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EDI TORI AL

It is a global penamenon that best young
brains are being attracted more towards
tedrology education. Science and tedrology
are corplerentary in nature and have to grow
together. Besides gerneration of new knovledge
and acquisition of knovledge to describe the
natural phenamena, research in fundamental
science adds an inevitable input to the
advancement of technology. Similarly,
technological advances help research iIn
fundarental science. Quidk and highly paid jdb
prospects have always been an added advantage
for the tedrology gradlates. Nevertieless best
youg minds used 1o ke attracted 1o besic sciene
ocourses in the fifties ad sixties of the last
ocatury. This situation hes udergore a aonplete
cdhange throughout the glooe. In the develloped
westerm countries many premier universities
cannot sometimes get sufficient nurber of
stuoents in sore of the science strears. Arerican
universities can conpensate them by adnitting
students from other countries. In Indian
universities post gradlate science course ssats
are always filled because the demard is nmore
then tre fied cgecity. But the science courses
usually have to be content with students of
loner grades.

This loss of enthusiaan of students In sciene
education is often ascribed to more job
opportunities in Information and Computer
Technology. But this may be an over-
sinplification of the actual prdblem. There is o
dearth of goportunities for the best paople. I
the present situation continues, there will be
serioss prablens o have manponer In scientific
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rescarch. The question arises if this loss of
interest is because science hes lost the dam
that it used to have earlier. New scientific
discoveries In the last two to three caturies
prompted man to think about the world in
completely new directions. They always
motivated people to think ad to add new idess
to enrich our knovledge. As an exarple, the
discovery of Non-conservation of Parity by
Yang and Lee at Colurbia wes not only a work
of beauty and originality, but 1t mede us all
think about some of the fundamentals of the
physical world. Intuition or comon sense hed
o be recast. How many such thoughtt provoking
original work are aoning aut these dys ? There
are new discoveries In Chemistry and Biology
that reveal new facts or data, which have a
long-term effect on humen civilization. But if
we go back 1o the period of Remaissance, nature
wes just ae of the elaatts in the all-atbracing
enterprise of philosophy. The word Science
originated from the Latin word “‘scientia”
meaning knowledge. Science was a part of
natural philosophy. In 1800 Thomas Jefferson
listed science subjects as “botany, demistry,
zoology, anatomy, surgery, medicine, natural
phillosopy, agriculture, geography, nethenatics,
astroy, politics, comerce, history, ethics,
law, arts, fire arts.” Physics waes included in
Netural Phillosophy. The term science wes later
interpreted In a more narrov sense o refer o
physical and natural phenamena subjected to
experimental methods. Well-established
mathematical methods and mathemettical rigour
as well as high precision measurements



[l

Everyman's Sci ence VOL.

[ ]

XXXI X

NO. 6, February—Mar ch’ 05

]

originating from improved technology have
become the starting point of young science
rescarders. This hes definitely erided sciece
and reaffirmed our faith in the science
estzblisnent. But they have little soge t© @©
beyod the established facts.

The camplete divide between the cultures of
science and humanities and the complete
deviation of science from philosophy have
reduced the sphere of scientific thoughts. For
nearly half a certury science could not show
ay new path with definite yardstids of suooess
toards reelation of the stall ueplainad facts
of nature. Bven today Physics and Chemistry
have to offer much to unfold the unknown,
unlimited mysteries of the universe. The world
stall eqects new patihHoresking idess originating
from intelligent young minds not solely
dependent upon new results fran big machines
in different parts of the world.

It is a matter of concem that most of our
bright students are now nmore inclined to solvirg
corplicated, sometimes tedious problems and
spend most of the time with standard textibook
eercie. \ery fav develg the hebit of thirking
over a problem in their omn way. They are not
encouraged to have crazy ideas. The current

system of teaching and evaluation does not
provide any ggoortunity for this purpose. Inan
attenpt to be more focused on some subjects,
students disregard other slbjects. As an eaple,
they are not told that an acoonplisad physicist
should be good also in chemistry. Can we
eqeriment with cur sdool aurriaula W o the
tnelfth class by including ae or o hurenrties
subjects (e.g- philosphy or sociology) for the
science students ? This may need reduction of
science syllabii. The present emphasis Is on
meximization of the quentity of information thet
can be inparted, leaving o room for inegiratdon
or recreation of minds. \\e forget thet a areative
mind has no problem of acquiring Information
o 1ts oan. To a cartain extant defoosirg at the
sdool ad udergradate leel ney enlarge the
sphere of knowledge. Science educators may
thirk oer the prdblen. Science ressarch plarers
caot take Up any new project for gereration
of new thoughts. It shauld care firan the youg
researders, of course, sore gifted aes. It is
retural that most scientists would like t be on
the arest of the wave, but we should not forget
that someone has to create the wave. This
creation can draw the brigitest students to the
fold of sciee.

Prof. P. N. Ghosh

The object of teaching a child is to enable himto get al ong

wi thout his teachers.

—Al bert Hubbard
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PRESI DENTI AL ADDRESS
ON  RAVMAN  EFFECT
SIR C V. RAMAN*

I t is tre privilee 1o a fhysicist t aem

himself with what may be regarded as
the fucbmental entities of the material iniverse
we Iive in. His theories and experiments are
directed towards obtaining a clearer
uderstading of the nature of those entities ad
of treir relatiaships with each otter. His reaulits
iT expressed in plain language should be
intelligible not only 1o those who profess other
branches of Science, but t all who take an
interest in the varied phenomena of Nature.
The work of the physicist has the closest
possible bearing on tre interpretation of facts
deenad in otter fields of scientific koMlede.
No gpolagy is therefore needed for my decision
1o devote this address to an exposition of
the nature and significance of a new
phenomenon recently discovered in my
laboratory at Calcutta which has a bearing on
the fundamental problems of Physics and
Chemistry.

Bvery ane of us is or shauld be interested
in the nature of that phenomenon which we
call 1igt and which is a species of the genus
radiation. LIght Is emitted by matter under

* Gareral President, Sixteenth, Indian Science Gogress, held
during 0th January to 4th February, 1929 at Medras.
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suitable condition of excitation. We heat an
atom or excite it by electric discharge. It
becomes luminous and gives off radiation.
Wratt is radiation ? On this point, the ghysicists
of the nineteenth century had come to very
definite aconclusion, besad on evidence which it
seemed impossible could ever be shaken, that
light is a kind of wave motion travelling
through spece, ad of the sare physical rature
as the electromagnetic waves discovered by
Hertz and nov so familiar to all as the waves
of wireless telegraphy and telephony.
Remarkable enough, however, the present
century has witnessed a re-opening of the
qestian. 1 will not paee here to trace iIn detail
the history of the developrent of what is
knoan today as the quantum theory of radiation.
It is associated with the nenes of three great
living physicists, rarely, Pladk, Einstein ad
Niels Bohr. It will suffice for my purpose to
indicate the ery definite ad intelligible form
it received in Bohr’s well-known theory of
spectra. According to Bohr, the emission of
light fram an aton is not a single process but
takes place in o distinct stages. The farst stage
is tte eagizirg of the atom, iIn other words, Its
passing over from a normal or non-luminous
condition into a new state of higher energy



[l

Everyman's Sci ence VOL.

[ ]

XXXI X

]

NO. 6, February—Mar ch’ 05

content. The secod stage is the retum of the
atom to a condition of lower energy
accampanied by the emission of light. Bohr
foud It recsssary, In oty o interpret tre facts
of spectrosoopy, o assure that the different
states of the atom are sharply differentiated
fran each other iIn their energy content. The
atom therefore takes up energy or gives up
eneryy as the case may be, in passing fran one
state to aother, iIn disorete budles or gata.
Radiation is thus absorbed or emitted by the
atom in discrete budles of energy. It folloas
raturally that whille travelling through space,
ligt also remairs as disorete budles or gatta
of radiation. A distinctly unitary darecter is
ths indicatsd for rediadan.

Further ponerful support for a corpuscular
idea of radiation care to hand a few years ago
when Prof. A. H. Compton. now of Chicago
University, discovered a remarkable
phenomenon which is now knoawn by his name
as the Corpton Effect, ad for which he received
the Nobel Prize in Physics a year ap. Briefly,
whatt he foud wes this : Wen X-rays fall upon
matter ad the scatterad rays are anallysed by an
X-ray spectroscope, the lines in the X-ray
spectum are foud to be doubled. Prof. Carpton
gave a very sinple and remarkable explanation
of this fact. He regarded the Incidentt X—rays as
consisting of corpuscles which moved with the
\elacity of ligtt ad an hitting an electra In the
scattering material dislodged 1t and were
therselves deviated fran their straight path. It
is doviaus that in such a process the deviated
ocorpuscle would lose part of i1ts energy, this
being taken wp by the recilling electron. Prof.
Copton’s eplaration of his effect is sypoorted
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by the fact that the recoil of the electron is
actually observed in experiment. A change iIn
energy of the quantum is equivalent to a dage
in the frequency of scattered radiation, which
therefore gppears in the X-ray spectrum as a
lire iIn a shifted position. Meesurenarits of the
dae of wvaelegth ad of the \elocity of the

recoi l-elctron gopeared stragly t© sygoort Prof.
Campton’s theory, ad the latter hes therefore

gained gereral acoeptance.

We appear thus to have reached the
astonishirg positian thet ™o distinct theories of
ligt both claim our acogptance. In other words,
ligtt consists of waves expanding spherically
outwards from a luminous atom into ever-
incressing volues of sece, ad it also asists
of a corpuscle shot off in sove one specific
direction fran the luninous atom ad therefore
noving alog a straight lire o infinity. 1 hae
often seen It suggested that there might be no
real aoflict betveen these o wickly different
poirts of view, If we regard the light corpuscle
statistically. In other words, if we had a
sufficiently large nunber of atars giving out
ocorpuscles, the o pictures of radiation may ke
statistically equivalent. So indeed they would
be, 1If a corpuscle enrtted fran oe atom ad a
corpuscle emitted from another could be
regarded as equivalent. But such a conogptiion
would be totally repugnant to wave principles.
For, when we consider a luminous gas, the
waves enrtited by the different ators in it woulld
not be equivalent wnless all the atons were at
the same place and emitting light-waves in
idntcal pdese. It is dviasly diffiault o aocopt
the latter proposition, and in fact we may be
fairly certain that it is uitne. The partiaular



[ ] O

Everyman's Sci ence VOL.

XXXI X

NO. 6, February—Mar ch’ 05

]

sugoestion here mede for seauring a statistical
equivalence of the wave and quantum theories
of radiation seens therefore uteneble. My o
feelings are that 1t is npossible t© acogpt the
wave and quantumi theories of radiation as
simultaneously true If Compton’s idea of a
localised quantum is a correct and universal
description of the process of radiation from
atars. In orter to eplain the familiar facts of
optical interference and diffraction, we are
amelled to assune that the light emitted by a
luninous atom spreads out spherically with
identical \elocity ad phese in all directios.
Treoretically it is possible © amalyse a gtericl
vwae Ino a set of plane-directed waves pessirng
simultaneously through tre care of the ghere
in all directions, provided they are all in identical
phases at the centre. We may, of course, regard
a plare wvae as equivalatt o a directed gquatum
in the sense of Copton, but as a singlle atom
can only radiate one gquantum at a tine, It is
inpossible t eplain interference 1If we assue
the emission to consist gererally of directed
quanta. In Compton”s own experiment, we are
dealing with the secondary radiation fran an
aton illuninated by X-rays of wave length
much shorter than the diameter of the atom.
This is a \ery different prablen fran that of an
atan rediating spottanecusly in all directions.
In a paper appearing iIn the Indian Journal of
Pysics, | have discussed the case of Compton
fran vt | beliee t© ke rather a mwvel point of
view, and shown that so far fram the Compton
Effect being opposed to the classical wave
principles, the latter actually indicate the
existence of such an effect, ad qantitatively
predict its doserved characters. On the view
developed In my paper, Canpton’s experiment
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is not a disproof of the spreading vave theory.
We do not regard the beam of radiation thrown
out in a straight lire by a light house ad
travelling for miles without appreciable
soreeding, as a antradictian of wave principles,
but eqlain It as an effect product by the lenses
ad mirrors of the ligit house. In an analogous
vay, | utalise the relation betven tre vavelegth
of the radiation and the size of the atom to
explain Conpton’s results. The investigation
shons thet the classical ad quentum theories of
radiation are inded statistically equinallent, but
this equivalece is seoured by the properties of
the aton, ad not by filling spece with localisd
quanta. 1 will go so far as to say that in ny
view, it is attirely futile 1o regard the light
quatum as a particle having any specifiable
dge, size or position.

This theoretical pgper an the Conpton Effect
wes worked out during a holiday at Waltair In
Cctober, 1927. Apart fran ay Iittde intellectual
satisfaction which its writing may have given
me, Its chief interest is that it prepared the
ground for the experimental work of the
folloving months which 1 shall now mention.

Eight years ago, we comenced at Calcutta
a series of eqerimental studies an the scattering
of light in trargparent media of all kinds. These
studies were largely inspired by a desire
ukerstad ad eplain fully such retural gotical
phenarema as tre light of the sky, the dark blue
colour of the deep sea and the delicate
opallescence of ice In glaciers. It soon becare
evidat that the laboratory studies intended in
the first place to reproduce these natural
phenomena on a small scale would carry us
some way towards a solution of such
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fundamental problems of Physics as the
constitution ad structure of moleaules, their
number, arrangement and thermal movements
in gaseous, liquid ad solid media, and the
reture of radiation itelf. 1 wvall rot fatig.e yau
by reciting the numerous experimental and
theoretical ressardes carried aut by s on these
subjects. Associated with e during these eight
years were a great many young physicists fram
all parts of India who received their research
training in my laboratory. Amongst them, |
would specially mention the names of Dr. K. R.
Ramanathan and of Mr. K. S. Krishnan, both by
reason of their conspicuous originality iIn
rescarch ad in view of the Inportance of their
personal contributions to the developrent of
the subject now under discussion. To them, and
o ny nurerous other collaborators fran Bengal
ad Medras ad Northemn India, 1 one a debt of

gattuce.

At a \ery early stage In our investigatios,
we care across a new and entirely unexpected
phenamenon. As early as 1923, it was noticed
when sunlight filtered through a violet glass
pesses through certain liquids ad solids, eg.,
water or ice, the scattered rays emerging fram
the track of the iIncident beam through the
Substance cotained certain rays not present in
the incident beam. The dbservations were mede
with colour filters. A green glass was used
which aut of F all light if placed between the
violet filter ad the sustance. On transferring
the glass to a place between the substance ad
the aosener’s eye, the track continued to be
visible though fesbly. This is a clear proof of a
real trarsformation of light fran a violet into a
green ray. The nost careful denical purrfication
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of the substance failed to eliminate the
phenamenon.  Subsequent investigations shoned
the same effect in a considrable nurber of
liquids and solids, ad we even attenpted a
Seectrosopic investigatian of Tt

Though, fram time to time, we returmed to
the study of this new phenamenon and published
acoounts of It, its real significace as a tin
brother of the Corpton Effect farst becare clear
to me at the end of 1927 when 1 wes preoccoupied
with the theory of the subject. | regarded the
ejection of tre electiron In the Copton Effect as
essatially a fluctuation of the atan of the sae
kind as would be induced by heating the atom
o a sufficietly high terperature, ad the so-
called directed quantum of Campton as merely
an unsymetrical emission of radiation from
the atom which ooours at the sare tine as the
flucttation iIn Its electrical state. The aancegptian
of fluctutias is a very familiar ae In gotical
and Kinetic theory, and in fact all our
eparmatal reaults in tre field of lightsatterig
hed been Interpreted with its aid. There ves,
tharefore, every reesn 1o eqect that radiatias
of altered wavelength corresponding to
fluctuations in the state of the scattering
molecules should be obsenved also in the case
of ardirery light.

The 1dea wes erergetically taken yp ad the
eqeriments shoned it to be cnpletely conrect.
It becare clear the we hed here a new radiation
effect far more gereral and universal in Its
daracter then the Corpton Effect, and of which
the latter coulld be regarded as a special case.
The ejectian of an electrm is a ety violatt type
of fluctuation. There are numerous other
aoparatively mild types of fluctuation possible
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in the electrical state of ators ad moleculles.
Such fluctuations correspod 1o relatively small
daes in the eergy level of the atonic system
in tre sa=e of Bdr. If a dae of ey leel
is produced by the incident radiation ad is
simultaneous with it, the quantum of radiation
emitted uder these conditions may be greater
or snaller as the case may be then the quartum
of incident radiation. We may represent this
dae as a denical reersible reaction.

*MOLECULE
(omal state)

+ RADIATION

(high fregency)
MOLECULE + RADIATION
(ecitd state) (lov frequey)

IT the reaction prooseds In the direction of
the upper arrow, we have a diminution In
frequaoy of tre radiation, ad if in the direcion
of the loner arrov, we have an increase of
frequency. The relative inportance of the two
types of resction would doviasly ke determined
by the law of mess-action, that is to say, yon
the populatios of the nomal and excited states
of the noleaules presat in the iradiated suo-
stane. In odinary casss, the presae of ecrted
states is determinad by tamperature. Other causes
of excitation of noleaules if presant nust also
be taken iInto acoount.

Since atomic and molecular systems have
many possible erergy levels as shown by the
facts of spectrosopy, we see in the foregoing
denical eguation the possiblity of doserving a
great many new lines in the spectrum of the
sattered rediation.

The most convenient way of studying the
effect is by using the intense mono-chramatic
rediation of the meroury arc ad t codaee Its
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ligtt into the sustance, or better, actually to
bring the arc into close proximity with the
substance as in the well-known work of R. W.
Wood on resonance spectra. The spectrum of
the scattered radiation is then readily
photographed and shows a multitude of new
lirss, bads, ad in addition aont@nuous radiataon.
The relation between the frequencies of the
incicent ad scatterad radiatios willl be reedilly
noticed from the equation written above
symtolically. The diffference between the incident
ad scattered gquata is equal t the quantum of
absorption or emission, or the case may be, of
the moleaules. The darecterisitic frequency of
the noleaule s, therefore, subtracted fram or
added to the frequency of the incident radiation
to give thet of the scattered ligt.

In ae sese, this aobiratian of the incidant
frequency with the frequency of the noleaule is
an analogue of the classical phenomena of
Tartini’s Tones which we are familar with In
acoustical theory, and which are explained in
tems of the foroad vibratias of a nonHarmmic
oscillator. This analogy may no doubt be used
to find the intersity of the nodirfied rediatios
gpproximately, by aoplying the correspondence
principle to a non-harmonic molecular model of
surtable type. The difference between this
classicial amalogue and the actually dbsernved
optical effect is in the extraordainary
disprgoortion betneen the intersirty of the lines
aorresoding to the differential ad sumatiaral
tes regectively, vhich is far greater then In
the acoustical analogies.

An extrenely iInteresting and fundamertal

point regarding the new type of secondary
radiation iIs that, in gereral, 1t is strogly
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polarised. In this respect, the phenamenon is
analogous to the experimentally known
polarisation of the Compton type of X-ray
Katterirg. e otice, honever, that the differant
lines corresponding to different molecular
freqaies are polarisad o vary differat edants.
It may be presumed that this is due to the
molecular oscillators involved not possessing
sarerical symetry. Wether this explaation is
sufficient or not remains to be tested by
carputation and camparison with doservation.

We may here pause a little to consider nore
clesely the real significance of our phenameron.
Sore, ro douot, wall claim t see in it a further
aotfimation of the quentum theory of radiation.
My oan view, honever, is that there is nothing
in the effect that in any way contradicts the
wave prirciples, ad that on the other had the
fact that we can aut up or add to the quantum
of energy to ay arbitrary extat is unfaxoureble
1 tte ida of a real, coporeal existace for 1t
We may, of course, get over this difficulty by
assuming that the incident quantum in some
way disgpears on collision with the molecule,
and that a new quantum of smaller or larger
energy arises fran the carbination. But the
dosened fact of the strog polarisation of the
lires is unfaourable to tre latter ida. As alresdy
indicated in the foregoing discussions, the
oconcept of localised quanta is irreconcilable
with the phenomena of wave optics, and the
necessity for introducing It is een less in the
present case than in the Compton type of
Atteniny.

I shall now pass on to consider some
golicatias of tte rew effect. Its potential valle
perhgos Is greatest in the field of Chemistry.
The method of iInvestigation affords us an
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extreordinarily easy and convenient process of
mapping the infrared spectra of chemical
compounds. The geometry of the chemical
molecule and the forces of cdhemical affinity
cetermire the frequacies of nolecular vibratias.
In many cases, they lie in the far infrared, a
region of the spectrum which hes hitherto been
diffiaultly aooessible t dosenvation. The study
of light—scattering engbles us, as it were, to
photograph the wholle infrared spectrum with
the same fecility and ease as the visble ad
ultraviolet spectra. The determination of the
fundamental vibration frequencies of the
denical nolecule, their relative Inportance as
ceued by the intersities of the lines, ad een
more, their peculiar polarisation characters
pramise to take us degp into the fundamental
prablens of Gemistry. As an illustratian, 1 vall
mention a recent paper by Daure in the onptes
Rendus OF the French Academy. Daure
investigated the spectra of the chlorides to
carbm, silian, ttaniun, arsaic, leed, antinoy
and biswuth by this method. The investigation
revealed hitherto unknomn spectra in the far
infrared for each of the compounds studied,
exhibrting remarkable analogies ad differences
amongst each other iIn the position, intensity
ad polarisation of the lines.

In Organic Cremistry also, the method gpens
up an illimiteble field of research. Numerous
lines gopear whose positians In My cases are
accurately measurable, and are influenced
notably by dhanges In demical constitution. A
\very suprising feature is the extrere sarnpness
of sare of the lines. The frequencies of the
vibration of the carbon-carbon bod iIn berzere
can be determined, for example, with
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extraordinary precision urggprcedeble by other
methods. It is precisely this accuracy of
measurement and the rich and varied mess of
cata dotairble that indicate for this methad a
real future.

The study of the influence of changes of
tenperature and pressure, and of a change of
physical state on the iIntensity, positios ad
widths of the spectral lines pranises to fumish
information of value in the field of Molecular
Physics. Alreedy in aur earliest dsenatias, It
ves notiod that the spectral lines dotained wirth
ice are sharper and somewhat displaced iIn
position relatively to the broad bands found
with liquid vater. The sharpness of tre lines
dosened with transparant arystals gyoears to be
a geeral feature. As an example, 1 may mation
the case of selenite In which Mr. Krishnan
foud that the water of aystallisation also gae
vell-defired lires insteed of the bands dosenved
with water.

Preliminary studies have shown that it is
perfectly practiceble to photograoh the lines in
the goectra of vepours. Hanee it willll be, possible
in many cases to investigate the changes In
nolecullar soectra in the pessage fram vgpour o
liquid as well as those In the passage from
liquid to solid. In the dange from vapour to
liquid, we have a partial destruction of the

freedom of rotation of the molecules. Such
dbservations as we have made seem to indicate
that exdanges of energy between the Incident
quarttum and the moleculle can also occur with
reseect to the rotatioal states of the moleaule.
The gptiical anisotropy of the moleculle gopears
to be inolhved in the possibility of such indlod
molecular rotation. Wheather the removal of
restriction on rotational freedom when the
nolecule pesses fran liquid t vapour results in
a fuller develgoment of such rotatiocal spectra
renains 1o be investigated.

At low temperatures, many liquids as is
knowmn refuse to crystallise, become highly
viscous and ultimately are transformed into
glasses. Glycerire is a typical exaple of such
a liquid. Mr. Venkatesnaran hes dosened in it
a remarkable development of a continuous
spectrun whose intensity falls with rise of
temperature or by dilution with water. The
precise origin of this phenomenon and the
existence of simillar effects at lov teperatures
in tre ca=e of otter visoous liquids remain to ke
studied. The problem of the anorphous solid
aodirtion is related to this. Already Pringsheim
hes roted thet fusd quartz, unlike tre aystallire
substance, does not show any lines in the
scattered spectrun. The explanation of this nay
be that the lines have become too broad and
diffuse to be photographed.

’--_-_--_--

|
: QL. What is Chinese Gooseburry ?
|

DO YOU KNOW 7?2

Q. At any time how does the bllood stay distributed in hurmen body ?

---_--_-_-\
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PLANT GROWH
DI SEASE

PROMOTI NG RH ZOBACTERIA I N
MANAGEMENT—-AN OVERVI EW

PLANT

T. Saravanan* and T. Marimuthu**

Plant Growth Pronoting Rhizobacteria (PGPR) is being exploited recently for plant disease
but al so used for
The traits of PGPR
Hydr ogen Cyanide and Salicylic Acid production

managerment. The species of this group is not only used for plant disease,
i nduci ng system c resistance agai nst various pathogens in the crop plants.
narel y Li popol ysacchari des, Si derophores,
have been proved to be effective in inducing systemc resistance agai nst the invadi ng pathogens.
PGPR treatnment in plants causes cell wall structural changes and induces several biochem cal

or physiol ogi cal changes in the host plants leading to the synthesis of resistance inducing proteins

]

in the host.

management .

I NTRODUCTI ON

T he crop plants are being affected by
\ariauss biotic ad abiotic fectors. In the
biotic factors, fui, becteria ad vins stragly
infllence the productivity of the agos. Several
chemicals have been identified and proved as
effective In eradicating the harmful pathogens.
But indiscriminate and contiinuous use of these
chemicals leads to creation of resistance of
pathogens to the chemicals and enviromental
degradation. So to awoid such consequences,
several beneficial microorganisns have been
exploited for the management of diseases.
Among them, plant growth promoting
rhizaecteria gains popularity in plant disease
management because of broad-spectrum activity
of this group of organisms. Plant growth
pravoting rhizotecteria is inohved in induction

*  Agricultural Research Station, Kovilpatti-628 501,
Tamil Nedu, E mail : saravananzk_path@ahoo.con
Centre for Plant Protection Studies, Tamil Nadu
Agriaultural University, Coinbatore - 641003
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Sone species of PGPR have been exploited comercially for plant disease

of systemic resistace in the host plant. Inouod
resistance is defined as an enhancament of the
plant defase capecity agpinst a broed spectrun
of pathogens ad pests ad it is aocuired after
gprgoriate stimulation.

The speciies of rseudononas are the potential
biolagical control agents o syypress tre plant
pathogens. They act on different mechanisns
which include competition for nutrients and
soecel, antibicsis by producing netaolities like
phenazine, pyrrolnitim, pyocyanine, 2, 4
—diacetylpholoroglucinol? and production of
siderophores like pseudobactini. They also
produced enzymes such as chitinases and b
1, 3—glucanases which degrade chitin and
glucan presant in the cell wall of pathogenic
fugr.

Several attempts have been made use of
plant gronvth pranoting rhizobecteria for the
inducing systemic resistance against the
pathogens in various crops. Application of
Pseudomones sp strain WCS 417 r hes protected



[ ] O

Everyman's Sci ence VOL.

XXXI X

]

NO. 6, February—Mar ch’ 05

camatian plants fran Fusarial wilkt dissese casd
by Fusarium oxysporum f-Sp-cubense5 and
Pseudononas putida strain 89B-27 and Serratia
mar cescens Strain 90-166 also reduced the
incidence of Fusarium wilkt dissese in auanbers.
PGPR treatment as soil or seed treatment
protected the crop plant against anthracnose
dissese uder field coditias.

PGR also reduced the severity of becterial
diseases. The control of common beans
halablight wes achieved by seed becterization
with Pseudononas fluorescens Strain 97. The
seed treatment of cucunber with P puti da Strain
89 B-27 induced systemic protection against
agular leaf sopt disease.’ Besides, FAR proved
1o ke effective agpinst viral diseeses In auauber
and tobacoo plants. The reduced viral disease
saverity and celayed sympton develgoment were
achieved in cucumber seeds treated with p.
fluorescens Strain 90-166 and s. nmarcescens
strain 90-166. Similarly, P. fluorescens Strain
CHAO reduced Tobacco Necrosis Virus
Infection iIn tobacoo. These findings suggested
that PO strairs afford protection egainst plant
diseas=8.

TRAI TS

Saeeral trarts vere identafied ad inohed In
the Induction of systanic resistance aairnst the
plant diseases. The traits include
lipopolysaccarides, sidergohores ad salicylic
acid production have played a mgjor role In
disease gypression.

Lipopolysaccarides, present in outer
menbrane of PGRR, are the major determinants
of IR in certain PR strains. The strain WCS
417 of p fluorescens has induced the resistance

OF PGPR
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in camation against wilt disease because of LPS
present in outer merbrane. Similarly, Strain
WCS 374 and WCS 417 have induced systemic
resistance In radish against Fusari um oxysporum

f.sp. raphani 9.

Siderophores are produced by PGPR under
iron limited conditions. Under such coditios,
PGPR Is to stanve the pathogens for want of
iron. Sidergphores can effectively campete for
iron with microorganisms that produce
sidergphores In loner concertrattion or with a
lorer affinity for I thet are ueble o U tte
sidergohores produced by the strains. Research
findings indicated that ucer lov Iron coditian,
LPS of the becterium is not inohed In IR, but
sidergaores are a ngjor factor in inducing the
resistance. Uder lov iron availebility, both LPS
plus and minus strains of P. fluorescens had
induced resistance against Fusari um Wilt In
Redish plant. This finding indicates that the
factor for IR is not LPS of the auter merbrane
of tre becteria. Other becteria factors, eqressd
only under the low iron conditions namely
differant sidergdores, are respasible for the
indLction of resistance.

Application of salicylic acid delayed or
decreased disease development in tobacco
against Tobacco Mosaic Virus and Tobacco
Nearosis Vins. Salioylic acid production encooked
strains of P fluorescens renders significant
improvement in tobacco to induce systemic
resistance against Tobaooo Necrosis Viruso.

In contrast to this finding, salicylic acid
production by s narcescens 90-166 1S not
inportant in the Inductian of systeEmic resistance
in cucumber. s narcescens 90-166 mutant’s
strain induces the saie level of resistance In
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cucunber. Salicylic acid involved in phenyl
propganoid pathway in the plant cell systen ad
erynes in the pathway are involved In Inducing
protection against the pathogens In the plant
system. All these experiments show that the
variouss traits of FGR are invohed In inducing
systemic resistance against the pathogens ad
the actions vary with different conditions,
becterial strairs ad hosts.

MECHANI SMS  OF  PGPR

I' N PLANT

DI SEASE MANAGEMENT

PGR induce resistance level In arop plants
through fortifying the physical and medenical
stragth of tre cell vall, as vwell as dagig te
host physiolagical reection leading to synthesis
or increesed level of defense demicals agpinst
perticullar pathogen.

The suoosss of a plant on invading pathogens
depends primarily on 1ts ability to aonstruct a
barrier of defase for protecting their cell wall
against the develgoment or colonization of the
pathogen. RAR is inohad in cell vall structural
danges In response o pathogen grovth. Several
mechanisms have been identified in their
structural changes. The mechanisms include
lignin and callose accunulation, phenolic
campounds accurnulation-thereby it contains
the pathogen attack. Gererally, the pherolic
sustances confer strog rigidity to cell wall
structures through peroxidase mediated cross
lirking with constitutive and nevly formed wall
carbdhydrates. In addirtion to acting as physical
barrier, phenolic corpounds are fugitoxic to
several fungal pathogens. The responses will
tAe plae vary repidly at the site of potentaal
fungal entry which may consitute delaying the
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infection process, which allov the host to build
up other defense reections against pathogen.

Various physiological and biochemical
changes in the plants induced by PGPR
were reported. The induced resistance is
associated with the acounullation of pathogeresis
related proteins (FR protein), synthesis of
phytoalexins and the other antifungal
metatolites.

P. fluorescens Strain CHAO, induced systemic
protection against Tobaocco Necrosis Virus in
tobacco iIs associated with induction of PR
proteins viz., b -1, 3—glucanases and
endochitinases accumulationll. The
accumulation of hydrolytic enzyme viz.,
chitimases and b-1, 3—glucanases were
identified in pea, folloving seed bacterization
WIth P. fluorescens agalnst F. oxysporum F. Sp.
pisi. Hoever, iIn certain agos, R proteirs is
not inolved in the Induction of resistance.
In Arabidiopsis, the resistance induced by
P. fluorescens WCS 417r 1S not associated with
PR gere induction’2. It is now recognized that
sare plant grovth pranoting rhizobecteria may
promote plant growth by secreting plant
hormones.

In these findings, the resistance induced by
FGR against plant pathogens is associated with
host anatonical modification in a way t prevent
the invasion of the pathogens folloned by the
biodhemical danges in the host.

APPLI CATI ON I' N

PLANT DI SEASE

MANAGEMENT

Development of formulation or field level
goplication of FGR or any bicoottrol agents, is
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the main criterion in biological disease
mangement. The developed formulation would
preserve micrdbial ectivity for log time. FGR
can ke gplied In the fom of becterial suspasion
or powder formulationl4. A dried powder
formulation of PGPR is important for seed
treatment ad soil gplication. The survival of
PGR in a dried formulation and effectiveness
of methylcellulose In a poader formulation to
coat PGPR on sugar beet seed has been well
documented. The possibility of replacing
dhemical comtrol of plant root disease with a
biolagical altermative remains an exciting ad
dalleging dojective for sustaireble agricuiture.
Some Fluorescent pseudononas species do
appear to be prime candidates for this role.
Research along these lines will increase the
inpect of PFGFRR on the biocontrol of plant root
dissases in the wordd.
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THE TALE OF A NEGECTED NATHENATI Cl AN,

HS WORKS,

AND

BEYOND

P. Choudhury*

D R Kaprekar is a not-so-well-known Indian mathematician of the |ast century. Very few of

today's scientists are anare of his discoveries. Wat is nore appalling is that Indian scientific

societies started recognizing himonly after he received inportance fromoutside |India. The

present article discusses sone of his works and beyond on the occasion of his birth centenary.

PROLOGUE

C onsider a four-digit nurber. The digits
should rot be all alike. That is, 1111,
2222, ... etc. will notdo. Fromthis number form
twoather nurbersbyarranging thedigits inthe
ascendinganddescendingorder . Subtract thefirst
from the second. You get a new four-digit
number, the remainder of the subtraction.
(Occasional ly, the remainder iIsathree-digit
nurer, putazero inthe left tomake it four-digit
insuchcases.) Thisprocess iscalled thereverse
subt racti on process - Now the question is, ifyou
keep repeatiing this processwith the remainders,
wi 11 yougo ongetting newnurbers or something
else happens ? Let us look at one example.

Let us consider a nunber, say, 2485.

Hrst Step - From 2485 we get 8542 and
2458. The subtraction yields 6084.

2d Step - from 6084 we get 8640 and
0463. The subtraction yields 8172.

3dStep - from 8172 we get 8721 and
1278. The subtraction yields 7443.

* Central Glass ad Ceramic Research Institute,
Kolkata-700032

361

4th Step -  from 7443 we get 7443 and
347. The subtraction yields 3996.

5thStep - from 3996 we get 9963 and
360, The subtraction yields 6264.

6th Step - from 6264 we get 6642 and
2466. The subtraction yields 4176.

thStep - from 4176 we get 7641 and
1467. The subtraction yields 6174.

8thStep : from 6174 we get 7641 and
1467. The subtraction yields 6174.

Ad now, there is no use of repeating this
process ay nmore, because, every time 1t will
repeat the 8th step. S, starting fran 2485, the
numbers that we generate, converge to a
nurber, and that nurber is 6174. Wat is more
astonishing, you start with any four-digrt nunteer
(ot repeated-digit nunters like, 1111) in eigit
steps or fener you willl converge to this ae
and the sare nunber, 6174. This interesting
feature with the constant 6174 wes discovered!
by an Indian mathematician, named D R
Kagprekar. The aonstant is, eventually, knoan as
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Kaprekar constant and the process for ootaining
the constant, the Kaprekar process .

THE MATHEMATI CI AN

For whatever reasons, Dattatreya
Ramachandra Kaprekar is not so well-known in
the scientific comunity. He was borm on
January 17, 1905 at Dahanu iIn the district
Thane, Bambay. His schooling was In Thane.
For further education he joined Ferguson Gollee,
Pune in 1923. After graduating from the
University of Bombay in the year 1929 he
started his carear as a sdool-teeder at Devlali,
near Nesik, Meharadhtra. He retired in 19322 ad
died on duly 5, 1986.

Since his colllege time, Kaprekar acouired
interest in nuber theory, mainly, recreational
rurber theory. It is uderstood that his father
wes an astrologer and taught him astrology. As
astrology is a play of nunbers, Kaprekar wes
introduced to the world of nurbers through It.
In 1927, he received the Wrarngler R P Paranjgpe
avard for his original piece of work on the
theory of envelopes. Apart from Kaprekar
constant, Kaprekar nunbers, Harshad numbers,
Sel f-nunbers, ... are all created by him. He did
a lot of work on renio nunbers, once again,
his o areation. He studied in cetail tre subject
of recurring decimals. It nesds 1o be mentioned
that Kaprekar never received any formal course
on number theory. His discoveries were
asolutely his on. In most cases the scietafic
society did not give any recognition to his
works and set them aside as too trivial to be
paid any Inportance. Kaprekar, honvever, didn™t
cet disreartened at this ad kept himself ergegd
in further disoweries.
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Kaprekar published meny articles not anly in
Indian jourmals, but also in foreign jourmals.
Nearly 40 of his notes/articles/curiosa were
published In <ripta Mthenatica- Several papers
were published In Journal of Recreational
mat hemati cs. He also published around 30
booklets, which were mede available at a very
low price. He had written a book on Demlo
nunbers. This is a book of collected papers,
most of which were contributed by Kaprekar
himself and sare in collaboration with others.
He had written a two~volume book on cycles of
recurring decinals . In these books he compiled
a wealth of Interesting ad exciting information
regarding the structure of decimals of variaus
fractions. The books are essy to uderstad ad
are vell within tte leel of matheratical maturity
of an udergraduate and constitute a valugble
source of matheratical recreation as well as of
inspiration 1 many areteur methenaticians.

Kaprekar hed a great interest in the megic
squares and mathematical puzzles. He had
inverited many megic sguares. Notable amongst
these are Copemicus Magic Square, Mahatma
Gandhi Shatabdi Square, Newton®s Magic,
Harmonium Number Magic, Dattatreya Nurbers,
Megic Hexagons, etc. His puzzles on series of
Cross jurp nurbers are worth mentioning.

Kaprekar wes invited by various schools ad
oolleges o celiver talks. He deliverad lectures
in various Universities and Mathematical
Societies also. In fact, he travelled widely ad
lectured extersinvely all over India. At the fag
ed of his life he received hoour ad recogirtian
from a few mathematical societies like,
Mathematical Association of India (Delhi
Chepter), Maharastra Ganirt Mandal, Association
of Vathematics Teadhers of India, etc2.
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HI' S

The nmost inportant agpect of Kgprekar™s works
is that trey are ot anly interesting but thought
provoking also. For instance, knowing Kaprekar
arstant ad hov to fird it, ae is always strudk
with questions like, Is it possible to dotain
Kaprekar constant for three-digit nunbers? Wt
hepens for five- or higher-digit nunbers ? Let
us address these questions In somenhat detaill.

WORKS

Kapr ekar Constants and Cycles :

Needless to say, the reverse subtraction
process is not gpplicable to the single-digit
nurers (1-9). So, no Kgprekar constant exists
for one-digit nubers. For two-digit nurbers
(109, ve o rot fird ay aostat, but, if te
reverse subtraction process is continued, the
garerated nunbers fall in a ocle, ad thet is,
MOe 8® 3® 27 ® 45 ® 09. Let us nare
such cycle as kaprekar cycle. For the three-
digit nurbers, we get a definite Kaprekar
arstant, 4%6. As desoribed eardier, for the four-
digit nurbers, the Kgprekar constant is 6174.
The five-digit nurbers fall in ay ae of three
cefinite odles. Similar sitLatias dotain for otter—
digit nnters. In Teble 1 vwe have listed Kgprdar
arstants ad gcles for 2- to 10-digit nunbers.
It may be noted that Kaprekar constants ad the
nurbers beloging to Kaprekar ocles, are all
divisible by 9. This is an autaare of the reverse
SUbtraction process.

Kaprekar Numbers

Let us now discuss the Kaprekar numbers.
According to Kaprekar, he discovered them
sometime around 19403. A number kK is a
Kaprekar nurber 1f K2 is divided into a left ad
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a rigit part such that the sum of the two parts
equals k. Mathematically, k is a Kaprekar
nurber if

K =p 10 + g(®1, p30, 0<q
< 10) ()]
ad K= p + a- (¢
Some examples are

() 9% = 9801 98 + (0l = 9

(b) 703% = 494203 494 + 203 = 703

(c) 4879 = 23804641 238 + 04641 = 4879.

According to the definiion ginven aowe, 1 is
a Kaprekar nuroer but 10, 100, 1000, etc. are
rot. n tre otter hard, 9, P, 99, .., etc, ie.,
all 100 — 1 (n ® 1) numbers are Kaprekar
nurbers. The first few Kaprekar nurbers are

1, 9, 46, %5, B, X7, 1B, 9V, 223,

It is dsened that for any Kgprekar nurber
K, there exists another Kaprekar number k,
such thet

Ki + K =10 (h 1s an integer > 0).
For examle, (@ 45 + 55 = 1%

() 297 + 703 = 103
(© 487 + HB121 = 105, etc.

©)

Sel f-nunbers and digitadition process :

Having disoussed the Kgprekar constants and
Kaprekar nurers, let us now describe another
creation of Kaprekar, the selfunberst. Let ne
first explain the underlying process, which
Kaprekar called digitadition process . Take any
positive integer nunber, for example, 57. Add
titteamof sdigits. 57 +5+7 = @. The
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Table 1. KAPREKAR

Dgits

CONSTANTS

AND

2 O® 81l® 63® 27/® 45® 09

495
6174

53955 ® 59994 ® 53955
61974 ®

g b~ W

CYCLES UP TO 10 DIG TS

Kaprekar constants and cycles

82962 ® 75933 ® 6394 ® 61974

62964 ® 71973 ® 83952 ® 74943 ® 62964

6 420876 ® 851742 ®

750843 ® 840852 ® 860832 ® 862632 ®

642654 ® 420876

549945
631764

7 7509843 ® 9529641 ® 8719722 ® 8649432 ® 7519743 ® 8429652 ®
7619733 ® 8439552 ® 7509843

8 43208766 ® 85317642 ® 75308643 ® 84308652 ® 86308632 ®
86326632 ® 64326654 ® 43208766

63317664

64308654 ® 83208762 ® 86526432 ® 64308654

97508421
9 554999445

753098643 ® 954197541 ® 883098612 ® 976494321 ® 874197522 ®

865296432 ® 763197633 ® 844296552 ®

762098733 ®

964395531 ® 863098632 ® 965296431 ® 873197622 ®
865395432 ® 753098643

864197532

4332087666 ®
8633086632 ®
6333176664
6431088654 ®
6433086654 ®
6543086544 ®
9751088421 ®
9753086421
9975084201

8533176642 ®
8633266632 ®

8732087622 ®
8332087662 ®
8321088762 ®
9775084221 ®

new nurber, 69, is called a gererated nunber,
the original nurber, 57, being the generator.
Fon®, vecangaerate 34 (= 80 + 6 + 9).

The process can ke repeated endlessly, forming
a digitaditian series

7533086643 ®
6433266654 ®

8655264432 ®
8653266432 ®
8765264322 ®
9755084421 ®
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8433086652 ®
4332087666

6431088654
6433086654
6543086544
9751088421

57, 69, &4, 9%, 111, 114, 120, ..
Do all nurbers have a gererater? The answer
is - No. There are certain nurbers, which hes
no generator. They are self-numbers. In
Kaprekar®s words, they are self-born



[ ] O

Everyman's Sci ence VOL.

XXXI X

]

NO. 6, February—Mar ch’ 05

(Ssayanbhu) . For example, 20, 53. How many
seif~ubers are there? OF course, infinite, but
much rarer than generated nurbers. Below 100,
there are only 13 such numoers

1,3,5,7,9, 0, 3, &2, 53, 4, /5, L ad
9.

Below 10, all odd nurbers are self nunbers.
Aove 10, the dasity of such nunbers decreases
ad attairs a stable valle. Table 2 lists total
nurber ad density of n-digit selHf—-nunbers for
n=11t06.

Table 2. LIST OF TOTAL NUMBER AND
DENSI TY OF N-DIGI T SELF- NUMBERS
FOR N = 1 TO 6
Nunmber  of Nunber of sel f-nunbers

Per cent age
digits (n) odd even total

1 5 0 5 50

2 4 4 8 8.8839
3 4 45 8 9.8839
4 441 440 881 9.7839
5 4400 4401 8801 9.7739
6 44001 44001 88002 | 9.7780

Can a generated nunber have more than one
gererator? Yes, for instance, 101. It can be
generated both from 91 and 100. Numbers
having more than one gererator are termed (by
Kaprekar) junction nunbers. 101 s the smallest
Junction nurber which hes o gererators. The
next junction nurbers are 103 (gererators 92
ad 101), 106 (gererators B and 102), ad so
on. The smallest junction number with three
gererators is 10 000 000 000 Q01. The gererators
are - 10 000 000 000 000, 9 999 999 90 901,
and 9 999 999 999 892.

The smallest number with four generators,
discovered by Kaprekar, is
1 000 000 000 000 00O 000 000 102.
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How can one generate self-nunbers ? No
oe hes yet discovered a non-recursive formula
that gererates all ssH—ubers. That mears, 1f a
particular nunber, say p, IS 1O e eaninad then
ae hes 1o gererate the digitadition series for all
nurbers fram 1 to (p — 1) and see whether p
belogs to ay of these series. IFnot, thenp is
a ssiHunber. Definitely, this is a legthy ad
tedious process, particularly, for large p.
Honever, there is an essier method. This method
does ot requiire deckirg the digitadition series
for all nurbers fran 1 to ( — 1). IF tre testirg
nurber p is of n digits, ae hes only to check
for all nurbers fron (p — %) to p. This Is
because, 1T p is a marber of any digitadition
series, the previous nunber t p In that series
must lie between (p — O) and p. The proof is
\very sinplle ad is anitted here.

The method of testing a seHurber described
by Keprekar is even essier. (otain p’s digital
root by adding Its digits, then adding the digits
of the result and so on until only ore digit
revains. I tre digital root isad, ad 9 to itad
divick by 2. If it is een, sinply divice by 2. In
either case, call the resultq. Subtrect o fran p.
Chedk the ramainder to s if it geerates p. IF
it does not, subtract 9 fram the result ad dedk
again. Continue subtracting 9’s, each time
deddig tre reault to s i it geaates p. 1 this
process fails to produce a gererator of p In
steps, wWhere k is the nunber of digits inp, then
p IS a seH—urber.

Let us test, for exanple, whether the numoer
2347 i1s a seH—unber.

Thresumof the digits of 247 =2+3+4 +7
= 16 (a two-digrt nurber).
Thresumof thedigitsof 16 =1+6 =7 .
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So, the digital root of the nurber 2347 is 7.

7 1s an add nurber so adding 9 ad dividing by
2we gt (7+9 /2=8.

Subtracting 8 fran the testing nurber 2347, we
get 2347 — 8 = 2339.

Now, It is to be deded whether the testing
nurber 2347 belongs to the digitadition series
of 2330.

2339 +2+3+3+9=236. 236> 2347.

S0, 2339 does not gererate the testing nuber
2347 .

Next, the sare procedure is to be folloned
with the nurber 2339 — 9 = 2330.

2330 +2+3+3+0=2338
2338+2+3+3+8=23A4
So, 230 fails to gererate 2347.

Next, the procedure is to be folloed with
the nurber 2330 — 9 = 2321 .

2321 +2+3+2+1=230
2320+2+3+2+9=2345
2345 +2+3+4+5=239
So, 231 fails to gererate 2347.

Next, the procedure is to be folloned with
the nunber 2321 — 9 = 2312.

2312 +2+3+1+2=230
2320 +2+3+2+0=2327
2327 +2+3+2+7=2341
241 +2+3+4+1=23%1
S0, 2312 also fails o gererate 2347.
The testing nurber, 2347 is a 4-digit nurber.
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We have dhecked with 4 remainders, viz, 2339,
2330, 2321 ad 2312, ad all of them fail to
gererate 2347. So, 2347 s a self—numoer.

So, we have leamt one new series —the
digitedition series. Vell, for an AP or G P series
we have definite formulze for evaluation of the
nth term or sum of n-terms of the series. Does
there exist any such formula for digitadition
series? No, there is no non-recursive fomula
for the partial sun of a digitadition series.
However, given its first ad lest tams, there is
a sinple fomula for the sum of all the digits in
a digitadirtion series. Sinply subtract tre first
term from the last term and add the sun of the
digits to the last nurber. You will get the
answer. For example, let us consider the
digitadrtion series

48, 0, 66, 78, B, 1*®b.

Ore has to find the sum of the digits of the
terms. As per prescription aove, we prooeed as
follors.

105 — 48 = 57

5 +@+0+5) =63

S, 63 is the desirad result. For certainty, dedk
[ 8
@+89+E+O+6+O+ @+ + O+
+(@+0+5) =63

Har shad numbers

In 1980, Kaprekar published these nunberss.
If an integern is eactly divisible by the aun of
all its digits (gl tod, ) ttenn isalled a
Har shad nunber foOr the sum d. For example,
133 is a Hardhed nunteer because, 133 is divisible
by 1 +3 + 3 =7. Kaprekar says, 133 is a
harshad nurber for 7. There exists several
other harshed nunbers for 7, for instance, 70,
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32, 10, etc. Similarly, 247 is a harded nunter
for 13 as are 34, 481, 715, etc.

“The word harsad IS a sanskrit word which
nMeers givirng joy. There is great joy In areating
these numbers’” —says Kaprekar. He provided
a list of saveral harshad nurbers for various
values of d.

Kaprekar understood that with the help of
the digit 0, ane can produce infinite harshed
nurbers for any d. For instance, for 7, ae can
list 7, 70, 700, 7000, etc. So he hed talked of
zeroless harshed nunbers, which are finite in
nurber and rarer too. For some values of d
there is no zeroless harshad numbers, for
eample, for 10, ad nore surprisirgly, for 11.
No amalytical procedure for generating harshed
nurber has yet been presented.

Dem o

In 1923 Kgprekar introduced these nunbers*.
Demlo numbers are those numbers which may
be partitioned into three parts of which the
micdle part is of the form a© ad the sum of the
first ad last parts is of the fom a®@. Hare, a©®
represents the digit a repeated n times. In this
notation, 1®@029® represents 1102999, Thus,
12488764 is a demlo number of which the
middle part is 8 ad the extreme groups 124
and 764 add up to 888. 2553 is a Demlo
number because 2 + 3 = 5. 12664 is a Demlo
number as 12 + 54 = 66. A Demlo nurber is
gererated by a process called demofication. In
demlofication, we go on adding numbers

number s

* It is said, while vartirg for a local train in Dooivili station
(on Barbay-Thare 1ine) Kaprekar discovered these nunbers
ad nared “demlo nunters” after the rene of the station.
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diagonally, or in other words, we shift each
successive nurber one place to the left ad
then add them all together. For example:

3Bl a, 8A
3Bl A
1 8H
351 8A
- - - 894
389961 - — - -
where 38 + 61 = 99. 9033234

where 9 + 234 = 333.

Later, Kaprekar introduced wonderful denio
nunber 8 whilch are defined as the sguare of an
integer of the form 1O where 1 < b £ 9. Thus,

1@ = 112 = 121,

{10 = 1112 = 1231,

{1®¥ = 11112 = 1234321,

{1®F = 1111112 = 12345654321,
{10¥ = 12345678987654321, etc.

are all exarples of wonderful demlo nurbers.
Here the middle part aorsists of a single digit
vhile tre first ad lest parts axsist of digits in
ascending and descerding order. Certainly, these
numbers are palindromic numbers also.
According to the definition given by Kaprekar
there are only nine such nutbers (L < b £ 9).
Redefining the demlo nunbers as

D

h )
where p, is the nth demlo nurber and R, = 1®,
one can dotain demlo nunbers for n 3 10 also.
Now, the first demlo nurber is 1, the secord
oe iIs 121 and so on. The 10th, 11th, .., etc.
demlo nurbers are
1234567900987654321,
123456790120987654321,
12345679012320987654321
1234567901234320987654321,

R.2



[ ] O

Everyman's Sci ence

VOL.

XXXI X

]

NO. 6, February—Mar ch’ 05

AND

As stated earlier, Kgordkar™s findings are ot
only interesting to leam but leave room for
nener disoveries also. In fact, varios agpects
and properties of Kgorekar™s revelationss have
been ascertained later and even today. For
instance, goplication of Kaprekar prooess to -
digrt nunters leeds to the gereration of saveral
other Kaprekar constarits and cycles*. In this
section, we shall discuss some of the
advancements that have been made by his
SUOOESSOPS.

BEYOND

On Kaprekar constants and cycles :

OF the Kgprelar process, the most surprising
part is that, starting with any n-digrt nuners
the process always leads to one or the other
constants or cycles. On a second thought,
however, one understands that it is not so
surprising. Wy ? Start with any n-digit nurber.
Aplication of Kgordar prooess on this starting
number generates a sequence of nunbers. Two
features are 1o be noted. First, each nutber in
the sequence uniquely determines the next
nurber. For instance, any 4-digit nunber, say
9172, always gererates 8442 (= 9721 — 12/9),
no other nurber ever. Secondly, from an n—-
digit nurber, Kaprekar process alvays produces
another n-digit nurber onlly. Cocasionally, the
generated number may be of one digit less,
cosisting of (— 1) 9°s (for instance, 4443 —
34 = 999), but no other non—n—digit nurber.
Ad, sine there is aly finite nunber of n-digit

* To the author™s knovledge, the constant 49%5 for 3-digit
rurbers and the three gycles for 5-digit nunbers (see Table-
D) were presanted by Kgprdar hinself. The others vere listed
by his suooessors.
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nunbers, eventually the seguence hes to retum
to a nunber it hit before, leeding to a gcle. For
any particular value for n, there may exist
saveral cycles ad the nuber of menbers In a
cycle may also vary from cycle to cycle.
Coincidentally, for n =4, we get anly ae gcle
and that too has only one menber, leading to
what is called Keprekar costant.

On realizing what is explained above, one
may inquire whether such cycles are possible
for other processes similar o that of Kgordar ?
The amsner is an empatiic “yes” ; anly point is
that the process shauld have the daracteristic
that a n-digit nurber must generate another
unique n— (or lesser-) digit nurber by that
proosss. Oe can desiign several sudh processes.
Sypose, instead of reverse subtraction process,
one Introduces reverse addition process. OF
ocourse, addition of two n-digit nurbers often
results in a (h + D)-digit nurber, and so, to
presene the daracteristic described dove, ae
may intraclce the rulle of eliminatirg the leftost
digit (&) In suh ca=s. As it ae hes andigit
decimal register to store the results. S0 the
process, in detail, is the follomiy. Gosider an-
digit nurber. Fram this nurber form two other
rutbers by arraging the digits in the asoading
ad descending orders. Add these two nunbers.
If tre reault is a (p + D-digit nuker, aut of F tre
leftmost digit. What you get is the number
gererated by this process. One can nov examine
whether this process results to constants or
cycles. In reality, howvever, there exist
several other processes, which lead to gcles
though the convergence is not apparently
straightforvard. We may discuss such processes
elsanhere.
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On the Kaprekar

After the launching of Kaprekar nurbers,
saveral additios ad nodificatios esued. The
definition of the Kaprekar numbers has been
made more specific. Wells’ described the
kaprekar nurbers as folloas. I the original
nurber has d digits, then after sguaring you
dhuld split it into a “rigit el of ¢ digits ad
a “left half” of d or d — 1 digits. According to
this definitian, 487 is not a Kgprekar nunter,
though Kaprekar himself enlisted this nurbers.
On the other hand, Kaprekar enlisted 9 as a
Kaprekar number, but overlooked 99, 999, .. ,
which was noted by Charoshe.

Later, Kaprekar nurbers for higher poners
were introduced. It is very interesting to note
that 45 is a Kaprekar nuber for nth poner with
n =2, 3, ad 4. This is becauss,

Forn=2, 4&2=205; 20+25=45

Forn=3, 4583=91125 ; 9+11+25=4

For n =4, 45* = 4100625 ;
4+10+06+25=44

nunbers

Sare Kgprekar nurbers for n = 3 are 1, 8, 10,
45, 297, 232, 2728, 4445, 4544, 4949, 5049,
A5, 5564, 7172, 27100, 44443, 55656, 60434,
77778, 14357, etc. Forn =4 tre list us as 1,
7, 45, 55, 67, 100, 433, 4950, 5050, 38212,
68083, etc. 45 is the anly nurber (p to at lesst
10°) that is in all the Kgordkar sequences forn
=2, 3, ad 4.

The cyclic number 142857 (the decimal
eqasias of the fractios V7, 2/7, 37, 4/7,
57 and &/7 all consist of the digits 142857
repeated) is a Keprekar nunber :

1428572 = 20408122449 and 20408 +
122449 = 142857.
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Saveral other features of the Kgprekar nunbers
vere introcuoed later.

On sel f-nunmbers

Kaprekar discovered self-nurbers for base
10. Later seH—runbers for other beses were also
introdlced and reaursine relatias for gererating
sel—urbers determined. For bese 10, one such
reaursive relation is given by
G=810"1+g 1 +8 (k=2,3,.) ®
with ¢, = 9.

For base 2 (binary nunbers) the generating
eqaton iIs

G=2+Gg.+1G=12,.) ©®
where j is the nurber of digits in G _4 -

For other beses (bese b)

G=C-—Dt+Gg 1+ (G -2

«=2,3,.) O
where ¢, =b — 1 for even bases
and ¢g=b-2 for add beses.

Obviously, these recursive relations do not
gererate all the selfnuners. For instanoe, for
base 10, using Eq. (6) one dotains only the
folloving self~nurbers

9, 97, 906, 8913, 88921, 888929, 8388937,
8888845, 888888953, etc.

It may be roted thet, for even beses, all od
numbers below the base number are self-
numbers, since any number below such an odd
nurmber would have also to be a single-digit
nurmber, which when added to its digit, would
result in an even nunber. For add beses, all od
nurbers are self-nurbers®. Patel shoned that
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X, & +2, adk? + X + 1 are k-2 for all emn
bases with k 3 49,

EPI LOGUE

In the previous sections we have made an
attempt to present the mathematician D R
Kaprekar and some of his works. Needless to
say, It is hardly possible to cover all his works
within this short space. We have not touched
upon his works on the cycles of recurring
decimals. Nor have we discussed any of his so
many megic sguares. Many other topics had to
be left aut. Ad, Kaprekar did all these almost
alore. What’s more, he wes just a graduate ad
had no formal training in nurber theory. As
stated eardier, in his tire he recenad very litte
recognition for his works. This did not bother
him. He used to lead a very sinple and hard-
working life. In 1975 Martin Gardner introcuced
Kaprekar in his colum in Scientific Averican
with the folloving words—D R Kaprekar is a
70~year-old mathematician, diminutive in body
but large In brain ad heart, who Iines in India
For more than 40 years he has been doing
highly original work In recreational number
theory, .. .11. And, as we understand, that
opened to the world a window on Kaprekar .

Today Kaprekar is widely studied. His works
fird a place in hudreds of wasites. He figures
as an eminent mathematician In The Verld

Directory of Mathematicians published in
Sreden and In many other literatures.
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The year 2006 is Kaorekar™s birth centerary.
The presat article is a srall trilute to this len
eplorer.
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PHYTOPLASMAS —THE

PLANT

PARASI Tl C MOLLI CUTES

Hisamuddin *

Phyt opl asmas were earlier known as mycoplasma |ike organism (M.Os) because of their

simlarities with mycopl asnas when observed under el ectron m croscope.

These are plant

parasitic prokaryotes that lack a cell wall and occur in phl oemel enents of the shoots. The nost

conmon synptons of affected plants are yell owi ng, phyllody and wi tches’

broom In India,

these have been reported on citrus and coconut plants.

MOLLI CUTES

resence of cell wall is the fudarental

daracteristic of becteria, absae of vall
in certain prokaryotic orgenisms incited some
workers to work out thelr systematic position.
Nocard! and their collaborators first aultured a
wall less contagious microbe, causing
pleurgreumnia of cattle, on artificial broth in
1898. They doserved small colonies with dark
certter and light peripheral area that ressrbled
wrth fried eggs. Like viruses, these microoes
vere filterable. Cell wall free ad filterable
prokaryotes discovered until 1930s were named
as “Pleuro-Pneumonia Like Organisms” or
“PPLOs.”

In 1960s, these wall-less prokaryotes were
given the collective term “Myoopllasres” (Greek
noun myccs meaning fungus and the Greek
noun pl asma Mmeaning something formed or
moulded) since it wes proposed that all such
similar organisms be assigned to the genus
Mcopl asma . This terminology became obsolete

*  Department of Botany, A. M. U. Aligarh-202002.
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when new microorganisms such as Achol epl asma
and ueapl asma, €tc., were being isolated ad
daracterizd. Therefore, a revised clessification
sdhare wes devised whereby all filtereble, vwall-
less prokaryotes were covered under a broad
system called the Class-\ollicutes (from the
Latin adjective ol 1is meaning pliable ad the
Latin noun cutis meaning skin).

Molliautes are the smallest biologically seH-
replicating cells with their diareter between
0.30mMm and 0.80mm. Out of all living
orgenists, the Wolliautes have sralllest reported
genames. The size of their genore is as small
as 400 MDa. Mollicutes have evoloved
specifically fram a branch of the phylogenetic
tree containing Gram positive bacteria with an
uustally lov (23 - 46%) G + C ratio. Although
they are equipped with DNA and RNA for
performing protein synthesis, but their limited
biosynthetic capabilities create a huge
dependence on their environment. The
plearorphic daracteristics of Wlliautes rage
from coccoid to filarentous form, but often
demonstrate the characteristic “Y” shape

appearance. They are able to pass through
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0.45m$m and 0.22 m Filters comonly used iIn
biological sterilization. Myooplasma wes the
comon term for all cell wall less organisms
belonging to the Class\ollicutes. This class
encompasses eight genera, spiropl asn,
Ur eapl asma, Mycopl asma, Achol epl asma,
Anaer opl asnmm,

and Mesopl asma .

Ast er ol epl asma, Ent onopl asma

PHYTOPLASMAS

Many yellowing diseases of plants were
thought to be caused by viruses becase of the
symptoms and mode of transmission and
reproduction of the causative orgeniss. Dol et
al2 proposed that some yellowing disease could
ke tre result of cell vall less prdanyotes irsteed
of viruses. This idea led to the discovery of
plearorphic, wall free prdaryotic erdoparasites
residing in the pholen of diseased plants. Cell
wall free prokaryotes infecting plants were
previously termed as “Mycoplasma Like
Organisms™ or “MLOs”, because of their
structural resemblance to mycoplasma.
Mycoplastes cause various kinds of disorders
in humans and animals and are sensitive to
tetragycline and pencillin both, whereas MLOs
are sysitive to tetrapclire oA, In antrast ©
mycoplasma, the plant parasitic MLOs cannot
be aultured invitro in cell free media?. In the
last decade evidences provided by fluorescence
and ellectron microscopy and application of
molecular techniques resolved that MLOs are
the nolliautes quite distinct fran myaoplasres.
This finding led to a proposal that the term
MLO be replaced with the generic name of
PHYTOPLASMAS-6

Phytoplasmes are the srallest knoan phlloem-
limited plant pathogenic unicellular dbligate
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endoparasities. These are bacteria-like
prokaryotic organism surrounded by plasma
merbrane that lack true nucleus and menbrane
bound orgarelles. Their mode of nultiplication
is through binary fission. Phytoplastes have o
daracteristic cell vall ad have neither been
isolated, nor purfied, nor aultured on an aenic
mediun so far. These are plearorphic that can
stretth ad can atss tre siee plates o migrate
tonards the roots in autum and tonards the
shoot In Sring.

Phytoplastes are thought to be evolved fran
the Gram positive bacteria, they have a DNA
genome which is A-T rich, some phytoplastas
have the lonest G-C content (23 to 26.3%) of
any living organism. The size of genome of
these microbes ranges fram 640 to 1185 kb'.
Phytoplasmas have a long incubation period
that can goread as eoidamic causing signrficant
econamic damege. Symptons on infected plants
become evident only one or two years after
infection, when the disease hes already Spreaed
to other plants. Phytoplasres are casidered to
be quarantine organiams in the Eurgoean Union.
Trangportation of Phytoplasma infected platts is
forbidden even I the specific vector Soecies IS
asatt in the inportation area.

OCCURRENCE

Like mycoplasmes, phytoplasmes are orgarn/
tisse geecific. They are foud more frequently
in the roots, but can also be found In many
places in the plait. Phytoplases are dbligate
endoparasites located insice the cell valls of
thelr hosts, ertter as extra-oytoplasmic I nature
sieve tubes of or as intra-cytoplasnic in youy

AND MAIT NTENANCE
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siee tybes. Sine leaf hgpoers ad plant hgpers
are their \ectors, therefore, these have been
disoverad in their body parts also. Phytopllasres
have not yet been gromn invitro on cell free
rutrient mdia in tre laooratories. Al efforts ©
aulture these microorganists under artificial
conditions have been failled. Phytoplastes are
maintained In the host plants. This can be
achied by tisse auhlture tedmiques, by grafting
infected tmigs an suseptable plants, or by imssct
transmission.

DETECTI ON

Unlike typical becteria, phytoplastes caot
ke aulturad on artificial media in tre laboratory.
Honever, they can be detered with phytoplasmae-
seecific stains such as DAPl (4, 6-dianidino2-
prenylindole) a nucleic acid stain, which stain
becteria in phloar®. Dienes” stain is metaolizd
by phytoplasmas that produces blue color.
Heallthy phlloam does not impart color®. Dienes’
stain is more specific then DAPL. Phytoplastes
are detected by grafting infected twigs to
susceptible host plants such as periwinkle
(Catharanthus roseus). These can also be
detected using light or electron microscopy,
molecular techniques including DNA probes,
enzyme linked immuno-absorbent assays
(EL1SA) and DNA amplification using the
polymerase dain reaction (ACR).

VECTORS

Phytoplasma vector species belong to
hemipters that are phlcan-feeding insects. Three
fanilies (Jessides, Cixidee ad Psyllicke) aotain
the knoan vector species. It hes been foud that
phytoplastes ciraulate, nulktiply ad persist in
the body of leafiopper vectors. It is cosicerad
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that phytoplasmes are ot tramsnitted \vertically
to the progeny of infected specimen. Among
planthopgpers, species in the cixiid family are
knovmn to transmit phytoplasma belonging to
“stolbur” graup. Amog peyllids, several gpecies
have been shomn to transmit diseases of fruit
trees. Leathoppers, and psyllids are the most
comon vectors of phytoplasma.

SPREAD

Phytoplasmas are completely dependent on
their host for existence, as these are dbligate
erdparesites. They Iive in phloan of tre plants.
Phytoplasmes gererally move to a new area by
graftirg, planting infected auttings, by paresitic
plants such as dodder (ascuta Spp) and by
leathoppers, which migrate annually.
Phytoplasmes are phloem-limited and cannot be
transmitted through seeds. It is unlikely that
phytoplasmas could survive the desiccation
usually associated with seed formation.

AND TRANSMI SSI ON

DI SEASE SYMPTOMS

Symptoms on plants include virescence (the
develgoment of green floners), phyllody (the
ceelgait of floral parts ino laeafy stnctures),
sterility of floers, proliferation of adventitio s
or axillary shoots resulting in witches-broan
gppearance, abnormal elongation of intermodes
resulting in sleer doots, gereralized stuntirng
(e. g. small flowers, leaves, shortened
intermodes), unseasoral disooloration of leave
or doots (e.g- yelloving, purple disoloratian),
leaf curling or aypping, bunchy appearance of
growth at the ends of stems, brownish
disoloration of phloem tissles, ad gareralizd
declire (stunting, die badk of twigs of truks,
letral yelloviny).
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Diseases associated with the presence of
phytoplasmas in phloem typically exhibit an
array of symptans mentioned above.

I NDENTI FI CATI ON

(D Enzyme linked inmunocabsorbent assay
(EL1SA), using polyclonal and monoclonal
antiseara ; (2) Dot hybridization assay, using
cloned phytoplasma DNA and their
complementary RNA probes ; (3) Southern
hybridization assay, by analyzing RALP of part
of or total genanic DNA using selected cloned
DNA probes, including highly repetitive
sequences in the genare ; (4) Polymerase dain
reections (RCR), using primers besed on cloned
DNA fragments specific to a given phytoplasma
or a subgroup and (6) RELP analysis of DNA
sequences wirth various degrees of conservation,
using various consenved sequences such as 18R
R\A gere, ribosomal protein, operon, tuf gene
and other chromosomal DNA fragrents.

CLASSI FI CATI ON

Phytoplasa diseeses were inrtially classified
erther on the basis of the symptans (declire,
proliferation and virescence) they develop,
or type of plants infected by them, or type
of insect vectiors (leafhoppers, planthoppers
and psyllids) that transmitted them to the
plaits. In the previass decace, identafication of
phytoplasma has been resolved through
novel techniques of restriction endonuclease
digestion of PCR-amplified rDNA products,
electrophoresis of digests on agarose or
polyacrylamice gel, ad conparison of resulting
Tfragrents with those of known phytoplasmes.
In 1993, Lee et al® identified a total of 16
grayss of 165TNA an the besis of dissimilarities
of restriction sites detected by rDNA RELPs.
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Garrity e a2, divided the domain Bacteria
into 23 phyla of which 131 phylun Firmicutes
camrises of three classes (nanely Clostridia,
Mollicutes ad Becilli). The Class-\ollicutes,
consists of wall less bacteria and has been
divided into five orders ; the order
Acholeplasmatales has a single family
Acholeplasmataceae that comprises only two
genera-Achol epl asma and Phyt opl asna.

Domain :  Bacteria (23 pyla)
Phylum : Fimiautes G clases)
Cless : Vollicutes G orders)
Ortkr : Advoleplasratales (1 family)
Family : Acholeplasmataceae (2 gerera)
Genus : Phytoplasma
Phytoplasma 16511 Aster yellows group
Phytoplasma 16511 Peanut WB group
Phytoplas/a 16RIIl X-disease group
Phytoplassa 16SrIV  Coconut lethal
yelloss group
Phytoplasma  16SrV Elm yellow group
Phytoplasma  16SrVI Clover prolrferation
group
Phytoplasma  16SrVI1  Ash yelloas group
Phytoplasm/a  165rVIIl  Loofah witche’s-
broom group
Phytoplasma  16SriIX Pigeon pea
witche”s-broom
group
Phytoplasma  16SrX Aple proliferation
group
Phytoplasma  16SrXI Rice yellow dwarf
group
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Phytoplasma  165rXI1  Stolbur group REFERENCES

Phytoplasta. 165X Mexican perivinkle  — = 'ooard, B R Rax & 0. 0. Salirbenit

. Am. Anst Pasteur Paris, 12, 240, 1998.
virescence group n
2 Y. Doi., Teranaka. M., Yora, K. &

Phytoplasma 16SrXIV Bermuda white leaf Asuyama H. Annals of the

group Phytopathological Society of Japan 33 -

Phytoplasta  16SrXV  Hibisus witche’s 259—266 1967

b growp. 3 Ishiie, T. Doi. Y. Yora, K. & Asuyama H.
Annal s of the Phytopat hol ogi cal Society
Seenuller et aP described eight more gerera of Japan 3 ; 267-275, 1967.
which are given belov and were not mentioned 4 1. M. Lee, &R. E. Davis Davis, Anual
in the previauss classification AUSGY-Australian Revi ew of Phyt opat hol ogy . 24 339-354,
Grapevire yellons, IBS-Halian binenesd solbur, 1986.
BWB-Buckthorn witches” broom, SpaWB- S B. B. Sears & B. C. Kirkpatrick aerican
Spartiun witches” broom, IAB-Italian alfalfa Soci ety for M crobiology News 60 ; 307-
Witches” broam, CirP-Circiun phyllody, BOM— 312, 1994.
E i grass vhiter leaf and T ia lethal G E. Seemull_er, C. Marcone, U. Lauer,
, A. Ragozzino & M. Goschl Journal of
dclire.
Plant Pathology 80 ; 3-26, 1998.
T A. Kollar, & E. Seemuller Journal of
CURE  AND MANAGEMENT Phyt opat hol ogy 141 ; 395-401, 1997.
Many plants can be cured of phytoplasmes 8 W. A. Sinclair R. J. Iuli A. T. Dyer &
with heat 1 t I Vor by ing t A. O. Larsen P ant Osease 73 ; 432435,
through tisse aulture2. Phytoplasma. infected 1989.

i are * le. sinoe Q J. Deeley W. A. Stevens & R. T. V. Fox,
P ! ot seed 'ttgjc RE;TI- ) Phyt opat hol ogy 69 ; 1169-1179, 1979.
prytoplestes are ot seed traremitted. REMSSIN 4y g0 R. W, Hamond, R. E. Davis,
of symtors ard Cl,ll-’ll’g-a platt can be a_m_le\,?d & D. E. Gundersen phytopathol ogy 83 ;
through -me application of the antibiotic 834-842, 1993.
tetragcline®. 11. G. Garrity, Bergey's Manual of Systematic

i i i Bacteriology, 2d Ed. Vol. 1. Springer
Conventiaoal aontrol methods include sanirtary Verlag nd Springe

bection, & _ . 201.
selection, iIn sme_czases pnnl_rg of brandhes of 2. L. 0. Kunkel, Am 3. Bt 2 : 761-769,
woody plants with localized symptoms, 1011
destruction of phytoplasma resenwoir plants, 1B. R. E. McCoy, & D. S. Williams in MJ

monitoring of vector species, thermotherapy,
atss protectian ad garetic selection for tolerant
of resistant \arieties.
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Deniels ad 08 Williars (eds). Plant inssct
management techniques. London Croom
Helm. 1932.
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ROLE OF

Nethi

I nsects and nenat odes,

| NSECT- NEMATODE  ASSCOCI ATI ONS
SUSTAI NABLE

individually and through their interactions,

I N
DEVEL OPMENT

Somasekhar *

play a significant role in

sust ai nabl e devel opnent of manki nd. The significance of insectnematode associations lies in the

role insects play in harbouring and vectoring nematode parasites of plants,

humans and ot her

aninmals and also in the potential of nenatodes as biol ogical control agents of pestiferous insects.

I NTRODUCTI ON

nsects and nematodes are fascinating

I groups among the animal kingdom,
having high level of diversity, abudance ad
ability to adgpt to the enviroment in a way
most suitable to them. Insects and nemattodes
sare an inportant darecter “‘exxdeletat” which
aooouTts for a great deal of their evolutionary
success, despite the differences in chemical
aomposition of exdeletn in the groyes. Insscts
ad namatoces, indegperdantly as well as through
their interactias, play a sighificait role in tre
sustaineble developrent of markind. By virtue
of their abundance and trophic and functional
diversity, Insects and nematodes fulful many
important ecological functions including
decomposition of organic material, nutrient
ocling, regulation of ratural populations ad
energy transfer in food dains. They interact
with humens as campetators for food, erther In
the field or iIn storage, as pests of agriauktural

* Dept. of Btoology. Chio State Uhiversity, Wooster, H
44691, USA, E-mail : nssekhar@hotmail .com
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ags ad as casative aats/ariers of Iivestok
or humen disesses. Insectematoce associatios
range from simple phoresis to complex
parasitian. The significance of insectamatoce
asociatias lies in the potentiaal of neratodes as
biolagical control agents of pestiferos Insects
ad also In the role insects play In harboring
and vectoring nematode parasites of plants,
humans and other animals. The main focus of
this paper is 1o discuss the various forms of
insect-nematode associations and their
inplications for sustaireble develgoment.

TYPES

OF | NSECT- NEMATODE

ASSOCI ATI ONS

Two fundamental types of associations coour
between nematodes and Insects. Ore IS phoresis
ad the otrer is parasitian.

I . PHORESI S

In phoretic associations, the nematode IS
trangoorted fran ae substrate to another by an
insect. A phoretic association may be either
non-essential or essendal and can be extermal or
intermal or a aorbination of both. Non-essential
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phoresis involves the accidental transport of
nematodes by insect. For example, when a fly
visIts dug or decayirng susstances, which aontain
bacterial or fungal feeding nematodes, these
nenatodes may adhere to the legs of fly ad get
transported to a new substrate. Such type of
associations does not involve formation of
seecialized resistant stages of nematoces mor is
the phoresis essential for existence of the
nematode.

In contrast to the non-essential phoresis,
essential phoresis is necessary for the
corpletion of life cycle and perpetuation of
nematode species. This type of phoresis
oererally involves formation of a specialized
stae In tre nratock’s life ocle tret is cariad
by the insect. Normally, it is the third stege
larval nematode that is transported by the
insect. An example of essential phoresis
is the association between a free-living
rhabditid Pel odera coarctata and dung beetle
Aphodi us fumentariusl. The nematode 1is
commonlly found in dung where it feeds on
becteria. As the dug begins to dry, the third
stage juvenile nematodes attach themselves to
the extermal surface of adult dung beetles
in the surrounding area. Once attached
1o the iInsscts, the neratodes are transfomed in
10 a resistatt stage called dacer lanvee. \When
the dug beetde visits fresh dug, the nematodes
revive and leave the beetle to resume the
life gcle. Essential phoresis can be erther
extermal (nematodes are carried on extermal
surface of iInsect, e. (. Bursaphel enchus
xyl ophi 1us) or intermal (nematodes are carried
internally by Insect, e.g. Bursaphel enchus
(= Rhadenaphel enchus) cocophilus.
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Il PARASI TI SM

In parasitism, the nematode undergoes
partial or total develgment at the exqpense of
the living host and this may or mey not involve
pathology. Nematodes exhibit different types of
parasitic relatioships with insscts. In case of
facultative parssitian, the nenatoce altermate
netween successive free-living/plant-parasitic
gereratiaos ad suocessive paresitic gereratios
(e.g. Del adenus siricidicola, Ferguobia curriei ).
In case of doligate insect parasitisn, Insct is
the sole source of enargy ad nutrition necsssary
for the completion of the nematode life ccle
(e.g- Romanonermis culicivorax). In some
iInstanoss, nematodes use InseCts as intemediate
hosts or vectors for verterate paresitisn (e.g-
Onchocerca vol vul us). In some other cases
namatodes act as lethal parasites or vectors of
lethal insect pathogens (e.g- Seinernema and
Het er or habdi ti s).

ECONOMI C | MPORTANCE OF | NSECT-

NEMATODE ASSOCI ATI ONS

Insectrenatoce associatios not anly play a
vital role iIn regulating ecolagical balnce ad
energy tranfer in food chains in natural
ecosystems but also have great economic
significance in managed ecosystems. These
asociatios significatly influence the platt,
insect and \ertebrate parasitisn of nematodes.
Sare associations are beneficial in inproving
plant and animal productivity by suppressing
the invesive weads ad pestifeross insscts, while
otrers are cetrinental as trey facilitate tre ored
of plant, animal and human disease and cause
diease epidemics. The following are a few
examples of economically important insect-
nematode associations.
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I nsect-nemat ode Associations and Plant with the red palm weevil Rhynchophor us
Parasitism palmrum. The weevil helps iIn the

o _ transport of nematodes to healthy plants
(A) Associations Deterinental to Plant

Production

(i) Bursaphel enchus-xyl ophi |l us- Monocahnus
The pine wood
nematode Bur saphel enchus xyl ophilus CauSes
wilt disease of pirnes in countries like Japen
and USA. This nematode has an external
phoretic association with wood boring
longhorn beetle wmnocahnus alternatus -
The beetle helps In transporting the nematode
10 soft healtty plant tissles ad tre rematoce In
turn provides the beetle dead necrotic
tissues nesced for ovipositiarnt-

al ternatus association :

Pine wilt disease induced by nematodes Is
extremely serious in pine forests. Two-year
old trees can be killed in the span of a
single summer. Affected trees show
synptars of wilting, couypled with a significant
reduction in resin flowv. Wilted trees will
tm from yellov to brom within 3 months
after becoming infected and eventually die.
In Japan, as many as 20 per cent of trees in
sare stands have been killed by the disesse.
The control of beetles, which helps in the
spread of nematodes, has been suggested as a
aotrol measure for this disees.

(ii) Bursaphel enchus cocophil us- Rhyncho-
phorus association
Bur saphel enthus cocophilus , Formerly known
asS Rhadi naphel enchus cocophilus, Causes the
red ring diseese of palms, particularly cooonut
and oil palms. The red ring nematode

B cocophilus hBs an intermal phoretiic association

pal marum
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whille the nematodes form necrotic tissues
sought after by the weevil for egg laying.

In coconut palms, red ring nematodes
most often attack trees between three and
seven years old. These young trees usually
die six 1o eigit weeks after the gypearance of
symptoms. Older trees can live up to
20 weeks. The major intermal symptom of red
ring infection, as the nare Indicates, is the
presence a circular red coloured band
approximately 3 to 5 cn wide across the
horizontal section of an infected palm
at seven feet above the soil. The extermal
symptoms include short and deformed
leaves, which turn reddish-brown,
wilting ad drying of leaves. In Trinided, the
red rirg dissese kills 36 peroant of youg cooorut
tress. In Taoegp, ae plantation lost 8 peroait
of 1ts cooonut trees. Over a 10-year periad In
Vereziela, 35 per cent of oil palms died fran
red ring diseese. In Greneda, 22.3 per ot of
coconut palms were found to be infected.
Of those infected, 92 percent had been
inveded by palm weevils. It is estimted that
72 per cent of those weevils were carrying
B. cocophilus3. Considering that more than
eight million acres of coconut palms are
groan, red ring nematodes are one of the most
important pests in the tropics. The most
usuful method for the management of red ring
nemaitode Is the early removal and destruction
of red-ring infested palms. Controlling the
vector R palmarum also helps in
reducing red ring nemetode infestation.
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(B) Associations Beneficial to Plant production

(i) Fergusobi a- Fer gusoni na association : The
nematoce Fergustbia - ad tre fly Fergusonima
. form a unigue mnuttalisn that alloas them t©
cause a variety of gall types on plaits in the
eucalyptus family. The nematode hes altermate
plant parasitic ad insect parastic gareratios.
The fly and nematode species attack the
paperbark tree mlal euca qui nquenervia IN TtS
native range in Australia. wmelaleuca
qui nquenervia IS a weedy invasive species in
the Florida Everglades. U. S. A. mlaleuca
outcompetes native plants and is blared for
envirommental losses of up to $168 million
anally.

The Fergusobi a nematodes and Fer gusoni na
flies attacking the pgperbark In Australia are
aurrently being evaluated as biocoTtrol agents
of M quingquenervia in the U. S. A. The attacked
tree foms tre roud, pirkish—ed or green galls
where buds would otherwise have developed
into branches. Laboratory, outdoor, and
greenhouse tests determined that the insect is
Specific 1O Wi al euca ad poses 1o risk to other
plants, thus enhancing the prospects of using
the carbination as weed killlerst.

(ii) Deladenus siricidicola (= Beddingia
siricidicola)-Sirex noctilio association : A
facultative parasitic nematode el adenus
siricidicola, Which has an altermate parasitic
gereration in the wood wasp Srex noctilio ad
mycetophagus generation on the fungus
Ayl osteri umareol atum, plays an important role
in the biological cottrol of woodhesps N pine
forests. The larval penetration of Insect’s
reproductive system causes ovarial sugpression
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and insect’s eggs gererally become sterile
because of nematode infection. pel adenus
siricidicola was successfully used for the
biological control of Sirex woodwasps In
Australia ad it hes resulted in nore then AUSE0
million savings per year, to the Australian pire
forest industry. The technology is now being
goplied on an intemational scale as Sirex hes
soread to Brazil, Ghile ad South Africeb.

I nsect —-nemat ode Associ ation-Invertebrate

Parasitism

(A Associ ation Detrinmental to Plant
Producti on
Sphaerul ari a bombi - Bombus spp.

Sphaerul ari a bonbi IS one of the
oldest knoan insect parasitic nematodes first
reported by Reaumur In 1742. This nematode
parasitizes and sterilizes burblebees unbus
spp- Nematode infection alters the flight
behaviour of the Insect ad eventually leeds t©
death. Burblebees are inportant pollinators of
wild ad aultivated plants throught the would.
Because of their long tongues, burblebees are
able to pollirate cloers, alfalfa, ad may otter
deep blossoms that short-tongued bees cannot
pollinatel. Reduction in burblebee population
due o nematoce infection adversely affects the
pollination and seed set of these plant species.

associ ation :

(B) Associations Beneficial to Plant Production

nemat odes

Entomopathogenic

Ent onopat hogeni ¢ (Steinernem
and Heterorhabditis) :
nematodes In the genera steinernema and
Heterorhabditis (Nematoda : Steinermematidae
and Heterorhabditidae) together with their

symbiotic bacteria Xenorhabdus/ Phot or habdus
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sop (Enterobacteriaceee) are lethal dbligate
insect.
Het er or habdi ti es have been shown to be
effective iIn biological control of several
important insect pests®. Entomopathogenic
nemattodes are currently marketed worldwide
for the biological control of insect pestsS.
They possess many ideal attributes such
as high virulence, safety to non-target
organisms, exemption from registration in
many countries and ease of mass production.
At 13% of sales of bioinsecticides in
industrialized countries entomopathogenic
nematodes were second only toO Bacillus
thuri engensis Which is at 80%’.

Species Of steinernema and

(O Associations Beneficial in Vector Control

Romanomer mi s culicivorax-mosquito

associ ation Romanomerm s culicivorax

is the most widely studied nematode for the
biolagical aontrol of mosguirtoes with namatodes.
This nematode parasitizes about 58 species
of mosquitoes including culex. Freshly
hatched juveniles penetrate the mosguito
lanee iIn water directly through the auticle.
The nematode is not carried through
mosquito pupation and the mosquito
larvae do not survive the emergence of pre
adult nematode. Since nematode eggs can
survive in soil, the biolgical control
scheme persists. Once introduced INto an area
the nematode then becomes a permanent
resident. This is the Ffirst nematode
commercially produced for the biological
antrol of insctst.
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I nsect Nemat ode  Associ ati ons-Vertebrate

Parasitism
(A) Associations Deterinmental to Human Heal th

(i) Onchocerca vol vul us- Si nul i um danmosum
association : Onchocerciasis is the
world’s second leading infectious cause of
blindness. This disease caused by ochocerca
vo wi us, @ parasitic worm that lives for v to 14
years in the humen body. The black fly S miium
darmosum Serves as vector for the spread of
this nenatode. Each adulit femalle worm produces
millios of miaofilariee (micriosoopic lanee)
that migrate throughout the body ad give rise
1o a variety of synptors, viz. serious visual
impairment, including blindness, rashes,
Iymphedenitis, which results in hanging groins
ad elephantiasis of the genitals, ad gereral
debilitation. Odooerciasis menifestatias begin
10 coour In parsos ae o three years after the
injection of infective larvees.

This disease is present in 36 countries of
Africa, the Arebian Peninsula ad the Arerices.
As a public health prablem, the diseese is most
closely associated with Africa, where It
arstitutes a serioss dostacle to socio-ecoamic
development. Onchocerciasis is often called
“river blindness” because of the most extrame
menifestation of bladk fly vector ad tre disese
in fartale rearsice aress, whidh freguentdy rerain
uninrebited for fear of infection. A total of 18
million paople are infected with the dissese ad
have dermal microfilariae, of whom 9% are iIn
Africa. The Onchocerciasis Control Program
(OCP) was launched with the help of World
Health Organization in 1974 iIn 11 countries.
OCP”s principal method for controlling
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onchocerciasis has been to break the gcle of
tranamission by eliminating the bladk fly. The
blackfly larvee are destroyed by application
of selected Insscticides through aerial sprayirng
of breeding sites in fast-flowing rivers.
Once the cycle of river blindness has been
intermypted for 14 years the resernvoir of adult
worms dies out In the human population, thus
eliminating the source of the disease. The
parasite reservoir has now virtually died
aut in 7 countriiesS.

(i1) Wichereria bancrofti-Msquito association

Lyrpratic Filariasis or elegrantiasis dissese
is caused by the nematode wichereria
and Bragia malayi . The adults
of this parasite live in the lynph nodes of
humans, and the female worms produce
microfilariae (advanced embryos) that are
found in the blood. Several genera of
mosquitoes tranamit this parasite, including
Anophel es . The infection causes blockage
of the Iymph nodes and ducts. This results in
the accumulation of lymph and swelling
of the tissues. The adults ted to prefer the
lymph nodes that drain the loner abdominal
cavity ad legs, so “elephantiasis” is often
marked by gross disfigurations of the
genitals ad legsb.

In India, filariasis is a mgjor public health
problem next only to malaria. As per recent
estimates, about 428 million people with
21 million clinical casss are goread In thirteen
States and five Union Territories. India
contributes about 74% of endemic popullation
and 81% of the disease burden in the
is the most

bancrofti

Region. wichereria bancrofti
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predominant infection comprising 99.4% of
the problem in the country while Brugia
malayi another filaria worm is confined o the
westem coast of Kerala and a few pockets iIn
six other States. The first pilot project in the
world for the control of lymphatic filariasis
was undertaken in Orissa from 1949-54
and In the subsequent year the National
Filaria Control Program was launched.
After effecting many changes in the
program during the last four-and-a-half decades,
the country adopted a revised strategy in 1997
for elimiretion of ynpgratic filarissis. Tre diseese
preverition measures include protection from
mosouito birtes, mosouito control, and treatment
of whole populations In endemic areas with
diethylcarbarezine.

(B) Associations Detrinmental to Health of Pets

and Veterinary Animals

Insects also s=ene as vectors or intermediate
hosts for naratode parasites/diseeses of darestic
and dairy animals, viz, heart woms of dogs,
eye worms and air-sac worms of chickens,
stomech ullcers of horses, intestinal worms of
cattle etcl. These infectians signhificantly redie
the productivity of these animals ad increese
the mainterance oosts.

| NSECT- NEMATODE ASSOCI ATI ONS AND

SUSTAI NABLE

Insect nematode associatios have tremerdous
inpact on sustaineble development of mankind.
These associations not only influence the
efficiency of plat ad animal besaed production
systams ad the rature ad aost of plant, animal
ad huren health care prograns and associated

DEVELOPMENT
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enviroomental costs. For exanple, spread of
seriass plant disesses like pire willt ad red rirg
diseases by insect vectors not only devestates
the mature forests and palm planatations
within a short span of time but also
infict the enviromental damages associated
with decline in forest area and usage of
pesticides for diseese control. Although these
diseases are presently confined to a few
aountries, other countries o inour arsiderable
expenditure on implementing strong
quarantine to prevent introduction of these
dreaded diseeses. Similarly, the nematoce discese
Onchocerciiasis trammitted by black fly is the
world’s second leading infectious cause of
blindness. In West Africa alone it has
adversely affected the health ad sociceconamic
development of more than 30 million people in
11 countries. Oer 2.4 milllion paple are infected
by this parasite ad around 100,000 are blind
due to onchocercisis. More than 25 million
hectares of fertile rerire lad, particularly In
Volta basin, was deserted due to the
Tfear of this disease leading to the
poverty ad starvation of pegplle. Ondhooarciasis
control program (0CP), a collective effort of
international organizations under the
leadership of the World Health Organization
(WHO), mmplemented over the last 29 years,
hes helpad in virttally eradicating this diseese
in many endemic countries. During the
course of implementation of OCP several
infrastructural facilities and trained human
resources were developed, and new drugs
were developed and tested In countries in the
operational area. Further, by eliminating the
threat of blindness and other onchocercal
manifestations, OCP has gpend up the way for
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ressttlenatt in fertile aress alag the rivers,
previasly deserted through fear of the dissese.
Using traditioal tedrologies ad agricultural
practices this new land will produce
foodstuff to feed 17 million people. Honever,
care should be taken to farm in sustainable
ways and to avoid over-exploitation of the
tremendous resources In river basin areas.
Parasitic infections of darestic animals like
dogs, chickens, horses, etc., vectored by
insects reduce the efficiency of these animals
and increase the maintenance and health
care asts.

The positive effects of insect-nematode
associations on human development include
nematodes that help in biological control of
insect pests of plants, vectors of animal ad
human diseases and Invasive weeds. In fact,
nematodes are the second largest selling
biocontrol agents in world market. The use of
nematodes in pest management helps in
reducing the usage of chemical pesticides
and the environmental and human health
prablens associated with their usage. Furter,
these biocontrol agents make pest mangement
sustainable and less expensive. Control of
insect vectors of human disease inproves the
work efficiency, reduces absenteeism from
work and cost of health care, which In tum

Inprove the productivity.
CONCLUSI ONS

Insect-nematode associations, one of the
most fascinating biological phenorena, have
significant influence on the sustainable
development of mankind. Considerable
knowledge on different types of associations
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and their adverse or beneficial effects on
plant and animal based production systems iIs
nov available. Increased uderstanding of the
biology and ecology of insect nematode
associations using modem molecular tedniques
will help in identifying the key factors
for mitigatirg tre adver=e effects ad incressirg
the beneficial effects of Insect-nematode
asxciatios.
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the tines ?

,--_-_-_--

DO YOU KNOW 2

\--------------

Q3. Thaomas Hardy visits Ramanujam lying 1ll in a Sanatoriun and mentions that the cab
whiich brought him carried a nurber which appeared rather dull. He says what wes the
four digit nurber. Ramanuyjam, after a marent™s thought, replied “No my fried, it is a
beautiful nurber, the srallest integer that can be expressed as the sum of o albes In
two different ways, What wes the nurber ?

4. How does the Indian elepghant’s truk differ fron that of the African elephant ?
5. How often do the hour hand and the minute hand of a clock care together and what are
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XENOTRANSPLANTATI ON PIGS AS SOURCE
O ORGANS FOR MAN

R. K. Yadav, D. P. Mishra and B. R. Yadav*

In this age of scientific revolution, nmedical science has reached new heights in diagnosis and

treatment, However ; there are many areas where a | ot of devel opnental work is still required

There comes a denmand of blood, tissues, and organs in crisis, even supply is always short in

normal tines. The scientists are | ooking for various sources so as to have ready supply of bl ood

and organs. Aninals, particularly pigs, are considered as potential sources. However, certain

i ssues nust be understood, biological and hornmonal aspects should be humani zed before the
actual grafts or transplantation process. The present comrunication is an attenpt to clarify

doubts and create awareness on this energing area in animal science in general and its mnedical

science particularly.

I NTRODUCTI ON

“Heart is considered ‘He-art’ and has al ways

been nmystic may be its affairs, repairs or

repl acement . ”

magine for a moment that It somebody

tells you that your best friend’s brother
hes a pig’s heart, what will be your reection ?
You will surely not believe him or may sinply
laugh it off. In nedical science with the aurant
pace of developments, it may well become a
reality In the near future. The scientific
inovation that willl neke this possible is knoan
as “Xenotransplantation.” Scientists started
working on this aspect long back in the
saveteenth catury (fable-1). There are certain
terms often used in relation to organ
transplantatios such as the tisse or growp of
cells removed fran the body of one animal ad

* National Dairy Rescarch Institute, Kamal-13001
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transplated inmto another animal or huren beiing
is called a graft. Tissue grafts wen exdagd
between different parts of an individual”s body,
are knownn as autograft. Transplanting of skin
fran an ubumt to bumt area iIn plastic surgery
is a typical exanple of autograft. Tissue
transplanted betiween two geretiically identical
individials like monozygotic wins, is known as
isograft. \Wen tissle grafts are transplanted
between genetically different members of the
same species it is called allograft (e.g.
transplantation of liver fran oe individial t
aotrer). Tre trangplattation of oas or tisses
between two different species is known as
xenotransplant and the process is
xenotransplatation. For eample If a heart is
taken from a pig and transplanted into a man
with a dysfunctional heart, then it is
xenotransplantation. The tissues used for the
purpcse are called “xenograft”. The scientists
got reenad  treir interests in xavtransplantatian
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Table-1 : LANDMARKS IN THE PURSUIT OF XENOTRANSPLANTATI ON*

Year Activities

1682 A Russian doctor transplanted animal tissle into a ndblle men using the piece of
skull fran a dog.

1800°s Arog skin wes often grafted on the patients” skin in an attanpt to heal bums or
skin ulaers.

1905 A French surgeon inserted slices of rabbit kidney into a child suffering fram
kidey failue.

1920 Serge Vormoff, a Arench doctor, begen transplanting tissues fran the testicles of
monkeys Into elderly men

1963 Kerth Reemtsma, a professor of surgery, transplanted chimpanzee kidneys into
13 patiats.

1964 Jares D. Hardy at tre hiversity of Mississipi attenpted for the first tine to put
a chinpanzee heart Into a humen, but 1t failed within 2 hours being uneble to
yort the patdent’s ciraulation.

1977 Dr. Christian Bamard attempted to use baboon and chimpanzee hearts as
tenporary bedk yp purps into patients with hearts that did not function properly
after cardiec SUrtery.

1984 A prematurely burmed baby (Baby Fae) with malformed heart received a heart
from a baboon and lived for 20 days.

1992 Liver transplant from baboons to humans conducted at the University of
Prttsburgh met with mixed suocoess.

1995 Jeff Cetty received immune cell franm a baboon in an attenpt to combat his
savere AIDS, although the baboon cell died quidkly his condition nysteriously
gopeared 1o Improve.

1997 Clinical trials wsing Pig foetal rene cells in patients with Parkinson’s diseese

indicated sore suooess, the injected pig cells survined in the brain of at lesst ae
person for more than 7 months.

*Qurrently allografts are carried out, honvever, xenotransplantations are not being performed or reported till
clearance fran the Human Rights ; Commission or concermed Goverments.
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in the secod half of the 200 century, honever,
success Wes limited (Tabl e-2) whiich wes further

It is an dwvias fact, as eqeriasd by sciaists
and doctors, that the supply of human organs

Tabl e-2 XENOTRANSPLANTATION DONE I N HUMAN BEINGS AND THEIR OUTCOMES*
Donor Organ Out come No of cases Year
Chimpanzee Kidney 9 morths 12 1964
Monkey Kidney 10 day 1 1964
Baboon Kidney 4 1/2 days 1 1964
Baboon Kidney 2 months 6 1964
Chimpanzee Heart Insufficient cardiac autput 1 1964
Chimpanzee Liver 14 days 3 1969
Baboon Heart Aaute rejection 1 1974
Chimpanzee Heart 4 days 1 1977
Baboon Heart 4 weeks 1 1977

* Survival of the recipients. Subsequently researches started on inmuno-regullations or suppressions, and other
nolecullar aspects besides ethical ressos ad dojectios.

henpered by ethical reasons. In the reoat pest
Incressed darard of organs hes foroed scientists
to vaiture again for xaotrasplattatios in the
light of currently available knowledge on
immunology, molecular biology and embryo
bioted1ology.

NEED FOR XENOTRANSPLANTI ONS

All over the world maeny millions of people
suffer from severe ailments of heart, liver,
kidney, brain or pancreas. According to United
Network for Organ Sharing, over 63000 patients
are aurrently warting for orgen transplantatios
in UA alore. This nurber is steadily rising
and a new name Is added to the waiting list
eery 18 minutes. Lodking at the world scerario,
an estimated 120 million people are in need of
organ transplantations. Honever, due to the
acute shortage of human organ donors, most
patients in need will not be offered treatnent.
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will always remain insufficient to meet the
demand. It means that the animal organ
donors could eventually provide the only
hope of survival for many thousands of
petients on transplant waiting lists (Tabl e-3).
Therefore research efforts in the recent
years have been directed tonards production of
animal donors for xenotransplantations

(Fi gur e- 1) -

BARRI ERS TO XENOTRANSPLANTATI ON

The major problem of xenotranplantations
till cae is attributed © graft rejection. Himen
body has a specialized system known as the
iImune system thatt produces antibodies. These
antibadies are momally directed agpirst infection
micrabes (like becteria virus, protozoa, etc).
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Tabl e-3 ADVANTAGES AND

DI SADVANTAGES

OF XENOTRANSPLANTATI ON

Advant age

Di sadvant age

Inexhaustible supply (if rapidly breeding
donors with large litters are used) organs
available for people currently excluded fram
vartarg list.

Ethical objectives, animal rights and
SOECISISN.

Extend the therapeutic possibilities of
transplantatn eg.didetes nellitus.

Transmission of donor pathogens to huren
host

Qurortunity for genetic menipullation of door
oten o influance recipient rejection regoee.

Emergence of recarbinant viral strains of
unknown pathogenicity.

Plammed and unhurried operations.

Transmission of human pathogen to

xerograft.

Soecies differae in asoptbilities to dissese
mey meke xenografits useful for transplats in
specific groups eg.patients with HIV or
hegpatitis B.

Frysiolagical incomatabiliies inrcludirg the
potential for differenal agelirg of >aograft
ad recipiet.

Imunolagical potentially severe vasaular
ad cellular ejecion.

Wital orgnns of the bumsan body

-Lm.

o
! k e o
2 1
1

Promising scarce af orngans

Fignez=1 : The orguns to be transplanted in man in oear futues

These antibadies can allso bind to the trangplantd
tissue or xenograft and activate special
“complement”” proteins in the blood, which
in turn trigger the destruction of the
transplanted tissle. This rejection of foreign
tissue begins within minutes to hours after
the surgery, destroys the blood capillaries in
the transplanted organ, causing massive
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henorrhege ad firally destruction of the tisse
altogether. This prooess of rejection is koan as
hyperaoute reection.

Other prablers involving xenotransplants are
that of viral infectios as incorpatibility of
animal tissues in human beings. During
xenotransplantations there is a risk of huren
beings getting infected by animal tissue borme
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viruses. There may also be functional
incompatibilities between the xenograft and
recipients’ tissue as there are significant
anatomical ad physiolagical differences betneen
animals and man. Before xenotranplantations
became successful these barriers need to be

briced.
STRATEGI ES TO MAKE XENOTRANS-
PLANTATI ONS A CLI NI CAL REALITY

The Innovations In inmmunology have helped
in the uderstanding of tre intricate fuctias of
the Immune system of the human body. The
medhenian of foreign tissue rejection in huren
beings is now better understood. Therefore,
various strategies have been proposed to
manipulate the immune response and make
xenotransplantations successful. Sore of the
Inportat aes are as folloss :

Use of Drugs :

In order to suppress the rejection of
transplanted organs fran animal donors, often
imuno-suppressive drugs like oclosporine are
used for a long duration. Long-term uses of
thee drugs have the risks of toxicity infectios
and other camplications. Developrent of drugs
without these 1l effects will be recssary for tre
suocess of future xenotransplantations.

Modi fication in the Inmune System :

The bone marron contains all the progenitor
cells ad is the source of all copoatts of the
blood including the comporents of the Inmune
system that reects against the animal tissue.
Modification of immune system involves,
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radiation thergpy of the patiatts to ygress Iits
imune system temporarily and transplanting
bone marrow cells of animal donor. Once
introcuced, the donated cellls spread and mature
creating a modified immure system that is part
donor, part recipient. The ultinate aim iIs to
modify the patient’s immune system so that it
does ot recognize as foreign erther the donated
cells or subsequently transplated tissues fram
the sare aninal . This strategy, first usad by an
American doctor David H. Sachs, has shown
promising results invollving pigs as donor ad
belboon as recipiatt.

| mmunoi sol ation :

In the recent pest technologies have been
develgoed where the transplant animal tisse is
encased In small biodegradeble capsules that
can be Injected uder the skin or placed in the
abdominal cavity with a syringe. These
encapsulated membranes allow nutrients,
ayeEn, ad certain thergpeutic agats to aross
it while blocking antibodies and white blood
cells fran reechig the graft. In this netihad less
than a gram of encapsulated pancreatic islets
cells fran pigs shauld syply a diabetic patient
with normal amounts of insulin that can save
his life.

Producti on of Transgenic Animals

Trangenic animal contains recarbinant DNA
molecules iIn its genome through human
intenentios. Transgeesis IS the tednige trat
permits menipulation of gene from ane organiam
to be Introduced into the genome of another
orgenism of the sare or different species (nay
be close or distant or even distait gerera).- In
the tedniqe of transgeresis, certain gaes éan
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be menipulated in such a way that the orgas of
transgenic animals when used for
xenotransplantation, are not rejected by the
patients imure system. David J. G. White ad
his colleagues at the University of Carbridge
introduced into the pig enbryo a human gene
that directs the production of huren coplerent
inhibitory protein. This transgenic pig when
used as a door willl have In its bload vessels
walls proteins that can prevent a human
corplement protein from doing damage to the
graft. Production of such animals in large
numbers will surely boost successful

xerotransplantation.
Geneti c Engineering :

The cloning of farm animals like sheep,
goat, cattle ad pigs hes beaore a reality thouch
in limited nurber. Scientists all over te world
are working on different aspects like nuclear
transfer tedyology, ad nuclear reprograming
by gene knockout strategy. These techniques
have goared Up new possibilities to alter imure
reqooee, vwhich can fecilitate xaotransplantation.
Gene knockout strategies are used for
agireering te clis for alterad gare eqressian.
Recently, British scientists at the Roslin
Institute have produced piglets for
xenotransplantation using a gene knockout
tednige. In tree piglets tre gae repasible
for production of the eyme  a 1-3 gallactosyl
transferase is knocked out or removed by
geretic nodrfications. This gare is respasible
for adding a sugar residue to cells that
would be recognized as foreign by
ciraulating antibadies in the humen recipient.
Antibodies recognition triggers a cascade of
events that leads to hyperacute rejection.
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However, once the gene for the a 1-3
galactosyl transferase is knocked out in
cultured pig cells, then nuclei of cultured
cells can be transferred by nuclear transfer
process into the ova or eggs and subsequently
these will develop Into erbryos and progenies.
After maturity these pigs they will ke saarificd
for their orgen ad transplanted into the huren
recipient which will work like any normal
organ. According to PPL Therapeutic
(UK based) company doing research on
xenotransplantation, it is expected that
the first trial evaluating transplantation
of gernetically modified pig organs in human
petients could be under way within four years.
SOCI AL AND

ETHI CAL | SSUES

At least three research firms have drawn
up proposals and It is expected the first
requests o provide lugs, livers, kideys ad
other animal organs will be made in the
year 2006. Inittially, the most likely donor
animals will be pigs, which have been the
subject of Intensive research. Brirtain already
has a herd of pigs modified with human
genes to reduce the risk rejection when
thelr organs are transplanted into humans
(Table-4). The UK Xenotransplantation
Interim Regulatory Authority, was set up
three years ago to monitor research and
examine whether animal transplants are
morally and scietifically justified. Arog the
most crucial issues is the risk that some
of the many viruses known to be harboured
by pigs, could be passed to humans.
Honever, transplantations are to be alloned
subject to safeguards. Organ recipients
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Tabl e-4 COMPARI SON OF PIGS AND

PRI MATES AS

ORGAN  DONAR

Pi gs

Pri mates (Chi npanzee, nonkeys, baboon)

Advant ages

Advant ages

Bresding darecteristics : sexdal naturity in
9 nonths, gestation 3.5 maotth, litters of 6-16
pgets.

Immunologically closely related to human
being concordant.

Extensive breeding and propagation

Physical, anatomical and physiological
similarities t huren beings.

Ethical : fener huren like gualities.

Di sadvant ages

Di sadvant ages

Limited breeding in cgptiavity, mostly wild.

Inmunological - distantly related to huren
being (discorcent)

Endangered species status (Chinpanzee)

Disease tramamission is higher

Disesase transmission s higher then men but
lessr then pics.

Prysical : less similar to huren beings then
non-humen primates. (But more similar then
many other species)

Ethical : highly intelligent ard scciial aninels.

would have to sign contracts accepting
lifetime monitoring, banning them from
donating blood or having children and
agreeing never to have sex without barrier

contraosption 1o avid pessing an VIruses.
CONCLUSI ON

In order to make xenotransplantation a
routine affair in medical science, one
needs to understand the molecular basis of
all events related to inmune rejection and
suitable modifications in the events so that

the xenograft will survive iIn recipient
successfully. The develgoments in molecular
biology and embryo biotechnology in last
two decades have opened up new
possibilrtes in tre field of xaotrasplantataon.
There is no doubt that in near future it
will be possible to produce genetically
modified animal donors (Sheep, goat, pig, ete)
in large nurbers t fulfill the requirment of
needy patients having various organ
dysfuctions. If after 20 years sorebody hears
that a men hes a pig heart then ndoody willl fall
Off his st

,_-_--_--_-

DO YOU KNOW 2

\--------------I
Q6. Are bird sogs geretically inherited or pessad on as oral  tradiion ?
Q7. Visoosity of liguid decreases with Increase In tamperature. Is this also true for gases ?
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VALUES AND MORAL
STUDYI NG

JUDGEMENT OF ADCLESCENT 4 RLS
IN NON-M SSI ONARY AND M SSI ONARY  SCHOOLS

I N KOLKATA

Sudakshina Gupta*

The present day controversy regardi ng m ssionary and non-m ssionary educati on pronpted the

researcher to take up a conparative study which shows that adol escent girls studying in

m ssionary schools in Kol kata score nore in the denocratic and power val ues while the non-

m ssionary ones do so in aesthetic,

hedoni sti c,

know edge, and health val ues with no difference

found in the religious, social, economc and famly prestige values or in noral judgenent.

| NTRODUCTI ON
A national system of education is alvways
the reflection of a national system of
ideals. Oe can, iIn fact, @o further ad sy thet
education is sheped by ad In tum shgpes the
Iives of individals ad groups. The quality of
a soeiety degpends an the gqality of its marbers.
Improvement of the individuals through
education iIs thus the only means to achieve
an inproved type of society. !

On achieving independence, ore of the major
tads before the architects of free India vwes to
form a strog base of education. The govermment
ok keen interest in this direction by goosoring
certain sdools for the messes. Private concens
also provided financial aid to set up sdols
based on similar principles. The aim was to
develop an accomplished citizen who would
became socially productive.

Acient Indian education evolved strictly on
the foundations of Indian epistemological ad
philosophical traditions. The residence of the

* Department of Economics, Ramakrishna Sarada Mission
Vivekananda Vidyabhaven,—Kolkata.
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pupil at the house of the teacher accompanied
by a sense of devoted service had been a
unique tradition in ancient India. Thus, the
student not anly inbibed the teeder’s qualrties
through enulation, but also developed social
skills as part of his duties tonarts the teeder.
The modem conoept of leaming through doing
as understand in the West today wes the very
ocore and essence of education in India.2

India being a country of varied religious
keliefs, also hes a heritege of missicary sdools.
‘Missioary,” as the term suggests, is usad for
people related with religious dealings. Many
minority religios groyos set Yo sdhools o teech
the besics of their religion. Their aim was to
emancipate man via the religious principles
taght in such schools.

The begiming of the sixteath catury saw
the advent of Eurgpean missionaries in India.
They Introduced a new phese In the coutry and
developed 1t goprecicbly. The fundamental aim
of these missionaries was to propagate the
Christian religion through the European mode
of education. Realising that mere religious
propegation wes suicical to political interests,



[ ] O

Everyman's Sci ence VOL.

XXXI X

]

NO. 6, February—Mar ch’ 05

the East India Corpary, set Yo in 1601, adopted
a policy of religioss reutrality. Bentually, in
1813, the Charter Act mede Indian education an
Inportant agpect of the State’s dutdes. This wes
follored by a periad of political cosciasEess
among the Indian masses. They developed a
keen interest and curiosity for the English
language and Western system of thought
popullarised by the Aglicist missionaries ad
eocamic and political bernefits acquired fran
learming Bglish as i1t ves the nother touge of
tre rulars.3

Though the missionaries gained a full
right t carry our treir work through the Act of
1833, the Covermment too realised their duty
and the period between 1871 and 1882 saw
propagation of primary education through
plas ad policies.

This disillusionsd the Christian missicaries
of their monopoly over education and
Soectacular suocess in the religious conversion
of Indians through education. They withdrew
fran higher education ad davoted their attention
solely to mass education. They realised that
giving education in sdhools was not indentical
with the work of propegating religion.

Today, there may not be overt differences
between the missionary and non-misionary
schools, but subtle differences remin. The
missonary schools of today do not preach
religion gpenly but enphesise on good living,
honesty, righteousness and propound sound
noral judhement amog treir students. The girls”
schools especially aim at developing the girl
into a conplete waren who not only leams to
ceal with life sittatians, but is courteas, just
ad proficient in her vork.
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Waren’s education saw light during the later
half of the nineteartth century. The Inpetus wes
caired fram the influence of Westem education.
Meny Indians realised that the codition of the
Indian woman could only be uplifted through
education. In spite of much opposition, Iswar
Chandra Vidyasagar todk the initiative to bring
girls to the doors of education and set up
Bethune School In 1849. The missionaries ad
the Campany govermment provided ablle support
to lay a strong foundation of women’s
education?

In the adolescant years, the youg child is
open to stinulation ad readily leams various
avenues needed for being accepted into the
adult world. This is the time when she decides
to inbibe what is Inportant to her, re-ealuates
the values she nherited fran her parents ad
society. These help the adolescent to develop
adjustrent skills which buffer her persoality.
Thus the adolescent years form an Important
part of groving up and learming to cope with
the demands society puts on the child as she
goproades adulthood. A girl in India hes to ot
only cope with the demands of growing up but
face the battle of eqality, being latelled the
weaker sex.

The presant study attenpts to copare certain
values, and noral judgement of adolesoent girls
studying in non-missionary and missionary
sdols in Glautta.

VALUES

Values are a “preciprtate of beraviour.” Trey
are “established predisposition of behaviour.”
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They are what is attractive to a person, the
essance of what she seeks In an doject, a persn
or even herself. They gperate as criteria for
meking judgements between altermative courses
of action ad directly influence tre quality of
the person’s behaviour and decisions. People
differ in their values and therefore their
Judgements of the same object, person or
situation differ ad trey bdhave differently in
the sare situation® Values help in determining
goal dojects of en individal ad her activities
and behaviour during the goal-oriented task
which might differ from ore individual to the
other 6

This research has made use of ten values
which might exist among adolescent girls in
norHmissionary schools. They are as follows.

@ Religioss Vale : This is defired In terms
of faith in God and an attempt to understand
Him.

©) Social Valwe : This is defined In terms of
charity, kindness, love and sympathy for the
people.

(c) Democratic Value : This value is
daracterisad by resosct for individalinty, sbsae
of discrimination amog persas an the besis of
=%, lagege, religinn, cste, colour, race ad
Tanily statis.

- It is daracterisad by
appreciation of beauty, grace, symetry and
harmony In dojects, persons and experiences.

(e) Ecoamic Value : This value stands for
desire for money and material gains.

(™ Knovedge Valie : It stands for love of
knowledge of theoretical principles of any

activity.
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(Q) Hedonistic Value : It is defired as the
oconoept of the desirability of loving pleasure
and avoiding pain.

() Poner Valle : It is defired as the conopt
of desirability of ruling over otters ad also of
leeding otters.

(1) Fanily Prestige Valle : This valle is tte
concept of desirability of such items of
behaviaur, roles, fuctios ad relatioships as
woulld becaome one’s family status.

() Halth Vale : It is tte cosideration for
keeping the body 1N a fit state for carrying aut
a¥e’s nomal duties ad fuctias. It inplies the
axsiceration of seH-presenation.

MORAL

Acording to Hemming,” moral development
is the process by which a comunity seeks to
trasfer the egooentricity of the beby into the
social behaviour of the mature adult. A noral
code is based on moral concepts which have
been leamed gradually over a long period at
hane and later these hane-gromn concepts are
broadened and reinforced by learming from
teachers, adults and peers. While making a
moral judgement, a person is goplying his her
mind to a moral problem. Moral judgement is
presurebly cognitive in form. 1.e., Tt is an
agect of intellectal activity 8

Moral judgement consists of a number of
aress like, (i) imarent justice-te belief in the
existence of automatic punishments which
emanate from things themselves, (i) moral
realisna belief that acts should be judged in
terms of conseguences, ot on the besis of the
motives behind the acts, (iii) a belief that
punishment shoulld be retributive vs. a belief

JUDGEMENT
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that punishment should be restitutive (rerely
restore the equilibriun destroyed by the punished
act), (iv) acogptance or rejection of the idess
that nore severe punishmeant is more efficecioss
ad (V) doie of collective (essetaally quikt by
assoeiation) or of individial resporsibility for
punisheblle acts.

PURPOSE OF THE STUDY

Education must be wholesome In whatever
form it is offered. It would seem wog o jude
ae s letter then tre otiher as each hes sarething
good to offer to the young students to make
them able citizens in later life. In today’s
aodrtion, the missicnary sdools have lost most
of their religios oertores, et trey ydold the
nost inherant principles of rigiteousess, virtles
of being good, just and helpful huren beings.
In sort, i1t emphesises on the norality of Its
students. These In tum not only influence but
are also influenced by the personal values ad
individual moral judgement. The study deals
with the above-mentioned areas ad attanpts to
see how educational background, i.e., non-
missionary and missionary, influence them ad
o what degree.

HYPOTHESES

1. There is no significant difference in the
persoral value (religious, social, denocratic,
aesthetic, econamic, knowledge, hedonistic,
poner, family prestige, health) scores of
adolesoart girls studying In norHnissioary ad
missicnary sdools.

2. There is no significat difference In the
proportias of matured girds in the area of moral
Judgement (immanent justice, moral realism,
retribution ad expiation versus restitution ad
reciprocity, efficacy of severe punishment,
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comunicable responsibility) studying in non-
missionary and missionary sdhools.
METHODOLOGY  OF

THE STUDY

In the persent study, the purposive method
of sampling is used. No special tedmnique for
selecting a saple ves follonad but the sanpler’s
individual judgement wes used.

Characteristics of the sanple - The sample
arsisted of sixty-two adolescent girls each fram
non-missionary and missionary schools, all
studying in Class IX, between fourteen and
sixteen years of age, having the same socio-
econamic background and non~working mothers,
all studying in the Bnglish medium.

Analysis : The technique employed was a
persoral adninistration of clossd ad structured
guestiamaires having definite, coarete ad pre-
orthined questions. A nultiple doice of asers
wes given for the respodent to pick vp the ae
se finds the most surtzble.

The scores obtained by adninistering the
questiomaires are analysed statistically. The
mean scores of the two groups are found out
ad a testirg of hypothesis iIs doe t© s If ay
significant difference exists between the two
groyos.

Tool s used :

1. Persomal Value questiomaire formulated
by GP Sherry and Dr RP Verma (1987)°

2. Moral Judgement Test by Jonson, (1966~
1974)0

The Personal Val ue Questionnaire, designed
1o test the 10 values mentioned above consists
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of 40 questions with nultiple doice 1tamns. A
qestion axsists of wo parts () a sten ad (i)
3 itens. In tre stan of the question, a ariterian
situation for seeking the value preference was
depicted. The itens depicted the vallue for which
the respondent hed to express her comparative
valle preferences uder stinulus of tre ariterion
situation. Each item denotes one of the 10
values. The respondents were required to put a
ik mark against an item that: wes nost prefarad,
ad a auoss mark against an tem that wes lesst
preferred and the third item was to be left
umarked.

The scoring was done by alloving—(i) 2 for

RESULTS AND DI SCUSSI ON

tre rtenwith a ik rark, (i) O for te temwith
a aoss mark, (i) 1 for the umarked rtem.

Reliability and validity of the test were
checked by the authors.

Johnson’s Moral Judgenent Test consists of
2 stories illustrating 5 types of noral juerett
mentioned above. Each girl soored 2 poirnts for
a mature ansaer, 1 for an Inmmature response
ad O for an incoherent response wes given.

For the 5 fields, the mature ansiers are
dane, inat, restatutam, less saere pnisatt
ad individial regoosibility respectively.

The reliability ad alidity of the test were
also dedked by the autihors.

TABLE-1 STATI STI CAL I NFORMATI ON REGARDI NG  VALUES

Val ues Groups* Me an Z-scores

Religious NMG 10.5159 1.9200
MG 11.8549

Social NMG 13.3730 0.0528
MG 13.2258

Democratic NMG 16.3095 3.0100
MG 17.9032

Aesthetic NMG 16.3095 3.9330
MG 14.1935

Economic NMG 13.2143 1.2490
MG 14.0323

Knowledge NMG 147222 2.2638
MG 13.3870

Hedonistic NMG 12.0238 2.2705
MG 10.8870

Power NMG 9.32A4 3.6733
MG 11.5323

Family Prestige NMG 10.1984 0.0502
MG 11.5323

Heallth NMG 11.1510 4.2600
MG 8.54%4

* MG-Missionery School Girls ; NVG-Non-missonary School Girls.
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TABLE-2 - STATISTICAL INFORMATION REGARDING MORAL JUDGEMENT

Mor al Judgenent Groups* Per cent age Z-scores

Inmanent Justice NMG 0.0317 0.561
MG 0.0161

Moral Realism NMG 0.1746 1.3%6
MG 0.2742

Retribution & Bxpia- NMG 0.0952 0.288

tion s Restitution & MG 0.0806

Punishment

Efficacy of Severe NMG 0.1111 0.032

Punishment MG 0.1129

Communicable NMG 0.0317 0.470

Resorsibility MG 0.0484

*NVG = Non-missionary School Girls, MG - Missionary School Girls.

Dfference in value scores : The Scores of
differant \values dowv thet there is a significatt
difference only in the cases of denmocratic,
aesthetic, knowvledge, hedonistic, poser and
health.

I The democratic values i1.e., respect for
individuality, absence of discrimiration on the
besis of caste, aead, laguege, religion ad sex
are inaulcated in the students of missionary
sdools through regular moral science lessons.
This may be a reason for the girls studying In
missionary schools having scored higher In
democratic value.

I The aesthetic values, i.e., gopreciation
of beauty, are found to be higher in the
non-missionary school girls, may be because
the missionary school girls are trained to
gopreciate other values In life nore then the
aesthetic aes.

I The knovedge value soores are higher for
the nonHmissionary school girls may be because
they do eqoress thelr auricsity oer theoretical
knovledge and principles.
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1 The hedmistic vale i.e., tte desirability t©
love pleasure and awoid pain, is foud to be
lorer in the missicary sdool girds prasebly of
the partiaular training nparted to them.

1 Poner value, which signifies the desire to
rule over and lead people is found to be
gppreciated more by the missonary school girls
then by their sisters in the other scools. This
may be because their faith and training in a
gererally displired life induce them o leed the
otrers.

I The nonHmissionary sdool girls are foud
t have scored in health values, i1.e., they are
more conscious about their oan health status,
physige ad its fitness then the others.

Mral Judgerent : No significant difference
is faud in the prgoortian of matured girds In tre
fields of noral judgement between the girls of
non-missionary and missionary schools. The
most probable reason may be that moral
Judgement is a cognitive process and does not
depend on religious teaching, familial norms
and social background.
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CONCLUSI ON

Thus, In conclusion, it may be said that the
difference in the type of training inparted iIn
sdols do influanee ae’s vale in life, secially
in the ablescent years, though it is diffiault ©
sy It tre influence sl remains aee adukthod
is achieved. It, honever, may not be concluded
which kind of training does good 1o the studats,
but a difference does exist iIn cartain soheres.

A further study may be carried out anong
the middle-aged women eaming at a certain
level 1o see how their ecoamic lives have been
influenced, if at all, by their schooling
background.
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SHORT COMMUNI CATI ON
THERE IS A HOLE IN My BUCKY AND THERE IS A

BOAT

IN My BOITLE

D. Balasubramanian*

y daughters used to sing a riyme when

they were in primary sdool that wes at
oce linear ad ciraular. It inohed Elisa ad
her partrer Henry. He conplains “There a hole
in ny budet, dear Elisa, dear Elisa’, ad se
suggests a solution- Then merd it, dear Henry,
dear Henry” to which he says “With what shall
I merd it, dear Elisa..... ad she says “With
sone straw, dear Henry.””. “The straw is too
long” ; “then aut It” ; “With what 7’ “With a
knife” ; “The knife is blunt...”” ; “Then sharpen
it.” ; “With wat shall | darpen. .77 ; “With a
store...” ? ; “With sore water”. “How shall |
fetch it, dear Elisa, dear Elisa, but hov 77 “With
a bucket dear Henry, dear Henry, dear Henry
with a bucket” ; “But there is a hole in nmy

question of Henry has a straight answer that
Elisa gives ad its endless refrain mekes 1t
aradar.

In a chemical take-off on this rhyme,
Professor Fred Wudl, of the University of
Califomia at Santa Barbara, has written a
sdolarly scientific pgoer with tre titde ““There’s
a Hole 1n My Bucky” (Gournal of The American
Chenical Society, July 1995, p 7003-3). He
wes refarming to the carbon allotrgee G- In this
noleculle, mece Yo sinply of sixty carbon atons,

* L. V. Prasad Be Institute, Roed No. 2, Banjara Hills,
Hyderabed-500034. email : doala@lubly, Itph.ret Article
pblided earlier in the Hindu. Reproduosd with praresion.

398

all the atomns are arranged In a compact
polyhedron of 60 vertices ad R faces, 20 of
them hexagonal and 12 pentagonal. The overall
shape is that of a soccer ball or a complete
geodesic dome of the type made famous by the
late Arerican architect-engineer, Richard
Budminster Fuller. Ths, G, is variosly clled
soccerene, budninsterfullerene and buddoal l.
The 6 ators are identical in their disposition
and valencies and make a closed spherical
surface, quite like a ball. No aton stidks aut of
the surface, ad there is nothirg insice tre ball
either. It is a hollov sphere with an intermal
wvolure that is just enough to pack a nolecule
of oxygen within-a nancocage as it were.
Since its disowery, buddall hes ecitad the
imegination of chemists, physicsts, material
scientists and popular science writers. It is
renarikebly rdoust udker a variety of coditias,
a fact that hes mece sare suggest that It migit
exist in inerstellar s;ace (This point is let
some credence by the presence of specific
seectral lines that are attributzable wnigely to
buckyball). Its electronic structure hes mede
physicists s.ggest that 1t can be modified surtebly
0 as o edble 1t t© conduct electricity with
practically no resistance, that is, as a
superconductor. Accordingly, chemists are
attenpting to “‘dope’” or “‘cormtaminate’” it with
measured amounts of metals and similar
substanoes, 0 as o prad It to be an efficiatt

superooductor. Then, agaiin, with the explosive



[l

Everyman's Sci ence VOL.

[ ]

XXXI X

NO. 6, February—Mar ch’ 05

]

interest in recatt times on nenoeter-dimesion
assanblies called nenomaterials, demists are
atenpting o menipulate the budytall in various
ways, such as making a string of them to
produce a molecular pearl necklace as It were,
or to open it up to insert guest atons and
noleculles within. Sare of these “‘supramlecular
systens” are expected to have goplication iIn
diverse aress such as aamplexation, catalysis,
protection of unstable species ad so on. The
organic denist iIs excited aout the possibility
of synthesizing it, building it carbon atom by
carbon atom ; this would offer him not only a
sense of achieverent and fulfillment (s Mount
Bwerest did to Sir Eoud Huillary : “1 vant t©
cinb it becase it is tae’ 1), but wauld also et
him hore his tools for other difficult synthetic
tasks. Thus, each disciplire hes Its oan reesas
1o visit the budg/hall.

The synthesis of fullerere iIs remarkably
simple, much to the chagrin of some of my
organic demist frieds. Yau take soe graphite
ad vgpourize It at high tamperature ; extract
the resultant mixture with orgenic sohvents ad
separate the buddoall. Alog with it, oe also
isolates its close relative, Cy, G adeena
trace of C4,- By now the procedure, originally
proposed by Kroto, Smalley, Krotschemer and
others, is routine enough that buckyball is
available in the market ; a gram of it costs $
1870, while a gram of diamond G carats) <ells
for $ 5000. The latest allotrope of carbon,
polycarbyre, called a reotigee, is arguebly the
nost epasie ; It is yet o be priced, let aloe
marketed (graphite is very cheap at $20 a
kilagram).

Ce Is the sinplest hollon-cage structure
encouttered so far in denmistry and therefore
beocares the cadidate moleaule to put things in
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or to encapsulate guest moleculles within. The
volume is big enough to accommodate an
oxygen mollecule but how do you put the guest
in ? There are ™o strategies to o 0. Qe Is O
take the guest substance ad builld the host ball
aroud 1t, ad the otter is o pucture a hole In
te ball ad insert the guest through tre hole.

The Tirst method seems to have worked,
uwittingly, in the hends of Ridard Smalley, a
guru in the buckyball game. His team found
that when they vapourized graphite using a
laser as the heating source, they could make
pure Cy,.- When the graphite was mixed with a
bit of lanthanum oxide and laser vapourized,
the result was buckyballs, some of which
contained lanthanum atomns inside. The yields
were poor, perhgps no more than one buckyball
in a thousad hed the metal nestling insice, but
surprisingly, there were oocesioally as mary as
three La atons insice a ball ! Sralley suggests
the syntol @ to desigate the nestling in. Thus,
what they saw were La@Cy, and 3La@Cy-
Also, when a boron/graphite camposite rod or
boron/potassiun (KC/graphite composite were
laser vapourized at 1200°, they could get KaCy
and even a ball of the type CB, wherein a
boron atom replaces a carbon in the fullerene
structure 1tself ; this also hosted a potassiun
atom as KiGB. This starding st of results Id
them to write ; “How do you filll the void ? dust
do 1t In an oven at 1200C’. Then, in 1993, Dr
Martin Saunders of Yale found that when an
electric arc is pessd betveen grgphinte electrooes
in an atomosphere of heliun gas, they could
make minute amounts of He@Cg,. When neon
was used as the gas they got Ne@C,,- Heating
the=e lad O the ges escpiig, ot leskiang thorugh
the walls but through a temporary “window”’,
opened by the breakage of a carbon-carbon
bond which joins yp after Y after the guest is
ktaL
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These are examples of the a priori
method, which involves exteme conditions at
which many organic nollecules willl bresk gpart.
One needs altermate methods of Introducing the
guest inside bucky. Wudl, In his recent paper
mentioned above, has taken the a posteriori
approach of making the ball first and then
pucturing a hole In It O that the guest can be
slipped in. To this ed, he ad his associates M
Prato, Q Li, V Luochini and J C Himelen first
reected C;, with azides to meke azafulleroid or
Co NX where the footall wes sligitly expanded
with one nittogen atom sandvided as the sixty
first atom between two adjacent carbon atoms
o the surface, stidking aut as a slight bulge or
a bubble, (The X Is a “protecting group” that
fills Y tre third valaxy of the nirogen)- Wen
this budyhuble  is illuninated in the presace
of axygen, the budblle burst at the two adjacent
carbon atoms to produce a hole sufficient
in size for the penetration of a heliun atom-
“There is a Hole in My Bucky!”

The Wudl paper is a landmark result since
it might finally enable chemists to prepare
fullerene-encapsulated materials. What one
needs to do now is to puncture bigger
holles, through which substances of large size
can be slipped iIn. (Close on tre heels or this
paper comes another, fram a group In Sussex,
England, termed “Holey Fullerenes!”, where
the authors have taken C, and made a
eleven-atom hole In ). Oe might vart to close
up the hole after the guest is Introduced In
sare instances, so that it does not fall out
ad et lost.

An altermative is to use the “boat in the
bottle” gporoach. 1 call it o, after the arcae
hobby that same patient individuals pursue
which, at the frist glance, is a parabox. The
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ship or tre boat just aoout fits the wice sides of
the botte but the puzzlle s how did the boat ship
in through the narrow neck of the bottle!
The trick, 1t may be let out, is to build the
boat model outside the bottle, roll the whole
thing into a tube, wrap It with sone thread
ad showe it through the nedk of bottle. Oce it
is insice, you pull the waping threed t© unfurd
the baat in its full glory inside the bottle.
I an sure danmists willl egloit this boat in the
bottle strategy-make the guest molecule
autsice, fold it into a cofomatian or Sge that
can be slipped in through the hole in the
bucky, and dange the tarperature, pressure or
other relevant conditions so0 as to unifurl the
guest moleaule o Its desired dgpe.

Dr. E. D. Jemis, the brilliant, young
organic chemist from the University of
Hyderabad, has thought up a completely
different gooroach ; he huilds the bottde aroud
the boat! The bottle dosen is a diamond-like
12-faced arrangement of boron (B,), ad the
carbons are added five at a time in a ring,
attached to each of the boron. The resulting
box within a bax or onionpeel arrangement is
called a stuffed fullerere. He ad his studet,
B Kiram, further say that the whole thing
can even be made entirely of boron, with no
carbon at all, as B @B, @Bga box In a box
in a boxt

Discussions with Dr. J. Dhar of INSA also
suggested the possibility of using buckyballs
not as cages but as flower vases. In this
arrangenent, the guest-like floner would be
fixed by its stem in the vase and yet be able
to offer a face that can act as a catalytic
surface. IT we can string many such bucky-
veses together in a dain or on a solid surface,
vwe might have an  efficient ad essily reccled
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NATI ONAL CENTRE FOR

THE I NSTI TUTE

The Department of Ocean Development
@OD) wes aeated in duly, 1981 to fuction as
a nodal department for orgenizing, coordinating
ad praooting oceen develogomant activities In
the Country, in line with the Ocean Policy
Statement. Natiomal Centre for Amtarctic ad
Ocean Research (NCAOR) is a Research and
Daelgmat Institution esteblised an Sth My,

1998 as an autonomous Institute of the DOD.
Ml SSI ON MANDATE

To plan, pranote, coordinate and execute
the entire garut of Polar Science ad Logistic

ANTARCTI C

401

AND  OCEAN GOA

RESEARCH,

activites of the coutry In order o e@sure a
perceptible ad influentdal presece of India in
Antarctica ad ydold ar interests in tre gidal
frammnork of ratios In the Southern Cotinentt
ad the surrouding ococears.

Al MS

1 Undertake, aid, pronote, guideandco-ordi-
ratescientificrescarchinthefieldsofpolar
science (Antarctic &Arctic) and Southem
Ocean Oceanography .

I  Serveasanodal agency responsible forthe
overall coordinationand inplementationof
the Indian Artarctic Programe.

AND OBJECTI VES
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Establish and maintain research base in
Antarcticaand provide all operational ad
lagistcal syport.

Encourage cooperative research both at
National ad Intermational levels, especially
inthe frontier areas of science, whichare
emergingandhaveapplicationpotentials.

Devise, formulate and initiate programes
of strategic inportance inthe realmofpolar
science, whichwi Il createaknovledge base
for future comercial and theratic interests
of India isAttarctic, Arcticand Southem
Oceans.

Effectively interact and liaisonwith
ScientificComitteeonAntarcticResearch
(SCAR), Counci I of Managers of National
Antarctic Logistics and Operations
(SCALOP),, and other intermatiional bodies in
order tokeepthe IndianAntarcticProgramme
atparwith intermational scenarioandensure
aperogptible presenceof India intheglaoal
framenorkofnattions inAntarctica.

Establishasingular research laboratory
setup with such facilitieswhichare of
special ized nature or otherwise noteasily
accessibleelsewhere. Some of theseare :
deepdrilling technology, lovtemperature
ultra—clean laboratories for thepresenvation
and analysis of ice cores, Instrument
facilities like mass spectrometer (MS)
and ICP-MS for 1sotopic and trace metal
analysis, microcosm laboratory for
biological inestigatias, rectesasingtools
and techniques for application of
advanced satel lite technology for studies of
thepolarregians.

Develop predictive models for dynamic
processes control led and driven by
Antarcticaand the surroundingoceans.

Coordinate, address and monitor all
environmental issues arisingout of the
Environmental Protocol to the Antarctic
Treaty.

Developacomplete database inventoryand
repository for Antarcticand Arctic science
and logistics includingestzablishingaPolar
Museumand Library.

Create aconpletewarehousing facilityand
inventory of entire AntarcticLogisticsad
procurements.

Provide a fertile platform to generate
special izedhuman resource capebi lities for
polar scienceard logistics through training,
felloaships, anards, workshgps, Plblication,
exchange of scientistsetc. bothatNational
ad Intermatioal leels.

Cruise planning and management of the
Oceanographic Research Vessels engaged
by the Department of Ocean Development
and NCAOR.

Takeyscientificand techrolagical projects

of the Department of Ocean Development as
andwhenentrusted.

I NFRASTRUCTURE

To implement the mandate as well as too

ensuretheefficientfunctioningofthe Institute,
NCAOR has been organiised intodifferent scien-
tific, Technical and Management Divisions/
Sectios, asfollons:
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National Antarctic Programme conprising
the divisions of Antarctic Science and

BeditionLogistics.
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1 Scientificwingcomrising theResearchand
Development Group.

1  Thelegal Continental ShelfPrograme.
1 OceanSurveyand ServicesGroup.

I Programme Planning and Evaluation
Division.

1  National AntarcticDataCentreand Informa-
tonSarvicss.

1  PalecclimaticRessardhDivision-Antarcticlce
Core Laboratory.

1  PollarRemote SensingDivision.

1  Polar Enviromment&EcologyDivision.

1 Southerm Ocean Oceanography Division.

1 Management services, comprising the
Adninistrative, Establisment, Financead
Purchase and Store Sections.

LEGAL CONTI NENTAL SHELF PRO-

GRAMME

The Indian Legal Continental Shelf (LCS)
Programme, the implementation of which has
been entrusted to NCAOR by the Department of
Ocean Developrent, isanulti-institutional ad
multicrore national endeavor that seeks to
establishtheouter limitsof thecountry”s legal
continertal shelf (LCS) beyond the 200-nautical
mi le limitof the Exclusive Economic Zore (BE2),
inaccordancewrthcertainguidel inesof the 1982
United Nations Conventiononthe lawof the Sea.
Underthe provisionsof thisconverttiion, coastal
retionrswithdemonstrable legal cotirental Shelves
beyond their EEZ are required to submit their
claimsalongwith the requisite scientificand
tedhical datatoan Intermational Camissionon
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the limits of the Continental Shel T (CLCS)bya
stipulateddeadline. The CLCS intumwi Il con-
sider the data submitted and make recommend
ation inaccordancewith the UNprovisions.

Underpinning India’s endeavors at laying
claimstoanextended legal continental shelfwill
be a comprehensive marine geophysical work
plan camprising deep-penetrationmultichannel
seismic reflection, refraction, magneticand
gravity surveys coveringover 24,000 km. in
parts of the Arabian Seaand the Bay of Bengal -
Considering the extensive and invaluable geo-
physical dataenvisaged tobe col lected inthe
ocourseofthesesuneysdeployingstate-of-the-art
equipment, NCAOR has designed the work
plan in such away that the data col lectedwilll
not only define and substantiate the country’s
legal srelifclaims, butwouldalsoformthecomer—
stone for India’s future research programes in
theoffshorerealm.

The entirework isbeing carried out under
the direct supervision of NCAOR alongwith
active participationof scientists franseveral
front-ranking National Organizations and
Institutes such as the National Geophysical
Research Institute (NGRI), the Directorate
General of Hydrocarbons (DGH) , the National
Institute of Oceanography (N10), theGeological
Surnvey of India (GSI) , National Hydrographic
Office (\HD), etc. The post—processingofdata,
Itsinterpretation, synthesis, docurentattionand
related scientific support for the programe
would be provided by a core group of Indian
Scientists fromNCAOR, NGRI, DGH and the
NIO under the direct management of
NCAOR and the Department of Ocean

Development.
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OCEANOGRAPHI C RESEARCH VESSEL DOD, OCEANSAT data from Multchannel
(ORV) SAGAR KANYA

Anultidisciplinaryshipwasbui It inGermany
under the jointefforts of Indianand German
Partrnerswithin the framework of Indo-German
Econamic Cooperation. Comissioned inthe year
1983, thevessel isaversati le oceanobserving
platformequippedwirth technological ly advanced
sciettificequiprantandrelated fecilities.

The vessel is capable of carrying out
Geoscientific, Meteorological, Biological,
Physical and Chemical OceanographicResearch
asmajordisciplines. Itisstabilizedandcapeble
of operating under all weather conditions
including duringmonsoons. The Ship isprovided
withall facilitiestoperfomitstaskswiththe
greatest possible efficiency andworldwide
voyages upto 10,000 sea miles lasting 45
days and reaching upto 50 degree south
k.

The Oceanographic Research Vessel Sagar
Kanya has been providing a platform to the
Indian Scientific Community for conducting
Tield experiments in atmospheric and
oceanographicsciences. Thevessel hasalsobeen
effectively used for other DOD programes such
as National Data Buoy and Ocean Thermal
Energy Conversion (OTEC) executed by NIOT .
The ship has been used 1n BOBMEX and ARMEX
programmes on Indian Climate Variability
(ICLIVAR) launched jointly by DST, ISROand
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Scanning Microwave Radiometer (MSMR) and
Ocean Colour Monitor (OOM) has been val idated
with data col lected from the ORV Sagar Kanya.
So far ORV Sagar Kanya has completed more
than1/0cruises.

POLAR REMOTE SENSI NG

Remote Sensing is the science of deriving
information about an object fronmeasurments
made at adistance without physical ly coming in
aotactwiththedbject.

Although remote sensingwas sinply referred
1IN 19607 s as observations and measurement of
distantadbjects, ithessincethentakendiscipline
dependent meanings, inthe Environmental
Sciences of Geography, Geology, Meteorology,
AgricultureandOceanography - Itusual ly refers
to the use of Electro-Megnetic Radiation (BR)
Sensors to record the images of the enviroment,
whichcanbe interpreted toyielduseful informa—
tion. India”’s OCEANSAT-1, MSVR data is being
analysed jointlywith SAC, Ahmedabed to study
sea-ice extentand its seasonal/interannual
\arichillity.

For further information, plesae witeto I
National Centre for Antarctic and Ocean
Research. Headland Sada, Vasco-da-Gama,
Goa-403804, phNo. 91 (0832) 2520863 to 2520
865, 2520867. Fax : 91 (0832) 2520893.
email : info@ncaor.org ; webisite - ww.Ncaor.org.-
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BOOK REVI EWS

THE ENI GMA OF CONSCI OUSNESS
_A Bhattacharya, Published by Firma KLM Pvt.
Ltd., 257 B. B. B. Gaguly Street, Kolkata-A00012,
Price BY-

The Enigma of by Alok
Bhattacharyya is aimed at an intermational
audience and ambitiously designed to be a
comprehensive study on consciousness In a
compact form which is felt to be a great
desideratum. It s an interdisciplinary work
drawing on resources in philosophy,
experimental psychology, neuroscience,
cognitive psydology, artificial intelligence,
evolutionary biology, palaeontology,
archeeology, quantum physics and the science
of camplexity, ad chronicles the thoughts of
the world’s greatest minds on one of the most
profound mysteries corfronting humenity since
the times of the Upanishads ad Plato.

Consci ousness

The essence of the book has been to chart
the course of scientific reasoning in various
disciplires in the pest few decades in search of
an explanation of consciousness, hitherto
arsicered an eclusive presene of phillosgders
ad psydolagists, ad in the process It brings
into foas the essential features of all tre ngjor
contenporary theories of consciousess, keeping
the gereral reeder’s ariassity aoout the oantral
issues comected with the topic in view. The
author also undertakes a critical appraisal,
pointing out the gaps In the explanatory
Tfrarenork of these theories with the Inescgeble
incursions of sare deep philosphical issues.
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His doject is to show where exactly we stard at
the begiming of this milleniun in solving the
riddle of consciousess. The author argues that
it is as misleading to expect that a coplete
neurcbiological explanation or an explanation
based on cognirtive science for the phenomenon
of consciousess is possible as 1t is to exqpect
that a solutdan of tre mystery surauding it lies
in resolving the tangle involving quantum
mechaniics, an enigratic aspect of the physical
world, and classical physics. Treat
consciousness as an emerging and creative
property of the complex brain processes en
route biological evolution or as something
aostructed aut of social ad aultural practices
of the huren species ad linguistic in origin is
equally usatisfactory, he contends. The author
also eplores the dgptis of religios ad mystical
experiences, parapsychological phenomena,
defocalisation of consciousness practised by
shamans across cultures and the limits of
scientific koMede, ad adnits thaet sore edes
of huren eqperience are still beyod the reach
of the Instrurent of science ad that there s o
waey we can determire the validity of all kinds
of eqeriee. But, in the sare breath, he assarts
that mren’s insatdsble spirit of irouiry willl rever
allov him 1o rest cotent unquestioningly In a
anjured W divire bliss ad the kelief harboured
by men of religion that consciousess is a gift
from the high. He holds that scientific
uderstading, In spite of Its ey nperfecdas,
is the best goan awailzble o s In arx effat ©
coprehend this universe and its relation with
our conscious mind.

The author thinks that the origin of
QONSCIOUSESS IS pertgps the degpest of all the
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three origin nysteries, the other tho mysteries
being the origin of the universe ad the origin
of Irfe. Unification is the strogest slogen of
sciene, he says. Einstein disoovered the spece-
time continuum. The matter-life continum is
rnow alimost a sure-fire to tre scientdsts. But how
can we estzblish the matter-life-consciousess
continuum, the author asks. Science, no douot,
faoss this dallae with all the resourass at its
disposal, hut a breekthraugh is ot yet in sight.
In the author’s view, notwithstanding the
remarkable success In recent years iIn
develgoment of molecular biology, neuroscience
alog with brain imeging tedniques, artificial
intelligence and sore adventurous idees badked
by quantum physics, what remains to be
eplained about the working of the brain far
outstrips what had really been explained, ad
we have a log way to traverse before we can
claim that the code of consciousness has been
caaded. But the scientific search for the origin
of consciousness In the last few decades, he
maintains, hes not been entirely In vain, as we
have now at least a deeper Insigit Into the
nature of consciousness and a better
uderstanding of the ggps in our knowledge of
this elusive ad yet most prized possession of
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merkird. The future can anly el s i the brain
of +one sapi ens exactly evolved to a level
enabling us to know how consciousness
originated. It also remairs o ke s if tte more
diffiault guestions of huren seHf~oonsciousness
in forms where we transcend our biological
origin, such as aur gypreciation of beeuty, aur
pure ad disinterestsd altruisn, ad o relentdess
search for the truth for its omn sake can be
oeruirely tadkled by neuroscience, geretics ad
aognrtive sciee at the peek of thellr suooess or
by any major paradigm shift in science.
Meanwhile, the ontological battle on
QIECIOEESS, the author foresees, wall aontinee.

The bodk is primarily meant for non-specialist
oereral readers ; hut, at the sare tine, it is
expected to be an important source-book for
students ad researders workirg in this field. It
hes been written in an intinate style without
much use of the pre-fabricated jargons that
often tend to corfound the comon readers. It
is hoped that the book willl st are thirking in
new ways about who we are and what the world
aroud us is all aout.

Prof. S. K. Mikherjee

Kolkata
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Dr. T. K. Prabhakara Setty
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Deemed University,
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“DO YOU KNOW=?~

\_-_--_--_--_--_--_--_--—

Al. In 1759 the fruit with this name was imtroduced In Nenzealand and 1t becare known as
the Kiwi fruit. That is the universal nare now.

&4 peraat in \eins, 20 perogit in arteries, 9 paroant in the lugs ad 7 peroant in brain.

The Indian elgdat hes a sirgle finger like portrusium at the tip of the truk wheress the
African elepghant hes two.

Why don™t you find this aut for yourself.

Oral tradrtion. A bird raisad in isolation without any contact with other merbers of the
seecies can only twitter nonsense.
A7. No, with Increese In tenperature there are nore moleaular collisias in the ges pese ad
VISOosity Inoreeses.

-----\

\_--_-_-_-_
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S & T ACRCSS THE WORLD

VASCULAR  GENE DELI VERY

Vasaular trasplats, a frequantly ussd metihod
10 treat sove disseses, auffer fran a high failue
rate, resulting in a sighificant umet treatnant
nesd. In this comectian, Ganetronics” tedrology
may help prevent rejection or dostruction of
newly implanted vessels and increasing the
nunber of long-lasting vascular transplants.
Cernetronics has shoan In nurerous-pre—clinical
studies that electrgooratian, a netihad free of the
uvented sice effects associated with viral gae
celnery tedrolagies, cn effectively fecilitate
intracellular celivery ad dramatically inprove
uptake of such geres.

Genetronics Biomedical Corporation is a
late stage biomedical company focused on
building an oncology franchise based on its
proprietary electroporation therapy. The
therapy targets a significant umet clinical
need : the selective killling of cancer cells ad
local ablation of solid tumors while
preserving healthy tissue. The company iIs
moving its lead product, the MedPulser(R)
Electroporation Therapy System, through
pre-marketing studies for head ad nedk cancer
in Eurgoe, where 1t hes CE Mark accreditation,
ad a US Prase 111 pivotal study for recurrent
head and neck cancer. Merck, Chiron,
the US Navy, Vical and other partners are
also employing Genetronics” electroporation
technology, which enhances local delivery
of drugs and DNA, in their developments of
novel DNA vaccines and gene therapies.

(Bi ospace.com Aug 31, 2004)
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ELECTRONI C EYE FOR BLIND

An electronic “eye” develgoed by scientists
in Japan will allow blind people to cross
busy roads iIn total safety for the first tine.
This research is published in the jourmal
“Measurement Science and Technology”,
published by the K’s Institute of Physics.
Tadayoshi Shioyama and Mohammad Uddin,
from the Kyoto Institute of Technology™,
have develgoed a system that is able to detect
the existence of a pedestrian crossing iIn
front of a blind person using a single carera.
When combined with two other techniques
the authors have produced for measuring the
width of the road and the colour of traffic
ligits, a single carera can give blird all the
information they need to cross a road in
safety, says the report. The carera would be
mounted at eye level, and be comnected to a
tiny aoputer. Itwill relay information using a
voice speech system and give commands
and information through a small speaker
placed rear the ear.

(PTlI Science Service, Dec 1-15, 2004)

ECOHOMES

EooHomes assesses huildings against a rage
of enviromental issues with credits anarded
for good enviromental performance-the more
adits athiead, tre better the firal ratirg. s
success lies in the fact that It provides the
marketplace with a balanced approach to
sustainable development, looking at both the
design ad gperation.

Recerttly a new credit, renarding the use of
Zzero-emission energy sources, has been added
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to BRE”s EcoHomes scheme as part of its 2006
yckte. It enoourages tre use of locally gererated
renewable energy sources, such as solar
photovoltaics and wind turbines, to syply at
least 10% of a development’s heating and
electricity. This will not only leed t© reduced
emissions of greenhouse gases and other
pollutants, but wall also help to aasene fossil
fuels and develop a market for renewable
tedrologies.

The schere strives to achieve this in a cost
effective and practical way, ensuring market
appeal and giving individual buildings
recognition where they perform well.

(BRE-Jan 3, 2005)

SMART CLOTHI NG

A new type of “smart” clothing capable of
acepting rt=elf t daging tEmperatures o keep
the wearer canfortable, is being developed by
two universities, nanely the Lniversity of Bath
and the London College of Fashion. They are
using reture as a guice t develg the materials
which wvill use the latest in micro techolayy t©
produce material which willl let in air to aol a
vearer when it is hot ad shut aut air wen It is
oold. This is similar to a system used by pine
ocones o open up and emit seeds.

The smart garments will consist of a top
layer of tiny spikes of water—aosorbent material,
possibly wool, eech anly 1/200th of a millimetre
wide. When the wearer of the clothing gets hot
ad sieats, the tiny spikes in the naterial will
reect to the noisture ad autoratically goen W,
0 that air fron the autside can get through the
material to cool the wearer. When the wearer
stops sveating, the spikes willl close doan again
o stp air getarg i Tre loner layer willll ke of
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material that is not porass o thet rain can rever
get through fran tre autside, whether the spikes
are goen or closed.

Innovation is going t lead to a fudanental
cdhange in clothing. The material could have a
wide variety of gyplications ad could be used
for cats. hats, glowes, shirts, trosars, dresses
ad sarts.

(EurekAl ert, Cct 14, 2004)

DEVI CE
L1 NI NGS

A patent originated in Sceden and titled as
“A device for indicating vwear of brake linings in
a vehicle brake” has been completely acoepted
by Indian Patent Office on October 23, 2004.
Patent No 194342 is invented by MatsHkeroth-
Sneden and is assigned to Haldex AB, of Box
501, 26124 Landskrona, Saeden. Invention is
briefly described below.

I NDI CATI NG WEAR OF BRAKE

“A device for indicating vwear of brake lining
in a wehicle brake, actuated via an automatic
brae lever with a built-in brake adjuster, the
lever being intaded for trasnittirg brake foroe
from a brake cylinder and being mounted on a
brake actuating cam saft derecterized in thet a
ococked disc, on its surface being divided iInto a
nurber of equally large circle sectors, hes at
leest ae aodad path, dgpad as a circle ssgatt,
with equally log megretic aress In each sector,
the megetic aress being of differatt legths in
tre differait lagths in tre differatt codd patts,
ad that a hall-elerent is provided in a cover
adjacent the coded disc for sensing each coded
path, the coded disc and said cover being
rotaticrally arraged in relation to each otter.

(The Gazette of India, Cct 23, 2004)
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L1 BRARY

The I ndian Sci ence Congress Associ ation
14, Dr. Biresh Guha Street, Kol kata-700 017

SERVI CE

The library of the Indian Science Congress Association subscribes the folloving Indian and
Foreign jaurmals. List of these jourmals are given below :

I ndi a

Qurrent Science

Down to Earth

Food & Nutrition World

Indian Jourmal of Bqoerimental Biology

Indian Jourmal of Biodhemistry ad
Bigohysics

Indian Joumal of Marine Sciences

Pramana

PT1 Science Service

Science Reporter

For ei gn

Ambio

Arerican Scientist

Endeavour

Interdisciplinary Science Reviens

Intermational Studies in the Phillosophy of
Science

Jourmal of Ewviromental Plaming and
Management

Neture

Netural History

New Scientists

Folicy Studies

Science

Science & Society

Social Ghoice ad Welfare

Technology Analysis & Strategic Management

Tropical Sciene

In addition to those subscribed aove, the follloving jourmals/nensletters are also received by the
Library in exdhange of the Association’s jourral “Bverymen’s Science” -

Chemecology

CSIR News

DRDO News
Envirommental Anareness
Ewviromental Health Perspectives
Gana Darpan

Gyan Bigyan

IASSI News

INSA News

ICSR Newsletter

Indian Jourmal of Physics
Indian Spices

JIMA

Jourmal of Forensic Sciences
Natural History (Barbay)

S & T Post

Science & Qulture

Soicess India

University News

WO Bulletin

WISTA

The Library is goen to all category of marbers of the Association as well as sdool, college ad
university teachers on all weekdays (except Saturday, Sunday and holidays) fran 10.00 a.m. to

5.30 p-m.
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APPLICATION FORM FOR MEMBERSHIP

To

The Gereral Secretary

The Indian Science Congress Association

14, Dr. Biresh Guha Street, Kolkata-700 017

Dear Sir,

I like to be enrolled as a Menber/Life Merber/Donor/Sessional Menber/Student Merber of the Indian
Science Cogress Association. | an sading hevewith an asount of Rs......... in payment of my subscriiption by
Berk Draft/ChequeMoney Order/Cash for/fram the year st Aorill 200 ... o st Varch 20........... 1 wauld
like to have reprint of proceedings of the folloving Sectios (Please tidk ay ae)

SECTIONS

1 Agriauhture ad Forestry Sciences 9 Materials Sciece.

2 Animal, Veterinary and Fishery Sciences 10. Mathematical Scienoes (including Statistics)

3 Anthropological and Behavioural Sciences 11. Medical Scienoss (including Physiology)
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Terns of Menbership and Privil eges of Menbers :

Membership of the Association is open to persons with graduate or equival ent acadenic qualification and
interested in the advancarent: of science in India.

1

nenber A person willling 1o be enrollled as new Member has 1o pay an aual subscriptionof Rs. 200/-
(for foreign * U.S. $ 50) anly, alag with an adnission fee of Rs. 50/~ (for foreign U.S. $0) only. The
arnual subscription of a Merber shall beoore due o on the 15t Aprill of each year. Ay ae who fails o
pay the subsCription on o before the 15° Juy N any year shall lose the right of woting and/or holding any
office of the Association for thet year. A Menber failing to pay the amual subscriiption by the end of March
of the folloving year shall cease to be a Marber.

Menbers may contribute pepers for presantation at the Science Cogress. They willl receive, firee of aost,
reprint of the Proceadings of the Session of any ae section of their interest ad also the binorithly jourmal
of the Association “Bveryman’s Science”.

Sessional Menber : Sessional Merbers are those who join the Association for the Session only. They may
contribute papers for presentation at the Science Congress ad receive, free of cost, reprint of the
Proceedings of the session of any ae section of their interest. A Sessiaal Menber hes 1o pay subscription
of Rs. 250/~ (for foreign U.S. $ 60) only.

Sudent Menber : A person studying at the undergraduate/postgraduate level may be enrolled as a Student
Marber, provided his/her gplication is duly certified by the Principal/Heed of the InstitutiavDepartnent.
He/She may contribute papers for presentation at the Science Congress, provided such papers are
comunicated through menbers of the Association. The subscription for Studentt Memoership isRs. 100/~
(for foreign U.S. $50) anly.

Life Menber : A Member may compound all future annual subscriptions by paying a single sum of
Rs. 2000/- (for foreign U.S. $500) onlly. Any person who has been continuously a menber for 10 years
or nore, sall be allored a reduction in the caompounding fee of Rs. 5V~ for every year of such marbership,
provided that the aarpoundiing Tee shall not be less then Rs. 1,200/~ (for foreign U.S. $12.50 ad U.S $300
respectively). A Life Menber shall have all the privileges of a menber during his/rer lifetine.

Institutional Menber : An Institution paying a subscription of Rs. 5,000/~ (for foreign U.S. $ 2,500) anly,
can becore an Institutioral Merber of the Association. It shalll ke eligible to nominate ae person as its
represantative o attend Arual Session of the Science Cogress. An Institutional Menter sl be elligible
o receive, free of cost, a copy of the Anual Science Congress Session as allso a copy each of the
Association’s jourmal “Bverynen’s Science”’.

Donor : Ay person paying a lurp sum of Rs. 10,000/~ (for foreign U.S. $ 5,000) only, can becare a
Donor of the Association. An inovioun bonr shall have all the rights and privileges of a Member
during his/her lifetime. An Institution paying a lup sum of Rs. 50,000/~ (for forelign U.S.$5,000) anly,
can become an st Ttun v oovr OF the Association, which shall have the right to nominate one
person as iIits represantative o atted Anual Session of the Science Gogress. An Institutional/IndividLal
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Science Cogress Session and also the Association’s jourral “Benymen’s Scienoe”.

® Merbers of all categories are entitled to Railway Concession of retum tidket by the same route with such
oconditions as may be laid doan by the Railway Board for travel 1o attend the Science Congress Session provided
that their travelling expenses are not bome, even partly, by the Corerment (Central or State), Statutory
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* A Foreign Menber nmeans one who is nornally resident outside India
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