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SEVENTY-FOURTH INDIAN SCIENCE CONGRESS HELD AT BANGALORE —~ 1987
SUMMARIES OF LECTURES DELIVERED

Summary of S H Zaheer Medal Lecture 1986 on the
Development of Fast Breeder Reactors by

C. V. Sundaram, Director, Indira Gandhi Centre for
Atomic Research, Kalpakkam 603 102,

An important consideration in national planning is
the supply of adeguate energy for the requirements
of a modern industrialised society. On account of the
limited availability of coal, oil, gas and hydro
resources there has been worldwide development of
alternate energy technologtes. Foremost among these
is nuclear power technology, which is today a safe,
reliable and commercially proven means of power
production. Already in some countries nuclear elec-
tricity constitutes the major fraction of the electricity
supply, as for example in France (65%).

The primary fissile material for fuelling nuclear
reactors is the isotope U??3 whose abundance is only
0.71% in natura! wranium. On the other hand, the
fertile isotopes U?3% and Th%*? are several hundred
times more abundant than U%33 Consequently, plans
for the long term utilisation of nuclear energy are
based on the development of breeder reactors which
can transmute the fertile isotopes into the man made
fissile isotopes Pu®*? and U?*** at a rate faster than
the rate of consumption of fissile material for power
production.

India has immense potential for electric power
production from its nuclear resources, subject to the
availability of breeder reactor technology. In order
to realise this potential Dr. Homi Bhabha envisaged
a three stage atomic power programme for India.
Under the first stage of the programme a sertes of
Pressurized Heavy Water Reactors (PHWRs) ts
being set up using natural uranium as fuel. The
nuclear electric base using PHWRs is expected to
reach about 10 GWe by the year 2000 and the readily
available natural uranium in the country will be
entircly committed to these reactors over therr
lifetime. Besides producing power the PHWRs will
convert a part of the U?3* in the natural uranium
into fissile plutonium. The second stage of the
nuclear power programme envisages the utihzation
of plutonium and U?3® to rapidly increase the
nuclear base to ceveral hundred GWe by means of
Liguid Metal-cooled Fast Breeder Reactors (LMEBRs).

The third stage will be to sustain and consolidate the
nuclear electric base by means of thorium breeders.

It 1s important to note that LMFBRs are based on
an advanced technology quite different from that of
PHWRs. In the LMFBR, heat is generated by the
fission chain reaction in a core consisting of fuel
subassemblies supported vertically on a grid plate in
a reactor vessel. Each subassembly is a bundle of fuel
pins made of stainless steel clad tubes of small dia-
meter (less than 1 cm) containing the fuel pellets. The
fertile material in the fuel as well as on top and at the
bottom of the fuel {(axial ‘blankets) gets converted to
fissile material by neutron irradiation. In addition,
surrounding the core are radial blanket subassem-
blies containing addittonal fertile material for
conversion to fissile material. The problem of
removing a large amount of heat from the small
compact core of a fast reactor by a coolant which
does not reduce the neutron energy unacceptably 1s
solved in the LMFBR by the use of hiqutd sodium.
This coolant has excellent heat transfer charactert-
stics and good chemical compatibility with fuel and
steel structural materials. The sodium coolant s
driven by pumps through the core and gets heated.
The hot primary sodium 1s radicactive and i1s not
used directly to produce steam, but rather transfers
the heat to secondary sodium through intermediate
heat exchangers (IHX). The non-radioactive secondary
sodium flows through sodtum heated steam gene-
rators to produce steam which drives turbo-generators,

At present eight countries including India have
major ‘FBR dcvelopment programmes with 12
LMFBRs operating, 3 under construction and § in
an advanced stage of design. About 190 valuable
reactor years of opcrating experience has been
obtained,

Prototype breeder reactor plants with electric
outpuls of 250 to 600 MWe are operaling in France
(PHENIX), UXK. (PFR) and USSR, (BN-350 and
BN-600). France has also recently commissioned the
world's first commercial sized breeder reactor plant
(SUPER PHENIX) with & power autput of 1200 Mive,
The world's Yargest fast test reactor for irradiation
testing and LMPBR  development  studies--ihe
400 MWt FFTE~ has, been operating in US A
sinee 1980,
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Actual experience obtained from prototype
LMFBRs has shown the importance of rigorous
quality control in the fabrication and manufacturing
stages and of exhaustive testing of major compo-
nents under working conditions. LMFBR primary
sodium components are characterised by low
pressure loads under normal operation but relatively
high thermal stresses, and strains have to be evalua-
ted for all circuit components in the light of material
characteristics. At temperatures in excess of 430°C
creep effects in austenitic steels have to be taken into
account and inelastic analysis applied. Moreover the
fatigue behaviour must be analysed and time-depen-
dent failure modes considered. Plastic deformations
actually occurring must be computed quantitatively.
Design criteria and codes for such high temperature
analysis are still being evolved.

Steam generators (as well as intermediate heat
exchangers) have in some cases hindered normal
operation of fast reactor power plants because of
technological difficulties associated with the nece-
ssity of high quality fabnication of intricate struc-
tures having a large number of welds, which require
100% careful quality inspection of materials, fabri-
cation procedures and finished products. Several
years of operation has shown that problems with
sodium-water chemical reactions can be overcome
and repair of leaks 1s possible.

This large scale international effort has brought
the promise of the breeder reactor to fruition and the
technology of such reactors can now be considered to
be firmly established in several countries of the
world. While the safety, reliability and breeding
capability of LMFBRs has been well demonstrated,
the major thrust of present day development efforts
is to reduce the capital and other costs so as to make
the breeder commercially competitive with the better
developed thermal nuclear reactor power plants.

The Indira Gandhi Centre for Atomic Research
(earlier known as Reactor Research Centre) was set
up at Kalpakkam in the early seventies with the
prime objective of indigenous development of the
sophisticated technology of plutonium-fuelled liquid
metal cooled fast breeder reactors. The challenge of
proving the engineering feasibility of the LMFBR
under Indian conditions has been met by the suc-
cessful construction and commissioning of the
40 MWt/13 MWe Fast Breeder Test Reactor at this
Centre. Simultaneously, laboratories and facilities
have been established at 1IGC for Research &
Development programmes in reactor engineering
and sodium technology physics and instrumenta-

tion, metallurgy and radiometallurgy, chemistry and
radiochemistry, fuel reprocessing and safety research.
The activities at this Centre are now directed at meet-
ing the challenge of designing and constructing a
500 MWe Prototype Fast Breeder Reactor (PFBR)
by the year 2000.

The fast breeder reactor promises to make
available copious supply of energy from the world’s
uranium and thorium resources. However, the
incentive to introduce commercial fast breeder
reactors and the wurgency for their deployment
depends on the projected balance between fuel
availability and power demand, and hence varies
from country to country. India is one among several
countries (and the only developing country) to have
a strong commitment towards the development of
the FBR. The basic research and engineering deve-
lopment being done today to establish FBR techno-
logy in India will prove to be invaluable for the self-
sufficiency of this country with respect to energy
supply in the coming century. The lecture dealt with
some specific aspects of the R & D work being
pursued at IGC for the development of FBRs. The
topics discussed included Carbide Fuel Fabrication
Process Development; Fuel Chemistry; Sodium
Chemistry; Sodium Technology Development;
Materials Science and Technology and Fast Reactor

Fuel Reprocessing.

Some Aspects of Multivariate Distributions Surveyed
by O. P. Bagai, Department of Statistics, Panjab
University, Chandigarh 160 014.

Multivariate analysis is the branch of statistics
concerned with analysing multiple measurements
that are made on one or several samples of mdi-
viduals in the fields of anthropology, biology.
psychology, education, medicine, agriculture, or,
economtics. For example, the observations may be
related to the problems, such as, determining of sex
based on measurements on a skull; diagnosis of a
disease based on body temperature, blood pressure
and other factors; independence of two sets of
variates, such as p measurements of physical charac-
teristics such as lengths and breadths of skulls and g
measurements of mental characteristics, such as
scores on intelligence test; making a decision whether
or not to admit a student to a professional school,
such as medical, engineering, or architectural, on the
basis of marks obtained in different subjects; deriving
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a demand relation based on a study of relationship
aniong various economic factors such as consumption,
price, cost of production, and income of consumer;
identifying the necurotic state of an individual
subjected to psychiatric examination; assigning an
individual plant to one of the two species of Tris
plants based on lengths and widths of petals as well
as those of sepais, etc.

While making studies of inheritance, F-Galton
(1889}, recognised as founder of multivariate analysis,
discovered the correlation coefficient and regression
lines as expressions of the linear relatedness. K. Pearson
“refined and amplified correlation analysts in many
ways”. But all sorts of correlation coefficients were
just statistical tools. There were no ¢xact or non-
exact mathematical models corresponding to these
tools and hence any statistical inference or generali-
zation was not possible.

Fisher, known “as an architect of multivarate
analysis”, did the pioneering work and obtained 1n
1915-28 the exact distributions of all sorts of corre-
lations. There was simultaneous development of
theory of estimation and testing of hypothesis. Both
of these gave birth to tests of significance concerning
a variety of correlation coefficients and many other
statistics.

Simultaneously, m the early 20th century, cranto-
logists got confronted with comparison of two
groups or races based on several measurements of
skulls. In order to examine the similarity or other-
wise of two such groups, D 2-statistic, T2-statistic and
Discriminant Analysis were given respectively by
Mahalanobis (1927), Hottelling (1931} and Fisher
(1936). It was later discovered that the three tools
were the same apart from a constant multiplier.

The generalized versions of statistics are also avall-
able concerning three or more number of groups. But
they could not be undertaken for want of exact distri-
butions of their corresponding statistics. This diffi-
culty was largely resolved by Wishart (1928), who
gave the joint distribution of the estimated p-variances
and 1/2 p(p— 1) covariances in random samples from

a general p-variate normal population. Wilks (1932)

and others obtatned, with the help of this jount
distrtbution, first L.R. criteria under respective null
nypotheses and then their Iith order moments. These
moments were found to have a defimite pattern. On
comparing them with those of the standard variales,
the criteriafstatistics were found expressible in one
of the following alternative forms:

T1X.. (1)
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where a,, b, ¢; and « and b are parameters, k is a
numerical constant and U and X, are some standard
variates, viz. y-square variate, fi-variate of the first
kind, or fi-variate of the second kind.

Quite a good number of criteria‘statistics are avail-
able which are expresstble in the form of one of the
above three product expressions. In obtaining their
distributions, three c¢ommon techmques amongst
many, viz (1) direct integration; (1) inverse Mellin
transform, and (m) zonal polynomial, have been
employed by researchers leading finally to tractable
standard functions, such as, hypergeometric, modi-
fied sccond order Bassel, Meiger G- and H-functions,
etc.

In addiion to the three main aproaches stated as
above, there is another which involves roots of cer-
tain det¢rminantal equations. Three tests of hypo-
theses of, (I) equality of k mean vectors, (Il) equality
of two dispersion matrices, and (I1I) independence of
the two sets of variates, depend, when the expective
hypotheses are true, only on the roots, 0, and o,,
(i=1,2,...,1) respectively, of the following deter-
minantal equations:

|A—0(A+ C)|=0, (4)
IA—e C} = (], (5)

where A and C are independent S.P. matrices based
on sample observations with n, and n, df,
respectively and can be defined appropniately for
different hypotheses. Also [=min. (p, n/). As many as
six statistics based simultaneously on ¢, and @, are
available to test any of the three hypotheses I, 1 or
[II. The distributions of these statistics have been
explored by quite a good number of researchers with
the help of known joint distribution of etther 0, or
%

-
Not much achievement has yet been attained 'to
obtain percentage points due to tnvolved and sophiss
ticated mathematics, Roy, Pdlar and Krishnawah
groups have prosided statistical tables for some
statistics m speafic cases. But these do not meet the
destred end. The experimentahists are stll resorting to
the series expanstons of vanous statisties, whose finst
approxunations  are  generally  chi-squares with
appropriate d.f
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Some Problems in Statistical Mechanics by V.S.
Nanda, Department of Physics and Astrophysics,
Delhi University, Delht 110 007,

The mamn emphasis in this address is on some
applications of partition theory or numbers in statis-
tical mechanics. Parution theory is a branch of pure
mathematics: the main concern here is to determine
the number of ways im which an integer can be
written as the sum of smaller parts under a variety of
restrictions. Such a study, in the absence of any
restriction, was proposed in 1669 by Leibnitz who
was well aware of the difficulty of finding an analytic
solution. For nearly 250 years very lttle progress
could be made in this connection. A breakthrough
was made in 1918 by the Indian mathematical pro-
digy S¢ Ramanujan in collaboration with the well
known British mathematician G. H. Hardy. They
made use of the powerful tool of complex vanable in
solving thjs problem and set the course for further
rapid progress. In statistical mechanics, on the other
hand, the focus ts on the study of thermal and.
associated properties of matter from the microscopic
point of view.

It appears farfetched at first that the resuits and
techniques of partition theory should find appl-
cattons in a seemingly unrelated field such as statis-
tical mechanics. However, the mystery begins to clear
up when it is recalled that the central problem in
stauistical mechanics 1s to determine the number of
ways in which a given amount of energy may be
shared by the atoms {(or molecules) constituting the
portion of matter (called an assembly) which 1s iso-
lated from the surroundings for investigation. In
quantum statistics, the energy of the constituents can
take only discrete values which in terms of a suitable
scale may be specified in terms of integers. This
imphies that the energy of the assembly also can be
represented by an integer mn terms of the chosen scale.
Thus, the problem of distribution of a given amount
of energy over the constituents of an assembly is
clearly seen to be equivalent to the partiiton problem.
This recognition opens up the gates of a vast treasure

house of rigorous mathematical results and techni- -

ques provided by the partition theory literature for
use by the physicists.

In 1925 Einstein applied the new statistics, deve-
loped by S. N. Bose for photous, o material particles.
This study led to the discovery -of a strange pheno-
menon, termed as Bose-Finstein condensation, which
would be exhibited by a gas of material particles.
This result was forgotten jor some {ime till its revival

by F. London in 1938 for the explanation of the
unusual properties of hiquid-helium below its A-point.
A few years later G. Schubert, a German physicist,
cast doubt on the validity of the conventional distri-
bution formula just above the condensation tempe-
rature. In this connection, the rigorous results and
techniques of partition theory proved useful in clearly
defining the conditions under which the distribution
formula for a Bose-Einstein assembly can be safely
used.

The study of molecular size distribution in poly-
mers S yet another problem where the partition
theory techniques have proved highly useful. When a
polymer is synthesized from monomers, the mole-
cules formed do not have the same size. In many
applications of polymers, it is important to know the
size distribution. In the case of condensation poly-
merization this result 1s generally obtained by the
aplication of probability theory. It is not generally
realized that the resuit so cbtained 1s not applicable
at all stages of the reaction. With the help of parti-
tion theory techniques, exact expression for the size
distribution is obtained. Using this, the range of vali-
dity of the probability result 1s established. In some
complicated size distribution problems, where the
probabihity approach gets bogged down, the strength
of the partition theory techniques is seen at its best;
here not only do we get the size distribution in an
elegant form but also obtain exact expressions for the
various moments.

The focal theme of the current session is ‘Resources
and Human Well-being—Inputs from Science and
Technology'. For the address, the resource materials
chosen are made up of high polymers. In nature high
polymers have played an exceptionally important
role being the most essential constituents of all iving
matter. In the present industrial age, their techno-
logical applications are ever on the increase. Conse-
quently, the output of the synthetic polymers keeps
on growing every year, be they in the form of plastics,
synthetic rubbers, fibres, patnts, varnishes and so on.

Polymer science has played a crucial role in the
phenomenal development of polymer industry and tn
surprisingly short time it has attained a high degree
of scientific maturity. In fact, it 1s the understanding
of the physical and chemical properties of polymers
from ihe molecular stand point which has made the
term tailor made polymers a reality. In the context of
physical properties, the progress in the equation of
state studies, both theoretical and experimental, has
made important contributions.

Suitable modifications have been made in the cell
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theory of Prigogine and co-workers. In the case of
crystalline phase, a quantum mechanical formulation
of the cell theory has been developed taking account
up to the third anharmonic term in the expansion of
the cell potential. This theory is expected to apply
over a wide range of pressure and temperature. At
very low temperatures when the reduced temperature
is much smaller than the reduced quantum tempe-
rature, the theory would fail because of the neglect of
correlations in its formulation.

For application to the liquid state, Prigogine's
theory is modified by allowing for the occurrence of
lattice vacancies. The concentration of vacancies is
determined by the minimization of the free energy.
This modification yields much better agreement with
experiment as compared to the original form of
Prigogine’s theory. In the case of glassy state, it is
natural to try the theory for the liquid state after
freezing the vacancy concentration at its value
corresponding to the glass transition temperature.
On comparison with the experiment, it is found that
theoretical volume values tend to be higher than
those observed experimentally. The departure bet-
ween theory and experiment is more prominent for
materials with higher glass transition temperatures.
This suggests that the vacancy concentration must
be varying with temperature, though at a lower rate,
In the glassy state. At very low temperatures, it is ex-
pected that the vacancy concentration would become
too small to have any effect on the equation of state.
Thus the quantum formulation of the cell theory,
even without any provision for the occurrence of
lattice vacancies, should apply to the glassy state at
sufficiently low temperatures. This is indeed found to
be the case for several polymers in the glassy state,

A e T e TV _—

Newer Trends in the Chemistry of Schiff Base and
Allied Derivatives by J. P. Tandon, Department of

Chemistry, University of Rajasthan, Jaipur 302 004,
India,

Schiff bases also referred to as azomethines, anils
or imines constitute an important class of nitrogen
donor ligands. These are the condensation products
of pnmary amines with carbonyl compounds (both
aldchydes and ketones) and characterized by the
structure, RR'C=NR" where RR'C=represents an
aldehyde or ketone residue and ~ NR” represents the
amino restdue of a primary amine, In recent years,
their complexes with metals as well as non-metals

have been amongst the most widely studied coordi-
nation compounds on account of the stereochemucal
significance as well as agricultural and industrial
applications of the ligands as well as their derivatives.
The developments in the field of bioinorganic che-
mistry have further stimulated interest tn the design
and preparation of such ligands as these can produce
similar geometric and electronic constraints as the
porphyrins and corrins.

Schiff bases and their metal complexes find use as
pigments and dyes for cotton, wool, synthetic fibers
and plastics. These have also been used as high
temperature stabilizers, inhibitors against acid
corrosion of metals and alloys, antiknocking agents,
burning rate modifiers and in photographic emul-
stons and liquid crystal display composition,

Out of the emerging areas of biological appli-
cations, their uses as fungicides, insecticides,
algaecides, plant growth regulators, oxygen carriers
in biological systems and antiviral, antituberculosis,
anti-tumour and anti-cancer agents have been reported.

The involvement of inorganic metal-based com-
pounds in cancer treatment was very ltmited until the
accidental discovery of potent anti-cancer activity in
certain platinum coordination compounds by Rosen-
burg and Van Camp in 1969 and this key discovery
has opened up a new class of anti-tumour agents
namely morganic coordination complexes.

In the present address, the synthests of a variety of
Schifl bases and allied derivatives (semicarbazoncs,
thiosemicarbazones, S-substitutecd dithiocarbazates
and azincs) of main group c¢lements (boron, alu-
minium, gallium, indium, silicon, germanium, arsenic
and antimony) as well as transition and inner tran-
sition elements (lanthanons, titanium, zirconium,
vanadium, niobium, tantalum, wvranium and tron) by
some pewer preparalive methods as well as thetr bio-
inorganic applications have been described, as it fits
well with the focal theme of the Science Congress
“Resources and Human Wcllbeing - inputs from sci-
ence (Chemistry) and technology™.

The newly synthesized organoboron and organos
siliconn dithiocarbazate dertvatives have been shown
to be goud antibacterial agents. The tnibuty ltin com-
pound, Bu,Sn (F.C H,CH:N.N:CSSCH,C H,)
has been found to be some thicty Gmes more uctive as
amoehictdal agent than the well known drug, I'metine,
A few arganotn (1V) derivatives have been studied
[or their posable effect on the testis of albino rats at
the Endocrinology Department of C D R, Luckaow,
The results indicate that oaly one compound Bu,$n
(OCHLCICH NN CSSCH Y o capable of de-
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stroyving the spermatogenic cells and hence stopping
the formation of sperm~. A {ew representative com-
plexes of organoun (1V) have also been examined by
the National Cancer Rescarch Institute, US.A, for
therr activity on the cancer system (P. 388 Lymphocyte
leukaemia) or male albino mice. Two such com-
pouncs, Bu.Sn(OC H,CH:NC,H,F), and Bu,Sn
(OC H,CH:NNCS.SMe) have been found to
display a T C °, value> 123, A value of T/C of 1157
indicates significant activity, whereas a value for
T C>125°, indicates that the compound 1s worthy
of testing in other tumour systems.

Thus it becomes evident that the Schiff base and
allied denvatives of metals, metalloids as well as non-
metals, have great significance from the point of view
of agriculture as well as medicine. With a better
understanding of structure-reactivity relationship, it
would be possible to design even more potent bio-
inorganic materials, which in the long run, would
serve as new resource materials for human wellbeings.

—

The Several Levels of Human Well-Being by
Ram Murtt Loomba, B-12, Niralanagar, Iycknow

226 007, India.

Well-being has a negative aspect consisting in
emancipation from all kinds of experiences of suffer-
ing and a positive aspect consisting in a more or less
enduring state of experience of satisfaction and
happiness.

There are at least the following ten levels of human
well-being, each with its own characteristic resources.

L. Levels of Well-being by satisfaction of needs

(a) The level of enjoyment of physical necessities,
comforts and facihitiess The resources consist 1in
enjoyable objective life circumstances, and, their,
specific tangible wmaterials or conditions. These,
however, have been found to have a low correlation
with the experience of well-being.

(b} Social, emotional, intellectual, aesthetic, ethical
or religious satisfaction provided by intangible
resources like security, balance of pleasure over pain,
or of mental health over psychic or somatic comp-
laints, perception of admired behaviour qualities,
pleasant home and family life and positive social
conditions.

(¢} Job satisfaction, resources currently varying as
widely as wages, status, supervision, union activity
and person-environment compatibihty.

{(d) Life satisfaction, 1ts currently prominent facets
being (i) housing satisfaction, (1) marntal satis-
faction, specially the following important resources
(1) self-congruence and empathy in verbal communi-
cation and (2) conjoint marital psychotherapy.
(i) enjoyment of sports and arts like music and
dance, by active participation rather than as distant
spectators or listeners, (1v) the well-being provided by
power, both to those with the need to wield it and to
those with the need to be controlled or protected by
it. But this is often tamnted with a suspicious fear of
power n others and an avoidance of the appearance
of oneself using power.

A sadly neglected resource for life satisfaction is
education for Ife, which 1s best given through
autobiographies or btographies of persons who have
been great in some way or the other,

Well-being by satisfaction of needs, whether
piological or social, is, however, essentially self-
defeating. Need fulfilment is temporary and insecure
and intensifies needs. Moreover, needs are constantly
on the increase, partly by continucus rise in the
standards of civilized life and partly by former means
becoming ends in themselves.

The solution lies only in (1) reduction of one’s
needs and the requirement of resources for their
fulhilment to the barest mimmmum and (2) develop-
ment of surplus resources to be held 1n trusteeship for
distribution to others. This 1nvolves radical self-
change.

1. Levels of Well-being that rises above satisfaction of
needs

(e} A level of well-being focussed on soctal values
like cooperation, benevolence and service, the pursuit
of which, regardless of results, carries its own satis-
faction.

(f} The more invigorating level consisting in the
inner strength catled morale or confidence in basic
inner power, resources including (1) intelhgence, of
which the latest, the triarchic, theory stresses an
uplifting transformation of the environment in the
direction of cultural values and ideals, (2) character,
(3) truth, nonviolence and renunciation and (4) the
various yogas.

(g) Well-being characterized by an infinitely
expansive cosmic consciousness which rises above
culture conflicts to a universal warm fellowship keen
to share all with all, its outstanding resources being
softness, love and compassion.

(h) Well-being by development of exceptional
abilities, unswerving observance of chosen principles
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of thought and action, special types of self-discipline
and self-control or seif-development exercises.

(i) Well-being by relaxation to ease tensions,
characteristically recommended by yogis and now
also by clinicians, for which numerous techniques
have been evolved, some traditional, others involving
technological gadgets, the latest being a micro-
computor program.

() A well-being of psychic detachment with or
without active sportive participation in the affairs of
life. At it sublimest, it may reach the sthitapragya
state described in the Bhagavadgita. Some of its
modern varieties are illustrated in activists like
Lokamanya Tilak or Mahatma Gandhi, devotional
saints like Ramakrishna Paramahamsa, philosophical
mystics like Swami Ramatirtha or Ramana
Maharishi, meditationists like Sri Aurobindo or
other personages of extraordinary spiritual attain-
ments hke Baba Ram Mangal Das. With the loftiest
detachment of such kinds, fear 1s conquered, needs
are superseded, an intimate oneness with all
humanity, all forms of life and all nature is reached,
and danger, suffering, disease and evtn death lose
their sting.

Emerging Technologies in Resource Management
and Human-being by S. C, Chakravarthy,
Department of Physics, Regional Engineering
College, Durgapur 713 209.

With the continuing growth of population and
requirement of matching amount of food, encrgy,
medicine, transportation, speedy communication and
other essential commodities, it 15 quite apparent that
we must use the latest results of scientific and tech-
nological developments to provide such essential
commodities, improve their standards and provide
the people improved facilities commensurate with the
present global standard of living and fulfil the future
aspirations of our people. Many of these require-
ments can only be {ulfilled by making use of the latest
technologies and developing new technologies appro-
priate to our national nceds. A large number of
technologies which are emerging but not yet fully
developed, have the prospects of being developed
into viable and valuable technologies for the future,
Many of them are potential technologies for cheaper
energy production, allernative energy roules, encrgy
saving and conservation, product valorization, better
and cheaper communicition, mmproved housing,
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development of substitutes for natural resources,
better water resources management and develop-
ment of more efficient and hitherto unknown pro-
cesses capable of minimizing the requirements of
natural resources hke coal, petroleum, water,
minerals as raw materiais. Such emerging technolo-
gics, if pursued to their logical ends, may go a long
way in effective utilization and management of our
natural resources, to help us make less dependent on
imported technologies and deliver goods which are
essential for human well-being. 1t is, therefore, highly
desirable that we give due importance to such emer-
ging technologies; develop them ourselves so that we
can become technologically self-reliant.

In the context of our national needs, a large
number of emerging areas can be identified which
may be pursued giving due weightage according to
their prospects, potentialities and national needs.
The emerging areas that need to be given careful
considerations are: 1) microelectronics and micro-
processors 2} bio-technology and bio-conversion
3) plasma technology and MHD power generation
4) laser applications 35) agricultural technology
6) post-harvest technology 7) remote-sensing 8) en-
vironmental engineering and pollution control
9) wood-science technology and rural housing
10) coal converston and coal combustion technolo-
gies 11) water resources management 12) infor-
matics and telematics 13) reliability engineering
14) preventive maintenance and safety tn industry
15) optical communications 16) oceanography and
off-shore technology 17) space technology and sate-
Ilite communication 18) robotics 19) computer-
aided designs and manufactures.

Amongst the various areas indicated above, two
specific technologies in the ficld of plasma; namely
1) direct production of acctylene from ccal using
plasma jets and 2) MHD power gencration have
heen discussed to illustrate their role, as emerging
technologies, in the context of effivient resource
utilization and human well-being, In this contet, the
details of the development of a plasma process for
dircct production of acetylene from Indian coals
along with its potentiality as a commerciaily viable
process has been discussed. On a laboratory scale,
acetylene is produced by injecting powndered coal (50
to 70 micron size) into a jet plasma either 1o an inert
atmosphere or g ton per cent hydropen enriched
atmosphere. lliciencies of the order of 60°, can be
obtained in a hydrogen enrihed plasma. This te-
chnigque has, therefore, the possibility of produging
acetylene efficienily using coal as the taw matesial.
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The technique has, however, a number of technical
difficulties which need to be solved for enlarging the
scale 10 a commuercially viable stage. Many of these
difficulties can be solved by using speafically designed
broad flame plasma jets. Such jets can be designed
either by 1) sunable juxtaposition of a number of
conventional D.C, jets with an additional super-
imposition of a large A.C. or D.C. current, yielding a
very high output power of the order of 200-500 kW
over a large volume or by 2) using the principle of
magnetically rotated are as attempted by AVCO of
USA, such systems have the potentialities of com-
mercial utilization for this method of direct produc-
tton of acetylene from coal as also for other chemical
and metallurgical processes in which very high tem-
peratures with high enthalpy are required. The
technique will have the advantage of using almost
any grade of coal as raw material as against the re-
quirement of specific grades of cokes and lime in the
calctum carbide route. The technique is also expected
to be less energy intensive. In its fully developed
form, the technology would, therefore, fead to an
alternative route of production of acetylene with
more eflicient use of coal and energy.

As far as MHD is concerned, this holds the pro-
spect of power generation with increased efficiency.
Coal may profitably be used in a coal-fired MHD
generator. Apart from various techmical problems
associated with the construction of MHD ducts,
channels, electrode matenals, super conducting
magnet, seed removal in any type of MHD generator,
coal has certain additional inherent duliculties as
MHD fuel and the problems become much more
aggravated with Indijan coals because of their high
ash content with higher silica ratio and lower pota-
ssium content. It is concluded that appropriate
combustion technology, suttable to Indian coals,
must be developed for successful commercialization
of the coal fired MHD power generation. This tech-
nology (MHD) has the potentiality of using coal
much more efficiently in the energy sector and would
go a long way in alleviating the tmpending energy
CT181S,

The above two examples clearly show that many of
the emerging technologies have the potentialities of
more efficient and rational utilization of natural
resources by developing such emerging technologies.
In view of the fact that an emerging technology of
today is a fool-prool e¢ssential technology of
tomor-ow, it 15 needless to emphasize that such
emerging technologies, if pursued carefully, to their
logical ends, may go a long way mn effective utiliza-
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tion and management of our natural resources and
to develop our own technologies to make us self-
relrant,

Evolution of the Deccan Volcanic Province by
K. B. Powar, Vice-Chancellor, Shivaji University,
Kolhapur 416 (04,

The Deccan Volcanic Province covers an area of
approximately 500,000 sq. km in west-central India.
It 1s constituted predominantly of basalt flows, of
both simple and compound types. In the western
part these are often separated by clayey honzons of
tuflaceous aspects, referred to as red boles, while In
the peripheral areas sedimentary inter-trappean
horizons are commonly recorded. Along the west
coast, in what is recognised as the graben sub-
province, the basalts are associated with acidic and
intermediate volcanics. Basi¢ dykes occur in profu-
ston 1n the Konkan coastal belt, and in the Narmada-
Tapi belt. A variety of other igneous rocks, including
lamprophyres, nepheline syenites and carbonatites,
as also igneous complexes, occur in the western
coastal belt.

The lithospheric thickness below Deccan Voicanic
Province is about [00 km. The Moho 1s recorded at a
depth of 42-37 km below the Deccan plateau, rises to
about 30 km along the west coast and to 13-14 kms
below the continental shelf of the Arabian Sea. The
Conrad discontinuity has been identified at a depth
of about 20 km in the southern part of the Province
but occurs at only [2-8 km depth in the Narmada
rift zone. Regional gravity anomalies, including the
Nasik and Sangola ‘highs’, and the Koyna and
Kurduvadi ‘lows’ may reflect undulations in the
Moho.

The Deccan Volcanic Province exhibits a hnea-
ment fabric characterised by major lineaments
transecting it in N 70° and N 330° directions. The
existence of a triple (and possibly a four-armed)
junction centred on the Gulf of Cambay, is indicated
by various geological and geophysical evidences.
These include the Konkan arm with its northward
extension—the Sabarmati graben, the Saurashtra
arm and the Narmada arm.

Chemically the Deccan basalt shows a transition
from low-alkali tholeiite, through high-alkal! tho-
leiite to alkali basalt. Potash-rich flows have been
reported (rom the Narmada rift zone and magnesia-
rich flows from the Western Ghats. The acidic and
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intermediate flows of the graben sub-province range
from potassic rhyolites to trachytes. The basalts are
chemically evolved and represent middle to late
stage of differentiation, largely because of fractional
crystallisation, that took place under conditions of
decreasing oxygen fugacity leading to iron enrich-
ment (Fenner trend).

The 1nitial strontium ratios of basalts from various
parts of the Province vary widely between 0.7038 to
0.7196. This wide variation has been interpreted as
being due to contamination by both mantle and
crustal sources. It may also represent mantle hetero-
geneity. The Deccan basalts are characterised by
LREE enrichment. The chondrite normalised plots
show essentially linear and regular trends with only
rar¢ development of a positive europium anomaly,
The REE data suggests about 20% melting of the
source material.

A unique sequence of basalt flows is exposed in the
Purandhar hills of western Maharashtra. Here there
1S a transition from low-alkali tholetites, through
high-alkali tholelites to alkali basalts. The sequence
can be sub-divided into two segments; a lower seg-
ment which is tholetitic and an upper segment that is
mildly alkaline. Detailed chemical studies suggest
that this could be a result of partial batch melting
followed by fractional crystallisattion of magma
chamber at higher, probably crustal, level which was
periodically replenished and tapped.

Palacontological evidences suggest that the Deccan
volcanics erupted during the Upper Cretaceous to
possibly Oligocene period. Palaeomagnetic and
radiometric data also suggest an extended period for
Deccan volacanism ranging from about 100 Ma to
30 Ma, with the peak of effusion being between
65-60 Ma in the western part and between 50-42 Ma
in the other parts.

Collation of geological and geophysical data
suggest that the peneration of Deccan magma was
due to plume-activity related to the Reunion hot-
spot. The magma thus generated was elevated to a
magma chamber, or magma chambers, at possibly

crustal levels, where they underwent fractional cry-

stallisation before eruption. Contamination of the
magma, by both mantle and crustal sources, 1s indi-
cated. The main channel-ways of eruption were
Jocated along the arms of the Cambay junction and
the lines of tension developed parallel to them. The
major lineaments, that transect the Deccan Volcanic
Province, probably represent conjugate shéars deve-
Joped in response to the nearly north-south oriented
stress set up following the impingement of the Indian
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plate against the Eurasian plate. The isostatic adjust-
ments that followed possibly resulted in the Ceno-
zolc cymatogenic uplift that has affected the Deccan
Volcanic Province,

i — o

Evaluations of the Landscape and Human
Adaptations in the Thar Desert by V. N. Misra,
Deccan College, Post-Graduate and Research
Institute, Pune 411 006.

The Thar Desert of northwest India is the most
densely populated desert in the world. Rapidly
icreasing human and livestock populations are
causing sever¢ strain on the fragile ecosystem and
causing its degradation. Efforts to arrest this process
and to improve the productivity of the land must
take into consideration the natural processes that
have shaped the desert environment and the ways in
which human populations have adapted to it throagh
ttme. Recent archaeological and palaeoenviron-
mental research has considerably advanced our
understanding of these processes and adaptations.

Geomorphic features like fluvial, aeolian and
lacustral deposits, pedogenic products in them and
buried and abandoned stream channels hold the key
to understanding the environmental history of the
Thar, The Thar i1s not 3 man-made desert, but is of
natural origin, and has an antiquity of half-a-million
years or more. The two major factors involved in its
evolution are the steady decline and westward shift-
ing of river courses and increasing aridity. During
late Tertiary and early Quaternary the Thar enjoyed
an integrated and powerful, braided and bed-load
type of drainage and a humid climate. This drainage
was responsible for depositing the extensive thick
boulders and gravels of the Jayal Formation. Subse-
quent to the uplifting of these gravel beds by neo-
tectonics, sometime in Early Pleistocene a new gene-
ration of anastomising channels came into being
which extensively faid down fine clayey and marly
sediments of the Amarpura Formation. This stream
system continued 1o function, albeit in a dechning
form, up to mid-Late Pleistocene when it became
completely defunct except in the Lumi basin in the
south and Ghaggar basin in the northwest. The
climate during this period fluctuated several times
from semi-arid to arid, Fatensive and thick accumus-
lation of sand duncs and sand sheets took place
during several episodes in this penod. Phases of
increased rainfall marking the interruption of dune
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buslding process are represented by paldaeosols and
calcrete bands in the 16 R excavated profile near
Didwana m Nagaur duwsirict, Radiometnic  dates
obtained on carbonate and sand samples from 16 R
profile sugpest dune building activity to have lasted
from Middle Pleistocene (c. 400,000 B.P.) to early
Holocene {¢c. 6,000 B.P.). The terminal Pleistocene
(c. 25.000-13,000 B P.) was a period of hyperaridity.
Dune formation reached a new peak and lakes were
mostly dry. A thick halite layer was formed in the
Didwana salt lake during this pertod. Climate began
to ameoliorate from around 13,000 B.P. and there
was a marked Increase in rainfall between 6,000 to
4,000 B.P. This is best reflected in the pollen-rich
laminated clays deposited in salt lakes across the
desert and in the deep brown weathering of the
youngest dunes. After 4,000 B.P. rich and fertile soils
developed on dunes during this phase. These soils
support ample growth of vegetatton which in turn is
the source of fodder for livestock. Also agriculture is
practised on these soils during the monsoon and,
where artificial irrigation is available, during winter
as well. The climate assumed its present condition
and there has been no significant change in the desert
environment since then.

Man has lived in the desert almost continuously
from the Middle Pleistocene (c. 400,000 B.P.)
onwards and possibly even from an earlier date. His
cultural remains lie buried at numerous siteés In
{luvial and aeolran sediments, on the surface of dunes
and rock outcrops, and, in the latest stage, buried in
habitational mounds. The earliest settlers of the
desert belonged to the Acheulian culture of the
Lower Palaeolithic period. At a number of sites
around Didwana stone artefacts of early and late
Acheulian cultures have been found buried in the
clayey and marly sediments of the Amarpura For-
mations as also m the colluvium of the hill-slopes.
These implements comprise handaxes, cleavers,
choppers, polyhedrons, spheroids, scrapers and
flakes. The implements are made of quartzite and
quartz which were either quarried from local Aravail
metamorphic rock outcrops or gathered as pebbles
from the then exposed stream beds. The tools are in
a remarkably fresh conditions, strongly suggesting
that they were incorporated into fluvial sediments
right where they were made, used and discarded.
Excavations at Singt Talav near Didwana have
exposed a large living and working floor of this
stage. At some localities more refined tools of a later
stage of the Acheulian culture are found. And in the
still higher levels of the Amarpura Formation, Middle

Palaeolithic tools have been found. The discovery of
Acheulian and Middle Palaeolithic tools in the fluvial
sediments suggests that the dramnage system kept
functioning all through Middle Pleistocene and early
Upper Pleistocene. The flood plains of rivers were
dotted with {akes and pools and Palaceolithic groups
camped along the shores of these water bodies.
Middle Palaeolithic sites have also been located
along the present dried up stream channels north of
Jaisalmer. Judging from the density of Acheulian and
Middle Palaeolithic sites around Didwana it would
appear that both water and biotic resources were
plentiful during Middle and early Upper Pleistocene.

Palaeolithic groups also camped on stabilized
dune surfaces during phases of more congenial
climate. Excavations in the fossil dune at 16 R have
produced evidence of human occupation from Lower
through Middle and Upper Palacolithic to Mesolithic.
There 1s no unequivocal evidence of human occu-
pation in the desert during the hyperand terminal
Pleistocene when the drainage system over much of
the desert had become extinct and the biotic resour-
ces must have diminished considerably. Mesolithic
groups with their new microhithic technology
probably began to colonise the desert with the slight
amelioration in climate towards the close of the
Pleistocene (¢c. 13,000 B.P.). They spread all over the
desert during the mid-Holocene (6,000-4,000 B.P.)
humid phase. Although the basic patterns of subsis-
tence continued to be hunting-gathering, some
groups probably took to animal husbandry at this
stage as suggested by the faunal remains from the
site of Bagor on the eastern side of Aravallis. With
the passage of time, animal husbandry became the
mainstay of the economy.

Agriculture-based life first appeared in the desert
around 5,000 B.P. as a consequence of migration
from the Indus valley. Such settlements remained
confined to the banks of the Ghaggar-Hakra (ancient
Saraswati) river which was then a living niver. This
river owed its existence to the Sutlej and the Yamuna
which were both flowing through its course. These
early settlements belong to the early and mature
phases of the Harappan Civilization. This civiliza-
tion disintegrated consequent to the drying up of the
Ghaggar by the diversion of the courses of the Sutle
and the Yamuna in the Indus and the Ganga respec-
tively. Subsequent human settlements along this river
are sparse and confined to the upper reaches only
where some water must have been available for many
centuries. Agriculture-based life in the rest of the
desert did not appear until as late as 200U years ago,
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and it has always played a subsidiary role t0 antmal
husbandry. Even with the introduction of agriculture,
hunting and gathering did not disappear altogether
and indeed has persisted right up to the present day.
Communities like the Van Vagris, Kal Beliyas and
the Naiks which live wholly or partially by hunting
and gathering are survivors of the stone age hunter-

gatherers.

Potential of Science and Technology as Resources of
Inputs Necessary for Human Well-being and
Obstacles in Utilizing These Resources, by

C. H. Pathak, Convener, Committee on Science and
its Social Relations, Indian Science Congress

Association.

Food, shelter and clothing are the prime needs to
be satisfied to ensure human well-being; then comes
Jeisure which is absolutely necessary .o make humans
human. We have to examine science and technology
as resources inputs from which may be used for
human well-being.

Science may be seen as an activity and as a process
of conceptualization on the part of man to under-
stand the world and its total environment including
himself as part of the world. Technology may include
all devices to extend the limits of the various human
faculties including the senses and muscle- and brain-
POWET.

In a span of about ten thousand years the human
society has made tremendous progress in science and
technology, most of the progress has been achieved
during the last 300 years; in fact the greatest break-
through in biology—the knowledge of the role of
DNA and RNA—was made about three decades ago,
but in this short period of 30 years or so the biology
of the nucleic acids has resulted in genetic engineer-
ing with extraordinary potenttals.

The 20th century has scen the growth of physics,
chemistry and biology culminating in the human
discoveries of the power locked in the atom and the
working of the genetic code.

Power is morally neutral; it can be put to good or
bad use. With all their achievements in science and
technology the humans have so far failed to achieve
the same degree of success in acquirirg wisdom. This
deficiency of wisdom is the root cause of Kuman mis-
ery seen in ample proportions throughout the human
history. Till the advent of atomic power and develop-

ments in the techniques of genetic engineering based
on molecular genetics, the fallout of miseries caused
by the follies of wars was confined to a hmited seg-
ment of the human socicty; until the use of gunpow-
der and more and more powerful missiles the direct
effect of wars was confined to the fighting forces on
both sides; later flying machines heavier than air were
developed and this innovation changed the nature of
wars; now the civilian population began to suffer
more than the fighting forces. Then came the nuclear
weapons and the nature of wars is entirely changed.
With nuclear weapons the whole world becomes the
target and in a total nuclear war there is no victor. If
mankind is foolish enough to let it be engulfed tn a
nuclear war, it will distroy all that we value 1n civi-
lization; not only that, the living creatures other than
the humans will also suffer terribly and be destroyed
for no fault on their part.

If we are wise enough fo put science and techno-
logy to good use there is tremendous potential in
them as resources for humanweli-being. Now science
and technology can grow enough food for everyone
to have two square meals and no one may have to go
naked for want of clothing. The conquest of space has
opened up unlimited possibilities of growth 1n the
foreseeable future.

Science and technology have great potentiality like
the mythical Kalpavriksha to give us almost every-
thing that we desire 10 have materially and yet we see
the majority of the world population suflering largely
because of abject poverty. We must understand this
discrepancy and take steps to remove it if our goal is
to achieve universal happiness.

Several roads to freedom and happiness have been
proposed; mankind 1§ at the crossroads and appa-
rently it has to choose between the so-called freedom
of free enterprise and socialism (or totalitartanism as
some see it), but a third choice of genuine democracy
is also available. Science and technology offer a
means to achicve the goal o1 untversal brotherhood
with justice and equality.

Whatever the social system, it maust avoid the
pitfalls of corruption, nepotism and administrative
inefliciency. India is plagued with all of these pestil-
lences. Let us understand problems, find ways to
solve them and have determination to tackle them, so
that we may be able to remove all obstagles to our
cfforts to use science and technology as resources of
inputs necessary for human well-being.



226

Current Science, March 3, 1987, Veol. 36, No. §

L

Children—The Most Precious of National Resources
by Yogini Pathak, Department of Chuld Development,
A1.S. Uruversity of Baroda, Baroda 390 002.

India under the leadership of Prime Minister Rapv
Gandhi is preparing to enter the twenty-first century
well-prepared. Our goals are ambitious. Let us take
an objective view of the existing situation and make
assessment of our national resources so that we may
take proper steps in time to reach our goals. Fore-
warned s fore-armed.

Educataiomn:

21st Century will be highly dominated by techno-
logy and it will be necessary for citizens to have a
certain minimum level of education in order to cope
with the demands of everyday hie.

According to 1981 Census figures only 36.23% of
the total population and only 24 82%, of women are
literate. Presently (1983-84 figures), 94.37, of the
children of the age group 611 (Class: I-V) years are
enrolled in schools but in the age group 11-14 years
(Class: VI-VIII) only 50.6% of the total population
in the age-group are enrolled. This fact suggests
heavy drop-out. It is necessary that nearly all eligible
children are eunrolled in primary schools and conti-
nue in school till they complete VIII standard. This 1s
an uphill task judging from the achievement made so
far.

The situation with the pre-primary age group 1S
not at all encouraging. Of the more than 40 million
children of the age group 3 to 5 years less than one
million were enrolled in pre-primary schools, the
majority of which are run by private managements.
In most of the privately run nursery schools there are
no trained teachers and basic facilities and equipment
are conspicuous by absence.

In this context one has to think of plans to cover
the entire population in the age group 3 to 14 years
under various schemes of formal/informal education.
We must see that the new additions to our populat-
ion do not add to the number of illiterates in the
country.

Health:

An estimate made around 1980 {Profile of the
Child in India, p. 12) shows that 21 million children
are born each year as against 9 million deaths. The
population increases every year which is a major
reason why health services, education and nutrition

have been incapable of reaching all children even
after 40 years of independence.

[nfections and communicable diseases take a heavy
toll of children in India. Deaths of children below five
years of age account for about 409 of total deaths in
the country. Roughly half of these occur in children
under one year of age. The majority of these are due
to mnfections, nutritional disorders and communi-
cable diseases {Profile of the Child in India, p. 91).

Mass immunization, environmental protection,
safe water supply, elimimation of flies and mosqui-
toes, disposal of excreta, general hygienic measures,
nutrition and health education, famly planning and
spacing are the areas of glaring deficiencies. The
value of a safe water supply and environmental sani-
tation must be appreciated and priority should be
given to removing deficiencies in these basic requrre-
ments of good health.

Nutrition

In India 2 to 3% of the children below the age of 5
years exhibit the severest forms of protein energy
malnutrition i.e. Maramus and Kwashtorkor. Malnu-
tritton is the underlying cause of death in 77, of
deaths in the age group 0 to 5 years and an associ-
ated cause in 46%. Malnutrition is responsible for
more child deaths than all other causes combined
(figures quoted by Dr Shanti Ghosh in the Profile of

the Child in India, p. 77).

Delinguent Children:

The present position in the matter of providing a
separate legislative f{ramework for dealing with
juvenile delinquency and crime and its enforcement is
far from satisfactory. Only 17 States have enacted (by
1980) Children’s Acts.

Then there is the problem of child labour, but
recently a comprehensive act has been passed and
one has to study its implications carefully before
commenting on the situation.

Handicapped Children:

As compared with the handicapped child in 1947
or even in 1970's the handicapped child of today is
more fortunately placed but practically no services
reach rural handicapped children (Profile of the
Child in India, p. 189).

Even from this rather cursory overview of the exi-
sting situation in India vis-a-vis children, it should be
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obvious that there remains much to be done to take
good care of our most precious national asset.

Profile of the Child in India, Mimstry of Social
Welfare, Government of India, New Delhi, 1980.
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Contributions of Agricultural Research to the
National Well-being and Future Challenges by
Suresh Kumar Sinha, Water Technology Centre,
Indian Agricultural Reseorch Institute,

New Delhi 110 012.

The term ‘well-being’ is rather difficult to define in
a strict sense. However, some essentials for the ‘well-
being’ can be defined and quantified. Food 1s one of
these essentials. Beyond an individual's well-being,
there is the well-being of groups or Committees, and
the nation. When there is scarcity of food, it leads to
the loss of human values. The sclf-respect and seli-
confidence which are important virtues in human
beings are the major victims of food scarcity. Twenty
years ago when we were regularly importing food, we
were considered incapable of ever becoming self-
sufficient in food. There were cynics who doubted
the resources and agricultural potential of the
country and questioned the capabilities of scientific,
administrative and pohtical leadership. They pre-
dicted doom for India by 1985 if not by 1975,

Today, both the developed and developing coun-
tries acknowledge the achievements of Indian agri-
culture. In fact, in the past we have felt proud that
India led the process of decolonization in Asia,
Africa and Latin America. Now we can justiiiably
feel proud of initiating the development of agri-
culture among the developing countries.

The achievement in terms of food production from
52 million tonnes in 1951-52 to 152 million tonnes In
1985-86 is impressive by any standards. The achieve-
ment is magnificent when we realise and recognise
that self-sufficiency in food has ccntributed to seif-
respect, confidence and dignity to the nation. These
achievements cannot be assessed in monetary terms,
but have come from an insignificant part of the
national budget to agricultural research and edu-
cation,

However, when we assess our agricujtural deve-
lopment dispassionately, we find many disturbing
features. Increase in productivity of foodgrams
(kg ha™!) is mainly due to increase in the producti-
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vity of wheat. Our major ¢rop, rice, has maintained
the same growth rate after 1966-67. There 1s
relatively a high degree of instability in food produ-
ction. Whatever stability we lind 1s due to production
in Rabi. Production of pulses and oilseeds 1s not only
low but also unstable. These crops are indeterminate,
and do not respond to plant density, irrigation and
ferttlizers to the same exient as cereals. Mostly these
crops are unirrigeted, but even 1n good ratnfall years
they fail to enhance productivity substantially. This 1s
because of a changed microchimate which favours
occurrence of diseases and pests. Greater effort need
to be made 1n developing suttable research strategy
and methodology if we have to succeed.

The modern agriculture need not be equated with
complete fossil fuel based mechanization. The avail-
ability of proper seed, inputs and any form of energy
brings the same¢ kind of production. Ammal power
will continue a major source of energy in agriculture
in developing countries including India. Therefore, a
national policy for cattle population, with a view to
improving both dairy industry and anmmal power 1s
needed. This would have to consider restricting
animal population and making better feed available
to cattle.

Mixed and multiple cropping are the age old
practices of the Indian sub-continent. Till recently
mixed cropping was dubbed as primitive farming by
scientists of the developed countries. But recent
experience in Africa and the continued success of
these forms of agriculture have made every one
realise the virtues and importance of these practices
in variable environments of tropics. However, we
have not made sufficient scientific analysis of mixed
and multiple cropping. We need to understand them
in greater depth from the point of view of genetic
compatibility of crops and application of ferigation,
fertilizer, pesticides etc.

We seem to be on the bandwagoen of btotechno-
logy in agriculture without clearly identifying a few
areas of research. Sometimes, the people having ao
idea of agriculture, extrapolate the results of hetero-
trophic systems to autotrophic systems to make
things look attractive, We certataly need to develop
expertise in genctic engincering v plants, particu-
larly in important crop plaats, and use for human
well-buing, but must refriin from unnecessary genc-
ralizations and carly promuses.,

International trade in agriculture commodities 15
an important aspect of economy for the country, It
will be almost impossible for us to compete for the
sale of wheat tn international market There are,
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however, many vegetables, flowers, [rults and antmal
feed products imported by the Middle East, Europe,
Africa and other countries. Market analysis for
quality and quantity need to be undertaken in coun-
tnes having potential for our exports. Thrs would
require a strong research support in the areas of pre-
harvest and post-harvest physiology and biochemistry,
storage, management and transport.

We have achieved considerable success i some
arcas of agricultural research, but this should not
make us complacent. There are projects that would
change world climate in the next 25-50 years. This
would influence both the natural and managed
ecosystems. The vulnerability of genetic resources
can not be exactly predicted. Therefore, with the
changing times and needs, the importance of
agricultural research and agriculture will continue to
increase. India is fortunately endowed with natural
resources which very few other countries have. Let us
hope that the country would emerge as a leading
nation in agriculture and would even fulfil the needs
of other countries in the periods of the scarcity.

e

Resources and Human Well-being: Inputs from
Science and Technology by Archana Sharma,
Department of Botany, University of Calcutta,

Calcutta 700 019 (General President, Indian Science
Congress Association, 74th Session),

An attempt has been made to balance the natural
resources—potential and available—of the country
with the needs of the people at a specific date in the
future, (in this case 2000AD approximately) and to
outline some possible inputs from science and
technology in achieving this balance. The main
parameters to be taken into account in considering
the interaction between population and use of
resources are: projection of the population scenario,
assessment of the resources; constraints in matching
the resources with the people’s needs without envi-
ronmental degradation and the possible role of sci-
ence and technology in removing these constraints,

The text of the address has been divided into three
sections: (1) natural resources; (2) the people—with
their basic requirements of nutrition, health, shelter,
energy, mobility, education and (3) thé¢ role of sci-
ence and technology in reducing the gap between
population growth and resource requirements without
disturbing the environmental equilibrium,

The first step i1s to identify the resources:

L

Considered in the material sense, a resource 15 a
means for satisfying human and social needs at a
given space and time. Basically human needs are
simple—the prnimary physical components required
to sustain lffe and health. The next aspect 15 the
satisfaction of human wants, which are diverse and
varitable and perhaps unlimited in scope. Natural
resources, man himself and man-made culture may
be resources as well as resource-creating factors.

Population can be regarded as an asset or a lia-
bility, depending on the disposition of resources and
technology. However, environment becomes a limit-
ing factor when a growing populatton is combined
with advancing technology and mdustrialisation. In
countrtes where a decline 1t birth rate has followed
social and economic development, the major contri-
buting factors have been the involvement of the
people, improvement of health and nutrition
standards and the status and education levels of
women etc. Assessment of demographic and resource
conditions requires accurate baseline information.
However, in most cases in the country, the data
available are incomplete and fragmentary, stressing
the need for information and retrieval technology for
scientific planning,

For sustainable use of resources to meet the needs
of human populations, inputs from science and
technology are inevitable for each cluster of human
needs. Such inputs may lead to more efficient
resource use and environmental protection, or, to
more intensive resource use and environmental
degradation. On an average, the current industrial
technologies are of the latter type and less sustainable
in the long run. Therefore, for longterm development,
the scientific and technological options should be
able to: accentuate more efficient resource use with
high productivity, protect environment and employ
sustainable methods with renewable components.

From a profile of a colonial estate with high
population, low technology and low resources in the
1950’s, India has now changed significantly, through
an intensive utilisation of science and technology and
the realisation of its significant resource potential.
Further advances are needed to enhance and devise
new resources, with a corresponding management of
the environment, commensurate with the needs of the
people, provided population growth is stabilised.
Some of the natural resources have been listed 1n the
text of the address, with the present status, projected
needs in future, limitations of uncontrolled explot-
tation and possible augmentation through scientific
innovations. The most important ones are: land,






