests and areas near the
viliages or human settlements are also vuincrable due to impact of increased
human actvity in the form of grazing by cattle, "Slash and bum” ot "Thum"
cudtivation, fuel and fodder extraction, over exploitation of economic plants such
as medicinal, edible, etc. The whole of Himalayan region, Western and Eastern

Ghats, hilly tracts of Vindhya and Satpura, densely forested regions of Eastern
India are such areas which are reeling under the pressure of many fold increased
human population. These areas are incidently also rich in endemic species.
According to Chatiesjee (1940) Indian subcontnent has about 61 % enderhic flora
with about &,700 endemic species and 134 endemic genera of which Himalayas
and Khasi hills alone harbour gbout 3000 species, The Inglian region which has
enormous floristc diversity is also very rich in cultivar diversity for whach it is
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also termed as "Hindusthan Centre of Origin of cultivated plants” {Vavilov, 1951)
as about 167 species of crops and 320 species of wild relatives of crops are known
to have originated here. The rapid depletion of the flora means the loss in genetic

Aivaror on l'lm'l e tha lree AF xnld valptiues AF ceom nlnrihul Tha ~ramooes A ~t
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£rop genetic resources and their wild relatives is the most importast and prise
necessity of the hour as it is essential to make them available for future breeding
programme to produce new and improved crops to feed the vast population.
Although, the ex-siti conservadon through seeds, plant parts, tissues, cells or
whele plant in the antificial environment of seed-banks, Farm, Gene-banks, Cryo-
banks, Tissue Colture Repositories o Botanic Gardens can preserve them for a
longer period but this process has certain limitations teo as the ex-situ
conservation can neither provide the opportunity to the preserved species to
continve its evolutionary process which it would have undergone in natural
EUVIFOIINGHL 30T 00 compeie with ciher specics and o adapi iiscli to the changing
natural conditions. But it can keep the germplasm safe when the plamis are
destroyed in their nawral habitat. fr-situ conservation means conserving the
concerned species in its namral habitat where they continue o evolve and interact
with other species and changing environment.

in India, the prowected arcas are located m almost all the major habatat types.
This chain of protected areas ranging from deserts (cold and hot) to hilly regions,
evergreen 1o deciduous forest although appears very impressive but it has failed
10 protect the floral components as the emphasis bas been lawd on the protection
of certain animal species only for which these National Parks and Wild-life

| = [ —— R ——— % IFVLFIT AT 0 01 T L. W |
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synonymous with the wild animals and birds only, whereas the flora has invariably
failed to receive adequate attention of the conservationists and naturalists.

Most of the protected areas in India, like other parts of the world, were set
for witdlife conservation for protecting a rare mammal, bitd, etc. but rarely if
ever to conserve a plant species. However, during the past decade steps have been
undertaken 1o cstablish reserves for protecting wild relatves of crop plants and
other endanpered plant species such as a "Gene sanciary™ in the Garo Hills for
wild relatives of Cirries; the habitat of “"Nepenthes khagsiana” (Pitcher Plant) in
Meghalaya and an "Orchid” Sanctzary in Arunachal Pradesh as protected arcas to
conserve the plants ir-situ,
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Fulure Stratepies :

If the congervation of fts bindiversity is not given adeguate and immediate

ey — == T S Sy ST S sty dainiar

attenition in India, one of the twelve world's megadiversity nations, this may bave
far reaching implications as, cut of the 2503 caltivated plant species 320 (12.8%)
come from Sinp-Indian-Malayan Indopesian region. The Indian repion alone
coniribuiss about 167 species (6.7 %) that include some major LupoTiant CTOpS
such as rice, sogarcane, millets, brassicas, pulses, citme, mango, bannana,
cardamon, Jute, cucurbits, bamboes, umbellifers, urmeric, pepper, ginger, betal
vines, betel nuts, various kinds of herbal drups, a variety of vegetables, fraits and

many other important economic plants (Khoshoo, 1991).

Therefore, there is an urgent need to conserve those ecosystams where such
species are concenirated, Such a conservation strategy should also involve the
active participation of the local setders who are dependent for their domesbc needs
om 2 particular ecosystem. Priority should be given to more fragile ecosystems and
areas of endemism. A comprehensive inventory of the plant/animal species which
occur in the protected area should be prepared so that the axact iumber of wild
crop relatives. wild relstives of other economic plants. endemic rare and
threatened species existing in a particular protected arca is available as a ready
reference and also for their poper management and monitoring.

m“‘. J.FI..II.I.I..I.I.I'I.-II.I I..'ll.l..l.'ll.-lf LI e 1Y
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It is essential (o know the stams of individual species found in the protected
Areas for suggesting and adopting suitable conservation methods both in vive and
in vitro as the case may be,

Rotanical Survey of India, which is responsible for the survey of the plant
resources of the country; taxonomic smdies on the flora and publishing district,
state and National (Flora of India) floras; enlisting rare, endanpered, endemic
species and to undertake effective conservation measure, siudies on the critical and
fragile ecosystems, identification collestion and prescrvation of snch plants which
are economically or otherwise vseful for mankind, and numerous other aspects
related to the countey's flora, is playing a very significant role, both direct and
indirect in the conservation of country’s plant resources. As a result of extensive
florsitic surveys conducted in different regions of India through various regional
Circles of Boranical Survey of India, a sizeable amount of infotmation hus been
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generated on a variety of floral aspects, ecogystems, ete. including a number of
fragile ecosystems, like Mangroves, Cold deserts, etc. and of protected areas, like
Mational Parks, Wildlife Sanctuaries and Biosphers Reserves.

Besides, in its programme for the nexi millenivm, the department has
proposed to carryout survey and docomentation of fioristic diversity in fragile
ecodystems and protected areas on priority basis.
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16. BOTANIC GARDENS : EX SITLU CONSERVATION
STRATEGIES

{R.K. Chakraverty & D.P. Mukhopadhyay)

Since the last quarter of the rwentieth century there have been zlarmipg
reports oa the loss of habiats leading to rapid extinction of biclogical species.
With the acceleraiion of enomtous developtnemal programmes including
urbanisation and industrialisation, hydro-cleetrnic power stations and cxtcnsion of
mining, installation of the network of communication systems and lastly
surveillance of defence mechanism, there is a sharp nise in soil erosion, loss of
fertility status of the soil and shrinkage of the green coverage with appreciable
depletion of biological diversity as a consequence of such habitat destruction. With
the increase of these huaman activities aod tireas © nawrdl populadons
conservation of floral components of the biological diversity of the couniries has
been emphasised seriously and has been the common concern across the globe.
Botanic {rardens, thus have a major role by acting as refugia or safe sbode of such
threatened plant species and are making long term efforts for conserving the
genetic resoutces and diversities with the help of modemn tools and techniques of
plant culturc and cultivation. They arc carmarked as the important centres of
mubriplication and conservation of plant species either threaten®d with extinction
or restricted-in specific arcas as endemics.

Efforts have already been made in identifying the Botanic Gardens of the
country simated in differnt regions and at the same ume an inventorisatien of the
leve collections, is in the process of completion, so that the coming gensrations
may easily spot out the existence of threatened spacies required for multiplication
and vehabilitation if situations arise as in the case of Sophora toromire (Philippi)
Skott. at the Easter Island or other species being reported at sporadic intervals,
India is a country exhibiting unique assemblage of plant species with its diverse
¢limatic and cdaphic conditions. It is also pertinent 10 mention that India has a vast
higtory of gardening and cuoltivatior of garden and ornamental plants. Through
centuries of practice and culture of gardening, many unique and outstanding
cenires of piant reserves or gardens have been developed, a oumber of which have
been transformed into typical Botanic Gardens after the establishinent of the Indian

Boianic Garden, the ersiwhile "Company Bagan™ in 1787 by the Colonial
administrators. It will be worthwhile to trace the histary of gardens and Botamic
Gardens in Indiz, iheir role in the present environmentat set up, distribation in
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various states and umon terriieries and the most important collection of species
having varicus degrees of threat.

History of development of Botanic Gardens in India :

In the 16th and 17th centuries Botanic Gardeps in Europe, viz, Padua,
Bologna, Salerno, ete. were founded as herbal medicinal gardens. From 17th
century onwards with the rise of colonial era, some of the farmous gardens of the
world were useful centres of plant infroduction and with the rise of commercial
agriculture and forestry some such gardens became horticulmral and fruit gardens.
Thus Botanic Gardens all over the world seem to have been set up initially as
utilicy gardens and with the passape of time they have been assigned other
functions.

In India, however, since ancient times scarting as early as from pre-Vedic,
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‘Rajput’. Mughal and British periods and finaily during post-independence stage,
the gardens had specific and distinet phases of development. These were intimately
assaciated with the peopie, their celture, heritage and varions other acadesic,
literary, scientific, social and coitural thoughis and expressions. In order to
understand the genssis, origin and development of Botanic Gardens in India, a
knowledge on the aspect of development of gardens in general, is essential, as in
most of the countries, the parks and gardens, established by various sections of
the peopls at differeat srages wers the primary source of the Botanic Gardens
(Chakraverty & Mukhopadhyay, 1995).

In ancient India, important advancement towards civilisation toak place in the
Neolithic age, the pertinent cultore began about 7500 B.C. in Westarn Asia
(Randhawa, 1976). Probably during this period, agricutture and horticubmre
developed unknowingly when efforts were made to meet the necessities of day to

N | [P D I . 1. Fo oz L_a o waa sole mmm

i_ii?'— l‘l"]II.E D}" way of l:ﬂl.l.ﬂl.-l.l.ﬂg {niiis EII:IJ. COrTaly, M I8 D':I]Lﬁ'ﬂl..l idl 4 fale Wooss
descendants are Sumerian: of Mesopotamia and Dravidians of the Deccan,

probably came to this country in about 4JDL'H} B.C. throygh the western passes ani
settled in the Indus valley. Thus it is considered that Mesopotamia was the birth
place of agriculture and the ancient Sumerians were the first to develop of gardens
{Randhawa, 1976).

The Indus Valley Civilisation {3000 to 2500 B.C.} represents Dravidian
culture which flourished before the advent of the Aryans. Bhandarkar {1919)
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refers to culdvation of nce, datz-palm and other fruits and vepetables during this
period. About 2000 B.C. or later the Aryans advanced from North West across
the Hindukush mouvntaing and entered India through Afghanistap. The Drayidians
tricd sr resist but failed.

A new era in the history and culture of India developed during the time of
the Aryans. From the Vedas (2000 o 60C B.C.) which depict the history of the
Aryaps, it is revealed that they were great lovers of nantre and natural beauties
and were mainly involved io forcst culture. The Vedas and the Upanishads, theix
religious books, give an account of the religions, moral and intellectual ideals
surcharged by the beauty and majesty of the forests in India, the abode of che
Rishis. "The epics of the Arvans the Ramayana and the Mahabharaia, were
probably compiled about 500 B.C." {Randhawa, 1976). Banerjee (198() has
however, mentioned the time of the Ramayana from about 2ad and 3xd Century

A.D. and that of the Mahabharata about 4th Century A.D, the 'Panchvati foreat”
and ‘Ashoka-Kanan' as mentioned in the Ramayana and the ‘Kamvyak forast’ in the
Mahabharata indjcate clearly the early conception of gardens, A pumber of garden
plants in culiivation during the period include Ashoka (Saraca asoca (Roxb.) de
Wilde), Arjupa (Terminalic arfuna Roxb. ex DC.) Wight. & Arm., Champaca
(Michelio champace L.), Palasa (Buiea monospermg (Lamk.} Taub., Xadamba
{Anthocephalys chinensis (Lamk ) A Rich ex Walp ), Banyan (Ficks benghalensis

L.}, Peepal (Ficus refigiosa L.) and Kamal (Nelumbe rucifera Gaerin.).

Ancient Indian civilisation during the Vedic period was, therefore, mainly
based on forests, In course of tme forest flowers delighted the people and were
Other forest products served as food and medicine. These forests led to the arigin
of gardens of modemn conception. During the time of Vatsyayana, author of
‘Kamasutra®, smal! residential gardens could be found in some urban areas.

After the epic period development of gardens from 600 B.C. w0 300 A.D.
during the period of Buddhism and Jaimism on one side and Vaisrovism and
Saibism on the other hag to be considersd. It is known that Siddhartha Gaotama,
the founder of Puddhism was born in 586 B.C. in the Lumbini Garder in
Kapilahaste in southamn parts of Nepal and his entire lsf2 span was associated with
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trees and gardens. "He was born in Lumbini park under a pipal tree, attzined
Nirvana under a Bodhi tree (Ficur refigiose L.) and died in a garden flanked by

inmy frosn r\rl'rlnrr n."r]r“nat n.n-rlnﬂ anrdane vwera ]n-l.r' A armaend merackavieae sad
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stupas. There were beantiful gardens in Nalanda and Taxsila which were
renowned seats of leamning” (Ghosh, 1984). Buddhism spread rapidly under the
reipt of emperor Ashoka who encouraged arboricuiture and planting of trees along
avenues and gardens. "The Mavryan emperors built beautiful palaces at their
capital Paraliputra. Megasthenes said tirat the Royel Palace was provided with

heantifind rrt_n:l_f_g' artificial lakes and athar meane of ﬂﬂii'hm\ﬂ-ﬂ‘h flfrmﬂr:l Iﬂﬂ’}‘i

The Gupta period (300-600 A.D.) was remarkable for the intellectual and
coltaral tenaissance and alt round developments of Indian traditions. Kalidasa's
‘ Abhijnana Sakvmialam’, ‘Meghadutam® and “Rimsambara’, composed during this
period, give a vivid description of a pumber of flowers, flowering plants, flower
gardens and forest trees.

"Vatsyayana described four kinds of gardens : (i) Promododyan for
enjoyments of kings and queens, (if) Udyan whers kings passed time in playing
chess with their couctyards, (i) Brikshavatika where ministers and courtyavds
made meiTy with couwresans and {iv) Nandanvan dedicated to Lord Imdra®
{Randhawa, 1976}

In order to trace the history of gardens in ancient India, 1t is relevant to refer
“Sarangadhara Faddhati®, a book by Sarangadhara (1283-1301 A.I).) dealing with
a chapier Upavana Vinoda, reating of arbori-horticuliure which contains the
following topics: {1) glory of the trees, (2) good and evil omen relating to
residence near trees, (3) selection of soil {for planting) (4) classificaton of plants,
(5) sowing of seeds, () the process of planting, (7) watering of plants, (8) plant
protection rules, (9) construction of garden house, (10) soit sdy for digging
wells, (11) rules for nonrishment of plants, {12) recipe for nutrient soiutien, (13)
treatment of disease and plant health, {14) ornamental marvels, (15) price fixation
{Mammder, 1035)

Before the Mughals, the gardening history of India was nearly blank. Only
Firoz Tughalak (1351- 1388 A.D.) gready improved the city of Dethi and jts
surroundings by planting tees in gardens. He developed 1200 gardens around
Delbi and restored 30 intiated by Alauddin; developed 80 gardens near Salavra
and 44 in Chitor {Randhawa, 1976). The Rajput heritage and art in garden making
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exhibﬂ different culture:s represented in Iﬂdm Iudu-lslanuc Rag,put Gujrati and
Kashiniri, The Mugha! gardens evoived with the Persian connections linking
together (Heywood, 1973).

Mughal smperors in India are w0 2 greac cxtent responsible (or the renaissance
of gardening end introduction of roses, carnations, irises, narcizsus, daffodils,
lilies, tulips, etc. The beauaful Chinar tree (Platarmis orientalis LY and the exotic
flowers were first introduced in Kashmir during this period as it has a more
favourable climate than Persia and Central Asia,

Almost all the Mughal emperors had a passion for nature and they laid out
beautiful gardens in cities of the north which were orderly and formal, Inigally
these gardens resembled Persian style but later remodelled in the background of
new cnvironment. The years between 1520 to 1658 {Babur 1o Shahjahan) were the
best period for expansion of Mughal gardess which coincided with garden making

in other paris of the world, Thers fmnhi he anma resemblance hapwean Mupghal
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garden and Italjan gardens, the country that piooeered the establishment of the
Botanic Gardens in Pisa {1544) and Padua (1545}, but the landscaping pattern
aroupd the houses and the attitnde towards use of water in the garden along with
some other differences exist between the two (Crowe, 1973},

With the decline of the Mughal rule, [ndian gardens are known to have
developed under patronage of iocal rulers. Asaf-ud-daulah (1775-1797), the fourth
Nawzh of Oudh was a patron of gardens afier he shified his capital to Lucknow,

The Sikandar Bagh of Lucknow was laid our by Nawab Sadar Alt Khap (1735-

'|ﬂ'|.|'l"|. n.r'l'nrr'h was Tater wmnroved by Mumnh Wnunﬁ Al E'l-lu'h tHha laosek Wing ~F
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ﬂudh (1B47- 1856). Thiz garden was later transformed into a modern Botanic
Garden in 1953,

The Mughal gardens with some alteratons were ransformed into Rajput
gardens. In gardens, the Rajput heritage is perhaps, most ¢lcarly seen at Ambar
negr Jzipur, built on barren rocks by Raja Man Singh (1590 - 1615). Gardens at
Todapur, Mandor, Udaipur and some other places of Rajasthan wers built in their
own styles and fashions,

Tie gardcns in South India were mostly developed during the rale of Hyder
Ali and Tippu Sultan from 1760 ta 1799 With their initiative some gardens were
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developed at Srirangapatna, Bangalore and Malavalli. Lalbagh garden at Bangalore
was initiated during this period. After the death of Hyder Ali, Lalbagh continved
t be a pleasure garden of his son Tippu which developed into a typical Botanic
Garden during the Brinsh period under the stewardship of Nathaniel Wailich.

By the middle of 15th century English gardens and Botanic Gardens appeared
in India in place of Charbagh type of gardenz. The Botanic gardens a new
conception of garden making which combine science with art in perfect harmony,
was thus developed in India.

a
a ran alom moamalie ow o

lish poeple mn india was the seitiog up 0
Gardanes and alen infnnnnl and rrli'rnﬂ gardens, YVariong .l.'a.u*ri nrﬁr“l mral
Smmu&swmalmfnrmedmd:ffmtntpansnflﬂdmundﬂamve initiative of
Rev. William Carey. These societics helped immenscly in popularising gardens
and garden plants {Rarxdhawa, 1976). Some important gardens esiablished during
the British rule are (1) The Royal Botanic Garden (Indian Botanic Garden 1787);
(2) Botanic Garden at Saharanpur (1817, (3) Lloyd Botanic Garden, Darjecling
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{5} Botanic Garden, Coimbaiore (1908), (7) Bryant Park, Kodaikanal {1900}, (8)
Forest Research Instipte and Colleges, Debra Dun (1934), TBRI and a large
numbet of parks and gardens comparable 10 organised Botanic Garden
{Chakraverty & Mukhopadhyay, 1990). Based on ideas and concepts of English
gardens, a good number of gardens of eminence were laid out during post
independence period with informal designs. Buddha layanti Park (1956), parks
around Lodhi tomb amd the Rose garden of Chandigarh (1966) are some of the
oulcome of such conception. Japanese pardens also found place in India during
post -independence period. The Roshanara Garden and the Cuderia garden st
Delhi were laid out based on ideas of Japanese gardens (Randhawa et al.,
1971).

In recent years, ihe Universities and some private eotetprises in induserial
concerns in cities and towns have been developing gardens with various
objectives. A mumber of experimemtal Botanic Gardens under indtiative of
Botanical Survey of India have already been eswablished in different agroclimatic
zones of the countty during this period. Froposal for establishing a network of
Botanic Gardens are under active consideration or coming wp at intervals, the
latest of which is the Ficus Garden at Karnal in Haryana in 1991, The Ministry
of Environment and forests proposes 1o set up a "National Botanic Gardens™ st
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1y meet the rcqmremcnt nf conservation, t:du-:atmn nnd TECreation.

Role of Botanic Gardens :

Due to natural degeneration, reckless exploitation, destruction of nagral
habitats for developmental programmes and the yse of harmful chemicals in
agriculure innumerable plant species have been lost. About 60,000 plant species
of the world's tofal estimate of 2.50,000 are under various degvees of threat. In
India about 10 per cent of the esiimated 17,000 floweriag plants are enlisted as

rare or ihmfnm'l r‘nnunﬂjnhnn AL mlont omesmiss bes bomoe.
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throughout the world realising their importance and utility. Increase in human
population, rapid urbanisation, industrial development and mobilisation of defence
forces have seriousty disturbed the natural ecosystem.

Botanic Gardens serve as living repository or refugia of plants of the country

and alan Af n.n'l.-ﬂ.-ﬂ awntin Flava Theo mErve ag axcallant s oitn Anmascinelan o1
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multiplication centres of threatened, rare and endemic plant species and may house
germplasat collections of selected economic, ornamental and medicinal plants and
their wild progenitors for future genetic sotirce materials in crop improvements,
Besidm, they promoie educational programmes and, yesearches in experimental
. Orpamental, hortculture, propagation of jaic amd threatened species,

Ml g tor afforsststion and for altsmative zources nF an.rl foddar ond fuel

Introduction of economic and commercially exploitable less known plant species,

Renerating awareness regarding values of trees, exchanging viable propagation
materials, organising cxhibitions and flower shows are some ather significant roles
Played by the Botanic Gardens ai present. ‘The changing roles of Botanic Gardens
to meet the demands and requirements of the time have been discussed at lengtl
by various authore (Holttum 1970: Purseglove 1950: Raven, 1981 Khashoo,

S mewa s 1= awrasmwmiing Sy A e e

1987; Heywood, 1983, 1987 Larsen ef af., 1987; Brockway, 1979).

Environmental pollution, ¢cological imbalance and conservation of plant
Spicics capecialty those which are rare, threstened and endemic with acute
Possibility of extinction are matrers of global concern and a need js-emphasised
all over the world to lacute the netwark of such centres which can serve az fields

i e o A 1L T 111N

tor collection, conservation and multiplication of plants of academic wtility and
aesthetic values, besides protecting ecological balance, preventing environmental
degradation and maintzining a pure, pellution free atmosphere in the Jocality. For
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example, the Indian Botanle Garden introdueced and cultivaied several rare and
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Bentinckia micobarica (Kurz) Becc. (Basu, 1988) and Plarycerium wallichis
Hook f. (Jain & Sastry, 1980). Mulkiplication of these specics greatly increased
the population aod enabled to distribute to other centres, thus protecting these
species from possible extinction. Similarly, Botanic Gardens have been found to
play 2 pivoial ole in either giving a safe abode in the Botarical Garden of the
University of Bonx, Germany, e.g. Sophora torpmire (Philippi) Skott., an
endemic species of Eastern Island (Lobin & Barthlott, 1988; Lobin, 199%0;
Weimarck, 1984) or muitiplication and reintroduction of species of Cupressus
dupreziann A. Camus and Jubgea chilensis (Molinz) Baill. in Botanic Garden
‘¥illa Thurer’, France (Avge & Ducatillion, 1921). The rescoe of the endemic
species Rufzig cordata Cav. (Sterculiaceas) from the Reunion Islandd which was
in great danger of extinction and its cultivation, multiplication at the Conservatoire
Botanique Mational de Brest, France and its eventual re-introduction to the wild
(Lesowef, 1991) iz another promiging example of the role played by Botanic
Gardens towards conservasion and protection of endangered species.

Present and future role of Botanic Gardens

1. Botanic Gardens should serve as ‘refugia’ for plants which are on the verge
of extinction due to habitat loss. This can be achieved by undertaking mass
culture of species, through tissue culture, seed propagation, eic. 1o increase
plant population which have already been listed in “Red Data Books®, thus
conserviog the genciic diversity and resources of the country {Bicher &
Hierling, 1964; Heywood, 1964, 1976; Thompsen, 1979: Gomez-Camypo,
1979, 1987; Hawkes, 1987, Wilkins & Dodds, 1983; Withner, 1943;
Mitchell, 1991; Steward, 1991).

2.  The Gardens should act az centes of nature conservation activitica and to

S—— |

piopagaic l.l.llUlnl.!,ll mass educaion and demonsiration of the covironmerial
awarensss and sanity 1o children and the future generations, in particular. It
should act as a vehicle for environmental education, a3 is being graduafly
adopted in several countries of the world (Simmons, 1981; Tavior, 1971,
Eloff, 19853, 1985b, 1987, Betmejo, 1987, Boden & Boden, 1987; Nayxr
& Chakraverty, 1987).
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3. In the world conservation strategy, Botanic Gardens can successfully play a
role in conserving endangered species as ex-situ centres of conservation
(Given, 1983, 1987; Mohan Ram, 1983; Abeywickrama, 1983; Ashton,
1987; Thibodeau & Falk, 1987). "The Botanical Survey of India with its
main Botanic Garden and the regional experimental gardens established in
different phytogeographical zones to suit the needs of plants occurring in
different ecological conditions of the coumtry" are maintaining rare,
endangered and threatened plants of Indian flora (Khoshoo, 1986;
Chakraverty & Mukhopadhyay, 1990).

4. A special role of Botanic Gardens as cenfres of rescarch and training and
action oticnted plans for conservation can be thought of. Such Botanic
Gardens can work on pollen storage, tissue culture, genetic engineering and
other projects on crop improvements (Khoshoo, 1987; Meilleur, 1991
Walter, 1991).

5. In-situ conservation should also be done in the natural habitat of the species
and there should be arrangement of periodical mapping of the population for
purposes of protection of plants of scientific and commercial value.

Botanic Gardens should take interest in the preservation of plants growing in
the nearest endemic centres and exchange freely all rare and endangered
species (Nayar, 1987).

o

In India, out of ca 17,000 species of flowering plants, about 10 per cent are
estimated to be under degrees of threat. About 17 per cent of these flowering plant
8pecies are represented by trecs which constitute an important clement in any
tropical or temperate woodland ecosystem and depletion or loss of such trees in
the ecosystem may uitimately cause loss of hundreds of dependent animal o plant
species (Nayar, 1987). It has been worked out that in India about 2000 species
will become rare or threatened by 2000 A.D. A disappearing piant species can
take with it 10 to 30 dependent species viz, insects, higher animals and other
Plants (Nayar, 1987). In order to save this plant wealth from total extinction,
Comservation centres in various phytogeographical regions of the country require
to be documented along with their existing live collections.

Studies were undertaken by the authors (Chakraverty & Mukhopadhyay,
1990) to enlist the network of Botanic Gardens and important parks and greeneries
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in India, including thage located in the TIniversities and instimrional camposes.
Notable live collections of over 150 such refupia, considered to be ex-siry centres
of conservation and cultivation, among others, rare and endangered plants and
exchanging information of plant materials have been listed.

A large number of Botanic Gardens set up in early penods of Indian history
and also during English period are attached to the Horticuimral or Forestry”
Departments of the State Governments excepting, however, the Indian Botanic
Garden and a few experimental gardens under the control of Botanical Survey of
India. “There are new schemes mooted for the establishment of the Natlonal
Botanic Garden at Delli and funded gardens for conservation purposes through
*‘Mode]l Botanic (7ardens’. Though resource constraints are coming in the way, the
the necessity to establish chain of Botanic Gardens is largely felt among people,

scientists and administrators™ (Nayar, 1987). Attempts should be made in the
coming decades to establish Bitanic Gardens in the states/union territories of India
which are ool ai preseni pified wiilh his treasure aod v increase ibe petwork
gradually through exchange of plant materials. Botanical Survey of India can play
a majot role in this direction. Words of Kenton Milter (1985), Director General,
JIUCN remind us that "The Botanic Gardens of the world could and abwuld
develop into a major new global force for conservation”.

Distribaticn of Botanic Gardens in India with reference to botanical regions
of the country :

Chakraverty and Mukhopadhyay (1990) have listed 150 organieed Botanic
Gardens or jarge parks which are in some way comparable to Botanic Gardens in
fndia. The Hist included 33 gandens under Government control, 77 gandens and
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Tring the course of the present shdy an inventory has been made on statewine
distribution of Bolagic Gardens makmtained by Government instimdons,
setonomous bodies and private ssctors on the one hand (Table 1; Map 19) and
those maintained by the Universitics, ctc. on the other (Table 2; Map 2{) shown
in tabular forms giving location, sltide, arca, year of cymablishment and remsrks.
The object is (o assess distribution of Botanic Gardens in sfeven phytogeographical
divisions of India, viz. North-west Himalaya, Indo-Gangetic plaing, E. Himalzys,
Assam, Central India, Arid Zone, northern Western Ghats and northern West
Coast, southern Western Ghats southern West Coast and Lakshadweep, Deccan,
Eastern Ghats and Coromandel Coast and Andaman & Nicobar [slands,
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(M Loostiers of Botank: Sardess

Map 19. Botnic Gardons in Indin, maintained by Government and Autonomeots fnstingtlons.
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Map 20. Botanic Gardens in India, maintained by Universities, other Academic
Organisations and Societies.



—Arachnis cgtheartii (Lind! .} 1Y, Sm.

2 ) BOTANIC GARDENS : CONSERVATION STRATEGIES

'Table-3, List of rare, endangered, endemic and inleresting species in different
Botanic Gardens in Endia.

hame of the species Family Growing in

Botanic Gardens
% tcanthgphippium bicelor Lindl. Orchidaceas BSI (SC)
A anthophippium sylhetense Lind). Orchidacsas BST (EC), BG-ORD
Azridas emerivii Ralchh f. Orchidacese BS! {ANT)
*Aeridex maculosant Lind]. Orchidaceas B3I (8C)

ACFIAES CHTRHEn LT,

Aesculus assamicg Onff,
Agrostophyilum brevipes King & Paml,
Afur nepatensic ©. Don

*Alsophifa [atehrara Hook.

Alstonia kurgii Hook.f.

“Ansmia fomenioa 5w,

AL EE AT

*4rachnis clarkei (Ruichb, £171.). Sm.
Araucaria bidwillll Hook.

Arewcaria columagris Hook.

Arergn wightii Grifi.

Arirgema apenuaiunt Bamed & Fiachsr
*Arisaemne cavcdanim Engl.

*Anmding graminifolia (D. Don) Hochr,

TAscocenirum gnpuilaceum (Roxh.) Schitr,

Bambusa ortindinacea Retz.

var, gigantea Bahadur
Bambura arre Lindl,
Bauhinig vahlii Wight & Am.
*Beloeynapris Welpara {Dalz.)

Sprague & Flscher
*Beniinckiz condapanng Berry ex Roxb,
*Rentinckia nicobarica (Kurz) Beccar]
Beryla oylindrostochva Wallich

Biermannia joinions Hegde ef Rao
Bombax insigrs Wallich
var, andaemardce Prein

*Brainea insignis (Hook.} J.J. Sm.

Arvlevium aidug 1.
Il u

*Bultbophvlium carevain (Hook 1.} Spreng.

Mgl (EA., D) LB

457

Hippocastanareae BEI{BELC, NC), FRI

Orchidaceae INBG

Brtulaceas GHG

Cyatheaceae BS1 {8C])

Apucynaceae BEI {ANC)

Schizaeaceas BSI {8C)

Drchidacene  HET{EC, $C), BG-ORD

Orchidaceae BS1 {EC, &), BG-ORD

Arancariaceag BE1 (JBG, NC), FRI,
LE

Arsucariaceaes FRI

Arscaceas EBST (IBG)

Argcens BEI (5HC)

Araceas BSI (W)

Orchidacear BSI (EC, 5C)

Orchidaceas BS1 (MC, W)

Polypodiaceas BS1 {IBG. NC), FRI

Fosiceas FRi

Foacese FRI1

Cassalpiniaceae BSI {IBG, NC)

Commelinaceps BE[ (WC)

Alcrdoeas BSI {IRG, 5C)

Arecaceas BSI {[BG, SC)

Betulaceas FKI

{hchidaceas BG-OED

Bombacaceae BEI (ANC)

Blechnaceae RsI (BC)

Crehidaceae BE[ (NC)
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Mame of the species Family Growing in
Botanic Gardens

Bufbaphplium guitafaivem (Hook £.) Balak. Oehidacens BSI (NCY, LRG
*Buibophyilum mysorerse (Rolfe) 1.1, Sm. Orchidaceac BE1 {3C)
*Bulbophyiism rauli Arora Qrehidaceas BS1 (NC)
*Bulbophytisnm triste Reichb . F. rchidaceae BE1 {MNCY
Buitea buteiformis (Voigt) Grierson & Long Fabaceaz FR!
Calamey andampricus Kurz Arecaceae REI (ANC)
*Calanthe densiffora Lind). Orchidaccas BS1 {(SHO), LBG
Calanihe herbacea Lindl, Orchidaceae B-ORD (Tippi)
Calemthe masuca Lindl. Orchidaceae BS1 {(NC}
Canarium siricitom Boxh, Bursetaceas B85l (IBG)
Cardiccarpus andamarice (Kurz} Haward lcacinaceas BE1 {ANC)
Casuaring canningharianag Mig- Casuarinacess BSI (IBG) FRI
*Catamixis bacckaroides Thoms, Asteraceae BSI (NC)
*Ceropegla aiiennzia Hookt, Acclepiaduceae ES1 (W)
*eropegia vincagfoliz Hook, Asclepiadaceas BSI (WC}

Ansati
Chrysoglorsiwm robinsonii Ridi, Orchidaceae BG-ORD
Cleisostoma triceilosum Hegde Orchidaceae BG-ORL

el Bao
*Coelegyne cristafa Lindl. Orchideccae BS! (0BG, EC, NC;)

WC}, LBG

*Coelogvne svalis Lindl. Orchidaceae BS] (EC, NC, WC)
Corlogyne siricta (. Doa} Schitr. Orchidaceae B3I {NC)
Coelogyne viscosa Reichh. Orchidaceas BS1 (NC)
Comtmiphore wightfi (Am.) Bhandar Burseracene NERI]
Captls teetz 'Wallich Ranunculaceae BSI {APS, EC)
Corypha tafliera Rixh. Arscaceze BSI (1BG)
Cyanors burmanniane Wight Commeliniceze BSI (WC)
Cyanotis cerifolic Rolla Rao w Commelinzceas BSI (WC}

Hanmmathy
Cvithea gigontea {(Wallich ex Cyalheacens FR1

Hook .t Holrt.
*Cyathea spinuiesa Wallich cx Hook. f, Cyatheaceae BSI (NC, SHT), LBG
*Cvcay beddome! Dryver Cycadaceas BSL {(IBG, 5O, NERI
*Cycas peciinarg Griff. Cycadacess BSI (B, IBG)
Cvmbidiien ensifoliem (L.) Swartz. Orchidacsae BG-ORD
*Cymbidium iridioides T Dion Orchidacene BSI (REC, NC. 8C), LBG
Cymbidium hookerignim Reichb. Orchidaceae BSI (EC), LBG
Cymbidinm macroriifzon Lindl. Orchidacess BSl1, (NC) BG-ORD
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Mame of the ¢pecies Family Qrowing in
Bodanic Gardena
*Dendrobium aphyiium (Roxb. ) Fisch, Qrehidaceas BST (EC, IBG, 5C, SHC),
LBG
Dendrobion auranriceum Reichb, £ Orchidacese BS! (EC)
Dendrobium benranige Reichb.f. Orchidacess BS!I (BEC), BG-ORD
*Dendrobium dicameratum Lindl, Orchidacens BSL(NC, 500
“Davudropium densiffornm Lindl, Drehidaceas BS1(EC, IBQ, NC, 5HC),
FRI, LRG
“Dendrobiurn haemoglossum Thw, Ochidaceas B3I (3C)
*Demudrobium Dwicrtam Lindl. Orchiduceas BSI (30)
“Dardrobium nobile Lindl. Orchidaceae BSI (BC, IBG, NC,
SC, SHO),
LBG
Bendrobivm rormole Fale, Orehidacean BST (NC)
*Dendrobium secandum (Blume) Lindk. Orchidaceae BEl (ANC)
Dynidrobiuvm seldenfadenii Sengh. & Bocken, Orchidaceas BEI {EC}
*Demdrobium mbulatum Lindl, Orchidaceas BEQ-ORD
YDerdrobium wardigmem Warn. Cichidaceae BSI {EC, 5C), LBG
Dervis andimanics Prain Fabaceas BST {ANC)
Dinechion macleflandii (Munno) Poatee B3l {IBG:
Kurz
*Diptcoren deltoidea Wallich Digpcoreaceae BS] (NC)
Disepryros mermorata Parkes Eb=niacene BSI (ANC)
Diplomeriz hirmura Lindl. Orchidaceas BG-ORD (Tippi}
“Dipteris wallichil (R. Br.) Moore Polypodiaceas BS1 (EC, IBG)
Drimig razfl Ansari Liliaceas B3I (W)
Drosara Burmarnni Vahl Drcseraceas REL {(SC)
*Drosern peilicta Sm. Droseraieas BS] (3C)
Elgrocarpus sphaericus (Gaertn.) Elagocarpaceae BEl {IBG), FRI
K. Schum.
Ephedra follaiz Bolsy. & Ephedraceas B3I (15G)
Kotschy £x Eoiss,
Epipoglun rozeum (D. Don) Lindl, Orchidaicae BG-ORD
Epipoptum s+3zanum Hepde ot Rao Orchidacene BO-ORD
Eplpogium tuberosum Duthie Orchidaceae BG-GRD (Tippi)
*Eremortachys superba Royle Lamiaceas HS! (WC)
Eric gita Lind). Orchidaceae BSI (NC)
Erin pubsrcens (Hook.) Lindl. Orchidaceae B3I (NCY
Erle picate (. Do) Hand. -Mazz, Orchidaceas BSI (MC)
“Eriz aadamanica Hook.f. Orchidaceas BET (N
Erythring rejupinata Roxh. Fabaceae NERI
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Mame of the gpeciex Family Growing in
Botwnic Gardens
Evedin roxburghiang Benth. Rutaceae BS! (EC)
Ficus krishinue ©, DG, butuieae BEI (B3, HC), FR]
*Elickingeria hesperiy Seident, Qrchidaceas BS1 (NC)
*Frerag indieg Dalx, Asclepiadaceas BS1 (IBG, W),
NBRI
*inkga biloba L. CGinkgraceas BSI(EC. NC). FRI. GBG,
LEG
Civphochloa myraresis (Jain & Hem ) Clayion  Poaceas BSIL (W)
*Cmatum gresoe 1. Hemesas REI AT
CHetum Igtifolit Blhume Otiwtacsas BSI (ANCY
*(wmeiwm ulz Hrongn, Cmemcean BSI (B
FRauemtin nndomosnicn King Fhamnaceas EST (ANC)
frewia calophyila Kurz Tiliaceas BEI (ANC)
Herminiom ongifobatum Hedge et Rao Orchidaceas BG-ORD
*Hoya ovaiifolla Wight & Am Asclepinduoses BSI {(W0)
*Hyphaene dichotoma (Baker] Fuitado Arecaceas BSI {IBG)
*Hypharne ebaica (L.) Mart. ATECaneas BEI {CC, 1B
*Iphigenin safnnadrica Ansari Liliaccas BSI (W)
el Boilz Raa
*Iphigenin magnifica Ansari Liliaceas BSI (W()
= Kella Rao
Iohigenin stelinie Blar, Liliaceze B3] (W)
*Iechasmum raizadee Hem. ot Bill, Poaceas BS1 (W)
*Iiea nutans Royle lcaceas ES]1 (NC}
Frara harborn Rorh. Ruhlatsene RST (AN
Ixorg finlayroniarng Wallich 2 G. Don Rubiacess B3] {(ANC)
Lasianthis andamaniowr Hook . f. Rubfaceae BS1 {ANC)
*Lsucae deadibardi Bill. & Hem, Lamisseas BE) (W
Licugin peltaie Roxh, Arecaceie BSI (BC, IBG)
Lilicen mackiinige Sealy Liliaceae BSI (BECh
“Lilicem: neflgherrense Wight Liliaceac B&I (50
*Linaris biloba Wight Orchidrcezs BS1 (8C)
Liparis viridiflora Lindl. Orchidaceas BS1 (NC)
Listera divariceta Panigrabi & Orchidaceac B5-ORD
Taylar
Livistona jerkinsiona Griff. ATECacede BSI (AFS, EC)
Lodoloea maldiviea (Gmet.) Pers. MTecACERe 85I (JB3)
Lurtie revianica Lindl. Orchidaceas BSE (NC)
Lycopodium clavatum L. Lycopodisceas BEI (3C)
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Name of the species Family Growing in
Bomanic Gardesis

*Lyeopodinam phlegmaria L. Lytopodiaceae BSI (SHC})

Macarange dmaicaimg (Blume) Euphorbiscene BSI (SHC)
Muell,-Arg.

Magnatia insignis Blume Magnoliaceae BSI (BC)

Megnrlia piervvarpe Roab. Magnaliaceas BSI {IRG)

Maigxls sndamenicg (K. & P.} Qrchidaceae BST (ANCY
Balak. & Vasd.

Malaxis acuminaic . Don Urchidaccae B3I (NT;

*Mmyifere andamanice King Anacardiaceae BS1 (ANC)

AMangifera syivatica Roxb, Apagardincese BS1 (EC)

"Nepetithes kpasiana Hook f, Nepenthaceas BSL (8T, NC, 50}, TBG

Nepo frutisans Wurmb. Arecacean BSI {IBG)

Nervitia aragoana Gaod. Orchidaceae BEL (NC)

Nervilla gammizana Schit. Orchidacese BSI (NC}

Olax mana Wallich sx Beath. Dlacacans Bl (TEG)

Olea gambiei C.B. Clarke Olesceat B8] (IBG)

Orvphaer carschaifica Kurz Anngripcene BSI {ANC)

*rmondn claywniana (L.} Mart, Demundaceag BSI (EC)

*Otmuds regalis L. Osmundaceae BSI {(NC, 5C}

Pondanus andamaniciis Kurz Pandanaceze BE] (ANT)

*Fophiopagdifion driry! (Bedd.) Onchidaceas BAI {JC)

t Kpain

*Paphiopediiim fairieanim Orchidaceae BSI (EC, NC, 8C).
(Lindl.) Piltz. FRI, LBG

Paphiopedilum Rirsuticsimm Orchkdaceas BSI (EC. 8C)
{Linad] ) Ffitz. o

*FPaphiopedilum insigne (Wallich ex Orehidacene BSL {EC, NC, 50, LBG
Lindl.) Sizin.

*Paphiapedilum veruston (Lindl.) Orchidaceae BSI (BC, 1BG, NC, 5C),
Bfitz. ex Stein LBG

*Paphivpediium vilfosum (Lind!.) Orchidacese BSI (EC, NC, 5C), FRI,
Stein LB

*Peucndanum dehradinensis Babu Apiacepe BSI (NC)

*Fhoiks inridus Thw, ﬁfa‘hﬂﬁﬂfﬁﬂ BEL (80

“Phoius tantervillage Drchidaceae BSI (BC, NC, 5C, WO),
(L'Herft) Rlume LBG

“Phoilamnopsis decumbens Orchidaoa B3I {50;
{Grift.) Hole.

Phwenix paiudoss Roxb. Arecacear ESl (TBG), SBG
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Name of the specics Family Growing in
Boanic Crardens

Fhgeniy ripiceia T- ARders. Arecaceas B3l (1B, Lo
Phoenix syfvestmiz (L.} Roxb, Atecaceas BSI {(IBG, NC)
Platyceriun alcivorne Desy, Polypodiaceae E5) (1BG, NC)
Fagdocarpi? sloneata L. Herit Fodocarpaceps cGh

ex PerE.
*Podocerpus nerilfolius D. Don Podocarpaceae BS{ (EC, NC, IBG) LB3
*Priotn nuadiun (L.} Beauay, Psilotaccae BSI (1BG, NC, 8C)
Bpvehorric andamanica Hook_F. Rubizceas BRI (ANC)
Pyychotriz platynewra Kurz Rubiaceas BSI (ANC)
Prerocarpus dathergioides Roxb. Fabaceas BEI {ANC)
Freroceras muricuiamns (Reichb. . Crehidaceas ES1 (AMC)

L], 3m.
Freroceras suaveciens Holit, Orchidaceae BSI (NC)
FPierygora el (Roxb.) K. Br, Stercu] incue B3I (I8)

var, frretidaris

*Rauvolfic serpenting  Benth,
ex Kurx
*Renanifarg imschontiata Rolfs
Rosa clinophylia Thory
Jeaiaium @lbum L.
Saussurea cornee Lipsch.
Schima wallichif Choisy
ui‘wlugifh RPN SRR L
Smitingngla micrantha (Lindf.) Bollt.
*Sophora meilis (Royle) Baker
Syzygiwn andamanicum {King)
Eala.
Taxux wallichiana Tee.,
*Taeniopizylium thasianym
Joseph =t Yog.
*Telraslghta cartareanse
{Dialz } Gamblz
Thuniz aiba Reichh.f,
Trachycarpis fakid Bece,
Livarig andemanica King

| | S Y e p— |
¥ RGP F R I.uLlIH-I

*Wends eoerilea Griff,
*Vanda parishii Veilch, & Reichb.F.

= B DT riae

FIVELFICE NAISATT v radii,

Apocynaceae

Orchidaceas
Rosacear
Santalaceae
Asteraceas
Tamstroe-
miaceas

Vitacene

Orchidaceas
Arecacese
Annoiaceas

Flimnkidasmnnn
L e e

Crehidaceae
Orchidaceas

BEI {CC, IBG, NC, W,
MBRT

RST (EC)

NBRI

BSI (1BG, W, NBRI LB
BEL (N

BSI {SHC), LBG

2T ML
WAL Y T A

BSI {NC)

BSI (NC)
BS51 (ANC)

&)
[ =]

BE1 {NC)
BSI1 (EC)

BSI {WC)

BET (NC)
BS1 (NC} GG
BSI (ANC)

a1 rhdi™
DRIl 159 ]

BS1 (EC}, FRI
BSI {EC)
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Narme of the species Family Cirowing in
Boianic Gardens
Vanda roxburghii R. Br, Orchidacene a5 (EC,125G)
Viatilla andagnanica Rolfe Orchidaceas BSI rANCY
Vanilla planifotia Dyer Orchidaceae BSI (IBG), NBRI
*Vimitls wightiara Lindl. ex Hook.f. Orchidsceae BSI (§C. WC), THG
“Yeraonia shevarcyensis Gamble Asreraceas BSI (8C)
Wiclpriz emiezonlca (Poepp,} Sow. Euryalaceas BSI {IBG), TBG
Vicioria creziona Orbign. Eyryalaceae HSI (THG)
Wagatea spicaa Dalz., Caexalpiniaceas HSI {1BG)
*Wailichia denxiflora Mart. Arzraceae BSY (TBG, NC)
Zamia foridana DC. Cycadacese NAR1
Zamig fujurgcea Al Cycadaceas NBFRI
Zamie laifoliec Lodd. Cycadaceas B3I (OB
Zeuxine andamanica K. & P, Orchidacene BSI (ANC)

*Sugpeatad immediate conservation. B3I : Botanical Survey of India; AFS : Arupachal Field Station,
Itapagat; ANC : Andaman & Nicobar Circle, Port Blair; OC © Cemmal Circle, Allahabad; BC .
Eagiern Circle, Shillong; [BG : Indian Botanic Garden, Howrah; NC : Northem Circle, Dehra Dun
and Pauri: 50 ; Southern Circle, Yercaud; SHC : Sikkim Himatayan Circle, Gangtok; WC : Western
Circle, Pune; BG-ORD : Bownic Garden, Orchid Research and Development Cenire, Tipi; FRI :
Forest Research Instilote and Colleges, Debra Dun; GBG : Govemment Botanic Garden,
Udbagmandalam: JNBG : lawaharlal Nehru Boranic Garden, Rumtek, LB : lalbagh Gardens,
Bangalore: LBG : Lioyd Botanic Garden, Darjeeling; NBRI : National Botanica) Research Ingtitute,
Lucknow: SBEG @ Smte Bownical Garden, Barang, TBG : Tropical Botanle Ganden and Research
Ingtituge, Thiruvananthpuram.

Conclusion :

India has a Fairly good number of Botanic Gardens and parks in relation to
maintenance, and protection of the plant resources. Teaching of plant sciences in
the universitics and ¢olleges is also presenily oriented in such a way that requites
establishenent and maintenance of Botanic Gardens, These local gardens will also
enable to conserve a large number of local floristic elements, many of which may
be rare, threatened or endangered. An overview of the stame of Botanic Gardens
in the country reveals that there are scveral areas covering  distinct
phytogeographical regions which have no Botanic Cardens, This lacuna is
suggested to be overcome by establishenpg a network of Botanic Gardens for
conservation of natural vegetation by bringing large acreage of land under each
wof these Botanic Gardens. Assistance and subsistence requires to be extended (o
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all concern for the conservaticn and preservation of the country’s flora, the
endlemics in particular, and also the potential exotics a8 per proposed

Mnmmdﬂnr‘nﬁnﬂn mF “m-lllrl- LR I v e Y L e .n'r o
L R FTANRI=T Rl - L] LfL Thd LA Ll ERELTrE TrbFilobod VOLALSLE [ L A=y Ta PR R L L Liiy

International Union for Conservation of Nanme and Natura! Resources (ITUCN).
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Plate 18. /tea nutans Royle (BSI, NC, Dchra Dun)



Plate 19. Rauvolfia serpentina (L..) Benth. ¢x Kuis
(BSI, NC, Dehra Dun)
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Plate 20. Eremostachys superba Royl



Plate 21. Lady's slipper orchids (clockwise from top lefty : Paphiopedilum fairicanum (Lindl.) Stein,

Paphiopedilum spicerianum (Reichb, §.) Plite, Paphiopedilum druryi (Bedd. ) Sicin, Paphiopedilum venusium

(Sims.) Pfuz, Paphiopedilum insigne (Wallich ex Lindl.) Plitz., Paphtopedilum willogum (Lindl. } Stein
(B5I, EC, Shillong; NC, Dehra Dun; 5C, Coimbatore)
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Plate 22. Pleaus ankervilleae (Banks o L ey Blume
(BSI. NC. Dchra Dun)



Plate 23, Tavs wallichiana Zuce. (insct : a branch with Arils)
(BSI. NC. Dechra Dun)



Plate 24. Trachvearpus takil Beee. (BSI NC. Dehra Dun)



Plate 26. Pulotam muelum (1) P. Beauv, (BS1. NC. Dehra Dun)



