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Foreword

o ca AL LY nmnaema mf flaes oaad TR MY .o Ll ]
L[[u]_ﬂ “1“1 OVET R YL TL L | ELE S s oL a ana 0 LU bi_m]‘_,ﬁ oI 1Aauna

distributed in its two major biogeographic reaims having 10 biogeographic zones
and two biodiversity hotspot regions of the world, is justifiably recognized as
one of the World's 12 magacentres of biodiversity. Such & richness of varied
biomes from wopical wet evergreen forests to deserts and alpine vegetation to

congtal syetemns mnderstandabliv needed the estahlishment of 2 well nreantead
e e S u‘b“lll.l'.l'h'“

L e et L 7 e Bl e e T Swad mER s

institution like the Botamical Survey of India for undertaking detailed botanical
explorations and to dogument systematically this natwral heritage.

Since its inception in the year 1890 the BSI, now under the Ministry of
Environment and Forests, has been rendering & signal service to the nation
through its intensive and extenmsive surveys and faxoncmic studies of India‘
floristic wealth. ‘The survey work has alse unearthed much information on less
undersiaod forest Wealth. This has augmented greatly the information base of
owr wild plant genetic domain so essential for ressarch in agriculture,
horticniture, economic botany, medicinal plants, ecosystems dynamics and

Prwrmseradioee  ad' ok i ym FPan mrodmremahla Aol TW T

bl L R LA TR !.HI.“I.I.'II.I. TSI G5 191 SSiRinADG Wi VL LN IRE, Umﬂlﬂns an
induatrinl location and infrastructare development are shaped by the wark of the
BSI on endangered plant species, threatened habitats and fragile ecosystems.

P am glad that BSI's recontly launched programme on the preparation of
new 'Flora of India’ volumes is progressing steadily with five volumes published
stnce 1993 besides the 22 fascicles of ﬂ.'ll.'- Flora of India with taxonomic
revisionary studies. These studics have won international acclaim. | am confident
that these two volumes will prave to be of high reference walue to students,

researobers and project planners and usefu! in evaluating the status of our ﬂnra
and congervation needs,

I congratalate the Director, BSI, the authors and the sditors for their efforts

in bringing ont thess volumes.

(N.R. Krishnan)

v



Preface

Since the publication of the Flora of British India and the subsequent
regional floras, scveral botamical explorations have been undertaken in different
parts of India and publications describing the forests, vegotation types, foristic
characteristics {in many cases with detailed lists of floral elements) of many
botanically less understood parts in the ¢conntry Lave been published especially
after the stepping up of botanical exploratory activities by the reorganised
Botanical Survey of India in the year 1954, This activity contributed vasfly to
our better understanding of the vegetation, forest types and floristics and hes also
Ereatly enriched the Indian herbaria with botanical specimens from several
remofe areas and regions of the country which were botanically poorly lmown
in the past enabling the BSE io bring out several state and district floras or of
floristically significant areas. The data collected on different aspects relating to
the natural vegetation and certain man-made changes in the vegetation patterns
particularly during the last one hundred years have necessitated to make sujtable
amendments to our knowledge on the forest types, phytogeography. endemism
on one hand and on the pgradual loss of pristing vegetation, habatats and certain
floristic clements of sigaificance on the other. This onriched data bank has paved
the way to undertake the revision of Flora of India in a new format, Since 1978,
the Botanical Survey of India has drawn up plans to bring out revisionary
accounts of the flowering plant families and this effort has resulted in the
publication of 22 Fascicles of Flora of India and 5 volumes of the revised
Naticnal Flora till date, It is thought appropriate and necessary to describe
different salient aspects pertaining to the Indian floristic richness in different
Phytogeoraphical zoncs in a manner more porceptible and understandable to
botanists, forestrs, ecologists, conservationmists, ethnobotanists, and others
interested in our wild plants through several suitably captioned chapters with a
view to present an overall panorama of the Indian foristic estate in 2 book -
Flora of India - Introductary Volume. In_all sbout 30 different chapicrs
describing the prime vegetalion types in different pyvingecgraphical and
ecological systems; ccozomes; endemism, centres of plamt diversity ang
phytogeopgraphical affinities; exotics; ethnobotanical, medivinal and plants of
economic value; plant based industries; wild relatives of cultivated plants: wild
plants of horticultural significance;, endangered plants, habitats and their
conservation; protected area network; botanic gardens, and the statistical analvsis
of flowering plants in Indian flera have been considered for this mlume.'

{vi)



Accordingly, cxpertise for writing thesc chapters has becn hamessed both
from within the Botanical survey of India and cutside crganisations, and every
pessible effort has been made to render them coherent and readable. 1t is hoped
that the collective knowledge in this volume being presented in two parts not
only gives an overview of the fiora of India but also highlights the mast important
aspect of action viz., conservation of plant diversity and arcas needing wrgent
achion.

In the conrse of preparation of this vobaome, the suthars and the cditors
have received great encouragement and valuable suggestions from the Programme
Advisory Committee for BSI, several semjor botamsts i the coantry and the
former Directars of the Boianical Survey of India, from the Secretary, Ministry
of Environment ang Forests, Government of India and several scientists working
in the BSI, which 1¢ deeply appreciated and placed on record.

Any suggestions for improvement of the conients of this volume are

welcome.
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((r. V. 5. Murthy, P. Venu & M. Sanjappa)

India lics hetween Latindes §°4' and 37°6° North and between Longitudos
68°7' and 97° 25" Eust. i lies entirely 1o the north of the Equator with a greater
are2 in the subtropical zonc. The country occupies the Jargest Peninsuls of (he
continenl of Asta and measures 3219 km from north 1o south and about 2977 km

. ut 13, kn while the coast-line is
of 7516.6 km. It includes the mainland's coast-line a5 well as that of the lndian
Islands. It s the seventh largest country in the world with un area of 32.87.263
5q. ki, With regard o natural boundanies, the Great Wali of the Himalayas figs
in the north. The Thar Deserl of Rajusthan stretches across ils north-west. In the
Sﬂuﬂ‘l it narrows down to form the great Indian Peninsula which ends up in the
HHian ocean with Lape Comorin {Kanyakamari) at jts southern-most lp. Bay of
Bengal lies in the eastern side of Peninsula wherein lie the Andaman and Nicobar
Islands. On the West is the Arabian soa with mother #roup of Islands called the
Lakshadweep. (Laccadive and Minicoy Islands). These islands are parts of the
Indian territory. In the eust, the country is scparated [rom Myanmar by long
mountaim ranges in north-south direction. The countries that touch India’s border
from west to east arc Pakistan, Afghanistan, Nepal, Bhutan, China, Tibet

Bangladesh and Myanmur (Anonymous, 1992 ; Singh, 1971).

Physiographically, India can be divided into three major divisions (a) the
Peninsula, (b) the Extra Pemnsula and (c) the North Indian Alluvial Tlains,
{Map 1)

T eevmdicndt _pmafmas bho DMlacdesieelor 5 a3 #esccsrastlo e mlntoaoan e laeas] b s Wainedhe oo,
Mlp“uwl‘wwﬁr LI [ - HLldIablla Ao | “l“llEmﬂl IIIH“-’““ R EERT =) R ] U‘T By W IIIU.IIJ'..:LH_

ranges in the north, The Extra-Peninsula at the northern extremity of the country
constitules the lofty Himalayan and other momitains. The third divigion, the
Aliuvial Plains exist in between the Peninsula and the Extra-Peninsula, Comprising:
extensive plains of Assaml, West Benpal, Bihar, Uttsr Pradesh and Punjab,

Stratigraphically, the Peninsula constitotes rocks of different ape groups.
Majorly, it is made of very ancient rocks of Archagan and Precambrian proups,
Some of these Archaen rocks gol metanwephiosed o varying deprees. Besides,
there exists the Deccan Traps and the Rajamahal lava flows of Jurassic and Focrne
ages of Mesozoic and Coenozoic proup. Post Cambrian sedimentary formalions
als0 occur in the Gondwana basins and occasionally along the coastal wacts of
the Peninsular Shield, On the other hand, in the Extra-Peningular divisien, Franitic
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Map 1. Indis - Physiography.
( Source : Based upon Survey of India permission Surveyor General of India. Territorial
mimwhhmh:mmuﬁq:ﬂ-ﬂﬂhmﬁm
base line. Copy right Government of India, 1991 ).
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rcks of Tertiary age oceur in the core of Himalaya. Feldspur and quartz are

esscutial fninerals. Toe Imio-Gangetic alluvial plains formed iu the quaternary
era and are made of sand, clay and peat beds.

From the Physiographic point of view, the Peninsula represents ancicnt table-
land and the major part of it was eroded since its formation. The mountaing in
the castern and westem coasts are the remnants of the ancient platean. Sahyadris
(The Western Ghats) are the major ranges in the Western coast. The Eastern Ghats
are composed of a saries of discoanected ranges all along the Eastern coast from
Orissa down 10 the Nilgiris where they meet the Western Ghats (Mukezjee, 1990),

The Peninsols

The Peninsular Platean is highest in the south and west and slopes ¢astwards.
Large areas in the south exceed 600 m in elevation and sometimes even 900 m
The Western Ghats rise abruptly from the coastal plains to an averge height of
1200 my, and run parallel o the sea coast so they afe known as Sahyadri meaning
"facing the sea." Ini the northern half of the Western Ghats starid two high peaks -
Knlzubai 1646 mand Saiher 1567 oL Mahabaleshwar, a hill station in Maharashiry
lies at a height of 1438 m_ There are many gaps and passes in the Western Ghats,
the yaost inwortant are the Thalghat axxd the Bhorghat, They connest the fisterior
of the Deccan with Bombay (now Mumbai). The railway lines proceeding from
Bombay to Nasik and Pune go via the Thaighat and the Bhorghat respectively.

The Eastern edge is mmch broken and is known the Eastern Ghass. The Euastern
Ghatg stretch from the Mahanadi river valley up to the Nilpiris and form the
casten fringe of the dissected plateau. They have an average height of 450 m
amd rarely exceed 1200 m. Mahendragiri Peak in Orissa is 1500 m high, They
dizappear for about 150 km between Godavari and the Krishna Vallevs. Near the
southern end and to the east of the Eastern Ghats are some isolated hills:
Billgirirangan Hills, the 'Shevaroy' (Sherevruyans) and the Jovadi Hillg,

The Eastern and Western Ghéts meet in south of Mysore and form the lofiy
plateau of the Migiri. The Nilgiri have in them two of the highest peaks, Dogaberg
(2637 m) and Makurti (2554 m}, To the south of the Nilgiri are the Anamaia;
Cardamom and Paisi Hills. The Angimudi in the Anamalai hifls is the highest
pesk in Peninsutar India, being 2095 m high. The Palghat Gap lies to the south
of the Nilgiris and is about 24 km wide. It forms an easy passsge across the
Western Ghats. The Cardamorn Hills constitute the divide between the aast ang
west coasts. The Peninsular Plaeas is flanked by a narrow coastal sirip on the
west and by a much hroader coastal area on the east,

Inn the north some lings of mountaing rise above the peneral swrface of the
plateau from the west to ihe cast. It begins from the Aravalli Hills in the north.
west. The Aravallis have an average height of 1500 m and are the remnanty
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of i much bigger mnountain range, (e Sikhar or Mowni Abu is the highest peak
in them {1722 m) and is an exceilent hill station. Purther south between the
Aravallis and the Vindhyas lies the Mahwa Platean, Then follow almost paralle!
ranges of the Vindiiyas and the Safpurgs, The YVindhyas catend in gn east-west
direction for ahout 1000 km with an average stevation of 300 m. They form the
novthert bonmdary of the Deccan platead. The plateau slopes northward from
Viaudhya Range gradually into the Indo-Gangetic Plaing of North-lndia but in
north-west, the Aravalli Range interrupts the siope.

In the north-east of the Peninsula is the Chhiota Nagpur Piateau made famous

for its rich mineral denogits Therg sre toma minrw ranose in tha northarm paet
E a = | - Fr = r"l"“"-'_"'- o= - - R R Ry EhRLLAL E L_lb“u EEE RN AALWFL LARWSAAL t"’"“l

of the Peninsula. They are the Rajmahal in  Bibar, Mahadee Hills and Maikala

range in the Madhya Pradesh and the Ajgara and Sarmala Hifls in Maharashtra,

The Deccan Plateau is the largest plateau in India, covering an area of about
T[I],I:H:ﬂsqkm_ Itbegins from the Vindhyas and has an avmgebﬂshtﬂfahWI
o) m, It is higher in the west and south than in the east and north. The norih-
western part is called the "Deccan Trap " The northern half forms the Plateag
of Maharashtra and towards the south lies the Mysore Plateak with an average
elevation of 600 m. Numerous streams and rivers carved deep valleys and made
the Deccan platean a dissectad one.

The Penineala is a compact matwral umit of geo-morphological and

[T Ny Jy — T Té in ~nmoidossd that o 1 ie moraly a melic nf a much
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larger landmass, the major pant of which now lies concealed under the a]luwum
of the northern plains and thrugt wnder the high Himalaya and Tibet. Paris of the
Peninsula appear also in detached blocks, both in the extreme north-east and i

the north-west.

[ ) .

[m nortierm DD]]I}EIEI'}’ 1 e I"UILi.lI.Hl.I.ldI DII'_LK 18 gﬂ-ﬂﬂl’ﬂll‘j aei ii.ll'.II.'I,g an
imaginary line extending from Kutch over the.western flank of the Aravalli Rangag
to within the environs of Dedhi, and then eastwards nearly parallel (o the rivm
Yanmmna and Gangs, as far as the Rajmahal Hills and curving south o the wegt
of the Delta of Ganges in Bengal. The Peninsular Platean covers 1. the Westerg
Ghats, including Coorg; 2. the Southern Riock of the Nilgirl, Anamalat and the
Cardamom Hiils; 3. the Deccan Lavas; 4, Karnataka or southern Bombay, Decean,
and Mysore; 5. the upper Mahanadi and the adjacent basins (the Waingangs
Valley, Chhatisgar, the Upper Brahmani and the Jamshedpur Gap); 6. Telangany
or the south east Hyderabad and the Madras Deccan; 7. Anantapur-Chittor Baging
andd 8. the Eastern Hills of Orizsss and Bastar, the Cuddapah ranges and valleys
(Mani, 1974),
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The Extra-Peninsula

It extends for about 2500 km from the eastern extremity of Arunachal Pradesh

e L oBoe 7 __ 44 e P il Ay 4~ A0 1.

1o RKashinir with an average breadth in the west vatying from 240 to 320 km.
It consists of the Hindukush, the Karakoram and the Himalaya. The Himalaya
can be dmded into fuu:r zunes The Siwahk Zaue fomlmg the foot lnlls of the

Hima!ayan Zoue has an ave:rage he1ght nf 3050 m and is about 65 to 80 km in
width. The Great Himalaya or the Central Himalaya comprises high stiow-capped
peaks rising above 4570 m. North of this is the Trans-Himalayan Zone which
ultimately merges with the Tibetan plateau.

North Indian Plains

and i8 dram.ed by the three major river systems namely. the Indus the Ganges
and the Brahmaputra, It is the most fertile part of the country suitéd for agriculture.
The Northern Plains can be divided into many sub-divisions.

The Upper Ganga region represents the states of Uttar Pradesh and Delhi.
The soil is fertile but the average rainfall is less than 100 cm.

The state of Bihar represents the Middie Ganga Valley. This is an
intermediate zone. The Western half has an average rainfall of 100 cm while

the eastern part receives about 150 cm.

The Lower Ganga Valley forms the state of West Bengal. This is a wet region
with over 200 cm rainfall.

The Brahmaputra Valley in Assam has more than 200 cm of rain fall. However
in the region of Garo, Khasi and Jaintia Hills, the rainfall is far higher.

The Punjab Plain is part of Upper Indus Valley. It is nearly dry area.

The Thar desert begins roughly from southern edge of the Punjab and
continues through north-western Rajasthan up to the Aravalli range. It is a fairly
flat region with general elevation varying between 150 and 300 m (Charles, 1975).

RIVER SYSTEMS AND LAKES

A portion of earth's water is found to evaporate inio atmosphere and returns
to the earth surface in the form of rain and snow. The water that reaches the surface
of the earth follow two pathways. Some portion percolates through the pore-spaces

in tha enile and rwlke in form underoround water the remainino ot Flverren
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down along the slopes of the hills and valleys and give rise to the streams and
river systems which constituie (he so called ruaming water.

A river's source is the place a1 which it begins 1o flow. The source may be
in the melt waters of a glacier or in a lake or in a spring or i1 a region of steady
rainfall. Rivers penerally have their origin in the hiphlands and they traverse in
swccession throagh the hilly tracts and the plains. Along the fringes of the plains
the rivers usoally end in the sea, somtimes in a lake, The place where the river
ends is called river's mouth, The course of any civer can, therefors, be broadly
divided into three sections. Initiafly, a river flows thmugh the hills and along the
converging siopes of the valicys (0 Teach ihe piains and this pari is described as
the upper part of the river. The flow of a river through the plains constitzte the
middle part and the third part of éhe cowrse commences a bit off from the mouth
of the river. The three sections Of the course of any river may vary in lenpth
depending upon the physical features of the country and the paths followed by
the river comcerned.

In the upper part of a river, the process of erosion becimes very COnspicuoms
in excavating or downcutting the valley-flocr, At this stage it flows through 3
narrow and deep valiey which is known as a porge of canyon. Where ihe gradiens
of the valley floor is suddanly steep the waterfalls of rapids are formed, In the
middle and lowst portions the gradient of the valley-floor is pnch less, so itg
power of etosion and the velocily of nmning water is reduced and depesition now
becomes active. The rivers move in zig-zag paths and form curvatores which are
known 88 meanders or koops, During flocds, the ruoning water may cut straight
thrcraghs & meander and follow a short course, ebandoning its previous rowmd atkmgt
tract, Such abandoned meanders containing some amaoent of confined water, giva
tise to horse-shoe or ox-bow lakes.

The products of erogion, such 38 boulders, pebbles, fine sand, silt, clay and
soluble constituents are transported downstream atongwith the flow of the river,
These constitote its fogd, Deposition of this ioad commences when it enters the
plains and continues to increase as it Aows towards the sea. Deposits thus formug
along the course of a river arg known as fluvial deposits. Such deposits form a
paw landmass et the mouth of the river, known as defia. Deltas commonly prow
with tirpe snd praduabty extend towards the sea. They are therefore, luwl}ring
land-masgey and are swampy in nalure.

The ares drained by a river and its wributarigs is known as Rver fasin and
its boundary is formed by the crest line of the surrounding highland. This boundary
forms the main watershed of the basin (Muketjee, 1990).

There are three main waterzheds in India. (1) Himalayan in North India, (2)
Vinciyan and Satpura ranges in Central India and (3) Sahyadri or Western Ghatg

im tha Wﬂ-ﬂ .r‘n.-u-l .ﬂ. n llu: R n.-un.u-u.nl-n mone n-l*ﬂ“'ll'-hf f‘l"' "!ullvl'ﬂ ml‘n—-h- -
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{ Souree : fadie - A Ragional Geagraphy, R L. Singh, 1971}
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{Map 2). There are 113 river basing (12 major river basing, 46 medium river basins
and 55 minor river basing} with a total catchment area of 3,17 million sq. km.
{(Anonymous, 1994). These river systesns run fo a iotal length of over a 45,000
km and are estimated to carry 1,683,000 million cubic meters of water per year
and in the process they do a lot of geological! work. The north-Indian Plain is

tha sraatirom nf I'I'I.n Iﬂi"'l'lﬂ 'l'llin (Ionoa and the Hrohmaraites s3vars Tha Haet { oot
Mt Wl L PR MRRUAEY, LW A ddlipe died Uine SFIaiiHEPRAIG I3vL0EE. Ok Dagh Alaidl

delias are the handiwork of Mahanadi, Godavard, Krishna, Kauvery and Pennar
TIVEES.

The rivers of India Fall into 6wo natural major groups viz. (1) Extra-Peninsular
rivets {The Himalayan rivers), (2} The Peningular rivers. The Himalayan rivers
and the Peninsulac rivers drain 70% and 30% of water dischatge respectivery,
The perennial rivers such as the Indus, the Ganga and ihe Brahmaputra are fed
by the mountain springs or glaciets, whereas the torrential rivers depend on the
MONSNON raing,

Extra-Peninsular rivers (Fimalayan rivers)

Himalayas are drained by ninciecen major rivers, of which the Indus, the
Ganga and the Brahmaputra are the Jargest and most important. OF these ninetesn
rivers, six betong to the Indus eystesn  Indus, Jhelum, Chenab, Ravi, Beds and
Sutlef ; 9 belong to Ganges system - Ganga, Yamuna, Ramganga, Kali (Sarda),
Karnall, Rapti, Gandak, Baghmati and Kosi; 4 belong to Brahmapuira system -
Brahmaputra {Tsangpo), Tista, Raidak and Manags. The rivers of the Indus sysiem
follow north-westetly course, while Ganges Brahmaputra systems flow easterly

COUrse,

The river Indus (Sanskrit Sindhu) is one of the great rivers of the world ang
is abowt 3000 km long. Historically, it is from this river that India gets its name
and also the land of Hindus (Hiver Hindy a Persian vession for Sind#ix). The Indug
riges about 100 km north of Manasarowar at an elevation of 5182 m in Tibet
Platean and flows north - west through Tibet before entering Kashmir, After
flowing for about 290 km paralet to the north of Ladakh range, it furms south
through this range and flows for about 480 km along souhern flank of the range,
Then it flows through the Sinxl province of Pakistan amxl forms a delia before
entering the Arabian sea. It hag five main (ributaries an its keft bank {(eastern side),
namely thefum (Sunskrit Vitasta), Chesab (Sanskrit Askin{), Ravi (Sanekzit
frawatl), Beas (Sanskrit Vipasha) and Sutlej {Sanskrit Safadry). Between oach of

the tributarics there iz 4 fertile plain,

The river Sutlej has its source deep in the Himalayas at an clevation of 4630
m in the springs aear Dulchu Gompa in the Tibot. First it flows in a northwesterly
course along the southern slopes of the Kailas Range, then tums southwest and
enters the plains of North India near Rupar in Punjab, It flows through Indian
tetritory for a large part of its course, gathers many tributaries and then flows
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into Pakistan. The river Beas traverses through Kulu and Kangra Valleys and joits
the Sutlej. The Jhelum rises in the Verinag Spring, at the bottom of the Pir Panjal
Range in Kashmir. It is joined by the river Chenab, formed by the confluence
of the Chandra and Bagha, rises in Lahul-Spiti and flows through Jammu and

AN RS LW = T

Kashmir, It joins the river Sutlei after receiving the water of Ravi,
The Ganga is the most important river and is about 2480 km long, Its basin

drains one fourths of the country's area. The Ganga originates in the Himalaya
at a height of 6000 m in the Gangotri glacier from a little ice cave, Gormukh,
Thereafter, it flows in a westerly direction for about 30 km before turning
southwards. There are five streams as the source of the river Ganiga viz,, the
Bhagirathi, Alaknanda, Mandakini, Dhauli-Ganga and the Pindari, The Bhagirathi
is considered as the main source stream of the Ganga. The main tributory,
Alaknanda rises from the glaceirs Bhagirath Kharak and Santopanth of the

ﬁ'ltl'l'llrl\nmhn Alnmnil mond e alimeva thao Dardsinath Tha Afondoledad sians fem
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the Chorbari Glacier near Kedarnath and joins the Alakananda at Rudraprayag,

The Dhauli-Ganga joins Alaknanda at Vishnuprayag. The Pindari rises in the
Pindari Giacier and joins Alaknanda at Karnaprayag. The river Bhagirathi and
the combined waters of Alaknanda and its ributaries join at Devprayag to form
the river Ganga. Then the river Ganga passes through the Siwalik mountains and
enters the plaing at Haridwar. Then it broadens out and flows southeast. Many
tributaries join the Ganga on its course through the plain. The Yamuna, and Son
Join the Ganga on its right bank, while the Ramganga, Gomti, Ghaghara, Gandak,

arnd Fnod s amdwiniee e ihn lafk hanl A1l thaoo tiharbarisas sins v the oo oo _n
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the Himalayas. However, the Chambal and Betwa, the tributaries of Yamuns and
Son rise in the hills on the edge of the plateau. Near Bhagalpur, the Ganga bends
round the Rajmahal hills and flows south. Before joining the Bay of Bengal it
divides itself into many distributaries forming a large delta. The Hooghly is a
famous distributary which forms the western river mouth, The rivers Damodar,
and Rupnarain joins Hooghly before it flows into sea. The main channel flows
in a southeasterly direction through Bangladesh where it meets the Brahmaputra
{(Jarmmna). The combined Ganga-Brahmaputra river is known as Padma till it joins
the tributary Meghna. After that it is known as Meghna and flows into Bay of
Bengal. The northern part of Ganga delta is rich and fertile, where as the southern
part is swampy, saline and coversd by Marshy forests known as Sunderbans.,

The river Yamuna originates from Yamunotri Glacier on the Western slopes
of the mount Bandarpunch (6387 m). Afler traversing a distance of 172 km, it
enters the plains near Tajewala in Haryana and travelling further 1200 km up to
the confluence with Ganga at Allahabad. It is fed by Peninsular rivers viz.,
Chambal, Betwa, Sind and Ken,

The river Srahmaputra rises in a glacier about 100 km south-east of
Manasarowar. It runs eastward for about 1250 km through Tibet, where it is known

ue Teamonn Than it hrne ennthward and flowe intn India saitine thrraini b
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deep porpes in the Himalayas in Arunachal Pradesh; this part of the river is
xnown as Dihang or Siang, It eaters the Assam Valley a¢ Sandiya where it is joined
by the rivers Dibang (ot Sikang) and Lokt t0 become Brahmaputra and courses
down the Assam Valley, The main tributaries on the right bank are Subarsiz,
Baroli, Manas and North Dhansiri, while on the left bank there are Burt, Dibang,
Lohit, Sputh Dhansiri and Teesta. The Brahmaputra flows through Assam for
about 800 km, then tarns towards south and enters Bangladesh to join the Ganga,
Inn Bangladesh it is known by many names chiring its course towards sea, In the
upper reaches, from Dhubil {India) to Goalundo (Bangtadesh} it is known a5 the
Jamurnag ;. near Goahoado it joins the Ganga and the combined river is known as
the Padma up to the confluence of the river Meghng, Finally, the combined waters
of Ganga Brahmaputra Meghna flow into the Bay of Bengal as Meghna,

The Peninsatar Rivers
These are three systems of dratnage in the Peninsular platean :

(1) The rivers Chambal, Sind, Betwa and Son rise to the nocth of Vindhya
mountains and flow north to join Ganga (2} The rivers Mahanradi, Godavari,
Krishana, Kawvery, Perner, Polar and Vaipal flow eastward into the Bay of
Bengal (3} The Luni, Sabarmati, Mahi, Narmada and Tapti rivers flow westward
into the Arabtan sea. The Central India bas a typical radial drainage pattern : it
has north flowing rivers the Chambal, Betwa and Son, the east flowing Damodar,
Ajav, Subarnarekha, and Mohanadi and its tcibutaries, the scuth flowing
Wainganga, Wardha (tributaries of the Godavari} and the west flowing Narmadg
andl Tapii, The south Indizn rivers and their tritmtaries rise on the siopes of the
Western (ihats,

The Peninsular tivers are entirely fed by monsoon and often more or kess dry
in summer. Two groups of Peninmualar rivers are recognised. 1) the coastal rivers
and 2} the inland rivers, The coastal rivers are relatively small streams hardly
90 kmn in length, sand there are over six hundred on the west coast from Gujarat
it the north o Kanyakumari in the south. They drain the westemn side of the
Western Ghats, pass through narrow plaing and flow into the Arabian sea. The
inland rivers include the west flowing Normada and Tapii the east flowing
Muahanadi, Godavari, Krishna and Kauvery. The east - flowing inland rivers have
wide and fan-shaped catchment areas and have extensive deltaic deposits. The
westem rivers flow hetween the mountain ridpes, hence their catchment areas are
clongate and marrow and lack, delia formation at their mouths.

(1) Rivers flowing towards west :

The river Luni ociginates at Ana Sapar at Ajmer and flows through Rajasthan
towards the south west into Arabian sez. It is a seasonal river which receives
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a tributary from Pushkar Valley and from the Western slope of Aravalli range.
The river Sabarmati is one of the major rivers flowing westward, originating
from Aravalli hills in Rajasthan. It enters Gujarat traversing a distance of 372
km ang finally flows into the Guif of Cambay. Iis tributaries are Hatmari and
Mesha. The river Mahi originates in the Madhya Pradesh and flows through
Rajasthan and Gujarat and drains into Gulf of Cambay. Its tributary the river Aras

also rises in Madhya Pradesh.

‘The river Narmada is the longest west flowing river and the fifth largest river
in India. It traverses a distance of about 1300 km. It rises on the Amarkantak
Plateau from a spring at a height of about 1060 m on the Maikal Hills. At
Bheraghat it falls down from a height of 15 m forming the Marble Falls. Its basin
in Madhya Pradesh is one of the most fertile areas of the country.- After the Marble
Falls it flows through a gorge and finally enters the Guif of Cambay.

The river Tapii rises on the Satpura range at Multai of Betul district of Madhya
Pradesh and flows between the Satpura and Ajantha hills, from north to south,
tlear Bhushawal it turns towards west and flows into the Arabian sea, west of

Surat. The Purna, Girna and the Panjharg are its tributaries. The Tapti bagin

covers a large area in Madhya Pradesh, Maharashtra and Gujarat. It is the second
targest river draining westward of the Peninsula.

The river Sharavasl in Kamataka though small, is famous for the Gersoppa
or Jog Falls in the Western Ghats. During the monsoon these falls could be
considered one of the world's greatest waterfalls. But like all other rivers of the
Deccan, it has very littie water in the dry season.

There are more than 40 rivers with their tributaries originating from the
western slopes of the Western Ghats and cutting across Kerala plains to join the
Argbian sea. Bharathapuza (Ponnani) river the longest originates from Anamalaj
Hills The river Periyar the second longest in Kerala originates from Sabarimala
Hills.

2. Rivers flowing towards east ;

I o+
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he Tiver sugarngrekha originates from a place near south east of Ranchi
in Bihar. It traverses about 450 kms through Bihar, Orissa and West Bengal and
finally to join Bay of Bengal,

The river Mahanady basin is the third biggest basin in the Peninsula and fourth
in India. It has its source in the Maikal Hills in Madhya Pradesh and flows east,
through the state of Orissa. The river flows through the Eastern Ghats in a gorge
65 km and enters the Bay of Bengal east of Cuttack, forming an enormous delta
in Orissa. The important tributaries are Te! and Seonath rise in the Chhota Nagpur
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‘The (rodavari is the largest river of the Deccan and second largest river basin
in India. Its bagin covers 1058 of the total area of India. It has its source near
Trirthak in the Nasik district of Maharashtra. 7t flows tirough a deep porpe in
the ‘Western Ghats befors reaching Nasik City. It crosses Maharashira, then er:ters
ﬂlﬂ Tﬂlang:ma rﬂgiun in Andhra Pradesh Its tril:rutarie:s are Dama, vaara,

river Gudmran culs across the Fastern Ghats in a gorge md reaches the Bay of
Bengal furming a la;rgt: delta, ecast of Rajamundary in Andhra Pradesh. The
tributaries Indiravaii, Kelab and Stfern drain the districts Ganjam and Kora

of Orissa. The Wanpanga rises near Seoni town in Madhya Pradesh and flows

a distance of about 240 km io join (he (Godavari in Maharashira,

The river Krishaz is the third larpest in India and second largest in the
Peninsula. It rises in the Mahabaleshwar Hills in Mahirashtra and flows south
and southeast. I1s main fributaries are Kovaa, Bhima, Tungabhadra, Varna,
Panchaganga, Dudhganga and Vedavali, Afler raversing a length of 1400 kn
through the states of Maharasira, North Karnataka, and Andhra Pradesh, it drains
into the Bay of Bengal forming a large delta near Vijayawadz in Andhra Pradesh.

The river Kawvery originates at 1320 m on the eastern edge of the Western
Ghats near Mercara in Karnataka. It flows Bast crossine the Ghats. There are
several rapids and water falls in #ts course, Al Shivasamudram it phunges from
a height of 100 m formmg (he Famous Shivasamudram Fails, Then it enters Tamil
Nadu and reaches the Bay of Bengal by way of a large delta. The tiver travels
710 km of which 310 km are in Karnataka and 460 km in Tamil Nadu. It starts
dividing near Srirangam, The river KoMidam is a well kmown distributary,

There are many other smaller rivess along the E:-i_st coast. The well known
are Rushikulva, Burabalonga, Brahmani and Vaitaral in the north, in Orissa ; in
the far south the Furmmyar Palar, Vaigai, Chittar and Tomrapariai in Tam)

Woad: Thn efrras frpm e noeed fbe tribaitariog Irmrprgmnr theo r'nnﬂn.lhum rarinn mu-m
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the Thambraparni river noriheasi of Tirunelveli. II, takes southeastarty course of
about 115 km to empty itself into Gulf of Mannar, The Chittar has several ‘falls”
at the descent to the plains of Tenkasi, known as Courtallum Falls.

Lakes and Swamps

Lnme ri.nﬂfnn-mnﬂc an the langd cyrts wa S T0ad exn greith wratpe
SOME (e PSRy L1 2N suriace which, when filled up ¥ Wil dre

described as lakes. Lakes commonly occur above the mean sea level and the basing
always have ther boltoms below the water tyhle.

Fluvial erosion and deposition often cause the formation of lakes along river
vaileys. Thete are 3 nuraher of such smail lakes in the Gangelic delta of Wegi
Bengal and in Kashmir. In hilly iracts, some lakes are formed due (o landslides



1996 PHYSIOGRAPHY i3

;Ilnng or across the course of rivers. Such lakes are known as rock - fall basins.
yome smaller lakes in Centrai India and ine (raing fake in Garhwal are said to
have heen formed due to landslides. Deposition of sand away from the seashore,
some times cuts off a portion of the sea to form saline lakes. The lakes Puficar
and Chilka, along the eastern coast of India, are of such origin. Lakes are also
formed due to glacial erosion and deposition. The moving ice masses often

excnvatetheﬂmrufthelrvaﬂeys andfurmalaketheredlmngthepostglamal

Kounsernag,

W.shnusar, Tarsar and Gangabaler are of glaolal ungm.
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The larger lakes are also fed by streams andnverswhlchcirainmthem

In the humid climatic regions, lakes with inlet and outlet can maintain a
regular circulation of water and continue to remain fresh all through, Such takes
are known as freshwater lakes. In warm and dry regions, the process of
evaporation on the surface of water bodies may lead to complete or partial
desiccation of the lakes and also brings about concentration of the dissolved
minerals occuring within the water bodies. Such lakes become saline in nature.
aud depending on the salts present are described as salt lakes, alkaline lakes, bitter
lakes, borax lakes etc. Salt lakes contain a greater proportion of Sodium Chloride
while alkaline lakes have a greater concentration of carbonates of Sodium and
Potassium. Bitter lakes contain more Sodium sulphate.

Those lakes lying along the river valleys act as natural reservoirs and
effectively control the discharge of water further downstream and floods.
Commparatively larger lakes play some role in controlling the local climatic

m‘h“llﬂnrlﬂ nﬂ:l A nl hmBaita orncnrnd Fio n-rn“n.n o ol et AL
RALIL A FUVIW lml l.m.l..l'll-ﬂ-l I-m ﬁuum Dlm BN WAL LFLALILY ALl I.Ilﬂll'

remaing are preserved as fossils in the lake sediments.

India by its unique geographical position with varied terrain and climatic
condluonsrangmgﬁommemldmdofudakhmﬂmwarmmdofRajasthm
has many lakes in addition to major river systems. Some important lakes of Indiy
are : Pangong Tso, Tso Morari (Ladakh) ; Dal lake, Wullar (Jammu & Kashmir) ;
Harike, Kanfli (Punjab) ; Sambahar, Pichola, Pachpadra, Lunkargnsar
{Rajasthan) ; Nalsarovar [uujarat) Renuka (Himachal Pradesh) ; Nainital, Bhim
Tal (Uttar Pradesh) ; Kabartal (Bihar) ; Bhoj (Madhya Pradesh) ; Lonar, Uini
(Maharashtra) ; Chilka (Orissa ) ; Kolleru, Pulicat (Andhra Pradesh) ; Asthamudi
Sasthamkotta, Vembanad (Kerala) ; chho Lhamo, Gurudongmar Chho (Sikkim)
and Loktak (Manipur). (Chatrath, 1992 ; W.W.F. India, 1992). Physical features
of some important lakes are given below,

Wuilar lake is the larpest and deepest fresh water lake in the JThelurn Valiey
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in Kashmir. It absorbs the flood waters of the river Jhelum. Its area is 173 8q
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km, Dat lake is another fresh water lake in Kashmir situased near Srinagar, It

is about 12 sq km and has a catchment area of about 300 sq km. It is fed by
Dachipam and Telbal streams.

Harike lake is a ghallow reservoir located at the confluence of Beas and Sutle;
rivers. it has an area of 28 sq km. ‘The Jake was developed (man made) due to
construction of Hatike barrape in Punjab.

Sambakar take is the most important salt lake in Rajasthan. It has an area
of 234 sq km. during rainy season with a depth of about 1 meter.

Longr lake in Maharashtra is a saline deep crater lake m the district Buldana.
The lake is about 100 meter depth and 2 km ig diameter,

Vembanad lake in Alleppey is the largest brakish - water lake in Kerala.
While Asthamudi lake is the deepest one, The Sashfiamkotta lake iz the only
natural fresh water body in Kerala,

Chitkq lake in Orissa is a salt water lake separated from sea by sand banks
anl is the largest salt water lake in India, Its maxitmm length is 64 kms and width
80 km. It is comected to the Bay of Bengal, It receives flood waters from river
Daya and other rivulels.

Kollern lake 1% 3 large fresh water lake situated neat Guidivada in Andhra
Pradesh, It extends over 900 sq km, It has a catchment ared of about 4700 sq
km. A namber of rivulets flow in. The outlet into sea is called Upputeru.

Lokiak \ake is the largest natural lake in eastern India with an area of 289
s$q km and occupies the southern part of Manipur Valley. Impal river and its

—an T nlednls

tributaries flow water directly into LOKSax.

Swamps are low lying lands where the water table has just reached (he land
surface. In swamps the land surface is always sanrated with waler. The
depressions, actually contain waler only during the rainy sgasons, wh:.*:-n the water
table rises to some exteat. Swamps commonly occur along flood - plams qu rivers
and in lowlying sea shores. The salt lake swampy areas in West Bengal tie within

et Mol wlain seed dofin oF fhe finocas e e F B Tand, Wvinpe alomo
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the western coast of Indis known as the Ramn of Kuieh in Gujarat and
Vedaranavam salt swamp in Tami! Nadu constitute the best exm:ples of codsint
swamps. In swamps, vegetation grows in abundance and these are [n the long rn,
converied into layers of partically carbonised plant reraing known 4s Pe:*m. Peat
beds occur in swamps lying in the Glangetic delta are of tow-land Peal, while those
occurring in the Nilgiri hills (Western Ghats) are of high [and.
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Tida! marshes are shailow depressicns along seashores, within which a thin
sheet of saling water enters during the hirh tides. As soon as low tide seis in,

823 water completely recedes from such deperessions. 'The tidal marshes differ from
coastal swamps since no inrush or recession of seawatar takes place in coastal
swamps, during high and low tidss respectively. The hest exampies of the tidal
marshes are Sunderbuns in West Bengal, Bitrakanika ia Urissa, Coringa in Andhra
Pradash, Pichavaram and Point Calimere in Tamil Nadu, Rann of Kutch in Gujaras
and some afong the coast of Andaman and Nicobar Islands.

REFERENCES

Anonyrwus 1992, Indla 1992, ﬂ. refcteﬂne ranial, Ministry of Information and Broag-
Casting, Govt. of India, New Delhi

Ao s T TTasl e o o d Thleenu B b THeoo A lwlotesr af Rrrsierommma "
LR YIRS 1.77%, LWALLGL DY FRAELLFLS | - L ¥ H

India, New Delhi,

Charles ¥. 1975. Cersificate Physical and human peography. General Printers and
Pulishers, Bompay.

Chatrath, K. 1. 8. 1992, Weilands of India, A Singh Publishing Honse, New Dalhi.

o

Mani, M. 8. 190, Ecology and Bicgeography in India. DR. W Junk b. v. Publishes, The
Hague,

Mukerjee, P, K. 1990, A rext book of Geology. The Warld Press Private Ltd. Caleotta
Singh, B. L. 1971, Indie - A regional geography. Bhargava Bhoshan Press, Varanagi.

W.WEF India 1992 India's Wetlands, Mangroves and Coral reefs. Ministty of Povironment
& Porests, Govi. of India, New Delki.



T AT LT AW
duis LN EY LF LuLFAT L

{P. Venu, (3, V., 8. Murthy & M. Sanjappa)

In peneral peological history is mainly construed based on the study of
interrelaticnships between different groups of rocks and the conditions responzible
for their formation. Studies on the sedimentary rock formations include the arder
of the strata, lithology, fossil content and structural characters. While in igneous
and metamorphic tocks, siuctural element, petrogenesis and geochronology form

the important guidelings,

The rock formations constituting the earth crust are of three types ang their
basic features including origin are sunmarised before actual description of the
peclogy of the country.

1. Igneous rocks :

Igneous rocks are the products of consolidation of magmas, the molten
silicates which wnderlie the solid crust of the earth. The underlying magma after

thia Frreriabices of fho ceaet beiee bo tomotrate oo the thim endid cmor ond haoae cneas
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the surface of the earth, In its effort to come out on the earth surface, some of
the magma-tnasses may.be stopped during their upward journey. The igneous

GV s nman shiak rrrasa meevhad dna b thae o Aarneels el o
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the surface of the earth are known as extrusive bodies and the oihers which remain
ag injections within the country-rocks undemneath the surface are known as

i o Adlna Teombesaoar e aan e

mirasive bodies. 1OIUSive TOCK masses may consolidate wither at very preat or
at moderate depths underneath the surface, They are classified into Plutonic rock
bodics of deep seated origin and Hyp-abyssal rocks formed at shallow depths.

2. Metamorphic rocks :

A change in physico-chemical and tectonic conditions commonly upsets the

stability of the pre-¢xisting country rocks and the latter tend to reform themselves
into new rocks stable under the new et of condition:. The chanes or

LA | 51 | vy | o J y oo ey
=3 ALAARMIELLLT LA WILHIET UL L ULt

may l:-e eithn_ar in I'I'I.i.'l‘fﬂl'ill COMPLUSItoN of in texture or in both and under approgriate
conditions, in chemical composition as well. The process which brings about this
rhanos ig Fnnwn oe smeafaomnenhiom oo sbe o Biio oo Ao e e
m.ﬁ.:. B OSARSEL AR Arlddhierpladin aid e ulunmaie producis, iommed gque o
operation of such processes are defined as the matamorphic rocks. Metamorphic
tocks are, therefore, the products of metarmorphism of pre - existing ipneous,
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sedimentary or even metamorphic tocks which had lost their stability and hence
reformed themselves in keeping with the new environment,

3. Sedimentary rocks :

‘The surface of the earth has wvolved through natural agencies apd these
changes involved withering and erosion of hiph lands and consequent deposition
Of the resulting sediments in depressions of the earth surface, These natural
agencies depogited enormous quantities of sediments giving cise to sedimentary
rocks. Thessa constitute -nearly three fourths of the surface of the existing
continents, These thick colurmns of sediments were tuilt over years and somgtimes
these colurmns constitute entire height of the lofty mountains, In each column of
these sedimentary rocks, the lower beds were deposited first and the overlaying
ones in a later stage following a definite chronological order, The Fossils contained

in different lavers of these rocks indicate the nature of the organisms existed
during that period,

The lithvlogical sequence also gives some information on the nanwe of
environment and climate exigted during that period. The entire investigation tries
to read the detailed geologicai history of the earth from the study of rock beits.
The siallest lithoiogicul unit is wrmed bed  and beds of similar characteristics
constitute formation  Sometimes sedimentaty colymns get subjected to very
severe diastrophism. In any column of sediments, constitugnt formations may be
vanfoinable widll one anoiber, Each fonmation should pass iingeiceptibly info ihe
overlaving and the underaying omes. In many cases the successive formations
are found to be related ymconformably.

Strategraphic Units

Diffarent rock formations constituting the sarth's crust may be classified into
gix major groups, ap Archaean of Azoic, b) Precambrian or Proterozoic or
Algonkian, c) Primary or Palacozoic, dy Secondary or Mesozoic, e] Tertiary or
Cenozoic/Cainozoic, ) Quarternary or Recent, Of these, Archean group is the
most ancient cne and the Quarternary i the youngest.

The majr proups are divided into systemys ; each system into series ; each
seried into stages and cach stage into zomes. Corresponding to these divisions
of [ormnations, there are divisions ol geolopical Hme :

Fgrmation Time
Group Era
System Period
Series Epoch
Stage oo Age

Zong —



18 ILORA GF INDLA HNT. YOl ¢

STANDARD GEOLOGICAE, TIME SCALE ( Britannica, 1985}

Era Period Duration of each
of the periods
(In milliong of vears approx.)

Quaternary Holocene or Regent _
Pleisiocene 2.5

Cainozoic or Plincens 4.5
Tertiary Mincene 19.00
T s Talr Tl T A T - IS s 1"
LS fLARE LN | S ) 1Ll i Jn' UIIEUL-E"E 1L.LM)
Eocene 14.00)

Palacocone 11.410

Mesozoic or Secondary Cretaceous 711.00
Jurassic 34,00

Triassic 35.00

Palasozoic or Primary Permiar 55.00
Carboniferous 65.00

Devordan 50.00

Silurian TE LN

SR

Urdevictan 70,00

Cambrizn 70.00

Proterozoic  or Alponkian or

Precambrian Precambrian 1000.00
Azoic or Archaean Archaean 3000.00)

Al} the strategraphic groups and systems have been traced and stadigg Irom
India and are piven in Map 3,
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ARCHAEAN GROUP

The Archaean group reiees w gneisses, schfsis and prgnites, which constinte
the plutform on which all sedimentary [ormations lic, The maximum age
determined s about 3000 million ycars., The schisty and pneivses were formed
due L the melamoerphism of pro-existing 12ncous and sedimentary rocks and are
fuund o have heen traversed by intnmsive igneous hodies of acidic w ultrabasic
composition. In some regions, the Archagans are made up only of scdimentacy
metamorphites or of mixture of para oF ortho schists. Such rocks aré cotmonly
described as Dharwarian rocks. The Archacin rocks are very complex and are
devoid of lossils. In fact no life existed durdng the Archaean rock formation.

Oceurrence aml distributinn ;

The Archaean rocks are well developed in South India, Rajasthan, Madhya
Pradesh. and in the Caslern India in Singhbhum - Gangpur area of Bihar and
Orissa. This group of rocks glse occurs in Eastern Ghat ranges. 1n the Extra
Peminsula, the Archuean rocks oconr along the whole length of Himalayau
mourtaing,

In South India the Archaean rocks are best developed in Karnataka
(carsiwhile Mysore) and Maharashtry, Here they are commonly described g
Dharwar System, [ is made up mainly of schists, gneissss and granites. The
metamorphosed sediments are older in ape than the gncisses and pranites of
igneous origin. In South Maharashira and parts of northern Karnataka these rocky
exhihit the lower prade of metamorphism compared (0 those of southemn

Karnalaka.

The rocks known as Champion gaelss devcloped along (he gastiern bordgr
of the Kolur Schist belt and are characterised by opalascent quartz grains with
groyish tiat. ‘The rocks known a8 Peninsular grefss are widely distributed in
Kamataka and in other parts of South India. They are made of gicisses, pranite
and granodiontes of vACYIng composition, texiere and structure, The Charnockitz,
are widely distribuled in parts of both Fastern and Western Ghal ranges, They
exhibit the characters of both igncous and metamorphic rocks.

The Colseped granites  {Rellary prefss)  are younger in age than the
Charnockites.  They exhibit intrusive relationship with the pre-existing COuntry
rocks. These graniics are coarse-grained with por-phytitic [BXtUre and gre
nccasionally foliated,

In Ceotral India, the Archacan rocks are developed in Bastar, Rajpyr
Sambalpur, Bilaspur, Balaghat, Nagpur, Bhandara, Chhindwara, Tabalpur ang
adjacent areas, In Bastar, the Archasan rocks were made of schists and gneiggog

ol both igneous and sedimentary otigin and Lhese were intruded by igheoys hodjeg
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ol zeidic and basic composition. Mica schists guartzites, phyllites and bandad
hagmalic quariziles and the associated masses of pranites and gneisses occupy

4 vasl area in Rajpur.

In Sambalpur area, hortblends and biotite-schists and gneisses, quartz-schists,
quarizites and igneous bodies of pranite composition constitute the Archaean

rocks.

In northermn Balaghat area, the oldest rocks are descrited as the Sonowani
serigs. ‘This series is made up of mangancse ores, cale. gneisses, crystalline
limestones, quartzites and schists. The Sonawan! series is overlaid by the Chilpi

ghat series. 1t is made of trap rocks, grits, conglomerates, greéen stones ete. Either

nif thoea Artaiso masoeosmoca kaovinog hivrone
RASRLARAENT LLAMEILE R I LOAIAL IR, BELAL LSRRIl

In Bilaspur-Balaghat arza, {he Sonawar! and the Chilpi ghat series are
associatad with granatic rock belonging to three distinet groups. They are made
of schistose biotite gneisses, porphyritic and avgen pneisses and granites
respectively,

In Nagpur-Chindwara atea, the Archacan rocks are highly metarorphosed
and are known as Squsar serier. ‘The rocks of this senes are granlitas, marhles,
schiste etc., which exhibit a regional dip (rwards south of south-somth east. The
whole sequence of rock beds had undergone folding, faulting and shearing and
contain important manganese deposiis.

In Nagpur-Bhandara area, the metarmotphic rocks of Archaean age are made
up of quartziles, dofomites, amphibolites, schists, phyliltes, conglomerates,
ferruginous and manpaniferouws ares and dolerites of ignenus origin.

In Jabalpur, the Archaean rocks are made up of marbles, mica-schists,

phyllites, conglomerates and fermipinous and manpaniferous ore bodies. In
addition, there are some basic igneous rocks which are altered to a great extent,

The Archaean rocks of norhem Singhbhum are separated from those of
Southein Simghbhym by a distinct thrust zone which ig 125 km in lepgth and rups
approximately east-west. Towards the south of this thrust zone, there occurs g
group of unmetamorphosed rocks like conglomerates, sandstones, limestones,
shales, banded-haematite-quartzites efc., which are underlain by the older
metamorphic rocks. The unmetamorphosed group of rocks is associated with hasic
Iavag, The whole sequence of rocks in southern Singhbhuim is traversed by
Jounger ignecus bodies of ultrabasic, basic and acidic composition. In the northem
Smphbhum, the Archacan rocks are made of mica schists, chloriteschists and
hoenblende schists which contain minerals like gamet, staurolite and kyanite. The
metamorphic rocks of northern Singhbhium are known 45 the Ironore seres and
are assoctated with younger granites and gneisses known as Chota Nagpur granife

analen
LT el ],



22 LORA OF INDIA [IN1, VOL. ]

The Archacan rocks harbowr major metalhilerons deposits in Ingia, The Kolar
pold occurs within the Dharwuarian schisis | impottant copper deposits ocour in
Bihar, Rajasthan and Tamul Nadu ; high prade iron enrched in the banded
hematitc-quartzites of Bihar, Onssa and Madhya Pradesh ; other deposits include
those of manganase, chromite, lead-zine, nickel and numerons metalliferous ores.
Mica occurs within the pegruatites ol Rajasthan, Bihar and Andhra Pradesh. Gem
stones of Kashmir, Rajasthan and Tamil Nadu constitute a minor part of the
mineral wealth of the Archaean group of rocks in [ndia.

PRECAMEBRIAN GROUP

The Archaean rocks after their furmaton were subjected © diastrophism,
erosion and denudation resulting in what is known us Eparchaean Unconformity,
The r’lt:-Ld.lllLlllil.ll II-A-I\:I Ii-l-' ﬂm?ﬂ Llll‘l- UNCII J..ll_]]'lll_'ll."l,- dlll.,l. ATE Tlu"ll'"El-J- 1"-']-’-'-‘--"“--1“-'-"-1 Ill
the Peninswla. In India, the Precambrian rocks have given dsc 0 lwo dislingt
formations kaown as e Cpddapeh and the Vindhvan .;}'ﬂemi of which the

former is older in age aml coinpiicaled in structure. These rocks ang p'li:l'uuk.uu}f
devoid of lossils.

The Cuddapah System ;

The name of this system was derived from the Cuddapahy basin in Andhra
Pradesh, where it is best developed. In this arca, the Cuddapah system is overlain
by the Kurnool system of Vindhyan age. The huge Cuddapah basin is more or
less crescentic in shape, This cregconl 18 COOVEX towards the west and concavp
in the cast. The Western side of the basin cxhibits an undisturbed sequence o

Cuddapah rocks, made up of quanziles and shales. In the castern half of the hasin,
Ithn coma wruvle hiyarm hnnp Frﬂl'ln’-"l"' Elnf!. iith[h' Iiiﬂ[ﬂl‘ﬂﬂl’ﬂhﬂ‘ibd I-hﬂ EHHEI_ L_'g!
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diastrophism is most conspicuous along the concave castern margin of e
crescent, where the rock heds have becn rﬂmarkahly folded and even ldull.ﬂ.d

Structurally, the Cuddapah system shows allemating layers of quarizites ung
shales and an unconlormity between any iwo successive senes ol the system, Or
the four sertes constiwuting the E.udd;imh systemn, the oldest one 1 known ae

Papaghni  series and is about 1500 m thn:l: and lies unconformably upon (ha
ﬁrchaeau rocks. The Cheyafr Series s over 3300 m in thickness and its lower

g— Frrrnsrdd  mar pn.f" ﬁ'ﬂ.'"llnrﬂ i"f.-".l'l'.r.n?\l ic muarle om ot martriboe [ L3 TR 1ot P
'_.lﬂ-l-l- L-'Tuﬁ“' F L LeFF PR Lag L nt [ gy [ry¥im l,.l.l! rd o AL DRy |.1-q.||u;_'||,u|“:h_
conglomerates which have been crushed along the eastern inargin of Cuddiapah
basin. The upper part of the series (i.e. Pullampet or Tadpatri Stage) 1s composey
ol alim b bt arrhinbh Teeeaer buacricimncs s lode, Boom b b bdoesn T e o

bM IRALL LR FYLLLID Jlavie DRCLANE Adaly Ol W A ainn i el isIn aly H{}]'nﬂ
siliceous und calcarcous bands and basic sills within the rocks of this stape, The
Naflamalal series is over 1000 m in thickness and forms the Nallamalai hills, Thg
Bairenkonda quariziies and Cumbum shaies are {wo stages that conshilute thig
sorics. The youngest series, named afier Kfseng overlaps all the older seriey ang
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lies right over the Archaean rocks. It is made up of three distinet stapes which
constituie y tofal thickness of aboul 600 m.

The rocks of Cuddapah sysiem also occur in different parts of the Peninsula
and the Extra-Penmnsula. Towards the southern side of Mabarashea, cocks of
Cuddapah age are described as Kaladgi series, which is made up of quartzites,
conglomeratas, limestones and shales.

In Singhbhum the Knihan series lies above the iron ore series and is made
up of basal conglomerates, sandstones, shales and limestones which exhibit some
amount of folding in them. This series is considersd equivalent to Cuddapab system,

In Madhya Pradesh, the arenacesous rocks beionging to the Chandrapur series
and the argillaceous calcarecus rocks of the Rajpur series and the Defhi System
0f Rajasthan are equivalent in age to the Coddapah system of Andhra Pradesh.

‘The rocks of Cildapah age conlain a number of important economic mineral
deposits. In Andhra Pradesh, deposits of tale and asbestos oecur at the contact of
Vempalle limestone and the intrusive sills. Deposits of cobalt and copper ores are
associated with the Mack slates of the Delhi rystem in Rajasthan. Veing of bacites
occur in Vempalle Himestones of Andhra Pradesh and in the Adwar guarizires of

Rajasthan.

The Vindhyan System :

The Vindhyan systern (named after Vindhyan range) ligs uncomforimably
above the clder formations and constitties an unmetamorphosed column of
calcareons, arenaceons and argillaceous sediments. ‘These cover 52,000 sq km in

area with a maximum thickness of 4600 m. This group extznds from the Eparchagan
tevrestrial period 10 a part of Cambrian, From the point of view of lithology and
structure of constituent beds, the Vindhyan system has been divided into lower and
upper subdivisions. The lower parl is8 made of calcareous and argillaceous
sediments, which were deposited wnder marine environment. The upper Vindhyans
are made of undisturbed and more or less horizontal layers of arenaceous rocks.
of esturine or fluviatile origin. They extibit no sign of diastrophism and are devoid
of fossils. The Vindhyan system is composed mainly of imestones, shales and
conglomerates, This is a source of limestones and also some pyrite and diamomnd

depogils,
PALAEQZOIC GROUP

Palagoroic era includes rocks of Cambrian 1o Permiun. The geolugical
formations developed during this era conlain some fossils. [n this respect, these
rocks radically differ from the unfossiliferous formations of Precambrian and
Archasan ages. Palacozoic rocks formed under marine environment contain distinet



24 FLORA OOF INDIA LINT. VOL. 1

Thiwe were siadied cspecially i Spiti and Kashmir. n the Peransula, the Palacozoic
froup is represented by (a) Talchir and Damudn series of Permo-carboniterous
ape. (b) The marine lower Petmdan 1ooks near Umana in Madhya Pradesh. {c) A
portion of the upper Vindhyan seguence which is possibly of Cambnian ave. A briel
account of Palacozoic sequence developed m Spitt, Kashmir, Kumacn and other
Extra-Peninsular repion is given below.

Spiti :

In the Spiri Valley and adjoiving aeas, & conplete succession of folded marine
Palagozoic rocks extst in a lacge synclimal depression which has its axis running
north-west o south-gast.

In Spiti, the Aaimanta system of Cambriun ape is 1500 mthick with quartzites,
slales and shales. iLis undetlain by highly metamorphosed rocks of Vaikrita system.
This is followed by rocks of Ordovician age which are highly fossiliferous and
CONAID quartzites, grits and sandstones of shallow water facics. 'The Ordovician
rocks are overlain conformubly by limestomes and marls and included within the
Silurian yystem. These are further overlain by an unfossiliferous colamn of
quartzites and range in age from Upper Silurfan 1o Devonian, This is followed by
Kenwar sysiem of carbonilerous age, which is composed of guarizites, shales ung
liredwtone s rieh in Fogsil fauna heloneino 10 Lipak and Fa reries. (ver lhEEET thore
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is & thick boulder of conglomerste horizon and it represenls the Permo.
Carhoniferous break. This is overlain by Kufing systerm consising of shales and
valcareous sandstones of e Perdan age.

Kashmir :

Hundwara system of rocks, mainly composed of clates, yreywackes and
quartziles of early Cambrain age overlie the Dogra slates in many parts of Kashrir
and Liddar valleys. The upper part of the Cambriun sequence is compised of blue
clays with thin limesione bands und rich Trilobite fossils, As e srenaceous shales
and timestones of Drdovictan-Siurian part of Paluseeoic cra is poorly developed
in lish mukat and lew other areas wilh restricied pulcrops, math Quartzite of
Pevonian age is found 0 rest directly over the Cambrian sequence all over the
Kashmir region. However. the succeeding Carboniferous systom is well represented
by Syringrthyrislimestone and Fenestelly sliedes. During the Hercyniath movemeny
of Permo-Carboniferous time, tand conditions prevailed in Kashmir region wheg
e Panjal voleanics were empled, The pyroclastics of Panjal voluaalics inCluding

intercalated heds containine nlotg foueile o wapichests [EMELS A Knowr oo
t-' |--'l|-|l-l-ll. 1l d]lu WEE Lkl Al i 4 WM

Gangamopteris and Zewan beds. nfossiliferous Palaeozoic rocks made of
quartzites, phyllites and quartz-schists occur in some pats of Kashmie. these rocys
farm Tunawal series,



1906 ] GEOLOGY 25
Kuomaon :

In the Kumaon Himalayas, Garbyang series comprising slatycalcareous
sandstones and metamorphsed voleanic tuffis of about S000 m thick contain fossils
of Cambrian age. Shigla serfes contain characteristic ordovician fossils in its
calcareous rocks. The overlying conspicuous red and green shales with thin
limestone bands, known as Variegated series represent Silurian system. The lower

800 1000 m part of muth quarizite containing dolomitic limestone bands is also

included within the Silurian. The rest of the muth quartzite represents Devonian
system which is composed of limestones rich in fossil fauna. Over these, the Kuling
series of Permian age lie unconformably.

In the eastern Himalayan region the Permian system is represented by marine
deposits. The Productus shales continue eastwards up to Assam, known as
Subansiri beds.

The fossil fauna of palaeozoic era are invertebrates like Brachiopods,
Trilobites, Gratolites, Corals, Crinoids etc.

Gondwana sequence :

After the uplift of the Vindhyan rocks, the Peninsula during the Precambrian
era witnessed no further deposition of sediments for a long time. During the Upper
Carboniferous period, there is a new phase of deposition of sediments within the
continental block, which continued up to the end of Jurassic period. The sediments
exhibit all characters ef having been formed under a shallow stretch of water in
tiver and lake basins and constitute a total thickness of the order of 6 to 10,000
m. The enormous thickness of the sedimentary column may be ascribed to the
gradual sinking of the basin alongwith the deposition of more of sediments, The
aforesaid inland sediments of Upper Carboniferous to Jurassic age occupy a vast
tract in the Peninsula and together constitute the Gondwana group. The Gondwana
sediments contain enough of remains of planis and animals and are characterised
by the presence of large number of coal seams,

During the period of deposition of Gondwana sediments, the configuration of
the surface of the globe was quite different from what is now. The southern
continents namely Australia, Southemn part of Africa, Madagascar, South America,
Antarctica and India were united together to form one continuous stretch of land
known as Gondwana land. Thus the fluviatile and lacustrine deposits of Gondwana
age occur not only in India but also in ali the southern continents of the present
day, The Gondwana rocks of India and of southemn continents have similarities in
lithological, floral and faunal characteristics.

On the basis of theit floral content, Gondwana has b_egn subdivided into two
parts. The lower Gondwana rocks ranging in age from Upper Carboniferous (o
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Lower Triassic and are characlerised by the presence of Giossopieris flord in which
Preridosperms, Corditales, Equisetales and Sphenophyticies are the dominating
elements, The upper Gondwana rocks are marked by the advent of Rajsahal florg
{Ptitaphyiium flora) which exhibit the dominance of more advanced florg such ag
[erns, cycads and conders.

‘The Gondwanarocks occur i a series of marrow laalted roughs which lie along
the Damodar, Sone, Narmada, Godavar and Mahanadi vaileys. I the Damodar,
Sone and Narmada valleys, the wend of the trouphs is approximately east-west. In
the (rodavari valley this trend changes over to fonh-west (o south-2ast. They also
pcour in certain foet hill portions of Himalayas, In the eastern coast, the Gondwana
rocks occar near Cottack, Rayymondry, Vijayawada, Guniur, Madras, Trichirapall
and Ramanathapuram.

The advent of Gondwana period during the early Permian time was
characterised by prolonged cold climate, as evidenced by glacial and fluvioglacial
deposits of the Talchir formation. In most ol the basing these deposits overlie, at
places with intercalated marine sediments with maring Pecmian fauna, the basement
complex with profound unconformity as the basal part of the Lower Gondwana
sequence. {ver these lie the thick sequence of sandstones, siltstones, shales and
coul seams. Workable coal seams are restricted to two main horizons of which the
lower cual measure is known as the Barakar formation and Karharbarl formation
(being developed in restricted ficlds) and the Upper ane as Raniganj formation with
a harren zone in between designated as the Barren measures. These two coal
measures contain the major coal reserves of the couniry. Fire-clay, another
economic  mineral, is associated with these rocks. The coal measvres roughly
represent the middle and upper part of Permian and are rich in Glossapteris flora,

MESOZOIC GROUP

In India, the Mesozoic group of rocks generally lies conformably abowe the
rocks of Palaeozoic age. This group oceurs in the Extra-Peninsula as well as ip
some parts of the Peninsula. The era inclodes Triassic, Jurassic and Cretacenus.
In the Extra-Peninsniar region, the Triassic rocks are well developed in Spiti,
Kumaon and Kashmir areas of the Himalaya. The rocks of Jurassic ape develope
in Kutch, Rajasthan, Kumaon, Spiti and Kashmir, The Cretaccous rocks ocour
the eastern coast of South lodia

Spiti ;

In Spiti area, the Triassic is represented by Lilang system composed of
limestone and shale interbands of about 1,200 m thickness. This is overlaid by the
Jurassic system consisting of upper part of Kigiv imesione, Sufcacuius bedy ang
Spisi shates inarder of succession, The Spiti shales ure famous {or Saligrams (with
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Ammaonilc} and pradually pass upward ino Crelaceons sequence comgisling of
Glumal series and Chikkim series. The former series is made up of sandstones and

quartzites while the later is of Lossiliferons grey and white imestone and flded
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Kashmir :

A more of less complete sequence of Triassic is represented in Srinagar which
1 composed of limestones and shales of about 1000 m thickness. Jurassic is
represerited by Klorg (Megalodon) fimestones. White limestones of Cretaceous age
arg foond in Ladakh,

>
DWAITLANL S

Well developed sections of Triassic ssquence are seen in Bambanag, Shalshal
Cliffs, Painkhanda and Byans. In this region also the lower part of Megalodon
limestone is inclodad within the Upner Triassic and the rest in lurasgic. Rocks of
this age are also developed in Mt Everest region.

In Kumaon, Cretaccous rocks are represented by Giumal sgndstone  and
volcanic breccia associaled with exotic blocks. Kampa sysiem in north Darjeeling
15 represented by rocks of Cretaceous and early Tertiary age.

Kutch :

Mesozoic rocks, from muddle Jurassic to Lower Cretaceous are parlicularly
well developed in Kutch, where they exhibit a complele succession with a total
thickness of over 2000 m. The Jurassic succession in Kutch commences  with
Paicham series which is prncipally made up of limestone, sandsloncs and shales
with about 30{) m thickness. The scries as a whole is rich in imestones. The lower
beds are, however, somewhat arenaceous while the upper beds contain some shaly

characteristic fosstl Megateuthis. The overlying shell limestones contain Pelecy-
pods (Trigonia and Corbula) and ammoniles (Mdcrocephalites friangutaris). The
Paicham coral beds are characterised by the presence of remaing of corals (Shiing,
Montiivaltia, etc.) and ammonites (Sivaficergs and Macrocephalites).

The Chari series, made up of five distinet siages, lies above the Paicham serfes
and constifutes 3 thickness of about 40K m. The oldest slage of this series, known
a5 the Mucrocephalus beds, is made up of shales, calcarevus bands and i
Characterised by the presence of Macrocepfglites macrocephalus und a few ather
forms of ammemites. The overlying Rehmanni beds are composed of yellow
limestones and contain remains of a number of ammonites (Reireckela rehmanni,
Sivajiceras, ctc.). The Anceps beds lie above he Rehmanni beds and are mado
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Arceps beds are known a5 the Athleta beds. These beds are charactensed by the
presence OF fussils namely Peliocerays athleta (ammonite), The Daocsa oplites, made
up of green and brown eolitic limesiones, form the appermost stage of the Charl
serics, This horizon is characterised by the presence of Mayalies maye, Fpimayaites
polyphemus and other important fossils.

The Kairol series lics above the Chari rerles and is made up of three siages
with s toral thickness of about 330 m. "The Katrod stage has been found o contain
a few plant remains. The Gajansar Beds form the uppermost horizon of the Kafrol
series and are characterised by the presence of dmportant fossils ke Belemuopsis
gerardi and Phyflocera sp.

The Umia series, which lies above the Katrol sories 18 made up mainfy of shales
and sandstones and constitwes a wyal thickness of ahout 1000 m. This series has
been subdivided ino six slages which inghade (1) Zamia shales, (2) Ammonite beds,
{3) Trigoniu beds, (4) Ukra beds, {33 Umia plant beds, 20d (6) Marine Sandstones.
‘These beds are characerised by different fossil membets,

The Jurassic and Lower Cretaceous rocks in Kutch afe overlain in some plices
by the Deceun Trap lava-flows, Tn certain tegions, they are overlainunconformably
by younger rocks of Teiacy age,

South Ihwfia :

In the Peninsula aller the Vindhyan period, only a fow patcher of sedimentary
rocks were deposited alonty the coastal tracts. However, there pcours no complete
succession of mesozoic rocks along the eastern coast and exist only three patches
of rocks of Cretareous age. These patches rest upon 4 basement of Archaenn
gneisses and Charnockites and are sometimes fringed, along their western margins
by the strips of rocks of Upper Gondwana spe. Of these three patches the largest
patch occurs in the Trchinopoly district (Tami) Nadu) while the smallest ong ig
located noar Pondicherry, The other patch exista near Cuddalore and Vriddhachalam,

The Cretaceous succession in Trichinopoly commences with the Urmrfursmgg
which is made up of limestones, clays and arenaceous rocks. In general, the rock-
heds of this stage exhibil an wverage seaward dip of about 10¢. The Uttatiur sigoe
constitutes a thickness of aboul 60 m and its upper part appears (o have heen
deposited during 2 period of desiccation of e Cretaceous sed.

The Uiatiur stage is overlain hy sandstones, grits, ciays and shell limestoneg
belonging 1o the Trichinepoly stage. Hs constitusnt rock-beds appear 10 have been
deposited under a shallow streich of marine water.
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The overlying Ariyalur stage is composed of grey, light brown and white
sandstones and argillaceous horizons with a thickness of about 330 m. The white
sandstones formning the upper beds are unfossiliferous. The Ariyalur beds exhibit
a gentle seaward dip of abowt 3°to 5° and are overlain by brown and grey
sandstones, shales and arenaceous limestones, which together constitute the Niniyur
stage. This stage is characterised by the absence of remains of ammonites in its

constituent rock-beds.

The Deccan Traps :

In the Peninsula, the end of the Mesozoic era was characterised by the pouring
out of extensive lava-flows, which were erupted mostly through fissures and
OCCupy a major portion of the Deccan plateau. These lava-flows generally occur
in the form of horizontal sheets, ranging in thickness up to 30 m and cover an area
of about 3,38,000 sq km The successive lava-flows are separated from one another
by sedimentary beds formed under water and are known as the intertrappeans. The
total thickness of the column of lava-flows and intertrappeans varies, in different
localities from 60 to 2300 m. Although most of the flows were erupted througth
fissures, there are a few areas like the Gitnar Hill and some other localities in
Gujarat and Maharashira where they appear to have becn poured out through
localised vents, These extensive lava-flows gave rise to flat topped mountains and
plateaus with step-like terraces. They are described appropriately as the trap rocks
and the formation as a whole is known as the Deccan Traps.

The Deccan Traps occur in Maharashtra, Gujarat {Kutch, Kathiawar), Madhya
Pradesh and in some parts of southern India. In the geologic past these rocks
occupied a much larger area and in course of time, the constant erosion through
natural agencies totally removed themn from many localities. Some portion of the
lava-flows appears to have been faulted down the Arabian sea in Western Coast.
The Deccan Trap formation has been classified broadly into three parts. Upper
flows 500 m thick ; Middle flows 1330 m thick ; andi Lower flows 160 m thick.

The upper flows are developed characteristically in Bombay and Kathiawar,
They are about 500 m thick and contain intertrappean horizons and ash beds. The
middle flows are well developed in Madhya Pradesh and are associated with some
ash beds. Intertrappean horizons are extremely rare. The lower flows occur in
Madhya Pradesh and further eastwards. They are about 160 m thick and contain
a number of intertrappean horizons. Layers of volcanic ash occur rarely in
association with the lower flows.

The Deccan Traps are made up principally of basic volcanic rocks of basaltic

tomposition, In few localities, however, there occur a few other rock-types which
were formed as a result of localised differentiation of the basaltic magma.
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The Deceun Traps arc used commonly as excellent toad metals. Those of
liphter colour are sometimes utilised as building stenes, The lateritised tops of the
Java yiclded workable deposits ol high grade bauxite in Belgsum, Jabalpur, Katni
and other aress. The won rich lateriles are used as building siones. The vesicular
traps contain etouph of agale, chalcediny, amethyst and other SeMiprecious stones
that are used in tic manulaciure of ring stones, beads ete. The black soil of e
Deccan suited for cotton cullivation was derived from the trap-rocks. The vesicular
and Righly jvinted lava-flows serve as suitable aguifers {rom which a steady supply
of ground water can be obtsified i some parts of the Doccan "Trap couiltry,

TERTIARY GROUP

The Tertizry {or Cainozoic) era witnessed some significant changes in the
physiographiuc, environmental, faunal amnd floral charactenishics on the surface of
the globe. The ancient Gondwana kind was broken down into a number of frigments
and these drifled pradually to form the modemn southern continents. The great
(rogenic movemen! was in operation during the Tertary era and the Himaliya
ncuniaing atfained their present contiguration in 4 series of five remarkable phases
of uptift. Along with the rise of the Himalaya, the peosynclinal basin {i.e. e Tethys)
became progressively shallower. As 4 consequence, the ifitial marine eavironment
of the Tethyan sea graduaily changed over io estuarine and, after the principal phase
al the Himalayan upheaval in hMiddle-Miogene, fresh water Eﬂvirﬁflmcnl prevailed
in the resulting inlund basins. Along with the aforesaid changes in physiogruphy
and environmeat, the older life forms Failed o adapt themselves 10 the new set up
and in their place new plants and animals were brought mio being and (hese
continued to develop and flourish during the Terfiary era. Foms, Cycads and
Conifers which dominates during the Mesozoic era became much jess important
and were replaced by the angiosperms. The mighty teptiles of the Mesozoic era
necame extinct and, in thete place the mammals grew a3 dominaling group. The
amnoniles which occarred in abundance in the Mesozoic seas disappedared just
hefore the advent of the Tertiary era.

where they occur practically all along the lenglh of the Himalayan ranges,
Characteristic geological successions of Tertiary rocks have been studied in Jammy
and the Himachai Pradesh Himalayas, Assam and the Apdamarn & Nicobar Islangy
in the south, [n the Peninsula, small patches of Tertiary rocks occur in Rajusthan,
(Gujarat (Kulch) and along the castermn coast in Wesl Rengal. Dﬂﬁﬁﬂi _&nrl Tuimil
Nadu. In the early stage, it is marked by cocks of marine facies wluch' 1 the later
periods, through estaurine condition, became @ fresh water one in th:ta Siwalik timge.
It is also the major constituent of the Indo-Gangetic plaims including the Bengal
Basin.

In India, Tertiary rocks are particularly well developed inthe Extra-Peninely

In Gujarat arnd Rajasthan, the Lower and Middle Eocene are weli repreésented
by equivalents of Ranikor and Laki series. Over these the Murree series  of
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Lower Miocene age lie unconformably which again is overlain by the Siwalik
sysiem of rocks composed of limestones, shales and sandstones ranging in age
from Miocene to Pliocene. In other parts of Himalaya, Hill limestone and Chharat

Sterore I"PanEPﬂl‘ ”"H—‘l- r—Ir\PPnFl rrele fnvar whirh tho Afusease and Chuimalilbs  romok
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unconformably. In the eastern extremity the Tertiury rocks are well developed in
the Assam region by Jaintia series of Eocene age. Over this the Barail series
were deposited during the Oligocenc time. Surma, Tipam, Dupitila and Dihing
series were laid successively up o the Plio-Pleistocene, These are rich in oil and

coal. The Siwaliks are famous for their spectacular vertebrate fossil wedlth,
QUATERNARY GROUP

With the advent of Quaternary Period, (he Northern Hemisphere witnessed a
widespread glaciation. Throughout this period cold climate recurred five times
interspacing with four interglacial warmer periods. Spells of Ice-age caused
extinction of the major parts of the previous flora and fauna, However, some of
the existing life migrated to other parts.

I the Extra-Peninsula in the Himalavan revion. it is marked by by !HCL:".I. htl:mn
on. 1s mark: Lita
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Bain boulder beds of Trans-Indus repgion are an example, Karewa deposits of
Kashmir composed of sands, clays, loams, breccian beds were laid down i larpe
lakes in the Himalayan region. [Fossil assemblages of land plants and animals were

reported from these deposits.

In the Peninsular region warmer climatic condition prevailed during this time,
The vast Indo-Gangetic plain constituting the thick deposits of sands, clays, gravels,
pebbles and peat beds formed during this period. The older allovium contains

ramaing nt Plajstaonana mmale Tha Unnnﬂnrh::-ﬂc comgigtino of sands and eravels
remains of Pleistocena mammals. The ol LR £ Ll i Al alll Claviels,

known as the newer alluvium, merges into the recent alluvial deposits. The fluviatile
and dettaic deposits of Bengal and of other major rivers are included within this,
The Pleistocene deposits are found in Narmada, Godavari, and Krishna valleys.
Some of these contain fossils of Palaeolithic and Neolithic implements of ancient
man, Rajasthan desert, coastal beach sands and limestone deposits of the Eastern
and Western Cousts of (he Peninsuly, and lacustrine deposits of Kodaikanal, and
Chilka were formed duirng this time,

SOILS

Soils that sustain (he vegetation are actually the altered product of rocks of a
particular area, Compaosition of soil is governed by the mineralogical components
of the parent rocks. As there exists a great variety of rocks in India in different parts,
an equal diversity in the soil types are observed,

Soil is defined as the part of earth crust in which humus is present. According
to Daubenmire (1968) soil is a weathered superficial layer of earth crust with which



iz FLORA QF INIY A [INT ¥ 1

are mingled living oreanisms and products of their decay, According o Wadia
(1953), soil ix the topmost layer of eanth crust capping the rock. The so1l is made
up of five componenis which include mineral particies, dead orpanic matier, seil
atmosphere, seil waigr and biological sysom or soil micro-Orpaniss.

Depending vpon the mode of anigin, soils are classified mio two main proups ;
Sedimentary soils and Transported soils, Sedimentary soils formed from the
disintegrated rocky material and remaing al the same place where they are formed,
Transported 50§18 are broughl from the place of their origin to anather by various
apencies. They are different types basing on the fransporting agency, Tlhuvial soils
are moved due (o graviiatdonal influsnce. While allovial soils are tansported by
river courses, Glacial soils arg shifted by glaciers and aeolian soils by wind.

Gieographically soils of India are divided i toee groups (1) Matare soils of
Peninsular India (Red, Black and Lateritic soils), (it) Alluvial soils of Indo-Gangetic
Plains, (iii) Scanty soils of Himalayuss. Some generalised soil maps were prepared
under the auspices of Inlernational Society of Soil Science, Geological Survey of
India and Indian Agricullural Rescarch Instiute. The soil types of India arc
presented n Map 4.

Presently, soils are prouped into § categories for a comprehensive Jescription
that oceur in this country. They include 1. Lawerite or Lateritic soils, 2, Black cotton
soils. 3. Red soils, 4. Alluvial soils, 5.0 Alkali soils and saline sodly. 8, Peaty and
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other orpanic soils, 7. Desert soils and 8. Scanly soils of mountainy,

Lateritic svils are gensrally reddish or yellowish-red and n Black on
exposure 1o fun. This proup of soils occurs in pans of Rajasthan, Madhya Pradesh,
Bihar, West Bengal, Assam, Orissa, Tamil Nadu and in Eastern and Western Ghats,
These coveran area of 248,000 sq km and ure majorly composed of hydrated oxides
of afuminium and ron with minor quantities of manganese and Litanium oxides.
The rocks dch in aluminiam such as gneisses, sandstone, basaltic rocks and graniey
produce kateritic soils. Theas soils are formed in regions having altemate wel ang
dry scasons. Alkali and silica are jost in he leaching process and the residyal
compounds of rocks rich in aluminium and iron oxides form such soils. Laterieg
are well developed on hill tops and are characierised by low levels of lime, magnesig

and nitrogen. There 18 higher content of humus.

In Tamil Nadu, laterites occur at different altitudes Trom a vatiety of rocl
matcrials under specific climatic and weather conditions. They uccur along the
Wesl coast and in some paris of the Fast coast. Paddy i3 810wn on the laterites 5
lower elevation while thost at higher clevation support plantations oof teg, cinchona,
rubber and cuffee. The soils are rich in nutrients and contain 10 o 20 per cent
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orpanic matter. The pH is generally low around 4.0 i the soils under tea plantalions
atid al highet elevalions.

In Kerala, at lower elcvations the lalerites show poor outnend status and paddy
is prown. Lalerites at higher altitudes support plantation crops such as tea, robber,
cinchond, arecanut eic. The soils are generslly poor in nitrogen, phosphoros,
potassiom and organic matler with pH ranging between 4.5 and 6.0,

The laterite soils in Karmataks oceur in the wesicon pars of the districts of
Shimoga, Hassan, Chikkarnagalur and Mysore, Those soils are comparable to the
laterites found in Tamil Nadu. In Kodagu (Coorg), laterites appear sporadically
zlmost all over the country.

The soils of Uuara Kannada and Dakshina Kannada districts (North & South
Kanara districts} are coarse, poor in lime and phosphoris but fairly good in organic
mattar, Laterities are found only in Rainagini and Konkan in Maharashira. In the
soils of Ralnagiri, coarse matenals are found in large quantilies.

In West Bengal, the area between the Damodar and the Bhagirathi is
inicrspersed with some basaltic and graaitic hills with laterite capping.

In Bihar, latarite occurs principally as a cap on the higher platezus but is also
found in fair thickness in some valleys.

The lateritcs of Orissa are found largely capping hills and plateaus occasionalty
in considerable (hickness. Larpe areas in Khurda are occupied by lalerites.

2. Black cotton soils or Regur (Regada = Black)

These are black suils and best suited for cotton cultivation. Black soils are
locally known as ‘regur in s0me states and are distributed in Tamil Nadu (Ramnad
and Tirunelveli (Tinnavelly) districis), parls of Karnataka, Andbra Pradegh,
southern districts of Orissa, Maharashira, Bundelkhand region of Utlar Pradesh,
Western Madhya Fradesh, same districts of Rajasthan and Gujarat. It covers a wota)
area of 546,000 q km,

The Black =nils are derived by the docomnositiom of e rockes ot seo 1 .
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colour is due to presence of superficial iron in the rocks. The surface Fraction
congists of amall transparent or semitransparent prains cemented together by dark
colowred matrix which is a double hydrated ferrous and aluminium silicata,

The colour of black soil varies from place to place. Regur soils are mosily
dark grey to black in colour. The soil is clayey (clay content 30 - 60%) or Inamy
Thaoar aro hinkhi.. .l'l-‘-l!-lj.lnnﬂnlln o S SN SN Ry o 1 N 1 ."Ilﬂh ﬁurﬂr!ﬁflllﬁﬂ a1 L N ’
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and magnesium carbonates They are very tenacious (0 moisture and exceedingly
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sticky when wet. Owing « considerable countraction on drying, large and decp
crack& are formed. The soil is poor in phosphoros and sich in nitrogen and oreanic
matter.

Black soils have a high base status and high base-exchange capacity {40 tq 60
m eq. }. Clay fractions contain 13% iron content. Oxides of calcium and magnesium
contents are high. Cotton is the best suited crop. Other crops suited 1o black soils
are wheat, millet, gram, Black soils are categorised into different groups based upon
the depth of their formation. These groups are ;

(1) Shallow black soils (Depth ranges from 30 to 50 cm) : These soils are
derived from bagalts of Deccan trap.

(i) Medium black soils (Depth ranges from 5010 120 cm)j @ They are derived
from a variety of rocks including basaltic trap, Dbarwar schists, basic pranites,
gneisses, hommblende and chlorite schists.

{8} Deep black soil {Depth ranges from 120 to 200 cm} : These are derived
from basaltic traps in Deccan plateau and are commonly identified as regur soils,
Digtribution of irregular nodules of lime (Kankar) throughout is a regular Feature
of ¢this subgroup of black soil.

o sy dlan T nnnm dmnm nonccm Tmmnm nmmn

Soils derived from the Deccan Tap OCCUpY quite a large area. O the uplands
and on the slopes, soils are light coloured, thin and poor, On the lowlands and in
the valieys, deep and refatively clayay black soils are found. Alonyg the ghats, the
40il8 are very coatse and geavelly, In the valiey of the Tapt, the Natmada, the
Godavari and the Xrishna rivers, heavy black soil is often 6 m deep. The subsoil

Coltalng & good deal of lime, ﬂutsldethﬂ[mmanu'apm,theblackmuﬂnsuﬂ
predominates in parts of Gujarat, Twelve distinct types, named alphabetically from
A to L, have been distinguished in Maharashtra. In Tamil Nadu, black soils are
either deep or shallow and may or may not contain gypsum in their profiles and
iccordingly four types are distinguished : (i) shallow with gypsuem, (ki) shallow
without gypsum, (jii} decp with gypsum and {iv} deep without gypsum. The black
80ils of Karnataka are fairly heavy with hiph salt concentration. Black coltan soils
of Andhrs Pradash are the results of accurmlation of products of decomposition
of rocks in combination with the bumic material. The group of black clay soils,
Popularly known a8 karall, occur in the lower Gangetic basin in Uttar Pradesh.
These soils are distingt from their zonal associates developed under similar
Environtments on the Gangetic allovivm and show greater resemblance 1o the mar
of Bundelkhand or reger of Central India, Their pavent material is similar (o that
of the black cotton soils.

Black soils of Madhya Pradesh, developed om differsnt parent materials,
Although these soils do not reveal any difference in outward appearance, the
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diffcrences of parcnt rocks are reflected in the physical and chemical composition
of the soils as well as clay fractions separated from them. Two distinct Kinds of
black soils are tound in Madhya Pradesh, viz, {i} deep heavy black soil covering
the Warmacka valley and (ii) shallow black soil in Saugar and Jabalpur.

3. Red Soil imcluding Red [oam, and Yellow carth

These soils are distribuled mainly in the peninsular regions. The soils occor
nuinly in Kamadtaka, Andbra Pradesh, Maharashira, Madbya Pradesh angd Orissa
covering a total arca of about 3,50.000 sq km Red =oils are 4130 found in seme parts
of Bihar, Uttar Pradesh and Rajasthan. The ancient crystalling and metamaorphic
rocks on weathering gave rise o red soils, The red s0ils of vallevs and plains are
dark and fertile, These are compased of silica and aluminium with free quartz or
sands, Soils are low in bases and base exchange capacity, These soils are
charactensed by absence of lime nodules (Kankars). Humus and other organic
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soil. They are neutral to acidic in their reaction. Soils ate generally rich in potash
but nitrogen content is low, The red soils are light, friable and porous. The water
absurbing capacity is very low,

Ralative to black soils, these soils are poorer in lime, potash and ironexids and
are also uniformly low in Ltheir phosphorus content. Many of the s0-cailed red soils
of South India exhibit no red colour. On the other hand, some red sails are of Laternitic
orgin and arc of quile difierant nature.

The clay fraction of the red soil is rich in I"L}ranlite (Aluminiom and Silica
bearing). Red soils are also found under forest vegelation. The yellow soils show
yellow colour due to a higher degree of hydration of the ferric oxide,

The red soils of Tamil Nadu constilute nearly two-thirds of the cultivated areg
The soils are rather shallow, open in texiure, have a pH range from 6.8 10 8.0, The
red soils predominate m the disteicts of Bangalore, Kolar, Mysure, Tumkpr and
Mandya in Kamataka. They vary in depth from a few centimetre to severst maprag

There are shades of red and these pass on to yellow. Loamy red soils gre
predominant in the dislricts covering Weslern Ghats.

In the Telangana division of Andbra Pradesh, where the Predominating
geological formation is prantite, gneissic complex, both red and black sqg

prodominaie,

South Bihar, particularly Ranchi, Hazaribagh, Santhal Parganas, Manbhum
and Singhblum districts exhibit red soils with lower pH varying from 5.0 (g 6.8
These Soils exhibit high percentage of acid soluble Ferric oxide (Fe_ 0,) compyred

to Aluminivmn oxide {ALD,.).
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In West Bengal, the ted soils are the transporled from the hills of Chhots
— Nagpur platea

A part of Jhansi district in 1ttar Pradesh comprises red soils. There are two
types, locally known as parwa and rakar. The parwa is a brownish grey soil varying
from loam to 82 A ] | i5 the 2 1 501l which is peperal
act useful for cultivation, The soils of Varanasi (Banaras) and Mirzapur, developed
¢n the Vindhyan parent materials were also red loams.

115 AT L] L ]

4.  Alluvial Sofls

Thiz is by far the largest and the most important soil group of India,
contributing the largest share to the agricultural wealth of the country, These soils
cover 15,00,000 sq km area and occupy the most populous portions of Indja. This
s0il is distributed in parts of Rajasthan, Punjab, Uttar Pradesh, Bihar, West Bengal,
Orissa and Assam. In this vast tract, though a great deal of minor variations exist,
the main features of the soils are derived from the gilt laid by the numeroys
tributariea of the Indus, the Ganges and the Brahmaputra systema, These river
systems draining the Himalayas bring with them the proitucts of weathering of the
rocks in varions degrees of fineness and deposit them as they traverse through the
plalns. The varicus kinds of alluvial soils bave same oripin, The s0ils are found
@ the valleye of Brahmaputra in Assam ; Narmada and Tapti rivers in Madhya
Pradesh, Godavari, Krishna and Kauveri in the peninsular states ; Yamuna, Ganga
and thejr oibutaries ; Gandak, Guomati, Ghagra amxl othery in Uttar Pradesh, West

Benpal and Bihar.

Geologically, the alluvium 18 divided into newer aliuvium of sandy, penerally
light coloured and less kankary composition, i.e. Khadar and older altovium of
more clayey composition, generally of dark cotour and full of kankar known as
Rhanggr. ‘Bhangar’, are the soils of uplands and are in the process of denudation.,

In dry regions of India, alluvial soils contsin excess of Potassium nitrate
(KNO,) and alkali. The deitaic soils of Ganga and Brahmaputra are rich in huraus
and are loamy and fertile. But by floods, surface soils are femoved and also replaced
by frash silty soils. This reduces the soil fertility. Alluvial soils of peninsulas regions
incheding those in Narmada and Tapti vatleys are very fertile. In Eastem ghats, the
deltaic soils of Godavari, Krishna and Kavveri rivers are black, humid and sandy.
The soilg of Orissa are sandy and swampy with fine texture. They arg rich in potash,

™ T e | I [ —— s ey aman o Tom DR

The altuvial solis of Gujarat, locally kvown as {roradu, consist of trown clay
and Kankars, These are poor in organic content and nitopen buat rich in potash.
Such goils are very commeon tn north Gujarat and Ahmedabad, Yellow and red
Alluvial goils of Madhya Pradesit are found in the basin of Mahanadi river covertig
Balaghat, Durgapur, Raipur and Bilaspur distsicts. These soils are grouped as Bhatg,
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Mo, Dorsa and Karhar as these are foond af Jifferent altitudes. Bhata is barren
soil consisting of red gravels and sands and is found on uplands. While Malasf s

}’EI[E}W IDEITI}’ l:l.pﬁ-’ "'_-',ﬂII al'lLl Diorsi 15 dark LD]G‘I.]I’EU. I:].d,}f .&DII ol ML'I]]Lh nunnc.:r IS
darker and heavier than Mafasi and Dorsg and is deposited in low lyving areas,

The alluvial soils of Uttar Pradesh are divided iato four groups basing on

texturs, These include (1) Alluvial seil of West and North Uttar Pradesh (light
texnure), (b) Alluvial soil of Bast Uttar Pradesh (heavy texture), (¢ Adlyvial soi)

A lLIIn

of Central region consisting of old alluvium which is nEJmcr tow light nor too heavy
{ini::mlediatﬂ texture,) and {d) Alluvisl soil of north-east Uttar Pradesh which

wpyribaa - e P e a1 Yy and atha b s chrve oll-alitg roaobis
COMEIns CHlCnm carponale 1,"'._.-11'\_-\..!3) Ao (HNer sdils and SO0WE QiRdilde redoiin,

'The alluviai soils of Bibar may be divided into {a) the allnviom north of the
Ganges and (b} the alluvivm south of the Ganges.

In West Deigal, parts of Murshidabad, Bankuea, whole of Burdwan, and the
western half of Midnapur arc cotnposed mainly of the old alluvium. There is hardly
any regularity in the manner of deposition of the river borne materials. Some of
the early deposits have naturally been subjected to the climatic and other influences
lcading to soils which is different from others in texiure, colout, profile, chemicy)
composition and mechanical and other physical properties. Soils of the Murshidabad
district are of two types : the Vindhyan alluvium and the (ranga alluvium, The
coastal soils of West Bengal vary from pure sands (o heavy clays.

i Assam the old allovinm and hills are the moat acidic soils whereas the pew
alluvial soils along the river banks are less acidic, often neutral or even alka]inﬂ

Soils of the Brahmapuira valley are of H.,gp.d}: ype . available amel 10 ]-'mr-‘lhﬂ
contents are Tairly good, the percentape of organic matter and nitropen are fairly

mopiletate.

Or: the Orissa coast there are stretches of sand and sand dunes alternating with
deltaic swamps. Behind this coasial helt is an area of cultivated alluvial and lategtic

formations.

The soils of the Punjab piains belong to the same class of alluvial soil thay i5
typical of the Gangetic Plains. The mujority of the soils are loam or sandy logrmg
consisting of a soil crusl at varying depths.

In Kerala, the coastal alluwums are sandy h;winb a low water holding capacity

o nf FIVEr: aros farila
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3. Alkadi and Sallee Soils

These soils with higher percenlapge of salts are distributed in Kanpur,
Lucknow, Unnao, Raibareli, Azamgarh of Vuar Pradesh, paris of Punjab, West
Bcngal, Bihar, Orissa, Maharashtra, Tamil Nadu covering an area of 70,000 rq km.
Some soils are saity mainly due to presence of alkali salts in them. In some spils,
salts other than alkali are present and are commonly referred to as saline soils.

6. Peaty and other Organic Solls

Peaty soils are characterised by excessive orpanic matter accurnulzied in
pocrly decomposed conditions. They occur in low lying submerged areas and are
peculiarly coloured dusg to presence of free aluminium ferrous compounds. Peaty
soils are distributed in coastal tracts of Orissa, West Bengal , South-eastern Tami)
Nadu and Kerala covering an area of 150 sq km.

7. Desert Solls or Arid Solls

Desert soils occur on arid and semi-zrid zones of the country particularly
north-western Rajasthan and south Punjab covering a wotal area of 1,42,000 sg km,
The soil3 in these areas are coarse texiured regosols and wind moved sand and sand

dunes. These soils ace salty and fhey contain good amount of atkalies,
8. Scanty Soils of Hills and Mountains

Muountain soils are distributed from north-west (0 eastern part of the comntry

up to 4000 m altitude, Entire goil surface is covered with snow in higher altitudes

Mountain soils are lose and are young or immatore. In these soils ‘A’ borizon is
formed on the surface of rocks directly. Soil particles ate loosely ageregated in soft

sandy beds.

The Himalayan soils can be divided into the following soii groups on the basis
of digtribution ang typas of vegetation,

{i) Terui soil : It is distributed near the foothills, Soil & fertile, clayey in
composition and has got high water retaining capacity and humus content.

(ii) Tea soil ; These are found in Assam, Dehra Dun and Darjeeling. Soils are
light loamy with low lime conient, Soils are suited for the plantation of tea,

{tii} Ignepus soil ; Thit scil is derived from granite rocks.

{iv} Soils of older rocks : These soils are found in Mainital. They are rich in
¢lay and iron content thus suitable for cultivation of certain crops and vepetables,
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(v) Lime stonc soil @ It occors near Mussocrie, Rice is the main crop of this
hill sl
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{GL V.5, Murthy, P. Venu & M. Sunjappa)

A brief account on the salicat Tearures of the weather angd climatic patlerns
in India, specially behaviour of monsoon, seasonal and regional distribution of
the rainfail, temperature and humidity have been discussed in this chapter,

Climate is one of the basic elements in the patural environment. It effects
landforms, soils and vegetation. Climale is penerally defined ag the average state
of weather over long periods, To sindy the climaie or weather conditions of a
place, the elements to be considerad are temperature, rainfall, winds, air pressure,
humidity, sun shine etc. The systematic recording of daily observations of thesa
factors is done by the netwotk of meterological stations in India. These
observatories record the wind velocity, temperatere and himidity of the
atmosphere up (o sixteen kilometers or more above the earth's surface
(Troposphere) (Ancnymaous, 1983, 1986). The estimates of climate baged of: thesa

Mhcarrmtion e rarsaesnd tho eoorsd e moeereelimaobs Alfderae] brosts doslo ssssl s .
LAowd Fauidia vpAaoeil ui Eiellvg gl A dlaviiAdiiiiane. GGl i Beddn Wil B

large vertica) eradients of wmperature, wind, humidity etc. of the layer of air,
close 1o the ground up to 2 m hiph where life thrives, Both climate and weather
are controlied by latimde, altitude, disteibwtion of land and water bodies, direction
of mountain ranges and ocean currents, (Ramdas, 1974).

India is a farge country stretching from [atitude 8° north to 37° north, covering
8 distance of about 3,200 km. The country has the highest and the most extensive
mountain system, the Himalayas, ag its northern boundary. The Himalayan ranpes
#ct as a great climatic divide. They obstruct the south-wesl monsoon winds to
thed their moisture as heavy rainfall along the submontane areas, fiorth of the
Indo-Crangetic Plains, and as snowfall cn the mountaing forther north, The
Himalayan ranpes also obstruct the direct entry of extreme continental winds from
Tibet plateau into India, so that up to 30° narth, the plaing experience warmer
climate in winter, whereas other parts of the world at the same latitude experience
cold winters, ThﬂPEﬂinsulaIImiiaisﬂankﬂdhjfﬂEBa}'UfBﬂngalﬂnlhc east,
the Arabian seg on the west and the Indian Ocean on the south. The Peninsuia
is also flanked by the Western Ghats alemg the West Coast and by the Eastern
CGhats along the East Coast. These two mountain ranges pilay & significant rote

in ensuring rains on their windward slopes.

India's climate iz affected by two seasonal winds, the South-West Monsoon
and North-East Monsoon. The South-West Monsoon commoniy known as summer

monsoon blawe fraom the s2a to land after crmsm-:r the Indian {Jcean, whereas

the North-East Morsoon known as wintet morsoon bipws from Laml to sea.
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Though India is often referred to as “Lr::.npi:a! country”, half of it is in the

tropics .md half in the Monh temperage ¢. However, there is some form ol
unity i the climatic condilions. This is large Iy dug to the influence of Himalayas
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monsoon type. The Meworological Depariment of India recognizes four seasons.
1. Summer (Pre-monsoon), March to May, 2. Monsocn, June to September, 3,
Post-monsoon, October w0 November and 4, Winter, Decemnber 0 Febroary.

=

:_'q

1. Summer scason © ¢ stans from March onwards and the whole country
experiences great heat. In April and May the averape temperalures all over (he
country raise o the maximom (Map 5). The highesi averape temperatores are 40°C
in South Deccan, 40 - 45°C in Madhya Pradesh and 50°C in Rajasthan and parts
of Punjab. During this secason, most of the lakes and rivers in ihe Peninsular 1ndia
cither dry up or shrink,

2. Monsoon scason @ The South West Monsoon winds enter the South Indisn
scas towards the end of May or the beginning of Jime (Map 6). These monsoon
winds coming from the Iindian Ocean pot bifurcatad due o the topogtaphy/relief
of Sri Lanka and South [ndia and advance wwards North india. The winds from
Bay of Bengal strike against the slopes of Assam. Meghalaya and Chittageng Hills
(of Bangladash) which receive heavy rains. The remaining winds are deflected
hy the Eastern Himaiayan ranges and move westerly direction towards the
Ganpelic plain. Thus, the foot-hills of the Haslern Himaiayas and the whole basin
of the Ganga reccive heavy rainfall. The winds from the Arabian Sea move over
the Western Ghats, Deccan, Central Indta, Gujarat and Rajasthan. I pives heavy
rains in the {oastal and the Western Ghals, modarate rain in the Aravalli Hills
and very litlle in the West Rajasthan. On reaching Punjeb, these winds meal (he
deflacted winds from Bay of Bengal and give moderate to heavy raing in the foot
hills of Western Himalayas, sastern Punjabr and north-east Rajasthan. The heaviest
rains are recorded in July and August. Along the West Coast it js 250 cm but
dimintshes eastward. In the North-Assam Valley it is over 250 o, but diminishes
steadily westward and is barely 15 cm in the Indus Valley.

Durtng this season, clonidy skies cause temperatures to fall a little, byt
humidity rises to its maximum for the year,

R Post-Mongonn szagon ; The South West Monzoon beging to withdraw from
India by the first week of October (Map 7). The relreating South West Monsoon
winds are replaced by North-East Monsoon winds. The North-East Monsoon of
winter monsoon blows from land 10 sea, and & good part of the annual tajp iy
received in the Kashmir and in the South-Eastern parts of Tamil Nadu during (hiy
period.
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the end of February. cold continental wmd 5 blowing North.
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Map 3. India - Annual Lowest Minimum Air Temperature in degree cclgiys,
{ Source - Agrociimatic AHas of India, Mewecrologizal Depl, 1936 )



1 ] CLIMATE 47

Easterly into India cause rainfall, hail stroms snd snow fall during winter. The
average temperature 4ll over the country fall to the minimum (Map &), The winter
temperature in Kashmir and adjoining parts of Himachal Pradesh fail below (P C.

In Eastern Himalaya the ordinary winter limits of snow is 2000 m altituds
and it never lics for many days even at 2300 m. In Kumaon, on the west, it usualy
reaches down to 1600 m level and occasionally t 80O m, At Leh and on the Pagtes
between 3600 and 4300 m altitude, the snow fall is hardly 1 m but on the Centra]
Himalayan Passes the snow fall is beavier. The snow line or the level © which
snow rgcedes in the course of the year, ranges from 3000 - 5300 m. on the southern
exposures of the Himalaya hetween Sikkim and Kashinir, These zones ahove this
allitude carry perpetual siow.

Temperature :

Temperahpe 15 the most impostant factor of climate. It is the term used o
express the inensity or degree of heat. The hesl generated at the earth's surtace
by the sun rays, warms the air by radiation, conduction and convection which
gradually escape back into space. The differences in the elevation of the sun cause
differences in the beating of the earth's surface. High mid.day sun alitudes cause
high temperatires, whereas low mid-day sun altitudes cauee low temperatures.
India situated between 8°  37° North latibades receives its maxinmm amount of
solar radiation during May Jure and minimuin amount during December-Janyary

(Man 5 and By, In peperal temmmerabree docreage from the sauatow o tha Palan
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forming four zones viz, Tropical, Sub-tropical, Temperate and Arctic, 'The mean

.annuel temperature exceeds 24°C over the whole country, excepdt hilly areas and
extreme north-west {¢f, Climatological Atlas and Climatological Tables of
Observatories). In the Indo-Gangetic Plain there is roughly a fall of 0.75°C for
each 1° latiale, The mean maximum isotherms then run very fairly directly East
and West over the nosthern half of the country., The rangs of temperatures
(difference between maximum and minbmum temperatures) over the coemiry as
a whols i3 about 10°C in Janmary and Joby, but 20°C in April and Qctober
increasing in a north-west direction from @ easi coust. On the basis of
temperature, india may be divided into following zones:

2one Mean anmual Mean January — Winter
Temperaturs Temperature

Tropical over 24°C over 18°C None * No frost.

Sub  Tropical 17 24°C 10 18°C Definite but not
severe | frost
rate.

Temperate 7 17°C 1 1 Proncunced, with
frost and some
S0,

Alpina under 7*C below 1°C Severe, with
much snow.

e tamnerate and alnine 7ongs nocor in India in the higher hills.



48 FLORA QT INDLA [INT. VL. 1

The factors such as latitude, altiude, humidity, winds etc. have influcnge on
ie iemperature. The eifect of ailiede varies with conditions, a rise in ihe hiiis
of 1000 m, there is roughly a fall of 6°C i temperatare. In general, this fail iy
more pronowrced on the leeward side of hills than on the windward side ; thug
it is reported to be 1°C for 100 m rise on the west side and 122 m on the east
gide of the Nitgiris. Hifl stations, coastal areas and plateau regions have differing
temperature conditions. In India the hill stations like Darjeeling, Simla have the
fowest {emperatures averaging between 15.7°C and 16.9°C. In coastal areas,
Bombay on the West Coast has an averape temperature of 30.5°C, while Madras
on the East Coast poes up to 33.4°C, [n the platean, Nagme regisicrs an average
of 35.5C.

Rainfall :

The South - West Monspon and the North  East Monsoon bring good rains
itto India. The South-West Monsoon brings mosi of the rainfall during the year
in the country. This rainy season varies in duration with a general increase from
Morth - West to East and South of India, so that upper Assam experiences the
short dry period and the North - West the longest dry period. The Stmth  East
of Peninsula gets relatively less rain during the usual South - West Monsoon (e
to Septemper), but more rain frore Nocth  East Monsoen in October-November,
The combined effect of both rainy periods is felt in the Nilgiris and the Eastern

Ghats, by prolonging the maist season.

In India rainfall is uneven and ill diswdbuted. U vancs from place 1o place
and from time to tivee, The general pattern of distributton of normaj mmuatmxt‘ail
is shown in Map 9. There are four broad climatic regions based on rainfall, Areas
like the West Coast Lying at the foot hills of the Western Ghats, Bengal, Assam
get the heaviest rainfall over 200 cm anually | places like Maharashtra, Madhya
Pradesh and Bibar along the Vindhyan mountaing receive 100 200 cm rainfalt:
South coastal plains, Noeth Western Deccan and Upper Ganpetic Plain have
50 - 100 cm rainfall. The Rajasthan desert, extending to Kutch, the high Ladak
platzau in Kashmir constituting the aridzone receive cnly nominal rainfall of 15
em annnally,

The direction of mountain ranges preatly influence the distribution of rainfall
in the country. The windward slopes of Western Ghats receive over 200 cm of
rain, while the leeward side has iges than 75 ¢m of rainfall. The wind-ward

gihmowitana tracts of the Himalavaz receive as hieh 8z 287 5 cm of rainfall Thecoe

LN IR RS Sl T B SRS EY LU ] {

areas are the water sheds, from which the major rivers of India arise. Cherrapunii
and sarrowkdings in Meghalaya, facing the South 'West Monsoon recejves 1143
cm rainfal] annpally, the largest amount recorded in Asia and the second Jargest
in the World,
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Map 9. India - Annual Rainfall in em.
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Thus, in India about 30% of the country receives 15 80 cm, 40% area gets
80 120 cm, 20% arca gets 120 200 cm and only 10% area recsives over 200

Ty of anmia rainfall
Cyclones

Cyclones are a perindic feature of India. They form during the South  Woest
Manscon ie. April (o December. Cyclones form both in the Bay of Bengal and
the Arabian Sea, but more frequently in Bay of Bengal, 'Lhey cause heavy damage
to the coastal areas.

Humidity

Humidity is another important climatic factors and-seferes to the amount of

Waler vapour jo the air. The amount of water vapour presenl in the atmosphere
ﬂEﬂEﬂdR o temperatare and increases with increage in temperahre, When the

tenperature falls, the excess waler vapour then coedenses into _water droplets
which form either clouds, rain, mist or fog, known as precipitation. The primary
source of atmospheric humidity is the ocenns. The water is evoporatod from thase
water bodies by winds and diffusion method. The secondary sources are the moist
Iand surfaces, the vegetation cover and the minor water bosdies, S0, there is always
2 constant umover in the aunosphers's water vapour, additlon throuph
svapotranspiration aml lows by condensarion and precipitation. Data on the
evaparation are scanty and unrgliable, The ratio between the actual amount of
vapour in the air and the amount of vapour the air could hold at a particular

temmeratare iz callad the Relaotive .H'nrnr.rﬂhr f'IJ' H.1 and i axnrerrad in terma of
Tl BN FRsTI 11 3 ) -

TAA A Pk Vb R LT A PR dbF WP RO LD bRl ALY RLIL

pérceniages.

Thronthwaite (1933} distinguished five bumidity zones on the basis of
P/E Index ie., the sum of twelve monthly P/E ratios (P = total monthly
precipitation and E= total monthly evaporation). Each of these zones is associated
with a characlerislic vegelation (ype. A, Perhumid (F/E index 128 and above),
B. Humid (64 - 127), C. Subbumid (32 63). D, Semiarid (16 - 31) and F_ Arid
(under 16). These five principal humidity provinces are further divided into four
Eubtypes based upon seasonal concenwration of precipitation : + = rainfall abundant
at all seasons, a = rainfall deficient in summer, w = rainfall deficient in winter,
a1d d = rainfall deficient in all seasons {Trewartha, 1954). The distribution of
these climatic zopes in India are shown in Map 10, Assam and some parts of
Westzrn Ghats are extremely damyp, whereas the Rajasthan desert and Ladak in
Kashmir fall under arid zone. ‘Thus humidity in combination with rainfall and
mparature determines the distribution of vegetational types in the country.
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4. BOTANICAL HISTOQORY

(N.C. Nair, V. I. Nair & P. Danici)

INTRODUCTION

The Florg of British Indig in seven volumes by 1.D. Hooker and his associates

(1872-1897), is the only standard reference work on which botanists in India relied

I ahiclsr thee looen = dha g, Diaas ihoam sarvaen] vocdmes et leemn  d nmn oo
ar ﬂm: e LR L WD H.l'l.l.ul.l._}r SITINEG WISl BOYCIAL l.l-l.l.l.l-n.l.'nni.l.l.u.l.w Advils Were

intensively surveyed and a large mymber of specimens were collected. Many pew
taxa bave been described, circumescription of many texa has changed and some
genera wers split or merged. The names of many species have heen altered by
the application of International Code of Botanical nomenclature. The arga covered
by the Hookex’s work has undergone political transformation with end of ¢olonial
period. Hence, the Botanical Survey of India 13 bringing out a National Flora of
the country incorporating all the above mentioned changes.

[PIRE DR PRI I, | [P R ) S
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collecirs and herbana where they are located from the historic part of any area.
Although, it is ideal 1o inchude the collections and coliectors of all group of plants
al one place, ¢nly those pertaining (o flowering plants are dealt here. Collactors
amd collections of other proup of plants will be treated separately.

Introductions in old floras and monographs are very valuable scurces of
information on botanical history. IH. Burkill's Chapters on the kistory of botany
in India, which appeared in parts in J, Bombay Nal. Hist. Suc, 1963 and was
published in book form by the Botamical Survey of India, 15 the omly
comprehangive account available on the history of botanical expborations in India,
Burkill ended the history at 1900 A.D. A pood number of hibliographies are
alsc gvaitable on Indian bolany which wil Furnish a great deal of information,
The bibliographies consulted for the present aceomt which cover the period up
to 1990 are lisied below:

Basak, R. K. 1982. Bowmical Survey of India - An account of its establishment,
development & «ctivities. Howrah,

Blutter, F. 1911. A bibliography of the botany of British India and Ceylon.
J. Bombay Nas. His. Soc. 20: 19-175.

Kichikeyan. 5. M.P. Noyar. & R.S. Raghavan, 1981. An graotared
biblisgraphy af taxonomic botany of peninsular Indig 19359-1978. Howrah,
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Nacayanaswami, ¥, 1961, 1965. A bibliography of Indology. Vol. 2, Indign
Botany. Pt. L. A 1 1961, Pt [I. K Z. 1965 Calcnita,

Nayar, M. P. & G. 8. (3, 198B. Key works of foristics of India, Calcutta,

Santapau, H. 1958. History of botanical researches in India, Burma and
Ceylon. Part [I.  Systematic bofany of angiosperms. Bangalore.

Stewart, R. R. 1982. History and exploraiion of plants in Pakaslan and
adjoining areas. In B. Nasir, & 8. . All, (&d8.), Flora of Pakistan. Islamabad.

Thothathri, K. & A. R, Das, 1884, Bibliography on the botany of eastern
Himalayas. Howrah.

THE BEGINNINGS OF BOTANY IN INDIA

India has heen inhabited by man almost since prehistonc times and from that
very early period he has sought to acquire knowledge of his immediate
surroundings, partly for his survival and pardy because of his inbora curiosity.
Ciradually this led him fo wndertake the study of his country and record his
impressions on the biota atound, planis being one of them very intimately
associated, thereby evolving one of the eatliest known civilizations when many
parts of the world were still inhabited by savages. Indians were the first to
weave cloth (Hill, 1952), a very early sign of civilization indeed. In the Sth century
B. C. Herodotos gave a number of details about India, refarence to the vovage
of Scylax and testimony that India has tees which bear fleece as their fruoit
“surpassing in beauty and qualitjr the wool of sheep™. A curious m}'th pmv:ailad

nmn tha MNranko ol accbe
MHEALE WA A end of anceeqnt Uﬂjﬂ ihat cerfain iregs in India bore fruils which

burst to produce litde lambs whose soft white fleece was used to weave the finest
cloth. Sophocles (505-495 B. C.} mentioned tice, sandalwood etc. specifically

as Indizn products which were konown o the Greeks only by their Tamil
NAMES.

Very carly studies on plants of India were particalarty with reference to their
user, Archaeologica! findings, the Vedas and Upanishads, Indian epics, Puranas,
Samhitas, Materia Medica and ancient classical literature give some indications
of plants growing in this country, &leiru&nsmnilegmdsamihumdtuﬂ}em(ﬂun,

191 Tha manbrowenl essoeedn 2clicbl ol o
Ao 100 PACLDTIRE TOCORGS woickh anciond men left for ibe ]:I;Jﬂ[ﬂl'l[‘:,l' are clear

indications that man began (o be fully aware of plants and to consider them in
a way that marks the first step to scientific study. The excavated seals of the
Indus Valley civilizadon (c. 241]}-1?{!;'} B.C.} from some parts of India indicate
the presence of Ficus religiosg (sesl no. 387), Acacla allotica var, indica (seal
nos. 336, 357), Ziziphus mauritigne (seal nos, 353, 357) ete., which were used
in one form or the other, Remainsof that civilization also reveal that rice, wheat,
cotton barley, pex, sesame ¢ic. were already in cultivation in that remote period.
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Muny other plants vielding food, timber, wood and fibre were known, Many
others were known for their curative properties {DixiL 1939). Amonp the flowers

vuoenrd Frow cxp iy tha oanrnd Tnban A alimnelhn meradifarer [ hlals] 'I‘I'I i-'\-‘l.ﬂ-'\-l- P Ll IO R |
[ R 'I"I'Ul-ﬂ"ll-l' Wiy Ol d i) FLFLRIDNY \ITFlW'H-I’U FRAELITEF H'.J' WO Wi RO I.I’LF di LLNTL)

to wreath over the head of the sun-god.

Plants were classified into those which were wholesome to eat and others
which were ynwholesome or injurious. Engravings ol cultivated pea on polleries
show that they were known to them (Vats, 1940, 1958). The finds of lemon leaf-
shaped pendant, polychrome vases in the shape of a coconut, melon sceds et.
suggest that these ancient Indians were familiar with these and made critical
observations (Mackay, 1938). A motif of vnusnal intercst is the incense arner
which shows that incense was used in that early period of Indian history, They
also defied trees (Marshal, 1931; Cumiming, 193%; Wheeler, 1953). Sesame was
the most imporiant oil.

In the Vedas, there are references 1o palasa (Butea monpsperma), salmali
(Bombax ceiba) soma (Surcostemma acidum), kKushla (Saussurea costus),
apamarpa (Achyranthes asperay, atka (Calotropis gigantea), hastikarna (Ricinus
cammurtis) and several other plants. Inthe Rig Veda, there 1% 2 meniion of vevana
(Avena ) which possibly indicates an early introduction of this cereal to India and
possible contact outside.

Like today's Hindus ancient Indians considered tlasi (Ocimum sanctum} as
sacred being named after Tulasi, a pymph beloved to Lord Krishna. In
Vishnupurana, purijathaka ( Nyctanthes arbor-trisiis) was brought by Krishna from
elsewhere for his beloved spouse Saiya Bhama, 1o Manusmrili, the tree sahakara
(Mangifera indica) is referred o be the transformation of Prajapathi. Lepends

of thig oenus are many in Puranas and epics
| 2ENUS any anGg epics.

Many planis were considered sacred. Ficus beaghalensis and Ficus religiosg
belemg 10 this catepory, 50 also the grasses durbha, kusa and ama (Cyasdon
dactylon, Desmaostachya bipinnata and Saccharum spontanewm | Panchavati is
named aller the [ve wees, asoka or vanjuiz (Sargea asocd), ashwata (Ficus
refiglosa), vala or vada (Ficus benphalensis), bilva (Aegle marmelos) and amlaki
(PRyllanthus emblica),

In the Ramayana {c. 1300-1000 B.C.) several plams are menlioned in addition
b3 the vivid description of the flora of the Chitrakuts hills, Agasthya’s hermitape,
Panchavati and Pampa. In the Mahabhardia also there are many references (o
trees and shrubs growing in Indraprasthe, Gandhamardhana forest, Dwaithavang
eic,

Charaka Sambita (c. 800 B.LC.) clossilied plants us medicinal plants, dye
yielding plants, pulscs, timber yiclding plants and oiher useful plants, Charaka
also emphasised on some botanical characters such as habit (tree, herb, grass-like,
Creeping etc. ), presence or absence of flowers (indicating the presence or absence
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of petaloid parts), whether withering afier fruiting and the mode of propagation
(seed, cuiting, root etc). Special mention may be made of his reatment of
manjishta, kusumbha, kesani ¢ic, {(dye yielding plants), maswra (Leas esculenta)
mvara {Cafanus cafan) ete. (pulses), shaia (Shorea robusia), sissoo. (Dalbergia
sissan ), parsaka (Grewie asidtica) etc. {timber yialding plants), babul {Acaria
nifotica var. indica), bimba {Coceinia grandis), dhupdamam {Varerla indica),
hartda { Curcuma domestica), pipli {Piper longum) etc, (medicinal and other uselul

-A..l-'\.-ﬂ. o' SLET AT avmibo (1A RY aarra Far R Tt B L o0 LY Thoa esladyto s
| RN s fANsE A lad F 1h I F th
Padiila), iy il v AUpA8 14, "'.-' ATl 8 ODRLLD EOOONNGL T Lo Fimiing O uii-

Charaka Samhita.

Faridarsaa riF oooboaradsrs lefiranar lodsa F @mlanida 1|:l Frvnrd "1 Turfuf;:ln Tﬂmhriﬂ
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Sugrutha’s system flourished at Varanasi {Benares) around 560-480 B.C. when
Gautama Buddha was alive. The SamhAiia embodies information from older
material. It also shows that Indian medical men had 4 large anoomry Of maleria
medica. Mare than 700 plants are named in 37 grouns depending on the disease
and the condition io be treated. Food plants are classified acoording to the par(s
to be wsed and also according to the tasts.

WVatzayana {c. 100 B.C.) described pleasure gardens (pushpa vatika) associated
with palaces of kings and mangions of the tich and plants suitable for such gardens.
Among the trecs were asoka (Sargca asoca), cadamba (Anthocephatus chingrsis)
etc., and among the climbers wers madhavi lata (Hiptage benghalensis), jotsna
(Jasminum sp.) elc.

Brikar Samhita of Varaha Mihira (¢, 50 A.D.) pave lists of planis on
ecological basis as well as on the basis of indicafors of underground water efc.
{Ketn, 1803) Amrataki (Spondics pianata), acjuna { Terminaiia arfuna), bhallataka
(Semecarpus anacardium), jambm (Sygygium cumind} and three score and ten
others are mentioned as indjcators of proundwataf, Mihira also recommended
plants for viilages, tanks, canal banks, courtyards etc. 1t is also mentioned that
katska (Strychnos potatorum) can be used for clearing wrbid water. In this
Samhita there are also refecences to various types of toothpicks of plant origin,
hair oils. petfumes, recipes for dyeing hair etc.

Kalidasa's Ritusamhara and Mephadopia (¢, 5th century A.D.) give names
of several trees, shrubs, climbers and herbs, graphical and vivid descriptions of
lhe six seasons and the associated sylvan splendour as well 38 seasonal changes
in the flora.

[L may be evident from the very brief review pregsentad above that in ancient
india plants were studied from various anpgles. The science of arboriculture,
horticulture and silviculture were also developed in ancient India. Methods of
propagation of plants by seeds, cuttings, layering, grafting and budding were
prevalent und find mention in the Vedas, Artha Sashira and Brihat Samhitu,
Treatmems against diseases of plants of Sarnparava was part of the curriculum
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in seats of leaming in angient india. To a small axtent, thore was also the
scigntific study of plats irrespective of economic valycs. Hranches analogous

to present day morphology, nomenclature stc. were also developed; for example,
male plants of Pandaaus fascicularis (Pandunus odoraiissimus) were  called
ketakiviphala or dhulipushpika {meaning plants which produce only pollen grains
of which do not produce fruits), the femals as swanaketaki (those which praduce
fruits) and the male and female together as kelakidwayam (meaning Pondaans
couple). There are also evidences that plants were being closely observed; several
varieties of sugarcane are named in Susruta Somhiia,  Incidentally it may be
menticned that four classes of fungi such as those which grow on stacks of siraw
or barmboo, suparcane, earth and dung were recognized. Planis were classified
also on the basis of external morphology, medicinal properties and environmenta!
assOCiations. A lepsnd has it that arcund 500 B.C. Bhikshu Aireys, a famous
teacher at the Universily of Taxila, asked one of his pupils named Jeevaka (who
laler became the court physician of King Bimbisara of Magadha, a contemporary
of Buddia amd Mﬂlld\’lm, ard whose l-'illlylll'.i was e most exiensive i ancient
India) fo collect. identify and describe the properties of all plants prowing within
a radius of four yojanas trom Taxila {Maheshwari et af.,, 1965). This is possibly
the oldest floristic study in the world, A binemial system of nomenclapure was
also followed; for example, Bala is the modern germs Sida and (he specific names
arg suffixed to the generic nume. I Sanskrit, on the other hand, the specific
name is pretixcd to the gensric name: At bala = Sida rhombifolia, Maha bala
= Sida rhombaides, Naga bala = Sidg spinesa ete. The remarks of Sir William
Jones (1790), the preat orientalist and botanist, that Linnaeus himself would have
adopted the Sansknt systete of nomenclature had he known and leamt fhis ancient

lnﬁn'l'l'_'n'l.ﬂ .r"l'l" Tru':l:-_'l srhirh 18 rich 10 »lasy Aamae oo amnﬂhrn homle
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Plants also feawred s persomal adomiments and beautifactions. Chewing
‘tarnbula’ {leaves of Piper betel, mit of Areca catechu, lime and spices) was in
common use to sweeten breath. The practice is followed even today. Womgen
iolk adorned thetr hatr with flowers of champaka (Michelia champaca), jotsna
(Josminum spp.) ete. They also wore garlands of many kinds of fowers. Sandal
paste (Sqntaium album) was nsed by both men and women. The devotees used
rudraksha (the stone of Elaeocarpus ganitrus) or the wood of wilasi. Lac dyes
were usad to redden lips, soles of feat etc. Mehndi or henwa (Lenwsonia inermis)
is 4 Jater introduction o India by Muslims.

India bad contact with the FEast in plants and plant products. Most
of the wild habitats of rice {Qrvza spp.} are in peninsular India and theretore this
region is believed to be the original home of his cereal. Tl is possible that it

went across the Himalayas to China earlier than 3000 B.C. Besides, in Artha

HHH =1 =2 284 15331 AN,

Sashira, there are references to China, in the Mahabhurata and the Manusmrit
suggesting inlercourse belween the two countries through the present Bangladesh,

Apopem Wlrimimzs Hosern abee 1loom O3 WOVArDE ulen l-n.n'l.- Tadsang 4 e T
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Leonomic plant products of india like cardamom, bluck pepper, ginger,
cinnamom, sugarcans, sandalwond, roscwond, i2ak, damars, pums, resing, clemi,
Himalayan spikenard, cotton, lurmeric, indigo, myrobalan nuis, vetiver, medicinal
plants efe. were known it various parts of the Western world as Oriental luxury
several centuries before the birth of Cheist, The first waders in these articles werg
probably the Arabs who brought them from India by caravan (o Arabia and thence
to other parts of the Western wotld (vide also Pigpot, 1950; Pusalkar, 1938). It
ix now known at Sorgfies weached Epypl poor 1o 2200 8.C. and ginger from
India was brought 10 Asia Minor by caravan even beforc the time of Romg,
There is alse a reference to ebony {Diospyros ebenum) in  the 5th dynasty of
Egypt (¢, 250k} B,C.). This plant it a native of southern India and 5ri Lanka
(Cevion}. Theophrastus in his Historia plantarum (4.4.6) desctibed ebony from
India (vide Leucas, A. 1934, Ancient Egyptian materials and indusiries). lLogs
of Indian teak have been found in the temple of moon at Muoghar {Lfr of the
Chaldees) and in the palace of Nebuchadnezzar, both of 6th cenmury B.C. Big
trade in teak, ebony, sandalwood, black wood etc. flonrished till the 2nd century
A.D. Many articles menticned in the Jewish annals bear names which can be
traced to Endian originals. ‘Thus Hebrew almug (sandalwood, probably from
Sanskrit valgu), sadit: {cotton cloth, Arabic satin, Greek sindon, all from Sindhu
meaning cottan cloth), Hebrew karpas and Greek karpasos {cotton from Sanskait
karpasa) etc. are referable to their Indian roots {Pusalkar, 1938). The early Arab
traders tried their best 20 keep the sources as a secret and they could do so for
along time, The ésteem and high price of Indian produce were the cheil incentives
which lured adventurers of the Western world to search for a sea route to India.
Possibly kmowing from the Arabs, the Phoenicians are beligved to have visited
India even before 1000 B.C. by sea when Hiramn ruled Tyre. This was about the
sarne tithe that Solomon, the wise king of Israel, in partnership with Hiram, fitted
oul a commercial fleet of ocean poing  vessels manned by Phoenicians. Some
of thesce ships sailcd from Ezjongeber, a port in the Gull of Agube, close to the
mexdern Isragli port of Elath, These vessels made three year voyages to Ophir
to buy plant products, ivory, monkeys etc, (vide also Menon, 1962; Snait, 1971).
According to Nagam Aiya (1506} Opbir is Puvar in Neyyatinkara taluk on the
Kerals coast,

The companions of Alexander the Great of Macedonia during his campaign
tn TIndia, ﬂﬂ'lFRllﬂ'"{'ﬂ Neurchos and Arngiobnlos in their digries gave some Aoristic
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information about India. Afterwards these were ingorporated by Theophrastus
(atso known as Tyratamus, 372-287 B.C.}, a native of Erasus in Lesbes, a pupil

ad Dot ol N LTV R T R HIETE A [ - T i e b b e =

of Plato and suecessor of Arisioile in the rEl.].].J'd.I.EUI..- aulWl. in his ll-l-ll.l..lll'.Elﬂ[

contribution to botany, Historia plantarum (vide also Moldenke & Moldenke,
1952).

Megasthanese, the Oreek ambassador {rom Seleucas 1, visited India in the
dth century B.C. When Sandrocothus {Chandra Gupta), the founder of the Maurya
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dynasly, was ruling Magadha with Patalipoiea as hig Capital {present day Patna
was known Lo the Greeks as Palibothra), The emissary who traveiled the whole
of northern India wrote an account in which he mentioned important produces
of India (Mac¢ Crindle, 18773,

Bindusara, the Maurya emperor and father of Asoka, niled India between 300
and 273 B.C. At that time an ambassodor from Syria lived in Paialiputra and
made notes, A geographer and officia) from Greece also came to make natre-
study.

Egyptian tombs yield information on the carliest dyes known to the Westers
world from India, Among these, indigo or anil, the brillisnt blue and king of
dyssmiffs with itx natural fastpess to both light and water, was the popular dye
for about 4000 years (Schery, 1954} ''he tombs also contained sandalwood,
ebony, tamarind etc. of Indian origin. Mummies were wrapped in Indian muslin,

The Roman emperor Augustus (Octavius, 63 B.C. - 14 A.D.) senl his emissary
to the Pandya king who ruled over Madurai, Tinneveli (Tizunelveli) and closeby
regions for various planl products. The anonymous author of the Peripius of
the Eryihraean sea, a work written by a Greek settled down in Egypt in the first
cenpury A.D,, made reference to several products of plant onyin from the Malabar
Coast. In about 45 A.D. Hippalus after lsaming from the Arabs of the regular
seasonal changes of the monsoons made thess winds serve him as the means of
establishing a trade route befween the Red Se¢a and India. He found that ihe
distance between Aden and Ganganore could be covered in forty days. This
opened up a new chapier in the trade of plant preducts between India and Rome,
Pliny (Gaius Piinius Secundus, 23 B.C. 79 AD.) who pave an accurate
description of the gea route to Iadia and of the land of Malabar in his Historia
naturalis alse mentioned the main ariicles of plant orpin in tade from
Caglobothras {Kerala, Puiram), Koltanars {Kouarakara), Modura (Madurai) e,

‘There are several words of Indian origin as piant names in Greek; for example
arisi and vettiver in Tamil became Oryze and Veliveria respectively. Injiver
atud elathari in Malayalarn became Zingiber and Elaitaria respectively, Sandanam
(Chandanram} and sarkara became Sanfalum and Saccharum respectively.

The Byzanting monk Cosmos Indicopleustus who visited the Wesl Coast in
522 AD, and Rabbi Benjamén of Tudela who travelled in the East between 1155
and 1173 A.D. wrole aboui pepper, ginger, twrmeric, indigo eic. Al-Kazwini
{1263-1275) who compiled an account of India from the works of others recorded
Several plant products, Marcopolo {13th century), Friar Jordanus {1324), Nicolo
Conti {1441}, Ludovice Varthema (1510) and Durate Barbosa (1514) are other
chief Western travellers who wrote about Indian plants before the Portupuese,

French, Dutch andd the English came to [ndia.
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THE PORTUGUESE TAKE THE LEAD

The quast for India by sea wos very dominated among the Portopucse. {n 1487
Barthalomcw Diiaz, the explorer, sailed around the Cape of Storms (now Known
as the Cape of Good Hope) and openad the way for Burope to start trade
with India.

Later Vasco da Gama also rounded the Cape of Good Hope and anchored
off Calicui (Kozhikode) on 20 May, 1498, the voyage from Lisbon having taken
10 months and 12 days. He established friendly relations with the Zamorin, but
Pedro Alvares Cabral, the leader of the second expedition which teached India
in 13) fell our with the king and sought rading concessions from the Zarnorin's
rival, the Rajah of Cochin. Cochin with itg excalient port became the {irst trading
headquarters of the Portugeese in India. The (irst viceroy was I'rancisco de
Almeida (1503-1509) who defeated the Arab-Fgyptian fleel in 1508 and gained

command of the Indian waters, 1o addition 1o the interest in #pices and other
COry 1d of the Intan waters, 1o addition 10 the inleresl 10 épices and Other

uxury iterns from India, the shortage of wood on Lhe shores of the Red Sea also
was another important factor for the growth of Portuguese power in India
Realising the importance of a fortified Base on land, Alffonso d’Albuguerque
{1509-1515) captured Goa which became the capital of Porfuguese possessions
in India and remained 80 till December 1961 when it was amnexed to the Indian
Union,

To Goa came a physician and pharmacist named Garcia de Orta (1490-1570)
Irom Elvas. With his 30 year contact with Aynrvedic physicians, study of nalive
drugs and their uses published 2 book entitled Cologuiss dos simples in 1563
from Goa. In it, a detailed account of 57 more commonly used Indian medicinal
plants are piven, A Latin translation was published from Aatwerp m 1367 by
Charles de 1'Escluse (Curolus Clusiug) entitted Aromatum et simplicitim Aliguor
medicamentorum  apud  Inde nasceatium historig.  Thiz publication made the
Coloquics familiar in Burcpe and this Latin translation ran inio six editiony
belween 1567 and 1595, Simultancously an Etalian transiation was made by
Annibale Brigant! and published it from Venice in 1576 followed by three more
aditions during 1582-1616. A French translation by Antoins Colin appeared in
1609 at Zyons and another editiom in 1615, These translalions were from the
Latin tranglation of Closius. Annotated edition of the Cologuios in 2 volumes
was published by Count de Ficalho in 1895 at Lisbon and this edition was
translated into English by Clements Markham m 1913, This work embodies
several mistakes.

The Cologuios chiefly grves informalion ofl the drugs of the East about which

the West had no informalion. The work also includes an accounl on the locy|
fruits, betel quid, narcolics from hemp, Datira etc.
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A little later, Jan Hughes van Linschoten (1596} gave an account of life in
Goa which has some botanical notes including cultivation ol pepper and a
description of it by his friend Bernard Paludanus.

With the arrival of the more powerful Dutch, French and English fleets during
the first half of the 17th century Portuguese power rapidly declined and lost its
monopoly in Indian waters,

THE DUTCH

Towards the end of the 16th century Lisbon was closed to the Dutch vessels and
this adversely affected their carrying on trade in spices and prompted them to
have direct access to the spice growing regions, The Duich were the real
successors of the Portuguese and they established themselves in the Coromandel
Coast, Gujarat and Bengal, However, their main centre of activity was the
Malabar Coast. In 1661 most of the Portuguese stations such as Quilon (Kollamy),
Cranganore, Cochin and Canannore (Kannoor) on the WeslL Coast fell to the Dutch
and as a result the Dutch had the mnnopoly in the trade of spices and other
produces of India, In 1667 Hendrik Adriaan van Rheede tot Draakesiein (1636-
1691) was made the governer of the Dutch possessions in Malabar, He was
stationed at Cochin. Between 1663 and 1669 Rheeds travelled over most of
the coastal regions from Goa to Tuticorin and made notes on plants (vide Heniger,
1980). His love for Malabar and respect for the people of the region enabled
him to organize the preparation of an illustrated account of the floristic resources
of the area for the exploitation and benefit of all. In this endeavour he sought
the help of the native physicians as well as people from all walks of life in Malabar
and people from Europe. Among them special mention may be made of Itti
Achutan, Ranga Bhait, Vinayaka Pandit, Appu Bhaif, Father Mathew, Johannes
Casearius, Emmanue] Carneiro and H. C. de Donep. Live plants from Cochin
and s neighbourhood were brought, illustrated and described. The accounts were
finally translated into Latin. The manuscript was prepared at Cochin and sent
to the Netherlands. The first volume of this great collaborative work was
published in 1678 (Warner, 1920), edited by Arnold Seyen, at Amsterdam under
the title Hortus Indicus Malabaricus. The next 11 volumes were also published
from Amsterdam, the last volume in 1703, 12 years after the death of Rheede
on board his ship and burial at Surat (Heniger, 1979). In these volumes are 794
gxcellent illustrations covering about 780 species. The specimens on which
Rheede based his descriptions are not known to exist (Raizada, 1954a; Johnston,
1970} although he forwarded some plants {o the “Hortus Medicus™ at Amsterdam
(Manilal, 1980). Recently 660 plants described and illustrated by him have been
re-collected (Nicolson et al, 1988).

Linnaeus (1740) gave van Rheede the s as that «
botanists like Ditlenius, Clusius and the Bauhins and established about 265 species
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o Hortms Mofabaricus (Linoaews, 1753, 1734).  Adanson (1763), Jussiean
(1789), Dennstedt {1818), Hasskar! {1867} and many later bolanists alko used
fortus Mulabaricus t© name new taxa treating ithe illustrations as types. Van
Kheede's name is commermorated it the renus Rheedia L. (Guttiferac). Horius
Malgbaricus has attracted the attention of several recent botaniete (vide Manilad,
1980; Nicolson ef al, 1988). No work on Indian botany of a similar nzture has
surpassed the Hortus Maleharicus in its importance in botanical literature, Today
more than 63 species stand dedicawed w Rheede e.g., Bruguierg rheeded, Crogon
rheedel, Impatiens rheedel, Allophylus rheedei eic. Even his fellow workers'
names were used a5 generic names e.g., Achudemia, Carearia, Mathaea etc. Marny
original Malabarian plant narmes have remained even ioday valpable peneric
names covering more than 1,000 species {¢f. Vaczy, 1580) c.p., Basela = Basella
L., Canavalia = Canaqvalla DC., Cansjera = Cansjera A. L. Juss., Canti = Canthium

Lam. ete.

THE ENGLISH

{On 31 December, 1600 a “Company of Merchants of London Trading with the

E‘nm T-n.rli.nn "apae Fremod and thade chilios eon -l s A Frae s o T Th.fui-nh 1&1:
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ong of Downton’s ships, the Hope, left India and it was the first English vessel
o return (0 England with a cargo of spices and other plant products from India,
By 1619 English wrading posts had been established at Sural, Ahmedabad, Broach,
Masulipatnam and Madrae, In 1640 Fort St George was bulit by Francis Day

which develﬂped inta the headquarters of the English in Indja on the East Coast,
Bombay reptaced Surat in 1687 as their headquariers on the West Coast. In
1690 Charmock laid the foundationg of Caleutta and rensmed it a8 Fort William
in honour of Willtarn 111, Alt these places are intimately connected with the history
of botany in India.

‘The demand for spices was gradually coming down in Europe. This wag
occasioned bjr the increasing use of sweels m prafereme 1o spiced dishes and
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year, Therefore, the English Company’s important trade was in collon, cotton
yamn, gillk piece goods and raw silk.

While van Rheede was ocpanizing the work on Hortus Malgbaricus ‘the
English had very good relations with the Duich and possibly inspired by the
laner’ the English also began collecting plans in the Madeas coast through captaing
of ships and others comnected with the East India Company. Among thoge
English collectors special mention may be madg of James Petiver (c. 1658-1718),
an apothecary, and Charles Du Bois (1656-1740), an ofiicial of the East Indig
Company. Dug to the impetus given by these men Richard Sambach and Savmge|
Browne, both surpeons, collected plants from Madras coast particularly near aboug
Fort 51, (eorge. Browne sent a packet of dried piants, Horfus Siccus, to London,
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Like Browne, another official of the East India Company, FEdward Bulkley (c.
1651-1714) also sent dried plants to London along with information regarding uscs
and names in Tamil. This collection of herharium specimem with labels made

J"\.F hﬂml‘lﬁﬁ l'\l"F'lHl" T 1’1 ﬂml' WAL TEIO D v r‘hiﬂﬂ iﬂl}' I'I.'tr I D
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returned to Caleutta herbarium by Sir Hooker along with numerons gift specimens.
In addition there was a ship’s surgeon, Alcxander Brown, who also collected.
None of them were botanists, The plants sent to London were studied by Petiver
and Du Bois, Wagenitz (1978) unearthed 12 sets of herbarium specimens from

India kept under the title “Plantag Malabaricae™ in the herbarium of the
Systematisch Geobotanisches Institut der Universitat Gottingen. These were
principally of Ch. Th. Walther (1699-1744) who collected them in (he
surroundings of Tranquebar (Tharangampadi). The specimens were annotated
with Tamil names and notes on their uses.  As pointed out by Wagenitz {Lc.)
the term Malabar in those days meant not only the Kerala coast but also other
parts of southern India.

In 1697, Leonard Plukenet (1641-1707) began to publish copper-plate

illustrations of plants under the title Phytographia. Peliver also began publishing
renorte on nlants fpﬁrfnv Trans. 200 313-353, 'lﬁqf!'i The aobservations of hoth
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of them were hased on plants of India chiefly supplled by Browne and Du Bois.
The plants possessed by Petiver and Plukenet ultimately reached the British
Museum. The pre-Linnaean inquiry into the flora of India ended with Petiver.

POST LINNAEAN PERIOD

Tamil Nadu

In the 17th and early half of the 18th century there were no generally accepted
rules for naming plants and every botanist had his own way of naming plants.
Linnaeus’ Specles Plantarum (1753) and Genera Plantarum (1754, 5th ed.)
marked a new epoch in botanical history. In Species Plantarum he consistently
used the binomial system of nomenclature and this publication is taken as the
starting point of modern nomenclature, The descriptions of genera in Generg
Plantarum are accepted to validate generic names.

Johann Gerhard Koenig (1728-1789), an illustrious student of Linnaeus and
a mnissionary of the Royal Danish Mission, surgeon and naturalist, brought the
Linnaean systemn of naming to India. He was stationed at Tranquebar
(Tharangampadi) and began to study the flora of the Madras coastin 1768, Koeing
was accompanied by patrick Russell and W. Roxburgh in local tours to places
like Nagari hills, Tirupati Kakinada, Madgol hill etc. in Eastern ghats. Koenig
died at Kakinada near Samal cottar and described Roxburgh gloriosoides in
presence of his friend and desciple W, Roxburgh. G. ng (1890) aptly named

| P I Y diied specimens Toseoh Banks {1743-1820% i
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Fnglari] as well as 1w Anders Johan Retrivs (1742-T821), Professor at the
University of Lungd, Sweden, "Lhe specimens received by Linoaeus have been
recorded in Savage’s Catalouwge of the Linngean herbarium (1548) and that
of Retzius are lsted by Fischer (Bull Mise, Inform. 1932; 45-76). Koenig also
sent seeds and live plants (Rendle, 1933).

Koenig left the Tranguebar Mission after ten years and joined the Arcot
Nawab's services wherefrom afier four years he was absorbed by the East India
Company it his death {¢f, Burkill, 1965}, From Madras he along with George
Campbell, & surgcon, bolanized Pulical situmed a litle to the north of the city
of Madras. Koenigia Rete (Polyponaceag) Murraya koentgif Spreng., Chionachne
koenegii Thw. were dedicated to his proneer botanist and explorer on special
mission t0 East Indies.

There were also other missionaries working in the Tranquebar Mission and
studying plants. Among them may be mentioncd Johann Gottfried Klein (1766-
1821), Johan Peter Rottler (1749-1837), Christopher Samue) John (1747-1813)
and Benjamin Heyne (1770-1819) (gf. Mueller, 1955; Stansfield, 1957;
Mabberley, 1980; Stewart, 1982 b). There was also a botanical garden a
Tranquebar arourd 1768.

Moravian brothers contracted to seli dried plants to Joseph Banks and carried
out their promise from 1775 to 1778, [t was from this transaction that an jdeg
of starting a learned society at Madras and a society of botanists by name * United
Brothers” was formed in 1775 (Chakravarty, 1572}

Roiiler joined the Tranguebar Mission in 1776, He was alieady a botanist
and collected plants chiefly in the coastal regions. Except for 2 brief speit in
Sri Lanka ke remained in India tilt his death. Roitier pot only exchanged and
distributed planis with Heyne and the younger Klein of the Tranquebur Mission
but also with Roxburgh, Schreber, Vahl and Willdenow in Calotta, Erlangen,
Coperhagen and Berlin respectivety (Stansfield, 1957). However, much of his
collection seems o have reached Kew via King's College, London. How Rottler’s
collections reached King's College could noi be ascefiained {(Anon,, 192¢),
Although Rottler published many papecs on south Indian botany, the very first
being the acoount on the Indian gooseberry, “Der nellicaimaram, Phiylanthus
emblica Linn." published in 1787 (Christensen, 1924-1926). Names of 3 genarg
and 68 species of flowering planis were validly published by Rottler ang
Willdenow separately in 1803 (Daniel, 1951). Rotfler’s dictionary in three
volumes is an important work equating for the first tme Tamil plant names with
botanical names,

Heyne joined [he Tranguebar Mission int 1777 and passed into the services
of the East India Company in 1793 and joined Samaicottab (foliowing the transfer
of Roxburgh to Calcutta) where he was to supervise and direct works on (he
introduction of pepper, sapar, (obaceo and cardamon. He was niot 4 botanist byt
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becamy one. Ta 1813 whon he went on leave 10 England he took along with him
duplicatcs of his collectioms. [n London he got access also to Bank's possessions

[romn India 0 mame them, He submiticd the worked over collections (o Albrecht
Wilthelm Roth (1737-1834), a phygician tumed botanist of repute. Roth publighed
s account 00 new plants from India in 1821, A8 remarked by Burkill {1963),
“with Roth's book appeared the ficst appeeach o a flora of any considersbie part
Nt Tndhia; bat, ane adds, 430 species amount to Gitfle mars than a sampling™
The Pondicherry based Fronch bolanists also made extensive plant coflections and
coriched the herbartam at Haris, Among them mention may be made first to Pierre
Somnerat {1745-1814) who eollected at Pondicherry, Mahe and Suraf. Nex| iy
Eouis Thepdore Leschenault de 1a Tour (1773-1826).  He reached Pondicherry
in 1816 as a Research Officer in naturat objects, travelled and collected widely,
He sent a part of hiz collections to Wallich,  Leschanault algo published 2 eouple
of papers on Madras flora, The third was [Francois Louis Busseuil, surpeon
c:f a ship. He reached Pondicherry in 1824. The (owrth was Charles Belanger

vhin arrived in Tﬁ.r"-l'.l Ty RIS uriel nn“unl-ul at Adabo  Doandicharo ond
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Lh.mdamagme, In 1829 he retwrned to Paris with a large collection and published
an accouat, Veyage aux Indes Orientalis in 1834, A, A, M. Reynavd was another
aurpeon and he collected at similar places, Georpe Samaul Perrottet (1793-1870)
also travelled widely and collected. His collection was very large and ran to
1,500 species. Some plants were also named after him e.g., Aeschynanthus
perrottetii A, DC, In 1834 Alphonse Delessert travelled with Perrottet. Though
his main interest was collecting animals, he collecied plants in Gingee, the Nilpiris
and Pondicherry.

Patrick Russel also collected plants from tw Bast Coast including
Vizagpatnam between 1785 and 1793. A portion of Russel's collection went to
Banks. He carried specimens and the first pant of the paintings of Coromande?
plants from Kakinada, He also described Sea fishes and snakes of India.

Roxburgh (1751-1815) arrived at Madras in 1776 and along with Koenig he
studied the flora of the Madras coast. Roxburgh was sent to Saenalcottah in 1783

from where he was ordered to proceed o Calcutla to saecsed Kyd in 1743 in
the Company's Garden and ha left India in 1K14d. During hig stay in India he

———Sr—rir e

-.:uller.:t.ed and published several works particulacly the plants of the Coromandal
and 'Flora India’ of great importance to Indian botany and also worked on plant
introduction which made him Father of Indian Botany,

While at Samalcottab he not only explored the region but also found wild
pepper and establishad an experimental planlalion where a trial was made of
pepper, cardamom, sapan wood, indigo and other possible crops. He had got made
drawings by nalive artists of most of the species descnibed Oy him. There are
more than 2500 of them (CAL, K). Under the auspices of the Board of Directors
of the East India Company and direction of Banks a selection of 300 of these
drawings were published as Planfs of He Coromagndel coast comprising 3
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volurmnes with 4 parts each; the first part appeared in 1795 and the last in 1820,
About 400 of the plates in Robert Wight's Jrones plartarum Indige orfenialis wers
copied trom Roxburgh drawings. Koxburgh distributed specimens freely but
docs not appear to have kept 4 set for hinsell and it would secm thal nowhere
is there a complete set of his plants whose identity with specics described by him
is heyond question (Sealy, 1957). According o Clarke (Roxb., FL Ind fucs,
ed. 1874:v) these drawings are of paticular value since they ¢an be connected
with certainty with Roxburgh's description. Roxburgh's name will appear at
several places in this account,

Bernhard Schmid (1787-1857) was a missionary and botanisi. He arrived at
Madras in 1817 and travelled the Coromandel coast collectung plants for the

preparation of a Tarl-English dictionary, He also collscied m the Nilgiris and
Tioneveli. Tn all he sent over 1000 specimens to William Jackson Hooker at Kew.,
Some specimens from him were received at Caloutta. He also supplied material

to Hohenacker,

Another collecior was Frederick Adam, Governor of Madras from 1823 to
1837. During almost the same period two missionarics, Thomas Foulkes and
Weigle studied the plants of the Nilgiris. They sent thejr specimens o W. I,
Hocker. Karl Alexander A. F. Huegel (1795-18%) enciched the Vienna
Herbarium with specimens from the Nilgiris, Bombay etc, in 1831, R. Baike
{1857) published a guide baok on the Nilgiris. In this Huoegel assisted him
by supplying notes on climate and vegetation while Schmid provided a fist of
471 species in the Appendix. On his return (o Europe in 1837, Schmid presentsd
hig dried plants to Jonathen Carl Zenker (1799-1837), Professor of Natural
History in Jena, who published Pioniae Indicae: Decas 1{1833), Decas 2(1838)
(Staflen & Cowan, 1988).

An indefatigable and a zealows worker that he was Robert Wight (1798-1872),
the greatest accuaniator of material of all (Burkill, 1965), arrived in India in 1819
at Samalcottah as a medical man of the East India Company. He was nat a botanist
when he came. During his spare time he stadied plants and soon began sending
collectors out to bring plants beyond his jurisdiction. A lithographed catalogye
of plants distributed from Wight's herbarium was produced by Wight in he

el o slaoormialo und !Ein-r DPrafoeerns ~F 1

bandwriting of Walker Ao, & CIASSTIS and AT STGIESSOT O Dotany at
Glasgow. The first parts of this untitled work appeared before their excellent
Prodromus (1834} such that many of teir new names were authenticated by valig
publication in this catalogue {Mabberley, 1980} Many names in thig catalogue
ars validly published although two are superfiucus new names. During hig 35
vears of stay in India Wight described 38 new genera and more than 3000 species,
His contributions include 28 poblications among which Mlustrations of Ingign
botary (1831-1832, 1840 & 1B30), Contribruiiions 16 the botany of India (1814),
Icones plantarum Indiae orientalis (1838-1853) and Spicilegium Neigherrense
(1846-1851) are very frequently consulled by botanisis. By 1838 Madras had
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a2 botanical garden and Wight looked after it for some time. Wight's ureas of
collection were Madras, Vellore, Samalcottah, Rajamundry, Nagapatnam,
Nagari hills, Sribari Kota, Tanjore, Bellary, Coimbatore, Nilgiris, Palni hills and
to the very south of the Indian peninsula, His specimens went to many like W,
I. Hooker at Glasgow, Delessert in Geneva, Walker Arnott in Glasgow, and
Wallich in Calcutta which like the collections of some of his predecessors like
Rottler and others also sent into the making of his Numerical list (1828-1849),
1 dppreciation of his work several species were named in his honope bs 31
botanists.

Thomas Caverhill Jerdon (1811-1872) a reputed zoologist and an omithologist
in particular also collected plants in several paris of the Presidency of Madras
and maintained his collections untill his death after which they were presented
to Kew. The genus Jerdonia was named in his honour by Wight.

Among those who joined Wight was Hugh Francis Clarke Cleghorn (1820-
1895) who became Professor of Botany and Materia Medica at the Madras
Medical college in 1851, Conservator of Forests in 1857 and Inspector General

of Forests in 1867. He collected mostly in the Madras Presidency and his
specimens enriched the herbaria at Edinburgh and Calcutta. A few of his
collections are also in Madras Herbarium at Coimbatore. Cleghorn's cheif interest
was towards the preparation of a catalogue of indigenous and naturalized plants
of the Agri-Horticultural Society’s Garden at Madras, sand-binding plants of

the beach at Madras, and forests and gardens of south India.

Contemporary workers of Cleghorn were many, Among them the works of
I. Allardyce (1836) on the Nilgiris, B. S. Ward (1837) on the survey of the Pulney

hills and Gardner (18435) on the botanical visit to Madras, Coimbatore and the

Nilgiris are noteworthy.

George Bentham obtained the collections of J. F. Metz (1819-1886) from
the Nilgiris through Hohenacker and fumished a list of plants belonging to the
Leguminosae (1851a) and Acanthaceae (1851b). Robert N. Brown, a
horticulturist, published a handbook of 368 trees and shrubs and herbaceous plants
growing in the Madras Agri-Horticuitural Society's Garden in 1862, Though a
guide book it went into a second edition edited by John Joseph Wood (1828-1867).
Jameson (1869) published a list of timber trees of the Nilgiris and Bidie (1874)
dealt with the loranthaceous parasites.

Col. Richard Henry Beddome (1830-1911) joined the Madras Forest Service
in 1856, He was principally a botanist and began working on the plants of the
Palni hills where he was first posted. While collecting he also iflustrated plants
by the use of lithography. In addition to Palni be collected in the Nilgiris,

------- Sy

Anamalais and Tirunelveli. He was a specialist in ferns and angiosperms. His
prolific writing began in (1858a)} with the flora and vegetable products of the Palni
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hills foliowed by the lora of the Nilgivis (1876, 18803 In addition to these, his
Musttations with descriptions like The florg syfvatice for soutfiern India (1869-
1874) and fcorey plantarum Indige orientalis (1868-1874) arc very important
works,  His ofber contributions or angiosperms inclode Fmpatiens (1858h),
Contributions o the botany of southern Indin (1861-1862) -glc. The penus
Reddanmed was dedicated to him by 1D, Hooker. Beddome described scveral new
senera like Uderia, Poecilonewron, (ciotropis clc.

Captain Fredorick Cotlon, an engineer, visiled the Anamalais m 1850 and was
in charge of the teak plantations. He was suceeded by Jamwes Michael, another
ariny officer, who continued tll 1856

Circhong plantation had already been established in the Nilgiris under the
cirarge of W.GG. Mc lvor. Cleghom was associated in the selection of the land.
C.B, Clarke who visiled the plantation in 1869 also made some collections.
Nelson's accourt (1868} on the flora of Madura (in the Madura country mianual)
has 2 list of plant names supplied by Turnbull. Bidie {18803 pave a list of usefu]
plants of the Nilpiris in Grigp's Manual of Nilgiri disirict

fames Matthew Gieason, Superintendent of the Madras Botanic Garden, pave
a lengthy account (1884} of the plants grown in the garden. In 1882 Malmaduke
Alexander Lawson {1840-1896), Director of the Cinthons undertaking at
Ootacamund collectad not ondy in the Nilgirls but also in Nagercoil, Kanyaknmari
angd Thadikarakonum (Lawson, 1894), His specimens are in Calcutta and Madras
Herbarium. Lawson later became the first Director of the Botanical Survey of
India at Madras and began cataloguing the plants growing in the Presidency of
Madras which inchaded 3,285 species. The catalogue was laler completed by
A G. Bourne in 1897. In 1B86 Hunter briefly described the flors of Madras.

James Sykes Gamble {1847-1925) reached India in 1871 after qualifying in
forastry in France. From Bengal where he was Conservator of Forests, he was
sem o Madras in the same official position. He had already published A fist of
the trees and shribs found in the Darjeeling district (1878, rav. ed., 1896) and
A manual of Indian timbers (1881, new & rev. ed,, 1902). After reaching Madras
he towred exiensively in the presidency and collected; the coliections he

raintained a2 a mrivale herhbariom vlbmately ranahad o & cmb bo olos mesnces
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at Madrus Herbariuom.  Gamble described several new species and some new
genera like Meteoromyrius, Pseudoglochidion etc, Several species are dedicated
to him. The frist pant of Gamble's Flora of the Presidency of Madras was
published in November 1915. This included the account of Ranwnenlacess o
Opiliaceae consisting of 200 pages of which the first 132 pages were written by
S.T. Duan. Subsequent 7 parts of the flora were published by Gamble himself
which ¢nded with the Euphorbiaceae. The remaining 4 paris were completed
by C. E. C. Fischer of the Indian Forest Service in the Presidency of Madras,
The flora és acclaimed as the best regional flors of India. It was reprinted by
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the Bulwuical Survey crt ndia m rhrcc mlmnua 1n 1*3‘3? anud .q:,.im in I*E.I'ﬁ? It
Wads reprinied wi
of Dehet Dun in 1979,

P.M. Lushinglion (1500) published an account on the sandal trees of sonthem
India (also vide Narayunaswami, 1965). AW, Lushington (1902) brought out an
— account oo the Tlorgof noriy Cotmbatore (aiso vide Naravanaswan, 1965}, He
also publisned a Vermacular lixt of irees, shrubs and woody plants of ihe
Presidency of Madray in 1915, Another valuable conteibution by him is Naiure

and wyey of Madrar fimbers {1919),

Bormier collected and published 2 comparison of the flora and vegetation of
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Charles Alfred Barber (1861-1933) was & preat specialist on sugarcane, He
became the Government Botanist ard Dircctor of the Botanicel Survey of southern
India in 1898, It was during his period that the Madras Herbarium was transferrcd
from Ooty 1o Coimbatore where Barber was the hcad of the Agriculiural
Departmest as Government Sugarcans Expert. He travelled widely in the Madras
Presidency and procured specimens numbering over 20,000 now  housed in
Mudras Herbarium. He published an account of the botany of Madras in 1908,

A. Sauliere published an account of the plants of Palni (1914), He along
with the other staff of the Sacted Heart Collepe, Shenbaganur, made extensive

collections in Kodaikanal.

Cecil Ermest Claude Fischer {1874-1930), enlering service in Tndia in 1895
at Madras temained in the presidency except for a brief period of teaching af the
Forest Collepe, Dehra D, Wight had not left any colicclion from the Anamalais
and there ig no information as to whether he collected any. Therefore, Fischer
undertook a study in this area and published an accouot of the flora of this region
in 1521. Earlier he collectcd in north Coimbatore and published an account in
1906, After retirement he worked at Kew (1925-1937) and completed Gamble's
unfinished work of the flora of the Presidency of Madras.

E. Blatter from Bombay along with E. Hallberg studied the High Wavy

momtain of Maduara chetHot Tﬂ'.l".f Eﬂuﬂ'n-r nuhlchad an acoount ofF the
ALl U1 IAOUAl asdiata AL Bl aill dCOOUtR Of Uic

Orchidaceae of the area in 1928; Chrysoglossum hallbergii was natned after Prof.
Hallberg from this collection by Blalter and Mc Cann,

Butterworth (1911), Thurston (1913) and Mudaliare {19135) published sccounts
of the Madras flora. P. F. Fyson, Protessor of Bolany, Presidency College,
Madras, also published an account of the Madras flora in 1918, Fyson also
collected in varjous paris of the presidency. Refala fysonit Blatt, & Hallb. was
ramed after him. Mayurananﬂlan {1526) recorded some weeds intrpduced into

Madras and  glso published an account of the flowering planis of Madras and



0 FLORA OF INDIA [INT. YOL. 1

i neighbowrbood in 1929, Vigwanathan {1931) published A Aandbheok of
systenatic botany for Madras, E. Barngs (1938) of the Madras Chutistian College
also gave a list of additional plants of Madras cily and neighbourhood. He also
collected in Mettar in 1335,

The Paini hills atiracted the atlention of several botanists, Savliere's work
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vory significant.  Bowen (1932) and Pallithanamn (1957 made observations on

the Kodaikanal flora. Gupta (1960 a, b, 1962 a, b, c) in addition ta the ecology
of the arez gave a sysiemaic entmmeration of the plants. K., Maitibew coilecied
in Kodaikanal for a long time. His work on the flora of Kodaikanal (1955, 1942,

1965, 1969 g} are important contributionrs. Matthew et g, (1975) gave another
accout cru Kﬂdalkanal and dealt with the successmna] aspact of tl‘.tf: w:getatmn

=r'

pine plamatmm at Kﬂdalkmal was furmsh&dby Bhadran(l?ﬁil Knsfmaswamy
(1950) and Wyckoff (1951) also pave information on Kodaikanal. A, Anglade,
E. Bombert, GG, Foreau, 5, Muench, C. Montaud, R. Rodrigues etc. also collecued
here. Their specimens were mostly sent to Kew and elsewhere.  Anglade's
paintings of about 8000 plants along with useful notes are preserved at the Sacred
Heart Callege, Shenbaganur,

In Bourdillon’s The forest trees of Travaacore (1908) and Rama Rao's

Flowering planis of Travancore (1914), an appreciable number of plants from
Yannivatumar and Timnaelvel districts are mentioned.  Ranpachari (1910}

Er Py R L limf

brought to light the rich floristic wealth of Tinmelveli district.  Mudaliar and
Sunderaraj also collected in Tirunefveli district and published a paper in 1954,

The status of grasslands and sholas of (he state was sidied by Bor {1938)
and Ranganathan (1938). Jacob (1940) collected in North and South Arcot

districts and ennmerated the grasses.
The flora of Annamalainagar received the attention of Pillai (1941) and

Tl Tabmans JT0ETY T ul'nr YVenkatecan {1 O&AY aleo sdied the s eena:
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Madras state. Earlier (he mangroves of Pichavaram was stidied by Rajagopatan
(1952). Thirumalraj (1957) also dealt with the mangroves of Thanjavur diserict,
Iyengar {1927) and 5. N. Chandrasekharan et al. {1946) collected in the Krusadi
Istands. S. N. Chandrasekaran and Lakshmanan (1950) gave an accomnt of the
trees around Coimbatore. Chandrasekharan ei gl (1951) brotught out the wild
flora of the Nilgiris and itz bearing on humanity. Krishnammrthy {1953) deal
with the horticultural and economic plaats of the Milgiris. Lakshmanan collected
the hydrophytes of Annamalainagar and its environs around 1953, K. A
Shankarnarayan and M.Y, Dabholkar (1958, 1939} studied the flprs of
Pondtcherry and scrub jungles of Madras State. Shankarnarayan and R K. Gupta
reported 215 specics from Coimbatore district in 1954.



199 ] BOTANICAL HISTORY 71

With the establishment of the Southern Circle of the Botanical Survey of India
at Cowmbatore, after its rcorganization in 1955, floristic sludies under its

purisdiction were intensifisd. N, C. Nair et al. (1583) hiphlighted some of the
pignificant coninbytons from the Citele (vide also Nair & Nair, 1983). A
hibliography and resums of the work done at the Circle after 1955 was published
by Basak (1983). Over 325 rescarch papers dealing with about 75 new taxa and
360 ndditional records for the aren under its jurisdiction have asppoarcd.

Subramanyam, Schastinc and their colizagues made intensive explorations in
several parts such as the Vellingiri hills, Maruthamatai, Boluvampatli,
Kanniyakurnari, Alagar hills, Pakasura hilis, Nilgiris, Singampatti, Madurai,
Coimbatore, Easten Ghats, North Arcot, Kudiramoli, Comburn Valley, Siravani,
Paramhibmlam ete, (vide Subramanyam, 1058; Sahagtina, 1059: Nayar, 1950;

Subrarmanyam & Henry, 1559), Ramamurthy (1963) furnished an account of the
vepetation of the Kudiramoli Teri in the Tirunelveli plains. Vedaranyam was

axnlorad hy Sobaotine and Ellig f‘lnﬁ'T'i Tavadi hille h':r Q'I'Ihr!][[lﬂl'l‘irﬂl"ﬁ and HP‘I‘II“U
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{1967}, Dharmapnni by Vapravelu and Joseph (1571} and Chandrabose from 19??
to 1979; Agastyamalai by Henry and Subramanyam (1983}, and Henry and
Subramanyam {1981a, b) and Mahendrapiri by Sharma ef g/ (1976) and the
Kalakkadu hills by Vajravelu ef af. (1987).

Nilgiei district was intensively explored and this enabled Sharma et o, (1977)
to bring out a comypwehensive check list. Mudumalai Wildlife Sanctuary was also
studied by Sharma ef al (1978). Collections were made in the Shevatoys by
Karthikeyan in 1978, Kanniyalumari district was explored by Henry and
Swaminathan (1978) and South Arcot by Ramamurthy (1978). Collections from
Pareli forest were made by Vajravelu and Chandrasekharan (1978). Shetty and
Vivekananthan collected in the Kundsh Ranpe towards 1970 and published an
account on the endemic, primitive and relict elements in 1981, Henry and
Swamninathan studied the flora of Vedanthangal Waterbird Sanctuary and Kargil
Waterfowl Refuge (19813 M. C. Mair and Srinivasan made cnllect{m from
Ramanathapuram district during 1977-1581 and Srinivasan continued. Joseph
{1982) brmghl; out the archid wealth of the Nilgiris. lnlensive coliection of plants

nmdechosn Feoee T0EA 4 T3TH in O mambatree nad haesd o thie
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as well as of other earleir collections, Flore of Coimbatore was published
(Chandrabose & Nair, 1988).

Seientists from other units of the Bolanical Survey of India, particularly from
Calcatta, also collected in Tamil Nadu during the period. K. 8. Sninivasan
(1960 a) from the Industrial Section of the [ndian Museum studied the planis of
the Hare and Church Islands. T.A. Rao and his colleagues from the Ecology Unil
collected plants of the coastal region of Tamil Nadu and also of the Krusadi and
Rameswaram Islands (vide Rao, 1971; Rao et af, 1963 3, b, ¢). Rao (1064)
reportad Ipomoea tuba from Rameswaram and Rao ef ol (1974) added 2 few
unrecorded taxa from the Kanniyvakumari shore.
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Courtaltarn {Kuttalam) was a centrs of attraction of botanists including Wight,
Beadome, Thomson. Anderson, Stocks, Bourdillon ete, K, K. N. Nair from the
Central National Herbarium, Caleutita, collected from 1973 to 1977, Tased on
this as well azs material procured by eartter workers ke Gideon Thomson (1350),
T. Anderson, Stocks, Barber, Bourdillom, 1D, Hooper, C. €. Calder, M. 8§,
Ramaswamy, M, Rami Ran, Yenkaba Rao ewe. during he first half of the 19th
century, and Subramanyam during 1957-1958, K. K. N. Nair and M. . Nayar
published Flora of Coortalhnm in two volumes in 1986 and 1987,

Nair and Henry edited the [st volume of Florg of Tamil Nadu in 1983
followed by two more volumes edited by Henry, Kurnari and Chithra {1987) and
Henry, Chithra and Balakrishnan (1989). Daniel (1980) and his associates (Danicl

et al, 1983, 198%; Draniel & Rajendran 1989, 1992) made a detailed stody of some

rare plants.

Workers other than those of the Botanical Survey of ludia were alsn engaped
in floristic work during the same period. Kasinathan (1956) studicd the vegetation
of the fresh water swamp of Uthangal in South Arcot district.  Govindarajulu
continued the work of Fyson in Presidency College. His chief interest was
Cyperaceae and described several new taxa in the family.  Swamy and
Govindaraju (1956} worked on the flora of Courtallam. Govindarajulu and
Swamy (1956, 1958) collected in Mundanthurai. Sukharam Rap (14957a)
Suparcane Breeding Institute, Cotmbatore, collected in Adayar, He also procured
grasses from Coimbatore district (1957 b}.

The flora of Mamtimvamalai was worked out by Lawrence (1959, 1960), The
Hare and Chruch Islands were explorcd by Sunderarsj and Nagarajan (19643,
They also surveyed some osher parts (1966, 1969) uf south India. Sobramanian
(1966 a) of the Forest Collepe, Coimbatore, collected in Boluvampaiti and
Subramanian and Kalyani (1977) in the Baimbam Ghats. A pictorial flora of
Courtallam was published by Arachi (1368) of St. Xavier's College, Palayankotias,
Workers of the French Institute, Pondicherry have been studying various aspects
of the vegetation of peninsular India under the leadership of Meber-Homit and
Blasco, Their approach is chiefly ecological (Meher-Homji, 1969, 1975: Blasco,

1071
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Eaiasu‘nramanimll (1972) recorded some noteworthy planis of the Nilgiris and
Palni hilis. Samaraj dealt with the trees of the Nilgiris, Krishnamurihy e af,
(1978) collected in Theerthgmalai,

A centre of intensive activity is the Rapinat Herbarjum, Tirachirapally, Fr,
K. M. Matthew and his colleagues have added much to our knowledge of the
plants of this part 0f Tamil Nady. ‘They explored the districts of Dharmapuri,
Pudukkoiiai, Salem, South Arcot and Tiruchirapally from 1973 to 1981 and
Matthew brought oot Materials for a florg of Tamilnadu Carnatic (1981)
Riustrations on the flora of the Tamiingdu Carnatic {1982), Flora of Tamilngdu
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Carnatic (1983) and Further iffustrations on the flora of Tamilnadu Carnatic

|"'| [ Ik
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Senthilkurmar and Krishnamurthy (1989) of the Bharathidasan University,
liruchirapally cxplored and studied the floristic ecology of (e Shevaroys,

Kerala

As pointed out earlier Kerala was known outside India right from very ancient
tmes. In addition to the plant producls already mentioned, leak was another

important item from the coast of Malabar carried to the Fuphrates at {east ay H-dﬂ‘_‘,?
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flourished on the West Coast till the end of the 18ih century A.D.

Mention has aleeady been made of van Rheede and his Hortus Indicus
Malabaricus. After the stinmlating study of van Rheede and his fzllow workers,
there was a lull n the study of planis of the Kcrala coast for a tong time possibly
due t something wrong in the attraction of the utility of plants. Psul Hermann
(1640-1695) of Leiden had contacts wilh van Rheede. He visited Kellam (Quilon)
and Kochi (Cochin) in 1675, it is probable that Linnacus also received

IR T O R S e
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Francis Buchanan-Hamilton {1672-1829) after his mission in Burma was sent
o make an economic survey of south India in 1800 to report on agriculture, cattle
farms, the naiural resources like cotton, pepper, sandalwood, cardamom,
vegetables etc. [n this conneclion he visited Malabar in 1801 and published his
report in three volumes in 1803. He also collected plants. Buchanan-Hamilton
was a pood field botanist. He described 12 new gencra, The genus Buchanania
Spreng. and several species like Clemaris buchanania were named in his honour,

Robert Wight collected in Kollam and Thiruvananthapuram (Trivandrom)
districts towards middle of thc 19th century. Hc also procured maiedal from
Palakkad (Palghat) district, sporadically between 1844 and 1845, General
William Cullen who was residing in Travancore also collected at about the same
lime. The genus Culfenin was named by Wight after him. Cuilten’s collections
IU[]l.l.l:l.l. l.[l.l: [!-H.h.[b [L'II I..III.C l.ll.Il,.Ilil:iiEl:l.l_.l Ul L-l'lliI}' Ll.ﬂ..i'ﬂi I-DIJ'LIl,I GIEE,.I.IEIIE f.'ﬂ]]ﬂ[_.{ﬂl]
in Palghat distirct from 1852 to 1839, Alited Augusing Davidson collected in
Kerala and presented his specimens lo Kew in 1883, Rev, E, Johnson was a
resident in Travancore. He puh!ished a list of orchids (Moadras J. Lit. Sci 19:
215-220. 1858). Beddaome collected in Kollam, Idukki and Palakkad districts in
1864, 1865 and 1873, M.A. Lawson from Madras made a brief vigit to Travancore
and collected in 1893, He also collegted i Palakkad and Wynaad. T. F.
Bourdillon was the first Conservator of Forests, Travancore, He was earlier

Planting coffee. He collected exignsively from 1871 onwards and pubiished his
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book enutled TAe forest trees of Travarcore in 190K, His specimens were sent
to Kew and Caleutta, Part of his collscton is also preserved at the University
College and Tropical Botanic (rarden and Resgarch Instipute, Thituvananthapuram
and Madras Herbariwm, Coimbatore. M. Rarma Rao succeeded Bourdillon as
{Conservator of Forests, Travancore and be collected from 1908 onwards, His
hook on the Flowering plants of Travancore published in 1914 is based on these
mll::::tiun'-‘: as well as those ol Bourdillon,  Rama Rao listed 3535 plants in his
book. C. A. Barher collected in Travancore in 1895 and 1904, He also procured
specimens from Malahar, Venkoba Rao collected From variuos parts of Kerala
from 1913 to 1915, C. E. C. Tischer collected Falakkad district from 1914
o 1916. Raju and Ramavelu collected in Palakkad district in 1925, Adyar
(1932) described the sholas of Palakkad. V. Narayanaswami from Calcutta
collected in certain parls of Kerala al about the same tme.

The “surpassingly prand and incomparably beauliful” (Hamilton, 1892) High
Ranpe of Kerala was intensively explored by Barnes of the Madras Christian
Collepge in 1933 and published an account of the Geraniaceae of the area (Burnes,
1935). He observed that 12 species of fmpatiens are endemic 1o the High Range,
The botanical richness of the tract is very clear from the fact that based on Bares’
collection 7 new species were described such as Habenaria flabelliformis
Summerh., Impaziens anatmudica C. E. C. Fischer, [, coelotropis C. E. C, Fischer,
L pandam Barnes, I platyadena C. E. C. Fischer, Isachne fischeri Bor and
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from the area by Shetty and Vivekananthan (1968, 1969, 1970, 1973, 1975) and
Sharma efal. {19?4] K C ]acnb Gﬂpﬂl Rao .mclRangac:haﬂ a]] fmm the. Mar:lras
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of the Entamcal Survey of India and establishment of the Western Clrr.:le at Pune
in 1956 Kerala was under the jurisdictton of that Circle. G. S. Puri and his
colleagues from this Circle procured planis between 1936 and 1959 (vide also
Puri ef af.. 195%). Kammathy while working on the Cominelinacess of Tndia
made collections in Kerala.

Several warkers from the Southern Circle {after Kerala was attached to the
Circle) collected in the southern and central parts of Kerala and published several
papers (vide Basak, 1983). During 1963-1967 J. L. Ellis made a survey of some
portions of north Kerala (Ellis ef al, 1968). This was followed by V., §,
Ramachandran’s collection in the entire present Kannoor {Cannanore) district tifl
1985 and Ramachandran and V. . Nair (1988) published the Fiora of Cannanore.
Vajravelu, Joseph and Chandrasekharan explored Palakkaad district from 1965
onwards (Vajravelu ¢f al., 7968) and Vajravelu (1590 published the Fiora of
Palghat which also includes the Silent Valley Naticnal Park. The Silent Vallejr
was also explored by N. C. Nair accompained by Bharpavan from 1978 10 1983
and they published a note on rare and little known plants from the area in 19%2.

V. ] Nair also collected in the Silent Valley, Bhargavan agd C. N. Mohagan
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discovered a new ovchid, Pospax chondrgsedfgranii {Curr, 3ol 3121, 1982) which
was named wlter N, € Nair. V, 1 Nair e gl (1982) described a new primitive
penus Sifenfvutieva.  Vajravelu e of discovered a new speciss, Hedvotis
Sftenrvatfeyvensis, i 1988, R, Ansari collected in Kasargod district from 19758 o
1884 and the Mora of this district is being broughl o,  Joseph also collected m
the Silent Valley and Joseph er al. (1979) recorded Burrmannia championii Thw,
Joseph and V., Chandraseklarin exptored Bonacord and ihe Neyyar Wildhife
Sanctuary and neighbourhood and discoverad a new penus Janakia which was
mamed after E. K. Janaki Amamal (1978). They also {1973) discoverad some
other new taxa.

Sreekumar explored extensively for gragses. Based on his collections as weil

a§ those of eariier workers Sreekumar and V. J. Nair (1991) pubiished the grass
flora. Several new species of grasses (N, C. Nair, Steckurmnar & V. ). Nair, 1984
N C. Nair & Sreckumar, 1985; Sreekumar, V. J. Nair & N. C. Nair, 1983 a, b,
. Sreekumar, V. . Nair & N, C. Nair, 1985 4, b) have been  described. V.

[
l Nair and Sreekumar also described 3 new genus Chandrgrekhargnia in honour
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of N. C. Nair.

K. Ramamurthy and R. Rajan explored Trichur district and described some
new taxa. N. C. Nair, C, N. Mohanan, A, G. Pandurangan and V. 5. Raju made
inlensive collections in the fdukki Hydro-electric Project area and its neightourhood
and rediscovered soveral threatened plants (Mohanan et @f, 1984 Pandurangan
et gf., 1985). N. C. Nair, Sreckumar and V. J. Nair reported eight rare species
from Kottayam and Alleppey districts. T. A.-Rao from Calcutta smdied the

maritime flora of Kerala ip 1971,

(L=l -1 1

Workers from other institutions also collected in various parts of Kerala.
Thomas (1962, 1976) surveyed Veli and studied the aquatic wvegetation of
Thiruvananthapuram. V. Nair of Victoria College, Palakkad, collected in several
places. N. Ravi of 5. N. Collage, Kollam, collected in Fonmudi and piaces round
about Kollam. Stray collections from wvarious parts of Kerala by students ara
housed in the herbarium of the University College, Thimvananthapuram.
Abraham and Vatsala collecled orchids (1981). Fr. Kadavil and Antony of
S. B, College, Chauganacherry, collected in Koltayam district from 1984 1o 1988,
A duplicate set of their coitection is present at MH, They collected Anrona plabra
L. and Cordia cyltindristachya Roem. & Schull., both new recards to India,

The members of the staff of the Calicut University have taken up the coliection
of plants in the northern pans of Kerala. Manilal and Sivarajan published the
Flora of Calicut {1982) covering the western sectors of Calicut and Malappuram
districts. P. Mathew and A. Abu also collected in Malappuram district from 1977
to 1990. Manilal (1988) published the Flora of Sifeat Valley, Sivadasan and
Balakrishnan collected in ‘Wynaad district from 1984 to 1937, Sivarajan and
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Ahmed Kunpn Ruve been collecting in Ernaknlam district since 19700 Surcsh
collecied m e arcas covered by van Rheede in Horius Matabaricus.
Swarupanandan collected members of the Asclepiadaceae from several parls of
Kerala.

The Kerala Forest Research Insgtitute, Peecli, Bag been another contre of
activity. ¥W. P, K. Nambiar, N. Susidharan, N. (7. Nair, K. K. N. Nair, K.
Balasubramanyan and Mukieshkurnar collccted in various places.  Renuoka

concentraied o Calamas,

Scientists attached to the Tropical Botanical Garden anid Research Institute,
Thiravananthapurar, have also been making collections. N, Mohanan and €.
satishikumar obtained matenal from Agasibyamaiai,

Lakshadweep {Laccadives} and Minicoy

D. Prain (1890) published a list of plaats of the Lakshadweep, This was

followed by a few natural history notes (1892-1894). Willis (1501} published

a noie on the flora of Minicoy. Srinivaszn of the Indian Museum collected in
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Western Circle, Pune, also collected in ihese isiands and published & paper in 1961_
Sivadasan and K. T. Joseph from the Calicut Univemsity collected in the

iakshadweep in 1973.

Karnataka

Towards the clese of the 1Bih century Roitler obfained some plants from
Coorg through some coliector. Benfamin Heyne arrived at the Danigh sattlement
of Tharangampadi in the company of fohn Godreid Klein and held the post
vacated by Koenig i 1819, He travelled extensively and collectsd. In 1800
Heyne took charge of the Lal Bagh Gardens in Bangalore. He procured plants
from the southern parts of interior Kamataka up io 1812 when he returned to
Europe. Heyne published an account of his travels in 1814, Hig collections
formed a major part in Roth's Novae plantarum species (1821). Of the 430
species anumerated by Roth 200 have the names given by Hayne and 104 of thesc
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are for plants from Kamataka. Heyne returned to Karnataka and resuned
collecting about 1816, Roxburgh named the genus Heynea in his honour. Heyne's
specimens are a part of "Herbariom Rolderjanum”, formerly at King’s Coflege,
London, and now 2t Kew, also a2t B-W and LIV,

Tt ¥ et

Buchanan-Hamilton’s IEpOIL 0N his tour io sputhem Jndia has mmaﬂy boen
mentioned under Kerala. He visited parts of Canara, Kndagn {Coorg) and Mysare
during 1800-1801. His specimens were lost in teansit. Some specimens which
could be salvaged were handed over to James Fdward Smith who mads some
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use of them in his £xotic Botany (1804-1805), David White, a surpeon, published
an gccount of cardamom coltivated along the Western Ghats in 811 (Trans, Lina

Soc., Bot, 10 228

Ructolph Fricdrich Hohenacker (1798-1874) wanicd someone o collect in the
area where van Rheede's specimens were obained for Sortus Malofaricus, In
this conneclion he contacled a missionary Fo Metz of the Basal Mission and
resident of Mangalors who instead of collecting in Cochin and suerounding areas
collected in soulth Karmataka including Mercara (Coorg). Hohenacker distributed
Metz’s specimens from 1847 to 183E.

William Munro {1818-1880), an army caplain who later became u peneral.
hepan collecling in Koedagu in 1834, While reluming o London he ook with
him the lurge collection of plants for critical study with the help of Bentham. He
alstr senl specimens to Wight and Griftith, Wipht numed Clemaris munroana and
Impietiens munronif alter this gencral. Wilh Murro was collecting Georye Stevens
{ough,  Apother was Thomas T.obb, an employee of the horticultural firm of
Veitch who procured showy plants Irom the Western Ghals and Mysore.

The northern parts of Karnataka, formerly i the Presidency of Bosnbay, were
caplored by botanists stationed at Bombay., David Ritchie collected in north
Karnataka and Belgaum from 1850 to 1853, I 5. Law and J. E. Stocks also

sratlastad im Thoca avane g spall oo tha Bahbabawdan Danno Annther collector of
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the Bababudan Range and north Xarnalaka was W. A. Talbat, The material
procured by him from 1882 to 1896 are at Pune and Kew. Cooke’s flora (1901-

1 Muree £ S mme FHCHY_1011% Aovvarad the anrthorn

12A00) as well as W. A, Ta