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MADRAS, 1940.

By Brever-CoroneL R. N. Cuopra, C.I.E., M.D., 8c.D., F.RC.P.,
I.M.8. (Retd.), Director, School of Tropical Medicine, Calcutta.

I. GENERAL.

In the first Annual Address to the Institute, whick was delivered at
Indore in January 1936, Sir Lewis Fermor made a suggestion
with regard to the type of address that the Presidents of
the Institute should deliver annually. His suggestion was so judicious and
practical that it was willingly adopted by his successors, and following this
lead I also propose to preface the main part of my address with & brief review
of the activities of the Institute during the past year of my office as its President.
My immediate predecessor, Prof. Megh Nad Saha, ¥.R.S., during the two
years of his office as President devoted so much time and thought to the work
of the Institute that we were all very sorry when his term of office ended.
I wish I could have devoted that much time to the work of the Institute,
but unfortunately with my other duties, this has not been possible. I have,
however, tried my best to keep up the tradition of my illustrious predecessors, -
and I hope that I have, at least, succeeded in directing and maintaining the
policy of the Institute along the right lines.

Since our last Annual Meeting at Lahore the affairs of the Institute have
progressed in a satisfactory manner. It is a matter of
congratulation that notwithstanding the stress of economic
conditions our material prosperity has remained almost
unabated during the last 12 months. It is true that we have received no
fresh donations and that a number of our annual grants also have not been
paid up, but we hope that this state of affairs is only temporary and that
no serious repercussions resulting from the war in Kurope will adversely
influence our progress. The activities of the Institute have naturally
been restricted to some extent by the prevailing abnormal conditions, but
our record of the past year’s activities, as detailed in the Annual Report,
reflects great credit on the Council of the Institute and its administrative
officers for the conduct of its affairs.

The number of our Fellows at the beginning of the year was 157 Ordinary
Fellows and 17 Honorary Fellows. Three Ordinary Fellows
resigned and 11 Ordinary Fellows and 4 Honorary Fellows
were elected during the year. The total number at present is 165 Ordinary
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Fellows and 21 Honorary Fellows. This number, considering the prevailing
conditions in the country and the statutory limitations in regard to new
elections, is satisfactory, but the Council will have to consider at an early date
ways and means for extending the Fellowship if the activities of the Institute
are to be maintained and extended.

Our annual general meetings have followed the annual meetings of the
Indian Science Congress Association ever since the first
Meeting at Indore in 1936. The last Annual Meeting was
held in the Hailey Hall, Lahore, on the 2nd of January,
1939. Owing to ill-health Prof. Megh Nad Saha, the President for the year,
unfortunately could not attend the meeting and his address had to be read
by Dr. 8. K. Mitra. A full account of the meeting was published in the
Proceedings. Two additional General Meetings were held during the year,
one on the 5th of April and the second on the 25th and 26th of August, 1939,
in the hall of the Royal Asiatic Society of Bengal. An important symposium
on ‘Coal in India’ was organized for the second meeting by Dr. C. 8. Fox,
Director, Geological Survey of India, on behalf of the Institute. The
symposium embraced all significant aspects of the important problem of the
main fuel resource of this country and it is hoped that the papers which were
presented during the symposium and the discussions which followed on them
will lead to results of practical importance to the country. A detailed account
of this symposium and of the papers read will, it is expected, be published in
our Proceedings at an early date. Iam glad to be able to say in this connection
that as a result of the discussions during this symposium an important resolution
urging the necessity for the formation of a Fuel Research Board in India was
passed by the Institute. This resolution has been forwarded to the Government
of India for their consideration, and it is hoped that it will result in some
practical steps being taken for the formation of a Fuel Research Board and the
protection of the highly important coal industry of the country.

The Council held seven Monthly Meetings for the transaction of ordinary
business and an emergency meeting on the 5th of September
1939, soon after the outbreak of the war in Europe, at
which the following resolution was passed:

‘The President and Council of the National Institute of Sciences of India,
on behalf of the Institute, loyally place their expert scientific knowledge at
the disposal of the Government in the present crisis.’

This resolution was communicated to the Private Secretary to His
Excellency the Viceroy, and I am sure all the Fellows of the Institute will
be glad to render such expert services as they possibly can during the present
crisis.

A committee was appointed during the year to consider the replies received

Sclence and in connection with the questionnaire on Science and its
Social Relations S0Ci2l relations—a work which the Institute had undertaken
to do on behalf of the Government of India. It is hoped

Meetings of
the Institute

Resolution
on War



ANNUAL ADDRESS. 23

that the committee will soon be able to report and suggest the necessary
action that should be taken in the matter.

The publication of our Proceedings and Transactions has been continued,
three numbers of the former and two of the latter having
been issued during the year. The work in connection with
our third publication the Indian Science Abstracts is particularly arduous, and
our General Editor, Dr. Baini Prashad, deserves our gratitude for the able and
expeditious manner in which the publications of the Institute have been brought
out. He has on several occasions explained the difficulties in the matter of
prompt publication of the abstracts of literature for any particular year;
in spite of sustained efforts only 3 parts of the Abstracts for 1936 and 1937
could be published during the year. It may also be mentioned that this work
is very expensive, and though the Council of the Institute is grateful for the
grants-in-aid received, and the co-operation of the associate editors and
various other bodies who have helped in this connection, the continuation and
publication of this work within a reasonable time will depend on more funds
being available and the active support of all scientists and scientific bodies
throughout the country. The work in connection with this publication is
becoming more and more heavy, and we cannot possibly expect Dr. Prashad
to give us any more time than he is already devoting to this difficult task,
It will eventually mean the appointment of a paid Assistant Editor, but
unfortunately our financial resources at present do not allow of any more staff.
We hope, however, that things will improve and this important activity of the
Institute will continue to flourish.

Sir Lewis Fermor in discussing the programme of work of the Institute

in 1935 announced that the Council proposed ‘to resuscitate
Quirrgx;eeznial in a different form the labours of the Board of Scientific
Advice by publishing annually a review of the progress
of Science in India’. Owing to the very onerous nature of the task and the
inherent difficulties in its execution, it has not been possible to issue such a
review up till now, and it is very doubtful whether with our present resources
we will ever be able to issue such a work every year. Fortunately for us very
detailed reviews of the progress of Science in India in all its branches by
various authorities up to the end of 1937, with an excellent summary by the
editor, Dr. Baini Prashad, were included in that monumental publication of
the Indian Science Congress Association— The Progress of Science in India
during the past twenty-five years’. I have carefully considered this question
during the past year, and while inviting the views of the Fellows of the
Institute, suggest that instead of an Annual review we may plan a Quinquennial
review; and the first issue should deal with the period 1938-42. If this view
commends itself to the scientists all over the country, we will have to start
getting together the material immediately so as to have the work ready for
issue jn 1943. ' ’

Publications
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I have already referred to the question of finances of the Institute. As
detailed in the Annual Report, we have received a number
of annual grants from the Government of India, various
Universities and other bodies, but the grants are not nearly sufficient for the
work which the Institute has to carry out. Unfortunately it has not been
possible to get any grants from any of the Provincial Governments so
far, and T would again appeal to all of them for generous financial support,
which alone would enable the Institute to perform all its functions efficiently.
Our Institute was founded to fill an urgent need so keenly felt by scientific
workers all over India for a body which could co-ordinate
the work of various scientific societies, institutions and
Government scientific departments and services throughout
the country. With this end in view the Organizing Committee of the Institute
wisely laid down the first five main items of its programme as follows :—

Finance

Objects of the
Institute

{a) The promotion of natural knowledge in India including its practical
application to problems of national welfare.

(b)Y To effect co-ordination between scientific academies, societies,
institutions, and Government scientific departments and services.

(¢) To act as a body of scientists of eminence for the promotion and
safeguarding of the interests of scientists in India and to represent
internationally the scientific work of India.

(d) To act through properly constituted National Committees in which
other academies and societies will be associated, as the National
Research Council of India, for undertaking such scientific work
of national and international importance as the Council may be
called upon to perform by the public and by Government.

(e) To publish such proceedings, journals, memoirs and transactions,
and other publications as may be found desirable.

Since its foundation in 1935 the Council of the Institute has left no stone
unturned to further this programme, but financial and other difficulties have
been a serious hindrance in the full performance of some of its activities. The
publications and meetings of the Institute have been arranged with a view to
bringing to the notice of the authorities and the general public the very
important and pressing question of exploring and developing the material
wealth of this vast sub-continent and for harnessing the scientific resources for
their proper exploitation. Pious resolutions alone, however, cannot supplant
active measures which are essential for developments of the type indicated
above. .

India has fortunately been richly endowed by nature with all that any

country can possibly need. While primarily an agricultural

Res‘l)z;?:s of country, with extensive agricultural and forest lands capable
of yielding almost all kinds of foodstuffs, timber and other

economic products, it also has very rich resources of various minerals on which
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depends the highly industrialized life of the present times. Its power resources
in the way of coal and water power are also very extensive, but have not
been adequately developed. According to Sir M. Visvesvarayya only 2%
of the Hydroelectric resources of India have so far been developed. In those
respects India can rightly be designated as one of a triumvirate with the
United States of America and the Russian Socialist Federated Soviet Republic,
the only two other countries of the world which have almost unlimited
agricultural, mineral and power resources. As compared to the other two
units of this triumvirate, however, those resources in India have for want of
a systematic policy of industrialization not been developed, and naturally,
therefore, India stands very low in the list of industrialized countries of the
present day. This unfortunate position of India is intimately connected
with the organization and development of scientific and technical education
and research in the country and the lack of an industrial policy. A very
serious situation has suddenly arisen as a result of the war which Germany
has forced on the world and the repercussions of which are already materially
influencing life in every country. Its direct effects on India are already
becoming a source of great concern both for the authorities and the public
at large, as we are dependent for the great majority of manufactured com-
modities on imports from foreign countries. This has been brought home
to me very farcibly in connection with the drug industry, which seemed to be
apparently making a headway, but the outbreak of war has brought to the
fore the very serious problem of the supply of the basic materials for the
manufacture of medicinal preparations practically all of which were being
imported from foreign countries. This is a situation which no self-respect-
ing country should face with equanimity. It would not, therefore, be out of
place if T may briefly review the situation to-day and indicate the urgent
necessity for the proper planning and organization of scientific research as
this alone will make it possible for India to assume its proper place in the
comity of nations, and be as independent as possible of imports from other
countries of even the daily necessities of life.
Sir Lewis Fermor and Dr. Baini Prashad have within recent years
discussed the organization and progress of scientific educa-
sciixotigézsseduc:-f tion and research in India, and the late Lord Rutherford
tion and research 2150 included a brief review in his Presidential Address
to the joint session of the British Association for the
Advancement of Science and the Indian Science Congress Association in 1938.
It would, therefore, suffice if I include only a very brief summary here.
Education on Western lines was introduced into India within comparatively
recent times and it is, therefore, remarkable that its progress in the country
has been so rapid. The first universities in this country were founded at
Calcutta, Bombay and Madras in 1857, but these and others founded in the
latter half of the 19th century were only universities of an affiliating type and
their energies were mainly directed towards examining students for various
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examinations and degrees, rather than serving as centres of teaching or research.
With the passing of the University Act of 1904, however, most of the universities
instituted courses for advanced studies and special Honours courses in scientific
subjects and, by the appointment of professors and lecturers and the extension
of libraries and laboratories, materially advanced the cause of scientific
teaching and original research in the country. A start had been made in
regard to scientific education in the latter half of the 19th century, but this
teaching was mainly confined to preliminary studies rather than more
advanced teaching or research. The major part of advances to our knowledge
in the scientific sphere in India up to the beginning of the 20th century
was due to the scientific departments of the Government and work of
independent workers who devoted their spare time and energies to studies
in subjects which interested them. In a number of cases such devotion to
research was looked down upon, and I cannot do better than cite the
classical example of Sir Ronald Ross who was actually rebuked for devoting
all his spare time to the study of mosquitoes; this incidently resulted in the
discovery of the very important réle played by mosquitoes in the spread of
Malaria.
University education since this period has progressed at a remarkably
rapid rate, but the reorganization of the secondary school system to
guarantee a sound basic education and primary scientific training, and the
reorganization of the University studies with a view to ensuring a sound
knowledge of the fundamental sciences to serve as a foundation for
advanced study and research are still urgent desiderata.
In the recently reorganized teaching universities in addition to their
capacity for imparting training in various scientific subjects,
research qualifications in the case of the professors and
development of . . . .
research  acti- lecturers were rightly regarded as requisites for appointment
vities and promotion, but Prof. Saha rightly pointed out the

defects of the present-day situation when he remarked
that ‘owing to intrigues by vested interests, and defects in the constitution,
these ideals are being lost sight of, nay even abandoned in many of the
universities, and some of them are being reconverted to the high school stage
from which they were rescued by the reforms of 1921-22°.

After the World War of 191418 greater attention was paid to the re-
organization, on a more extensive basis, of the various Government scientific
departments and research institutions, and a number of special research
institutions were founded. Unfortunately the Board of Scientific Advice,
which the Government of India had established in 1902 for the co-ordination
of scientific work carried out by its official agencies, was closed down in 1924,
and though proposals for the foundation of a National Research Council to
replace this Board have been under consideration for several years, the scheme
has not hitherto materialized. The Indian Research Fund Association which

Necessity for
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was founded in 1911 for the prosecution and assistance of research in connec-
tion with the causation, mode of spread and prevention of diseases in India
has been carrying on a very useful work, but for want of funds its activities
have been greatly restricted since 1931. The Imperial Council of Agricultural
Research constituted in 1929 and the Indian Central Cotton Committee and the
Indian Central Jute Committee, have done very valuable service in arranging
agricultural, technological and economic research in connection with agriculture,
in effecting the improvement of various types of crops, and in studying the
factors connected with the marketing of the products, but even here lack of
funds has been a serious hindrance in the way of progress. Though a number
of official organizations exist for the development of Medical and Agricultural
Research, there are no institutions worth the name for tte advancement of
Industrial Research. Various private bequests resulting in the Indian
Association for the Cultivation of Science, Calcutta, the Tata bequest
resulting in the foundation of the Indian Institute of Science at Bangalore,
Sir Tarak Nath Palit, Sir Rash Behary Ghosh and Khaira bequests leading to
the establishment of the University College of Science at Calcutta, the Bose
Research Institute, Calcutta, founded and endowed by Sir Jagadish Bose,
Rai Bahadur Lakshminarain bequest to the University of Nagpur, the Maharaja
of Jeypore bequest leading to the foundation of the Science Departments of
the Andhra University, contributions from the Rockefeller Foundation towards
the All-India Institute of Hygiene and Public Health and the Attock OQil
Company bequests to the Punjab University are responsible for the creation
of a number of important agencies for the advancement of higher teaching
and research in various sciences. With all these, however, the facilities for
teaching and research in various sciences in the vast sub-continent of India
have been and still are very limited, and it is, therefore, a matter of real pride
that in spite of these handicaps Indian students of science have, during this
short period of a little over a quarter of a century, justified their capacity for
original investigation. In the words of the late Lord Rutherford ‘India is
now taking an honourable part and an ever increasing share in the advance
of knowledge in pure science’. As Prof. Saha, however, very cogently pointed
out, ‘the time has now come not only to strengthen the scientific surveys and
the research atmosphere of the universities, but we ought to enter on a third
phase, namely, scientific research should now be applied for solving
the industrial problems of the country’,

Lord Rutherford in his Presidential Address, already referred to, gave a
very valuable summary of the organization of industrial
research in Great Britain, and, though great differences
exist between agricultural and industrial conditions in
Great Britain and India, it would be of value to give here a brief summary of
how the British Government have contributed to the promotion and organi-
zation of industrial and agricultural research in the period since the World
War of 1914-18,

Value of Indus-
trial Research
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Prior to the World War progress in industry ‘depended, in the main, on
the brilliant contributions of individual workers, rather than on any systematic
attack by scientific methods on the problems of industry’. The World
War, however, brought the industrialists and the men of science into closer
contact to their mutual benefit. The Government also recognized that a
more systematic application of science and research over a broader field was
essential in the national interest, and in 1915 a special Department of Scientific
and Industrial Research was founded. This was followed by the Medical
Research Council in 1920 and the Agricultural Research Council in 1931. In
fact the establishment of the Department of Secientific and Industrial Research"
marked the first organized measure taken in Great Britain for helping industry
through the application of science. Several new organizations controlled
and financed by this Department were set up to deal with the scientific aspects
of the use of fuel, of the storage and transport of food, of buildings, roads,
ete., and the famous National Physical and the Chemical Research Laboratories
at Teddington were developed under the aegis of this Department. As a
result very important national organizations have been built up for the
investigation and application of science to various problems connected with
the daily life of the people and the nation’s industry as a whole. ‘In the British
organizations there is no political atmosphere, but of course the responsibility
for allocating the necessary funds ultimately rests with the Government.’
The planning of the programmes of research, however, ‘rests with research
councils or committees who are not themselves State servants but distinguished
representatives of pure science and industry’, this work being mainly in the
hands of the Advisory Council of the Department of Scientific and Industrial
Research. Similar research organizations under the control of Research
Councils or corresponding bodies, which have been sot up in Canada, Australia,
New Zealand and South Africa, are responsible for the rapid scientific and
industrial developments in these dominions.

The late Lord Rutherford in discussing the development of industrial
research in Great Britain remarked:

‘Even in a large country like India, where the resources and needs of the

different Provinces are very varied, it seems to me essential
Natlonal Re- ¢, officiency that the organization of research should be
search  Council . o . .
for India on national rather than on provincial lines. The setting
up of separate research establishments for similar purposes
in the various provinces cannot but lead to much overlapping of work and
waste of effort and money. Such a central organization of research does
not necessarily mean that the scientific work should all be concentrated in a
single laboratory.” If research work is to be of real and lasting value it must
be carried out in the interests of the country as a whole and not of any particular
province or area. As was well summed up in a leader in Nature, °This
necessitates careful planning and co-ordination of various schemes for research
in all branches of science, whether pure or applied. In formulating the future
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policy, India should profit by the experience of Canada and Australia where
the working of the scientific departments of the State or Provincial Governments
vis-3-vis those of the Central or Federal Government has shown that the
research organizations of the country should be truly national and responsible
to the Federal Government alone. The detailed planning of research must
be in the hands of those with the necessary specialized knowledge, and they
must be able to act without suspicion of political or racial influence.” In other
words, a plea is made for the foundation of a National Research Council in
India on the lines of the body which ever since its constitution has been
rendering such useful service in Great Britain. The Council should not only
define the policy but act as an expert advisory body for planning and co-
ordinating all scientific research in the country. The planning of scientific
policy and co-ordination of research should be so arranged as to preclude
duplication and avoid wastage of talent and available funds, but without
in any way restricting the normal work of the universities, scientific departments
and institutions, or in any way curbing individual initiative which is always
so essential for high class research. Such an authoritative body should also
be able to help in bringing about the necessary reforms in the existing system
of scientific education. The Council should be liberally endowed so as to be
independent of annual appropriations for carrying out all its programme of
work.
Pure scientific research is as essential as that specifically devoted to the
L attainment of any industrial object. While industrial
Inﬁf:tﬁjc ;’:: research is confined specifically to investigations which have
search a direct bearing on the development of any industry, it
would be a truism to assert that discoveries made in the
domain of pure science may and often find application in industries at a later
date, and that ‘industrial application, though its precise form cannot always
be foreseen at the time, has come to be an expected incident in the after-
life of the discovery’. This principle is fully accepted in the highly organized
machinery for industrial research in the United States of America, and as a .
result a great deal of importance is attached to researches in pure sciences.
The connection of such researches with any of the industries is often not obvious,
but all the same they are encouraged in the hope that they may provide the
raw material for industrial research, and further owing to the interdependence
of different investigations, progress in any one science may have a very marked
bearing on the development of others. Industrial research work in the United
States of America, according to Flemming, has developed along certain definite
stages.

(a) Industrial research applied to the elimination of manufacturing
troubles.
{b) Research baving some new and specific commercial object.

(c) Research in pure science with no specific commercial application
in view.
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(d) Research applied to public service.

{e) Research for the purpose of establishing standard methods of
testing and standard specifications connected with the purchase
of raw materials.

Research laboratories in the States are attached to or supported by
manufacturing corporations, associations of manufacturers, universities and
colleges, national institutions, commereial laboratories and scientific societies.

Apart from numerous endowments and appropriations made for research
to various universities, colleges and Government departments, there are in
the States a large number of funds that have been established for the endow-
ment of scientific research alone. Though a number of them are for the
promotion of industrial research, others were founded for providing the
necessary funds for medical, astronomical and general research in other
sciences. In 1917 a National Research Council was appointed by the National
Academy of Sciences at the request of the President of the United States.
This Council includes the most prominent research men in the States and all
departments of research are fully represented. Its object is to co-ordinate
the scientific research work of the country in order to secure efficiency in the
solution of the problems of war and peace, and this Council has rendered
possible the nationalization of research in the country. Selection and training
of research men have also been given special attention to, and it has been
found that ‘ while full credit should be given to the genius who can often achieve
so much with very limited facilities, it is a fallacy to assume that research
work of great value cannot be carried out by men of more than average attain-
ments. This is illustrated by the success achieved in many of the laboratories
in the States, where, with suitable organization, important investigations
both directly connected with industry and in pure science have been successfully
dealt with by men of no more than average ability working under competent
direction’.

Industry has rightly been styled as the basis of national prosperity, and
it is, therefore, necessary that every resource should be used to facilitate its
progress. In.this connection research is of the utmost imporvance and it
must be regarded as an indispensable weapon with which to develop industries
of any country and to cope with international competition.

The National Planning Committee which has been working in Bombay
for the past several months is collecting detailed data in regard to industriali-
zation of the country in all its aspects and other national problems, and it is
hoped that its work would prove valuable in laying down the lines for future
development in the country.

I have given you a bird’s-eye view of the organization and development

of scientific research and studies in India up to the present
Concluding day, and of the lines followed in Great Britain for the
Remarks . . N

organization and development of scientific research, both
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pure and applied, the latter with particular reference to the needs of industry
and the life of the people. I have also incidentally referred to the development
of similar machineries in Canada, Australia, New Zealand and South Africa,
and, finally, to the highly organized system in the United States. On the
analogy of these great industrial countries, I give below the outlines of a
scheme for developing a similar organization in India to plan and co-ordinate
research so as to avoid wastage both of talent and funds, preclude duplication,
employ the available scientific personnel to the best advantage, and, finally,
to arrange for the training of a much larger number of research personnel to
supply the needs of the developing industry.

Starting from the top I consider it absolutely essential that there should
be a separate department of the Central Government corresponding to the
Dapartment of Industrial and Scientific Research in Great Britain. It should
be staffed by scientists with administrative experience and not by civilian
administrators; and this I consider to be the absolute siné-qua-non of the
whole scheme. Civilian administrators, though they are admirably suited to
carry on the civil and military side of the Government, have unfortunately
seldom realized the exact needs of Science in the country, and as a result
the progress of Science in India has been materially slowed down, if not
actually hindered. The Department should have an Advisory Council, the
National Research Council, constituted on the lines of the Research Councils
of other countries for planning and co-ordinating research, to promote
and develop not only scientific but industrial research in the country, and
finally for devising ways and means to make India independent, so far
as possible, of foreign imports by a well-planned survey and development
of its economic resources. It is only then that it would be possible for
this country to assume its right place among the industrially developed
countries of the world. With a view to harnessing Science in the service of
Industry, the proposed Department and its Advisory Council will also have
to explore ways and means for extending the existing machinery of scientific
education in the country, from the school to the university stage, develop
applied scientific training and research, and finally to see that research, whether
in pure or applied sciences, is undertaken with a definite end in view and not
only as a means for self-glorification. '

I have only given the broad outline of the scheme, as I am of the opinion
that its details can only be evolved after careful consideration of the pros
and cons by an expert committee on which all elements of science and industry
in the country are fully represented. Let us hope that this scheme will
commend itself to the Government and that steps will be taken at a very
early date to bring into being such an agency ; this alone will enable the country
to steer a safe course in the face of the Armageddon which is now threatening
the world.
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II. InND1aN FLORA, ITS MEDICINAL AND ToX10 PROPERTIES.

I come now to the second part of my address. For the past twenty years
I have been interested in the Indian flora in connection
with the medicinal and toxic properties of the different
plants and I propose to present to you some of the aspects
of this work which are of interest both from the scientific and economic
points of view. 1 have selected this subject as owing to the outbreak
of the war, the question of the supply of medicinal drugs in this country
has assumed considerable importance, and I feel that a review of this
work may help at least towards a partial solution of this vital problem.
Further, the significance of the large numbers and wide prevalence of the
plants toxic to man, livestock and insects has not so far been fully appreciated
in this country, and I hope that this review will stimulate interest in this
direction. Vast as the vegetable resources of this country are, I am convineced
that they are not being properly exploited to the best advantage of the people
of this land.

Medicinal and
Poisonous Plants

General considerations.

The extreme variability that India presents in its meteorological and
climatic conditions as also in its topographical features is
perhaps unrivalled in the world. The tremendous range
of variation of temperature from 126°F. in summer at
Jacobabad to ~-46°F. in winter at Dras and the prevalence of arctic conditions
throughout the year in some of the Himalayan ranges, rainfall from 430 inches
at Cherrapunji in the hills of Assam to less than 5 inches per annum in the
desert areas of Rajputana, saturation of air with moisture in the coastal
districts and in the hills during the south-west monsoon to periods of practi-
cally zero relative humidity in the dry weather during the north-east monsoon,
are some of the interesting contrasts presented by the country. No less striking
are its physical features. It has the most massive and the loftiest range of
mountains in the world, the Himalayas; there are also lower hills and plateaus,
extensive rich alluvial plains, sandy wastes and deserts, hill streams, mighty
rivers with their extensive deltaic and estuarine systems, numerous lakes,
canals, ponds, tanks and extensive marshy ftracts, sandy or rocky coasts
spread over an area of 1,675,107 square miles. It has in fact been described
as an epitome of almost all climates, seasons, and soils of the British Empire.
Under these conditions it is not surprising that India has one of the richest
and certainly the most varied flora of any area of similar size on the surface
of the globe.
Roughly speaking, one-fifth of the Indian Empire is occupied by forests
of different kinds. There are evergreen forests occupying
Ing&mre;eget‘;f_ the west coast of the Peninsula up to the ridges of the
tion western mountain chain, and the lower slopes of the Eastern
Himalayas, with their magnificent and majestic trees,

Climate and
topography



ANNUAL ADDRESS, 33

the ‘sky scrapers’, and the Carnatic evergreens characterized by the compara-
tively smaller size of their trees. A large part of the Peninsula is covered by
the deciduous type of forests which are very valuable to the country. There
are the dry forests of Rajputana and the Punjab which are also spread over
a large area of Indian States; these become drier and drier towards the west
and south-west and disappear into the deserts on both sides of the lower Indus;
there being very little vegetation of any kind in the Great Indian Desert itself.
Many tidal creeks and backwaters along the coasts of India, chiefly the deltas
of rivers, such as the Sundribans are covered with another type of evergreen
forest, the tidal or littoral, where many plants send up from their underground
roots a number of aerial roots for respiration. The massive chain of the
Himalayas with its tropical, temperate and alpine flora presents unique
features. The eastern Himalayan flora differs remarkably from the western
in several respects in addition to the disappearance of the tropical type as
the extreme north-west is reached. It is in this chain that the highest limit
of vegetable life on earth has been recorded. The tree limit in the Western
Himalayas corresponds roughly with the snow-line, i.e., 12,000 ft. above
sea level, above which a variety of beautifully coloured flowers flourish.
Aquatic or semi-aquatic types of vegetation are found in the tanks, jhils, ponds,
water-courses, and swamps all over India, particularly in Bengal. Lastly,
there are areas in the plains, as well as in the hills, especially in the former,
which have, through the influence of man in search of more and more agricul-
turally exploitable land, lost much of their original characters. Another
feature of the Indian vegetation is that in one season of the year vast areas
in the plains of India are the scene of plenty for man and animals; in another
they become a dreary brown sunburnt waste where herbivores starve by
the thousands and where it passes human understanding how any creature
dependent on plant life can survive the dry season.
The Indian flora is closely related to that of some other countries, and it is
Relationship to in‘oerest.ing to rfamark thfa,t none of the familﬁes of flowering
other floras plants is peculiar to this country. There is a very great
preponderance of those genera and species which are also
found in the adjacent countries. Malayan, Burmese and Chinese genera are
specially well represented in Eastern India. Next in order come European
and middle east floras which are particularly strongly represented in Western
India, and of the typically European elements there are twice as many in the
Western as in the Eastern Himalayas. Nearly 600 European genera are
represented in India, many of them by a single species, and the middle eastern
element is certainly, as is to be expected, no less prominent. African,
Australian and American elements follow these in decreasing proportions,
the African flora being more noticeable in Western India. Recently there
has been an influx of American species, with their remarkable tendency to
spread. Tibetan and Siberian floras only reach India in the alpine regions of
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the Himalayas, while Chinese and Japanese elements are strongly represented
in its temperate belts.
Medicinal Plants of India.

India abounds in all kinds of food plants, spices, perfumes, timber, fibres,
gums, ete., which have been known all over the world from
ancient times. There are more than about 700 important
fodder plants including about 260 species of valuable fodder grasses. It is not
surprising, therefore, that plants containing active and medicinal principles also
grow abundantly within its bounds. More than 2,000 plants, out of a total of
about 11,000 species found in India, are alleged to have medicinal properties
of some description or other and have been enumerated in the literature of
indigenous medicine. Nearly three-fourths of the drugs mentioned in the
British and other Pharmacopoeias grow here in a state of nature and others
can be easily grown. Indeed, this country is a veritable emporium of drugs.
The families to which the larger numbers of medicinal plants belong are
Leguminosae, Compositae, Labiatae, Euphorbiaceae, Rubiaceae, Rosaceae,
Gramineae, Liliaceae, Rutaceae, Ranunculaceae, Umbelliferae, Cucurbitaceae,
Solanaceae, Apocynaceae and Malvaceae.

It stands to reason that all these 2,000 odd plants cannot have the
wonderful virtues attributed to them, but it is believed that there are some
of these which might rightly deserve the reputation they have earned as cures.
It was to find out what these were that their study was first begun in the
early part of the last century. Although many workers including Jones,
Ainslie, Roxburgh, O’Shaughnessy, Moodeen Sheriff, Dymock, Watt, Kirtikar
and Basu and others carried out laborious investigations, the pharmacology
of most of the indigenous remedies remained an unexplored field till recent
years.

Medicine is intimately related to chemistry and experimental work on the
pharmacological side can only be carried out in laboratories properly equipped
with modern appliances. None of these were available in this country till
the Calcutta School of Tropical Medicine was established in 1921. Then
for the first time proper collaboration between chemists, botanists and
pharmacologists was rendered possible, while arrangements for clinical trials
of the drugs were made by the establishment of the Carmichael Hospital for
Tropical Diseases. 'Work on medicinal plants was thus started by my colleagues
and myself and our first main objective was to make India self-supporting by
enabling her to utilize drugs produced in the country and by manufacturing
them in a form suitable for administration. There are a number of drugs
of established therapeutic value which are in use in the pharmacopoeias of
different countries. The majority of these grow wild in great profusion in
many parts of India and a certain number are even cultivated. If these
resources conld be utilized and the finished products manufactured, treatment
of many diseases could be brought within the means of the Indian masses
whose economic condition is unfortunately of a very low order.

General
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A number of important drugs, extensively used by the medical profession,
however, are neither found wild nor have so far been cultivated in India.
Cultivation of such drugs is very important from an economic point of view,
and scientific research in this direction, as is being carried out in other
countries, would be very fruitful. It is a matter of regret that India is still
importing large quantities of crude drugs in spite of the fact that practically
every conceivable pharmacopogial drug can be grown within her bounds. The
history of the cultivation of cinchona, eucalyptus, digitalis, etc. in India clearly
shows that the cultivation of medicinal plants is pregnant with rich possibilities
if taken up on proper lines. It is gratifying to note that more and more
interest is now being taken in this direction. A list of medicinal plants which
might with advantage be cultivated has been prepared and is available for
those interested in such development.

Our second objective has been to discover remedies from the claims of
Ayurvedie, Tibbi and other indigenous resources suitable
for employment by exponents of Western medicine. Since
the period of decay and resuscitation of old systems of
Indian medicine, many of the effective remedies have been
lost while a number of uncertain ones have crept in. Belief in their efficacy
originates in some cases from the teachings of the ancient commentators and is
based on clinical data, but in others has no foundation whatever. Nearly two
hundred medicinal plants have been investigated in our laboratories and some
of these have been shown to be of practical utility. Apart from this, the nega-
tive value of such investigations should not be lost sight of. Whatever the
merits or demerits of the indigenous systems may be, it should be remembered
that they minister to the needs of nearly 80 per cent of the population of this
vast country. It is, therefore, the primary duty of any research organization
existing in this country to evaluate their effectiveness and practical utility.

A few words may be said here with regard to the time of collection of

Collection of drugs. leri.ng the last twenty-five years several drugs of
drugs Indian origin have assumed considerable importance
from the point of view of foreign trade. Many firms of

drug manufacturers in this country also use the locally produced raw materials
for the manufacture of the finished products. It is a matter of very great
concern, therefore, that the crude drugs collected locally are often not up to
the required standard and this has resulted in considerable economic loss.
Fortunately, this state of affairs is being gradually rectified but I cannot let
this opportunity pass without reiterating that collection of drugs is not so
simple a matter as most people seem to imagine. Collectors of medicinal
drugs growing in a state of nature, and the present and prospective cultivators
should bear in mind that there are certain factors which have to be considered
in order to obtain the standard product. There is a good deal of variation
in the active principles in the different parts of a plant and in different seasons
in the same part of the plant. Even the same part and at the same time of

Remedies used
in Indigenous
Medicine
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the year shows remarkable variations in the contents of its active principles;
for example, the young and the old leaves of a plant and unopened and opened
flowers differ materially despite the fact that they are collected from the same
plant and during the same season. The soil also has an important influence
on the active principles of plants. I have often observed in the course of my
work that plants collected at the proper time, when the active principles have
reached maturity and are at their maximum, give very effective results while
the same plants when collected under other conditions are utterly useless.
Conditions for the collection of drugs in the case of plants under cultivation
are more favourable and strict control over various factors can be exercised
with greater ease than is the case with plants growing in a state of nature.
It has, however, to be admitted that ideal conditions for the collection of even
many of the common and important medicinal plants are not known with
precision, and research is urgently needed to determine the time when the
active principles are at their maximum under the environments existing in
this country, as was done by the Dutch in Java in the case of cinchona. If
this could be systematically carried out, India could supply the whole of the
world with medicinal ‘herbs’.

Poisonous Planis.

Intimately connected with the study of medicinal plants is the problem
of poisonous plants, but till recently little attention has
been paid to this study in this country. They contain
chemical constituents which, if introduced into the body
of an animal in relatively small quantities, act deleteriously
and may cause serious impairment of bodily functions or even death. They
injure the basic live principle, the protoplasm, of the cells of which the animal
body is built up. They are ordinarily called poisonous plants, and apart
from the utilization of their potent properties in the treatment of diseases to
alleviate the sufferings of man and animals, there appears to be no doubt that
they are a source of great menace in India through poisoning of livestock.

We are concerned in this country with the welfare of 360 millions of
human beings, as well as with that of roughly 220 millions
of the bovine population out of a total of about 730 millions
in the whole world. Even in its present unsatisfactory
condition, the cattle industry contributes roughly about 10,000 million rupees
to the annual agricultural income of 20,000 million rupees of this vast country.
The importance of plants which are poisonous to livestock will thus be readily
understood. It is a matter of regret that no systematic attempt has been
made in India so far to investigate these plants on scientific lines with a view
to devising means whereby this menace could be controlled. It is also un-
fortunate that no figures are available of the loss suffered by India through
poisoning of livestock by this agency, but it may be interesting here to give
the example of two States, Montana and Colorado in the United States of

General con-
sideration and
loss to India

Poisoning of
livestock
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America, which may give us some idea of the possible damage. In that area
it has been estimated that the loss inflicted to the livestock industry by plant
poisoning is in the neighbourhood of 220 million dollars annually. This is a
very high figure considering that the size and extent of these States as com-
pared with India is less than one-sixth, and also considering the fact that the
knowledge regarding the poisonous plants there is well advanced and preventive
measures are practised. The conditions existing in India can be readily
imagined.

With a view to combating this menace, and as a natural corollary to the
study of medicinal plants, the study of poisonous plants
of India has been undertaken at the School of Tropical
Medicine during recent years. This work has brought out
some outstanding features of the problemm which had not been hitherto
appreciated in India. About 700 poisonous species belonging to over 90
families of flowering plants are known. The more important ¢f these in
their order of importance are Ranunculaceae, Euphorbiaceae, Leguminosae,
Solanaceae, Compositae, Apocynaceae, Asclepiadaceae, Ericaceae, Liliaceae,
Gramineae, Araceae, Anacardiaceae, Thymelaeaceae, Rosaceac and Rubiaceae.
As in the case of medicinal plants, it does not mean that other families do
not contain important poisonous plants. In fact there are several other
families which have a few of the very potent species belonging to this group.
The above list of the important families merely indicates that they contain
the largest number of poisonous plants, so far as is known at present, with a
further likelihood of containing plants with potent principles which are at
present unknown,

In the case of the majority of plants, poisonous properties are only
suspected but have not been substantiated by chemical analyses and phar-
macological experimentation. This is now being done, so far as pousible;
preliminary chemical examinations of a large number of plants have been
made and a monograph on the subject is now in press. A thorough and
comprehensive study of all these plants, however, would mean sustained work
for many years and perhaps for several generations. In the present work
we are getting together all the information, botanical, chemical and pharma-
cological, with detailed references to the literature. This monograph, when
completed, should serve as a basis for further work on these plants, the
importance of which from an economic point of view cannot be overrated.
Increased knowledge with regard to their distribution and the nature of
active principles responsible for poisoning is the first step towards controlling
this problem by taking preventive measures,

Another aspect of these plants which will repay study concerns those

Insecticidal and }‘v(l)nch 1.1an3 insecticidal a?,nd in.sect repellent properties.
insect repellent sses inflicted upon India by insects are enormous and
plants at a moderate estimate are calculated at 2,000 million

rupees annually and over a million and a half of human

Study of
Poisonous Plants
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lives. Effective defence against these enemies of social and economic progress
should materially reduce this enormous wastage and facilitate national
development. The finding of cheap insecticides for the diverse needs of
agriculture, destruction of household pests, prevention of vectors of such
diseases as malaria and many others borne by insects, commensurate with
the limited means of the great masses in India, are important problems to which
little attention has been paid till recently. Vegetable insecticides are prefer-
able to mineral ones, as these are less deleterious to man and other warm-
blooded animals generally, and as they are also less harmful from the point
of view of agriculture. Lists of the possible insecticidal and insect repellent
plants growing in India, and of reputed fish poisons some of which may also
act as insecticides have been prepared.

Herbarium of Medicinal and Poisonous Planis.

One of the chief difficulties in connection with our work on medicinal
and poisonous plants has been the proper identification of the material to be
investigated. The descriptions of plants given in the literature on indigenous
medicine are meagre and vague and this has resulted in considerable confusion.
Many drugs are sold under different names, different drugs under the same
name, and even the learned Kavirajs and Hakims cannot say with certainty
which species are meant in the old text-books. No authentic specimens of
even the well-known remedies were ever collected and preserved by the
-exponents of indigenous medicine and no actual comparison is possible. Even
with the great advances in systematic botany, expert botanical identification
is not infallible and the botanists also sometimes prefer to disagree.
Publications of recent botanical monographs show, how with the advance of
knowledge our conception of species has varied. Descriptions alone are not
always sufficient for settling disputed questions and recourse to actual specimens
is often absolutely necessary. It is very important, therefore, to preserve
specimens of all plants submitted for investigation, so that these may be
available for reference in case any doubt as to their ideuntity arises at a later
date. Some of the chemical and pharmacological work done on these plants
has been vitiated by carelessness in identification. With a view to combating
this state of affairs it was considered desirable to collect authentic specimens
of all the plants with alleged medicinal or toxic properties and after proper
identification preserve them for the purpose of comparison. This work has
progressed and it has been possible to collect 6,000 specimen sheets of about
1,600 species. About 900 species have yet to be obtained to complete the
collection of all the known medicinal and poisonous plants growing in India.
As most of the more easily available plants have been obtained, the collection
of the remainder is becoming more and more difficult but the work is being
continued. When this is accomplished, this collection will be the first of its
kind in India, and should be an asset both from the scientific and economic
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points of view. The present collection will, it is hoped, form the nucleus for
a national herbarium of medicinal and poisonous plants.
A question of great economic importance is the working out of the
distribution of medicinal and poisonous plants in this
Survey of country. The distribution of many plants as described
Medicinal _ and ;) piorature is often vague and inaccuracies, which have
Poisonous Plants R . .
in India crept in, have been passed down from one publication to
another. To this may be added the fact that plants which
were found in a particular locality some years ago often do not occur there
at the present day. The influence of man in changing forests into agricultural
lands and sometimes again abandoning them to the care of nature, together
with the competition of plants amongst themselves is materially responsible
for the change in the floras of various areas. For this reason we started the
stock-taking of the present distribution of medicinal and poisonous plants to
work out, as exactly as possible, the present areas of their distribution. All
the available literature is being consulted and herbaria all over India are
being scrutinized. Personal visits are being paid to different parts of India to
determine the areas of abundance of these plants growing in a state of nature.
The work under this head is very extensive when it is remembered that
it deals with about one-fifth of the total number of plants found in India, but
this is the only way of estimating with any degree of accuracy whether a certain
plant grows well and in abundance or is scarce in a certain area. Valuable
information is thus being collected, and this will be of practical value to those
interested in harnessing the natural resources of the country. This will also
give indications of suitable localities for the cultivation of medicinal plants,
From the point of view of poisonous plants also, this survey is of great
practical value, as once the occurrence of the harmful herbage in grasslands
and other localities open to grazing for livestock are mapped, it should be
possible to adopt measures for the protection of livestock against the menace
of poisoning.

Correlation of botanical classification of plants, their chemical constitution
and their physiological properties.

With the advance of knowledge of the chemistry and pharmacology of
Active principle pla?nts, it appears to be certain that some correlation
and new classi- ex1stsf between the botanical classification of plants, their
fication chemical constitution and physiological properties, and
one is frequently struck with the remarkable resemblance

exhibited by closely allied plants in this respect. For example, if a particular
chemical constituent is found in one member of the genus, there is considerable
likelibood of the presence of constituents with identical or similar physiological
properties in other members of the genus or of the family. This does not, of
course, mean that such similarity will not be found in other families or genera
just as particular taxonomic characters may be spread over widely different
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families and genera. An ideal classification of plants would be the one which
in addition to satisfying botanical criteria broadly provides an index to the
nature of their chemical constituents and physiological properties. With
our existing knowledge this is not possible. The very fact that some of the
families and genera, as at present understood, are quite homogeneous in these
respects, however, reflects a ray of hope that after all the problem is not so
difficult as it appears at first sight. Considerable work on the chemistry of
plants and the determination of the physiological properties of their active
principles, however, will have to be carried out and thousands of new
plants will have to be investigated before this is attained, or the attempt
given up as hopeless. This should not, however, be understood to imply
that I suggest that advances in the knowledge of chemistry and pharmacology
should determine the botanical classification of plants. This is not possible,
as such features cannot possibly serve as taxonomic characters. But I do
hope that botanists, chemists and pharmacologists will collaborate in evolving
a natural system of classification based on their combined efforts.

A brief review of the distribution of the more important and potent
chemical constituents of the Indian flowering plants of
widely different families and genera presents certain very
interesting features. The alkaloids are distributed over
about 40 families and there are a number of cases where the same alkaloid is
found in closely allied genera and families. Thus, berberine has been recorded
from six different families and twelve genera. Ephedrine, on the other hand,
furnishes an example wherein a particular alkaloid may be found in plants
belonging to widely different groups; it has been found in Sida cordifolia Linn.
of Malvaceae (a family belonging to Angiospermae) and in Ephedra of Gnetaceae
(a family belonging to Gymnospermae)., Purines are found in three families.
The glucosides form a large group and are much wider in occurrence than the
alkaloids, occurring both in Dicotyledons and Monocotyledons ; some of these
are very toxic and oceur in eight widely different families. Hydrocyanic acid
yielding plants belong to ten families. A group of glucosides known as
saponins is of very wide occurrence in the vegetable kingdom ; saponins are
known from at least 400 plants belonging to 50 different families occurring
almost all over the world. Essential oils are of wide occurrence in the vegetable
kingdom though certain families, such as Labiatae, Rutaceae, Umbelliferae,
Myrtaceae, Lauraceae, Cruciferae and Coniferae are especially rich in these
substances. The seeds of numerous plants contain albumins, but it is interesting
to note certain plants, such as Abrus precatorius Linn. and Ricinus communis
Linn. belonging to very different families (Leguminosae and Euphorbiaceae
respectively) wherein the toxicity of these albumins is of a similar nature, both
being essentially blood-poisons, and both similar in their immunity reactions
if introduced into the body of animals in small and gradually increasing doses.

I do not propose to go into further details of several other chemical
constituents, nor even of such toxic complexes as resins, phenolic com-

Chemical
Constituents
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pounds, ete. The few examples cited provide sufficient evidence in support of
the now well-established theory of organic evolution. I repeat that there is
a method in their occurrence; in several cages it is due to their descent from
common ancestors while in others it is a result of parallel evolution. The
facts described above cannot be explained on any other basis.
I will now cite a few examples of some families and genera to show the
marked resemblances between their botanical, chemical
Examples of and pharmacological aspects. Unless definitely proved as
correlation . . A
harmless it is advisable, for instance, to regard all members
of Ranunculaceae as potentially poisonous, especially when fresh, both
for human beings and livestock. Poisonous, acrid, vesicant, purgative and
narcotic properties prevail in varying degree throughout the family. Species
of Anemone, Caltha, Clematis and Ranunculus contain the lactone anemonin
which has blistering properties. Most of the Aconites contain highly poisonous
alkaloids which act mainly on the sensory nerves and on the medulla which
they depress and ultimately paralyse. Species of Delphinium are used for the
destruction of vermin and contain toxic alkaloids, some of which appear to
act like aconitine, while others paralyse the motor nerves. Alkaloids are
also known to ocour in the genera Coptis, Helleborus, Nigella, Isopyrum and
Paeonia. Adonis and Helleborus contain glucosides with a digitalis-like action.
Saponins are found in the genera Clematis, Ranunculus, Nigella and Cimicifuga.
Cyanogenetic compounds have been reported from some of the members of
the family and the Indian representatives from which these principles have
been reported belong to the genera Clematis, Aquilegia, Isopyrum and
Ranunculus. Seeds of Annona of Annonaceae have insecticidal properties and
are powerful irritants of the conjunctiva. Several species of Berberis contain
active principles poisonous to fishes and dogs. Many species of Papaver have
& juice with narcotic properties and contain powerful alkaloids. Narcotic
properties are also possessed by some other members of the family Papaveraceae,
e.g., Meconopsis. Most Crucifers have pungent juices and many have glucosides
in their seeds and produce very irritant essential oils; they possess stimulant
properties. Several plants of Caryophyllaceae contain saponins. The family
Rutaceae is characterized by the presence of essential oils some of which are
toxic. Many plants belonging to Sapindaceae have saponing and a number of
them are well known as fish poisons. Anacardiaceae are usually provided with
more or less acrid resinous, sometimes milky juices; very many species of
this family possess astringent properties. Plants of no less than twenty-seven
genera of Leguminosae possess insecticidal or piscicidal properties. The
poisonous properties of Rosaceae are generally due to the presence of cyano-
genetic compounds. The presence of powerful bitter and purgative principles
is the prevailing characteristic of the wild members of Cucurbitaceae.
Aromatic members of Umbelliferae are usually carminative, while the non-
aromatic members are often acrid and narcotic and should be taken with care.
Alkaloids with similar physiological properties are the outstanding constituents
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of the genus Cinchona. Lobelias belonging to Campanulaceae yield an
intensely acrid milky juice and the dust of the powdered herbs irritates the
nostrils in the same way as tobacco; they contain alkaloids. Rhododendrons
mask, under the beauty of their flowers, very fatal active principles and the
family Ericaceae to which they belong contains several insecticidal plants;
the toxic substance andromedotoxin is very common in this family.
Apocynaceae includes several plants which are highly poisonous, the properties
of most of them being due to glucosides with a digitalis-like action and
physiologically active alkaloids. Many species of Asclepiadaceae contain
acrid, bitter and poisonous juices. The genus Strychnos is rich in alkaloids
which are violent tetanic poisons. Many species of Convolvulaceae have an
acrid taste and contain active purgative principles. Mydriatic alkaloids such as
atropine, hyoscine and hyoscyamine are found in several species of Solanaceae
while the glucosidal alkaloid solanin is found in many Solanums and some
other genera as well; a very large number of wild plants of this family are
peisonous. Labiatae is very uniform in the possession of essential oils, several
of which are of medicinal value as carminatives and stimulants. Toxic resins
are reported from a numbsr of species belonging to Thymelaeaceae and animals
avoid eating them. Several species of Euphorbiaceae contain more or less
acrid and irritant juices and several species of Crotons contain highly irritant
toxalbumins and are drastic purgatives. Urticating principles are found in
four Indian genera of Urticaceae. The alkaloids ephedrine and pseudo-
ephedrine are found in a number of Ephedras. Coniferae are characterized
by containing essential oils which produce gastro-intestinal irritation and
sometimes ulceration. Several species of Dioscoreaceae contain an acrid juice
in their tubers and some are even poisonous. Quite a number of species of
Araceae contain raphides of calcium oxalate and acrid juices; a number of these
plants, if eaten, especially when in fresh condition, produce symptoms of
irritant poisoning. Some of the Gramineae, especially when young, wilted
or under drought conditions produce hydrocyanic acid and are fatal to
livestock; no alkaloid has so far been isolated from members of this family.

Many more examples could be cited, but the brief review of the relationship
which seems to exist between the botanical classification and the chemical
and physiological characteristics of medicinal and poisonous plants should
prove sufficient to show that in many of the families and genera these charac-
teristics show a marked degree of correlation. I do hope that further work
will produce increasing evidence of this relationship. The botanical characters,
chemical constituents and properties exhibited by plants are all the results of
organic evolution and a natural classification must embrace all these three
aspects. There is, however, an element of disturbance in the case of plants.
Climate, seasons, soil, cultivation, etec., have profoundly affected their chemical
composition and hence their physiological characteristics, and it is for this
reason also that closely related plants. differ in their pharmacological
properties.
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Conclusion.

The above brief review of our work on the medicinal and poisonous plants,
the difficulties encountered and partially overcome, and indications in regard
to their utilitarian and scientific aspects, will, I hope, stimulate interest in
this subject which is of considerable economic importance to the country,
particularly at the present juncture. Collaboration between botanists,
chemists, pharmacologists and agriculturists in work of the type indicated in
a country such as India, with all extremes of meteorological, climatic and
topographical features resulting in very varied and luxuriant floras of all
types is pregnant with possibilities which should not only be of very great
scientific and academic interest but also prove of great practical importance
to the country from the economic point of view.






