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GM COTTON- AN OVERVI EW
Lopamudra Nayak™*

The conventional cultivation of cotton relies heavily on intensive application of powerful

chem cal pesticides that have an adverse effect on environnent.

transgenic cotton will be the possible solution to reduce farners’

pesti ci des.

It has been anticipated that

dependence on har nf ul

But the studies conducted by scientists showthat the benefits obtai ned by transgenic

cotton are short |ived. Regardl ess of what kind of cotton is planted there will be insect problens.

The traditional insecticide treatnents should not be overl ooked, whether planting transgenic

varieties or not.

I NTRODUCTI ON
T he conventional cultivation of ocotton
relies heavily on intersive goplicatdon of
ponerful damnical pesticidess thaet have an adverse
effect on enviroment. It hes been anticipated
that genetically modified (GV) cotton will be
the possible solution to reduce farmer’s
dependence on harmful pesticides and is
probably the most important biological pest
antrol tedniqe, vhich hes potentdal gplicaion
worldvice. Bt ootton is a garetically egineered
form of natural cotton. The toxin in Bt cotton
exists in rature within the microorgenisn il | us
thuri ngi ensis, @ comon soil bacterium. Genetic
eginears have develgoad Bt cotton thatt cotain
tre Insscticichl gare of Bt <0 et tre plant el
makes the proteiln necessary for protection
S0AINst ests.

India 1s a country with notoriously
uderachieving agricultural sector and cotton
being a striking example of India’s low
agriaultural productivity. Although India hes
highest acreage uter auktivation (8.9 hectares),
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its yield of about 30 kilogrars per hectares is
under half the global average of around 650
kilograrns. Biotedrology fims claim that this
Bt aotton need lesser herbicides/pesticides then
aonventioal varieties ad incresses the aotton
yield per area.

GREEN

Though Bt cotton have been tested extarsinely
in field trials througout the 1990s, on March 26,
2002, the goverment of India had approved Bt
ootton for comercial release In India. India
was much concerned about the dangers of
Geretically Modified Organians (GV0s) release
into the environment but the decision to go
ahead with the commercial production which
opens the door for GV plant verities to enter
Irdia

LI GHT

In India Monsanto and Mahyco have taken
tre resaosbility of distributing Bt cottn \erieties
at tre initaals stage. Other ssed producing fims
have come forward with Bt type ootton for use
of the famers. The orgenization that wishes to
develop a transgenic crop nust First form an
Institutioal Bicsafety Comittee. The comirtiee
must have a representative of Department of
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Biotechnology who approve low risk contained
research and must report to the Review
Committee on Genetic Manipulation (RCGV).
A monttoring-cun—evaluating comittee has
been appointed by the RCGM to visit and
ealuate stathrts at these trial sites. Hweer,
the Genetic Engineering Approval Comittee
(GEAC), is the ultime authority iIn decisions
regarding the comercialization ad large-scale
testing of M agps. The three pquullar varieties
approved by the GEAC are MECH-12, MECH-
162 and MEH-1834. All these are staple medium
ootton. In the aurrent year, the central gpex
body on tranggeniic is uderstood to have cleared
one transgenic ocotton hybrid from Rasi Seeds
meant for use in the country’s central and
southermn zones.

Both Rasi Seeds and Mahyco had knocked
on GEAC’s door for entry to the virgin north-
Punjab, Haryana, and parts of Rajasthan but
GEAC has taken a cautious approach and has
not given a nad yet. So far, the Mehyoo variety
Ut to test for this area hes proved too susceptible
to the devastating cotton |eaf-curl virus and
Regulators perfer caution on the virus front.

RI SKY  BUSI NESS

Studies coducted by scientists sow trat the
benefits of the genetically modified cotton
aotaining the Btgare is dort Tived.

In the U.S., research on transgenic crops
began In 1989 and these crops were grown
comercially for the first time in 1966.

Companies producing these transgnenic crops
pronote them as a way of reducing farmer’s
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dependence on harmful pesticides and thereby,
aottrolling the aost and evirameattal pollution.
However, experience over the last few years
reveal problems that place a question mark on
this etire gooroach to pest antrol..

Report from the Teams led by Bruce
Tabashnik (University of Arizona) and Fred
Gould (\orth Carolina State University), who
aoolcted rigorass field studies on Bt cottn, in
the proceedings of National Academy of
Sciences, U.S., provides sollid evidenee of inssct
resistance to Bt ootton. Since resistance has
become a major worry, companies now insist
that famers follow resistance maregarant plas
QRWwWs), which include ; “Refugia’. “Refugia”
is a method when non-transgenic cotton iIs
alloved to grov alag with Bt aotton <o that the
pests can thrive an the non-Bt ootton ad breed
with the pests that ey hae deelgad resistance,
hence reducing the risk of resistance. Honever,
Tabashnik”s team has questioned two
fundamerital assumptions behind all Bt RWPs,
thet resistane to Bt is a rare racsssive trait ad
that cross-resistance to Bt endo-toxins is
uncommon. The idea that resistance could be
delayed through the use of two or more endo-
toxin hes, thus, been seriausly undermined.

Further, field data shov that expression of
toxins in Bt-transgenic crops can develop
ueaenly in differatt parts of tre platt. In ae
report, Bt toxin eqoresssion wes foud to be O
9B in the top part of the plant but only 20-
25% in the lower nodes, making them more
susoeptable. Since the loner nodes often produce
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the highest quality ootton, their loss is een
more significant. Bt toxin expression also
typcially starts adt high in tre early part of the
Seasn but tepers of F over tine.

It is also inedeguate in harsh enviromental
condrtions such as drought. This “‘sub-lethal
dos=” of txin can fecilitate the develgoment of
resistance over tine, just as It happens with
pathogenic bacteria when we fail t coplete
the necessary course of antibiotics. Uneven
eqression of Bt in the a awld also accelerate
emergence of “behavioural resistance” (M.
Harris, Science, 1996), because insects may
see which parts of the plant t awoid. In India,
with 0 meny difficult agro-emlagical codrtias
ad million of poor farmers, Bt=tranggenic ages
are likely t© grov uevenly aocss fams leadirng
to many cases of sub-lethal doses of the Bt
toxin and, therefore, resistance might be
endengered at an even faster rate. Estimates of
how long resistance can be dealyed vary, but
the average figure In most research, even in
relatively favourable ciraurstanoss of the U.S.,
is not nore then five years.

A new report by Charles M. Benbrook,
Director of the U.S-based Non-Govermmental
Organization, Northwest Science and
Ewviromental Policy Center shons that herbicide
use of the U.S. agricultural sector-the chief
supporter of biotechnology-has increased
significantly due to GM crops. He analyzed
pesticides/herbicide usage data provided by the
U.S. Department of Agriculture, and foud that
in the first 3 years of their comercialization
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(1996-98), GM crops reduced the herbicide
consunption of the nattion by about 25.4 milion
pouds as aonpared to the levels in 1995 (when
trasgenic agps were introducad in the ratian).
But in tre last 3 years (A01-B), the herbicide
use was 50.6 million pounds more than the
1955 levels, despite the acreage remaining
aostant. The increese can be attributed to the
herbicide-tolerant (H) varieties of GV crops
since 2001, HT crops have increased herbicide
use of nation by 70 million pounds, but BT
varieties have reduced the usage by
agopraximately 19.4 million pounds. Therefore,
the net herbicide use hes risen.

Far from improving the state of the
enviroment, the GV crops are causing even
more pollution. Berbrook stated that the biotech
giants sauh as Miosato alvays tell half-truths
about their prodlcts.

In India, a study conducted by K.
Chandrasekar and G.T. Gujar Ettomologists at
Indian Agricultural Research Institute in New
Delhi have cast doudt on the longterm berefits
of transgenic cotton. They found that the
protection  afforded by Bt gare s att best for six
years as the bollworms develop “31-fold
resistance to the toxin “CrylAC” within six
gererations.” The bollworms also developed
cross-resistance to two more toxins called
“CrylAa” and “CrylAb’. The study means that
ootton famers may have 1o go badk to spraying
pestialkes after six sses0s unless sciendst aore
out with Bt ootton hybrids that produce a high
dose of the CrylAC toxin.
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CONCLUSI ON

In the wake of these findings, India should
adopt a cautious goproach tonards the adgption
of GV Cotton. Regardless of what kind of
oottt s planted, there willl be inssct prablens.
One thing sears clear fram pest eqerience that
the traditical insecticice treatment shoulld not

be overlooked, whether planting transgenic
varieties or rnot. Instead the goverment should
prarote bio-fertilizers ad biopesticides as a
possible solution o figtt the prablens.
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A POTENTI AL OPTION TO M Tl GATE
IN SO L-WATER- PLANT  SYSTEM

PHYTOREMEDI ATl ON
ARSENI C CONTAM NATI ON

Indranil Das, Koushik Ghosh and S_K. Sanyal

Arsenic is of great environnental concern due to extensive contam nation of groundwater in the
Bengal delta basin with this toxin, thereby causing carcinogenic toxicity to mllions of poeple.
Soi |l contam nation with arsenic input through the vehicle of contaninated groundwater being
used for irrigation, may prove detrimental to plant through its uptake to the toxic level. |ndeed,
the possibility of such toxin entering the human food web, along with biomagnification up in
the food chain, through plant uptake of arsenic is of imrediate concern. In this regard,
phytorenedi ation is a devel oping technology that offers a potential avenue to address the
probl em of arsenic contam nation of soil-crop system The latter nay prove attactive due to its
relative cost-effectiveness, coupled with its asthetic nature, nanely the use of plants for “cl ean-
up” activities. An attenpt is nmade in this article to reviewthe options of different phytorenediation

and bi orenedi ation techniques in mtigating the above estated arsenic pollution problem

]

I NTRODUCTI ON
T here are reports of widespread arsenic
comtaminattion in senveral parts of the
world, of which the scenario of arsenic
contamination of groundnater in the Bengal
delta besin sears to ke the worst e affecting
millions of people living in this regiot-2. The
geresis of this problem is proposed to be of
geEnic origin. o tte late nireties, tre ettdire
effort at the GCovermment, Semi-Goverrment ad
the N levels hes been solely directed tonards
solving the problem of such contaminated
groundnater—derived drinking water probler?.
Honever, in the affected belt of WWest Bengal,
hardly 10% of the groundwater is used for
drinking purpose, leaving more then 90% of Its
u=e in the agriaultural sector to meet the ao
irrigational requirenet. Despite this, until
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rather recantly, there hes been hardly any study
eploring the influence of arsenic on vaters-
soil-crop animal continuum. Honever, what
remains an essentially point source of
contaminatiion as for drinking water (e.g-, a
tubenell discharging contaminate groundaater),
may easily become a diffuse source of
cotamination when arsenic finds its way into
the food, web, along with possible
biaregnification wp in the food dairf. Indeed,
there have been reports of elevated levels of
arsenic builldp in agricultural produce dotained
with contaminated groundwater used as the
Imigatian source>s.

Among the possible mitigation options/
intenentions that are being examined in this
regard, phytoremediation tends to offer a
potentially useful aene to address the prablen
of comtaminated agricultural soils ad agps.

Tre fact thet tre stathrd for tre safe limit of
arsenic concentration in drinking water has
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recently been reduced firan 50 to 10 ppd by the
USEPA* mekes It all the more urgent to develop
relieble ad asst-effective tedholagies cgeble
of reducing arsenic In groundwater to
environmentally acceptable levels. The
phytorenediation tednigues seam to offer viable
gotions, ad are disoussed herein.

DI FFERENT TECHNI QUES OF

PHYTOREMEDI ATI ON

Phytoremediation is defined as the use of
vegetation or other mecro-and microsoopic biota
for in situ treatment of contaminated soils,
sediments and water where green plants degrace,
assimilate, metaolise or detoxify inorgenic ad
organic demicals in soils t enviromentally
aooteble leels ; In otter words, It is equinalait
10 a bioremediation process that uses various
types of plants to reowe, trasfer, stabilize,
and/or destroy contaminants in the soil ad
groundheter .

There are saveral ways ad means to regullate
phytoremediation technique. These are the
follomg :

(i) Rhizosphere biodegradation : In this
process, the plant releases natural substance
through i1ts roots, supplying nutrients to
microorgenists in the soil. The microorganiss,
in tum, facilitate biolagical deyrachtion throuch
rhizosdere interactdas. isstantial progress hes
been mede tonards an understanding of arsenic
(As) trarsformation prooesses in soils. Hoever,
adequate information is not availleble addressing
directly tre Isse of /s In tte rhizgdere. It is
only rather recently that Fitz and Wenzel®
developed a model which correlates the fate of

As iIn the soil-rhizosphere-plat system.
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(ii) Phyto-stabilization : In this process
chemical compounds produced by the plants
immobilize cortaminants rather than degrade
them. This is essmtdally a process of stabilizing
ocontaminated land or the pollutants presant in
soil, and In so doing It prevents or reduces
erosian, water flav ad flov of pollutat. In this
e netal-tolerant plant gecies that o ot tae
W large quantities of netals are often usad. As
for eaple, gples, cabege, canots, toato,
potato, wheat, etc. are olerat o arsenicd, ad
may possibly be used for this purpose.

(iii) Phyto-accumulation : Mechani sm of
Met al Hyperaccunul ation : Hyperaccumulation
of heawy metals is likely to involhve several
steps, including metal trangport aaross root cell
menbranes, xylem loading and translocation,
Sequestration may involve both physical
comparatmentalization and carplexation with
ligands8. Because of the multiple processes
inolved, metal hyperacounullation is likely o
be controlled by multiple geres. Indeed a metal
hyperaccunulator must possess both genetic
traits for its hyeracouulation potendal . Furtrer
metal hyperaccumulation appears to be a
aonstitutive progerty, 1.e., popullatios of the
sare hyperaccunulator species collected fram
both metalliferous ad noHetalliferous sites
are eble to hyperaconulate the netal similarhys.
The following are the mechanismns of metal

hyperacounullation, especially for arsenic.
@ MVetal wtake
() Metal transformation fran root to shoot

(¢) Mechanisms of metal tolerance iIn
hyperaccumulator plants which include—
() Cellular ad subcellular aompartmental ization
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(i) Gopleation with ligands-which results in
decreased free metal i1on activity and thus
deoreasd toxicity.

Based on the relationship between metal
concentrations in shoot and in soil, plants
groving on metaliferous soils can be grouped
into three types, narely (1) excluders, where
metal concentratians In Soot are nairntained at
a low level across a wide range of soil
aocentratias, Wpto a aitical soil valie, aoe
which the mechaniian breaks down and relatively
urestricted root-to-shoot trangoort reaultts ; (i)
accumulators, where metals are concentrated in
the above-ground plant parts from lov to high
s0il concertrations, ad (@) indicators, where
yotake ad trangport of netals to the shoot are
regulated so that intermal concentration reflects
extaral leels, at lesst todicity coours.

A variant of phytoexdtraction, which is gplied
when the extracted elements are of high value,
is phytomining. BExclusion of metals from the
shoots is by far the most common strategy
employed by many tolerant speciest. On the
other hand, metal accunulation can ocur iIn
some plant species that grow mainly on
metalliferas soil. In addiion o tre ecassdigly
high accunulation of metals in the shoots,
hyperacounulator plants are also daracterized
by a shoot to root metal concentration ratio
exceeding 1.0, whereas non-hyperaccunulator
plaits gererally have higer netal conoentratios
in roots then In shoots?. A highly efficient
trangoort of netals fran roots o Soots iIs oe
of the key features associated with all

hyperaccumulator plants.

The efficiaxy of phytoextraction is ulanately
the product of a sinple equation : biamass ~
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elerent concentration in bioess$. Both fectors
are inportat, but it is essy to show that high
concentrations in the above-groud bioness is
important. Harvesting roots or other belon-
groud orgars s diffiault ad prevetts regronth
if the “‘crop” is a perennial one. Such an
investigation wes conducted by us (Unpubllished
data, 2008) with saveral weed species normally
foud along with rice, potato, jute, nustard,
etc., groving an arsenic-contamineted soils, ad
subjected to irrigation with (arsenic)
contamminated groundwater (Table 1). The
following table demonstrates an increased
accunulation of arsenic by the above-ground
parts of these wead flora groming in soills loeded
with 2 to 14 mg As/kg.

Table 1. ARSENI C CONTENT OF DI FFERENT
WEED FLORA IN SELECTED ARSENIC
AFFECTED CROP FI ELDS OF WEST BENGAL

Arsenic content (ng As/kg)

Weed floras Stem Leaf
Filnbristylis sp. 14.1 8.1
Ager atum conyzoi des 4.9 11
Croton sparciflora 12.2 104
Lantana camara 840 10.2
Mtis trifoia 4.0 7.0
Ast eracant hus | ongifolia 4.9 8.60

Thus, these weed species had accumulated
larger arounts of arsic in leaes then in stan,
thereby translocating arsenic effectively fran
soil to the above-ground parts. These weed
species ey indeed possess great potentiality to
act as good hyperacounullator plants for arsenic.
Furtrer studies in these lines are varranted.
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The unique property of arsenic The effciency of a given hyperaccunulator
hyperaccunulation by the newly discovered plant species in the comtext of phytoremediation
Chiree brake fem (Pteris vittata L.) is of greasit of metal toxicity in soils ought to be also
sighrficance In the phytorenrediation of arsenic eanind In tre light of what 1t retuns to soil
contaminated soils-12. This fem is extrerely oce the given plait completes its life ocle.
efficient in extracting arsenic fran soils ad Thus, iIn the above stated experiment, when 20
traslocating it into 1ts above-ground bianess. weeks old plants were extracted using solution
On amalyzing the saiple of plant ad soil fran of 1 - 1 methanol-water*, measurement through
contaminated (18.8-1603 mg As/kg) and from high performance liquid chromatography-cum-

inductively coupled plasma mess spectrometry

Tabl e 2. ARSENI C  CONCENTRATION IN BRAKE FERN

Treatment s Soi | arsenic Pl ant arsenic content
| oadi ng (ng  As/kg)

(mg As/kg) 2 weeks 6 weeks
Control 0 755 438
As-contaminatted soiIP 400 3525 6305
Low As* 50 5131 3215
Medium As* 500 7849 21290
High As* 1500 15861 22630

Bresk fam plats, oollected fran several aotamireted sites (they are ot comercially awillable), vere planted in 2.5 litre pots
aotaining 1.5 kg of soil (e plat per pot with four replicated) ad groan for six weeks.

P Arseniic aontaminted soill ves oollected fram the site where brake fem wes discovered.

* Artificially aotamirated soil spiked with three lewels of water-soluble potassiun arsaate.

uncormtaminated sites (0.47-7.56 mg As/kg), revealed that almost all the plant arsenic wes

the given brake fern was found to have presant &s relatively tac inorgenic forms, with
accumulated 1442-7526 mg As/kg and Inﬂ_e cetectzple less or m_HD('C OFGRTCRISENIC
speciesl3. The concentration of As (111) was
11.8-64.0 mg As/kg respectively, from the greater in the frods (47-806) then in the roots
o sites, Besides, this brake fam aan alo tae (B-3p, Indicating that As (V) wes converted As
up large anounts of arsenic into fronds in a (11D) during translocation from roots to
relatively short time spen (Table 2). Arsenic fronds, thereby leading to more toxic As
ion in forn growing in soil fom'. Thus, the Inescgpeble coclusion is that
phytoremediation does not necessarily lead to
spiked with 1500 mg As/kg increased from detoxification per se of the phyto-acoumulated
29.4 to 15, 861 mg As/kg in two weeks. toxic netal.
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An experimet, conducted in Thailand“, where
high arsenic concentration in soil and in
groundhater resulted fran tin miming, screened
mire procucts for evaluatian of arsenic in frads.
Two species of ferm were found to contain
eleatsd leels of arsmic in treir frads, raely
Pityrogranmm cal onel anos (108-1156 ug/g
dried weight) and reris vittate (79 ug/g dried
weight). The accumulation of arsenic iIn
Pi tyrogranma cal onel anos Shoot doubled with
the addition of EDTA (Ethylene diamine
tetraacetoe acid), avell koan delating agaté4.
The addition of another drelating agent, nerely
DVSA (Dima: captasuccinic ecid), resulted in aj
5+fold decrease In arsenic conoattration in the
Pi t yt ogramma cal onel anos Shoot compared to
corol after 6 weeks of exposure to arsenic.
The contrasting effect of these two crelating
agents may be attributed to the strong boding
of arsenic i1os by the thiol group presant in
DVRA. This study also indicated that the given
fem yptakes ad trarslocates arsenic in the form
of arsenate and arsenite rather than DVMSA-
complex.

Such DETA or DSVA complex formation is
central to chemically induced phytoextraction.
It was also observed that pityrogramm
cal omel anos gave the highest arsenic
phytoextraction efficacy at 6 wesks exposure to
arsenic in the BDTA treatment, with an efficacy
of 77.8 mg As/kg based on whole plant
biamass®.

This goart, recady tre first trasgmic systam
for removing arsenic from the soil using
oeretically modified plants wes also develogpad.
These workers® were ablle 1o Insert o genes
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from the common bacterium Escherichia coli
into a menber of the nustard family, called
Arabidgpsis, vwhich ereblad tre latter o tolerate
arsenic, at a level that is normally lethal t
plaits. Such geretically nodified plart species
could thus remove arsenic franm the soil ad
trangort it o the platt leaes In a fom which
is biologically much less available to the
enviroment. Further, Meagherl5 and his tean
reported that by inserting two unrelated genes
fran E. coli, called ars C and ECS into the
model plant, narely Arabidopsis, the latter,
when gromn with exposure to arsenic, had
acoumnulated 17 times greater fresh shoot weight
ad wo 1o three times more arsenic per gram of
tissue as canpared to the comon or “wild
type” plaits. This team of UGA’s Warmell Sdhool
engineered the ars C gene to be turmed on
stragly by light, vwhich falls returally on leaes
and stems (light-induced gere expressian). The
ars C reduoss arsarate 1o a more toxic aonpournd,
narely arsenite, iIn leaves. Thus, this system
enables the given plants to mop arsenic fran
soil, concerate it, ad then sd it o the
leaves In a nore toxic form. This is were the
second gere. ECS, creates more sulphur sinks
1o bind tightly to arsenite, nekiing it biolagically
less aailable, therdby radering the systam the
most effective ae.

The success of remediation depends on
esteblishing a selected plant comunity. Arsenic
accunulation In several crop species has been
worked out by the scientists at the Bidhan
Chandra Krishi Viswavidyalaya, West Bengal
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over the past five years in order to identify (iv) Phytovolatilization or Biotrans-
farmer-remunerative, but less arsenic formtion : In this process, plants and

accumulating cropping sequences. Saoe of these
findings are cited in Teble 3 which demostrates
the arsenic accunulation pattem of different
non-hyperaccunulator crop plants, grom in
different seasons, accunullating considerable
amounts of arsenic. Though these crops may
not offer much tonards addressing the issue of

microorganisTs take up weste cortaining toxic
contaminantts ad releese the sae Into the air
thraugh wolatilizaton. For this, arsenic aulture
lutias are utilized by cartain becterial strairs
ad further nmethylation of arsenic takes place,
thereby rendering the more toxic forms
(inorganic ones) to less toxic methylated

arsenic contamination in soil-water system, foms6.
Table 3. ARSENI C ACCUMULATI ON I'N CROP PLANTS GROWN I' N DI FFERENT
SEASONS IN THE SELECTED ARSENIC AFFECTED SOILS OF WEST BENGAL
Crops Season Arseni c concentration (ng/kg) at harvest
Root Stem Leaf Economi c
produce
Boro Rice (IET-4786) Bor o 7.2 4.5 3.10 1.10
Sesame Pre-khari f H.3 8.3 7.8 0.028
Elephant Foot Yam Khari f 3.2 3.46 3.10 1.10

nevertheless these crop species do reduce the
arsenic loeding in soil to sore extent.

Table 3 tas to sugest that a large it of
arsenic to boro rice throgh the contaminated
groudavater irrigation source (during a periad
when groundhetter rechanrge IS at its minimum)
fadilitates huildp of tre todn in differant plants
of this a as aampared to, say, elepgnant foot
yam which is primarily a rainfed kharif crop.

There pure bacterial cultures (serononas sp.)
E. coli and Fl avobacteriumsp.), grown in a
chemically defined mediun, were also capable

of methylating arsenic compounds®®. The cell
extracts ad shole cells of the Mt hanobact eri um
strain, narely M.o.H., reduced methylated

arerate other becteria species (naely, Roteus
sp., Corynebacterium sp., Pseudononas sp.) are
also cgoeble of biotransformatian®. Furthermore,
sp. and sp.
convert arsenate to monomethylarsine and
dimethylarsine, whereas Aerononas sp. and
sp. convert the same to
monomethylarsine, dimethylarsine, and
trimethylarsine®. A broken-cell hanogenate of
the fungus Gandi da hunical a converted arsenate
to’4 arsenite, methylarsonate and
dimethylarsenate which were further covmerted
to 14 C-mono-di-and trimethyl arsenic

comopunds,  respectively®- 2L,

(v)
waterstreans (Rhizofiltration) : RhizoFiltration
is similar to the phyto-accunulation, but the

Achr onobact er Ent er obact er

Nocr di a

Hydr oponic system for treating
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plants used for cleanLp are raisad in greahouses
with their roots iIn water. This system can be
used for ex situ  groundhater treatment. Thet s,
graudhater is putped o the surface © Iimigate
thee plants. Typically hydrgomiic systars utillize
an artaficial soil medium, such as sard mixed
with perlite or vemiaulite. As the roots becore
saturated with contamirentts, they are hanested
ad suitably disposed of.

(iv) Phytodegradation : In this process,
plants* actually metabolize and destroy the
aontaminants within the pllant tissues.

(vii) Hydraulic control : General Iy, the use
of phytorenediation is limited t tre sites with
lower contaminant concentrations and
contamination in shallow soils, streams ad
groundnater. In this process, trees indirectly
revediate by cottrolling groundiater movement.
Trees act as natural punps when thelr roots
reech \ery cloe 1o the water t2ble ad establish
a den=se root ness that takes W large quentities
of water. Using poplars and willors developed
in te horaaultural ressarders aosenatian pllant
breeding programe at New Zealand?, hybrids
with a proparsity for arsenic accumullation have
been identified. A popullar tree, for example,
pulls aut of the ground 30 gallos of vater per
day, whille a cottonwood can absorb upto 350
gallons of water per day, thereby drawing a
substantial amount of water along with the
toxaceat. S vater use darecterisacs for mary
of the populars and willows have also been
evaluated alloving people to effectively seal
sites, which are leaching mobile cortaminats
such as arsenic. The Soil Plant Atmosphere
System Model (SPASMO), developed at the
Horticultural Research Station in New Zealand?,
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unigely positios us to provide risk assessrant

for sites poss=ssig the toxin.
TECHNI CAL AND  REGULATORY
GUI DANCE ON PHYTOREMEDI ATI ON

Phytorarediation hes not been wicely utalizd
tll date, de, prmarily to the limited koMlede
on the techrology. Therefore, the Interstate
Tedrology and Regulatory Cooperation (ITRO),
U.S.A., formed a phytoremediation work group
in 1998, in oter to indentify, provice guicenoe,
ad reduee tedmical ad regulatory barriers for
goplying this tedrology . Established in 195,
the ITRC is a state-led, national coalition of
personnel drawn from the regulatory and the
tedrology programmes of more then 25 states,
three federal agencies, ad tribal, public ad
stakeholders In the U.S.A. This presentation
focuses on two guideance documents produced
by the IRTC work gorup to explain
phytoremediation to ansultants, stakeholders,
sciantists, regulators, ad the plblic. Tre farst
document, which is a decision-tree for soil,
groundhater and sedinents, provides a tool that
can be used to determine the potential
effectiveness of phytoremediation at a given
site. The decision-tree doaurent alloas the user
o take the besic information fran a site ad
through a flow chart layout, decide if
phytoremediatian is fessible at the gecific site.
Background information and a glossary are
provided to support each flow chart, one
corresponding to each of the media. The ITRC
phytoremediation work group is also working
on a second, more comprehensive docurent,
encompassing more of the technical and
regulatory information and guicence for gplying
phytoremediation. This includes providing
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sugestios ad identifying lessos leamt fram
case studies in orter 1o reduce future tednical
ad regulatory barrierss.

LI MI TATONS

Notwithstanding the fact phytoremediation is
a “green technology”, which could be cost-
effective and ecofriendly in situ remediation
tednique, nevertreless it suffers fran many
limitatias, yet t oeraoe, while aotenplating
the inplementation of such phytoremediation
options. Some of these are mentioned
hereunderm :

(1) Lack of sustained, intensive research an
phytoremediation of plants and microorganisis.
(i) Sare hyperacoumulator plant species may
not lead to effective detoxification per se, ut
retums the load of the toxicant back to the
enviroment in even more toxic forms once the
phytoranediating plant coplete its life ocle.
(a11) Such remediation processes are not
gererally stable on a log-term perspective.
(v) Phytoremediation may even gererate the
secondary source of toxin whille decaorposition
(of the native organic matrix of the
phytoremediating plant biaress) takes place.

(V) The expertise and the knowledge-base
aailable in the field do e sean to be adqate,
whille the cost-effectiveness of many such
phytoremediation tedmiques is yet to be fully
ases.

Besides, phytorarediation also tas to suffer
fran the fact that it inolves relatively low
biomass production and is a rather slow
remediation techroligy3.
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Q7. \What peroentage of vater in the world is fresh water?
8. How often do srekes close their eyes?
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MATHEMVATI CAL MODELLING IN  SOCI AL PSYCHOLOGY
—SOCI AL NETWORKS

B. Devadas Acharya* and Shalini Joshi**

This article is an attenpt to constructively articulate the use of graph theory in conprehending

certain fundamental aspects of social psychol ogy.

PREAMBLE

M athematical modelling is used in the
natural sciences as a technique for
forming reesoneble asstractions fran confirmed
observations iIn the real world, menipulating
these abstractions using the available
methodblagical mears in the field of matheratics
ad then gplying the results again o raality o
encarpass other unexplained doservations, If
any, or predict yet new possible phenamena
reesorebly relatzble to the originally doserved
ad established ones. In such an endeavour .

“It 1s necessary Tor the aostractarg principle
1o be precisely specified ad to be coordinated
with essential features of the reality uder
consideration. The power of the technique
depends on the flexibility with which the
abstraction can be menipulated in concert with
other relevant abstractions. It is soretimes
supposed that mathematical models cannot
ussfully be constructed In the social sciences
because human behaviour is too conplex to be

*  Department of Science & Tedrology, Govermment of India,
“Technology Bhawan™, New Mehrauli Road, New Delhi-
110016; E-Mail : bdacharya@yahoo.ocom.

** Department of Psychology, University of Allahabad,
Allahebed-211002. Emaill - shalini joshi20008yahoo.con.
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represented mathematically. This argument
seriosly urkerestinates the very high level of
abstraction necessary to the construction of
mathematical models. One never tries to
represatt the dojects of study Irterally, anly very
limited agpects of then. OF corse, tre difficulty
lies in tre selection of essmdal agoects. There
are ™o quite distinct reesaos for the potential
scientific superiority of nat henatical Over purely
verbal descriptions : the greater precision Of
mathematical descriptions, and their greater
nani pd abi ity - IN goplicatios to social scienoss,
honever, precision is less inportant whenever
present difficulties In reasurenent and in the
control OF extraneous varigbles render Inprecise
the empirical testing of models. But even if
mocels are ussd anly In the sarvice of garerating
very approximate data fits, the greater
menipulebility of matheratical mocels is a very
ponerful advantage.!

However, “the dilemma of uniqueness’?
antains the degper aoncems about uderstanding
of human psychollogy (Which pervades social
psychology) by invoking isollated and ad hoc
methodological gpproaches of Incisive inquiry
such as mathenmatical nodeling OF carrying out
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even a seemingly cohesive web of cont ext ual
psychol ogi cal experinents towards developing
theories iIn social psydology.-

We may ask ourselves about the phil osophic
justification for the scientific study of human
attitudes and behaviour. At the very outset, an
doviaus justification is that such a study is basic
to gain a reasonabl e understandi ng of processes
by whi ch various human organi zations, societies
and civilizations come into,
existence. This 1S a primary goal of a study of
(social) psydology and matherettical modelling
has proven itself to be a ponerful tool for
advancement of knovledge in the Field.

or go out of

SOCI AL

Psydolagists typically seek lavs goverming
behavi oural characteristics OF individuals
(beloging to any species as sudh), which may
be valid erther across a dosen gpecies or for a
class of individuals in the sare species which
sometimes may consist of even a single
individual . Behavioural lans which gply in the
cae of the psydhoaralysis of sirgle individials
may be used to study differences among
individuals” properties (e.g-, personaity, genes,
attitudes, habits) and the associations between
these differences and differential behaviours.
While the latter “individualistic psydaretric’
approach to understanding behaviour has
occupied much of psychology known today,
questions like how the associations between an
individial’s behaviour ad his or her aurrently
measured properties were formed, how they are
maintained, and how they change over long
spans of time need more investigative study
than simply identifying the associations

STRUCTURE AND PROCESS
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themselhves. “An inportant part of the ansners
to how these individual property-behavioru
associ ati ons are formed, maintained and change
lies in tre rature of that individal™s prior ad
aurrent rel atini oshi ps With others.”2 This clearly
indicates need for analyzing primarily the
structure OF Interrelationships of an individual
with others embedded in a larger network of
interpersoal relatias existing in the socia grop
to vhich tte individal kelaos. In gareral, It is
now well accepted that the so-called social
processes are largely generated by interpersonal
interactions between individuals iIn the society.
Interpersoal interaction between o individals
involves often quite complex processes of
exchange OF thelr individual dispositions about
attributes of their common concem. Thus, whille
‘... dispositions are the raw material for the
development of personality? ...~ interpersonal
interactios are fudamental to develgoment of
socigosydological theories.

For instance, cosider adyad, Viz., a pair of
individuals A and B who somehow have come
together; infdally, let us apose that they are
strangers—such a dyad is denoted by writing
{a 8} for brevity. Each of these individals hes
his own dispositions which define his attitudes
on varios attributes ay, ay, a3, ---, 3 OF oMM
concem between them and held intact by each
during reesorebly finite intenval of tine of their
interaction. This Interpersonal interaction iIs
characterized by the processes of discl osure OF
their diguositios slectively as per tre reture of
apartiadlar attribute 5 ; disclosure of anyone
disposition by any one individual in the dyad
(say, A) stimiates In consideration of the
disclosure by the other member of the dyad



[ ] O

Everyman’s Science

VOL.

]

XL NO. 2, June—July ’'05

(viz. B) who would then indentify a set of his
o dispositions for disclosure in response 1O
the former (»). The nature of response nmay be
positive OF negative according to where B’s
response (which is a set) mtches with A’s
disoositias or rnot. This phenarenn is broedly
termed as attitude matching In literatures. 4 a
reigning hypothesis iIs that nore the attitudes
match, deeper is the positivity in the interaction.
One can sense a structure In this kind of
interaction as conceived systemtheoretical | y°.
Before we embark on expounding these
advancements, the follloving “dichotony” must
be kept In mind.

“A very Important dichotony can be drawn
between social structure and social process, OF
statics VErsSUS dynanics. In the amalysis of social
structure, aocem oaters an the daracterization
of
social cliques, and social cleavage, OF centrality
and status. On the other hand, the nodel er
analyzing social dynamics attenpts to acoout
for change over time IN Opinions, attitudes,
friendship, contformity, hostility, and other
poperties within and between social groups or
10 trace the social diffusion of ruors, fads ad
inmovations. Considerations of structure and
process sometimes intermingle, as when
structures are distinguished fran one another
acocording to their differing potentials under
hypothesized dyramic situations, or when what
is changing dynamically over time happens to
ke the sooial structure itelf!

It is fundamental importance to know the
part of mathematics useful for modelling such
situatios, where “structure” in a social groyp
needs to be amalysed; It is called graph theory.

of comunication and influence networKks,
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Therefore, we introduce some elementary
notios and terminology of the subject of graoh
theory relevant to the study OF social systens
right through specific aontexts.

By the term graph® we mean a discrete (Or,
“aonbinatorial”) structure consisting of a set of
elements called nodes Or vertices and certain
nutber of pairs of these vertioss, called edges.
Ore may “draw” to view such a structure on the
Euclidean plare if the nunber of vertices ad
edes are reesoebly small as folloas - Rgpresat
each vertex as apoint an the plare ad represat
each edge as a line segrent connecting the two
\ertices aottaired in 1. Sore sudh “sall grgds’
are o in figure-1.

T 17,

| [ I_ —* |

] — T
L_. - = ’f/ .

[ =]
w [ “—__ . &

_ . T ;. |

IE
. ¥ | ‘n_. £

Figure-1 : Various ‘graphs’ on 2, 3, 4 and 5

vertices.

We now begin by giving a specific instance
of this very “graph theoretical” gpproach iIn
social psychology where “direction” of
interpersoal interaction plays a major role. To
treat suth sittatias in the structure of a social
groy, by assigning a direction to each edoge of
the graph that represents the existing “link”
between two individuals in the structure of
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aping interpersoral interactions in the grap,
the graph becomes a directed graph (Or digraph
for brevity) which would serve as a more
gppropriate mocel .

AMBI SI DI GRAPHS

Interpersonal evaluative relationships are
besically directed ad didhotomic in nature. To
ceal with problers associated with such relatias
in a socia group, especially toward deriving
reasonable conclusions about the structural
daracteristics of the sacial gray, the folloving
network nodel has been suggested’.

The members of the social group are
represented as nodes (Often called vertices) of
the network in which any two nodes A and B
are intercomected by at most all of the four
arcs (A B)', (A B), B A)" and (B A) where
a‘puw (“+) ora s (=) siogn iIn the syoer
Tix of an artkred pair rgoresats tre fact tret tte
corresooding (Oriented) relation is respectively
in character; such a
network has been called an anbient signed
di graph Or anbisidigraph INn short.

‘positive’ OI ‘negative

For instance, figre-2 depicts an arbisidigraoh
“state” of a “sall” social groyp consisting of
five persons A B ¢ pad g; In this “social
network®, (@ ©) is anegative arc, G E) isa
positive, (B A)*is an amivalent arc in the
snese that 8 hes positive as well as negative
evaluations of A each represented by the
correspading type (postve or negative) or arc,
0 on. s besic structure is a digrgoh in which
every pair of vertices Is joined by a nost two
arcs in each direction.

Infact, ambisidigraphmodel ofasocial
group takes into account the state of anhi val ence,
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viz. , andsimultaneousexistenceof* positivity”’
and“‘negativity”’ of evaluative opinionsofan
individual exhibited inrespectofancther, inthe
analysesofthesocial group. Italsofecilitates

Fi gure-2 :

An anbi sidi graph state of a “small”

soci al group.

treatmentofthenotionof ‘indifference”’bywhich
we mean a“stat eof neutral i ty” thatmay exist
betweentwo individuals inthe social groupwho
exerton each other some sort of “bal ance of
attitudes / feelings” that representsactacit
agreenent " tomaintain«“statusquo” INrespectof
ongoingprocessesof interactionbetweenthem.

Oe mey further assign a positive real nunber
to0 each arc to represent the intensity Of the
interpersonal relation measured on some
reasonable scale. Hovever, for simplicity to
begin with, we Infdate a study of these networks
by disregarding such assignment of weights
(eaunalently, by treatirg all te weights to be
ity 1o their arcs.

A concept of fundamental theoretical
inportance related to the structure of a network
is that of traversa OF Its arcs, like weva kna
street. In fact, the termval k has been used In
Iiterature to mean a sequence W =(vg, a1, V1 22,
Vo, 83, .--,ak,vk) Of\ﬂ"ﬁCSVO, V15 V25 V35 —mmy W ad
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arcs ay, a, a3, ---, & Ofssuch thatg = (v, v;)
for eachi, 1£i £k; here, the positive integerk
is called the length of the walk and the walk is
said to joint the initial vertex v, to theterninal
vertex v, , or sinply thatwy iIs avy —v, val k-

For eaple, the the anbisidigraph of Figure-
2, the “altermating” sequene @, @ 9, ¢, (¢
BY,8 (B9,C CB,8 EBI,c (G O
E IS an A — E walk of legth six.

i, inavalk, all tre aaes are distarct tten tte
valk is called a tral ad if all tre verticss are
distinrct (tten d=erne that all the arcs must also
be distinct) then the valk is called a path. A
valk in vwhich te infdal ad tte temiral vertices
are idattical (i.e., ae ad the sae) then the
valk is said to be closed; It IS said tO be open
othermise.

For example, iIn the arbisidigrach of Figure-
2, c, cv,8 BI,c (CB,B, BO)
, O is a closed walk of length four. A closed
walk in which all the vertices are distinct is
called a ocle; for eaple, In Figue-2, (C, €
B)', B, (B8 O, O is a ccle of length two ad
A, (A O,c, (c B, B, (B A, A Isacgcle
of legth three (such a ocle is often called a
triage).

Next, in the arbisidigraph s of Figure-2,
arsider the two triaglest=@, @ 9, C, C
BB, B A,NadT =@, (A 9, ¢ (G
B)', B, & A, A)- e wish 0 s If there is ay
interesting difference between these two
triagles. In 1, Ahas a negative gpinion about
G ¢ has a positive opinion about B and B has
a negative opinion about A; or by a sinpler

* Disaussion an sore of the issues raisad in this peper willl
be aotanued in another peper later.
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interpretation, A dislikes ¢ c likes B and s
dislikes A. In 7, with similar interpretation, we
have the situation in which A dislikes ¢ c likes
B and B likes A; what can one infer fromthis
situation about C's disposition toward A? At
this stae it may be useful 1o stop ard digest tre
thougts provdked in this article in finding an
amser to this question before erbarking on a
aotinuetion of this disassiat.
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ON THE ORIGNS OF

SHORT COMMUNI CATI ON

I NDI ANS

D. Balasubramanian*

I T you go by appearances, a Punjabi is

differenit  fran a Bengali and a Bencali
from a Tamilian. Indeed many Punjabis look
like people fram Pakistan or Iran, ad saveral
Indians fram the northeast have an oriental
touch about them, Yet, all ve Indians are linked
together by centuries of dared aulture. Ore of
the more fascirating gquestions In our minds Is
our origins-where do we come fraom, what iIs
aur stock ad lineege, how meny races are there
in the world and how did menkind diverge into
these types ?

until recently these questions vere largely
addressad by ardesolagists, anthrgoolagists ad
geograders. They relied on tools such as fossil
evidence, languages and shared cultures,
physiognomy and body morphology. Decades
of rigorous analysis, using these methods, hes
given us the indication that all markind can be
classified into five or six besic types. These are
- the Negroid, the Caucasian, the Oriental ad
sub-branches thereof. People make further
distinction such as Caucasoids, East Africans,
the Arctic population, the Arerican native
(Rd Indias), the Southesst Asias, the Pecific
Isladers, the New Guinearns and the Australian

L. V. Prasd Be Irstitute, LV Prasad Marg, Benjara Hills,
Hyderabed 500034, e-mail - doala@liubly:itph.net. Article
pblished earlier in The Hincu, Reprodbced with permissian.
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ratives. Ben tre African groys are sUclassified
as the Bantu, the Zulu, the ! Kung, and so on.

AN ASIDE ON AFRICAN PHONETI CS

For those who are surprised by the
exclamatory mark in front of ! Kung above,
here i1s the eplanation. The Khoisan and the
Hottentot languages of Souttwmestemn Africa
have, goart fran alphebets, soe daracteristic
click sounds and phonetiic entities. These are
symolized with various diacritical marks. The
synbol “/” refers to a detal clidk that sounds
like “c’ iIn “th’. The synbol “1” is wsed for the
palatal or cerdoral clidk “g” (soud of tre letter
“gQ” In the word quest). The alveola click that
souds like “1u” (or Gresk nu) is symolized as
“# while tre alteral click (souding like the
letter “X°) is | | ad tre labial clidk *”” souds
much like the sound of a kiss. Sove readers
may be familiar with the click songs that the
South African singer, Miriam Makeba, made
farous In the sixties ad savanties.

GENETI C L1 NEAGE

The origins and the branching of mankind
into racial types can now be addressed, using
the methods of genetiics. Over a decace agpo, it
wes realised by the late Allan Wilson, a New
Zealander who worked at the University of
Califomia, that the DNA in the mitodhodria of
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aur cells can be used to trace aur cells which
pick up intermediary metabolites, react them
with axygen and produce erergy- In order to do
0, they work closely with the rest of the cell.
They are autonamous because they carry their
o DNA, separate from the DNA of the “host”
cell, vwhich is called the gerare. Willson ad his
graduate student Rebecca Cann utilized the
advatage of the fact that mtDNA is strictly
inherited fram the nother. A chilld is bom ypmn
the fertilization of tre notrer’s ey, disdarges
its DNA and nothing else. Thus, the father’s
contributions to his child is only his genamic
DNA. The mother, on the other hand, not onlly
gives the child her om DNA but also passes
alag the mitodhondrial DNA thet exists In her
ap cll.

Mrtodhodrial D\A, or mtD\VA as 1t is callled,
is a sall ad ciraular nolecule that aontains o
nore then 16500 units called nucleotides. It hes
seral otrer Interesting features In that It does
not shuffle aroud Intermally like many other
D\N&s do ad s, therefore, stable. Honever, it
nmutates much faster, in fact 20 times fester, then
genomic DNA. On an average, there is a
mutation of one nucleotide in every 10000
years. Bven here, the D-loop portion of the
MONA mutates even faster, about 10-folld faster.
The analysis of the mDNA of two individuals,
a study of the mMICNA sequence ad the dinversity
of ncleotidss in it lets s huild the fanily tree.
The rate of dange or nutation also provides us
with a clok thet lets us trace the divergence of
the family tree In tire. In the now farous pgper
of Wilson and Canmn of 1987 they shoned that
all of us humas can trace aur ancsstry badk o
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a woman who lived in Africa 200 000 years
ago—Bwe” as It were.

Closer to home, there have been questions
asked about where we Indians come from.
Physiogany or even a arsory loodk at curselhves
shons that we might be fram different stodks.
How does one address this question ? Earlier,
archaeological and linguistic analysis had
suggested that we might be largely mede up of
three basic populations—the Negroids, the
Caucasians ad the Orientals. These questions
have now been brought Into sharper focus by
saveral Indian researders, notzbly Prof Medhav
Gadgil of the Centre for Eoolagical Sciences,
Indian Institute of Science, Bangalore and by
Dr. Shama Barnabas of the Division of
Biochemical Sciences, National Chemical

Laboratory, Pure.

THE PUNE  STUDY

In a paper in Naturwissenschaften, Dr
Barmabas along with her colleagues, R V Apte
and C G Suresh, analyzed the nmtDNA of 145
Indians belonging to 14 different language
groups. The grouping by langueges ves natural
because, of the various togues spoken in India,
four of them (Tamil, Telugu, Malyalam and
Kannda) are Dravidian and fall into a class
somewhat different from the others (Hindi,
Sirchi, Qujaratd, Urdu, Biheri, Runjebi, Baoali,
Marveri, Kokaril ad Marathi), which are Indo-
European in origin. By and large, the people
belonging to the Indo-European language group
have remained as a unit somewhat separate
fran the Dravidian group due to sociocultural
and linguistic barriers. Adnittedly, with
incressing mixing, anareness and goportunites,
these barriers are bresking doan, but that hes
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happened only in the last two or three
generations. Thus, the Pune study is not
wjustified.

Barmabas and her associates analyzed the
mtDNA of 68 “North Indians “Central
Indians” (largely those spesking Marathi) and
27 “South Indians” speaking Dravidian
languages. They reacted the DNA wirth specific
enzymes that cut the long DNA molecules
at specific sites, separated the cut DNA on
a gel using an electric field ad conpared the
sizes and the pattems of the fragrents so
obtained. Such mapping let them build a
fanily tree, or phylogeny, as it is called. A
total of 29 types of MD\A were foud amongst
Indians. The preponderance of the common
MONA type In the Indian population shows
that they share a common lineage with other
world populations. Also, the results
revealed that Indians share many mtDNA
types with Caucasians, shoving that all these
145 Indians that they studied have Caucasian
geres in them. In soe, there wes allso a mixture
of the DNA type.

Whett is interesting fran tre study is tat te
North Indian and South Indian populations did
not share common ntDNA types, other than
o of the 2. Yet, the South Indian types have
a strong Caucasian lineage. Clearly, one may
arge that the sanple size used here s rather
small and thus one cannot draw very gereral
aoclusios. Quite 0, but still the reaults are
already very interesting ad call for a nore
detailed study. 1 would have thought that at
least soe of the South Indian sarples would
have had some Negroid genes in them.

131

Anthrogpology, physiognony and bodilly features
have argued for some Negroid component in
the South Indian population. Yet, the Barmabes
study does not show these.

The other Interesting result, besed on mDNA
tree-tuilding ad dating, sigests that the South
Indian population were earlier Inmigrants into
India. Dr. Colin Rerfrew of Bgland hed argued
that the Dravidian languages of the South
resable the Elanite language which wes spoken
in the Zagros in the southem part of Iran ad
Irag. This region was also the cradle of
agriaulture. It is thus likely that people noved
fran this region as early as 6000 BC, as part of
the early Caucasian migration into India. The
Pure data further suggest that the North Indien
population care In as a seood wave as part of
the “kurga’” invesions of the naredic farmers
with the spread of the agricultural econony.
This is also thougt 1o ke tre vay that tre Indb-
Eurgpean languages spread.

In all this disassion, we have not addressed
the question of who the arigina  Inhebitants of
India might have been. Would that not be the
tritals ? Is it ot inportant, therefore, to aalyze
their DNA to check whether they care fram an
earlier stock ? Did they come out of Africa or
did they originate right here ? The current
consenals is in favour of the “Out of Africa”
hypothesis for huren origin. Thus, 1t will be
increasingly inportant to study ancient and
inulated tribes. Quch a study is, indeed, on tre
ats as part of a gidal effort. Scientasts at tre
CCMB, Hyderabad, have already started
collecting DNA samples fran some tribals of
Ircha.
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THE BANGAL ORE STUDY

Prof Madhav Gadgil and his group have
already analyzed seven saples fran the kadar
hunter—gatherer trike of the mountairns of kerala.
In a paper in the April 1995 issue of The
j our nal Gentics, 1N
ool laboration with Prof Luiga Luca Cavallli-Sforza
ad groyp at Stanford and Chris Ottolenghi at
Paris. This group has examined the mtDNA of
48 individuals belonging to the Havik Brakmin
Comunity of Uttara Kameda, 43 of the Mkri,
a sdheduled caste comunity of this region, in
addition to the seven Karars of Kerala.
Socioculturally, the Havik Brammins did not
mix with others. \When their DNA was analyzed
it ves foud that they eqadaed like a star fran
a central point of geretic tree. On the other
herd, the Mk individuals clustered, ad vere
indeed well separated fran the Havik lineage,
but more like the bristles in a brush-many
sequences attached to a few central branches.
Unlike the Havik who seem to have undergone
draratic demographic danges, the demographic
pattem of the Mukris suggests that they have
maintained a fairly acostant population size.

Ameri can of Human

There are other interesting things about the
Gadgil paper. Ore is that the study shoned o
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clear separation, or identifiable caste-specific
branches. Although the Havik Brahmins and
Mkri Harijans are amog the highest ad lonest
caste status, respectively, the DNA sequence
from both the samples are found scattered
throughout the tree. What this means is that
there hes been sare level of gerne flow between
these o sugpgulatios. Indesd, this partiaular
poirnt wes picked by another Indian gereticist,
Dr D R Govindaraju at the Yale University
Sdool of Medicine, who resoonded to the Gadil
peper in a later isse of the sare jourmal. He
wondered about the tangled heritage and the
demographic history of the Indian caste system
and wondered whether this gene flow might
hae arisen de o fectors ircluding exaararital
gere doration. In treir reply, the Gadgil grop
concedes this possibility, but laid greater
emphasis on ancestral polymorphisn. Their
argunent is that the caste system crystallized
fairly recatly (@ aople of thousad years, that
IS 100 gererations, ago) ad thus the gere flow
ocoulld have happend prior to the separation of
the population. The nurer of sarples fram the
Kedar tritals beirg very sall, it is to early O
conclude anything about them. We need to wait
for a more in-depth analysis of DNA from
various indigeneous tribes.
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ACHARYA N.

G

RANGA

Adharya N.G. Ranga Agricultural University
is a State Agriaultural Uhiversity established,
on the pattern of Land Grant System of
alcation of B, In te year 1934, O e the
people of state of Andhra Pradesh and the
Contry at large. At presat, it hes aretwork
d:

@ 2 Texthirg Irstitutes uthr three faoulties
viz., Agriaulture, \eterirnary ad Hoe Science,
(b) 67 Research stations comprising 57
Agiaulture, 6 Livestok ad 4 Aderies statias,
soread In s2ven agroclimatic zoes, throughout
tre state, (©) 2 District Agriaultural Advisory
ad Transfer of Tedrology Centres (DAATTCS),

AGRI CULTURAL
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UNI VERSI TY, HYDERABAD

(d) 12 Krishi Vigyan Kendras (KVKs),
(e) Extension Education Institute (EEI),
(M Agriauktural Information and Comunication
Catre (AIKXC) ad (@) Agricultural Techrology
Information Centre (ATIC).

MANDATE  OF

THE UNI VERSITY

(1) Train manporer needed for agricultural
ceelqoett of tre State, (i) Gostantly nproe
and gererate technologies for increasing
production in the agricultural sector and
(iii) Dissamirate the iInproved techolagies to
te famers of tre State, thragh the deelgorent
departments of the Govermment.
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The University senes its mandate through
it’s triple fuctios ad integrated programes
OF teaching, research and extension with the
main enphesis being on oerall develgment of
agriaculture ad allied sectors of hortiaulture,
animal husbandry, fisheries ad home science
in tre state of Adhra Pradesh.

The University won the coveted BEST
Institution avard of the Indian Council of
Agricultural Research (ICAR) for the year 1999,
won twice the BEST PERFORMANCE AWARD
for securing the highest and second highest
number of seats in ICAR conmon Entrance
Examination for adnission to post—graduate
courses in 2000 & 2004 respectively. The
University iIs accredited both by the wiversity
Gants commission (UGC) and the ICAR. In
adrion, the BV.X. & AH. dgree is acoredited
by the veterinary Gouncil of India.

GOVERNANCE

The University is govermed by a 21-menber
Board of Manegament, which is the goex body,
responsible for taking policy decisions. The
academic adninistration of the Universiy is
guided by the Academic Council and Faculty
Boards. The ressarch ad exdtasion actaivities of
the University are gquided by the Research ad
Extension Advisory Council. The Vice-
Crencellor, heads the Uhiversity adninistration
ad is syported by the Rigistrar, Director of
Research, Director of Extension, Deans of
Feauldes, Captroller, hiversity Librarian ad
Estate Officer-.
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ACTI VI TI ES OF THE UNI VERSI TY
Teachi ng
Academ ¢  Programmes

Agricul ture Veterinary Home  Science
Under graduate
BS:. (uiciue),
B (rticiue) |BV. & & AH. | BHS.
B. Tech. (g
Horeaiy),
B.Tech.Food B. Tah.
Sete, B CGayg)
(CARBM)™ BF.Sc
Post gr aduat e
M. ¢3),
M. (ot MV.SC. M. HS)
MSc. @viramental | M Tech. M.
Siete & Tedrolay)| @iryig) F&ah)
MSC.(g. Bioed), |MVSc. (et
M.ABM. Biotad)
Doct or al
Fh.D. Fh.D. FhD.

* Bachelor of Comercial Agriculture & Business
Maregement
* Bdelar of Aday Sdete
In addrtian, twoyear post-matriaulate diplaa
ocourses In agriculture and animal husbandry
ad Grtficae ad dorttem cuss, in al te
three faoulties are offarad.

SPECI AL TEACHNI NG CURRI CULUM

I Adopted samester system of instruction, 10
point grading systam, comon savester firal
eaniratias for all capuses. The Uhinersity
wes oe of the first t iIntroduce extermal
exanination componant at the undergraduate
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leel, more than o decades ago. Adopted
Amual eaniration pattemn as per \eterirary
Couccil of India (\CI) regulatias for B.V.Sc.
& A.H. Course fran 1994-95.

1 Airst bhiversity in the contry o introduce
“Rural Work Experience Programme”
GRAVEP) In the year 1979-80 iIn which the
stuats resice in villegss for ae full sarester
ad get hands-on training on the problems
faced by the farmars and exposure to rural
erviroment.

I Introduced a novel scheme “BEam \While You
Lear’, which help the B.V.Sc. students to
gain work experience and improve their
etrqpreaurial dalls.

I The three year programe of Hare Science
wes relaced with the four year programe,
with gpecialization in third ad fourth years.

I Oe-sarester-cradit corses, each In Physical
Education and NSS/NCC, were introduced
during 1997, to mde the studeits participate
apulsory Invarios gorts, gaes ad NSY
NCC activities, in order to make them
physically fit ad nentally alert.

I A catral placerett cell in he Adninistrative
Office ad regical placarent cells, ae each
at 13 olleges, vere establided for studeits
counselling and placement in different
oenisatios ad user agacies.

RESEARCH
The University’s wice infrastructure covers
s2en ggocliratic zoes of te state to fulall
tre besic thillosgqdy of research ained at firdig
location—specific solutias to varios prablers
affecting agriculture ad allied fields ad
inoressing praductivity ad profrtzbillity.

10
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Released 302 inproved varieties in rice,
sorgun, bajra, ragi, maize, komra, variga,
horsegram, sunfloner, soybeen, bladaustard,
mango, benana, amaranthus, dolidos beans,
snapmelon, greengram; blackgram, redgam,
groundnut, sesamum, Sugarcane, cotton and
GHlor-.

Research hes been intensified on enhancing
proclcavity, redcing aost of productaan, ap
diversification, bio-flel/diesl, stgping wp
farming systems research and on-farm
rescarch, food quality ad safety, marketing
syport ad market intelligence, biotecholayy
methods such as recombinant DNA
tedhrology, monoclonal antibodies, genetic
egineering etc., food prooessing ad value
addition, aerobic rice, system of rice
intensification (SRI), integrated crop
manegement practices, dryland agriculture,
drylad horticubture, pulses oilsesds, vwater
management, crops and cropping systems
uder different ayacut aress, soil mgoping,
land use planning and conservation,
maintenance and cataloguing of gemplasns
S o

The significatt contributions of \eterirary
faculty are : BExploited BEvbryo Transfer
Technology in livestock improvement and
achieved suocessful trasfer of Oole cattde
abryos; Isolated Blue Tage virus serotype-
2 which led to the development of an
inectivated veccire, Develgoad diegostic kits
for early detection of varios animal diseeses,
stadardized pelleting and expander-extruder
technology for production of complete
Investodk feeds based on agricultural aop
resides.
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I He sciee faaulty hes camied aut edasive
research in the areas of food science,
thregpeutic nutritdon ad comunirty nutrraon.
Develgoed value added products fran variaus
foods, tedrology for extraction of ratural
dyes, lov ast aeryy efficient equiprent for
housgold use, psydo-notor stinullation kits
S o

UNI VERSI TY EXTENSI ON

Education of rural paple In agriaulture ad
allied aress In ae of tte main furctias of te
University, thraugh first line extension vwork,
with the motto “Reach the ureeded’. Trasfer
of Tedroloty takes place through extension
efforts ach as -

I Organisation of training programes for
farmers, waren, rural youth and grassroot
leel extersion fuctoaries in on-fam ad

off-fam activities.

I Organisation of Karshaka vigyan vedikas in
all 2 disticts onwering thasands of famers
in exth district.

I Organisation of Kisan Melas consisting of
Rythu Sadassu, Exhibition and field
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demonstration, benefiting lakhs of farm
Tanilies.

I Dissamination of tedmical infomation through
bulletirs, soripts, witeys for rens pgars,
megazines and jourmals, through media (AIR
KTV) and publishing Wavasaya Panchangam
(Aoriauitural Almerec), a aomperdiun of all
tedmical information related to agriculture,
animal husbandry and home science,
ANGRAU Journal of Agriculture, ANGRAU
Nans Letter pericdically.

Farmers Call Centre, established by the

University, is well sygported by Bqoert Tean,
Crop Esocorts and Disease Monitoring Cell for

the caapaign t ethace cap productivity ad
raie the famars Inooe.

For details contact

: Dr. P. Raghava Reddy
Vice-Chancellor, Acharya N.G. Ranga

Agricultural University, Hyderabed-500 030
Tel : 0091-40-24015078,

Fax : 0091-40-24017453,
efmail : agra@g.nic.in
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6-9 September
2005

19-23 September
2005

23-25 September
2005

21-24 October
2005

7-10 November
2005

Topi c

Nanot echnol ogy and the
Heal th of the EU Citizen

in 2020, Edinburgh

7th Global Conference on

Envi ronnent al

Agra

Education,

National Conference on Tsunani
Rehabi litation, Kurukshetra

National Symposium on Recent
trends in Environmental Biology
& Bi ot echnol ogi cal approach to

Conserve Biodiversity, Gulbarga

74th Annual Meeting of society
of Biological Chenmistry (1),
Lucknow
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Cont act

Carrie Smth

Institute of Nenotedhology

The Alpha Centre

Stirling University, Innovation Park
stirling, K9 4\F, K

E mail : carrie@nano.org.uk

Secretary

Envirommental Education, Indian
Enviromental Society, U-112 Vidhata
House, Vikas Marg,

Shakarpur, Delhi 110 092

Bmail : iesenor@vsnl.com

Dr.
National Institute of Tedrology,
Kurukshetra, Hariyana, 136119
Erail : vpneni@nikkr.ac.in

V. P. Wani

Prof. K. Vijaykumar
Department of Zoology
Qulbarga niversity,
Gulbarga-585106

E-mail : katepaga vi jaykumar@yahoo.com

Secretary

Scciety of Biological Chenists India,
Indian Instatute of Science,

Banglore 560 012
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Dat e

15-18 November
2005

29 November-
2 December 2005

5-7 December
2005

30 November-
2 December 2005

3-7 January
2006

10-13 January
2006

Topi ¢

9th International Union Against
Sexual ly Transmtted Infections
(1USTI), World Congress on
Medicine, Bangkok

Third In=emataocal
Conference of P ants &
Environnment al Pol |l ution

Lucknow

9th International Rubus

and Ribes synposi um
Satiagp

National Symposiun on
Instrunentation, Cochin

Brd Indian Science Congress on
Integrated Rural Devel opnment
Sci ence and Technol ogy,

Hyderabad

Second Intermaltional Symposiun
ON Green Sustainable
chenistry, Delhi
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Cont act

Dr. Chavalit Mangkal avir aj
Bangrak Hospital, \D Division
189 South Sathom Road, Sathom,
Bangkok 10120, Thailand

Etmail : davalit@ootisa.org

Dr. R D. Tripathi

National Botenical Research Institute
Lucknon-226001, India.

E-mail - issorbrilko@satyam.ret. in

Dr. Maria Pilar Banados

Uhiversita Catoluece chile
Casilla-306-22, Vicuma Makenna-4880,
Santiago, Chille

E-mail : pbanados@pue.c/

Prof. G Mhan
Cereral Secretary,
Instrurent Scciety of India,
Department of Instrumentation,
Indian Instatute of Scieoe,
Bangalore 560 012

Brail : 1Isoi@isu.iisc.arstin

Rao

General Secretary

Indian Science Congress Association
14, Dr. Biresh Guha Street,

Kolkata 700 O17.

Email : iscacal@vanl.net

Prof. M Kidwai

Department of Chemistry,

University of Delhi,

Delhi 110007

Erail - kidsai_chemistry@yahoo.co.uk
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S & T ACRCSS THE WORLD

YOUNG
I NDI A

I NNOVATORS REPRESENT

Imovation inplies firding aut new ad better
ways of a doing what has been done before,
and who can look at things in a fresh, clear
sighted light then the youth of tochy.

Keeping this in mind, the Confederation of
Indian Industry, in collaboration with the
Department of Science and Technology,
Covermment of India, have launded an Infttiatave
called “Steer the Big 1dg” 1o Ggpture inovative
ideas fram youg inmovators for the berefit of
industry and soceity. Last year, 10 young
imovators were selected o represent India at
the Intermational Bhibition of Yoaug Inentors
in Tokyo.

This year the Intemational Bxhibition for
Young Inventors was scheduled in May 2005 in
Kuala Lumpur, Malaysia, for which 4 inverttors
vere selected.

These include Miss Vindhya Revathi
Wjayanta for her project on “Correlation of the
Raddii of In-circle and Circumcircle”,
Raghaverdra G for his project on “Glaoal Range
Electronic Appliance Conroller” (GREAC);
Kunal Gaurav for his project on “Bxtraction of
Thread from Banana Trunk’; and Arpith
Siromoney for an improved wheel chair. Good
luk to all of them!

(Cl'l Communi que, Apr., 2005)

CLONI NG HUMAN EMBRYOS

Professor 1an Willmot who created Dolly the
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first cloed dep, ad a team of scientists fran
Kings College, London, have obtained
permission to clone early stage enbryos to
study motor neurone diseases (M\D).

M\D is caused by the death of cells called
motor neurones that control movement iIn the
brain ad the spinal cord. It affects about 5000
persons in the UK, half whom die within 1
months of diagnosis. Weakness In the muscles
that supply the face and throat, add to the
problems of speech and cause difficulty in
chewing and swalllowing.

While aritics belaging to such grayps as the
Pro-life Alliance, maintain that testing huren
embryos is wrong and immoral, and others
qestion the barefits of such work, Prof. Wilmlot
is treradossly ecited doout the venture. It is
aly the secod tire thatt the Hoven Fertillization
and Embryology Authority has given such
permission, ad the Professor hes mece it clear
that he does not plan to grow healthy
replacament tisse. Insteed he celiberately ains
to clone enbryos that have M\D from patients

who have the codition, so that the disease can
be studied In uprecedented detail.
Feb 2,

(BBC Heal th, 2005)

PASSING ON GENETIC TRAITS

Researders in Berleley Lnhiversity Galifomia,
USA have i1dentified a key mechanisn for the
pessing an of garetic material fran a parent cell
to daughter cells which may help explain hov a
carplex of proteins called kinetodhores can
recognize and stay attached to microtubules,
hollov fibres in tre valls of biolagical cells thet
are respassible for the fartiful segregation of
chranosames during cell division.
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The researchers have found that the
kinetochores proteins form rings around the
microtubules ad this ring formation pronotes
microtubule assembly, stabilizes against
disassarbly ad pramotes bundling. Were ring
Tormation takes place in vivo, It could be the
mechanism by which chromosomes are kept
sgrecated during cell division or mitosis.

Mistakes In chranosane segregation during
mitosis contribute t cancer ad birth defects,
but whatt actually causes such mistakes to coour
hes still to be prased fully.

(Research News, Feb 12, 2005)

DATA STORAGE I'N COMI NG  YEARS

The next generation of carputers will be
“instant on”” which means thatt they will not
need to be booted to move hard drive data Into
menory. They willl require lesser oece 1o store
cata, ad will be able to aoess it fester, vhile
consuming less poner .

All this is becoming possible through the

develgoment of megnetiic random access menory
chips or \RAM which will store data through
magnetization and the spin of electrons, as
opposed to present day chips which utilize
electron darges.

Certain anplex metal axides, including the
material knomn as manganites are knomn to
display a unigque phenarenon, knoan as colllosal
magnetoresistance (CMR) and with CMR
manganites, the goplication of a megetic field
can caee tre material’s electrical resistance o
change by as much as 1000 percent. The OWR
effect in magenites ad other axiides is t fom
a type of polaron which is a type of electron
that is boud to a local distortion of the ators
in tre anystal.

This polaron is formed when the megnate Is
heated beyond its Qurie temperature of about
30 degrees Kellvin ad the distortion creates a
sort of energy “hell” that traos the electron.
Indeed the spin polarization of QR mangnites
maekes them excellent cadidates for ligtning-
fast new logic deviaes such as trasistors.

(Sci ence@er kel ey Lab, Apr. 18, 2005)

(ANSWERS TO “*DO YOU KNOW?”)%

Sparrow.

About 50%.
Sodium and Chllorine.

FHRELE

gple taste the sae.
3 approximately.
Never .

A snan has 25,000 and a duck has 12,000 feathers.

The sex of the offspring depends on it. Above 87C it is male and below female.

75-80% of teste is srell. The togee can parceive oy faur testessieet, salty, brtter ad
saur. The rest nore aomplicated taste are actually srells. With nose closed, potato ad

2
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LI BRARY SERVI CE
The I ndian Sci ence Congress Associ ation
14, Dr. Biresh Guha Street, Kol kata-700 017
The library of the Indian Science Congress Association subscribes the folloving Indian and
Foreign jourmals. List of these jourmals are given below :

India For ei gn
Qurrent Science Ambio
Down to Earth Arerican Scientist
Food & Nutrition World Endeavour
Indian Jourmal of Bqoerimental Biology Interdisciplinary Science Reviens
Indian Jourmal of Biodhemistry ad Intematioal Studies in the Phillosophy of
Bigohysics Science
Indian Jourmal of Marine Sciences Jourmal of Enviromental Planning and
Pramana Management
PTI Science Service Nature
Science Reporter Netural History
New Scientists
Policy Studies
Science

Science & Society
Social Choice ad Welfare
Technology Analysis & Strategic Management
Tropical Scienee
In addition to those subscribed aove, the folloving jourmals/ensletters are also received by the
Library in exdhange of the Association’s jourral “Bverymen’s Science” -

Chemecology JIMA

CSIR News Nattural History (Bovbay)
DRDO News Science & Qulture
Envirommental Anareness Soices India
Envirommental Health Perspectives University News

Gana Darpan WMO Bulletin

Gyan Bigyan WISTA

IASSI Quarterly

INSA News

Indian Jourmal of Physics

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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THE INDIAN SCIENCE CONGRESS ASSOCI ATION
14, Dr. Biresh Guha Street, Kolkata-700017, INDIA

Telephone - 0091-33-2247-4530/2240-2551 Fax 1 91-33-2240-2551
Telegran - SCICONG : CALCUTTA Email - iscacal@vanl.net
Website - http://sciencecogress.ary

APPLICATION FORM FOR MEMBERSHIP

To

The Gereral Secretary

The Indian Science Congress Association

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

Dear Sir,

1 like to be enrolled as a Menber/Life Marber/Donor/Sessional Member/Student Menber of the Indian
Science Cogress Associiation. 1 am serding herewith en amount of Rs. ... in paymert of my subscription by
Bark Draft/ChequeMoney Order/Cash for/fram the year 1st Aprill 20....... to 3ist March 20........... 1 wauld
like t© have reprint of procesdings of the folloving Sectios (Plesse tidk ay ae)

SECTIONS
1 Agriaulture ad Forestry Sciences 9 Materials Sciece.
2 Animal, \eterinary ad Fishery Sciences 10. Mathamatical Scienoss (including Statistics)
3 Anthropological and Behavioural Sciences 1. Medical Sciences (including Physiology)
(including Archaeology and Psychology & 2. New Biology (including Biochemistry,
Educational Scienoess) Biophysics & Molecular Biology and
4 Chemical Sciences Biotedmology)
5 Earth System Sciences 13. Physical Sciences
6 Bngineering Sciences Y. Plat Scienoss
7. Bwviromental Sciences
8 Information and Comunication Science & Yars faithfully.

Techrology (including Corputer Sciences) ’

Date : Sigature)

Nare (in block letters) :
Academic Qualificatios :
Desigation :

Address for Comunication :

(including State, City/Toan and Pin aoce)
Phore no. & e-mail

Note : ® All Money Orders, Bank Drafts, Cheques, etc. should be drawn in favour of Treasurer , The Indian
Sci ence ngress Associ ation. A Bank Charge of Rs. 70/- is to be added to the subscription anount,

if paid by an outstation chegLe.
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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 advenoarent: of science in India.

1

nenber @ A person willling to be enrolled as new Menber has to pay an amual subscriptionof Rs. 200/-
(for foreign * U.S. $ 50) anly, alag with an adnission fee of Rs. 5/~ (for foreign U.S. $0) only. The
amual subscription of a Marber shall becore due t© on the 15t Aprill of each year. Ay ae who fails ©
pay the subsCription on o before the 15 Juy N ay year shall lose the right of woting and/or holding any
office of tre Association for that year. A Menter failing to pay the amual subscriiption by the ed of March
of the folloving year shall csese to be a Marber.

Menbers may cotribute 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 “Bverymen’s Science”.

Sessi onal Menber : Sessional Marbers are those who join the Association for the Session only. They may
contribute papers for presentation at the Science Congress and receive, free of cost, reprint of the
Proceadings 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) anly.

Sudent Menber : A person studying at the undergraduete/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 Membership isRs. 100/~
(Tfor 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 hes been continuously a marber for 10 years
or more, shall be allored a reduction in the aompounding fee of Rs. 5V~ for every year of such nenbership,
provided that the aorpoundiing fee 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/her lifetine.
Institutional Mnber : An Institution paying a subscription of Rs. 5,000/~ (for foreign U.S. $ 2,500) anly,
can becore an Institutioral Merber of the Association. 1t shall ke eligible o nominate oe person as iits
represantative o atted Arual Session of the Science Cogress. An Instatutianal Menter Shalll be elligible
o receive, free of cost, a copy of the Anual Science Congress Session as also a copy each of the
Association’s jourmal “Bvenynen’s Science”.

Donor = Ay person paying a lurp sun of Rs. 10,000/- (for foreign U.S. $ 5,000) only, can becore 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 foreign U.S.$5,000) onlly,
can become an insntun v oonr OF the Association, which shall have the right to nominate one
person as Its represantative o atted Anual Session of the Science Cogress. An Institutional/IndividLal
Door shall ke eligible to receive, firee of aost, a oy of the aonplete sst of Prooeedings of the Arual
Science Cogress Session ad also the Association’™s jourral “Benymen’s Scienoe”.

® Members of all categories are ettitled to Railway Concession of retum tidket by the same route with such
ocorditions as ey be laid doan by the Railway Board for travel to atterd the Science Cogress Session provided
that their travelling expenses are not bome, even partly, by the Covrerment (Central or State), Statutory
Authority or a niversity or a City Corporation.

@ Merbers of all categories are entitled to reading facilities between 10.00 a.m. t 5.30 p.m. on all weekdays

(exoept Saturdays & Sundays) in the Library of the Association.

* A Foreign Menber nmeans one who is normally resident outside India
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