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"New technologies will "We have so much in 
provide solutions to common-so many 
maladies [that] today ideals, so many visions 
seem insurmountable, of the world-let us 
rree people, free mindr work together to make 
and free markets will a better world for 
[ensure]a more 
prosperous and 

everyone to live in." 
Rajiv Gandhi 

peaceful tomorrow." 
Ronald Reagan. 

vi 



Foreword 
The presidential Science and lechnology Initiative with Inclia 
is a,hlighly\ successful exalle)IC Of a,new aproach to scientific 
Co(,eraitiOnr, and aI model for ftlturC agreCllnlts with other 
countries. SevCrWlI Ce-sign feitures ha ben crucialle_ to its 
SuCcess. First, tile rogram foCusCs on ilaS \vhere both 
Countries palntcipate a6 scitific equails, with jiint invCstlelnt 
Of resourcslfor nmltaLtilil )eCnefit. SColnl, edCorsmCillent of the 
Initiative by the President and Prime Ministe; r,_esccti\,Il\; of 
tile twO co)lltries his givetn high Visilbilitv to the rCse'ruch 
activitiCs aIC strealmliledl the 0dm ilistrlIti\'e rOcCdlures. 
Finaill\; tile higIlh level Sipl)ort hais enlAbleC the IlnitiativC, with 
mniimll exp)eClituCre of)fund1ls, to Clraiw oin oCOfso-m tile best 
scientific anC enin<,erii-lg tllClt in both colltriCs. The frlits 
of this cooperation between the United States and India are 
expected to benlit not only the two prt-irers but many other 
Countries Ls \well. 

11e Initiltive hUShahbeen a i)ioCering effort. It is our hope that 
it will now be viewed as a precedent. 

William IR.61-.1,111u1 

Scicntc ,\'viN J U litIi'cLi(CI'n 

N \m, 1,1986Cnli r 
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The Top Down Approach to Mobilizing Talent 
A mutually beneficial collaboration has attracted top researchers from 
both India and the United States and provides a model for 
partnerships elsewhere. 

by Jane Alexander 

\hen President Ronald Reagan and Prime Minister Indira Gandhi 
launched the lnC)-t1Inited States ;ciece and lechnology Initiatiye,.STI, on 
July 29, 1982, they envisi)ned the new project as a way )f reinfo6rcing
mutuall interests and b-ringing their tw() great deiocracies closer togethelr 
"We had a lot of C0)1111--01 values anid similar Cesires tio)rt_1sC.olVe dilffrclCCs 
tillt had CrT()p)ed tip oLver the vea_'rs," says I rr" BaCrnes, the2n AmbaIssad )r 
toc)India. Anl ObViius me2ans )1 imprc)\irng rft'tlaio)-s \\'aS to) c)itilZC (AI
.ur lng and NI)CLiCti\,, histo)ry 0)f scientilic and chno )h).icil 

Collaboration, 
Science and Itchn l(o)g, were s() clearly tile right implements t()

brinig aou)()ilt har1ni\: lo th IClCaC S saW a challenging c')llab)rwati()n as a1 
_m)nmlic ip-()gress and thle heath adC 


diverse lPCoples.
 

way to impr()wc ( 'll-b.ilg Of their 

Acc(l)ding t,) Nylc C.. Brady Sni) ,\lhie than 13,0(1) Indians aI'e curreltl\' 
Assistant Adnlii n istra ()rk ,,i and SltidynI i illn ilel 'iean uC[ i\'t.'rsli s(2, lll(1)S illIcr ce 


2Ci)Il)th( ) \Ii ill l 1C
A ('l . f(). II'Illtlti 'ati ,l liltll.N )1 scic'i e'Cand IL'IC III () V l\() IlC'Cele t
i~c'vc'lcIIinlc ani \ 11d il(20l ()1* Ihu An\ic'li ltlrcalc~s aret ()fin ll ',CIIV Nobld' Indianl 

Initiativu,, STi \\w nilld help gikv eo Iil "IlldiI is abl)lilt 1() (Ih) wil [lieiw)gnili( In l. 
the scientilic statuir' th'l India ha, achieved IcllhIgical rt'\1ll what silt' has alread'
()\'Clr Ilil(!_',IaS[ gl-un 'llillJ 1,iid \w(tild ',llso ,tiVt dl()n)C Wvith Ilk' lcRAAlitvV()Ltllioll,- SlV.S Vit't_ 

inlptLus to h)tll nailioIn.s to pl their I cr'dt'nl ( citI,rg Busl.
 
Scientihc tle21n toa\\'rn'Ll S ltili( s ihtilt \\.)Iulcl Tl ' :lill ()I STI is i I(b ild (il thes'
 
accelt_'ilt t'(c()11i()nliC tlc'I( J)Illlcinl ill I)thc'r sl l*()Ilt, I(luills. lFI( 111CIhi()IItSot, I))thI leaders
 

(1)(i2iS~irid. l ii itl c ' i )rn(I -l 1)n 1Counllrlits ll( li1t-e \w lti d a , 1 
"Particularl -'xciing, says AhIl'd ,Mtc't'i. W u h11i1i '11 I l I )ll 111nliil ,Il. Ill ()hCI'r 

Aell 'ican Scit'll(:C t'()tlsl.SCh)l (() India , -\\"Is 111th-Ilit d Sta s C()llaihlr:ili )n et_'i[lie 
tlh ideal that \Vheln l pt'()Ipli benclit, s() lear's,tht_ iilspiiahi(ill has gc'liilly t'(nIllcwill all lite~ 'cl lu)pt, And \whel,n he fi-()I 111(2 h il u l): I\V() .SCi('nli-sls wilhi 

woi's people pn)spt'i; s() will )tl'rS, t)I' ( )t" illiltlal lllCresl altre'(2 I() W(nK l1)t_ ' . BV 
national interest tcends in part ()1 I,1 C(1 ,I til IC\\nist, l(tm-millgntIrces ill thi 
Colltefli r iitld PI'Osp r u'()I ori. Iillit i\'eC W i' I ) 

Iik, hCr Ther fawaharil Nehru, Prinle intecst and illv()l lIlcnl (df tIhe IPrsidet and 
Ministe'r (andihi had i dccp Iitlh hl lite tileC Pi1 hnCe .Minister \V(ulid CiiicinllV and 
pI)OWer (f :,ci(-ilce2 it11 (l 111i'ickl 

f 111 i( ( )WI. '111C diiecC 

to I illipl)V1(2t ( Iti' ' tut iIlilgi ilt' a ers ( I)tlrCatlcracv 
Indian people. Scit'ncc', said NcilrL, "is hIsed ILInCLredtape ;ill (litLl siall pr )ijt'cts 1 )Ir 
on a Itarl'_ess seaclCh t()[r rn ()i Illti n!il::, t'vt'l yt'ar. frt'int4ci\lg working 
solidarity 0)1 man, t'Vt'lI (In ilC' diVl litV ()1" suiCisIs I(I) gClt_'t'a ' idCas \'il I)Utll 
eVerythirg living and ()1I tie and iIlllrte-rWlc'.
 
COOop(2erlti\'C de\V'l I)Illt'nlt (Of11tI i dividual MI )rt'I )\'I'Il lilt' ).( l,llll was toI) difflt'
 
and Ihe( sp cies, v'tlt I(()gieatelI'"f''l' (mn and Ii'o i1l().Sl t ve'nltlR'S if lilt' past in being 
1itlher SU~gCS ( fi l l." :1IruC t i)llh ol () Il' I);iSU'l ()n 

http:i1l().Sl
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The Senior Scie;tific Panel. led hy 0. Allan Bromley on the American side 
and S. Varadaraj, un the Indian side. met in India in Jannary, 1983, to 

work out the rir ind rules for STI. From left to riqht Henry Ehreoreich. F,N. 

Khoshoo, Rohert I. Biurrs . Li. 1) Allan Bromley S. Vrtdrajan. 

Norm an E. Borlemiq . It Ga, latal. 1lich rd M . Krm se. V 

and Harry (Y.BIame, then tomli'~a/;rt Indi Not shown Et CThe 
Subbarato aid tohert lA Whit 
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"Carefully selected and 
well-managed programs 
ofcooperative work in 
science ... can build 
truelnnk owfni. 
unrdr 
understanding. The 
persons involvedspeak 
a common language of 
science. Shared 
experience can bring 
succorto millionsall 
over the world." 

Indira Gandhi 



recil)rocitN,. 1-11CII COLMU)' W,IS to I)e ,ill ecILII1 
1),trticil),,iiit- iii%,estiiieiit lxit-mei-s, if \'OLI 
will-\vitli i-Icitlier sicle 1xiti-ollizill" 1101* 
Clict"Itilig to the otliel.", S',I\'S Rogel. Do 'oll, 
W110 Ilei(.IS LIJ) Ole FXCCLItIVC AgC11ts Office of 
IMIO-UllitC(I St:ItCS SCiCIICC- :111(i li2d111010,L )' 

Miti-itive \vitliiii the Natiomal Sciciicc 
FOL111(kilioll. 

P3SI tUCIliliC.11 ',[iLl I)I-ogI-MlIS Il.IVC of'(Cll 
illCUITCLI 1-(!,SL'IlllllClll oll tlk- IVI-t 0fI'C-Cij)i(!IltS
I)CCILIS(! OfW11'11 tIICV I)CIVCiVC AS J)'Itl'()IliZillg 
,itti(LICICS-01C 111I.S.Sloll"U'V 1II)I)I-oadl. Tllu 
1XII111CI'S 10 I)C CLILIA ill (2VCI-V SCITSC of 
ille \\,ol-(I, ,111(l alvas of, o)oI)CTI1I()Il \\'()Lll(l I)C
C110SUll So ill,[( CJCII I):II-tV COLIM i4CIILIiIICIV 
Ivilclit. '111C Illitiitive \\,()Llll p-ovio.1c lillks 
111)(.1 CoIlllllLIIliCMioIl C11',11111CIS tll',It \VoLII(I 
I)t-illg tile I\Vo I)CoI)I(!S CloSCl'. lllitCllillq
SCiCIltiStS ',It IlollIC MILI (AVI--S(-XS, Collll)illillt 
C(ILlil)IIICIll MILI m-tw(m-kii-ig, the 
1)11\'SiCtl I)I'CS(2II(V (&AIIICI'iCJIlS ill IIIClil is 
I)()( IlCCCS-SIl*V, .. SWS I IkL- Ikilli(LIV (.1il-CC101' of' 
Battelle-Ko2tt(A-iiig Lalum-atol-v, all STI 
J)"ll-ticil)"Im. 

Tllc ICI(ICI-S -II-1ICLIkIICLI 111oVCI--,III I)oIiC\', 
C:lllilli4 LII)oll HIC CXI)CI-tiSC of I)IVSIi('IoLIS 
SCiCIIIHIC illSti(LItiollS ill NAIL CoLll)tl*iCS. TIICV 
110I)C(I IIICIVI)V to UIISLII-C OIC IVI'tiCil).1tioll of' 
(2111111CIll SCICIIIISts 'illo.1 L-Ilgillucl-S, tlic I)CoI)IC 
WN) CoIlllll:lllLl 11161' HUMS 111(1 IUALI ollIel'S. 

W(Wk oil STI I)Cg,111 ill C,11-11C.St ill 
Noveml)vi-, 1982, \vlicii GCOI',L C KCV\VoI-III, 

Llil-CCtoI- OfIlIC Off]CC 0fSL'iCIlCC IIIILI 

R-Cllllolog ' P0IiCV ',IIICI SCiCIlti1]C ILIViSCI- to 
tile PI-C'Sio.lem, ICJ 'I liigll-le\.Cl p-mil) 
(0 111(lill to LI(AilIC ill(! IMIjol- JIV;ls of 
coflal)orltioll. '16golicl- witil Ili's Comitulp'll't, 
M.G.K. NIC11oll, dMil-Ill',111 of IlW SCi(21IL'(! 

ALIViSoI'V (,()IllllliltCC' to 111112("ZiNlICt, tIlCV 

CXI)IoI-Co.I foll- of' illiciv.st, \vIlidl KC:I1i4--1I 
,tll(l GMICII)i IM(I 'AIVAIV Lk"CUSSCLI: IICIltll, 

111(21, ()I-Olog -,MRI I)IIoIoVoIt:IiL'S. 
011C of' 111C 111CIIII)CI-S of OIC I IlitCCI 

"Each country was to be an equal 
participant-investmentpartners,if 
you will- with neitherside 
patronizingnor dictating to the 
other." 

I1CIlCtI-MiIIi4 All(l CogC111 LILICS0011S. 
()lie oftlic gi-mil) msks \\-,is to \voi-k otit 

IIIC gl-OLIIILI I-LlICS 161' file Illitillth"C. Tllev 
LICCiCICLI, fOl- CXIllll)IC, tIKIt I)Otll CoLllitl'ICS 
IIlLISt II',IVC IWOVCII CXI)Cl-[iSC ill tile M-C!tS 
C110SCII; C-A-11 II-CI IlILISt IWVC CICIllollsti-ate(I 
IlM l ['()I- 1-USC,11-CII; all(I CIdl 111LI.St 
Ivoilli'se 1,111,gilfle J)'Iyoffs \\.Ilil(!
-llso s1lowilig I licco-I f6l. 1()Ilg-t(!['Ill 
collal)ora(ioll. 

"Ill ollk-l' WoRIS,- SIVS DCI)oI-III WilICC,
AsSiSUll"It Dil-CC(ol- of' 111C \Vllite IImisc Oflice 
()fSCiCIICC 'MILI 'I Cllll()Iog ' 1)()IiC\', -WC 
\V',IIltCCI to LICI-iVC I'LIM1,1111C111,11 Ile\V 
kiio\VIC(.IgC, ISSCiCllLV is 10 LIO, Nit 
\vo: \v"Illtecl S()Ci.Il allo.1 Ccolloillic J)"Iyolfs -,is 
\vc- I I." 

I)C.Sl)ilC tIlCSC S11-illgCilt gl-()Llll(l Riles, ill(! 
tLIl-11CCI oUt [lot to I)C 111"Itlilig 

I)1-ojCCtS 1)(11 LICCi(lillg Wllidl ollUS to ICi\'C 
oUt. At Kcv\v()i-tIlS i-c(liicsi, Bi-omlcv I)m 
togutim. a SL Iliol- Sciciltific Paliel, ('ollsistilig 
0f.SiX Cillil"ICIII AlIMIGIll SCk:Illi.StS 
kii0XVICCIgC 11)IC ill 111C IR!,IS tile PI-CSOCIll '111(1 
IIIC PI'iIlIC MilliStCl- IIAI i(ICIIIHICLI. His 11ILli,111 

COLIMCI'l)-ill't, S. V1Il*,I(.III'.Ij:IIl, OICII SULT0,11-V Of 

the I)Cl),If.tlllcll( ()f Scicilce '111LI 'kMillologY,
I)LI( togCtIlCl- ;1 Silllilll- 1),111CI Of IIILIiIll 
sciclitists. 

Fl'olll 1,11IL1,11W -)-I to 31, 198 'i, IIIC 
AIlICI'iCIII 1xilld met ill IlWid f'()I' 1-()LIIILI-111C

clock (.liSCLI.SSioI1S NISCCI oil W01'kilIg IXII)CI'S 
tIICV IMCI I)LIt toqCtlIC-1- Wi(ll OIC 11CII) of' 
lcao.liiig sciemists Imck liomu. WImievei-
SoIIlCoIlC tl'iCLI I()(IL+IV oI- IMSS the Nick, 
BI-oI1lICV \\'.IS (ILIiCk to illVokC IlW Il',IlIIC Of 

SMtCS gRAII), D. A11,111 Bl'01111CV, IIUIlI'V Fol-LI 11 IIIC PI*CSiLICIll ol' tIIC PI-illIC MilliSICI'. -BLI1 VOLI 
1)1-()I'CSS()[. of ',It Y:Ile I Ilivcl-si(\- miLl 
I'l-CSiLICIII of OIC Allh-TiCAll A.S.Sodillioll 1'()I- 111C 
ALIV,111CCII101t ofSCiC1lC(2, WtS illll)I'CS.SC-LI IW 
tIlU Clltl)L[.Si,[.Slll ()f tile 111CIi,111 P11111C MilliStel. 
T1101.1gll SIlC IIAI [Io fol-Ill-A trlillillg ill 
SCiCIlCC-MlLI tll()tlgll I 1)()IitiC',Il Cl iSiS \\',IS 
N-elvill ,v, ill olic of ill(! 111(liml I)I'oViIICC.S----.SIIC 
look time ()Lit I()MICIICI IIICC-tillqS 311LI Ask 

Ll()Il't IIIlLICI-,S(',IIlLl,- IIC liko--LI I()s:i\', "()III-
ICAICI-s \vmll t1lis It v is mmizil)g, 
11C SJVS, IIMV (ILIiCkIV I)(--oj)IU fell il-Ito lillu. 

.:B\' IlliLI-\VCCk, '\VC IIAI ',Ill Mll- I)l-oI)0,S,IIS 
Iog(AIICl-, -IIILI I StIVCCI LII) 111lligllt WiltilIg I 
Lll-;11'1 I)I-otoCoI ill IoIl9 11.11ILl," SIVS BI-01111CV "I 
SI)UIIC(-I ()Lit All file IllillgS We W,1111[co.1 ',IlILI 
illd(ILICLI NIS ;IIlLI I*--CCS OF ICCIII)iCII 
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., .,. 	 animals of economic significance in India. 
Water huffalo are extrenmely phlegmatic 
beasts. A nale can't even tell when a femaale 
is fertile, for example, making repr)duction a 
chanca' enterprise. Ifscience could help 
1,tlle alo ng, it i ight he p()ssilble to increase•..:. 	 w ter bU fflh ultio nl, s;'.tile h ) ~i h uL he lp ing 

regional c lmies prOspel- Buit it was hard 
to see h w such a pr ject would benefit both 

l The next dav'Indira (andhi signed the 
Md(cuniet. a Stl'()lg"\\'e Iid neg tiaiC 

pr toc ),"says Broni le\; "and we all breathed 
a great sigh ()f relief. IBoth sides were 
sensitivC 10 Il'p)liticil lati'U Of tlhe 
Iroblems. There XVis :11'IIeI'_llC(OLIS spiirit Of 
caniaraderie. \WCe were :ill iprivih.ged to take 
pa't in s mlehing lnew ihlt \v)'ldl mike' i 
real imlpact ol ) lr C0.unt rIieS'" 

Oin March 18, Ge irgeevworth 
a1n'i tincCd 1he pn)pi)seL ail'eIS,f )tiur research 
and the Science and 'l chn()gv Initiative 
was officially lauiched. 1Inmak'ing the 
ann1l1olnlCCmetIll, IKC\v)rth, said, "The 
Scientilic lPanelk sutc1si i roducing 
detailCdI rec'olenmCidaliOi(s in such a short 
time indicates the spirit of ci()peratioin that 
characlCrizes this ne\\' CeneCIa'Voi I'ml) sure 
their SlCcess was SpCeCded hy tihe fact that the 
research will he trul\' collaborative, with 
balancCd pariticipa,,i in by scientists from h)th 
Collitlies." 

The ai'l of Il()S pressing '(iilernwaS 
hC'alth. l)Cspi tC Cn(irml(is prge(),liCss aglgaiiSt 
debilitating and lital diseases ocr the last

S. Varadarajan, detail. Whell we caic intol the leceting the 1-.alf CCliilr\l', inllccti(Is disCasC is still the 
leader of the Indian next lllr)illinl, I Ihink Ithe Illdians were laill causC ( fsickness ai d de'ath thriiUghOut 
Senior Scientific 	 < 1 
Panel, and his surprised. \\'e had theb Ii Ir real the w irid. 'he panel ( iil med three 
American counterpart ileg )ilti ns. And the crileria wVclc'iIxi\'elv pr Imisiilq .lVantilCS t() )lrsuC. One piroposed 
Allan Bromley take a 1ighlv. Neildicr side \t uld give gli)und ()II tJ) apply imll'n1il(il(igy tI)lile diainR;i:; and 
break from round-the- SliIC issuesLn. CrxamplC, we had the CI'C Of: infctl ioLIs disease. Another would 
clock discussions on c(pail)ili lfding a iuCel )f wCalher ()\,CI appl illmunil()g' t0 tihe prilblCims Of 

. i'olpical I tItC1lns, wiich culdlI hClp the lIndians inllrtiliv and coiltracCltion, and the third 

ls. But \gl' a 	 atepr'dict na hi'S llwe\WC I() W\ 'lll ptCltI()i'd blildncess caused 
ihlt unlcss te Indians gave Isa lairgC h I W c'Ci'i-i lisCisCs and nutritional 
()f IIdiaii lcn saitCllite dia, which wOCulI def iciclies. 
ma li' tll" ii In agl'icuultui', a1 llea in which Indiacliilimic lu'fs rc"alistic. 
EveItual lv we age'c'. and tile Uinited States had 1ing cw(yertled,

'l'hc range If suitaible' pi'iicts was ( I lthe ,(e Scientific Panel olni )ir ze'it ed in-
fl( lnitllS, Il'(l1eC' say\s, thit tihe pancl had nitr)geln, anl Clement essentiail it) all life. If 

tI lurn ii Iwn inllterest ing we can learn 1h)w t() ihmpr(wc tivsi)1t1'e ide's. One', ehability of 
Ilr ex l,, i c ncei'ed \ati' bIftatl,, certain organisms to lix nilitr)gell, that is 
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tol)-lown al)roachli-the tlnited States
"STI quickens the pace of science agencies,, re invlvl patns. Blurldend as 
for researchers and speeds the it hS tradt~itionall' b en with cumlbesoe)niL
approval of new research projects, grnt-lpoxing mleclianisms, tile nllian 
allowingscientiststo startprojects g(mvertlinet has installed 1(wel elt-+chinis.ms
while their enthusiasm is stillhigh." to ainlle.11SI. A%special :adllinistrati\e cell 

withil lhe I)eIt't fI"Scieice aI 
iiiatke it suitale 161r plMts to Use, We CO)uldl 'Icln()l()gv,sltCt minly bv scientists alnl 
chinge the \:I we ()ai nItCLIII', Iicd(d bx' IUC. TrieC'-li, eX)ctlites ip()x(w'als
signiflicaIntlv ( ver C( ts, ant cled the ,vtu'kl(IS ()[ research l)ec)jcts tu1uIifcie STI pr(m,
hntigry Making bettc usc ()[" the nitr ()gen in as well aIs scientists' visits antlItlir trlining
Iertilizer- \ill als( ,+)CCd this (bjeutive. I+ :Il access to) in1)rn-1it iont, e(lUilmlent, :andl 
ad(lition, STI'Igt'icultIatl reSe-Cll \,'()ull rI\'Imteriatls. 
to imrovl) frI'CSt:aion techni(lueS to0rf( 

l)proviCe renevable ()Llrc'LeS 'ura'.leer f'r)I" 


ola)0)Ilhtions, iipr()s() Soil Collcliti lls1t)w

igric-ulue, Ill c()ntri)l 1 ( Cs. 


Better I)rt-clictih n is )()ins, b th
()n 
slitt tel'n: andl n()ilg is tlange, Illatte'l 
Vitail co)n('cernl to InCia. And )ecasi the 
m( )nS(I iaf1c'tS tile wethea lil tile 

gl()hb, it C()lCeils the In ited.1 States as well. 
I rc lll I'" mete )i'()l()gi tst.ei's, ex1mp'le, 

have clisc()v.ieed that nilnisoulis))()]- inllilia 
aniid a n'rnal inl the EalStvi'n Pacificlweath1ler 
mla'V I) ine t() nc nl()Il CiLses-andI thil 
(one mapre iict thell(the, 

inllWl)the iailrel e dsaysre 
resealrchli ill(() Iew techn i.gieS ()f'h f 
p)hoto\()ltiics, maFterials cale cn'eiting
sunlight int( electricit\ C i(hi)- hi()i(n()ltaic 
cells coulC Ingillg liglht, irrigiationI iumsTt, 
edcitioniIl tele!visionI, aiC re'iget, in f'r 
the st(iwage ()Imcli nesl t,I() inillion.()f 
l)p()I)le 'hx(hiv\v n()acc'sS toi cCltIl pinv,) 
s 'steimn s, 

Bf(r'e \w('lk CmIdiC b in.lian adalll 
Alleica'i ntitsI hadl to)10 ci 'ene 
woikshlol)s to refline i 'h projci. Pi isal*(s 
\lr-e SLII+IIlittUC f'()i-1)( e rvi iiV i ia h 
cOUlti'V anC finally modilid 1 biltei_'l 
dlisclSSioits. As the IxcCUtive2 Agt-ils fin- the 

A listinictive f'eaIture o S'l'I is
 
iInlepleUl1nt scientilic (0Verviv. Tie Itnitetl
 
States Nati)i:l Academy ( )f Sciencs' Natioinatl
 
RCsearch ( itlcil Ce)Uperates witl) a 
0 )iirrSp)()lnlcigii InCialn Sen ioi Scientific Paine-(l 
too)l):()ciuce l Cr)dlic iCvie2ws th,11 ensu'eIt 
thiigs l-w ,ri ii s:istIt(Ile\' Suppi)osedCcl t(), 
t)int ()tIlarals ()f' c rll,and SLIt-S 
piams t iat inighl Ib dced (" r)[ppd. 

\\'illiai (rdoln. chlirninau ()f the 
Nationil IResCaich (O)uincils (ve'iv 
coI(mniitltee sa,S te earlx' retUrns ftile S'I'I 
have ben extremelv positive. "It has micle it 
easy hi: Indi t inc':li"i.and th U-lbrt()e. 

(ch dinn. 'As ()Ile ln1lindsaid to) meC, 'lts 
as easy mI inv( r(nw(\t() vit h s()ll()Il eIt the 
Nationall Institutes ()II 1calthh isit is t 
in':inoperate with i in ellin)ne n the ihll.' It is 
a g()ocl examlet, (f' hiv a silli ilatll 
prlecWtCnl hav ;siiificanit imlpact I( iiaCll 

achie-'ving the gn IS ()fb)oth ()ill c)tiinties." 

"InvestigtinMin ti) i\'Cstigat)l i'eseirch is 
the' best kincl ancl thlit whailt STI is :ill 

t'' lsays A.ss(icDite rIica \ ),gel, l)ii'c't( 

in"th,()lfie i1n"I(n1,irn(t1innal ILathh It'he(
 

Public I ItleilSclice. 
ean.ll. hins()il ( )I le, 'l' Ir i()granl ()lf ice 

aWitthe Nath nil ScicC F(Atlillmitlln, aR41e's. 
"II (11cluiccisthe picc ()I' f'()Isciecc 

I)rograiim, the Nitiihial Sciice [('iicliti n inli'es'arcli's aiicl s111ds the apr ivx'l n(ilC,\V
the I.liitecl States indotl tilent ()I'th(I ) 
Scieice and lhulin 1 (V'el'st()I),gv in lilcli:n allcl 
cor()lilnIte the idiclviail atliiliCs. In lie' 
tInitcl Stalt s, Ir()xamle. R( Ie' l))\(i ()1'
the Naitionil SciencI tFiindation, Co sn'cliites 
thle ('1-1)i't ()1vaii iIns gn M agc'nie!sI'lnnl i 
that mna,1ige the inclixichiual p igri., 

Be:citise ()' hiell 'isilbilit\' o)' the 
prigi'an xvitliii ihe tx'()i i-nirnls--ihe 

i'esei'ch lp jc't,, sli :ays, 'allh)\vil g 
scientists t)5talit l'(t \l'ile' thlei 
e" is Still lith, so)nietliinIl thatca'll'c'nthusial.Sll 

alxv\'s be iSAOcl 1 '()g v ,i'eriiitaIlll i)I-)jc'tS.
 
Scitilists lilke b(i gpi' inI( aaix n(lc'ti'l) ()I' 
inte-relitcl )ri()jcts, lilchist()SC(in 
ii1ti inlin)hngI 'aheillihnini'xamle, 
w()itniig iil( ini is: latecl i)in inlect. 'The kintl () 
itllecitafI slimitllat ioil this Iiis eigei1Iclt'ecl 
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has been a great drawing carl attracting the 
very best scientists to work in the STI *." 

"It's been a ver\ fruitful experientce fr-om 
our side," say\'s S. Ramachandhran, then Acting 
Sec'retary tf, Indias l)epartmrlet or Science 
anod "Icl og>,oPv to"We've learnel lotW 
things aloIg tillc lItst path i,]stead tl"through 
tile bure:ucratic ll"Ize. f scni(irw",In ()Ill 
scientists si\- thcv'l like to get invtolvedt in 
STl, evell if llo extra t ICd."nl )lne is in(\ 
ln(liatn scientists (Rtit ill tile fliel generally 
cOnCLi* Nhi\' parlictilrly relish/ tile 
oppL)rtunities 'STI aff irls tIo w(l,kvilIi 
AmericanrI COunterparts, either in each others' 
labs oIi in vatri(is wtWksh1'-) C(infercllCs th1t 
arC perio(dicatlly heid in COMber Collnlr 

The s:l tll t)up aga in andtIn eCls re 
agin-- )olltb inc'retsesi1w Irtti(n 
unlder.i'stalinlg eCtw'i sciicitists of' ,liflrent 
countries alnd n.111,lmi-s it p ossible tIto (I things 

"If you put your reserves to work, 
you can do a great deal with vary 
little. We already know how to 
ameliorate blindness in the 
developing world, so extensive 
basic research is emnecessary." 

of, I lelthh, AmericanU atnl Indian researchers 
are tryiing it) recent lrealkthrt~ighisharnlcss in 
the sclienie( f imullun( )l()gy i0 deepen tur 
undrsltding (1if dism(ease. Insights Ilr01in 
imrnuilithogy) I-Care teaMis develophelping ST1 a 
simple, earlyv diatgn()stic test Ih)r tubl-erculosis, 
matke pr-ogr-,ss t( \alid tile first vaccine 
against I para."tsitic disease, maliat, and 
iIpR(we unlerstalIId ingit ( tl iiiimulc 
s\stem.'s r )le ill andlepro;y :1l ilariatsis. 

sy 'I.fra disease mirere in stociall stigml 
,itli flar witli r-tits at le-'ast Is )ltd as the 

together neitler t(I uiirv clmd h I afh)ne a1ndC Bible, has beeII p:!ticularlv ttiflicLth 1ir 
Iow the high-levl atttcnti<n t0 t1eC jt<)jct 
has speededl tile n iniaf pacel rIse'ach, 
UllCo.uI, mllaLn scienlists it \v( lrk(m the 
p)0 ject wtii niglit lmt ha t e lrvisu, 
seedin ew ideas tgthat are bringing a t)t 
excitiilig findings. 

On June1 2, 198", dunriig Prime Minister 
RItjiv (;ui-Idhi's tripIto tile iilited StIteis, ie 
and Pesident RIagan exteilCL STI inltil 
Oct( )bet; 19H8. STI l\mw incluides Sime ") 
eSeaClh pr(I0jec illtuSf( )Ii resi'til(\'iiig 
inll re than 0(0 Iresc ',-clircrs illi the Ulnitcd 
States ain a sili ifil" numiber ill India, Ab(lmtt 
25 scicttists ii iach llcal travcl back and 
firti1 euc1 yeall. Tie lilitcdl Silatcs speils 
appl~rtxinu0ate0v S-,l()I), ( a,yearc i-i the 
Iniitiatve, 

()f (Ite ft lir pCrt)g1ais-- health, 
Ig'iculture, mImlSt()lins, Jind l I)lttv'titftics-
lie g'reatest gains s fa haiv o Iln ill hClhh. 
Beca11Usc India aitl 1itsthe I nited S had 
bCeiI o fI)Crtirig ill the bi miN'leical area I'M 
dclds, pr( grluaIs wer alreaidv ill place lo 
l)lild tll)n. MoilevcM , Ihere" is a1ResrvT)ir ()It 
discasC ill Ildia that we cannti study here. 
In exchange, we cail )ring It) InliI lhe latecst 
in g netic egineering tchiiues, 
tecinIf( g and1e(uiflimlI t. 

Indler the cooldiii tit ll IKarl \tern 
at tle Nili niltit mte t 1Alhergv aiid 
Illlct i( is I)iseises it tile Nali lml Ilstitiles 

Itited Statics sciCntists to0 studh: Tile causal 
(Mganisll, 1lt'coNIc/rillM /prIW, Imtrlalrllv 
illftects oIlllv twt illilmls ill the woll
huiman beings anl tile niiine-banded 
trmadtlilh(. iThe reft.-;es grow intirgalnismil to 

cuht ire. It rr indtuces sIht wlv aiNd resides ill 
tile b witl\' sIiwing svilnpt(mnlS I" as1)td mut 
hmi ig Is 10 vears. 

Givenl all that, its ()Ib'it it.s thit lncdiis 
1li1r IlillitnT Imn tlfferir)IOspecCS 1 1r prx<+ GiSveS 
i clse( )+tscflacrltboratin. Fior GilIat Kaplarn it 
tlie Roclef_'llcr I!iniversitv in)New V Hi(iti; 
the fr(ijcCt r)AVides insights int the \a\ tile 
disCise :affects the iull]lnllle Syslell. There are 
011 It IhiIndred IClpt)isvae\\V Ja.tiets in New 
Virk, aiid since til\ have be-en treated for1 I 
long time, it is cliflicult to lea'n very' much 
ablt the at tire tI"ihC illlllUle response 
frolll ltim. 

Tihe disease rnllges fto 
ttif-rcuhi)id i'1f in \llicll 
s\'stlen is pretty IlLucIh inltact 
IClirltit)tis kind in which 

tile mildcer 
the illtiliC 

ito thc 
t, 'rt' is little ofr 

IM iluuttiiinC reCpm iIse ito theC IClpois) ' bacillus. 
Evel ill tle Iflitel, Iluotigih, ilients sh()\ 

inmuun rcsp Itin ()tilie[-l)lher ilmvItders, 
such ;is tulbercuisis Iacteri:. Kt;ilan a(ncl 
tht'r.[s ill Z:in\il CAlhl'S I'll are c')lllf) 'ltillg 

witK:11_1rNllIndira Natl.P irI i1 tile All India 
Inst1itu te 0f1Medical Sciencc's ill New )el hi to 
inlvestigite It)\' ai id w\ tile i niuutie1C SvSteiil 
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On June 12, 1985, 
presidentiai science 
advisor G.'1. 
KeYWOrth // and 
lndin science 
minister Shri Shivrha 
Patil sign a three-year 
extension of STI. 

\V( irks w'ell in rpCSP()l1St t"()l diClSCt\'ttLCr Ulii ti "I S\Stt'111-VIllllhint' is ifll)IiC':t'CCd innllt I();1*1wher- Cert',iin kind~s (A'hl, l-w l, e x"111ple, 
A7\lter inject in~ utub~t'i~cn i(ISIS In ies dise.ise, wvhich inlpdirs \ision in (nC toI r \' t 


Ilprosy skin le'sio ns, we hi )Jlt,' h le)sions I() (I\ J) ()1the 11Cn in I li i iinglilte
( CtiC 

1inU ()ilt WVai T cells ijdiS,'-lighiin while 110SI1 l)0(;CluCiivc I)Cri 1Cl(di I iir IiVC,

cells alr' C(ling, Wililteww celles ( ltS' iii inl 'ndt'nll it 'iic rt,tinil h Ii l(r c.iC
illwhat;i ,_co.lc u," ,\,sys ipltln. AVCL (d1 ..ill itn1,q lMa.re. Ilinlc.11 )IIl~l i le Ilriicl 

nllC'.lStlrillg [litinill'tit' 'C in Slatcs.resp( )l Ili's Itl diseases; at ick tilt' hl)() \',essels
lis a.se k th!., first till. This \e lit' i)uilill i t'i'illai, C;lti in) IICill 1(1 inltip(l eak 

\e I g' 1t)ile, ()f t -,I 
aind er'altt' i(cI lr ()I llgt' ( tile i liiltit'I '.il . ,n i n i h 

Wl il' ill~t'l IlVCliill .tg iltS h() ldisteases represeni n1ialitiictio.l (I*thll 
I it \\11 

disease. is l l 'erV illih ')lltlf" IiCt' C Ill \ii0h1t3 Pl I'Mt'ls I(i itttilt il lling (d
COlild lticl 1( t'cA"l' VACille Ing, s W,1 \. Nllti!,. lrtlp)lumt(()illn). ;191iilStI Chlih, n 
lt'jr( 5\: lc'l~nl, \ I'ni\'crii\' is 

'.1; 
p lil\l~icltl'li I' i~ ir~ii con i c
 Niadurai IKanmaiij t ( lfl",-ing [lit

\e \ 1"k a gi( uip (lv with 1h1l)1(I Litc', liseast [li lits with thatl (I' 
Nktilr .la inlril) c'i ii lldi'ra' t.ls ll.LNalihs ilti it I S' tolt'I h rl'ktlal i' elh," .i\+Kitplain. "\u haive' I. i()c Clillrence huiw 'iell
11C11--:111y cl\.id ,f' llce~c


palienti i ) rt' dillt'r iIi C'liiliC, iinI)tIhi, So1 inlt,ilc'c (I'tlet' illillillC \ t 1'ill1 ilning
we cait ill:lkt' 11laXilllUlll tlW'()I"()Ul li lt' agli s 0 I)!111iis l'lwn \(Cl.st'ls.
ihC'. \ l t o 1 % illn'l hili I ) \'()It It'St' r'' [( 'rk, V\ lI'hlI Vt 1"t'11 , t' vItl jitit lr W0 
pjtssiihiC willt I' tilot ilt'help. Aiii1ioSt Cail Cill a great deil \iti \tr illlc", sill's 
CvCry ( tlt' (f lilt' 100 1 Ic wt s t't'l l 11( 0\\1w0 lIla\'t htIr;i I inl'rW(, ili(t' Nillilnal E\' 
collies hack wh n wc ask, ainlteil,\ lvc t I) Iisiii lt,, \h W iih (;aiarl I IIhSittltl li.utCu

rei't l Ie ftl1h)1) it'S:It it ' l(C 1tinc skili chit'l, lllin;it' lt'ph ,11 llii ,ll(-'5pr wraill. 
I-ipsit's. lTey ki io)\ it isn't llecussairy 10r 't'2 alre'ady kino w ho1w t,)I ;tiliormxit
their healllh toretil, ;nlt Vet [h1ey coni lpl)" hliniuitss ill tio(leVtl)l.it 4 w0iti, 50)


,i rt'searchrs are Also)l txicnsive 
 ,hsicitarCl lss-rt is Utlt'Cl All 
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we have to do flow is package that 
knowledge ii such a way that the developing 
world can Use it." 

STI researchi-,'s like Vinodini Reddy at 
the Na'iona! Institute of Nutrition in 
l-lVderabad, for example, have found they can 
redceII Childr-enl blindness resultinlg from11ameasles and diarrhea by giving them Vitamin 

Kir A Western of the A in plain water or in a mixture of watet; 
National Institute of sugat; and salts. This Cliscoverv is simple and 
Allergy and Infectious cheap and should save lives as Well as sight.
Diseases at the In New I)elhi, Madan Mohan and his 
National Institutes of colleagues are study'ing another" cause of 
Health manages U.S. 
paricipation in the blilldncss---cat'uac, ase in Which 111C 
infectious disease lelns of the eve becomes clouded. In !nldia 
program. catar:ct occurs between the ages of i0 and 

60, while in the tinited Stu1es, it generally 
Of:cuIs afteri age 65. If the Inset )f catarc',t 
c(Iuild be pOstI)IIonoed by a decade, both 
natiotis \\' uld beeit en( Irmously STI 
researchers are hOlking foIr risk factors-
atilg IabitS, eXp surC to snImoke, sunlI ight, 

; d hst, sil king habits, health, vitam in and 
trace minerlI deliciencies, ecofil Imic and 

eCdLicatinal statIus-that may predispo)se
Carl Kupfer chief of people tI cauaact. 
the National Eye n(ther illlginltive application of the 
Institute at the " 
National Institutes of new sci'lce "Iiilllllnt)lgv' lftItCSSeS oiln birth 
Health, coordinates o)t td'OI.It tI((k the hluman race until 1957 to 
the blindness reach a.p )pu lltiol (F three billio n, but 
program. 'c'aching the second three billi, n will take 

() Ilk until Ihe end (If this centti r\: Ni netv 
pc'rcent (Af the increa::se will CIICme inl 
de'V2h I)ilg c0lntii1ries like India. 'l COn ibat 
cpidetiiic (I'V'rp 11)11u:1'it in, Indliani aInd 
Aiericain rescarchcirs are CUIla1i))ra t ilg (1l I 

) Itlracept ive VICacitie tlder"the dircction ()f 

;briel Bialy :t the National Insitute It 

lild I lealth :ilcl I ILI lall I)evellpment It ite 

Gabriel Bialy at thf Nat (il1 I nstitutCs (If I IC;aih. 
Nationa! Institute of "This tl graill i ;a g I)(l C.xanIlle (l f why 
Child Health and sLIc'h ,O labihlitlIiI can be considered 
Human Development ;additive t0Iwhat each gllip cn (l) aloe,"
at the NlationalInsitthe ofHalt sh 's Shelcli nI. Segal (F the RockefellerInstitutes of Health Itldli)lad; lcil'e ) h :li)~l 

coordinates the birth lunclatil Iad a meunbet' Iit Natinal 
control program. l<(seAi'cl (GAX;ci OVoeT'iew panel. 'A teatn in 

New '6Irk :tde aIvtccinC1Le agaills luleilizitig 

ho)rmIne releatsing lit'i1l Ine, iOI 1.1 IRI l, 
which i) miles leads 1(( thie i)RILuctil lf 
sptriin. Now ;i .ai ti t)clhi is testing it ill i 
lai'ge priiinate center there anid myeM'\' close 
tIo clinical tests ilU ple.' 

8 

The disadvantage of this method is that 
it inihibits sex drive and other secondary sex 
characteristics so replacement androgens 
would have to substitute. A second approach 
to a male contraceptive vaccine interferes 
only with the horrnone that regulates sperm 
prodcLItion, leaving the sex drive intact. So 
fa, this vaccine has worked in monkeys. 

Ear in the future may be a female 
vaccine affecting the zona pellucida, which 
would block fertilization entirely The zonla is 
the thick Coalt surroundilg the egg tihough 
which tile sperm must penetrate to achieve 

fertilization. 
Agriculture, an area in which Americans 

and Indians have collaborated since the early 
1950s, is al;o vielding some exciting results. 
"We have the potential to change the way 
agriculture is done arouid the world if we 
could only understtnd the complex 
processes that make bhi)logical nitrogen 
lixat i( possible and apply that knowledge in 
a practical manlet;, ,:avs LIO.hNd Frederick,
who manages the agriculture project at the 

Ilnited St:te.< Agency f61r lnternational 
I)evelopint. 

The project has just ilOwll 0alg,"wn says 

lake I iallila, Of lattelle-Kettering, which is 
invOlIved in nitrogen fixation for STI. "We 
have heen aible to do \v rk that is 
itrinsically fiscilaliIg to IS, which We 

oIdni't ha\ve dtone \Vithlilt the 

co(ll'ab()ratil. Bo1)th co u tilries needed the 
intellectuatl iiLput. The IInited States makes 
tlSe O' the plant mlater-ial that the Indian 
scientists share with Is, while the Indians 
take advantage Of (Iiir techniqlues and 
i i kind (If grass rootsinslrumeitatiln. This is 

scielce that really tuIns pIp)le on."
 

For Cxam lple, elect'(l ilicl scoplist 

I IarTV Calvert iCcentyl identilied a new 
s\mlllItic tielatChinship in a1Wvo lO' shrub, 
c:lled '\N('o)1lliene, which gl()\vs as a weed 

alvSIin t-ice fields. (ialveti had discovered lIh)~s'~hlc1:~eii (iel~llk 
pill ItoSyItlictic baCtet'um 1 0i1 that like 
higher plLIs uses the sus energI to 
CU-vc't't carhIn dixiche 1t c:l) hycrates) 

living with a1 iti'(geil-Iixing bactet'itiil itnside 
ilIlulCs (In A(SC.)' l IW. "'lis is the Iirst 
teprI't1 Of at h)tsv\'itietic Ic'etiunl living 
ihsiCC nildunIc'.S" Say's I 1ll icl\: "We've f 1.t11d 
n1odules not01 just ill the t(lots If the shruIb but 



also on its stems. Perhaps the photosynthetic 
l)acteritum can fix nitrogen too. How did it 
get in there? It's not a disease. Can we 
transfer it to other plants? Can we use it with 
nitrogen-fixing bacteria as a biological 
fertilizer? How do microbes like this trick 
plants so they won't be rejected?"

Another effort t() inipr(o)ve crop yields is 
aimed at the aquatic ferll, Azolla, whose 
leaves are inhabited by the nitrogen-fixing 

,J 	 blue-green alga, Aiatkhcw,(Ic azolla. Rice 
farmers in Southeast Asia have used the fern 
foir centuries Is a green manfre t() add 
nitrogen to their rice paddies. 

At tie ti\ ersit\' ()f Calif rnia at I),ax'is, 
Hill Rains has Ci iscovered that ( ne strain of 
Azo//ci indigenous to0 the tii ited States 
actual l\' secretes amnonia, a nitrc)genOuis 

Lloyd Frederick of the fertilizei; into the water+ in Which it grows.
United States Agency 'It's like hax'inga inhiaIt a'mI factors' right
for International there in tile rice fields," sax's Rains. 
Development C 1laoihcratin g xx'itlh S. 1K.Goxal ()I" the Indianmanages the 

biological nitrogen Agricultural Research Institute in New I)elhi
fixation program. and S. Kannaixan (Of 'linfil Naidu iniversit x' 

AgriculturaIl I lni'ersit' ill ()imbatire, Rains 
has f 1mund that tile Aerll'ican strain can1 
increase rice yields by as niuclih as 60 percent 
o\'er Indian Azol a strains. 

Another xvay toi make agriclthure ntI( re 
ecOlonical is siniply to iipnlrO\'i lluist 
effliciencx' ill ulili)iig tilt igli>4ell iln artilicial 
fertilizer. Rice plallts, f6r examllple, (if ten 
iecovCr Is little as 2() iCtllt (d tihe availablC 

John Malcolm of the nitrigen ill fertiilixCr. Bill if rec,.erC;iciis ctlId 
United States Agency C'llr liIClrStand xvlix' thesC lossCs occui; 
for International 
Development s iie like( hn Malc' ln if t li itd Sttes 
coordinates the Agency 16ri I'nterna iinal I)ex'el()pllcnl xvii() 
rnitrogen fertilizer 'o()CirliialteS this pro grail, believC thitt 11a'Ix\' 
efficiency program. of the losses could be pr)'exenlted, utiiatix' 

raisiillg nitlit'igeii Cficie'nc' to) 7() percent ()I 
Ile. 

AlrCid\' STI scieltisti.; hie flo lTIt 
applying fertilizer a cOuplc ul dax's Nief rc :a 
hea'x' i-amdcreallses nitrirttili I5ssc's as cls 
gRi\x'iiig rice in continuously l icle, cl 

p;iclies. Frnt(tr'acing suc'i rii'lti( ii,l iiifiIiolian an1d Amlrii'aln sciCntists C\nlllv' 
hope to dIisc()\e- fOir gi\'l plant species what 

Stanley L. Krugm nanof;s l d AiriI M)u f fel iliZC, to) 11iiliTS I 
rhe United States
 
Forest Service 'hi to uset 11_1, ali at hal dephlt s, 

manages the biomass EI''Crv v .' ihe world iisis Ill atcaif 

grogram. liu'cst half tilie size of California. Most (f i' 
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losses occur in poor, tropical couintries 
where the main source of energy is 
firewood. With plenty of cheap labor, India 
has been in the forefront of those trying to 
do something alout the problem-planting 
12.5 million acres a year, primarily in the 
ttimalaxas and the arid, overgrazed wasteland 
that makes up one third of Indias total area. 

"This is S()cial f restr.; a wax' that 
i)eople, lot ildustrx; can t',' to improve the 
quality of' life in rural areas by growing trees 
and snrubs for fuel, food, and fodder," sa's 
Stan-ley KIrugman, manag1r+i" ()f the bio malss 
prOgram at theI.Inited States Forest Service. 
"It wviii help co)ntr()l riinlO)f saveC vater, an1d 
reclaim wxastelands l)r agricuItuilral uses." The 
aims of the programire to identif' which 
trees are best ltr which climates, to ) mass 
pr duceiceedlings, and to disco)\Cr the most 
efficient wlys of planting them. 

Which, fir examlple, of the 5O0 species
of eucalyptus are m()ost su itble i)r different 

treas of India? Sonic siy ucalp.x'tus robs the 
S(il (i nutrients and 1wers the water table. 
WouliId i)Oplar be better? It gr(Aw)s straight, 
tall, 	fEst-illd alniOst an'where, tinder STI, 
for example, the IInited States sends poplar 
specimenis to India where cuttingsai 'e 
planted. Sime are taking hold in woi'n out, 
arid, i\'e-grazed xvastelands--enx'ir ins ver' 
differCIt fl'rOiifl theirilaliv' humlid Alericall 
halbitats. 

The 	 Iim ns on, 'whichaffects the li\'es Of 
rli luglvhalf off nliikilld, ilcluClihg evervone, 
il India, is the subjct Of1anothCr STI 

pl.ian. "Ile Iin)( in is a higllx 
significant featuii.re iln lte l(;Ial gli bl 
circulalio n," sax's RiA'r \Vhil, Pr'esideint of 
the National Aciadm'1 )f EngilCCing and a 
ilclmlber Oif I i'{llle'\, Senior Scientific Panel. 
"The rg-()riil ,_\\'r )ell Of I pe!rsoIilal interest 
if Mrs. (auclli, xvh i felt it woiild be a 

frLitful ara IC'ifCscarch. It is an1 xcClleilt 
c xamplIc if a perfe ct fit betweeni th' ier'ests 
I a' Iiiclia a1d thie' I lniCcl State'S.' 

The Till 5)1 ip'i)il't.l O il( iSiS {)f tt)
sL prig'()rati s, ac'c( ) in ii) PameoClalSte'phenC's
 
it the Nati)nal S"'iecC F(unclahin., x'h(
 

,i' .S 0 1 0 1. O i ' iS sh()i - uI l i1lC C L 1t 1

aelill. h icst in. C(]1 lat)rat ix'e Siudcies 
inxre'a in-lpr()'inig anal'sis of xvincls and 
le nmperaltlt, and pre'sstII'e iieasuret s 

http:featuii.re
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obtained flom rad-liosonles, satellites, 
oceanographic vessels, tide ga'tuges, etc. for 
use in 0)(peratticna numerical )redict ion 
m<cdels.

"This variablilt' fn0T day to La;"'sad's 

c)c(at1ngrapher Rkoger Re\xelle at the 
Ilnixersit\' )lCaloif rnia at San I)iego and a 
member )fthe {)verview panel, "isvery 

Pamela Stephens of il/pc rtant I rcclii the standp->c int of agriculture,
the National Science ptrticultrly during the first part ()f the 
Foundation manages whenlIeWhen)licc1f, rails stat aInd sto p.
the monsoon Farmrs like itplant tfieir crops ater the 
program. 
 Ilh',,t
rni, if the next rain dOcusn't Ct-ciie 

thlcrt (lw.ee wccur \veeks, tile scllings die. In 
Prcl' raIli I, we are interes,.+tUd in this sho0rt-
rmlell iwnsccl n set and liev"airiaflilitv---thie 

inter\al bet ween the irst and stchced rtns.'' 
Wlien the im cnsc cclcn fails, pc pleu sltle 

and c clice t ctr. cng-raIigC kiwccasts, 
li *which m ilit predict such iauIes ailil tir 

" 1 'll ahad ;aIre Of the gal0S ()fe a yCa Cc)Ile 
Roger W Doyon rilogi')tll II. 

heads the Office of I'nuderstan1ding 1(1,g-range weall er 

Indo-United States )attCrns, includIing ll)nso c()
lS, is ;1sc (Of 
Science and 
Technology Initiative interest 1() tle t nited Sts and Latin 
at the National AnCricaI IbCtUSe (& nc\lv-discM' CiCd 
Science Foundation, ccin'dI clio"s iCt\eiitIcil c c(ciis and weaCheOr 
the Executive Agent in 0>tI ter paitS (t li(d \e Ilwccrld. An Cxaiple-, is 
on the American side. Nifi, the strange (:hrist iitstiltic \\airMin ccfl(')ccf1 hng, gi izcid i dellltiirt IirixCs best 

sut'ftC Latin, 
Pacific coast. Ncot ()Il\' hOCes FA NiFc cwipe ()Ltll 

tie se la \l ()wae lAllricas 

the I'Cri'iaiand I lniltd StatCaS :li'0v 
Catch, bit it appeasC tcicuSte ( cliIIs in slle 
p1irls c)I wIrld alidIhC \t cigh itis (W 0 cl 
wa Cs in cit-Iit.s. I, ccl l;imIh hclira 

A ocuipiit' hMicdels and a,nullitutde( )bISiC 
I I-arese'areit prije(-cts, SI scie_'liSS t ICgin n Tig 

Jean M. onson Ic)u idrtLIid lie physics cinnicting El Ni ic 

in CnlighltCnCd, ias(inif].\ pcihcsIperms, 111d 
stalel smitieti-s. IUInlightClticii and 
prnsperit, illturn, arV lIirgl fruitls Of 
sciCntilic and tc'hiichgical Cnlterprise, which 
iCquirC.s :1 cliiial Of(C freecc CtllliunictliGon 
alic mug -quals, I)t)[ paternalislic relaticI nships 

lmstCr f(ll amidc 
it'Sllient. If S''11and its SUccessot's cill 

f()ster and i lilai n such icli ille, he 

that tnd I0c ctlCendc l 

program manager in xit IIllc)nils, raisiing q_ 0psii htb tIw Il'c cg;Ins ie1n ise-lxes cc cI I tUil cltl tc beIili 
the Indo-United States I)Cc ni inCr predictl tiel, 
Science and 'Tlm cl(slclilic'it 11".'a1(t mlnegc i[t,
Technology Initiative Ilut(cc ltalicS, \\'Is alsO hlieharCst Ic)get c)I ' 
Program Office at the the gild.So diffit-uli, illtAl, that n(
National Science et 
Foundation. agre nint Was reac'dl iiI M\arcl c1cf 19 

xvhe-,n (;tct'g Keyvcmrt hinlard M.( M.l ici 
Ilad- atic lier ccl tl(c se, hii-lex-l dclcisilS 
that,1 lia e l)I'ci C leCd th ,S'lII'c jcti. '1i1\' 
i'emiLiiied the' iuii sodid stit scieiice and 
Cngiuii'iIg ;iIll cllta,in4ed tle einihipasis ill 

hiplt~ctxc taics f'i'ciii:Itpl[iCd tk Ic i;bsic reVse:c 
the\' tlsto aCldd ain;aIllbiticuts pncject c 1n 
llinerals Cliginlcering. 
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EIncouraged by early successes of the
 
STI, Prime Minister Rajiv Ganihi and
 
President Reagan have already agreed to
 
initiate two new plrograinls. (nle aims to
d h .1oce impro\ed \tcil)CS
 

against infectious diseases. The second 
in\'ol\es Iong-term research and techno lg 
d-veC )pnlent elfcrts in agricLItt Iure, t')restrx; 
bi(mledical research, lut itic n, fnlim i l 
welflarC, and industri'il research and 
deveo)pment. 

'hie I liid States is alSO ilVestigating 

possibilities for tdl:tl|ati\e programs with 
other dCvehCl(c)ing nati.S l|II Cdeled tcn S'1. ,As 
l)aVid 1\,Icg, cccordinaltor ()fthe overvie\ 
coittiice at the Natio cnal RCsearc'h Coulcil, 
says, "SC'iilg as :1icdlC f tractivfW such 
ne\v prcjcts, S'1iaV hClp Iulfill ni1:11V goals 
the tUnited States can achiC\C in n(o cther 
wax: By de.signingcIt. cperBV \'l1l1ltllts,'ntire aS 
jcilt inVestmnil , nt()[tsll ISaid pl()gl'.llls, we 
tt'l utr plartr aS e1quails, While 
invigcirl'ting tlii r SciCncC.and eCI c t gx
establlislcinls. 'Ills ellneC)rages the best 

talent in ch count l()[Ile fttArd and 
c( ill)ie'i 'ceS,tus SWCding the progIre,,,ss 
csciCntiIIC disCo)V'r\:" 

IBot h India and tie Itn id States have 

CvCil nmcre il l)(ctitli ihaii tie sciCntilic 
Iret-ll ir(lugls nudC within IhnCiI. 
. Acfi/, l>\' b (/ f ,*,/aW C iri/w/r Ili,g/ fl(Iuj 

'c(," t, I).C./i'ol/.4 ill Wishiif 



HEALTH
 

A loper waits for 
handouts or a market 
street in Ranaras, the 
holy city India. 



New Immunological Weapons Against 
Ancient Enemies 
Recent breakthroughs in immunology aid in the battle against filariasis, 
leprosy, tuberculosis, and malaria. 

by Robert Kanigel 

he textlbx )k picttuires shov,,only the alccted bo>dy parts---stuLp-like legs 
encrusted w,ith hardened, etrsn,grotesque'l\ swollen breasts, scirota 
the size t b'asketballs--that mark the tr)pical disease kno wn as tilariasis 
Aitits \V()rst. But here, in a,\ ard nmthe f()Lllrth l()()r (ftle (h vernmenl 
General I I()slpital in NIadras, )ne recallIs that attached t()Ch )e dfe rm ities 
are rnlii Lds and li crts id drean 1us (f)a et ter lif . 

One patielnt, a clhc ilhis twetities, Clisplays his lll-'gCd sc'i)tLi 
and elephantiais-rien lel \,th an l Iclinic'alagrness, aIlii-l)St 

)r,)ugh1 s. tl iltightbet it a1li'k-h ngf st idellt f) the disCase. 'he 
albsencL ) patll h)l)f. ilthe rest ()f his vel wnwd ()dv\ imakCsI-ti tile 
aifected ()ig.n, se all tile rric )ie lisshapl. Ante'lo_,r patiilt is Aischl ) 
teacher fiimn aVillage :i kih)melers )utside Nladr,,. Ile.. huIndred 
unlarrieldti(d )ugl i()l Illis, he h.sten1s I() exlain, I)ecISC (' d ist ig.u rinig) 
disease. FLr lllallV victims Ili vevert diminished Iurrialepr ),ects are 
ver\' m1iuchL p-Iirt ()f the CdisCascs S )cill t)1l. 

Fihuicsis J(I )) iCslT' kill ii i l illili t) 
viclinl1b,v.')) widc Ii sll)jccIl ()L tllI 

periodic•feei II l.c' Iii llc lile'C.c111 l iiiri Ill 
Sl0 It" ,,il Il r i1' , l\ill ,Ct.rS. \vll' 


zvid i l lyilhcill~ mvu \t iu ilvir-luailh ' 


kills. And l I n llthelw \ iil dl
rc'cc ic..l 


sCitli li\C(ll(I i L,h aiil . , clli Illl;ill 
illuisv iltIi l Lic)-I lilc5 Int I . r vii nt.\ llw 
lh i ltli LlililIlL'JIc;l rl cts h Ciu)il;ll),()iilil li sitl'l u 'SlAIL'S i' .i1t 5 1 L i 'lI t~ .

hitwetrrc',c~clc'r t li l 6il ll~u W-~
illi 


illu isis ha c.k t 1a iiii 
.ST Ii' h ( )Ilic a l-c lil r i i s .111d 

li tl li,lC l 
s1l3l v.cxp li6rca ctni klhr()tlgh.s illlLc 

i l i'vS ' L iltI i.iA lc.' JiSi , I\1 

.sc ic lwc'()I*ill lnl u n t1,ig\,)I~~t l c ' p rn)hi e 'i s 
Iilng rt'sistallI 1()"(ll )[ 1h\t ()IIl.Ic' 
ThliMS, l11il l ld, i )i AHiCii' u l r .',C:ul ic'r, 
1tlntc'r STI L;I'C' 1IiiI n ir illilJ 1() I11it0\C'OtH ll-
t';I('tilt' ['()I- I11.11AiL;Tl'(I'1i1l\Vt l -dii~ il. LIVCHU 
.stiCl'C*,UllldCT-.lluiln. (&lk'pl)': Thi\ li~LM' 
Ill-A;IC Id ;nc ' ii lll~llilli,gClltlilk-
filal'sis, 

And tllL.\havc. ('lllhl)\-'ld Ih16ir ipwc'u l 

ISiilc im 1 i)slcsiC ln)tl'cr u1lII 1h1:1I&'I h)sis 

C.lllSPti viCiill hw)lg IX-'ll.C' ih6'ir SVfni(I I1 s 
\ Ild lk,si \lll iic- i I S lgL_'i S 
II
l v'lncllCi1, l .1 'iili~ i I lrClI)111 isC; i.lsLW
til's
 

II 

N.i ' wlliu4ilr i, a im.ivc ()I' crl ll 
S)'lll, Lc'll ' us still lt )I'hi l)ilhXIiltl 
g
 
1hil IirlI( liI A lC'eCTllII11. \l\.IIlij \\k tiI X V )1Ir l1tS , e'I:in1clic's ii111 ilsqtisilitoil ,ol his c';ulic,r
 

r llki l) dii nulc lidici
l',.111t i 
1i lh n i Cl( g ( )fIls c : s 111t~,lik c '- MI) t t ", \ t c-llil 

t 11ci litlLid illid.A liSl 1 Itlthhic 'r HtlilIl-S -
hill lll [()1 1(l11 .

IH.i k ill NI ,)I vl C Hi K ( I.) ilk~lii )i nk-d 
111C'lliSAlIc',' it"H ()I N diC~il SC'itCHCttS ill-liitiisll111 
I)L'Ilhi, 'IlIltr \U;i,',iill I)('ilng tM 'illk'll ;is()ll 


ji,>l.lic'lik'icll i~.,N()\)it,
o )it p 
Il)IMiruL-111k Ill~d ii lii t'cl ;H-(& 111 (.1ihilli ; i -1 
liicli 'd' ik lWi,4()iltLT \\TCl- iul llI t)o
 
AIrtJlS- tvl )I)Ipt ()f'lli lI't
-t l~ll.i~S ttVtl't llulc'd 
it)kic'k, iwl iigcml-tc- ch'ivc', lo', IhLl)illliim ild t 

nl11d l i (1 ill,
dl~l Iill' iL.t11 Ihlc adluhl goilur
 

)hJ4c li t)sI()giCJI trt
iit'\ iiliilliill h 1:lstifI 'rTs 11,M) sl t',I hMV1VT )Xili dld'icielic.v; 

13 



Zanvil Cohn of New York's Rockefeller Institute (third from left in second row), who heads up the American 
investigation into leprosy, joins Indira Nath (first row, left) and her colleagues at an STI symposium on the 
immunology of leprosy, which Nlatl/ organized in India early in 1986. 

)lngl inkLed t() ntitll rLertarit)ion. 

l )cvch ping i si; iple scrut'unling test kw 

thyl()xiin dlefiielicy ill lntc\ i)(Nwl-, KA
Itlillli 
then( .unci Ihat IWereaLs ill hc I'niteliL SItes, 
fh)rCXalii1pll, '))tli(1 h1XI)\ inl 3,)() sUillcs 

''(Irttn lIv'()Xil d llilil \, ill Ihtesu g itet-
endnlic areas td Ildi:i the Iigulrt, \vent aIs 
high as tu.e inlsteven. :\lerted. luuith 
phlnnrs \videspread nt tittalscrunill', aed .Itlply (dl io>dilt'l(, l' lln u t. 

The t.-,u wuplilhti dre-_.v ftrtm) thetle,)I 

tXltlrictllce atniritts tihii tlis Lit: ail Itt 

sinlillI ldd test iu . nolliitt iie\v scientific 
g.r()L Iilld;titcl r<;II slt 5ts 1(1 it Itlll-
iitellcttil lrcAktlnin t1i,1lh lL il t 
cLLTLthl+iig .l t r\ like Iliii, [:v \;astlrk 
divilettcls itn illlprt \ill(.' I'(t t;itives, . II\\<AS 
this Ie'.t.t. "lid K()tiltItiliai. wiliitLityhis 
diigre'ssit, t1t li (tc 1ow;ij1l1\ 1ttt tt 
tili'r itP'tt> . 

I'x'lill tilLe ' tiiit l SIlle's. \lh t'L tlte. 
diseatse' i .n11t;tan urllti tnblic IeL'tih 
Ir-Afiluni, tlhcrt \\ure 2,000 (kll.tls. Inmi 

ttl>l'clt t~in il 1t)8.. Ill IltI&. .I llid I(0
Ililliom ,ll _ ,.u l 'Iitll it. ,.ltM+~ i.;1 

trelit Ihic dlist.is. Iuit 1)iv it ical(IcI,
yX' vc'Xt )I I( ) kiito \' \,(mt ha.ve' it. Aiid it ( )lt(,n 

tku'-, six tw eiLhllt lni llili, t)I 1t(lt'gr, hel re 
V )ill" s'i iltItIll's alrc .,ii(IlM's dll(t gll Ih)drvtic 
V01.I tt ItilIichiii; ihVt etii.,\I'O\v SjIrcad 
it to ()thters, 

I"xiStinlg ctht Idis ( tli;Igl( tsis, sUci as 
lliCl( )stc()pic searIll' (& a spulI sairiiple i 

,ll'Lubt¢'lu lld''rc//.osis, ti . ent 
rI*CSp tnSihie [()- Ih dii ISese, (Il't IAelCtLII'.IC 
rapid scieciliin -. Beside., St eliuiell(s ,.\'en 
AdvInced eaIIses cM eludC dini~i(isis 
Ilto(!tlthci'. I'l;tinl.\ a clhea), casy screening 
test al'e t( S,-pt the diS-,t.iS e !;.trl-V a1i1
 
re'liatl]\ n+ld . retatrd its Sl-t!1d.
 

,11. 1,llI(/C lt(lUk; l._trl\s ils presence in
 
tdv ii tr.cthe b t trl-111g, -htibst-IIices that arethe Il-(n LlttCt ()[ IlW+' iCINurd ',?- v,1uio+us liltc 

p~r(wcs.t'.,. Iniintmokttgic",ly spea:king,., s uch 

Stl)sil)t(t+s Cai1 clllict'nil W- ai.Ilgu11s; tIht is, 
theyv cani lr tv(tkc ,ti ilIMlLt I''nrspt,Lvs ' 

11tilit)tOI s, ,X.IlisitCI\, SIu)Lc'if li t)i CUtihs that 
ect gii/ aintigens, link til) It) tlcIl,a';icl 
it lieni t(i(ILtstrulni(ll. \lll (I\'Ithe.st 

trlc StIl).SJlWUS, Jle.'.stIllaI\l.: ct tIlk s 'reaS 
the anutigeln th:i i1 itt iittinhlogici 
SCelllli test ilcI+, set 1ilt ietCIuI.l b 

. <I aI le-St is riclit tilllllLi t t;.i.,SS.S\. 
cevehVlied by (t)sal'n " ','iItW i<Wl t ;tI 
Nt iel Prize 16r its disctt\'er\: etwel\Ven I9)
aend 19--, KI.('Illtz]+ill~i )ll t'. il+~l(>\ 1.0 
at iec ' ette'rl -, Adritilisiriltitl ,\he'dical
(i,'Ielur ill ill,,' lirn )nx, Nc\\v ' 'W'l11t,, t' 

tseclRIA as ilit' lsis h Ii tll\ntxiti 
dt el'llui+I.st. W\ill) RI,., 

;ll.(itillt ()I rcdi ;tctivel\ 
t)ill) t isLl\villi V i it 
(fIIItmi llli f tir)t'h. L 

v()uI le't t ]kno \\n 

lhlecd ailigell 
VII lli\\ll( ')llL'tC litti)lS 
k1( )\i ;i illt ()I 

ai t priiilmiry ci;ila \'()tItld\: Thtl ill lt:ilIch, 
repalt tie ilt-vuc,- \\itll I "aiple tid 
inli i)MVI miId (Wtrk;ll igiti_, tteill 
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backwards to deternline how mIch antigen it 
Cofntains. 

KochuLpillai and his American 
'LI 	 colla-orators under STI, YVIov,an.rd Eugene 

SIras, of tle ,;ate ( niversitv () New ,York 
I)()wnstIte Medlical Center in Irooklvn, had7ICipre\i()u d VC ee)-d In RIA fl()r tu)ercuhlsis. 

wN\\tile\: Set ()Lit t( reline it l1(>l)ing t( 
Working with enhllance the senlsiti,,itv of thlir ass:a. see to it 
American Ihalt it a.:si i(t ftIijed b hirmllless 
collaborators, N. hth 0n11c1terial an t Uberc'I ,sis, and 
Kochupillai of the All finallv al it to the diatgni)sis () iaticnts. 
India Institute of IWWelu 1980, it was ready' to hand ovr 
Medical Sciences in 
New Delhi is seeking to thle 'lIberCnh)sis Resuarcli Center in 
a rapid and sure test ,\ladrais Ir ficld testir (,whtich in a mass 
that will diagnose Iasis, KIchupMillai has estilated, will C()St
tuberculosis, a alI't f(tur t[)ees l't i iii, ( i tb( l 35 
disease that afflicts CO WlS). It \\.';IS I),().Sil',l- tI1Jt tleL a lc d l 
10 million people in 
India. altigen tle'\"d pickekWII INLLlI, kI()wII aS 

PF'I)-C'T 68, v()ildiiltitiaielv 1iIl t) pr wiil 
the spcilicity ,tndcI sensitiVitv nUeded'l. "iffltl" 
says KI hupilli, "if hliS atlligen is nt) 
sucC'esslLI, We'll just tl\' 11l1()thelr ()MC. 

"\\'tlel" t tring to I () :I i I li gigh al ntin.\ 
re~searh, like a l)t (oI ()the.r pe)lple are 
doji -- I I'nl i)t aIdraumiur it All. \.hi 'rl\: 
C'()In(Crn is ifh:11 if \wec ha:tl. plr len, is we 
d( with Cotlercuhsis, hall caln c L it 

,lt'L''')l)(tLli7Im) /c/'/c. IResar'llt' s 
sl' c'tk (A>1Ithecktrsati\'e :,-nt ()I le-t).s\,.. whichl 

:aflicts s mie 12 nillin pic lile ar iI the 
Wv)Fl. Wit I1hthe kini(I (1Irgrudgliil RrSpC,,t that 
British aLdmirals in \\i)rld l. II re'-rved 16r 
the Gernatn b:Ittles-.lip) Bismlar. at
diabo(lical an+d res,.iurcefiil eiiet\ ",.ith+ant 
LIaIIny ailit to( eldhe L'VaittiM
 

delusiruict nint. 

)Ai'ttl'iLill1, aIs MC',s TI 
I )rVid \( lknIkn:, x laCtins i . is 'hall ' 

\ 	 Cnv I' IclI', 

betweveLn atbacterium atnd a tigiis:." 

Tl)CIerciS i Ls( :1mVo'()l)ateCr'iLiti, atNis a1 
ll(WIeC C nlnllll()) s itjnr'i tLsif' l lrLsh 
i nletielo's Slt f'red hf vi lnllir.. Hilt le 

enRld the ',iniilii'S,. an(1 the1re' I il 1.1 

\Vitli tleL eX('e.l)[ioI (o ill(- Lastei'i line
banded irniad+lilh)lo at si i-C slpecies natiVu 

t() the t7nited SttU, ,11. //('" inllf"CIs )ly' 
It un t.tis. 
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A simple field test that breaks no 
new scientificgroundcan, in a 
developingcountrylike India, pay 
vast dividendsin improving 
people's lives. 

Unlike ni( st ()tlher niicrosc()t)ic 
(ogalnislms, it Ca1n't Ihe gr0'n ill culttiLre. 

I Inder e IN it most filVlirble (of 
circumst-aces.. /[ a repli(CducesClh t a 
glaciall slow ratte, tYp-ically dup lica.tilg ao)(ut 
every 12 das, c)pared to at least eve, da\ 

)r n,-i othet.r mtlic( ismns. So the(irgan. 

, 

The permanent clawlike grip of this leper is caused by a 
bacillus that damages the fatty myelin tissue surrounding 
the nerve that controls the muscles leading to the hand. 



bacillus can luk in I)ody tissues, never 
revealing its presence, oh()so graduallyv 

wreaking its,,.damage, its lhuman host 

becoming aware )I its presellce onl' 

impe~rc'+l~tihi : 


Iven So sCCIiiglv basic a ,lULeStioln as 
hOW ,11. lL/)1L' eltrlS Ith I )XV iboremillS 
shroudleC in mystlry Is it the uni1s? I'h 
skin? Tli, ili'l'vall Ibet~e\",, II ill t iit ilI the" 
apI)e)Caau+icl(t () t i Iirst sv inptomIs is s) 
lgn--smetlls at \ cal. lll(ile_ likely If\'e( 01r 
ten-that pfi np( intiil, thei ,...lllst:tnce.s ()I'u 
tlie original infeCctitn is like rct mstRuctiil I 
crime uars latel, whclnthe witnesses re 
missilg (wr(lead, 

Ille Iirst S\Il( ll) is ailt1)St lv'Ivs.a 
numlineuss iI a discute are-Ca (tAsliIltl.v rais.dCl, 
depigmenmdl skiii. "l]kpicalklv M11./_Wa(, 
insinIates itself ill the LM' titSU. 
SUITi)Ulcli 4 flelVU,. 'hat l) 't ;Ui 

irnllamn I'lattt\ i[spuSe, a thickc, lui andcl
inSr 
swelling that a p)hysician can iel tluld.r his 
or her han(_. A IreC(ILeiIt \ ictill the le)o)s' 
bacillus is the ne.ve coittr( llin tlhe n1iscles 
leaclilg t() ithe Iha, Ieavjnit ii ill 
per nii if t claw-lik e .grili. 'I'll e Iass l 1 uig1,4rs 

that giv's the disCas its lilt(St hi rific 

ct)mutiotati( )liS-- til thatt Iistt ricafll\ has lecl, 

mtire' than Ieprsv unijustiiallvI'eared 

c0n:itgiol tISliUSS, t() the Sglt,'gitil ( l 

in ci)htin ie ---. aIls() sl (hs Ir(ii IiCChil"i'
;imt. 

I.e)tt)S - sl)5 i~i) well-kcff._clsli :1 I)v

chuanicterizl settlili hCt\\eC, t\v() P)(IC'S. 


tubl ii hiCI + ati o illts. + Tilc lustliat( 
reUsults ill liltVC Cl:ulllaCiu: liIIt(] , tIAliI lt' , , i 
the( 'Wc'( (1( it) the Il)(wC' lo mte'+ilC' skinl 
ICsiotis. But lte Clillel ces air IliP Slt siiikiii 
Lli~l eLri" iliiCt i]lC',  'iCe , Ilicul tt)id]Ilil' ),S c*' 
lesimns slh)\\ alla i llil()st C)nilelc' a )eSIc if 
b:tcilli, ICil)(ia'ltis ICsi illS a i l)()itil:tiiin st 
Clt)riOl tl(1th 1 tIhl ise wh() havC SCei liCItI 
Ineverl fail t() retlmilk (ni it. Ilie' first gl'i)tpI 
Iot highly C()IltAI iMIS, tIre SeOt'I(11( is. Ill 
ltli)uCl , sy rCesp Inse. islro inlitiunC 
1()1"11:1: iiLC'ucL. IIll h (A,Ilw llC'l\V' CL1iilo cC 
is caIiscC I)y it. Il l in ( at( ) l 5s 

i iitine' i'SI)( iiSC is II iIL'xiStCit. \Vllila.intilio)l\' l~ iductliii, hin" CxaUlile~c, is ntin iiaI, 

the aittiliClis fIail to (tinier the cliscisC. In 
fact, 11. l'/ ) ratkes tII) irsiClen1(c ii a class 
(of illiune' cells, nacinplha, s, Ihit w III(l 
in('rnallv' Clesri ihcill \et ill lpt()ilat lis 
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The object of studyfor leprosy 
researchers is H. sapiens as much 
as M. leprae, because the disease 
owes many of its peculiaritiesto 
idiosyncraciesof the human 
immune system. 

hir( s\', the ni:tcr l[liegOls ip-nt+\, proi-tlect 
them. 

In a re'l sense, then, the o)(jct ()I stud\' 
to h. lp()sv I+esear-chler-S is 1/. sqpic/I+ as titChI 
as ,11. /-pwac, )'cause the dis'ase ows its 
pcIliaritiesi t iiilv tithel ilfect io I)Sagent 
but t() idi)svncti, l the human iu111111un 
;\'tCil. I l, Ita'i t) <.cc 

pertit CIV(lls\ is hrd t( itch, mi()St 
pet hes 1 1inliC SVstelIt succ', lsfull\ liglting 
it lf. Il st tHIit lel I li6, l Pl.li t:ex it,l, beei 
_stiiiatCd Illit ()ill\' 1(Lltl 1()tll pI cen'ctl It*t 

t li p()ltl:titi) aRc, villITilaC. l(l S'l'I
 
researcher Iiia Natli.,f tie All India
 
IIstitute (1 .'cical ;cientCeVs ill Ncw I)elhi, 
Ie)I)sv is a I)alttililin(t just dlisae, b)t "',"A 

mdel h iLt a't;Ciu, theWiCuiuiiie
O 
sv t e l.1 " 

li a OI-irniatl illlll)lln(i S'.stlIII,
 
I rlac1*l.Ig(es :I1(l cliiritics pl-PV.+,itt thC
 
ilnvadr t()m eT'lls wlich first rec(,giiz.. its
 

Tprs iiikin1s ai tll.-it, tllntigl :
siLIf..c 

Ct tif evc'is, t rder its
cmIeh.CX S(Teies 

Ct.stRiCtiol I w t )liC 'l l iCHlItS t Ie
 
i,ii1itli_, vStiill. Ill I)5MM
()nttllS leps ) this 
sV\Siiii bCaks (hItIn. l0_'lls, Wllici' c()Iilitl 
(cI) i'ClSl)() liC )ililll\ (t) ()tlhi( iiIv;ioCle,ls, are 

li( \\hiCC'IIh) b' (l. \\Witlls gt)iligl ()I? 
\\liic f all the' llli, lns ii ,11. /)nitr ' is the 
(iC, (W ()I '(,, it) Wliil tII ictlih li)iiCail , lS, 
\v(&i ) ll()tlll I .sst)(isc,Clm 1slI")Ing illliltllt 
IC'Sf)( (lt 1 iid I) \\ ihlit) ( 1 p:iiellieits, 
\ ilt) (t) h)l), 6t? ",\la\Ivb., as lI)avi( 
\'i Ikii;tni , li t, Is ls, \\t )il V" tlit)l 
Ir()l'ili 1t) ie illtlll Ct 1()." 

"lhIs, iII)St STI llli (,\ rC',srCii i )' )jCS 
l'liC'sc lt ()lit' ( I" lil lt iC )'l1 c'liltlh)1 he 
Cli.C 's ii )( li lli tl iCre )(ise. ( )lite 

Iili )Ifc( illit )r;it s, \t lkiii!ii ;incI Natlli, Se!tait~u (Li ntiiu aili C~ei1-Sf inecific. [lce'll ch) iIC'S . 

Fce'll.s ihait I')uili/t' (l\( piarticular 
Iul() tctllir su.t'llliitS, ()I Cfit( l es, it11. 

Tpa, Na ili, i lcaling 1i,1tre inl iW()S 
i:-,c ic ln mIhell'd ( gAlei.' A iiticl

http:cmIeh.CX


A group of
 
researchers 3t the
 
immunology
 
symposIUm probe the
 
mysteries of M.
 
leprae, the infectious
 
organism that causes
 
the dread disease. 

liitii+k',.iS ,'np (Il IIl i uitilt lt)ghtti litIik t l'igg,'l'r.. thc '-Ft..'lli,z i 't B.'tIn<ch l-tT. Is.iltil + Pr int , 

,'uliir l'bi( ti I.i 
1980(, A "l'()t ~ rtt'lvitll Xm i+\il l cl Il\ t\\,vt 
:Atjlhdt l( tv it,,v in irl v t+'xpltins Naih. . iiiIc' t':imi. ti'tl dic

,.\l~ (])hnI l ,.'; +._' 1() ch) it." 

hi.+-;Isdh'lt,i t Nxt , (hci!+ .clllc1 -Il 1111.i.i . -(1I.( g A ivrl 

Ill itIi'I
ryn tfdo thw'l'll '.TcIi ll nl' irl'it illlt',',- IIa il ,ttill
17 .I t Ii , (-I I L- l hht ' Il, tiddr ' sr I dll. iti '.I IL- )iI lg V 
i 1iC. c ls aic .ivcI , ntli iv.,icws II.)I ti,. 11:1 v'd(,,l;i, tiv i"<rll tcsile'] ~~ll \\H T l(!'
 

leads-~lIndianI(\ d )(%I)It)jLCIc'
C'Xlphinis Nitli.) Ill Ai1'(4u1'11 (1)(01CO)I~ii) h()I.? li c')tliiis. Tile' "<'()ps- ;IT.(1the 
ST1'iS'CH ( 'l4, 1ti1 It) '.;\iilIIi /L- (MCt+ 1\111 ' l c'rCtAlc h(I \' )ll h( liC' iillill t l cl nC .""l'ic' 

'
Indira Nall; of the I lilAI ll( 0 )HIPlt l' ()1 hpOil , ltic' Sl~iitilM " 't,lilC I)ll] MItcC'S 
All/IodialInstitute of ;t")i'/li 4 .< >i~ t ,iltcl~ l 1Irknii1 

L11-I Ac'(tlHI .1/. di I'VI)lt'WIC 
Mvliid l lIilt\L~illI)I( I)I-)[u+ilt IC Vc 

Medical/Sciences tilicC'llliiniill" nI(nHiii ilIIl itI(t .ltuI. IIlW~ tiil . llllll i(SIti(.:lt
in New Delhi, who ,) t lil irv-i1CLI \villi AIt+li (Atlv1Wt+ IMll'Al l.\ .
lC' ill Ait0l)fill)It\ ilW RLt+,IRl-tt,0~.lil
leads Indian h t A.'llc'd)c II)',()lltIIIl<t~ l ;in 1 II'V,I-iHlllCcl d IM )li k) A1]iiIll( h~ilt-'S i. 
pa tcp research,to n.leprosyi3 i~n li l o l,.I /? Y' ; :il ili\H ) liL-1I)\\ 'H IIuIliIII' -Mltill"I Ihrt+.:i t .C 
trying to find out hoyw lt., 10iIIIJil I;I, 

J.', IRt r itlll kill, tile' 
it vLT+ Iit+ viCliil< ll'HIl I L-C' llAtA tli('\,, Iiir I)l l.1ili0',ilS1111111Mll 

the immune response kwu tillitth ilt \Mdt;l ill nlidW],' Muidl 4'i'()WM i(trC. iii(idi ]t+'S, :1 I():c ilil~l.\.liit4 :01hih
differs in the two 'd~C-V 'l- tllllVWlike' I lti -"1 kti , \ t)l'IL'liII 14)t+ WI I(I i i ' . h)\\. li I1il't il l i ti t )lIi,forms of the disease. I( I it tt ll ' I)C<l (,1 l'''T":~ k liitl ;li nIid'r,lit'' ' , [Ihu 111Ml( ~i~t \M W~liiR 

V;C'lilliitS 1 i, i~ c J-, l i t'i
lilt' jLS, J tcl lt t ,tHic'()I1 Wit'Wt C'tL- IW\1li\IJl.'r IWtinltl" 


'thc\iil1 i+Cl'ruiRI(T+.'Adulliil~~ l"11 il+lt TllctW.
, 

"ll .4cs 

:\no!~ ~,l i-lIT'ihOLI (&)1)Itl;t
 
(&lhtlllllli iilii CIiclI Il i u ~iHA,it,Il()Ill , IlilC' "():[I d il ilt+' + Iliitiu~j i I\() Ikirv;il 

' L AI i', Ai it+k. " 1;t\ 
NI.irIc',gic lidcirti Nilli lidl<+S l,JlT'I t lt\ ORl' '. 

lt'.'tlt'AIVIll VAiti\hit)iiiV I~ it I ()1111d~ Ai !](iilii)Ili(' ;lldt 
;is (iit LC I(Lc 

,'VLTA'I. ()lit'-< liI;il ililLT+'llc. 11i6't i lill i r.IIIII1 1 Iiil \M WIIII',I )illJil "AiliiII TU Ill I I 
ll Vt ;iiIAL-~t ill ,H+tl)11I;Ilili;lli'' lilt+IViiIlflIiliC 'A t' lilt+Ii hKItl'-C+ ill LiiI, 11tl\M (Wrk 

1 MIgh Rtl,0 )1111') 11~ 11),\.\ .l IM',l-lll It' ,e iCtiVI ,lt+'llltHIMi~l IM I'i i<h il)"I] If)(d I()1-\.' 
',l)C'C-d Ill)lihltkilliii" (d hd:lillih\i, ll' isI( C'tilMiSCS'IIl-IiSIl-t', LC-'rl.lilitl );Iit Jl~ilild 
tlSC' Iillk-d ICI.)rkI),i-illi I)Llti ( (l~V>((c ln 116t lh;111 )iti k'1I )iU tI ) '). N()i n il CtHl V()l l)(11, 
A*l VA'lrl\ )1JM,ltlt' li, ,tl' ill lill 

l// ('/,,+J. +.to >,j);irk< i llt',ihlliL'r' iiliIIII inlt-, lio liIi 

l0t ilt ).itl .1/. 1Iilili <) lIilt l'k Mu LIlC'l.,-Vh TC,
ilk' Ll(.li\,C.r il(itil l+l ) it Ihtc

SI)l('..\ II I I)C'I Wi) kIC'l(i IIL' SIlt' (!(ItW illiliIl' Ill li' , (n)11 t iR I Wv(M I( iiii ll ilitlx 'nCiIl 
M,'<ntlltWi/Ct*'cI )111SC+l'lM t 'tII. 'N" IllYt iti VIvlilt i.,ill III'-' ()I))(h k ilt ( IIu if\V.'- Lir+ :,\];ir\,t 
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This building serves 
as aregional training
and research center 
for filariasis in Calicut 
at the southwestern 
tip of India. 

-IILI 

J 
' 

Ncic'oi enmi -ill 111bebmdNO i' nigh tihe 1I()it 
tIAV(!.S L11)i1iC IlI)Ili:ItiCS to Ia ll( ill, [Ohr 
Lt'liilt. tIlie gil.()ill. Tii r'i iit I ir'C'S iiit( All 
.lii v ri1 iiitlii tCi)' t ~i Ym' 
III WH1. ldt1_Ci lWit hlt(' 

At fIrlst, tiWL IMIiiriii1 iiIiiiii L 1 '5iii lust')I tI 
tite vwiit caluses iiuflainniatim niol, feverI, and 

Lusualllly subIside. 1111t\ ith re-lllCuirreS, He 
lvnipl t-Cm' Ifist SC*itl'd, thid'ii i )hStRuIttd'd. 

''[liepipes dli)", the lntphiaties ([di' tiji.mw 
is hmv )\\(iig ci lilariasis rjseart'hei Eie 
Ottescii (dI lhc' Natniil IiiStilnte ()I Allergy 
rILi infeCt ilis I)iasesX. PntIS it. Fni Ihacks 

(1ip. 1uiltii'iatelV leading1 I()Iltegk' etuel 
(S ~ii Iii ;'i~ig'Iles Ilvar (w Ii )idC' 

cviciiillc' ()rI 51Wiliplis s miidtiuus, tld 

tlt m (w"Iiills t(ai :1-)1ii' ait iliria'lsis, mo()St 
Visible- -. t ii\'I(lldM5d' OIN(lIII(AR'5.i111d 

(Fi(2l'lil'iSi ('athIt lhe ilnredrLtl t nigh 
SOinIle plsic sk Iigeills tiv 5i )ihitiliii's \\,iti) 
LisfigUiriill'.iis Ill AllV\ o'\'L'iih. iihmSt rural 

v'ictimhs caii IarlyI mi Iff li' id t'lhss Iftiiiiiii 
kii't' i1Cl''ti.'l kI itatild t11C .sulug9C)IIi (Wi le. lilt'C 

~~t\\'.t\ii\' iKMU ti sles)li ICS!, sie 

h~Li, lepr ms\, fibutiasis N
-,i lie t--(itetl-, 

W\ill)iii(IiiI g'aid (wJ.i'i\tuiuliue 
DEC .. lt rug itakis ille sick," .s iLe)TI( 


llucu i I i(.i hii iMd
11mIg 1)iC'utS \\lh(, 

I iit", ut'xjktii that )I( I 'Nites hue 

iiitLd idiiumtst' tha~t ill~s th i mht 

Whiul llI 15( juliti.15iliV tiid i h uhlid' C 
olise.ase is spreat, unakig I)C :i effective 
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pI)1hic hea!ltil IleaSu re. \Vhetheri also kills 
adult V 1i1 is i) t aIS CCillF. 

With any ulisease, 1realtimenl normal ly 
k ilk )W5 d(lag iii andI its diapmt)Si5 that's tile? 
sticking p )inlt ill tile Case ()f Illriasis. 'Tile 
CLIS(01,1 \\',I\'wa f )Wit is to take ato )CilIek 
little bI( )O(i, 5illc.'lIr it )il ai illiCi'( )SC(pC Slide, 

';tnuIiill With I iii ~idd i--laIig C)lpiai 
~~tilie i alpixear and dlisappear'inmillicnIti'i tr 

kndsaInplliethl b(A(It inl reCgLulr cVCS. A il()C 

IlfliCE(I kIIki',Iit tiniiiwhile (m Nti(itile Samie 

pattienft 12 Inmiii's IaIei'- iiiv i'e:IClI 
C( Ijlti-aIt i( i s I,,( 'thenill )0,000t per. Ilii ijl. 
tweVIV in)l,is1af1er t itlie bath\v W0i 1irS are 
()IJCmie gin \v the cyclic r-ismi and [11l1?
\ Itr (Itlei c lI iehd itnasn 
V lrcdo11Cllc-(1kI-zCldc\vel:1,sn 
om the 1h1)( i? "LLt m(.- start (Ifi Iv saIving,"
the' tnbut'l( m~si5sd'rlR Ln~S 

iii )(idly kiinmws.' Eiic ( )teseut piojtirces ihd 
'irasitm.'S JS 5(11Meh kevTiltig iliti tile 1'iutiirall 

him miigical (h Ick (d 1h1C hituuiiiaui Iii dv i ihiert 
Ikaiilitm ,it tha.t pIihaps tsgge-stS 1e1aV 
At1iit' So.1itito\L NO\)h)(. hLii\eatf'mdv.1111C ll 
go~es t1 a1id dILw.Mii vel ia IVIl Ill\an eSe, 
nOiflra Ci'(W(III d(i))iIcutlhhiil al\~i\'wildil\' 
tlirm)Itighi sS lthe clay \vith i'lr'l'i- e 

i itili f exiiil;h 1 )CIr uetiiig aiiit.iWichiia 

neais that ai liuctlth wi i'ker \\i-simlL to I 5tied'Ii 
villatgCi..S li6i. the Clise-;ise_ lia1(i mLhbetii . (Ilt 

thereLii ickiuig, (Iii timi s l()(- xiigVmlidniigh t.
 
Nig~ht bimmdthis CtolM iliI'uIry 

mW-flWL-uight SOCIi..iIiig is,CAihtLI. It iihhlise'5 
jl II.Sl((iiStiCAiaisiis Anti it Ltdlls h) 

d..'td' ' (&iis~'It(.-tiui I llhe dlisc..isc at Al. 
IMiCh'd, it is ',( I IC1in (& C, LaIlie IMiti ifIC"alti1 
WI rk(TiS 111,1. siIii-(&mlaVAtelLe ti)in )it.,iit 
the( Aieut i ni is ihlid'tsd ge.Ilidr, n() 
SiL01muihitaiim igfilrsisids'lh'stii i 

sitmiilt'.C Ii~hld hi)CIRt'tji. atcJ 'N5tAAiedullg tes.'t 

p(AIlfil SIteCIIV it 1tii dciojiii(it's lliiiiid 

otugiut tO) Rd'I'Ai ii, ReVealI it tleV di, I)IIII Im 

a"'ils toI c mro.ieite with ite SeTiol 'IisleSS (d 
svnmlpt mins, (I*ithle deimlsitv (I, l iicnI IiaUc ill 



An open sewer in 
south India breeds 
mosquitos that can 
carry larvae of the 
parasitic worm 
Wuichereria bancrofti, 
which infect humans, 
causing the grotesque 
swelling known as 
filariasis. 

the lood l.ore laning vet, isRo)ert 
HIa[;milton noted, ill)ne review of thie siul)ject, 
the gt maIketNs 1,0r "anl 
uinrithelhae mthIICId tfir discrilinatting 
bet\,een past alnd present inkfutction." 'llt is, 
finding tnt Idl('S \lV l therijgillt 'ltell \'I 
tle ilfcctio l tile\- ar .s,1(comibtt is elo\\,r 
\\was cLured i i()lg1 (g. 

Tlhe newer plah to (lii4in )i1i, 
filariasis is to 1()()k 1'()r direct cviecnce (I'l 

In filariasis,diagnosisis the real 
stickingpoint.A bloodsample of an 
infectedperson may appear barren 
of baby worms at noon, while at 
midnightit containsconcentrations 
of 10,000 per milliliter. 

)ne_ succssful tt1thl.e wts
t pri l)len 
I [tlliltIIn, thlen stilltaken I)\, it.litis 

illectin. If Ihre l nlicIft ilariaeI Cnc glleage,o' atelIl Iokis I iiveSrit; ()tCsen, a a 
\\'m5i illthe IC\'tlnCi the lC())t t I)Cal'betra 
signs ) ileir exis'tlcc. Inteffect, atsI'ric 
Otteseil i)icture,,s it,these ivi (gillisllsIi<trl 


alld the 
thISc'hI xli l)pr()c' s llt( ItC 
decl:bte. S() iltie ie\v stratle4v ()es, 1(k 
tl(I l" , illnltilletneI( tile 

urinll, llan ClaC' telC, p(-)dCLt (Iiaking 

e'v'idece I( ieSpl) to 
\v( IlS, I)tllIle'i 1 t'+I\'iClCiRc (Jf the \(iIrills 
thet,!c'lvc, IIrwc. )alticularh\' tll(SCIits (If 
ile \\()ill's thait litav11,1\ I\l HikeanM iniCini e 
rtes;p Ii llIt I1i ti is,l sIit't, scarc'h 1rti 

)it 16 r titllgen. 
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Iia lui sain, isin a t clinijuC IisilnVlI AS 
i iillL i icliol tI-ric I ll16lM. The' testll issitv 
re'lled n t rcai _Cnts,nui'iclivel ];teled 

itill-suitdCCI 1t the- rigors I4Ithe lield. 
l [utilen, tItoterIS'1I, tlie SmC threet, 
rchciielcrs plus ()tttsc,'iis NtAtII)C Illea4ei 
Tli( t)as Ntitliain til iclitic() lli)ratrtr
 

S. Iati';t1iipe 
Resarch (tC'tl', \vent t) t( lCirn s()mCtllilIg 
i!ll t le aI.tigLln tieir IKR\A hacl clutcted. 11 
\\'its Ia)lV ag1lVc ) ) teiil, a iIA 

Ra tillesl It het TuIt)'rculi 1i, 

i)1o tal lllcutiilar
 
eig i% i t l)ti 21),000, W ts r'sistailit to aCiCl 

aid t lI ilin+4,,lig atm l ) (tt. \\'ith f'lirthexr \'I:k, 
tii tilel, it ]leltl Iie Is.il~le tI stlie\taise 

IMMlt c ltittil)(dl's 1t( the ;tntigtil, \\licil 
c.(tlI(l illtn be use.t Ie)exrt c it [rIni )lood)I

'l'ccyd thieniailllll-..have the miakings of a 

CliatllSlic" tiare'r Flr la1riasis bICir suiteI6 
t( Ifiell scr-Ten ilg. 

l'ing his Iilaria.sis diiIgI)siIg 
th-feldI is ( tt\' \V 'il, Itasi_'d : r\IttHslli:tt ttll 

,,tni'Vcrsitv , 'clio'l (C'lit'r in St. louis. \\'eil 
Al lit tL (Al;itC -C u l i (It C ( 'iit i C ';Ir ir.<S 'l lt lCClaet~tllciin/nitns~idatei i I'wlclttitecll 

' i~r./iInrif /
-..I\\, iliu, ilth illfcls lte 
i
. -hi"' t ' hl).,C't. ttiltli'I tart fililtdre. 

-"Ille Stlies 
iit)
'I 


hliiiai." 


I If this till it'l.t'0ll cltcl(l

(;Ilt, it, )i~illilitll "inlviio.'s 

ICe S'l'lTI, \\'Cil ItcelMi'hisits'tI 
i]J)tl,\ii
il\ittilll, i1ticc's1tll\lg itt I hiuttit 

tillt,.,seisitivc ietli ii l it-littkl~e 
iilI1iII~tln(>S ,R ()l I. ,\.tniX'nl i.S+. 

Il t' .\,(IIll s ull 111C11 , )l (lC.Sir l
 

ntlligenll 'tel C li ) athItt 1 11 Idsatttl 
11 P~ )Ih1~)I( It 11t KIV Spu'Cif Il' it1. V( tTlleti I 
cltl Iciltal ilntit I thisIll li

I I a11 etl_ I~~~inkecd iivliie- a sutanceItlt'_ which~, 

Af atle,
-i ctilg ()In i ' speecls it' 
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Like other parasites, Wuchereria bancrofti has a complex life cycle involving infestation of both insects and man. 
In the mosquito, the larvae develop through three stages, the third of which infects man. When a mosquito bites 
a human, larvae lodge in lymph nodes in the groin and elsewhere, growing to lengths of three or four inches. As 
larvae clog the lymphatics, legs, scrota, and breasts swell to immense size. The larvae grow to adult worms, 
mate, and produce thousands of microscopic worms, some of which lodge in the lungs to prouuce a variant of 
filariasis known as tropical pulmonary eosinophilia causing shortness of breath. Other microfilariae live in the 
blood stream, reaching their maximum concentrations at night: these microfilariae can be ingested by mosquitos, 
starting the cycle all over again. 
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At the filariasisclinic 
in Calicut, an Indian 
woman exhibits her 
grotesquely enlarged 
le, typical of thedi lease. 

giving ht)()Id as are \Vesteerrs. American S:althlml, t( Ihe' "C(nl idence bUih uap ( wer 
researcherstl Il villagers ,upurstit i(LS the years" by NI(:1 lield ,()rk. Iut that 
atbout giving Il()()Cl samleus, fer'f l IIhatI it Wtldt't apply lllhre, in a llsS 
might tinderlic their flinh( )( ) evCn Screcililg. On a large scale, ,Sanllth ti.alnail 
StlisIici)us) 11Ia III,-' bl()()d nighl he 5( ild f(( i-'i)( dclares flatld l t ill takC vCeillS I()()Cl
1[r) lii , Ii) li !lie, i)p)tilatitinn." S )litiing quicker, 

'Ille ,IA, l it )intls ()Ill. w'hn .l And eC.ssS"llillan ill sinliCi iiiVsi\'C' was rtluirtl:tI 
it Ctoics t() il lassscening, ntinIlle G ~ik' Ahige'rrick 'st, whic'hi)tilnt. ai T ill a ew 
\Vhlich nllu ll.s iatI llnl c()IItlilts. And silting tlitlifps if l )()d i pi ,tI fingurlil llCa iricc 
the itic'l dn\vii, c'tllllilg his jitctrs. Alh\'wcd 5G.'f) )1lt)ia flitC(' ilter P(l&t'fl,to ' 
prluparing icllf' and svlngc,, blaring the Refining their ' 1.I1,S:\ 1() 'Iin tihe' nuit'iCl
vc-in, drawing thIe Il()()l, MId li tSI rin it SUneis ii1i iiid O )iII);liiig it I) Ih ' )rigiailti 

Ito C 11 live' o)r te'n nijnites. 'hIat in eighi-fivC suliiecLS, theIT161iinf the'd\l hSItl cntake: If\, 
thC' hid benCCi in get ert migh villagers (Ilk.itlc, ll()sni ginal Iila ics. .iSSingu 

oi- 1116- reSCHcl wa:s te2.tiltIIn\; says,, n)ile (WiinV(per centl, ,11au 1itlim l)( Iis (ANi, 

is a simll iuice, tii t i testing - ),0)( 
I')pCft in the tilte' I ItheWIlVisC spCnt ICsting
5,000. 

\s part ()I' Sf11, Saiiliaill 1nd ailLhr 
" .. ildiii11u ,Il reSC lVucici; I).(C ];ill, .)Cnt Ci.Iltdi ;a\\sC. cks in 1it' I 'iliud S ltats Ihirill ll. lite 

Siin, ()f 19 . AlT arrvitig a11KCnCC 
\irl )it iin Ne,\\ 'irk. thL-v \vciv ()If It) St. 
La )ii t,. ,\l i t't ii lc ci tilt hit ill), i,'c -t ilt n1 

tli()Il"()lit'l ; .Sh XVtllt Il ii' i1ilthe ,il \Ci '~~~~~.,\rc'l, CIlISt M CCIct tI(llcn ill :1 !i )t 'I f" 

.M I tI , i SAiMll)Iantil I ' i! \ Wik i litl' 
1,i.erF ifiwcCk, sMnlit:'ll l g(tdid \'ld CIlt 

bal........c t tIIndiasl' wlasl a l liit i
s I()ll
I'iC'ililV, w il i Illl S ()illl II1( )11() '( )Illl 

hiecl ()liCS ls -1()1Ir i i t , ll thdW 

(i nc'vw i n tile Ciltin. I it aci, Ilt,'\ iC CiUIr 
" Ih~Illm\,,'IS lilt' haisis ()I, \\\ilS lidld I(..I %V;Is I1() 

gt) \ , profit1 iI1 i wer.all tld r)n'il CS 
I)Ci tls l il eHtll gli hyl)r i()lis 'c'I t 


AClfltr-lit 1\,'is J I1iFt'C1,
mid l l SIL.' 1()l 
pIiCk 1I()tllit teeC trilipg\\dIa with \iCS i()
IICr O dICl ' Sc,,h hlhVinl lf( ilt' IlIdlillI 

NIIa.to sciitliI) S(uirat'(ill" lik n.A\Vi i\ it 
\w liditnt wihtierie 11il' liail I(of iSliut C
,got) i1: Aill \w uicLI 11n dIt i(i it. "If it C'(nIC's,"

17 ' ::'i!;+SII ;siI ihS, "it W ill IWcVClrV ,'(N)MI)." 
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All ix women are outwardlyhealthy, but three of them carry tilOusands of microscopic worms, which can be
 
ingested by mosquitos to infect others. STI roseatchers are searching for a rapid and effective diagnosisof
 
filariasis, the first step toward a vaccine.
 

explerience w\ith filariasis goes back to the h(re micritI iktlriae but V1ho showed no 
1960s when he was statined .t a ohns Svll)toms--catiers vo, ouwvrdly, Ieltl,

Il()lkins li el( stttion in C;iLaItcuttal lt \w(rk seive, as a iiiicr(Al haremilc resel(ir for tle
 
\was \ery diicrent. I ligashi \wasn't tackliing the m (squil()S that tralnsmit the disease, Third
 
diagn1)Sis p-()Iblei. Rathe; he \wnIllted t() \Vere "Cndcmic \)1ls,"li\ved in the
h() 
kn )W\just whtpr I)ROkd tihe strong immrune, rgin ndl halrdpresul bCen bittel h\' W 
reCs)onse thallIt cLuSed tily 1.Vm)hattic blI)ck,,C. ;squ 15all the..ir livcs,h1crcfi-hearing mn( ltit() 

I-ligsli was grIppling \ith ;alun.aental vet sh(\cd n() 'videllnce ()f infuction.
 
(lusIti(n, (ne ()n which, Is S,ll1inMl s.s:I.V", It \",as this last gRA)l, tile endCIlmic
 
every(ne is still gr ping in th clerk." norm;, whou wre the k\: "Mayhe \we can 

l-figa:,hi, strattgy was n)tlhng i nit identify S( retlnig unusuaIl in thelm that
 
straight f w\,ard. G)lect ai 2t0 ilillili lr .Sant-)iC \\( Uld giVe! us a cIL titwrd at vaccine," sa\'s
 
of, -)1) Idf li* C.Ih patient, extract I ligash i. In (tIher wRds, tle\' Iellst be d )ing
cl the 
lymphlh)c1veC's i'(l1 CIec'h, cuIItiiiC t0hm, s(minethling right, and I ligaishi \intecl t() learn 
iclbaIte lhc!l ()ie1 1vha Vs. (In lidishi ( ut, theth riWeek, the.i silltllC late it ac2t, )inlts 

Cultll' s, onle_ by\' (iU, WithNI;I arie\' (C endelmic 1n01r11lI,1eIM 111tah()1 gn i(110L)S 
atiglteCns-g1ou Ip d ilt w\v)rmS, gtl()inC gr()Ip 11aill. Mos! sh(M\wl l()lg alnibiody 
Up lrvai , m icri lilriae, ani nliig the\' c lullI respU(rinsC thllt suggeStS ha'inggnce ea)CIelln 
thinlk of1 Feed tihe Cutltures railiici\ot2 back the Clisease; the i-in (Irit\' \\h() CI() il()t
thy'miline, kn\t, I be taken ip i.itilgI cell may;1\ haivC lust bCen luck\' u tI nW, making 
divisioln. The resuling rdicl)aictiivitlv levels thel Sitting duc'Lks f()r thte disease in the 
woilC thCn be I Ii'lItie r (of lvmpl C'te futurelC.) 
]rI) 1ifkl-I'tioIn-ilC Itglihrl tile cllnS, tile ",S() fa, \we have1nIt C lie tip With
"htlter" the ctihltlrsC, Hh illI()rtih" aniithing spccular," sa\'s I:igashi; their 
ilmn ll()I()gicalll' respI)tClCCI to Ilhe aiit igen . review ( 1 the li \\ Is still incOMl)te,, but 

They cIlected bl (I()CIiV [I-iree ir()Ltl5 S vsyet the'd sp(ted no clear differences 
of' patients, all fRII ll cnclill ic area ill a1ig the tillree t p . Perhaps, lie 
soitherti India an uli'd NICI)S RijiliLunrC' SpeculLI'tC, thC iCXI step \as tIo break d()\n 
Reg itnal Fiali iiitig and Research the crue lntigCn S I)S tCv'd beenI using
Cente; First were c'lassic, (.1e1lianliasis- il(I indiviuail pte)IctiS, titi see \whailt effects 
riddelln victlis. Se l they had ()ii the Cultll'tr.. My'be tllt WI luldhiC, those whIse blood 
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An authority on diseases, some of 
which affect only a few thousand 
people worldwide, he found himself 
in Madras face to face with a 
disease that afflictedmillions, 

get tIhei Cl().ser to Ile "( wnleling right" th\e 
endemic n()rmnas were doing. 

At the Tubercuh sis Researich Center in 
Madrais, at lelst (me STI lproject his bm ne 
results thatt, while mn t exactlV "S)CCtacula;''f" 
are it least satisfvingly certain and coniicrete: 
three weeks ( I)FC aret )l en(ugh. 

At TRC, a )rim tlarget i the 
c(illal) ittive research has been a rare varint 
of "big leg" lili'iiasis knwvn as tripical 
pulhon (ret)sin (I)ph iIia. Simet irnies 

to 1)( catused by in 0V('er-stri( llg 1mlm11ine 
iesp)nse to) thelilarial piarasite. Tihe I)o)(l 
corttilS nIMlict'()1lila'ie thC illmnll 
'eS)ose hs dst rI'SixlC them. but, atccI r(irig 
to (one thu( r.inlicr iflariaec iCapped in the 
lungs break (hiwn, causing I()cal 
inltlamnntti mu. In in\ case, victinls are lek 
sh()Irt f IreathI; they Cotgh, wheeze, hIse 
weight. I nder the seth i()sc()Ip, i'ep)rls STI 
scientist RImld (G. Cry'stal ()ifthe Natitinal 
Ilear't, lLt.ti(nd B)(d Ilnstitute, their ItlgS 
make a -w v crackling sound, like Velo.'" 

l:ef(ire. STI, ( rvstal had never 
enciluteied ia case ()I ilariasis, his 
knowledge of'( the disease being comlImed t( 
texthl( iks. But he was a wmrld exlert in 
!,)wer rCspiratry tract diseases :and a 
pitorner in the techn iquie kl(wn is 
bri()ncIea,,.tlve lat- lavage. l.avagc, sa's (ry'stal, 
is essentially "',iklioi Ii)ps\" Withia "Imng, 
snakelike Iiher()pl ic bn(mClt)scI()pC, '()ti 
squirt saline solutitin directlV into tie hillgs,washling" thCi, thell suck bick tip cells 
from the Itlngs anlC the fluids bithing then, 
an1d stuCyV theml, 'f'Ile techiiIat.IhAlalreaidy' 
been applied o) ine 2,000t(o itullar' 
patients at Nil I. Anid Eric ()ttsen, talcnl 
SCOit for;S'' ITfila'iasis p'ograt, c)uld see it 
prof.itably applied to tr'())ical PtillllmarIio,
eo)sinol)l ilii; lfam\'bu tlle cotd Iinallv le'arn 1,l 
what was goilng oni inlhelings of' tllese 
patienlts. Ile appro acbed Crt'stal ald Cr. iI 
signecd (. Oil n inlitial trip t() Madras. 

Crystal reconnoitered the territory; as it were,
"meeting the players, seeing the patients." 
First impression? Setting up a lavage suite at 
'TRC, lall' a workl away Ci'onlNil-,; high-tecl 
embrlace, "wo(Ild be like cloing it on the 
moo)n."- Still, he became c(vinced they' 
coud d() it, and s ) h l and his c wrkers 
we rnming antilllieen t'lavage facility, to 
Madras. Maybhe l\( t()s ()f e(luiplenlt in ait, 
(:riVstaI guCsses. 

The e(uipmenlt was set up in I bare, 
Ilu()resCClt-lit r( )im,nce :t dh)ct( )r' oflice, 
mrn'r recently a co)nl'erence i()()n, ventilated 
by all ()verhead ceiling fan. So()n, Ir(lindia 
Iihysicians under V K. VijyavanIl had albsirbed 
\what the' needed fi'(n)ill Crystal and his 
teclhicians and were pCrfk rm ing lavages 
themselCves. Patients I)eg:ll Cui li ng thr)tIgh,

lnisdliagn ised is 1tuberculo(sis, TP is th)ughh;tmore t hulI'ed s f r Il)ata piled upl). 
Noted frI(m the Ilirst was that the h mg 

accept-dtt elllClll 0'o1tr()pical pulmnary 
etisint iphili--ihre weeks (of DEC, six 
mni!ligramis per kil()igrin (ifbody weight per 
da-was nIml stl icient. Yes, there was 
mlrke'd clinical i llr)'iVelent. BUl n, Ilullg 
inflamalti)n was i()t i'rev()cabl\' hailted. 
St)mie i)atients cevC)iped, n()mt hs atlel; a 
chronic f1)rm fl°I'P lil ()t cln led i() 
puhl na;' fibro)sis. ~ehltps, (;r\'sltil anld his 
colloto()trs began to think, mt re than1 
thi'ee weeks ()II)EC wei neeedd. r maybe, 
as early tests liteCl, cotrtit()ste'()id treatnent 
would redtice the Futuretlinflanmmttion. 
stu(ies w(ltlI tell. 

C(tipared with Ihis wt rk back at Nil-I, 
stai'ting 1ip aiIlvagC suite ill Madias was : 
scienlilicall\ mn()dest u indert:kiig, bit (rystal
IMi itnd it a dceeply s,ttisf\illg ()Ie. Aln atll(itv 
()n diseases s(imIc )tIfwhich alf'ect t()illv a few 
th( )tisaind pet pie w) rldwidlU, ie 1Mind 
hiiniself, mnliclst the ci-il)llilg path ilkig he Saw,iladras, face (ofaice wilh lisease thata 
affli'Cted millions. "ft was,'" hC say's, "(luile 
Il-iilling." 

And (fiite exIluiarating toMhave a and in 
C()iig s()ielthing alt)otit it. 
Rkgbrl Km'te/ isaf'ielanceu'riler fl'igt hi 

,lkl'a 
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At the Aravind Eye Hospital in Mad',rai, Dr. Natchiar, senior medical officer and sister of the hospital's founder, 
tests a young boy on whom she recently operated for congenital .ataractdisease by asking him to show her how 
many fingers she is holding up. The boy's correct response demonstrates the operation was a success. 



Second Sight 
Preventing and curing blindness in the young, the middle-aged, and
 
the old.
 

by Judith Randal 

Sftx-eight is mandatory retirement age for Indian civil servants. But when
 
58 came for Govindappa Venkataswarm, in 1976, the chief of
 
ophthalm )h)o'at the go Clermelt h()Spital in Madlurai, the physicial and
 

)hadslrg()ll )thCr plans. )espite a ()ng histor )t' pain folI rhlcu-mat id
 
arthritis in his hands, he n()t ()n' de_'cidCd t() co)ntinuC o)perating Islong
 
as he did nl()t _ledallger patients, hut to tackhe a pr )blem that had
 
frustrated him 1')r his entire career: the sheer inabilitv ()f the government

health service to )Iegin to) meet the needs ()t milli()ns ()f Indians with 
visuldClisolrdcrs, aI lirt-e pr)-w()rtio )n )f tlhem blind. The rCstlIt is iadurai
 
Aravind Eve I ()spital, anienterprisc that C)nsullcs the t( tail ciergics ()1
 
b()th \klkatas\\'amly himself and his CxteIde-d t(A'lil- )ur o tlem
 
()p]hthalnit] )I gists, e a1h( spital administrato )r \\'h() h()ne Ilis pr(essih naI.
skills Itthe Ilive-'rsitv o)f Michigalnl. Sch l of I lospitll Administration, and 
(ic \vl) sees t) it tllat the )ttical sl()p ( )nthe premises, a co)lercial 
ven11ture_,, IcCulrately tills eyeglass pl-rscriptions ill tilliely fs.;hhi iln1nd C()es
no(t ovcaruge-. 

Frno n1 csl 2-bed hcinning in Kcralla rCaotlar sn stall nits 1()I .111d I Ik 

h( usc iMiaillnA as;i h:1 Nepal t)help in thelight ag;tinsl blindness
',WeiTc. ltl (1nnllanl'ed 

\ amo telhcr *he lls\\: there. V
nmcinlltr ( )I \'ttlV tw l V \"tllkat:isw:\ \ ' Cll isi(mis still tlt()l'e
 

cin) h"r -!ll:1utnic rcsidCl's fIl't)llh(ih salellites elscwhetc. Alti( igh

India:1l td 
 i\st I()ll[

(f ( hll r inii lieiith pr hfessih :llc' alread\ :I\we!lc In te ' 


Ihe I 'tilted Stattes and lo w i\airicl ( lu)lh l .a illi rclatcd I) hinl 
ilt hh ll pltt (' ti l Ih Allind 

Vt lnl rs, Il l ).spiitll has ilil()i endeavt \ e attltsw:lnt; hintiell1, aclhchl't .4r( i\\'n a cI n; lfi'a 
(()t)-lcd.l in.stiltlioln) ilill \ still :liin)tlhcirwants.-I I )h shre thCletil 11i (Afservice lie 
illinle lftli lic (1 \'cnk lttais\\anilv hits starlcl (I),lil) lit wilh hhim "Indcr ' ktaiuil\; 
brlthrsl.s \\11( is ;In :trcliitctcl cnt r(tl I ; (H '( ilniltlet( ) \ 
With its ( S''ll (I)tlIlli ic nulrSin Aravinul is, in lthlie )
dispnilsiiicg plimtl1:"Icyv X-rayt I 'niCtd SItts SciCelC, and 'khn Il )g 

< l I[of , lli tsl*()tc()sll,wh Ih 
departnent, 

nllcT(Ili()lt,. v ;iud InilialtivIgl( \:;t )ulliving clinics, (SI ) is :all t i)Ml. I1isreCIV3tuiIt 1t)
the Ii)SlpillI is f 1ccredteldthc \\iwld the twvrlll STI r I ,-Cas(Ins:First,we 
IIealth ( )lgaiitllitll;In(a Odth\ldicAl (()tlncil research ()Il blintlle.ss is I compt nelit 
(l Indii '111d i prg i['1Cl. heca(itlS blindnCss is Illhas the Ill)eSli of the' S'I'I 
'uluipmt ld, lSTS anl illip rli htiani aficlit n illb)lh India andincludting an1 
tlhr:ts1,( 1isca alidl o illpte c ilities ih1 I niteid S ttes. Scod . the I spitltl itself:,tlner, 
lbl" resecrh as well Ats kh kkeepl)ig. is I Iprlicipainl illn1(' illn1e)ri:nt STI r'sea;irch 

NcntllhIil,, :t :c(a ynngeT rt aIrca.11ndiiVI And Ilirl, Aratvinlld pa1tietls ar' 
gencrti(ni (AIVcnk-liswtnlv rclatives is in) ti)lic;l (I1 th)Se \\it It'ee'(listidlri s 
nmedtlical stlt tI :lls()pl-rCparin 1) specialize lll(tlgl )IllIndia, 'tndl their tlllittItnsIs t 
in Iptl min III gv The llnS)ittl alretd\ has similar I)s(met .\ellcricill visuit l dislbililics. 
Sallite tilits elsC\vhLtre in 'hnlil Nadti, [lie \'nkatiswani ecTeprisc llects its 
part (d so ( lihcril In dia wh'tete ,\Ilcai is l Inlillllu-ir uig(lh ciltlted tII tihe 'e's 
I ltct l, tnl in tIl nCighhi )lrilg,1lC ()tIf pIvilng palicills. Aid Iltc y tll (ltt cN( hilinl. 

25 

http:blintlle.ss


Holding onto each 
other for guidance, 
these blind men wait 
in line for cataract 
surgery at one of 40 
surgical eye camps 
the Aravind Eye 
Hospital runs in Tamil 
Nadu state in 
southern India. 

Ii -,ll llrI)IV 

theIri('V ,ht) t .Sl:()ic' t'\L. Fitlc criti lX ic Citc tii( l 


( 'cI ( i .,i Iii (& tptIII l;llici ( IKta';l I ,jvIIi , IIAIVtCII i i 
'
-i-,C.'J I.r ic'c (I itiit, v 

Theey consists ofrtecornea, ,tran tido e i it . ll liII 
proteing;the pSuil thaIt admit it The CiU'c'tc. littisuii itt itC ih , the l l! ti ii Ctpcrlk wucdc 2 I.- ()>pi'~m n,-,. in ,d i I l+IM S()'()I \,%iclh tdli.SC'J+.,. htllcIIl ,.'iI.,lWO MC 

tuplI, ligLt The *lt.1t.adjustigi to diferin lvls. tilens iI Stcit+vt
l
 

Virt~c'c'r'lit el I II(.. \c'%Ir ilsCilid,. w alIs' dh.'lprivc'n Illic' )' its il llp>,iu
s ,.S-(()it 

tthe back of the eye end mIcliitliv ells() ,tt .tis, iilaiiC. \iltii)tII 
.
va te 'It(Il le'rvIetheb i I. d il.t, .,X.'IVICl1 iltt t<rHI tli"til Iiitsh icItI,'op t lci.L. 

I-OW. l ioll A l Stlic.; hlind.I26iM Itil\ th kh_ illik.litmill..\Al~lvilll L-\ ("cm;tlp,, ( )I \\Il i) v16,I'rL' 

0 )MlUC.CtLt.t+19:),"-;h MIL', 6l< Ihk-ir-I ill ) M t IL';l%,' 
H'I).'lllL -., ill tl~i.S- IkIItIV I;tt killd (0 1l. 

It:,cc OILe' , I,()l t() l',it is ll().sp ilail; 'v\ ll'p.tllll 
-Ili ,IllIt) ils, 1IIm ill . lh 'li i li lIW 

SLrII 'r.,\ i(Wrh ) ;I<O H-IW',l SA-,:l'litc'Iltll\ 
.;":",':'.'::'" "'llC'Ill.T','l; lC'(.'. • • " • Kl Mv lit]l+
.. t~ t' lrt.'()]X'riI" tiut,.,.'IA-S\C';u'.colored+irisi con't r by..tlmusls, tha, 't and close I';Itit+lltt~t it Its\ (Mzill; ctiilditit'(Iis".'" tiIh)-dlJitc'
 

focusesthen ]lihtlon thetretin, the' clleion fligh,.t-,1 ta~rs i I i ,iii,l)csliietlrrv'l.t..llit sll. 'tii t.. il 
"' :"•"".'! " . "" ".t '-,iX,".lI)ClVi~i()I I 1(I- (LI\S,. :111d~ I'd C:II*;I*HC 
"''"'""-'"" """" .SL-,.' ,It lc,."""" h,.'h)r. t ,n lim iril\
 

"'." . . .C CIIIt " V, (
.',.'. -.." • ." . ;l R't 111- \\} ltilhl i H ,- .I'l iI
 

.'." Ircc Itrdll",P W 41ln m i,16 . 
;,::":.'". :' I i i iri ixicl<;it .,, 
....... "'.''j"" ri l1(,.1i('i,1 illut<I,'S
 
•"..;inc' 1)iic l()I lilt', ' ii t1 

~~~~~~~~~~Im;illiil)" , ;I t l l' Iit l + H r I th l 

t~l~it'l\\il di A ' l~l ilV I 
The eye consists of the cornea, a transparent window (Ii(i )%.
protecting he pupil, ha t adm its ligh t. The \ ()Ii W+,l ,

H('h L~~ 1)1 (HltWl 

he h le t(()I 1\%, i i ll l lisilh\\k +s i liltl
colored iris is controlled by muscles that open and close ;l .cv ii4 tll;l i i ~ cn h il tt 
the pupil, adjusting it to differing fight levels. The lens 
focuses the light on the retina, the collection of light- (mi \MiiM SOi:ilit,(;Illls nIIir- tlill". I)C'SiAl' 
sensitive cells at the back of the eye that send messages tII e.Vl nI~ IJI lCIt")'li:l Is 11,'rtS,I IIK-' l. 
via the optic nerve to the br~in. Ihlilldl ill "Ihillil N Idhi, lilictul1:ir) ' Illl()SL. liv'ingu 
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cliicanadus te 

Dr.Natchiar and a
clinician adjust the 

cataract patient after 
making sure that his 

eye ishealing 

properly. 


' 


aI'.,[S, 'IjUI
in Rur-11l l 110) il tlICn stIl.,CsI% c'IIC. 
IllctllI'o)rtli on withl te tnilt(lStates 
National InSlric of Ic'aIltli'. FvNitt(na 
InStittlIt'. anti iht+ I'ni\t'rnSit\ CCI .\it']it:Uhtit' 
h,.Spiaj haS itklt'niilrt,II tht+ hIritrS 

tlesp 'I)sjhlaLnt S )CIl\\ill bglin 1t)It+n 

sanit* liltt'. \\(W unt'r tlis 4STIlK asetl.'l 
tls()isL't)illg CLii ill l\%)()I tltija- [lL )5l 

i)r ,i )tlii: tiiCi ,CJ : 
Dr.+-tiNha ClICli SC-Ct 

i ln tanl Not.\v It Alli, )itstl, 
s int+'ll 

(O)IT't rloWt()Il ,.,, ..111111 IliCstiurl ()It.'II\It 


t d in '!'<u 'tmakig sIl ti't t l l t'i ;SII'l tI,,. 
S 'sI Alurt'vc' t.IC, t t~ .\'.'.i l lt

i \ iit'i 
e hiI);llIiVS;iIJ',ILI ' Jtlvitl )l,'.fIo ~ tcalIaI ircli ll .' rrI,,l;Ij(),,t,\V IWtCn1II iAit'l 

Aravind does not wait for the 
indigentblind to show up on its 
doorstep. Virtually every day of the 
year it sends teams into rural 
villages to seek them out. 

flC)C l(lIlti I li ;t gllg,. \\Ililt.' ,tlr, rv ant 
( It'tI i\'.' Lit uset'l l \IiCi ll tIC)11Is'st 

t11)tt'A i C.lllt. .t tI
l il uiLtC,11Ciitt+ 
tji(lltr. )t.lioll It+'i.tti ,' l.\ Cilal;; 

lhillh~i lldh l1111(1:11kit h1).'y l;Ii(l 1,()I Ih\)I, r
 

tr-l;.hll..CC l:l• la~t -
'tJ.I.+I',itC ljtIJ1il, iCClllln.

I.'agt' L.'i ()tlC IC 
l a .,l) .1 l lI, 1)\I+ i S M~.< I ll li l',It il iil t t. IlI(l tRI ,)t411u+.'-,IILI
CCt' \ t C, .lsl.6i \t u 

c' Iiiiitln \J+ lt' is J l(Lj,'t~C C I rutt SiX.il'tV I ' Ir V i +.)til It . I l'l( thi..lilt l( t iskttilt';has 511( ,, 1'6banagsn a1111Illpro perl ClS1.1 I'IltIl i tit:11iI.)OWti'n tICLCII it tit' ltli t.' . ImlI CIS.h1;t11(1 lthI tI' ' ;.L i(I*r 
i 

CC (S Al CCI l Ji li II JWIll ill . 1t 
il',, 1 (101'01'11 I'. itC ill ICClcS \ l t li t.lttllclllIlt tlCt'H t(.At tl'iI, 


1 n)(t.'tllt\ cI i:, 

M( tllo.I(W) rIl I ' , lilhtIi
Ht'x 
"l'Hu k",lic (MCt i1 d , tlW rt. iS Jt IMC (Wl()f'Six 

bandagesMoniil ,' .,illi1n 

LV()\%: As IlIU C.XI)C'C.IlIII(..,
10 IR. -ln1 h1', 

l AllCill."CLtLsAtud1 


1thC M,,' 


:lit',,ltSOI, Illt .lil l) \ tlu 
,i.llCCI it' i',,t It<M ; 111 ilil l ( CI 

IC)1;t1iJit.t'llttIWI < ju l ,i.+,i.I;ttt (di
i,tf)It\ I()kli(I \ risl- licht)rl"'I O is 

I '. Il(lt' iCCil l lCL III \\IIC lilltts 
tIllt.,ils,.i(. I()N) \\.1(ll,
lve' 

Siltl llu iS,h I 1). Tile'I:C'iCll llt'iLI ) 5 6t')C )ii'. . S lllit\\it'll t 
h lnli c ly9St;tl.. it.,,
I+tzl 


"ICI
" 


"' r;' 


' .'.'. i ,MI 


' 


.-. t~I 


';. 


" 


l Ih)r, (.;Ill
nut'll ri+,l, I. itIllAV
 
'\'Itllll% \ IVt.INYSSH)ill_' k) n ,,lil\ 11/1)\
II110 

t ih.'C C)I'\t.'.f')IoI.'III I o.llt+', i 


C,ItJIIlT, U;trh I l ', I~it. illIlh J10d 
l''N lCt' t'lill" ;Ilt' 

h1t.CJmI: ill 1t1,1.t(t'nllT (&+ I ' Il , 

()llt'r It't't tN) \OIIR IL'lIilt'\ 

_A it' lolls t(W lltlC 

it+t~~llW lIW I'il)hW r\ (Wr,.,)rttex, (w+ill;l,. .'l 
l+> )t'lit ( (I t' +,lt.,,li( ClIir't"< Iti il' 
Io-, . C,lt1ll'*;[ ;J11C.t.' 'S(MIIL' I;,,Ill1*I('[, IIIi I ;111 
t l '.' i IltIcL' NI(O,1 Ill 'o, I ., hd W IlllSI() 

',
t~~~t'lt'z'OlVl:lioll'll IC l "l'it'l','[\\ (L ' t ' ,,lit1: <.'i I
 

Ihu I.Vl~It;l;lIKI Ili"lr.',t ..'iI ,I IVC 
' J , i 
q~~~~~Ilil'.l'tII1'.I\'1w (l llllA.'')Ill''tlti .t.l ;Iti 


II\~~lt'i, it,'
MI tIIII 

\\'l~iltl l l +):, \\1I()Wl)O 

W Vl-'l A,ItI~Lk CTl", 


ll;lkt, Il( lt.I;II'ilclIto, 
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• " pr(>tein intake atnd abnorma~lly 1h)\\ levels (d 

Certain red 1)11)( )Clcell eliz\IflC, Iiiav AlS 
l-CdiS )SV 10 ClaliCtS. I f 11-111 ~)( )rc 

he p )ssiIl)C ill t' (A'these and I tllcl" 
- mtIric).:U ct, ('in thc IIilt h t the eVe. .
 

lenhS, rtCSetrcl Trs inlterviet,\Vd :1ll pirtiC'il)tnts 
.I.It Ilhltir Iast :nd i .restt 'tlin lltlits 
and I.II,1k 1)1l Isi l t filso whichJill e, 

tihe+Nattitonil lFv' Institute is helpingAtlso to>
 

i'.l\h/e. Such i t. Inlplex .'.iudy tAes time. 
- -XXBUt ilC)rdiltg kI) 1\I LI SpiXduIto at t11C 

Natih ttl I-t+ Instillitt+, a principle ilve.t igat( 
.It(I] le omelll rt+lid- Sl;:uv li8ndinl 


heI) )\'ii1L I'id he .S98l2 
. "(' hli C s tlhe e,l hifs-I ".I-ilItll ian':u. g isSC 1 l 

-' uS I -i ul.sdhV i I liII lt s,I 
.ntnh c tll r Irili Iing eh 

+'V .. nl(n ill S C i\\'(),hlindt the i 
(li' hliull i)ilels I) hII) fldI illrSI L (

30 illOwt,-:-,+',.~~ i, ~,,,,,' ~ ~ an .;ut Ra)I{.re+ Itlliltcd S,11Sltc--h 

I (II( :iS it's lSyOi~ h
patients rasbnitd( I l inlIilti unrc, thcoillects ,uon 

properlyin'plac.Araind e srgens perfm 1l 00 cslls i the Ilast o0 ve'eis-his
I.S- t+Ch._SS, 

iCMIMm lri<._..Ill ,._ S'-
Ci',nh 'rI Ilt(M Cl (d iMl('S.( I()h(Ath 

Indi~t, t'A;t+'S' (I._,
~l.tSC HI Ci 


to l da neareangifte n whihe illthe(es ptic 

A)'I 1dclinicancatrac checksUlsee'U bilitl.\d eStmc i (,diiseaset isa~~l that2 ,i; i tI \ il( lhave 
I ti oIl, tei hli thltu+s inNuI Iret lxe 
ettgl'rte1 ;lt+s (4") Iter 0 s' 1\t\l)l ' 0 l). t 

l ltrs tts raksigdi<rttur.s tsimilrthe in il l-tes, what 
do isirncdph1 1spillg(M0tC d11irV clearuid in 

g ees u.,e di,i iIer Iem Ill) hringunhrstItee I itlK eS. 
las ilesln inhtildclfertl t h d e 

disc;sc- ar.e rctinoth ck(-1 Cli ,s:IHwy ;IIit 

Afler cataract surgery,a cinican checks thain iatsee tIe rimary lt II thesee inpatients are resting comfortably and tiei andages ares disese and dhe I i( ( 

properly inplace. At Aravind, ele surgeins perform nd100 li']i-aisilvi uetl-,it eesIe eyt ihd
s the (& t 
operations a day on average2 C'll li' ltt i ti n' ITC M lth

hnunil. ,\h) 111,rI\() disucl,.+,. allso)r, l w hlavo'u 
"l'hRA ,iSCt+'\' ,loWI ill C.'tM ll](thuir 1h ild()f' GIttrill r-Clinl,1t+'R.,C N)SHllCSt' 

CU iIIIh.,, Illdit .Sllt(ft S1.11ltl-.]t\ \,'~ l <1)r h()) v'e-ssel", to)I l t+'ritouslv n11uhilly w\hichi, 
hteight ralli(rclh.',l It(rcalr.-,. ill ill h_,116n .The 11l01111 tlrit.', Ilure ,r-C,'ShILIlil-
"isdr> higuh 1h1()(.I tpro,,- .11, Aild ll:1ving wl I1()()(,_ trmllh) ill1\)rnSIillil;4 int tl. the.I',11 IluMi 
gl,,.",f licnu -siglo.' ,-,cs.The] HIollnctry the 1,ll.h t ir \vitIo .'llC .1+, t+M 
;,111 ()[111C>r;nI:llil(-d k)ihe+Surt.', Ihkh>d \V',.ClSCEl'id(-'nliol)g I l 
 , IC'lld. Mthuhl;lV 
,Slmt, ;l FA --hIntlt+ .1islinlg ill Ill c .' it\h~t tlilf' l h1ill IhU 1\ o'Cn' Sle N; lio na sli ,is; .s -W\ rC 1 \'()di,- ltr, 

t_'(>llll'lltyt st'i ) I ist'- Wvilli l)II yl~ul*rii ttll'C illS ,.ltll. iIlIIl1lll;IliolIC' 
The n.I,t S (A1)I )pll;ltio>l Fd,11diSt.' , Il;lddCI,Cnt+'r;llit(n (d thCSC,'-,ldics Alnd -,' 

;tllilillIl ,StL~t'.C-; vilillill 11ll1.\CSSUlS Illl<)rui'Cr* ll+n ill tile+ UWSxN '('X X ll(_''Jll'll" 111,11 
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011C C\V. BltII~l tLhcnkIr.s examninc. Ill( 
Since Eales' disease and diabetic oitlwwcvc I\ 01:11 it, too), is "Iffkctecd.hcv fin1d 
retirlopathyare similar in some TIlius, iIVik'nlts '1grec (inlfornwd oinsc is 
respects, vwhat is learned about ;II intfrt'lit r)Irt of t' roal) tfwv\aivC 
one may deepen understandingof 1',IndontIll\ :sitCd~ill(TtIi fljao I~ )nt-, 
the other and so help bring both CVLtIV~t'I I)'i IXIICn ill 1)s.1iitI iWtW ;: 1.1~ 
under control. WIlI ill\\f tid U nS rSfIfsiLlCf\ 1S(III),tt(2 

tfi:iflm ics. h~il is (>tirf CtoIii Siii\ hlofIIM aitcf-L-:11]f (Mer'.2I\iil[) -,Ii.ltii (Witit ta recL11.11r 
>Mationri f()iit I I f I-iiltlil Nittiiaf F\c fIM.8iS. I fearikSS Il)I I" tfui.8ittiv SCCiti, it 

'1a f Iricifpilti Ilti.s Sf'f l ltIist ,11tc ill fInh-jeci.t WouldI be iiti~s qLgel Ii reaIcfiig of, 

attiack tflcf-f1)1)I vcf i wt roi ita is, t i liitc.Ies (iait lk.pan- if'\sscfs f';:tl((Iii/alio 
"Sitll ittif ite Lto 

Iftat Faics, (disea,se is, Ix-itlua~n aie lii nitl WItt studlie-s ateV designed itl t11is W'1\1 is It 

Jtt*( Iii sjittgfl II w ctel.' ii ietts (11ir, ;tttd SOCiSIS. C)ttf 

)s )iiI i :111 t I )e]si (ii giIiI f i dfc i af l l i tti wt)(-li \\'I i \i i ILLAMttt fi 

f~fitt~t~ttu~f Illt.) fiis 1)Ill(nft~ atfntizcf oitttffico. clilical iriallstfv ()t Iftis 
6fi ;ciita f1)(()I 'cs -A I tlk kinld IIC I~ Ard i ItdiafIc caL itLeakage Ireftc c(ifsiti 
fCAcfS 1() SGI 'Alti~lh tttSs Ill cc tthtL'VI \Ml)ldf5ait i iitIttI\' 811)Llll(f ilii 
I-clil-ta INv neaL Iiwe front iis innn)rin1gs. :\ ft \\ill take itt ic. fmai c-I s Iifatifto. 
XCIl MV I:tt(I( cc "CIr .- seer-Af (II.'l 1fr 1 ci~~KI"iigl1tt Titi S itlICtiSe 11R-Ak ,11fai(Jtl l th 
figii. \\fiCItMI hC neCl 1()1)41 ,Lft In uieiiii p iiif A c.'liin al is\wer as I(i 5cI I-c 
Ica.k\- 1)th()i vessels and.l (Ifect, -spil tfIV. mticfiii \\htlterI (I- lliii il attIit \\(Wkts ftc i 
\\(df" fIciaclw c'cfiit.s ititi Ic iff Iuii It()i jLhcc. fTll cng'it~s L~icisfist. w~itft 

i~tili [iii')'~l IfK(CV W\illft a getii( in hiwsal -, clef ittilkn ictts\\e-T is, f)tcit\ IILItClt aISuiccfI. 
fitttttt~.is ,,[ill Cex~witittaf bec'ansc. fIll IIL prn cess" ;\ttvittd I IcisIuii:lI 

Xi2ttot dIJ II(Iagutfa1lI~ioiii is ncnV beCing( pfiv\siciins -Njwetot i en"11 critt (.Icisel\i olo 
LusedL 1n ff i1(\\ittg vsi ihittii161 1ll ist tinte( ill Faf-s, Ciscliso-. b cu e\11 

f'aticttls I\fpicIff\' see-k nt cclida"l aittetijlio 'citalnt illtc Iteft~ivhit (I' tlis jttevn ntoLSfv Iitfe 
IX-cAc:ids (I' IleitIc)--Ig an ( ss (I vi15cin ill ditcicc fIte' IIAtVC AIVIafIIILIn~ hSCxlSc. fdittM-ILId 

~ fl f)teCfIiliUsing a flashlight a -- lo Ntittd HIMttJ1i1Itit(OILhtth 
* Iipediatric -' '~ i is asl ttcnI s~~c gsissc t t itI 

opthalmologist peers l.itgt p tiikc- Iteit Xi 1a-begeciCIiaV 

d'ctticfh\ citI 
small boy, the first AP4 ~ctiltiii itt utci ta *iIitclLf 
exam. of a routine eye ii.LIicI)()~iht~'~. Iis0 tllIc. 

into the eyes of a /.1 ;I dICfLci (M Xf 

ttliii (1 

h)I !Ali \it W( ( tIttfai~exm cfiiciS th sc 11~ 

tiC,, itnL~i-,IIX tI I ife l ciL( )RISeas 

1bfi ii iii cs LA ifsllc HisI lW"itgci il ldlfl~lit 5 

JItlftat fi)iii, ittlcfhtsctt Il\ttafuiIIii o 
f71 itt1tti)itS t itfi niciL ffSi i isn\ \SlRfti- S 
is f.1 \ l 5(ittic ifit, foo) uiua :Icfrgsi nt I 

ftIlcif icsS\ net hu ))C In.Iitf Iafes'flfltl(iCIIitkc .\e 
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Co!laboralorsin the STI projects of the United States National Eye Institute and the Indian National Institute ofNutrition meet at the NEI to develop detailed reseatch protocols. Barbara Underwood at left and Carl Kupfer at
head of the table run the Amerkan projects. 

cliscasc Ipatients pI.ri--pi~tiIng ill tho Clinli(-" ,\hitikkart'ulanmiud ils 1n11-:1.,11 StLKICnIS 
studies :i lt . I':vilid y.I''- l lc 'it l arn._ atsk~'l udicc thc-' lhk t()l (d l'-du..s clisucasc patieints 

1() .i\'c l)Il )( .l sgttllue h r irtli. II th,\'y ainld Ihelow ++L!e I)I)( Cl l & l.tc'ill \\'ithCc(n.l.clnt, andc ll()tll d ). lll(),Ss s ',1-c1 ,.:mlpl 

SLItl I>()tt11\ IIC \(.)I* Gpaiithu ltIlI V(eterl)n 
NLiutILIlkll pJ)ulI) , IPi'Atss(. r It. Inlinintl tL,.vII

ltcuti lii'itl ,\ IVIII;Ln I'lniVCTSi. 11l)(All tun 

mile d\: y 

.\IuthlkkauRIIppl;a. ,-2, go It his 


tindlriidtc~iatt Iil liilL iln 
 India, litm l eariicd 
hisi 1'h.l). ill z)tfll.I I t :dn 

l)i( Iht l. r tItIteI III _L55t 1itiild tll.. tgc hnll 

, bert ,\ i tlt
I ti athCII I iiit'rSi,\' 


\\ 'isonsillat l ill in I))S.
11 alisi 

MLitlhukkl;IrLii I hin .i5c:1
et- [Al)irtiCIlirI\V 

iltucst('! ill tilt si l li.is t i: itiulc 

St titeit dL, ., ill .\ siflin, lln ie i1' currI
hn tl

(M co(d >()Naii nil FI1lh \\. ()nct' (d1 the 


highust ll1()11()i.5 thai Inliai (' llfi s ( )i, it, 

acadenlnlic.5. 


Anv Illitei Stitcs scicntist visitilng 

N\lulhuluk'uiujj+im~s ~ik 'VI 1(1u(1 fiind it
]tlhlri>r\ 
s()illC h\vIt lpitll 1 (ItIllig1ht h lIeuist itti t 
the ilr'liahilitv A, tile t !IVSti )l\)W which 
S( Iflltqi illSc. .SI( \\5 t(i)r( )t1c5.5 I t1(211d 

expe-riniLtiits. NIiethcluss, %IulthLikkatIrulpiIMn 
atincl his gradualte 5ientlls uSe Stl.aincl-
Ilmlectiklr 1hiokhy txlquililultnt (.sInleIC oA' it 
I) tlil \vitl lii ia iltl 111111,nitci S,1t I1e 
Iunlds) and thcir wI(Irk is nIetCticLi(llS and 
pa;instakidng , 

FunclCinMiM lild 1() IiC c )ll+ lll\, 

approach that MluthLukkirUp)n n111dtit 
NatioInal I\e InstWitC haiV' \iWrkCd (i i ai 

lpurilicd lc>t'n ,lcrivattivc. ( PI)), .1 IcL..+t ti1.1t 

wilthier Il H re has Ieen.i+ pruv'i (1, 
inllecti In \\ith lLIhIlr'CIlISis lbacilli. \\lltt Ihc'\
1"Mnld, It)lilto, J i ;tlti~t c nl v s im, 

there were ititi tC Idle l:v._e reslINnrS 
IllhIth Bill. l)(n :i, talvzingu, the, dati,hII 
tll\ 11.s() liItld tHi,1 1 a ()Ilg 1IIIII I saMlIles (d 
Neeh)1m'ntl tc-tu.l lxxsiti\'o. , Ite strei itllI)(1thl grl111,, thlnt 
( IlIc (i cti. lnl \.'5 ;it Ilcast l\v'i . as (rttt ill 

s ,(IA'fdi a patite+,nts 'I" ill (1 lrt 1. 
\hit(lilkk:itil :in is Hl I'r]xl tud1 i "a'' 

\vhIt, i1 ml\t 11ing,, tIi's Ilc il.s. BlUl ()i c 
' I)()S.i5i5 il is tI:It the' iiiniul e \s'tiV llIS (Of 

pl I'plCl cl tiles 'c:d1) gCt :I , tli.eISCt All:d
tl(,,Cu (.I'.,ihRc, Il()t 1() inlili,11l\ IVSNi-t,](lI ill tlic 

Sa.lllc \v.' tiv iluclitliIheru tII(Isis (I- (tllc'r lls 
but tillinilatel' IthCiltrLu.mnes in Iheir 
reactiolls il() o Cigil n)tuills. II Ii's Ihl )'(wly 
whiCh hte is HiMV )uirSuiiil. is C( riTCl, it C(LIIl 
ttIIl( lit t i )ll 1 11.11( tl () alltih()d ' 
illia' I)utill I) ill Iu 'iC'lilils' bI) )dltrtai s, 

I tialhI llti'kinL I)lOthcl V ssclS ill tilt 
relinl. Rcestrc"lh ar(utd tile \V( ri i e 
\'i(ritll .1iS\ So-CItiCClSlIdViIng SLtiCI ',LI[( )
inillenC, r'ictions--in Cfct, ahlert.-ics to 

+the' boItICv I()fi ti(t,,<---t) I li t 1ti 
whlat dll tle\' arthritis,hle il inrhtilnmiihiit 
nIIultil)lC" ,SClURY).S, 11i1(l 'cU l ( )tllL!u" 
Li.St)ic'CiC < So), ill Ir)Viiig I() linld ()l \vhCIlhC l 

ltttoIllllitilv tsC'IICs Faes discsec, IheInC(1
tin it ts ,ciei tendand '10chni(hl( 

C(tisti (Id 'ales diseasu patients' blood lnitliitive is Very uuClln tihe tIiinStreaIl Of 
with that (i healthy li i( 11.IA I(o. Irledical rescarl. 
dliffe.re, ces is a 1(I1 ig h) 'seairclh. Shily In tile I C (A"his resCeatrc'h,rll 
after tihe J)liC stlaied ill I98,i, Iin, cxaniple, MLtlhikkiIiruitiin IS 1i)ilnl (hilt thatt white 
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NlOod cells (01Iptients with uveitis, an 
toifll"une inflm tl11iotnof the jacket of The leading cause of childhood 

issue surrounding the eveyt-,m nltiply blindness in India results from 
kno(wnrall i he presencc )fatpr)tcin inadequate intake of vitaminA. 
kno)wn as lit,antigen. ()n lhe hulnch th.ilt 
the white )l()Id cells )ifths cli.,e. 
patients might respInd sinilarly I tills 
antigen, he cliallenged Ien 'tll thie mtigen 
an11(l disc(mvered thatt tlc ,ells (I P1 sitivt I) 
resl)(nlders did p l teratet \vhln trete'lud with 
this puttem. So lid cells (I)fs(M c ' tile we',ak 
PI) r.Sp(l)nde-s but I()a l.sser extcIt.lt 
NutlllulkrUa is tlle t(I) ytiht thesei:.St 
findings are plrlilinary (h:tbh m aies 
l li nativ ti ()rc itetilt:. atd ci (ntrIls tliilst 
Ie Ieslted with Ow ,".S:1tligull tIle sure thcl' 
the initiatl ()Ibscrvati Ins 'arCc(rrect. Still, lie 
sCetIs t(mhavC Imtiind a lprihiilig ICad. 

,\Is) pi'()isi :Iue se'era ()lier 
preliminrtuy fildings. There is,Ior C×xMiJh_, A 
fteclli(lle, knl(IwI ISiSl)hl._ctric CLIu.sing 
wlici Cat le use-d 1()see witit ]xtttculs arC 

i)r)duce-.d when t) I testll()l'e I:t.terials 
are sulbjcted to va1ryill de i ()IJ'ilit\ 
and alkalinit\ 1IBapplying this 1nt tl(mt he 
._rtil (r fri()Il_)1 )Irlt-ess p()Itioll (A,the bhl)()(Id 
hI-()IlhFls clisisase! patients anod n(rnll

.,+: '+oji 2 


*(is 

I A 

c( ntr(11,, it is R).Ssiblc t(0 Cl mpa:re the two. 
lttS.SLts Illit there_ in2suggeS is 0)eC.'small araC~ 

tile overall patterl ()IatlCs' diseaIse sert that 
is diffi r tInli tlhc s:ne areaa in the sera f 
nIIrwilal sujects, rnutiil aIs if llatd t'w()i1t-' 
p-iecCs (All)I izta)tJlv str ilpCl f:tbric and 
lurid tllcm ,1() elItcc.heaike excpIt in ( C 

tluMkrppan hopCs t)bC able to get 
a ntitre preciseC t natue oItllehndle (I l' 
dillrtiace by using 11)t l ualantil)ties-I 

, t:i , , i seCeing (tilt 
and Iildiiig to smecilic• i m e)cuh.ls--so that 
the niture ulcl b It these, molCculeLsan1d a 
can th'n IbC studied illdCtil. 1:lduraii 
Kalt.1 l+tI livcrnit\5lIlhIgv lllIceilar bi 
dpa.Irtmen'It is gearing up Il 111ducethe 
r-c liisitC [t)i(citl nd e2XpCCS to have'l 
liheI r-Cady within six n11)nIltlls. 

Just 'villtl ll tis rws:ircm iswill paty ()I'I 
u r.dictal. als'disc:i.s_' is ilt :1n w 
diise'a.,' ,ut wha1It is 1C, thl.iks to I'I, is 
lat iti-,nw eing svsllaticallv studied

%\'filllll1t)(c-l'11tIlctli)ls'. [owr flcit, t tin e.A+ 

Wim.iAlRater itwa',Isidenritif C'l, F'Cs' disCsC 

Iu 1(h)lugcr Iwiciit,g' asle li Ikegrantedicvitatbhc.
 
l I h , villlllin A.\
)Ill diliciCt is 

ali t ' ST1I:,tlitlC ,Itht isItAcllitg. Teili 
h.,.ling c';isiMt llhillICll tl )liniIlus,+ AI i 

II 11(1ii i r,'Cll anild VC'lh I\v cgtAllcs nd 
flruits, egg,,,,,lks,aiml livers, :inl fish liver 

Ill f-In(%1 the dcisc;sc,litc- st , o 
:,,ililiciiliv in sCilg itldit liglit (niglt 

Aman holds a malnourished child from the slums of 
Hyderabad. Kids with diarrhea, like this one, are 
admitted to the hospital, and if they have vitaminA 
deficiency, the leading cause of blindness In India, they 
get vitamin A supplements. 

blincli-,ss) I)clCirs, aind SJlUIts kin ()\vil aS lBit1t's 
5Pm Its, fiItl (Mlil( hvlite ()I C v,. Illll(>rtnt ct 

a',iic'il cass, tie ~I la, ' ;II t-i lc SI' LII't t
 
il', , )ti llc cea clrril., tl iris .111id


I)Llil, ch~nlods, "()Icw[n.s- :u11.l tn1cur'Itt- ;Illat\ ..
,+'t~~~filclitionl l m(',n 1(tt)MInL1Il.: AtiJt. Ill h1C 

l)i'()C'Css, Ilkc' C.()l'1l/CJh I C .SCMUTC'CSl+ icl
 

I().s.cs tliiiil rcicv S()Ihll it CallitS triln.-,l 
M)i )llgC' it suifliciCltI lad light. 

N ()ttids is news toViii()dini Iecddy,
 

i)2, ()I'the Naiional tlstitiLtC (AfNutritioti in 
I Ivdcralmid. ,\pediatiriciati wli It()k 
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anld 5/,000) i a.~.S- IlHl (dIfheirt ill 

11CC1111 C( : Il iVC2 n) A'x viii LI \e alSa S I 

~-~--~t~X~ 
 Een F llea"sles \\'12rc I(I \'aIi jsil il*( Ill 

Chil 11C:Isltlrl silts,1 WIldCllal'liIlx.Tisi 

I1(6Al Ild,31 (A"1(1IlI~I21 

A fiidI sgrac~iaI.2wrker ~ rainrlg n diestve cise~ses I IgcaldCV(.+ ell Ire,W Illd. \'WItL1,Wi sLMpAle tI1 

intrvewsand nlitiothr I ~t 11( (Iiiir12f5 II(spidiinC ui( do1; iltel evsill (i iir mlg'1111e 

any ofher\~tIchldrena~var.2 III1111 r(2\i lls sILIIhi'di--LI) 1.( rcjwo.e-ru.lli, e rid i ng CIreI flI I eluvd lul 1i
havehad meales\VII ~ll~ a111 1'.2 II Iller I~ar ii h~ci(5ls IliCCil WiVI I*\'CIaIl Jil:. lIIi\\l\2' Ilo.rICSWl dr 

disease thaoke s pI 1go111 11Cthl0 ill (Ilt'illirio-lWI111 d1o.l(r la12II uik n ii~l i hnl iil. )uptll (II itsidtrvs mosetiea C In1(niiim I 11 1 c gt i eve Is ii i l S] II vil I C Ilecs Wi e C IIil1 t enldio vanr a lmo \'l S~li(letc, ;I I \-iL111Xm that l.Ie iltlle s \\iy1111\tlle slp-wHderaiecyadosei 
l 121wit Fes l~s pr iIIS StateisNt 1111;I Si! lied atI(w,11111IichIill Slte tIll l 1 

measeeIsa "" l utIl , ks()IexaIIe.--1thave had ll l( 11(1lla 1115! 1(11(2, Willi ViJHll A~,11. Ijed" HUih! I(I 
disese Illis aIMI ld tiltat nuea()I ir virlI I ch1111111k C I 11ekhatmaks c.ansllen iti I(2lt-10:1e l ,o.11 \\ a(I f l
kidre museptbl 1111.eve 'nLIl Ik.11ll t lleCllI.2 xstIlI2 \i. Sil' tea ll . lv' IIL~0 inLICII MA'n 

tovtmnAVtli lltdIlCxI(-nICr 11II1~ 11161.lil.\altiie Ilsllus lv (mIn ()I(1.\\th. 1111.2)I 

get IleSIesIW 1'W lai' llIIHWVlen III l Ire ttd the 111111~ IdI ia llol.- 'IIllstn 
agelllive.A L\'il1ll11iI1C (,()I I, I I, 

ncl'nj'ltin1 111 

A- le el ) i l vil 

llL i l I\Vg A )Il l\ \\'r ko1(1(1 r 'llll la~gihei l a 
.Sniti1.211'li(, .s. .\hl sl(micia ars llita1l\' \li l1.2I1tIle net ecid Ini itl I.M'O ne .lhlvI-l 
1el01, v t1n (II~(1(1 Ii I()i\ silu, c it IL 111I.III 2 Ilevial il wasas I 5 id.asllid11111 
editsagd IIIhCl~lnillg 2IS and laCAI~h- iad\011ieelc vl teld as harCless I,lill ()( 

slI~~~~~~~~~~~ev 111111.Ii()I 1111\I ll(lgsTer 1111 VI dovedresea herUliltev l ' the h 

tlalt~ni II-jI~IhIl cllt I Ink 1.2n [l (,' p runIliiolle(1'1se la a('1 s C rt'di C1(21'll , 11v s,
nag(2 (,stICren i I f-l IIrkI II I leItsaeln X i W, il.1())dlearne )Ila llll. \,ngllsureI th the )I 

piiiCiIII reverAUse I linl atCne.IIsehildrenWh M hl 1,1'(1 dhiaaaIsI he\Ilk Ill)(4les"IMII 

illlIlli\cI'li (l recentl 111i, thas .1 I0(11Il I viltlioltlanIl e ieltll v 111veildre, 1111 
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Diarrhea is the major killerof 
youngstersunder five and is often a 
forerunner of vitamin A blindness 
throughout India and most of the 
developing world. 

I:itllmI4,42 1114t4t h) (142It.rIll I14 to2thL \\'llI 4l'rt24 
it \U:S revTr.Sil )14.A I 2 ) Cliiklr-11 in 11h st(d'VChildren in a metabolic ward at the National Institute of \Wtil i\ iC10\

Nutrition in Hyderabad participate in a study to id out ( 1 44! \illill A (Ii i 
whether collagenase (an enzyme that breaks down \v ;1I4.d14. \\ ill] \ illil I II)ICIn-1111.,. I1 
collagen, the gelatinlike protein that gives human cells t \i0' v 1 II1. (4,, 14.'1It t.l1i1aqt\':lS

their shape) is involved in the damage that vitamin A sptl lii l. Iie'tlIillg ,lI J ,11i tI n() l c r.-.

deficiency causes to the cornea. IIt II1S-CVC42t l ) \I 4(t I (TS41 n4 1
.II"S1 \\ 

]li0kl: 111421r 4.44'114.1> v\4u't lI I(' .t. ) iui1i11 

1(1 [1r21 4.. t' 4 I ll't4i4.111 ';111 l4 'I.S( 4i 111Mit4),. 4..ll d c ir i4ilt Will). l4l4i1i, lI 

1()k tliwr illIt ilill I.i \\.14ir., 4ill tI4it' ii> s,<tMr., iS ,(1111 iIlt 'n 4t2Ih(TC 

hI1\ i olle.ILr4 11rli ',,11 .',[4I1i1 111) I it £\£t
(d lht I1 4 1 . I.1t J)iI\' \ 41ll inm iiltc'l A
 
W ill 1)1i5rt l ill1 C'HIlr t U IiI lli s 11 1. llo,- 11i L \' is
I)' 
tiwrc. I I- I (\)I n lil l~ti l4t,\ l(ll.1i ii 1u t,8(1 Ill. 1114.Il(Crt 

\v1 >t~iJii i1>44 li .i il ltu ll4i l t. - I);!, .'o ill.'\\II l4 4 ( 11i I
4411 14.li tl114 lh_'t14 l t l .1 ,+. 

4. II h ._L'n4h, ll t )ri' 1iit )iv (1,ti\\l I t ' ' it) tl J.W;t4t' ,'i:',Iii._'4 r14\ tll1tt.'I C 
C(4 24 1t4I1. ill14. "442L ijl II :( L.\.' M W114 h M 

Is l.,,114& I 1ti . .t 4\ I\ IlI1:l)d'li))I4 II I(L ' 14)dI IS\\, LT )'Ii il l \HIV1' . 4.s I 

il\4. 1)1-(4i(-ii ]:1 I4'- &1 111,1111115 14.'(KLI4.d l4.1r421 A1114.114)A 

I{(L'1N l it1 ll ;11.1(4 )AI .L'8Ll I'>I(I l",t.llllil 11;ltI4..'(I 4)I4I)1 4. , i t1:1l 
t'41l11 114 A )1 I l lA.,'(t 44114' \I8I 1,14.4 4 l,is,1t4 h. 1 l ( R 1 ' 4 'C iI4.i.l'i 144S 1 \. 1i1t t11 
.suIftt'n11,,it~iunill144 A. tILulIR.'i(lt' ic'R v . ii,1 4114tcnd l. t.11 )';l I4.\ ii'''illh'tt lilt )144t4ch1 .m, I() tilt, tl( ' ,I t(wll,'y, ~4Fl,.t~:1''l cltcn44t1\(' l ,' 2sc,'tl il4(14)r 111445. (41~ 

Sih ,.c 1 -lt .ll,,-,-IIi i4 VI ilr51 ~ l t -,I1 v.tii ilIt(';u1,.[, 1tn4 114 lll It l An4+ .ri (l 21r i ttI'ii lgc<) Ilit' t.\4.'4 ,5 it'Iti,.lii gith ), 44I t11:1t ,1i51h, ' Ii£4,I ini \4.4 )rl-.'lt 4'144 Wi.v 
w c '441[0l I lt.r . l i,,ll t\2r..,L 't Viit l (W M4. 

()I 4 )I 1 r l hlr hl4I4 IOllrt,'(Vu l 4h 1it.h IIt.,) I I:154t 1) o-;t e'l ( t .'.,cIt uriii l4 .l IIu t :Ii1: t_'i 44 I114.nlit.'tIlit11 411 .tl44l~l .' 1111 .4l~tt ,'tIi411 v :11 1.l'ritil4 i4.t i 4'l( 414.'l+r 411 
x . (; ilt+iIVt+ ill \4),,,()I1i4t4,llo,. ,4\I.11 hin C'811G,'> (4 t ')S.tu ' (441;i~u~i,4: T lt ,4,, l.in424r 4\4l itt .it 14' V! ,.Iti+. 1.[' i'titli .t tl44' viiti1i + l44 ,kV,.r,14( 1.t 42l11 

I114t' Irjtl ll 4 \ ' 14.'4.1> II)~a~ >4 I4 t4>'t33 tl itio ll, iM ill ()Ill\ (M C (& tLtcil CIil~41 rc114..1 £44115 i I1( . (t iu* it,. llit 4]l )1 l .. t ,ii'Wr) ,, lI;dtl()tH'iSlI,-L L'ililll .il \\11() 11 yW it .':i l ' t., v L'L.'' L-V,'icl itt' d ,,itJu/1il1 A. t0t'i it'l.v < )rnt';1.,1;tlld liol-rn1;11 vi.,,io ln. Bi' ll itl l
 
l1,11 '.10c, (,) 1tl C.' S'.T ilW_tllir l 141-(t)uL-) ()I hI~lin ti -ll c't,'Wd: lil(-1111 1 \\ill) <( lt'; 1('Sio [)S,
 

nt1.11rilitolla.l S11',I;IL';l tI 'i huLl ,\ '1116 t '\L"':,. [\V,v MJ. 1l;HrvIt L~ ,.l llVrc' W,'ill IlJVVt. I() I _' 
BIo,i ' ll ic:;l; lv i ()f tIlto.' lt ';rl' llr(ull S[LItuli,.A I IX'l6 1rc, lIII-ll c~m luh l. t s , Il 1)(,+t 

All thrc-('t' ,4I-(At11),.,. ll )v)\\ ,t.I t t'.,; ICTUI' (&1 t h l\, it i., liq'gititiitii, It) h( ))k VCT.v III LCIl .I/l 
O )'IlI~t,LCI .I.' Wlt>t_WvT'C, ;i.SJili~ilv' ill ,IP) it' it is n1,1111hit rtt l mlik.'tt., h\v 
n1,11I 1t-ln(ix~ AS ill III().,'W v11111, lll ilio~ll illl*('('lito /.', inlltWt'\C 1 1 I Ih illcl VtMtl11U, 
'.IS lI'.LStll'C I 1 I) I Vli (,i',Il t' Ailillil ithillx Ain l I )' pl T S II c lltx r il ln av t'll( he

. 

hhxd I' t -\va t~ l ,iMl. Bill \\ hc'n ;I dhilI \UV~I() tli l'r Shi,,lll. 

tco.icl lc-t.c ()I, vil,1i11iil A (I(Aicic-n xllcv'iic
 
Ai'livil\V \v;I.S nl;Ir1't1 l\ ilC rt,(11V 71+b llJl,1 .,
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The bold and rhythmic geometic design of the brand-new National Institute of Immunology outside New Delhi is
matched by the state-of-the art technology within. Here G. P Talwar and his colleagues will employ new 
knowledge of the immune system to prevent conception. 
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Birth Control by Vaccine 
Three imaginative approaches to contraception involve tricking the 
imm,-une system. 

by Robert Kanigel 

t is dusty, raw, and unfinished atop this low hill in tile southern outskirts 
of Delhi. Men and sari-clad women, most of them barefoot, labor in the
dry pre-nm.)nsoon heat to iuild Inc.iaS new National Institute of 

lmmunolo0g They are hurrying to finish this complex of laboratories and 
apartments in time for its dedication on October 2, Mahatma Gandhi's 
birthday Several lab buildings are already abuzz with the whirr of 
centrifuges and the tinkle of laboratory glassware.

In on1e building the activity is quite different. As a human visitor 
enters their large o(utd(oo)r cage, a dozen chattering baby monkeys huddle 
in a furry mass, then clamber away) as if a single, ;"vlimbed organism, 
to the far end of the cage. These animals, each between about six mnlths 
and two years old, represent the next generation of the lnstitute' monkey
c()l()nv BUt even now they f-rnish data; they are living proof that their 
parents were once fertile-key evidence, should their parents later prove
inf-rtile, for the worth of the contraceptive that presumablly made them 
SO. 

A c()ntiac,ptive vaccine is [helprize 
soughlIt by (;. P "lailwar,di recrt(I (WIthe new 
institutlC, his Colklh( rnitors in the [ lniitd 
States, and ll lher researchers ill (I)tlh 
Collltries W(WI-ki flU.Iudnlr the AlUSp)tCS (df lhe 
Ind(I-inited States Scicince and "lcchn(Il) 
Initiative. Frml his third f0)1 i-(Alicc a 16w 
kil(micters fr(lmi the budcldig CoImiplex, 
"kilwar SUpplies :asobering per:;pective: It 
t() 11k unltil reach thethe humllan iaceC 1957 toI 
thiee, billiom -)t()pulatio)n mark, buit the 
sCcold threC billion will takC ()1l\' until the 
end of this Celltury Ninely percent (dithe 
increase, he p()ilts Iit, will comie in 
de'eloping coultries like India. "That will 
inl ();e tremend(IulS )ressure,s f)r fIcl, clean 
Watel, shelte12r, educatLi()tn, and ji bs." Illwar 
sees ()Verl-)1)lllil Ais an Ce)ideniic il(It 
uIn like the Ctan uS, Clit ria, (W sIa ll)()XI 

epidenmics that ()i c, ravagcd Ii.uIankind. 
And it call he dcefeadccl, he dc1ares, the same 
way-) a vaccile. 

li IH"llw\ars vision, shared by ()ther 'STI 
scientists pursuin this r'esearch tack, I single 
injection might grant infertiliitv for six 
mnl)nths, a y'ai; two Vea's. A b()() stler C(uld 
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CxtI.d that: ()ther\ise, fertilit\ wlould IretuTn 
naturall I': With a ,'accine, there'd be n(m 
iillr i)ering t( take a pill. No sttrger.: Nto 
sru-gglilg With :1cI); ldt(l. Preg nan1cy w( klli 
Ne wirde'd (IIfwith the s,11 p1()'r I 
iillllltiil Il(Igical weCpIIns the1h Idyt\' uLSeS 1t 
light disease. 

Whe2n a facicriu1nl, Sa\; (oraiVilus, enters 
the hId; tihe imllllllC systCm raises 
anlib()dies 1() it. The antilbodies I()ck olt() 
specific paris Of the forCign substance, called 
an atllligCll, leulralizing it, anid settiig it ip 
f r utiiatC (lCstiiwet In. 

\Vh\' n1ot, the tlh illiln g goes, Use 
:nlihOdiCs to similar'ly neulralize a, I 1ormtllle 
(w ()IlrIher pr()teiil esseltia t() iCI)i(IdLicti( In? 

FIr(Sl)erm ai egg t(tin itC, a complex 
array If h I()llimnlal messengers-each, as it 
were, the "weakust Iilnk"--musi w(Irk 
tIIete' C hIt rtci rcuit,lawlessly rruipt, sh 
disrul )t, (r (Illhcrwisc interfere with an of 
tll(i11 and ilifeltilit\' can result.I )h()ing tlhal 
ifil iiml ticily) toti'ough antibodies 
hl(Wn U0!iCe Ofr tissuC c( mpi is the)i(Ins, 
Strategy ('I an I1() all three STI 
c(nlracepti,'e i)iIjects. 



Bonnie Dunbar of Baylor College of Medicine in Houston visits the lab ofher collaborator Shoba Seh gal in
Chandigarh in January, 1986. Dunbar and Sehgal are seeking ways to make the zona pellucida, the thick outer 
coating of the egg, immune to sperm, preventing fertilization. 

Fw Talwirv lir,i l Uc(.lah ors tl e i) shl (Ieflises agaist. ()ncehe_ Cenougl 0 mr 
New 'Nrk-Iased PI)uLition (C)l tin.der activated, 1he i)',l).v raiis(\,)l I:d 'nlib(di(s 
chieF . \Wvn,, INa-din, the :ire(etedl wim )nl(.n )i just () I new ilethe and dilferent parts ()I 
is I]tcilii ,.it h]iin . )\'iitli )l releasing ]SiH' )riih 

W01A IRI I. A pI)ih.IduCt(f tile 1)1-iii)S 

l'p))l la itis, 1.1IRII ) rr i]e [piiuiitalr' 


gland I() secrete, uitein izin. haIino liC and 
ll()IiclU Stinilatiiih):i]t 'il(tie: in mailCs, thai 
lads to the i'Id-liuclioIi 0)' sl)i'1m. 

Blo)ck 1.1 l'l sCveI' ihliII I an1d \'( 
h)rulo.nall c'hi.rl, 

lc k ii how? Byi i iC.snitiil)(Oan t[(ii. 
The antil)lics w Itld lmsk ic 1l IRII signal. 
Sl)e'rm pi'oucltii w uiWid giil io a h:ilt. So 
\\'(ull tCsIcSte' )IC lpi'rdctio l. Iailltail 
sexia.l d'ive' thi( gl ICsi()tstc'olc 

2tii(" 1 )lC'tLc.' Ict ltI hl()SC Co(lIii Il to 
IIR]I itlfs.1'. 

1,1w1i',sLI) svl1l,.-i(.I a1nuber1 1' 
such 1.1tt I vai'ianis. "i1ta very elegant," le 
says, r'eli'ing Ig ihejir l)i clh'onical tinkering. 
"itWoull halv'e bcei the first W\()rkikble 
svnlthelic vaccile." .xcC-pithai- lhlile ()1 thel 
w l: cga)lon, noniexistenttle,ltv weak ( 
ill1itlilC i'eSl)(nse. "()lc vii IIltilehe 
ai l ih dics, its nlo fecutlair sciencc," "llwar 
.smiles riC'Iul]\ "1iil ihCi art. \We_iIS :111 still 
Cl)n't kll ow tilie ()'ules ile gaIlme. 

S( 'Lilwa-i and his Amlle'rica 
L['1 haivC tihesulemntsi \'ad Iasis 1()r11a c1)11;:11)( Iaol's, incluling 'Ltll-"lill "'s(olg and 

eflecitivc miale c )ii'acepTiivc. 
Of* coit'l5.C, getiing so sliiiglo()i 'w;aI-l I 

c(onicelt iIt(w( 'kis :al)ihec so1)i\ Nornmilly, 
tlhe iniue svtemiCs ligi'e Iv 

<
sbia.nl itices it idclnliho., -is I)l'eign. liii why 
slldLilCl it dCliil lo)riCigli I.1IRI I-Which is, 
'.Ifl'reall, i' ducL ati.ii'all in the IoCl\? 
RCaling it .Is"'oinc f)10 )til, the bIdv hais ll() 
i'eais()n tI) altack it, aiild nw'il',[V 

I Inlcss, ihat is, ius Iricked into Cl)il g so. 
'he 'Ililwair-Bai'lliin si1i1 'v LinCi S'I IK 

beeln t)1,(1 the I d\' iiit I- esriw)idliig toi 
IIRI I as if' ii wei'e Iiweign. ()ne apl)i'(ach 
\V'S t( l'o-0I ,sc'i';tall In()lecli' vaiiant 

f' IA IN I thai iight be secl s Ii)ltiil 

R)scniaiie 'I'hauil, \vhl \\( oik with Bardin 11 
Ihl(p)latlliio[ C )ulcil,too)k aIsa.'fer tack. 
"Scientiisis aire di'ealei's. Iuii thevri AlsO 
i'alislic', savs '11lwan1.i "S we went t(o 01-- Old 
all--tI(tALnus t )iCl." 

"tiiLi.s oxoiCl, 

vacciit.e, is well knok vi 
imiulne iC'nsi and 

t',I lf)Io 'lui () Itetan.lU1s 
to )i-
o()vkc aIstlil'gl 
wellWC .ia(l)Slih , isld 


1-1.Ihuarmless t)I lunia1S. \VhiI 1A I1II WCIif' r 
mo1leculr:lilkCld to .ieinus toxo)idl, anl this 

ine2\1as co1111pOlsile 1()10 as a Vaccine?lcuLi used 

'tl ICte' s io(oidlx 11)-lduC'
UL)the 
iin1mul ne S\i'lil,sl)tillr'iile ) Clticir in ol 

tili(dies t()Iul.er)UI sit(S oil the' 
colml(Isile ) them 1III I.el2cLule,, aing1 heCII 
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Tile colla~borators found that just 1ow 
and vhere IRI-I was linked to tetanu+S But why should the immune system 
toxoid rmaide itig diflikrence in the strengtli deem foreign LHRH-which is, after 
of the illlMunel re,+sp)onse. il()_cmicallv link all, produced naturallyin th, body? 
it at olne elnd.t, alnl it hacl ()n effect; at thie 
othe'r elnl, or in the Iniiddlie, or s()le\where hoirl(Inal chain? Let 1.1IRI I be; let L trigger 
el, ,anuld it had (luitC ain(th- release ( hfIthI tei nizing h()rmi(l nlld(u 

I ll Or(hi ()tie hit if h lliCle siulling h)rm' n01,(0r1SI I. l'heIn 
inllmunokl l .4lgic.igClerLdn in )r alt hi,the\ colme in anl illlllliul()l(),gic;11' hl(clk FSI I
scIceCededel inl geCi-ratiing high Cn(huglh which stimulates Slperim Ii(Ltctil I1)tll hai1S 
antib )dv c()ncentratiosito mIake rats 90 efl'ect 0)n Iibid . ,Such a1v'ccine, mihllt 
ilfertile, loai'iig a sCalilgl iJ) llonlkevs as lter the aclitages It la I.IRI I vaccile \'ettup 

the next stel). "'he i)rincil)c \v(orks," sis\ tihe av(id its sh(hiitc()lllilsl.

INIplatti( )L Ing. "We Il thI
uneili ,,IIS ju.st ave tI Aml()ng lhse t IriIg t(0 devei(l0 psuchi I 
lind a g1. ognl"-ihe ile'l illlmunlle vaccile are SII cllalb)rIttors N.R. JIl(u ,;lool imlmllU 
systell trigger l(+11IRI I. andi h:aclh\\i Maclh\va Rj \vas, 1.(I . Raj. ()ic, 

Whttever alln ,II )00 MO(LLgAs grAdteiIC stunti theI vacciles tetia:1 aS 11 lltlindin 
a1contraceptive, Ites, have Institute inl lnga l)C lelavlr ni it t+1a\ II Science , i l 
()lher a l)licatioll as well. (2alin(Cil)I If( the sized_'Cl city\ il,,htherlctil lndia kn wn,aa 
I)rtostate clepurcls il test(Ister(ile. So (l( es cciller (fhScience and1 ih;loh\: s()lleltilles,tchil( 

precc1i0:1\s pubrton l\i; .ncasirti(il Can he'd Snarle A
( Malli\via Raji rcmllmlllbers, 
treat these c(Inditiois. Anl 1.1II I vacciellu i)nkcv for all CxperlimlentI)\ leavil g a 
woull achiCvC the Slelle Cffecis thn)ugih \whit aln l il h'lhat \wis hicktihe vcranailh. 
laituwar Caklls "immuni(),gicll Su.ge''i-" in the late 10)S. Thei Came a p)stcloc at 

Of cLur'C, ISicIltaiivtivCVaccine, I lrva'd, aikc'ultv shlIt at ihe t ivtrsitv (Of 
thiS efft l testoste,ricI)rto.luctiin has a; N(rtlh (arlina in (hlul I liil, andC finall\ a 
crabvaick; it iakes maintenn1CCOfice (! ItsexdrivC itess ,it IAuiSiana State tenivcrsit\; 
lepeond Oin supileCntUr ' iC \vh( )sC rep(ti'luctivc end(le (.Il(ogvsecti intWeSt '( Iut 


w\hit if v)u c(ulI iltriC meiC h l)\ hicds.
in the Ile 

rt'l)r(ICLuctiveo s\'stCl fLitthet all()rig the "1idat hllrhugi S'1'I, MadlI\a ai(Rnce
 

etl,Ni huda \vhR) dircts tle, ( ntl'l IIr 

dvancedl Rescarch innI-i)ducti\'eC Ii()g: 
Andi Motil :1lS n)nlkv Co d nlx; \vJih Sic 

t-an I(nll('s FIlsl illclIea, Well vetiil
cages-il)o Iorc bananas (In tie veradah 1'
is nle ()If the( largest ofl its kindl inl thle wvorl
-cl(tclcittirlv tIo resea'rch. 

Back in thI late I).s, Ndli\a Raj andl 
Sudal had illdlepelldcltly sh]l()ihattwn 

Ucdee il' I " i' inhhibit se)C111 i)PILucti(ii 
fl u a1(1t t, anticilp:Itedl, it leftItt r thli sIS 

U .llostet'( lte )dctOCIi( and1 libid(;Ihalilne. 
' "lhse early sttilics \vc'e base.d oin Itsi\'e 

SiillltLllliZIIn()ll;: 
 tle ant ibdies were Sup)lied 
I d "l'liCn Ihe Sc'aled Ipthe 1()(l\' 'iiiciall\: 

to Ill)l passive to
 
Immunology in New Delhi, Rosemarie Thau of the 'It'lvt_ Illll J()1-tRc V.Iccilltin, In
 
Population Council inNow York, and Yun-Yen Tsong, ,ctile Nu nintinu vaccinan i
 
also of the Population Council, try to develop antibodies \'k thc bodx's intuttn syste- makes its 

Chandrima Shaha of the National Institute of fro Itl onkevs anfl frnti 

to luteinizinghormone releasing hormone inmen, a way ow\vn atibie)is atlter g kicked n b'ain 
of blocking sperm production. antigil. S ) So goodtl. 
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somleho\w (overriding the FSI I anblodies? %Mas withl N iudlial ulndlei STI. In ()ne visit to 

N.R. Moudgal at the 
Indian Institute of 
Science in Bangalore 
collaborates with 
Madhwa H.G. Raj at 
Louisiana State 
Universityto prevent 
sperm productionby 
tricking the immune 
system to block 
folliclestimulating 
hormone. 

Then camie the Nieschlag bomblshell. 
E. Nieschlag, a West German who had 

earlier confirmed the Madhwa Raj acd 
Moudgal reSulItS, il 1983 reported that ill 
monkeys lie'd kept on an anti-FSH regimen 

four y'ears, sperim counls had inexplicably 
clinbed higher---despite still-high aIlltilbod\' 
levels. "'This is s imelthiilg tlhat is difticu Itto 
unldersaild," says jabriel MlialN, at the 
Natio)nal Institite if Child I Ilcaith and utmian 
Developient at the National Institulc.( if 
Health, nanagerc )f the Anlericall half ()f the 
contraceptive pr()ject. Were the ionkeys 

tile whole appr(ach flawed? 
Iecent'vn i udgal re'vie-we-,d d1atai flrc 

s()ne ()f his (ildest ni nkevs. In the cci()i\ 
Were f01-1" al1mIS tha had I)l n thet SII 
regilen lii1 bfhetweci seven and 13 years. All 
had originally been pr-)Cwe fertile. All had 
Iheen lef't infertile by the FSI I vaccine. All, 
fim)Ill tile to tllic ()ver the years, had 
received hc x)ster sholis. Now,\; hIe cc(ilpared 
tlCii to C(omll()l aiiials itft'abu the' same 

age. ()ne contr(il, No). .309, had i Sper 

c()Inlt percie'jaculate ()f Ii(I million, au)(Alt 
1notrmal. The illltlnnizted No. 308 had i 

Speri cilti fl virtually zen. Results for the 
()ilier three (cl ic nkes wcrc similar. hTI'ic)sC
fI'Mir lciillCr-, sc mc itie( (ild "are 
Ie hcest CvidenceCyo veL.' .... 

Why the discrel);iancv I)etween Moudgt l 
d't nl Niescilags? One iff'eIce, 

e 
MNi)uCgal spCculates, is th.1t Nicschlag Used 
rihesus mn()ilkcys, while he used b(ninets.
Bonnet niotkcvs get their niiic fronil a 
distinctive cl()\Vl c)f hail (M their he'ads. B11t 
their liffernices ficll ItiiStLS i0)nke\'s a-C 

nlt just Co)sniletic. Whire'is ileHI Csus is 
feIrtile f()Ir six ()Ir seveln mll()lths and tlell 
ceasCs itobe fertile ImMIt Apil 1c 
ar()tind tile enid c 'August, the bclilCt is 
fertile \'Car1 iMtllld. Ill this IrCspect, Itiges 
M{oudjgal, bc ii n o ncinkes atre jtiS like 
hutians, iakigt them i ain acit rppr iate 
inlc)del. 

The ISII vaccili w'()rks. With it, sperni 
ccuLs noriall 200 iiJlicni ()i so pe'r 
ejac'ulate, clrp t0tifiC ()I tw(i) (r ()Ile milli n 
Or less--I()w Cc uigh in the case ()f hti1s 
t(i grant de fact itferitility But is thait g()cl 
eti()Lgh? Wlat it Messitilg with ti0itrmnl serii1 
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production made the few sperm left 
abnormal? The fear is not an occasional 
pregnancy, bult rather that any reslting fetus 
might turn oit defiormed. AccordinglN; nany 
in the field demand that an' male 
contraceptive achieve not just low sperm 
pri)duclti)n, Or oligospeCrnali, but zero sperl 
productiin, azo)sperimia. 

Madhwa Raj, h() evei; disagrees. Sperl 
in their C'Iaculate ir n0t, nonkeys 
iminlized against FSI 1, le says, just do0n't 
seem to get nirial leiales preginat. Just 
why' has been a()thlllare'a ()f C ullab( )raltioin 

Mc udg.Ca laib in JulyI 198,, Madlhwa Raj fbuld 
that spelrmil fr.)n nnimunized m()inkc\s failed 
to Iind to thC egg. PIhc is fl ni tIat test tlbC 
Sttldy shI v one egenv()e,ICloe)Cd in aC densC
 
thicket ()f norilal spernil, ail)ier alnl()Sl
 
denudedICC if SpeI)I-1 frcll immunlI~ized
'mIan 
ionkey Perhaps, Madliwa Raj w()ndcrs, the 

['S- vaccilC d()esn 't just slash S92'i-l1 
pi)inducticiin 'la hundreCdf'Old, ut alsIO 

iduces the ability ()f i(isC sperl that a'e

made- t() icc)iize, liilid with, )iir()lherwise
 

c)mpl'ete the fertilization (i the egLg? 
Perhap, in Mladhwa Rais phras(e, it lliakes 

Itim "sulN'ertilC"? i-fe doesn't kn()w "I'll 
appriachiig it with i (IpCn Imind," Ile says.
-I )iin'l knomw where all this will end." 

l'hTe thick C(Oit Stllr'()llldiilg the egg

thaijglh which the spe-m1n lust nliiatC ill
 
order to successflly fertilize it is calld the
 

Z.lai pe(lhicida, thC t;1'g2 if a Iiird STI 
c()ilb()ratic in in C(li'lacptive vaccinlic 
devel()imtit. Nc rnial; explains STI 
ireSearic(2er li( niniie I)lilar cdl ir Ci lIege
()f Medicine in Ilicisicin, SIe'mI sticks I() the 

zc ma like flypapr. ut if :aW0inmani had 
ant ib()dies t( ItICr c VI z() a, it nMighit thiei () 
I inger Sl ,ifin it\h 1ir the sperl, therebysh()\ 
inhibiting fertilizatli ()l. 

Iln fact, sicime (m'i kl()\l t) be 
infertiile halv i, shown\ tci lvc, theirci()n, 

Iati'aI zc ma ani igens. Andaiilih(iclUs t( 
s('nie aiilI StdiCs hillt 11111 dt'velp)nCnl 
()f illn Ltllil\' 10 (tin, (\ z' Iallmiei ' a 
niltiural part (if aging. Blith hits c)f evidetnce 
Suggest the ft'asibilitv (if a z()ilIa vaccite. And 
uinlike s(itC \M()uhc Ciid--lieicitapives, which 
act ()Ill\ (ont' fe'lilizatiiin takes place and can 
thIs ie conlrtiCrud ;Is ai iivt', I z(na vaccitie 



.....
 

Young rhesus 
monkeys, which will 
play arole in the 
development of an 
anti-fertility vaccine, 
huddle together in G. 
P Talwar's new 
National Institute of 
Immunology. 

young,healthy pcol)le. Yout juSt IoI't haVe 
that le\'vav." 

No\, under ,";'1I, l)itmhar cllah(irateS 
witi Shoha Sehgal, a patholo igist a1tthe Post 
Graduate Institute in Chairdigarh, to take the 
zona research one step further One object of 
their wi rk \'as to look i(nlo tile Otriatn side 

-" avs to transf'r It) labfi'cts. ,\nother toSehlga 
5(l, (d 1f technilusthe 1.)11l l )unbar htld 
- the lears.relhutl (, A technician [ron1 
ef'h ld 1:th viesiteld the I nited Sta .s.I)tillibi'

S I visited Selgafl lah in (;hand it: I:1a 2( 
"'',~1-1111iniute p~kl )ef ',icy be a1e tip f'i )tfl IC11 li flrtility stulies hoth with rabbits ad tile 

MO CkVs malinta iiedCat $ega~la. TIheV Set 
a1)Alut puritfvi ng Xl T;i:tllit,,t+iS..111d lservinlg 

... f.e va s I ne...C l
 

I , IO <-,vi:i n III C.s,i . l 'ecl!,, 1t 1 .Crit 
;.j i At (;hlldi;u'li---.,] c sta\'<-d at th+ old 

11ritisht Ilan uset incampus-I unbar 
c..:C i:i\v inll)resscd \ith the monkey 

.co)mii S 'he saw there. She heard the joke, 

. '1C I 'hi,stiid ins 3V S,a, - hi litl the 
V l-li'=" - i__- _;ln('nkcvs are fedl,\ndl it was true. "The 

rihsuis nii keC\s which IiVC ICn 
intlini/.etl ) lrewith the Zl alAtiin," She 

ihCr visil iin I-Mr(\T 1 janUalry 98, "wrC of' 
the hcalthiest I havc. sncc in captivilty anld le 

w uld lockl'e ix , experiients hIave been carriedIlizatin in h ist place. u)tu
Elltlr the Ildi+)lenl: Ih w d( v'(ii aind precisel"dorigtl l ;inl r 


trick the body into Ii'.tt I lI)n a1 ltcif th .vvrk was, ntcts-ari\;
 

foreign, \hell its i0t? I)ulla'S :tppllr)aich Ihalstnethi th saVs,up (11ical---.ttingl 
ben toI explhit thle reniarkable variety 0 ' ll esl iotitti )lgobiblls Js til'came1C uip. A 
Zi01nap I)LidiC tl proilthe variS cidlecti ng sperni fO wnl lie rabhits?
 

iti:il ian .ft+,cies. 'iC imuniize- a rbitI , Try d uinm it. I)ubar StiKuLStutd, with the
 
Sait) lse tile (a (Z1fa pig, which Jifflrs alinials still in Iheir cagc., ( i llaiilialr
 

ell lh ft'lnthat ( i'lbit ii) portii ia ,rlnu. (aCtlil gelS, used to Iseparatc
 
illltiiiC reSinSC. S1ie' [the aintibh I)I+O)ltin , .Ctsern't gCfingllg? (JhuinlgC tile 1.11()tmnLt
lidis it i 
r;i.sCs, i)rsctll.if-lI will he lii) lccufau i1 t',l.lV lure u.ilgL. '[hait Stl.g lioIn 
segmelllnt, (01 rabil hatlltliet\() slC.it, aIne-, I)tinbair gu(sssU, saV(il ll(lsll.' 
doi share. tedi l15 w Irk. 

Wori'king viih ai 01' coI)leglCS ,rll ain., inl All amb1l1ilioLis p)injcCt thllvarie' Sma,1 
OVCrthe ' rS, [)unbalr had ir<\'i(Luslv' shl )lnl)iar realizes will tiake ye s;is() hring (O1f 

sict+h ai .ppric'h Ilfe. Ill c lile'lIeasiK .SIccessfu Il the Carly excitillInt it'vrm pri)tlise (dfa 
inhiitinllg 3 nil i Z0)nl-IA lci sIhe' rcaCills,a iiUb ml l Uj)rcetivC, 
sieCs. BUti Sillti ott I l wCMAtSlilVi si hild predited Ilt e'Clh1avI llIrk mt+me 
shiwCd ti()ulbling effc"tol(M nin:i1l Iiriul t vea'rs. "\\'ll." say,,, "'hat \asviihin vell slihe 

I'tunctioln. And vImen it CiMieS 10) sIVtI VearIs agi,pAnd \ve'e Still (Ii ilg te 
c Illtt CT)ti\'e.'.s, ifc' ciC )llt hlieavi'c I I' i.it\"'i batSic hilcli-,lme 
ou're lyinilg oI' dei.s ,' s I)lltla; /4V/w,'/ ]ime/i." I.'ehuw' ti'ier /i#u ii,

"Vit't'e- \'illinig to acct) thet'n. Bt \vith a /lci/ll-'l-kn-'', ll u/et. 
'n 
 tracel)tiye, vOIuCi'r tli stV lvtltking lmOul 
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AGRICULTURE
 

A
 

Filaments of the nitrogen-fixing bacterium Anabaena azolla have been isolated from the aquatic fern Azolla
mexicana with which it lives in symbiosis. STI researchers at Battelle-Kettering are trying to understand that
syimbiosis well enough to improve the nitrogen-fixing ability of the bacterium, thus increasing crop yields. 
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Boosting The Output of Nature's Nitrogen

Factories
 
STI researchers augment the talent certain organisms have for
 
converting nitrogen into fertilizer.
 

by Joseph Alper 

I{EAVEST D)ISCOVERY ofI tile Cenltury-"' is how the National Nitro)-C1ltLIre 
Companv, 1904 seed catali g heralded an application N hofl( )gical
 
n1itro)gen fixation, a pro)cess hyv which living organisms make aimonia
 
fi m atm( )Spheric nIitri()gen. The comlpanly was pri~miwing a1 new bacteria

Colt~iflll C~l cesenabhling them to11.1 1(AV10 heAiedto 

fer-tiliZet:. bas It may IC~G1 o)I;ht tf)_SI:d vdwa 
scientists h( pe thle\ m,y 'INabe(1)) millmingvewars: harnessto within the 
thle ability o)f Certain1 I icri )i)rgan1ismIs to C()nverCt ii itri gen1 gas in1ti ) usable 
[ertilizer. 

The III iC1( )( )IgfliS1IS LlII'(L1 S(,'I-ll ill\V . NAW Itl'iCS l(M)L 1.11-SI) Ii (I )M- I )( ) 0t~ 

tl)Sc Ithat ci')f lit ilb' nfi.IfC lf lfl.SC*. nld r
ycIiI l ':Inc 1'111.1sA lS11CCXhIMisicul. 

Tihis CliZVi1C, h )rmccl(2 UJIny cli ig \()L itll 1 Investig-ations (d l)io( )gicil nlitro(genl 
andit tI'~ l iat '11-c c( nsicc d S)Illc ( )f fixationW ranlge Ic l1C )I1\'lvilt ual pifiln 
tHe simleIst iLTCr i I.p( b I -rtht)ICCtLIr1 Ibioh()UveS. 1nsilIe re ( ) stIe-ll 
addling~ 901 millioni meltric (O)is5 otf nitrWgen It) isc~ cStpe d will"This pi-N-i so ttlhi it ik
 
fiirmi fields an il Ilie w( nlc. Nitji Igenase wsescho.lics \V )kingL ill iiiany' fields t cni
 

i fl(nilst., y brecakin i g I)it w~ithi sas
ibs 11110( I ia~s i-ips ii ). W\ Ralliis (d (lhe
 
il()110t1 It ISw tHat p)l tS (;ill Itse- anIIILIiv II (~hIiiaa ai~.S
 

[lt tiin.~aiiii Awi resch-c I'wxnpe It) arlk11
iiIaSa hId(LICI. ers, acmi 
11' hIt )(IaV' S C:1 l (.Vie d.eths oI \')yi~~ i t'~I~l tietails ( l t h ~nscrear flit n l It 

tanners lumd thme \\tW~Intlnil mic(Liv\ lx' whi tiers arC SttlictvtigAl te 11n1suall 
:ititc' 1() SiglIHCllikil ilIiCIC thet \iddcS (d 5\IilioIt Cl aic kInt exist IctwcciiILinshlijs 
thir p 'O11.1 ftilract io ()I* f(d .(.S t S! flit[-( )g em-fiXiligy l 0111' IliCOI*r)I ;liSlI~S aild 
(dII I(itlliC',iI Icni ilzIs. '\' laVC' te 1)tC'li jal Cc-'til lans 
It I C11atILgC' IIL' \\,I\' ltieum'itIL is IVlICI iCC'hl 0i1C (t)hjtCliVC' I, I(t cidttlily C'v111i,1tc111uL] 

t~iid~tst~lc it if )l.lJ w [ SHU 3 15-- I t IIiflex )C 1!\' lik' A'l) l(l/ Sei (&1IXCCt 15, J t ix 
bitl~tlm.i~ I11 l 'l ia Il( i pt I s tatn k kWl'hoburt gci- -- ii t l \heieriiiiii ix15ne 

appily Ilmi knowedg it~f~l'I a cm'ti~tl MiAt~1c'r1," (c11iCtl \\a\' (I' getl.Sii tes b ticri"i 1() 
saxS 's I [Yedc)1'i1 5 '[Ill Stitc'S AtL'CIiC\ btiil ill Ilt' 51Iil. :\Ii lltI' is It) I1111)0 ut 

I )c'VC'lc lpmenml (AllI ) I. ))lt110ss IMat it It 1 gt'1iit'iCh(I' tlicrla Iti te III iit't li 
\\ti' \\C' AlulC' I)ICIVmld ( I No diogw n lipi 11CCg ILivC illli l i om~n.Ilies AIS c' I lilifIg 

lltx 'g't-ivmli 'Mti l l c'sClC\\ 15511 I s \WIe tIlC I c) t Ig~llilgtl ieti lixaill('S i 

by clieielumdi ~licci I)C'I~IlA (M and eClili II ty u iiic.11tI~tLIsnils t,((wilHin 

CV(2fII ciiCreilg 11(Il Il nlrsa i g i il b n& h )5t'C(l fniren 1:0L Ilk i sxn (I "t'tx''c 

ti~i IC( ld) Wellitet Ii'g inq;L 1ii r'-.ic andL" I*( uiiitIll 116 1SI a i 4 sthe1 i 5 Ig(c'S In i'd iiC 

Al 



The dark spheres that dominate this micrograph are unusual photosynthetic bacteria infecting a nodule that grows
 
on a stem of the legume Aeschynomene. Scientists at Battelle-Kettering were excited to find this organism as
 
well as a nitrogen-fixing bacterium living together in symbiosis with the woody shrub.
 

l+ )hia 11 CS5 1iit l... 
,lCC ICS 1)l StUdl+, liltlu is knwnl , al)(a)t gcttiIllfl tI1,h ) Cf has lla 

.()It>tn, and rhi( atcria. I)C.-itc h N(.IOf ()tlCI II i C('!1)()Lli() LIt 
lIiti' h [I()l1t:I 

fkti .1sctt)l liitN \inwhich plaill 5)ccics \\'ill l ()lCIIlu l()' IiVillg CrVlltLrl( . Nitr)gen 
(2,tallish ,IS\fllI)i(oi)ti Cr-lti()nslip witlh tllicicI'c ;,ill lItCt, is ()f ( tlW (.at!iin ,g 
rhi/.l hi:i. scic'itists :is) \\'ill It) ] h1()t'\r\i ,.1uscso(dl ilvitinutritioIn in OWhVorld Io)r' l,1otl 
to iII),A(c's.lliit 11, Whiicih W( llid plalnts and alimals. 
inlcruast.ht lu i~~i+ll I iriCi lIx(<!l 1Iis Il(t th1.1 >gull IS ill S~l+ l)l$:111itr Sh >rt-


" l)ccilpht, hlt,' l ,.'tltC rgt'n,._t ic i I r l(dtFait, as \w.e- arc' imlItC'rSc ili all 

S.t'rc't+ i:th
t)g,-fiXil)l,, M.tI. It.I.llu i5 liL'rtL'ntflit r*( (IWgi N . is 'rtr t n lt) _'l19. 
ai \'I(,'tihlg Ilt' ,C1'_S 1itr)gCll ccCsSihIC to 

iillv , ill iat ll, lCu:[rtIitlu, hRAV. s Vtoi!m\\ I-Cst)11 
aiI c'i t U l th1.at art' L'ln rtlnatt'l.,; that n11 is itIi 

l 1IirN,c11 lJAIIt.S andIL L IS Oclt C
 
Ill(!V .11'C' t lt'dl. Alnld i liil ahiliiv (dlc'.crlatin Ihattcriat "Ild h)lIuC-gltCC_
r-C'."(, it 


whllich Iltt'llo'.LI 

" )II hc ntili ir) 11(m ()Inc, ill
 

pr,,lt'iill , I,() \I g lt'L. ;i agi Io hi'c'ak ihe' INlcI ht'twcen 1I\\()
)l>.L1C, 1i1t. m i/llhioi.s c('l ' l sl, (d1 Ih .ll',c, 

Ihe, IjtltiC It.ril ,X\(i/i11 it! II lIll tlI(-r'n nlllll', ('tI I11Cha11111akt'll ile rCS' ()I 
Alga A(diu' ,::izlk.11( lIg )tl'' 1 C;:1115'. 

t he i r lllearui I*i llwI1(n 11)1t. 
114I'ltll11c'Jl(lla'Iarilc physilgei a'lgaelli tl.Itiers,t' .,lll)Sd e f rcu, iio/AIlnI(Ini111C.lv 
itlitr ll r t h ilit lllt' Ihiailliil thta 

Il lL Inhc'i" wN ll ielwt i h , llil'e+rt;tiIAsR!' 

11.t'lpi'lialil tos II lilt' .t111I 11(2 ilr wih al
(l\\.( r ;n 1 iein.al lii)1 ih 'lati n. 
thIt'cieic. ilS--tlel cy'l aci I n Witlileic'.I'i re lilt )tl Iatteillit ri ulicldlc llili ngI f)\. (-r pr",ll mid n g c 0 11 .\ .t' irl \"lnl I() cs 1)lt' ' lrl h I S) \ ih,)Cll il e'it -,I C1 

licii' Ili l 0111V lng;ll+lullil'ii :ni. ilh\All UlC' I'hqi 'i~ll Ilk'+,i iL"A [11it. h 
+addtion ' I\\:ll [ 1()<+ Ilill\ tl ti1ll llty 1 1-1 hsis illlI) i~ ll l'cq , -In l viI'(() .'-. 

Nt.'xI I()t';ark m)l,nilirigt-i, is l)('i'halp: lilt'(01ltSl, ,,tc ISA dca /( 1:0=//(/ C,11l1 ()nllv
 
nll().Sl i CIl-t.1ic Iilk. c.'11irlh.lI\'c' 6ili w\ithl
Il'lill"n l 1,()r ()if it ia svitllhi()ic" i.C1' llp)+ aipI l t.
 
isa miil()i c()ll) n 'l ( )1I'I ~ ;l Id ih
N )lh t)c+ (2g iIcllCSS (& 116f lil'.St)'C',ih1C.SC' 
nuLC'lcit' .c(×v i tn cli" acil MVcr(tl l iCIcll a.1- cidl (I NA ) ilt, ltiC l)l-t t l [h eyv 

;nitl rik)iticlic acid ( RNA) --and it is usL'd in alh n, alill all the ilt'-4()i.S ()n C.,1arth.1ig have' 
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the ability to d(o. Scientists estimate that 
bacteria and blue-green algae fix 
approximately 175 million metric tons of[ 
nitrogen per 'eai; slightly mt'e than half of 
that in aigricultai nl Sils B\, comliparlison, all 
the chemical factories in ile \v()rld make 
only 50 million metric t(n)s (A)anlnli( )nia a 
vea;. Lighltning, which co)nverts nilr() gen gas 
i) nitrates, an(hhrsalc tIim )t niltrogen,t 
l)tr(oluces ()Il\' 1() Inlillitin nImtlric I1)ns.

I'nilizing the enymVII t( gll"i,seenali 
licro)Cs are il)le to fix nlitl cgen at 

atmlosphieric pressure an;dtll- Iteii)tu-tre.I0)I 
16 ) the Smile thing, humllais necd iletal 
catal\sts clevel() cl in thc earl\' 1900s, 
seveta hundreCl ClCgl'CCs (elsiti.S, aiCd Se\'CTrIl 
hundredc atil)slphCeiCs ( )i'Cssrlie. 

\Vhlethier cine I)vy ])ig()ical ()i. chemicail 
ieans, nllti(gC ll5 C()blC h inCl is Co)n\'Ci'tCl 

to m1111111wlJia what clhinists call "I
Iedctiol IratiLn, reniL ing4 ()xvgen I)\-

adding electrL)ns ancl h\dhcgeln io)ns. '[hC 
reverse o f educt i )11, )xi(lation, re llne'C-
electr)ns fri m a milecuClu. FO)i exanile, 
when enzVme in i cell ()xiClizC glucSC, the\' 

Sni(LgCl, 
t 

With an oscilloscope Darrell E.Fleischman measures 
the amount of light absorbed by an Aeschynomene shrub 
to determine the efficiency with which the plant and its 
symbiotic bacterium convert carbon dioxide to 
carbohydrates. Because both bacterium and plant are 
photosynthetic, Battelle scientists speculate that the two 
together may harvest more of the light spectrum than 
either could do alone. 

Regardless of their life style, these 
nitrogen-fixingmicrobes are quite 
proficientat what they alone 
among all the life-forms on earth 
have the abilityto do. 

generate electrons, calbon i()xide, alnd
 
water
 

Ns e 'licient is h)I()gical nitrogen

lixaliol ill:tV seell in C)llparioll tL)the
 
relaitecd inldustrial pr)cess, it is I lar fioill
 
pericet. '\Ve kn )w thai the nitrogenase
 
sstm\'Cl \w:Isles aS mu1ttch Is half the eneg fel 
to it," si\'s Petei vnIli lBerku in, an1 S'I
 
pariicil;ntl at tihe n itecl States )ieparilment
 
()1 AgriinulIi c Nil( ugenFixat ion and
 
S( )beal Genetics I.aLb)iatoLrx' in Beltsville,
 
Mailanl. - ()nec \vay ()f ipllrvning
 
I)i)lgicail nll n genlIxl i(n)w()uld hbe t)igurC (tit Jawa\' 0f1 SLj.I_, SSillg tis siCsC 

iCac(i n."
 
The nill( genase enzye )irks in
I 

cilcert with ai umier1. f L1)th' l)iL )roteins,2 

which l)rf l sl')t ()1" in'ireanS brigalu,
 
pasing Clectr( )flnS )htaint fir ilhe ean
 
)xidatJHll ( m )lCcu les, such ,lticOSC
gIS 111(1 

S'tCl'(T , t() the( ;tctiv' cnte )i th
 
nit I(genase enCI1'me, whleret te l/il'( )gll
 
ll()leCCLIIl' is (; Iet edt(l int()aililinliaI.
,,s' nitLi gi' rdustiUCL )l'culari

A.lt_)qC'llAi.SC r-CillCS1MCUM 

5 )Ille P'()l()[ i i'()lnl watlr are also) 
rucedCiccC, rindIlucing )eigas 'ild 
wasting clergy. \Iv' Ihis happelns is still 
rnknin n. Somle iicI'gan isms, luc\\' 

whicl rec\'cles it least s(lic (), Ih is 
hvdr eiin, il )dcIting p()tnsinUclanleusine 
tiplh( )l~hlit, ( I)A'l'Inltt'e ' piary eneryl!, 
()l'CC, wlicl e Cha!lc(thC irt L be used I) 
iake nic'weamnuinii. '''lbis lVdl'0!1Cell Uptake 

s\yStcl is ;i \vav ill which the ba1cleiaii Canl1 
IecLu) "p i(Lline \\wastel ellerg ," Sa'iS val(i1 h 
lhrkniC ll.''"ut l'') less Iln 29Iund thatt 
per'ent (W:all i'hiz)hiI S.x'mlbionIlts slu()\v this 
ictix it V" 

"'Ybt mliglht think Ihiit sirains p()ssLssing
]lr in()gCetisC ',ivitx' \x'nuLIl be alt C fix 
illol' l(, i \'l liC lll i\'. "'n)l ii 

hle Aindl xisilinlg Inlial scienlist Shlekliar 
N~tutix'il ICst Viil r Soltills---Iis )hi;i 
so IlIe with VChrg)Ctll:iSC tctiVitx; sOtInC 
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/ 'Sit'rain 

Electron microscopist vilt)u-in l)()th s)vbealln il c(\\pea. The 
Harry E. Calvert plants sIh)\\ed I() sig'nificaniill lt rce ilin 
adjusts dials prior to groxx'th. 
studying
Aeschynomene's '[lhe eXllrimn, suggesteil, hoxv.'ei 
unique photosynthetic that the hI()st I)lil la),il Som' ierOle iin 
bacteria, which he regullil g he ipo)dct lhin anl recvcling ()
discovered. hvilr(), igCn."I test lt i ti'rlie, the txo 

scientists Screenel l()rwe thanI 00 str0ains f[ 
/R].izuhu /I pi~lp~ic'u that nIif0lac N(rth 
Anlericin soybeanst Itosee if xVIldnx' tto'h(-
JRiltila.e co\Iv!ai, I legumi'c (A'c( Immrial 
ip)irtanlice in I[dnlia. 

All (d the stl'rins lthil;ic'Cl b)()th plalntMs, 
and ,()lnlc \vcic al'le 1tI()xidizu, hvili )geii 
\\hcni in svihisis xvit eit her ()r 
,5(vbean. Iill i'r., h )\vevet; the Itvd r(I)l 
Uptake system fLtiinc! i)nlt( ( )illy xvlicn the 
IctCiumt1 I )wille ndI(dl's (II(Mie pllt 

spcCies hill lIlt(OflWI it 
V;all I crktllll thiliks thatthe h11sttilt 

I)'luiCC S(lne actlk IhaMr l i t s h 1 he' 
ilifelre tcs. "It Mighl a [l(fl tlhl turlnsbe ai 
the s'ih_.sis (If hldl()Cls;leS ()In ()I ()11" lie 
sa's. "In Ih isc c,i'.s x \'liere flid littl(' (rxv' 
il() hvilr(g xl hllil, it illa be that S()l11(! 
h()SS l irlieclethe I] ()elIf ctlt'Ins S(sis IhC 
tllit nl'( eiae pC 1ihic11 01i;twe 1r 

IhinhyLl'()(in.. The ]ltCter Cxlanah Ill litl 
AcOltU [I()1O ()SCIt'rVatinll hatl'lt'I genase 
;i'iivtx' il It(I)i ti lti With :i pflantIi'S l 

gt1()vtIi ratlc. 
'le txv() 'es'arthcrr I)i tlI)litcl 

trhizb()i)i ,lttain tlla, d i igel, 
)CI bCttt' thanin sell()U ulllx)v fi in Iniliil 

S HiN. "1oI hI)igel I I sL.nSn IvbeatS are. 
VI'V i pllrantin Inia, but the'' n(Iclult;l 
x'etr' p111 Ir1v in 'lies()ils the'er," st\ss NatliVAl. 

AA 

What thlie researchers 10-und wNere several
Strains of American rhi,' biaI thtatw remwe 

fftci\e ill fk)rmling nod0(ules on11Ocu ltiVa.llrS Of 
pige(n pi and s()I)iean than the 

ubi6iquil lill nd ()il.The Ilnldian,tililn, hl()w\'C l; \\ ;i, 1a)IC, to ()Ltlo~nll)CC tche 

Anlericani ()nel, that nighl piWVC valualC to 
farme1Cs. "St) if' We ill()CtiLl(eul 51 \'h)'il 01 
I ')i l Pt 52, l xviih the be'ttr i1 Idukitil 
Sti[ilS I It'hi.()l)ia, tlhCx' WO(uld n 4 ) () mLuch 
go( I)caCLusC th icldigeni()tS 1lra.ins W( ild 
win (l," NauLti\a Ia., 

Naiuli\il an1d vaI BerkUll, c(lla6i'tillg
vii h V.I (lhe I iflcgde' (niveri' 

Agricultural SCicIICU' in Bllgll0Ire, Illdiai, 
diScO('Cix ', h(VC,\(2 i; Ihfll I)ig(ll I)Ci
rhi)hicI' ia t ) India did nIM I'"lMinldigelI 1 
i)liles 0) .\iicn,I)\'bell ctilivars. 'lhis 

means 'vi' lilije a p) nlal )hiti( I(
A ipN) bll W' hax i Ini,"Nauti Jvlsaxs. 
"By breedirilg Indi l So'I)vC;ln cult iVar-s \vith 
NoIrth Anirican CttivirS thath0l1'l riil 
oi(lufs xx'ith Inilil pi)ge( Ii pea strains of
 

ihiz( bia, xve max' e a!l 1t I) dCvCh )p
 
tllaS suitableifr lI liin1Soils that,1 Will
 

()Ill\' nlulilaCxWith Anme'ricanii rhi ibia, tlhu,
 
f()irirliig a l
bettcr s\tlibiIsis \viih s()\'iealls." 

"\ilh()Ilt the ibility tI get bacterial 
strains ;il plit cultkirs fro) ()ll 
C')ltlt rie's, this I)rlecxCl ulI hivC neVCr 
hgn says Ik'rlkiult. Naiutivalen i)t)SSille,, van 
si's, "No\\ \\'veli\ ill si4ht i ,1 Ltii( It "ill 
InliaIn aglricltural-prl Ile'hC, tha1 Can be 
S()IVl(xCl Ib' I reeiling p(irain/. \X'e c ithill't 
haive dl(nc'me tt l xilhou c())lpertiol ietMx'ee 
lab(lii()riesI- inlle tl I ( tiltries." 

Ihiz(hIfiaJt iii titiie in thCeir abhility to 
inilucC nI llItleI 1( IrIthe il11)1 I' llumin(l u.S 
la,s, jutiisleg ues are UlliktitC ill the'ir 

ahility 1() IIl tsi,i' hihbi. But x l ll it be 
nice if'a c')lll ;in1( inu c) u1hll fIi i the Same11C 
I)]p ("fslvnlii \\'iill hc',l iticr(bcs. 'lhat 
ill IFlct, is (MIri(1 Ile milir goals ()' nilrl()gen 
fixallt )n rcsuarcl. '"lIda; ce'real cr()is 
R ) largC LLS (I )('itlicali'Lpr',SL'lll tihe tsi 
IettiliTrs inl the x\(WIrl ," sly.\,AII)s l'dhIM 
Frclerick. '"'lhmi beca.use ll s,gliei 

ILI' ;lt'n'l n hiclrii tha ill i i)lutlalC 
ceieal plant i:I(t)(ws. \tlcstil I()I VC't." 

The x\,V Ill )reI t'cll'rchcscvi.i1 
lcc()lllpl)liliiig ullc a1f'it is I ng geillCtiCHe 
Cngiie'ring I() eiter ill(iicc 1hc 'equireil 



Sri researchers 
examine Azolla 
culture plots at the 
Rice Research Facility 
at Tamil Nadu 
University in 
Coimbatore, India. _: 

lII1Ctc g(2iics i l1) ', CC:iCI [)IMIt~ SLCI ',IS 
ow, )I I() Amti Owe ki):i.ri1i go'ns IlI[ 

Col()1 I L SoiI5(0 tiiCa0(ill IhoC-iCa'ir:1 Will 
It' ahic' to ink'o'il t'w R'w Thn.I'w 

1111' clrR'fikOCCwsSuu.~'~ ss IV11\t' 
No )(iiiii Oi, IS i lIc,[i Lui.i\t 

ilit'cclion ()I0oa I0 ~ Ii'S 0 0 01 \'i8 its 1o(01) 
I ails. \\I oo~ias UaiwII Iiviiiilitlati-IitC'. 

fixing~ Illii 0 I mvt (0lIliii kI)ItllltCCI 
c'iuiogv rcduirlilils (11ly~gopl Is'l thlt'11sis 
I usilng Il(heSiiLIl to0III~kt'C\5 

car1lo11i'1Ls ho()l iX( OCh'). Olla0111 '11)0n Oil i-lizoAL 
CMIMAloo. hTIMS, I-C (M1 Oii l IMIiIiilt' AV J)1:111 tM5 

flU )Vo.k.~ilo hiv..~~is 111(1 0)R-othr oir-CS (& 
CoIc.1gy, wiit ii lioii ieh)iwril pr(ooiio'1o., 

howIl 102I)ACCiAli.'o0i 

[U 051is 11(01 01100idlo.'11cL' stggC-515 

IfA R-)11/021.5 Iil~tL' 

kiio Ol,1 S()Il 
1l11m l1(crL' ,ij -oguli~ill )0otl ()in aare.~ i 


It'gLIiot's 1'(0)1) I 18il.5M( W~hidhI11110oi Can1 

)iiC' '(0Ogulililoil 0(W 1.- Ii*. io I)L'1'1C 
h):l(tciilmc18(1 I(0 Ilw 10)) hialirs, Ilt'\ (kF160111 

C) tllt'_s cahlol ililoCtio Ol 

\itiliil 111C' CdL'.iiI\ E'. (;l sOOialtt 

;Il~I )hlC( uilleacls 

astI. 


iir'o'tr001(I' Cs.L'10hl )tlti I5li~t'- A( 
I\-'it'riig kiallt~wo r iii Ylo'i(AV\ o,SprinlgS, ()Ii 
fluillIS (Ill 1181 I-Ili/001i"l ink-llt'ls ill 
5( 0\'I)t'811.5 ((VlI 0)I 11)(A1()II)1gI'i~oIIu lilrs. 
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Nodulation is a controlled, 
productive infectionof a legume's 
roots via its root hairs. 

111i1'(11V ICi~I iO11oI 
;1olgI SM-5U1)(2'8Il RooS 11111 
isco )VLl ((I ila!t S ()CCLII 

l o\'ilg 1')0)l11i:61-S ()I 

that 110 5aslok ii I)t'I( oi*. Ilw (kt'\t'I ) ill(() 

Io(lgt5 ~L ti a io(IL.'8 has I)CC.iI ltat it 
WM'.ii I)L' tg0ooK Wt' 0.1(1 lilt\(oIl ii CO ilCl't':lSC 

(ho..grc'L (& ii/Ai illciolOillIillt' I 001.5, C 
O5'It'SC i LggL'St, hIt'.SLi ho )\\'t'\CU. 11111 

j(.iouj onI-mut is tiCN 1,1hii 111C la~iii 
1olO 05t'5 (SSollIC lilt'811 ()Iof .gUlIitiiig lIii 

uitIIIIbr (A, 10(Cu-iOItlt' lat11 01will fi( ()ni its 
00 tsvo 1)( 18) we. Itoh-C tOO lo00)I (01 klo'(0 

flu) liC e10)Iit5 
1,110 0mc 1*111(2htl io, is I)Oj' 

1)o oiih I i':I'ski it 11it' I !ili\''i1\-0(A, 

(;ii it 58iI)itgo 0iS 0.0)lhLctiulgsa! ill 

0)1Sijl KIlullar tll 

AgioultHuIAl koiSt'8UCI IiItiitt ;111(1 1Ii111021 DIaS 
(Of lIt' JawalmrkliI Nohri liLruI ili Nt'w 

O (itS ( ofIli I 

I)t'ili. \Voouing~u \Vill ki8l-grmIl\\ii stri1Ill5 (& 

I-Ii(iiiI1)1O)IotiIi Ir 111l.i8, I Iiilski Ims 
hI( lI(_I 4W (htlt'CICS hIo Ig(0151)0502gt'10' 0110loI)~ 1110 

iiillt- illft'Ciio~Ll, ; L*Y1bI(l'0Oli4,Ili.SlllA W/1 
l11111cl'/UU(Wul. CIO t'iV to)IIi oOliL!).5L\ o'. 




These mutants were symbiotically 
defective. They were able to induce 

nodulationon alfalfa roots, but they
did not infect the nodules. 

* \rnh.ence--.. aniR he. I)el ieve. theyv ,uiu Mntiwai 

i4 t tile. CII gtIeS ill thle ,I,,l 1()Lillg 

10at, XVhen he intrtclnc clhh\'A ancl ,.'hx'

::,,, tl ,lt(ilnI niititatnt rhi/ kticmedcin) the )Jii, the\ 

.l( )lulies ait it\e flitr ien. 
'~ "% .. -k 1il ( , t the l ii. Sej)I lhti e\,ii cl 

'-, \g~ri uicmm e I)l\l~ l () f illiii ahhli At n ic" 

SR.a i(:Cei' illI(,IitknihihaiS IitiiliL that 
S il/tte (1"lte ttil)I-litllt lllitl)i suitlicc(li ati 


-t le )t.<+tisl ;lttr Ilev tollite lintcSll:ct'l with 

.1inttkteo.cl ai hi'tiacmvpw-Is with straill o() 
thIe, i nt(IltlLv )a. I IC I t hlCl' toI tlis 11at 

4 W ithhtll r li t tliclt i J() llgd,aC,SiX IIt)t'S 


\MWI Wrt sins islllctine[" gi,)I. 
l"nt , ie,C_,lulltio n tile hICtc i LM
 

Rice Reseach Facility at the University ofSLI l' 
California, Davis, Bill Rains grows two crops of Azolla ati il 

year, providing about half his rice crop's nitrogen needs. clilierit, iii.
 
Blue-green algae that live in symbiosis with Azolla In itl, \vlt1
mllititiic IhT itimts ,i(lecl the 
provide the nitrogen. ht xt-indcdl CItpI iimt itsmultCltedIIs tt(1( rSit Jit 

\\itll) tie'it L'crhOR!i: IS \\CTC nt(.L~lu 
'leHxc g:'is, llI nItnch mii tc efficieintl\: Non tle Ilsc flfelctsC CClIcit V\ 


ch'ivl (cliv is sit(,it fliit I I were seen, Iitmeveth
Ir cit it, l \ehC t cm aScI \') \ere 
Virtle'nceC ). :ire, CSCntial iratichmlint (t)lile g(iwn illlte presec (-ncet)ainiitiinia. "l'llits, 
bIactelrinmtn I() IIlain cCllI inlth'ir evCentLial tlis phein eniin night he tiel ti Ihe 
IIlisl, nilllatiil i into t callc!'n iS IIhtlin. I"sillg illn n t l)se'rvallitn thll 6)h llk t 
SJ)C'hial el' ititilli tWCclm ltlhl: we ll AIeati ullt ti(IlICs. ti'l iiCie \01(211 s ills riCh ii 
I1cinsl, aiti lliisC llathirat in were, aICe to ilitll>igel, l icli isires tuiltd Iti 1)\'lie Cittie.dCC 
Irtithlce'Itlut:ti ill,splocilitacIl illile a IleeaciK mechmmnisin IiIlat ei[llshtstdtOli ln 
Ilt)lIllh)Igemt in]ijEISu()l '/io//, t"ite i x;ilinl \vil len -imlilttV (I* 'L(i4s es t_'mr us:tllf 
;ItIuIl'lIS\1i1i)itl. "t.ccI tlitaltitS \were nlill'tgel in tile st)il. 
S\nlI)ioi ti(',III' Cl'Ic'ciV(2, .Nt\'s IIcinlS i."Tle.\I(Iti tlllI ltcr. 1t tilatu 1I ltsca; ms ( itllcil 
\\crc aitleI )iiiIluL ii ctlltio i t alalla Il iY e 'es ii\wolv cl itt nitll,"t'li111aIIA ti te 
1t>il.,,1)(11 lhC'\ tli(III ile lOWt oitll ' c iii ,ci c ll l'CO nIth l ,li 11i1\')(V O HIuriAlC(nt i d itl)mecti il lltlils iS tli it i li )It I't\'ihilt(Th i' , i il ili e CVt L i , A n 'Cisc Willh 

l ll n 

file' I C ilil'ciilh~l the gclltli titt([tile SI V-gni iwiig s cCiCs 

1tha ilit' i litCie's hii)cIlpcri'(I' \ ltlal, Iit ie gCICs ilIV(ivLe I in iittdl tiittll. Sechu ini 
wr, tlClt.V :ind I;ekeldC 

thItCl.dS." A/][zol/uil 1i/1(f/)(lio'ill/, the' priltvlran S\'llli)lt 
I Iclinldski il.nldllI rhizi)~lit gntl.sCdv\ oflA hSOVhlnS ill tie I licd StitCs, IIelinski 

atliIKt\IV -Ild i,SIhtlh tl(Icitlatitil was tliie 1tt fnd ;MW g'lnC sC(IlmuceVS 
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Near Hyderabad in southern India agricultural researchers selectively harvest peanuts previously inoculated with 
different strains of rhizohia to determine how well the peanuts have nodulated and how active the nodules are.
Scientists are attempting to improve the nitrogen-fixing efficiency of rhizobia bacteria in peanuts and other
legumes. Amore distant goal is to confer nitrogen-fixing abilities on other crops besides legumes. 

h<)Ili)l( ,g( )S With thlie giies (A"List gr ) .itg 
Spc'ie. SL 's 'hizu/ni'i,' 1/U/Hi. +",,lah' 
tle fa,.st-gl(,)\,,incl species have ',I dillereCnt 
mn1tns Ol iICILdit n)()lulati()f thn the.[ sl).-
glw()\'.'s, (Me that thle t() l"(rli.'lel m._, 
n)d1les ()I >T')re., ellicientl\," ,say's 
I leli ski. 1 tIdnadi ng1ainy suhStsI 
diflleCICs W(M CCItainly, lWOVid- ,aluale 
inl()n0 t (ti)l. 

l'ed A,,usUl e, pt)le,.) (A',), s atgnStic 
I larvar,'d Medical ,cll('()l in l) )ia d ate 
Wils)nl there have heeln c()ill(orating with 
seer.l I dian i:t',. )rat()rius. "l'hi,,are 
seatching l,()ta )l5t at might explainl tlu 
species specill'it"y seen_in shlm-gr()\'ing1 
rlli'd)bia/leLune SVIi).SU.S. 'ihy \'vwere able 
to idlntif' sevr_',al )Iio5lSmutatt that alter : 
rhiz )lh)its l()st range, tlint is, (.lu1n,ge tlhe._ 
,Sl)ciliCitV (d the 1la1t hl( st ) fix nlitl(ogl 
symbiotically 

Whenl \V'ilsn()t()k several (&Ithese 
mutat s t( Iindia 161' t'ials,-, she I'Milln tIt 
thex\' act uiiv ,stuteud l-Mts gv(.)\vn lr()tt sUd 
iMCUl(ted vith tuhem. "'l'llc seem It) have 
I)utc( nnpeted the iIldigen(Ls stra ils", says 

Astl l. '"l'he )dl thinug is thatt in th li dl
 
tr ils these haIctr'ia ndl()a+_Itd perT,ctlv' Well,
 
Illt they W()tll't lix Ili (),gen in the
 
n1(_dLtlt lats.Lt,..' It was tI()t chlea;lowe,,
 
wh.ther ()" not tlU 1l(k_IlCs C()tttin any,'
 
hacttlia.
 

,\11hVi nd_lI is c)W( rker s wre. atble t( 
iso)lte s0meCI tIl IXV)Li,,/,,/ 11//liOu genes 
inlVed inll )dlulatituon ()f alfllfit and_ trnt~lsfer 
hIIl 1 It)/',SCAiChil CU., , hCt rl'iL I that 

d es )t lix niti')gen (wrinfect plants. WitllnW( 
[Ile ntew, ge s iln place inl the F Lol 

CInt)lutl5)me,the1ki:titi a"Isah It 
pn. )dtcU whatt h ),)k:d like Ii( duleLS (MntllfL' 
1()()t hairs. These n )(Ithl.s \vere dev,()id (d"anly 
sign ()f' ililUcti()n, lI MeVe_' "This sLIggeStS th1tt 
relatively few rhiz )hiat genes Ire illv(,Ived in 
the earliest ,tagUs o) 1dulattn," sa's 
,\nsuie'. lkuitIeu we10- esu, these lts 
strenlgtheln theI_ ideat that n)dulattiont and 
inl'cti()Ii ar regulated bV twV')distinlct 
lpo(WeSS,'eS. 

NoIt all Sll research is aimed at 
itil)( lg, hl t itrgeti1-l1ixattii(lt l)1 cess inl 
cr)p piatits. A nj )t"elr t iiv,( l\v.s the 
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gI()VUC1(01) t hat NV()IICI SOIVC 011C tenI'iiAe 
* * 	 prA))Clm \\hIi](! Causing U( he.Rainls has 

I'(L II fl I h )V(CvI; that there are- SeverlIs ixril us 
Of theC ten1t (IMI reqILire )fC-11ild ',IS muILCh 
1)1L0.MI)IM1l! :IS I~()LC( Illfl()Iil S1li"IjS. 14urtherl 
SlI.iiil SkCI 111:IiL uciol IICC 11l()Sj)IlaIk 

- I'(L iClIeultS tslill ILi-tlh. 
\\hlik- se:IrchilIg 1,0r I)Ctner strainls (d 

16cilS )IliI 
1\)hic.I l it t()\s A 
AZ0.'L1aII dillIC( IL (IC ihewatsignl)L 

I ppa ~ilit\'elA) 

MI MR 	 M(WhY11cUkI I (MV\'eS thec sillfacu (4, the \vatteI, it 

Ole:, 	 ~~Starts lo)Sing '1iiin11 Inia. \\V( hlink that whenI 

theC tern canllt A'li r1 )IL1 i: liXilll it Imatc 
11112II) 111C~in 111C fixnuV. it justofCV. itik WAR-

-htS like. hiliiiit :1 IittIllk-.1111ii Itt itI( nv 


STI researcher Kale Wilson, now at Harvaid, grows (11i21-C r'ice l1ILIkS."
Ill (lit' 
peanuts inoculated with different strains of rhizobia in a Ill c d)lla rn tI vilit S.K. ( Jw~ll ()I thec
 
controlled greenhouse environment near Hlyderabad. l11il :\gi'iCnlln;il Re.SeiiiVh IilStil~nte and S.

Wilson is trying to identify the genes that control the l~liI\I fIi~INit giuua

bacteria's ability to recognize suitable host p,..nits. An ~ ~~ I IL.II iIa l \

ultimate prospect might involve altering the genws ,. t (i~lA(lROW 1I
:;oTiI IA
 
that different plants become hosts. OH~lILiC(LCLI heft! tni,~(I*.420//If MCl(iCU11/
 

A11l(f-	 IL11I as60ihxd~f)t'l(I (1:olle S\'IlII)i(~ , (I ISIS AS I )LTiA-llI X, \\11i11 (AInVIlin llafl 
L'IMtIrieS, lit).iI SL)llIlLtis(.\ .1:o//cf IIVl HiCtI AiSMl 111K''ltj1I5 ill IU"ivc 51 ilifTICOII). 

uIsed nIIC *Linctrn keH u/11and its 111:11's aIM( I1 1 ~k::oIdiiht//(t ~~l~~( has
 
SVliiNL 1 C IIIik~ ;\JlI!/(1t'Jl ', the (ILeriIl litVCeS.:I"V D II well
111ttILIC ;ilL;I, 	 -IlK- het 	 WC\ 

an-ILd iUS\\2(lMeI IVCl))1 hl~IA11:rgC i.I V/ Tii seed. p ~lie t \0111 tlIns" ake/('ruled1 s A:: 

LII)sICLHICHItI trils O&is )avi [h- h21cls is 111"1 \(IIl nia, tcmi lI)Iell)k
L tI 

ASi aTLiSi I~:1)1 LIl- HsI 	 proil IL)\\'i ll) (lILIil~e(lop ltIie is M hit I)I) fin" d lit'l d I lil 

il.TCCL- il i)LV\~n A\S. LII- rilk: -- jlL as,10LIICTCW hVtl: IMe
 

Ige~yl( c 

i11LI t I lh 111111 IlL' a Ite [1 Ilil) l I 11)111 .th fern 

iiiiilsh))liI,, IllsCI ilIL (1dtIln!. 11 lC 15lli lk.S :ltl)tl5 I)kI~ik h IIiL 1II 
l OIW Uli (iir .S. t-)hi Ill IlliI)L is s 

CXL- .iV lid li UiR'eeds. III if' iIlii' tIll(fh l cLIilI\, 111C Ies h wCIlHill lt .A 	 liCA. l 

tI()tillL'.111 'Lk L1 \(hai ()), L A :J/ 1 -lnMlet it 1111 L~I li;\ I/(fI Ci I))g)C1 LIt l l tl- I' 

C\'tlrc )I( 111c()//(flasII \\Ilte l -)i9 cn1k AS 1ik: 11WSC(11) kt ill L l11L1.lliiCILI hC .5 I( ) 

1CCIII\2It. Thalis :1 )nmlL II -' I( til1ill CII1111Lti(& rio sIl I, l ((III IIL l il .: 

lit i \lIicl 	 M IIII 16'111 II-'tILIhICMK~ IllaLlittle (I I1:IL) ll M I)LI II:1(11, ilo hLk: 

48L ')'ILl'CII .0 	 l~ *d (,d O ~ ii lS \ M L 1L1 S 



Rains discoveredone Azolla strain 
that secretes ammonia into the 
waters in which it grows. "It'slike 

Ii having a littleammonia factory 
-; right there in the rice fields,"he 

. .r 
 in,/tCSU it. s 
I ;+' ~ pd~~~it)rv, tilepat.'tin\, plant picks il) 

th.- l(IUlt r sltS vtvst el t it 
' gt'(>,,vstiiL ]p wc't.Aik-its-,- itont as
theU p'lant f()rlll-,

"+; ......!thu 2,.Amff,,dl ,CLhuL L '1u i,,lIC~S+++" ,,, 
 itSUlr inlit,,

+.z le ll, ( ) lcL rL ': t I() .spr-Ca e+ Il , c l l I ( ) ', I Il i 
, " + dV','CI()pIgl [ 1t'n?.ICa\'CS.
 

..lhis nn. '- I tl eac_(h AZuI/o 1 plnt is 
\vell-.t()Lkcl \ril .\l:,,','l(I, ntiitniakes it ... 'lI
+: .. d icil to)ll\-isi(>i illrw willo tile..S,Illli()lt 

lbv tinkuri, \,idi tlle algal pirtincr " ,n if 
C\CulM d,evelop I sULer SItaill ()I', AWb(I 

it IIII be Vrv'hard t() gt itinto) rw .4z l, 
,a\'s aiv,'.N )nelL'h.',, ,'U)fL'._ , is still a 
.Ls,_l'. S'Iv in WIliCi t(),IuICv tilheteIm 
ino0Ulc'lar gentics ,(Initr()ge'n tixl'tion. 

S'I II f( i i t n rlt tscar, a :Ihll s

An Indian researcher eaisiCr I'r l() C\'-ridIs ()IIS l,,:k If.zo/lcI, po ItitLd t(lAerPuxchuiig,l irt I1 prepares the ground \vlhiclI O IL ',ld 1() Lurt her inliplr)xmilts in hi( hIiial sanltles I'etL'I [ IwLel I llilteS;ts aiclfor a crop of peanuts. [lli. fUrns t'sel'tIliti.ss. rll( ries..lCiC' is ll() (IMl't that,Inkitc i "Hltl~u 

Like:111 fal /l glaL.s nl this will aid Mlur C,,-trt, " say's Nr\'lvill i.aml)org,rns, ,.A
1\ slieclding Irn(s- tler' cuivalul ()I \ c IIIrlillte 'itrlle-IJt.tin&, 
IlC'es-wlnid) slpir itnlew rI)()ts and (.ldh'I inV\() IICneiCIt ,I..li gIAIltr Iltk 
int() Illi.titire plal*ts..s erli,tll '0 ()I I terials, th Il )IV t()()I, we l\'La t() 

t in :C cLiversit\ 
I t nliions, the ii 

hI vu\'Ier s'XLUl sp Ire-- search 16Ir IIIl a iS."lt.erIs pI)Id(UC 

',hidc malllke C, cclls aid ,lleril. Itis tl'e1'1 Ixs 
lMSASIgiVCn leSc I'Iu'S A CIhIuiiC 

'I parlicipall i( u Ire get ",Ig()lal (Ise\'rall I(learn li ahelter perspeclive. ()n tile pr A)IIls
a.1o)()I Sl)()rLl]tion .I
(1thev i s' it I()id l hill( are imlp Irtallt ori us. "\\tvo Il'eclu'ri 

l' Il'r1
, 
 a hIt th11lItIh l ,t il aIspuc .s()I'

,\t :entral Reuse Institutel in ,.IIV IiIl_ Ri'c rch ItgriCultItI, -,C'e ill ti,sayS I heliim-ski. 
(;utttIck, Indit, ri'.S(rlCheCrs havh lhw,'xiSus hbtter apprl'citlim (I theI;Und tlhi b,.. te 

nl;tll)tlatiill h(' aiL11 dllI \wl
t (rk1f .,ll(hiC atd theltir SCienstslll- MV cal' (Lit." 
nit[)lg ll ill time 16 -rnS l iti\'irtllnis ./(..( V/)/ ) ill\/wl" i'(/fC'('/(1 i Ut /lrilelil'llq 
p1 I-il) IIIIanc i 1111)lllt S )Ili'dS /(f/ , / .l tI)[ the ()'.t , ,1(Il'(l' 
IWrOdILIcdI. ,.,ling I le toi(II l eIh(CI (Wv 

,zul/ci l)l)tS ii IdCaSel nuimmlier ( )l5I
t I SlC, 

wlel Ole ;11amIcuilit eI _ WizArinc're,,Sedteti ;iC 

tWI v tlh()Mils
per hc'c(lrle. 

At Bllttelle-l,'tiuring4 ill tIle I hlitc l Slates,

(;er+lM A. IPIrs, \\h()uIheaIs tile ,tZY)//f
 
reseancli p)rc 2gnIlll there, and Ilarr l(v:;h'ert
 
la' been 51 Ihit
Slltinl tillile-('cle ()[l/,aLzll
 
al(l itsS,\',tnln ilt,1Ilb c'c , \\hi'h lives ill
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Since at least half the fertilizerapplied to agriculturalfields now goes to waste, STI researchers are trying to
understand those losses. Rice plants, for example, utilize as little as 20 percent of the available nitrogen; somegets converted into gases like ammonia, nitrous oxide, or nitrogen and wafts into the atmosphere. Ar, essentialtechnique for measuring nitrogen losses involves augmenting ihe amount of Nitrgen-15 in fertilizer thenmeasuring that isotope's concentration inplants and the surrounding water soil, and air in a closed environment 
like this one. 
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The Case of The Disappearing Nitrogen 
Instead of applying more fertilizer, one answer to more efficient farm 
production is to make better use of what's already there. 

by Tom Alexander 

he United States and India have a lot to learn from each other about 
agriculture. Until recently{ the exchange was ITK)stlv one way--fromn the 
United States, whose greatest claim to a place in history nay rest oin itsachievements in harnessing science to agriculture. Fgor example, the tw( -

decadC-OMCl Green RcV(,)lution that has helped trMsf(rm oInce-hungr,\
f )ood-imp(l)rting Thl-rd W)rld countries into sCl'suflicient grain exp )rters
Was largely an otfshoo)t ( 1 the IIlnitCd States own on-going agricultural 
rev()lu1ti()n. 

Under the Inco- initcd States Science andl chnllojol)y Initiatives 
agricultural rrgram, the exchange is nmlre o a two-wa' strect. While the 
United States May still have an edge in high-techn )lo( farming, it can 
learn a lot a1)ut economlic eflicicncy frolm both the new science and 
ancient practices of agricultural India. 

C(l IyersI( )ritit\th()LISMs"CIS e a 
Indian liclds IhIavU h -since Ieen depleted 
) to lS il tiill attintI ti(tienlS. TuCy a.i'e 

olten flirnlcdl Willi nl nim;ll 1mnIs 0)1 
chnemical fertilizcrs, lierhicicles, "tid 
pesticides, s()ntillics ulldr weather 
olclditlis Imhait Wo Atld he teri'ed se\''re" 

clr uI4hl illli lInlicd StIts. Ilt iese 

CirculIstanllCes Which \\(ulcl i)i'()kc clespair 

ill an Afilericain litrlier, Ii's Inldian 

Col( , ()f1tn lill liite's iliptessiv
iTierl 


Lttipuits anIC livc (Wsix Ci'()l)S I v 'Ir. 

The uarlie2r Ig(4riculuraJl r\'()ltion ill the 

inited Staics and the lalr 0te in Inldii hohih 
hinged ilI()slI',' I niltecl()n chclical fertilize,rs. 
States lrihizer Use m sl\ alterjlpcd enlo)riuM 
\VO ( Id W\\"1r II, in prl IheCiS te !i4l'Cllgreat\' 

tine pla)nts thail (lcnitrate-haId 
based explo),sive.s were conveted I)iplctce 
nitrate fktilizlrs inscad. The principal 
iinVllva 0)ill inAsii. (Grell illttee ev()lill(nlih 

mid-Sixtics \ere rice anid wicat stral ns tihut 
'espIAdcd well to) t' t g L,tilizers. 
Now, hov eet;here is c'wsidelrahilc w)rl' 
thatil1 I'1)()CI in cOlunt tiC,; suchluc 10(lioln is 
India vWill ()[Ice illore full I)ecind the curlrecol 
populaltio)n gRmvtlh-rite ()12.5 petcent l vear; 

Up to) a po)inlt, each alddit 1nal po(nid )1 
applie'd nilito gn toclics r( )uglv teti 

ditionl" )OLtdS (~ t 01-rlice-So mo0ire 
fetlilizer \vOuld 0)l)vi(iusl\ help Iforestall the 
gI l Dr()spt'Ct ()I)()Cl scaIiti\: But fertilizters 
ar 'nieCrgy.v-innlCisive i)r()cLuctls, inT1ilIct lIreCd 
largely' fr( )ll thtttirMtl gt5;L )IS"lr(W)ttln 
fetCdsi ocks. Inergv casts allready represent 
the' heaiviest c'Co)n()llic ItlIrdCn 'nrtilnl\ 
Tliird \irld C'OntM ries. N waclys, cvery 
p)und ( I nit( )gen in fertilizer c sts a11)()iwt 30 
cents. F(o"highcsl tields, scietlists 
ico )t'llnl ihit farmers apl)l 120 1) I50 
1tRids pe'r cre \eUIr. I il r1 ieICic tCICi Lit'l\; 
$35 to) $.i1Co)Sl is generaillyl unleaisilelt, in 
C(Ountrics like India where per-capita 
incoiies averag0c ()il\, $200 ()t1so) aInd where 
the tho l market-vailue ()1 al aclre! (fcrT()pS 
may m(tlt t)to ()Il\V lI(tl$25. 

The'aveUrageTh fuierAlcrica1n 
Custt' ilriy lplies A l( I illu)iC fertilizer than 
his lindiani) c()unIlterpirt, hIut it rce;lt \''rs lie 
tQ(()has c(l uInllde heav\' pressure. The 
mlln fi1rm pl uheicm in the I i ited Staltes is 
too ttcp )dLICti()l nlldl() loIMV priCes, So 
farmers here al:;o) stiffer eco(nolimic hardshilps. 
()ne pr)ilisiug al\ti'(tind Ihigh fetlilizer 

)sS lies illinct1rea0sing ferlilizer elficienc\ At 

least half Ihc felilize'r i(V 11)plieCL simply
goe's t( \',iSate.I)(2pncidi g ()It firi ng 
practices and ()tllicrficlrs, Iic'e plainls ilay 
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Rice plants grow in air-tight boxes near Crowley, Louisiana, in an STi experiment to measure how much nitrogen 
from fertilizer gets lost into the atmosphere. 

r(C(A'r i.s little -is 20 iecnt ()I litern:diihihll 
Iiill()gCtIIl.
"Wec Ihelit-vc 1hll c'(Alld he iIc'r(2;IS(2l 
t 0I CRCrt'n We, ild(tlc) - ir' (A)dI 1*l'l()r*S 

c()nIl*il~li Ihc'I sse, Lindc
c'haIne '.1-1iillg 

nlih(Ii lI( ) c( n -ls~i , , ui\'iNI.ic (dil , 
aiJA)Iinl pily'si i)lisl and Iciizcr experl \\iilh 
[ie IIlnite, ac c 1ri 1iic. Age,lev ',6)r 11In 1ili:il 

l)cvti lll~'nlr. .\Iuit )flll)(WidiilAc'sc) l I 11il 
Slacs Ieseich )1l ill rlilizcrf)e.4Iii 
d'lictvit nc iclc'rS'. 


\\'lcrc all IIil' \v:astcdc nil r),gcll go c is I 
1;11c1r(t s(illic clilU_ ic1d iillcInsc cUcaircii. 
its cic,"a Ihil S(t1IC siniply gcls w8.sci. \ 
and )rIc'(iw'hccl il(() 1r£l l t cr, 1l)1)l icsuw 

rin (W :lit()II I)MCC( ii d lvatrs, tslS 
C'()nIvc1ilWt I~h Iildl; C 11i,il 
'lcl hI :.It'iol, 
h il is,,;,c,, in Ia, like,;lalnin Illl()tl. ()xidlc, 01'" 
Iiili()g.C'l\v , into) the'aill(),slhilc.andlc 41t 


(d)SIiIiI( ).l r 
re'suCih incluIC di.C )\'C&iilUg \IhLIt Soi Mtid 
WAlWc' t(icilioilcl 11dlti~11r11 LIR i-A 

The ,()glls CI fLrilize, 


IIA liC-o--S 

I id cIc\isitlg \\,,VS 1() 
liceill. M\.(G S;ik,;r, :IS)il sciclist ,11lhc 
Iraln ,\.Vlric'1ti u;l Ikcsc'ircII lnSlitlLlc' icar 
I )cIhi, s5\'s lil1 cvcin ii icliin 1ertilizcr l.ssc s 
Wer rc'cltc'cc i) ive, tlc\ 

1 lilc SC Usc .icmi 

I\ ju.S( cprcnlt. 
lici lcl'crist.. Il iii i)i~iI rl)taind tih' 

,ecsrhgcy Ian l' 1usCWilli,lgI.CSS k) 1ilt)lc 
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fertilizer nd tle'eby make a heflh difference 
to the fhx.l ecoloiiln\: 

An essential research technique r\esternii 
scieritists 1h:lv\e trace niitro.gendevis(d l() 
losses in\V(lvts the, us ,of the isot()pe 
Nitrogein-I1. ' N. It nomaiill ks_'ulp ().-, 
) t-cnt of" t1hC nitr()cl IMill( illnat tlire, Ihe 
renlin'l,:r lhc ini 'N. In thcir cx)timnclits, 
t I lrc', SlI lial "i et i(ii'ltrluS c Iacls ( 
inlwliicli li,I)tir([ ioii (if' as ic iiiir l 
:Iti 'iIetII l I) five p)2rcelil. NoiTi-r-Iclidi c'i\tc 
alnd Clieillic1tl-ulitiotial to 'IN, '"N is 
nieverthelCss (letcCtalI)l, witih initrun iIs 
calC'ld l;l..S .pect l')lters. Soi, Ihv appiiIlg 
tile enridC f'rtilizers ,lndtlncisurinug lhe 
"N cUitntnrati()n Ill'r f()tlin iplaln. ;is 
well as in tle wat, S()il, :incl alliwsl)tev', ()f illip rlillte ()fS1 Cft'S 1()itili'(v' wet1her
the )lnls' Cnvir(itillcill, researcil'rsct. 
estlila'te wlere Ox. lertilixr gics. ()ne 
aSpcC ()I' lie TI ).i()11 nllails inlt dcit*igt4I 
Inclian sticiniists t( ilit''N tcl(hniqtuu nid 
C(lUil)ping themn wilhillASS spectaln()ecer-s. 

over $S3,(0)0) a i )tild, sot ci ()ill\-tlhc t he 
usel ill )rat)r-scalecxperilcnls ()inai 
I'Mw plainlts, whihl d) i' ,eceSS:ril\' relect 
re'l-lite it'irninc4 cintidtilins. M()ricivt', cven 
nIinitr elctlricail IfilCLailioln----\Vliclh is 
ct)Illll(inin ihe Inliau iai \\etr sySICin---
ge itallv wilpcs ()it aII ., t " 
IleIsuremeiilc,nt. Finally Iliere c itnsilr:tilc 
ctttir()%Cvts\ alh)tl the tc'll ies reliailkityli]tc,


be'st. a (] iuell 

.iroinlllisl finds thail certain.i i()il 

at1 Ihn I)utxhuty I tiivsit\ 

ie 

orga.isisl tirtitilv\ relice, Sict ()tlhe ''N 
illf'l' ilizeis wit IN fr i , thte 

he1)(2!t IC tClhni tLi IM,stIre( tas srticClics. ()ie Iac'ic Ihlit iav reChic, I()sss is 
cdrawbicks. In tlhlirst lac ,, Indian scicinlists IIll iligizr applicais untlil cr()ps
'e findeing t t to hei tix t p1r()hihilv Clt Ietheir peri( &IldlXillltlilli• 

gi()\\'Ilh.
exlpensivc. Tle Cnricllcl dtst fertilizcrs ci sl .lamcs I)k\vcrs, lcadcr ()IIll ,1prSiuct 

IiI CasuItetlitCnllts.C' 'tl~illt C \\i1"iii. ttn lr 
In ST'1I 
grant, I)lixht ir\andIici ilcaguics ate 
tlyilg I clibr, te ihis effclt . 

\X\liIC'r'sea-irNVhers d6) agrlc is thlat 
I)lukut I(i- tiildatii-is I()ill f'lrlers 
a.)(nl l(wth illr c nti1t t cnliticy 
I)It l ) n I)t,validl. ;aidtlIt;ll()tlllls

IvCneS o IiisI s sett ti dee(tinl on any 
viriale)cs like eii(s)I),.si iil- . irtgit lliM11 
palctices, rainfall indtl perature. S(i il 
scieniist Richard1l 1i()x a1nl his Cilleage at 

.PensvlviiiS ta I iivetsitv have IItul, fii". 

..
 
The ultimate answer might be a 
computer model into which farm 
agents feed facts about plant
species, soils,and climate and out 
of which pops advice about farming
under those conditions. 

)1 nitr ()gCell i(lml itlv USe'l il,\i:i1 
agriculture,- i()nl tist s( h",llt[i- iItll\ 
il clscs lhiuli()gcn I()ss. ,"u liewlit:ll 
P~l,iulI)Xic:l\ hwivle,the nniiState 
researhciers als)i i h(I, ill the caseir( drc\'
hindl cn)ips like wlhcat, tlic very I)cst imc it() 
atIply) ' urel is Iculel, ifclivs lhef)e'aihe' v 
rain,. Tll discivcry ttunclrsc(wires the 

f()
iC'asts. ()l Ihe (i1hr h;nd, rice 
rcscarchcrs like \\illian Pairick at I.itisiaia 
Slate tI!irsi i d lila gr( \\'iilg rice ill 
cainiin(iutf.h lH()(bCl p liCs wstis leCssid 
lilig()el thll:n illinIernlittenlV tl(t)(ld 

illthe Inillilted rtiitett (oi,ts I-)epa 

Ag,,rituItItur rCsercil seivice' ill
lillcIl, 
Nebraska, stl,. stis Itlite til atICretslt tf 

:1 Loritilize'r e'fliciclW\ rCsech nlitlill hI'A 
c)iilipttet in)tiCil il() wlic'h Ilianlgcills 
ciiulcl 'cl kIcal faitis :lh()utt lantilings like 
Spc ies, so ils. clilatC a1nC so 16)rt1, aIIC ()ill 
(if \lhicli \v()ull i[)()I)alvicc ah1)(Atl Iilllinlg 
t iWsCtidelr nciili(ti("ins 'tyesanI--t'h 
a tuisfllllulllI4 ioaplylfertili.er timing,4 and 
lpiIs t)i Api)v it. fiiitexampl'. li)waardl Iis 

elnId. ,11 rescilirs ac ttinig "N Itsts in 
widly varvitig s()ils and cliintcs -.-illNewv 
)iirk, PIeintisylval.l I itlisinia, ( )I(ii:it(). 
Nebraiska, alnl (;,alifirnia in the I niti ,l:llcs 
lswell isill I Il",icleCsl., fIltnjalh, ()rissl,talln 

aidI 'iniil Nadu illItlial. escihtsi fr (inl 
hi) t()l ittllitcl licrsu ntitl rs visit L'All (a 
1:i) I insigls. 

()n idC i iINIrri iwedf ti i it le ilh 
taities iiv ilves i(,Ci)tgHn fe.'rtilizer il 

rt.iil'iIt )itt . Scieni.lists ec(),itiizc thati 
Iblii I'rlilizcr in thc s()il ]u)[()Iill\iltliits 
its tiltuf Itt(1 ils()iutces eXpi itti 
uxvet a)x'C'i; tleeliv sli i\wli irinis it)n oi 

examle, tha al ying Ulrl--- ('haiI) ,itceayittlliug ;itti asalilie i:tit1ilSCi t(pll)(itllLtS. Ilt 
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Ir. this flow-through experiment at Penn State, Richard Fox measures the amount of ammonia that is lost from
fertilizer. Air flowing over fertilizer mixed with soil in the white pipes bubbles into flasks containing boric acid. 
Researchers then measure how much ammonia is trapped in the flasks. 

China, i)C.Ietasnt Iam ii .'Ic hvelci( 
\inte'rs't rs)Illlt+ertilizr-llrichcl 
Which thU\' l;itr itmpilatnt dll,1 l 
b't\,C hills )Ilr(.,. llkin, A cue 

,rcsclarchucr at the Ilennll.sc \I 

.svlnl their 
mud-halls, 

thI )I 
Il()ll this, 
VltlltyAn,thri\ 


]ave du,'iscI il( nh-ball-siuCd tIertiliZer pellet.s 
gle.iC.nedShIw the release O l(to n rietCs, 

like the "tirix tilic, pills" Iililiai in 'V 
c(nilllnercial.s. N(\\, ftrtiliizer lullets iral.s ) 

Iiall\ 'gulII )II CIr "Lrccn,CS)r n :11.1tlC" 
cn lpsb dd h()It andl(r)I-nictt nlit'()gcnl 
ma-Mrllltelrial t() ligh.en l anl1d hSoilItairl 
tIIi)isttre. (fl -r t.ti(n a1nd gtrLl-vIt-1Llt1t 
vas ( ce C() rlrl()tl in ti UnIitnd ,Stts, t()( ), 

hut lrgeVl 1tell(Allv( r as' the (,I .t-wa" 
ern )! ch4,_l lilizcr.s Seemedl ( ) make the 
uItrltcCss;t'\' 1 r , nld \ields. 

Recentyl. thely va' heenl ti ruing t 
heing )atd x%'itlt sulltlr )nn(i-col with ( thi, lav r in thc ttitel ,Stat_,e. l'i;11,rs see them 
c'hrili';ilS cltsit l to inlihit il'lI ,i*()gCll-
\,i.Stint+ I'tCtiorI,1 tildn t 1lld.thait (Ko.tllo gn( 
While all thItSC 1rt clicts are hteing tried (it 

ill bttll the I ItiC, I StateS M Ilia, 1,1d 
While I hex s 1tI)\'(,rk, rUseachers inl b+)th 
Co)IIrtttiCS l'an the\ mt\'c(.1 III(W' than the' 
fertilizer th\'saIv,. 

hlidiatrlall-Ilers)ltaltx' Stand I(heneit 
10).Irs l ,I1relsearch oI aItlicial 
l'ertilizCrS, but /\nricain ltnliers itay tgaill 
lR)Il lldia it'tr icc'. that, reduc, f'l.e'rtilizer 

aIS\vI\S t() rdtd cC IrtiliZCr ' . Agricultural 
sciintiist lulievc Ilhitt ill the l()llg ruli 
rultilIu'il
llrtilizers a11id single-crp 

1rnttucotlttirs lrn l xac't a heavy price in 
U(1i-camage. ncls Ilike thetn itcd states 

(;reat llains hread basket h;\e heen tinder 
cult ivtioII rtr leSS than ', cetut\'hut haxV 
al cl\'l 1st -ttflghl\, halt their 'uiatmbl6 
top5ls<iind lgalic 1itrogc tran.n ce
iIntri'nts, j).titl\v be'ttise 0)l he)\A' tillgC, 
e_ , :11l ltriiing tItllo 00 tihatoni'tcr.).i( d 


recJuir-C i It+ aIlt. gti'tIr. Ill 111t Sccti(on.S ()IL r'.sI(I* rcga ic nIateri'als. Unitedc;lited 
hlint, especia tllyose where sexenti c'rl,. Stt's so-,wica'a t vlu lls a1stake in 
x'eIar t ire nlt(0ln, famersli-l' gcirtllv lprntc't ic oicing CoI+(%iolII, et'I'g. ' c )'o.Astlpti(l, atlIl 
iIetlIn.s' f(M1ih to -r(dtat i(oi---l hntiit, " ()\' ;tgriculrtal ciciiiicalC S Ihltt xx'ilS (r1'r 'LtiC, ()I 
c'xa.tiiplAlc, (Wi'cn'lii t' rice tro OJ)l uring thi tiltl IlOludtiisig ,t4r(utlti;l ksn stiea'm'ls. 
Stiiiecr nI1llISo()l, x'itllt ii lt' ftIll ;incl Mail\' a'gue th Ithese s0 ocial \alustiicnihl 
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Instead of turninggreen manure 
under when it ripens as is th.' 
American practice, Indian farmers 
generally leave it on the surface 
where it helps hold water and 
reduce erosion. 

justil '\suhsid iCS to) fart tiers to) CIuC(Lllu rge 

otiler practicsC. 

lames IP)Vers :nd iis I lnitecl States
 
I)epl)alrt nieit ()1 AgricuLuIt rc'CC()I league, )lInt
 
)h'si()lc()gist \\'-lI lace Wilhelm, hiave retureldtI
 
lmm)Inl Cl visits t( ) inlia inlpressel
Sl-sp 	)l )rcd 

1h tle 	hmv-iillig, grecn minuring tihe'
 
"'l'h -,
l cl. hiv- heen W\()rkinig tli(se ielis
 

ve -r l(r i( )tiSl(ls (1 \vears" \\'illiclni
6r 

P()iiltS 	()tl, "\\ Itr 'illg t( iarn hirle fr( )i t 
OWlIl istIkC.S aC c 'r'en i jir:icr ces." 
SClciicall: he nc (I' ier'sare tlryillg I() 
,aCtll)l )rclcCCS I() \llCrikAll c)ndili(i ns,lht)sc 

e.stinlliting thall (re'll Plains cwl lrllrnel's 
mighlt rectei I'rtili1cr tus., hv 25 lvceti l and1n ' 

nlieSo)ils b\' SO\wiiigq legume( C()v'Cr-cr'( ~s 
such a.Ias,cea n. () vIcl hClr the Ce)il 
har11vest.
 

Insteal (WtI linig this grc'll
greenalUrC 
inCIr whnCI it iil)CeS Isis ilie Ameriic'ian 

pricticc, inclinin filrimlerisgcnCllleive it ()n 
tlie Surftice,, where it hells I lcl \,atlr anl 
reduCoklce cl( ishl. I()\ Cls anld. \"'ilheln heClicvc 
thiS \w)ul Id he 'advisahle( inl thC I 1nitCL St.S 
,is lTicy ,ackn )Wlccge ihllt sicIh nt -tillwell. 
e-xl)einin.ls \\-ill)c)rn ni s(llC(Ithai ()\ 
thti' leaving crip resiiti, ()tI the gnhtlzlill
 
ru()hlyd'tilIle, Csr()-) ()ep ntl)l 11i1uc'fllciciC 

AgricIItirlIl pi11()h.Cns and(1 1r1i'rilics in 
India lldl thc t nilc I)\y;ted States are, a llarge, 
huite ilit"Ir'C ll. In Inliai, lhe i lui is 

ilncielsing )lt)ttll I()keel );icc \viti tile 
CXI)eindling [)())ttllltion. Ill the I tildli SiCs 
it.chiefly iiniiiing S()ilclectrirtliti alnl 
h()lcling ci s() tIhat fari1rs Call sta\'s()Sts 


in businCss. \VhiLS iii rCse autil he 
co()Ipcra'ttil t()st redi tindlC " l is thal it 
Seenms It) ie advanlcing b tilI tli(Sse ends. 
7(/n/ AleValder is(fI 	 ill
/I'('tI#(( it'1bl)(fS 
WilsbglLvn., ).f", 
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Many Indian huuseholds spend up to 14 person-hours a day collecting wood for fuel and in the process destroy 
forests, harm agricultur l and mountain lands, and even change weather patterns. 
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Social Forestry Serves the Villages 
The answer to the world deforestation crisis may be grass-roots plant 
programs, but first science must lend a hand. 

by Tom Alexander 

ach yeau the world loses some 50 million acres of forest, al area half tile 
size of California, At that rate, by the year 2,000, 40 percent of the 
remaining f()rest-cover will be go)ne. Most of the disalppeairaince occurs in 
the tropics, especially in poorerC( )untries, where the main energv-sO)u rce 
of the relcntlessl-gr )wing p )Ul lti( ns is [i revO )¢dand where the 
pressures for m 01e la1nd 1 1ralgricultuire and a1nilt-grlzing are most 
intense. 

Ill Cdestry'ilg local forests, ulil()rtun,ltelV, people CestroV their 
liveliho)d, as the case of India makes clear. "India is not lB)iba or Delhi 
or Calcuttai," says TN. Kho)sho)O, inecologist vho recently retired als 
Secretary of Inclias )epartment of the Lnilvirlllllenii. 

"lndii is mlinly 5'6,0)00 villages-flar-
1ung, O)f1C1 in iccssilc, haltCs )f ciill ur 
to teln ho cseS . If \'()lu() I()()llC ()d thesC 
\'ilkiges, v(cu'll lind :1 ion:lss-liasud sc cict 
1.ld CCI)n(m\v Viirluill\' :Al the Iuel, I[(Ocl, 
liber, felilizer, shelter; :ad nilledicinc' Ihas its 
cn'igins in Iccll plaut-life." AhiCald 111:n1N 
lIndial1 hlusel-( clts ClC\'(cle lc )tWIi ii1;1n-
hLrtS ' cr tI_ failily,I; 35 percent (A' 
income, to (ltain flil. By the vcir 2,0)), 
aiCC() crding () Vaii tS CmSlillIts, (cl1111cI l(cr 
hiie w 'xcCCd 25c ill tIl supplI \' I)\'.solmIC 
percent and thcrc's little j)i')Slpcct that 
subStiluits will leit(cuild. 

The ln(csts, (isappuilrlce represelts far 
lil'Cretli a.villgc Cneirgy crisis: it lies at1 

the ceiter ( a spiral of events hiat ultiately
ai tctIhe emi tire wccrld. Ill seiii-uidcl Icwlliicl 
regi)ins such ismiluch Of nc lnI nia, the 
qsticS loI fuel ICis pC)plC tod huril ihC 
ainimal clung ;aid c'r)) \ c, sts hat a'Iheir 
bestso curcs ()1fertilizcr an1d ilc)isliIlrC-
h()lding rglli' iniulcl. Soc, ;iIricuhiuril sIils 
dtICeri-(crate, aniMl gra.izing cllUuns ilInl 
gl'cwill d cgills t( dallgen t)lts, an1d 
finallV pecc'()l li cl'c)ii I()rel llt rccthe 'ss 
elsewhere. Acco ctlillg Ic) sm cllt Il crists, 
iin\ (dithC W(crldS dCeseCrts, incldilg t 

stairts, it ()lien al:c'rs IoGcal climlateS to reduce
 
iailfaill.
 

Ill l()tllllln()uS regions like the
 
Ilinill';avas, olestcr i'hg vegetatio c liililaites
 
te mIllncC()illl()l Cand
icver el )sioIn; slk)pes 

entlire viilags wsh a\vay, and sill fills tile 
rivers and tile lams that C(icut()l ll(()Cling and 
stpply iirigiIt alndCICiCiI'c it\'i hcir hundreds 
()Iilli ins (Of lpc Ihtlr(culgl)tLt Nepal, 
Inldia, alld (Chimin. IlundrdCCs (Of iilCs 
c )\lMreafll, inlgreat l( 0cd-plains like [lie 
(:ilngCs where ilm()ce IhInd reds OfiIitillil ns 
reside, the silt-chocked rivers l)r( iden out t() 
iilunaltC hlcndrcciS Of VillagCs ;lrCICities, 
sweep l\'1yi\planis ()I. g into)\\c'atl-hI lieIitm 
inerile !;Ri-pari so ils cikcd x,'ih salt ()c" 
alkali. So icpc rCchrivCl 1 t) slIsh .iand 
blim still ll()i' landcs.C f( crst 

N(" 'e far-lc cl wNorllhiier co untrnies 
illllliun cfcm tilie C(HnsCtiti'cCs. OvCr tlhe 
c6ig rtul,ll'l, 's hsilno) pW hul gCelC'Ii 

prc).spc'ily: a)\'cvertvind distress, whrever 
ill(!\' n hcl ations ilns()lviCllt,ccc reCi r . ical( 
depress trade, destabilize p hilical Systems, 
fcicllen iinte-rn:ticnial strifC. \(wc' (nilil)tls 

c
Il:In the c m(lic are( the' Clir)lin cltal 
iiiIlic~itio liS: Iht Wrlids Icre'sts ier'Siliwc I
 
rimarly l.nrc;ll't n ldioxide, ai
ri eservI 

R tliasnlul iii Inldii, are i11a11 lllILC i)rcclciS (&1 g'SCMIS i)Icdict cl()tc i)lSlticn. \'ici Icresis 
this prowccess. Sc c helieve that ;irthrivingt110 v lHelphe sc)rhlcnhoci diocxidC 
dCesCertilicailtioi is :ilscs ll-anplil ing: ()nIc, it In'cli the incuislrial wo(Irdks prlocligilus 
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bUrnhing of IR)ssil I'fuels that t()(k many 
mlilliolu )nI )'earS 101',lC~l lat~lie. Ikit whenl 
forests burn orI lecar, (lhey, C(Inlltibte still 
,( crl(>n dio>xide toI tieltm It)Splhere. Likerre 

- :. the patnes )l a gle.nh( LISe, the llanket (otgas 
thle radiatin()I of heat fram eath, 

:lhwinrltemlperatii is t(I rise and change the 
.ai her.weS()Incnd~tmntal dvnatnties 
ml.(,'t(Irol( gists believe that the rapid carbon 
di( Iide I)uli 1(111) inl thi.s '(en11.1rV Iris alreadyA
.,l?hugun eri ng the glo dilclimate. As ,trule 
Of thumlb, a1nV climate changU cAn be 
considered Iad, at lt in thW_ sil(-t ruin, Ior 

m1in .hsinlsttil illar tuneld to 
pr.cisely the climatle thitt prevails. 

The I lnited Sltes ias participated in 
"ma,"n1nW'" t tIle f(wesis, declinle,llis ntm 
1 he has anlllhiti)us ie-I()restatinilc India 
pil()jclt' nt \va () its (yven. Thle hi Inll:tSS 

Rlcdn(.lo. Inititive seeks to) raise the 
,.cntribut icn scienc 'Cam kle tI( these 
.ifMrts. Illlscu Indi a ha1s plentyv(I cheap 
I.ibk help ,\itli the lab c-intensi\e 
plltnting, experinults, it caln ser\eo(f Iaitt \ll)'exphote as aikind, 	 Ito etiqies<I',- o>f 

Iforte station iln()tl ir ')llltrieS.tto )ica. 
;l d()cl'n l'esearllch ;1i'alt 	 lf a l inst iiutti(n 1tC 

participl;tting (n the I Ilnited States side, led 
h Stanlev KrtL;ill, a1plnt gUneticist WithIi 
the I liled Stes F()rest S 'rvice. in 

."", 	WishinLgtcln. Rcu, lv the same) numbelr Of 
-.ga.l ns ()ldn the Indiar side.lizali is irnv 

.-; Indiatls central gVI\'rnlllelt an11d 
. , .. sttUs have been Cart''ying Itit tree:, 	 individual 


planting pr() gran1s r1many ealrs, planting
 
. + ' h c(tht lel Imber .,pe-cies,:" c(cm+ metrciatl lv'-va 

like teak and s;l in large plantations, tnl 
+,-;cieslike eucailvpttl S ()cnrCad-idUs ,ad 
. tl 'rareas.1(- pr( vide 	ftuel and help restraiin 

. ." er( Isi n. Recentlv, +' ,;tlffwestattwe n hais 

risen 	t () itnatiodal pril ritv, ptirticilIn'11V 
silceC the (;reeln lev(ltli)l hiS lessened 
c. 	llIr S ab)()ltt ('00d. 

l dia pIl (, i treeI) plant I' S (W shrilcs:live n +. , i. :....,...li_ inillic niivicars--ruct~L',.+--t~n hly I212.5 

AW.' 

Asocial forestry experiment now underway in India 
begins with 10-inch cuttings of various species of 
American poplar. Planted in nurseries, they quickly 
sprout to yield more cuttings for large test plots. 

iiillioln aros-CiC vearl Tie t trget 
:t1,,.s 	atre Iliiilai\'At liM itMtiins :id llo)ia 	 tlills;nd 	t(lie ,~ z~d f;irrn11L-M>Ll, Milled, 11rid, 

)r\Vaterk g ed \\lstelatnds tha3t colnstitlute 
ablk)[t a third (ofIndia's ol arell. The11 () 
this .(cciAl f.,eCst rv Il a1ndis to 	cI)ntr( runc )ff 
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After cuttings sprout limbs, Indian work~rs chop thenm up to provide more cuttings. 

Igitl liii. ()fi C([U il l- v lucs Ills '1Lt li ht' 111d SoilnS (A"sli l VMu(1 1155 t 3
 

I1t' C1ih illl iitra1 t1"IdS : II)C(ii() \'(' I W~ith\'IO I mrtio S t
1)ixt\Sllit'SS 81(1 

Cei l l )Vtrum\: I )t' id will hpt (2IIn 11CL(I()i- ~ IWI ilg hill't'S ( 'Ad il,Siwiihs iltt II)11111) 
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Once fertile ground. " 

this barren wasteland "'7 

near Lucknow has 

been overgrazed and 
waterlogged. --

rwiginally Ann1:ustralia. It \\'as luIst plamlec 
inl hIndia nearly' 200) yea2rs l(I tli(! padIlace 
gardenls fuai. Nls(wIe. A I1\I ri(. ver-si(mIl (dI 
tll(25t e'arly Nlyslrc' pilantingsis11(m.)\ tite flli 151 

growAs nli.i :,tld, ill 115 11VAIAIi 5JI(CItS aMIIl 
vaIrieties, aats to) a wvite ranlge (dI 

IllaC prt'vail h61 Ilm (dII tilt [tllr( nll(ll 
flost of' lili It Gll ~'flt Uh1LICII Oddii, 
no, iiec-.tiso.' (I, its hitil hrailhlicts, ileavvy 
Snoxv-,1IaS. It aIls I ((II.Snt dl() Wetll ill alkaline 
Soils5. BUt itS (iCIUSt' W(Ak MIIilAU'S CXCt'II1t 

fulC ',111(1 Giln he LuSed [')Ir papt'r, pXIS adlt'diesC. 
certain kinds (AIf mililt'I Tinlks large2ly I(1 
goV(I''tlflhlltl 1I1,tlt iht illIlllS tlIC~ll\ 'p111 
Ill I\ Steemls mI (i illiittt Indiia, \'isil( a1(mlg 

F1WIr ll its SUCCesses, t'iicaI)I 11.1is 
ilnCLIt'iing gI'(AVillg lnill()Sit\'1111 ilai 
(2ilrill ielitlleist s aind ( Ilecrs. Mayresent 
(lie Wva\ govIernmnlt has ptiusi1(1 Ilie cx( I(IC 

C(cc I','r ilt! 1gC21 115 Slit'ViUS, So)11( (dIr wh 
go-A1W 1(1tas raplidly (All (ks (Ii 1 'P~ C d ICS It'll 
taSte C'lICAVi\'fltS shil ke imiparts I(( k 1(0(. Anid 

SClIC its.5(2I211 iIt(\\ 11Wait llAIlcgC t11,at 
extt'isit' ta\-l 1l11sstel anti vear-r( 1(111( leafl 

Cl(fvtranispirt's lt()It *Soil n1isitire, 

c -

Critics aIsI I Cllit nl that, (mUhaki~llCe, 
(21CadIVJ 11,11-111' ll' l Ire thll hlpjs Ihe S(Il 
liV IlIhhiln it (d IH tienlts. \\lliIC (iLICAl\'pLIS 

ill J) I C'aiIilt inlto he planted ill 

$40iilg (It 11-Mlrilldtitlt' \\(Wi 101-o ()Ither genecra 
.1ntd SIeCie!S tIIKII tile ali sIIla/rllv-

Unt1il ii( 1Wl 
ili le IIIJll:lhse (dI tilt' STi flR)grtfl, 

Illdiall anld Alicanc pall-icipanlts lat 
SCdlred (ICiIVrespliVCi ClH Ihintr's anti milIl 
( )I*ile( \v(wli t Iarg(,2. h)(I lil 1,)I hleter Spiecies 

2ng plntcd as \velI as 1'()r genert 
that haveieei kwerl( iked entlirely The( 
researclhe'rs are' e('XI lailgi ug sa ll utcs Ni Ctheir 

C(flt'Ci(IiiS (d IfSI-gi'(AIVillg treeCs :111( siirUhS 

SoilIs. I ndt(ICr til1 ,(2i'atit'rs p Of 'Iil( (aLas LI.dd 
o (11l2 I iteild Sta.teS Institute (f [I west 
( jnetics inl Berkee ( aI ik~wnia, 5,11 is 
ClIlCcli ng anid Silippilng Aleri2Can eClCal\'ft us 
SAkb )C 1aniplefiAIS inl 11dkia. ()tIlt'r inlStimol IsU 
SC111LIii lr sallipc(I* pinle, p(qlilial and o)thers 

tree's Jid shrubtis. ( ne ()f the (Rllt' eCI.
(2l(Irs, 
Ii rected livjJoe (II Cildm oflexas 'C11 

U niversitys Ar'id landILs Inlstitute, ill'( lives 
Alrip/cv o.(ietIsCCJis. (mnllnl hl kniow\n as 

l Xtr~(VaIter IaNC dtr iAdr1 a(IllVSIS,1Ssalt-hush, its ~Iflesk\ .sbiil (Ila11tIll rives ill [lielit's 
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Planted in 1983 on hardpaq soils, these poplars from 
American stocks thrive in (onditions very different from 
their verdant, native hah~tat. 

One of the odder exports is salt 
bush, a pesky shrub that thrives in 
the most appallingsoilsand 
climates throughoutmuch of the 
American West, where it makes 
good fuel and cattle feed. 

a)ip;lliI)g
l),OSt oilS aII CliIItes thr()ughouLt 
IUcL III)" the AmeCricml \\St. It MakeCs goo)

filci, aod cattle lind it edihle.
 
An.&rica max aIlsI)
hiefcit dir.ctl\lro)nI 

this sulrch, Mo)st of tll-trials in Indiat "arC 
he iIg Clu1)1licIt2d ()n I lite'd States s(.ilS, ind 
Iildi:t hl.asaihC;d\ slliip)eCd sailties ()I* its
 
N ivs(we C Icilvj)tts. Its \\'()rtllh
il10ii1 thllt
 
most conmunecrciall i(lwe.tIr'
nA in the' IInilted 

States is alse.'d Ntrtlh(innati\-e sl)icies, whiilc 
t\nie.'ric;in a.grichltIrC is]priniirilx bald ()lI 
extA) ics. I've'n "t' pica" 'lricl i)Llnnts like 

'to II ZlC ()igilltt (I inlI',iiJh CtLKiIl\' 
(_ntlr ilandSl Anme2rica,\1th :1andl i1()Si ()hthr 
'vcg'l'Iesll icl amegrains llicfrm()m regioIns 
vexeULn nIre)IL remItieL. 

"ieres go)(IlIt)as )In1) SISl)ect thlat the 
SI pir()jct Will 1111tip s.uitible_'l'Crs Ilr()"Ce 

thatn tl),ose imt(w eI)eing iplated., tanlliss
 
R!0gIi'CuIli5 00ni1' (()SpcCiC.s ind 1.38 naiiCd 

varieties (dIIel 'tli alluil"e,] lexampl. 
Bevyond(that1,thleres a c iis llrger 

.lixe adaptedItI iCil. C'ves tI sp'ecific."" " '"; c')nc(litiionS, lFill$;1
inhliVichL~i:l HLVtS Wilill 

tlitsc p1 p lations, like idlixid alIllh ,i.e ()I
"li~ins.<, difh'r oh tl':lllh; .SIllt' hut1. is 
.llf..)l-.nl ...IIl incliviluials s I)r-ci'c'tliig st()ck 

-.\ filillit'll, Indiall f(o -i''lt -11111i2 

exj)erielce', is'Icand(liatc' I(r'l)ltce t1iLuch
:,.,-.'.,,.,,,.,. l i)1lilt' Intl l(xt'rsial]ull)itltitOLuS tcII)n 

r . -. 

A.N. Chaturvedi, director of the Indian poplar 
experiment, examines newly-planted poplars on near-
barren alkaline wasteland typical of much of India. 

\t 

,tatestr' )Ill\.till' Il the, I iiited 

Cucal)t LS. IntliaS fewl i Iplar *lecies 
ill I lin ilav;'s. 

',Sl\t 
 Ilal iliin 1. il VlilY1 specic'S
 
incl arieti' lldicthe brcdlth
i' lngih anlic 

llIhe'i 

Aican po)l ars;ial()ig thC Ii'hstest
(),thC luntl. Asidlel In aidaIp[ailit, 
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rK') 
Anerican • Sppec idesto) ,i tlrest 

,. expelrilllet station in (l inlalaan 
" foothills. There, tile Cuttings w'rV planted, 

and after giw4,itng to a height (If six feet o," 
, so inl their tinst seast)Il, their branches \were 

tritnnMId tInld culpl-prCL inti Still 111(-C
 
,' 	 CuttinL4S. BV this maCns, within ', C uple Of 

years, one cuttilng \ielClS eni iugh mteMrial I'0' 
aipplr(xi)til\'] a hunchcl plantings, sOmlC' (,
Whiiclh al1C hCi ng (lisrihultCl I (It1her teCst sites 

In a well-established poplar plantation in the state of in Inclia.
 
Uttar Pradesh in north central India, researchers number Ill(ee 1"111or 1 hli; Alleitll
()1- 111(
individual trees from different populations to learn which l s)fliIs growL\' 	 Inseemt 1tn)st anywhere.
grow fastest in that habitat. Wheat thrives between the earlx 19801I kinsen visited an lndiatn Itiestry
trees, giving farmers ani inexpensive way of growing

additional crops. lupirtilcit X l liitntl platlt~ttiI
C, noe u 

l.uckn \v, \vie're' tlS t-*tn lings UleIVI'arelli
g.)\\illg trcs kii mxn: in ivelage s()Is and in w )rl-tll. Iicr-gr: i/.tx, I:trd-paln, seclti
will Ininial cifc', so)ll, spcic,s 
 nrx '5 deserts typicaSl Of iiliV lii:tl wtstel:inCis. I Ic' 
1'(2t ()rilllIrC illc'i41t ' t l'S. I pla 11sa(is \w ISSuirIrisecl itI fi l)lld t( IC JU )l , 1'()1)11111s 

liii 	 ((tflell calle..dCaste \vItC:ts\ ft) hreCL and plalit. pollen flt It dIoltide%, 	 u C(, ti()l d 
Illtic' o)f(tme p) Itt + Slc'cic's viii gellyc't ll' ilthe I iilil Stat's) IiiiSt(l )tlc'\'illc',

fertilize h( sst1n1s fitiil'_,irIlc.s (W1iliial\ Mississippi, thrihiiig in irid., alkali-c'keul Soils
 
)tllC'r spcties, iprt dcIIl hivriid (ifspring like ntIthingil( nvtn in Mississippi.


enilh(ding cesirahle chliar:lcleristics ()f 'ach. Anlher discoveri\ fi( Inlti ie Indli:tn
 
All that it takes t(I plnt poplar is ito;tick i experiments illIav ride the' anSwer I()the
 
glC cutil , kIepin the gr()Ltil anld it CII(ImoS probhlmCI1 )Ifplalnting all llsC trees 

-
\vatered f (i :i wlile, ilt India c( ttellltles. [hef rs
 
Thougl1h pi]):i-s gm straight and till, gcnlrtirallv IeCncc ()(*Ithe'ir experinal


thCir \\'(t)(I is lightVight, Slcr a1nd1 less plantations I() keep Illdils ullhi(uiitiu10s, I'ee
Clcay-resislaill Ihan tn )t timher spctie, i"inging catle 
In n :aing (I Iraniplilig the
 
IIcleC, its sntited heXstl Ior lse_ in Ilnitclie.s, Sec'cIlig.tl s. cincethe sc'dlings ait' irrigated

Crates, fir rdpaper, alnd ]Uiinic'r that diing ",r) grtI\xth st:ges, 1mill g"'sss l'iti
 
isn't uxp Isc d toI lieua\v s.te11.s1Ir weattllier - spring tip lll c)Illptc \'ill
li tvtig I'',ees. 
cahinets Ind t4ir light flirilrc, f6r ClIuetctat t()IAe[ire' ll;ct isand it ving
 
Cximlle]C. As lirLAV()(,d, it h esn' Il()Lice( at Iltlcliies. Ite CXperilenlers hega4,tit :lIl(\ving

mLuch heait a aiSer \ )(ds like Cucltu)is, I t"al faii'rs to) culi\,;l e en ips Iet\'ecntilie
 
\which St llicciinside'r aidrax'h;Iak ilsticial tree-r()\ws CIlIti(iti( ilthatil t'' chinl 
fkrestr\: Bul l d I a I, f *tile I 'niled claii:geC'he edlingsatll i keep) thC gl:issCs

States liest SeClrvuitcs Cxe)Ct-iltitC stItiill ill cht\:a. ,\hi st (f 1c Cln)IfS did well. S(IIICeVe'n
 
Rhi , \\isctfInsil, aulld leilder t()he heittCr tha in i lIft Itrmieres' (\\Il
helanclae fields. In 
Amicanii sidelI e 	 ject, lnldia stirilv climC,i SIt' pop arI)Rii partil; IiitIcI (d'
 
argues that prhas ttipCllSalilig shaiLC is jlust thetickCt f*t(r Ini1" ctrpS,

qullities. "PIllir IaIV I pllinlhuce as pariticuilarlI lealfy \'egetahles gl)\\'l in tie
n nli1nV 
I'IVls per ltitiiiI as tetir \\()(b(Is," says scorcling sprin, I)Cfcelite SlinniCr
 
I launsel. ''lil sillce it gmt, I'Fast, tn. '[lle decidtitoti 1 1i.,;
Iws IIe actual itnItll I ls which 
elletg -iiihcliil fili-i() Ci c dh leif fulllltiitil tlaIC sliing,(1 iivet (I sn't ll 
gtortidllt is ga)rat: apl- s o fkillish jisi 1te Il l of'r-i uttitll 

IC'le
I l1)(cIr I l)llSle 'lershii, seveTAl Ipi'tCti li, li'itiCultll' if s leIilOf itS 
ilstittli(ils tflu-Mi tillile I ili(l StaCs binc'hs iic' iilc'I. \lc,ix'vltihC', (fc'otlursC, 
Ctillcttcd spec'tiiiesll (Wil,l ilalr Species tIh'.shedding enrichec'tvc's thc s(til.


\'AruiC'tics. 165
:iilCl I lauisCIn shilp d Cutlinlgs-- A.s st,til isw( rf g(oi arirt tincl, xtial 
gl'Cli sticks iti(l tten inchlCs ftiur6.1---, frinCis ti dicl i the' (0)t)Itillit'v to 
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pnlait on the forest-service lainds. 'At first we 
didn't charge them anything," says AN. 
Chaturvedi, director o research 'at the Uttar 
Pradesh Forest Del)artment and m:inmager ofA 
the ILicknrow experiments. "Then we raised 
the fee to a rupee )r hectare per season 
Now, we're chrging 7() to o rupees." (One 
rupee is W()rill atl()lt eight cents. ) No w, 
farmecrCs in n0rth Indi ar:e tryvinlg t ) buv 
po()ll seedlings f0r their (mvwnfiClds. 'Ihe 
prrtrinrgs pr )vide fluel 1 )r 1h)cal c( mllmun ities 
ai s)minlet i ics addliti( Iial in(iic lf;)r the 
fitt'rmers. In falict, llal\ Indi:rn fImers have 
discowered hey cain iake nnca l(mrc 

farmning trees than, C()nventi()rital cr, )J)s. One 

tlr-iving tllet is the p ipl iduistr: Indiat 

currintly imol)rts much ()f its )ulp fr")m 

luir)pe, aiv 


hclia recent exieriences with, market 

iiceitives )l this Srt 1as sti rllkiatCtlI
( an 
enthuisiasmilir "ag -f'restry as the aIIsw'er 
t() the pr( blem of II(A), to get its ambitioLIS 
tree-plantiiig d( ne-rlying i)ir e on pr-vkate 
antI vill'age initiatives antI. less on expensive, 
4)tel c( mitr( versial, g wvCrniriient plantiig 
)rog-ilis. "Its only when we betiefit the 
itidivitlal lir-crithat We can lieieflt Iritliai Is 
a w'Il,'' Chlttiturvedti syIVs. 

BecaLsC )f their r-apit gr()wthIi, p,)' l-s 
seem in idceal cainditlate l"r the Iniliai 
iniovation kn()v'ii as slirt-r()tati )li fo)i-estrv 
After six ()r seven yeUars, when tihe trees 
reach aItliaiicter of six to ten inches a1itl arie 
over their 1ei0 tlOf rMiximinm gr(vth, they 
Will be cit l+[ 1iI'ew.,(,)t.1l, pl tr IRtlier, 
and the planting pr wess start,.'ill all (wer. 
S()rIe t1n itcdt States investigato rs a-e C'l()selv 
lallowiig Iitlia shl)rt-r()tatio>n experintieris 
with pioplar for- p ssilile ttaislatiori to 
Aiiiericain c(tnliti()ns. 

Of rC)tlrse, shor-i-totAtio n fatr-estrV (only 
atnieIs the l( ) en ( fStippliiig plainti'rig 
iiterial. Evei if iur-sery- iCl planting-stock 

takes the t0,m ) citturigs, a.s ill lalr- cisC, 
it would tike Ceas i grI)\V Cti)uglh iirt-iail 
for i siigle veali1s laintiiig under Iniliais 
aiOOiti( )t1 )f'OCfitiottirdii-ogi-ml. Ill piarticilar-
for-esters wutilt like tobe at1l1 i ) 1llrlt oilv 
itlerticatl ofpsl)r ig )f seleclel "elite" trees. 
Rapid ptOCltIcti( n will bec wn1e vita.il if 
resea'irche,rs ever master c i itlties of "bio
enigineerinhg" ti'CCs tIr)tlgh gC'iIe-splicirilg 

"Poplar may not produce as many 
BTUs per poundas other woods, 
but since it grows so fast, the 
actual energy productionfrom a 
given piece of ground is greater." 

techniques. It might, for exanple, hecmie 
)osil le top ,ide vplaurS vith the Same 

genes that give the silt-)usII its speciil 
toleran.ce tf>(,slt and111 )l mo ist ure.lack 

Indian tanists no)w rank amol(ng the 
workcls mo)t alept at the t!rickv' art ()f l()niilg 
trees fr()in culture ()If plnt tissue. Pioneer 
lab)rt()ries i the techn i(es tilethel inhd 
Natimal BoltaUlical Researcl Institute inl 
lAIcknow atnd the Nati( nal C(hemical 
la.iXtCtr v at PInIe. I)ating back so me thirty 
yeas, their Clf )rts irst Met success with 
oc-hids anI o1ier ct)mercially-valuaile 
flowers. Ab(ttit Clc:te :Igo, the' suiccetlet 
ill the Cre0Cli ctI It tsk ()I Cl()lirg V,'( )()tv 
laiiti'se, nmrelyco.)mieicial ly-valhunable 

friit trees. 
lssenitiall,; the )t)cCss iiv'(>lves 

subljectirg a fev cells m a sCedt ()I 
g ()vwiiig sla)()t t) a pi-e-se cr)nil'itii,> ()I 
gr \VtII 1i nuitr-ieIshcrntIs '111at it certai i 
stagcs in the I S grwtll c\-cle. thetlani Ihei, 
cilhtre is stei-ilizetd antI tr rrei--t t() aii 
artilicial gIv)th nietdiun atI :ilh),vet i0 
gt(A , trler cir-efu ll\-cit r tl( c )titi Ws of 
light :ntl temperattie. At i certain .Stage, the 
cri niaterial m\ le paIc,ickaged insitle i 
nttrienit catiSlC is a kindil ()I syintlhetit" setl, 
lint:ile like any, ()thcr. S 1iietifles, tl(uglh, 

tile Culture is iicuael);tlcii til it rcthies tile 
size N'.1 mitrnitiitre seetdling. It vhilc [)filt it 
is tr-MIsI'Crreu (It) a iLtrser aitI raisl't Is I 
l11ther21 tre, fi-0)m \vlich ilwe ii]Ui'Srv St( ).Ck 
is ch niietl. 

PRAu it as' the1'ae1 I(their tissue-culItttre 
successes, the Incliaris tlefer t) tle Americal 
geniuis l)r rirass irK)tulictior. "iIndia Itas micle 
lte lugCst C'(ilrilutlill It) the scilCce () 
tissic-culttre," si\'s Kli( s¢I)(). 'We set 
Ai-eicais iolo as licll)iig crlive't thlat science 
intr attechr1()lr)g\:" 

e/ld('F 
\ 13( 
7n,,, ALl is (i/fl'cU/L'e i'rriterb(isLd in 
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MONSOON
 

w" 

ri 

Before the monsoon, women seek shelter from winds
that whip across Rajasthan. 
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Weathermen Take a New Look at 
"Teleconnections" 
With the goal of predicting monsoons, United States and Indian 
researchers are investigating the links connecting weather events half 
a globe apart. 

by Tom Alexander 

n certain respects the summer monsoon is the worlds most reliable 
meteorological event: it happens every year within two weeks of a given
date. Nevertheless, the monsoons renmant unpredictability presents a 
serious problem for the ro1ughly half of mankind whose survival is 
critically tuned to its signal. For it brings the deluging rains that transfo)rm 
vast portions of Asia, Africa, and Australia that Vo(uld otherxvise be near
barren lands into fluitful larders for some two billion of Earth,; 
inhabitants. When it falters, as it has fr-om time to time thro1ugolIut history
multitudes statrve, conflicts cage, nations totter Rr .center){ n1owv,
meteorologists in India have sought to predict the monsoon, with a view 
to maximizing its beneticence and minimizing its malevolence. 

Now,under the Indo- united States 
Science and kIchnholo Initiative, these 
Indians are heing joined by American 
researchers Who, have an intense interest in 
uldCrst;!nding im ns()c)Ons. "ro)pical weather 
systems and part icularklyR ()1(!)ns are I()\W 
seen as major agents in the transfer of the 
sunS Cierg 'kllling in Cequat(ori'l regi( )ns to 
the tnid lat it !,ls, viWithi)(Awerflu eCffccts ()n 
the weather there. "The mn )ls()( In helps fuel 
the Wvorlds atmo spheric engine," says M.C 
Sinha, a researcher at the Indian 
Meteor()1()gical )epartment in )elhi. 
"Mediunm and ()ilg-rIangC folweCasts ()fIweaither 
anvvhere in the wrld Will have to) take it 
i11to alccounl." 

The STI ill()llS)(liCsCeal'Cl is dIivided 
iltm tw() p() Irams. Pr ()gli'1 I aiills t() 

perhaps years in advance, whether future 
mOlns()onlS will prOducC more or less tota, 
rain than n)wrmal. 

Currently, Indias weather forecasters 
generally pr()Vide sh(rt-range (two- to f()ur
day) predictic )f0 the arrival ( m )nso 
breaks and rains in a given regi(n with fair 
actlraic\ But thex' believe that with very 
large c11imputers ztnd: xx'o rwdxvidC data, sevC n
to ten-dlay fo)rVcasts are p)ssible. Such 
iedium-range forecasts WO\)uld eno irmo itisly 
hllnefit Indian Citrillers. "lkpicallx; 1or .example, 
Asi:a ricet-j)lu1linfg is a wCatlher-dellendenl 
tw)-step pro cCss. l)uring t IhCi()i,dry sellS(onl 
frn April t().ltle,farnellrs sm\ iwic- nhlvin i 
sccd heds irrigated b wells ()Ic-efullv
h(KIarCCd railIwatCr SUpl)lies. Oi ce tile 
In( I fln i'llillS:ri'Ve, farr1 l'quickly 

-rallgCimplrc v and extend sh()rln f IreC'astS (if tiais)lant the spRoluted seC!cllilgs iltoi larger
the mll()II5() l oSne ill'ala ius r'gil"S (f paddies kept lh)(d'ed b' the rains. 
India, as Well as tile timing and Ch inio)l Infrunal, farmLTrs catallxIat'iwlS be SIC()If 
lllnS()()l hreaks, hc dry spclls that aIriLat ust when thellio llSi has trul\' arrived; it 

With ra.in)y spe lls lhr( ugh( iu0t0 I ll()ilS()ilO 
se.is()ni. hasic andPr grall I1is h()th ell()rc 
mr()e*. s\'eCe2ping: it is strixin Illir sufLicieiti 
uilder.,taindillg ()f \VirlC-S)aUlling xve r-
pro(IduciIlg SN'SytemS t()predict, 1()ltllhs ()r 

in c al up () ll()iltlhis oftellV11)' t oIa an1d 
preceded h\' w'eeks ()fintermittent s oirms, ()r 
flse Ill o BLuitnsllS()S.(mce seedlings are in 
the il)aldd; the\' arC vuICr.ihle: unless kept 
lio )ded, yielIds alreC greatly' rCducCd, xvhile 
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two weeks without rain may be en-ougl to 
ruinl tle crop. 

By carefctl plannming based oil weatler 
expectati( ls, farmnler. st)it itmes h1trvest -,Is 
mnyl ;as I y'ear froni their limitedsix crol)s 

acreage. Better knl )vleclge of inlonso(ln
 
breaks also inipr()Ves ti. elfliciennx (4f
fertilizers anrd ipesticicles. (See article 
beginning ()I-page -1.) Ln)lig-range 
predicthins w(ould prIvid l ler I)eneits: il 
(()I examptl)le, farme'rs h,Ieve reats() l to bel ieVe 
tlhat the c)ling ni) r:is to1n50( In re likelx 
till-i.e., to be skinyp\v--tliev might elect to) 

plant dr'toutghl-resistaInt Strains ()Irice )reven 
forego rice l)r less-thirstx' crl*)Ips, like wheat 
()or
millet. 

L.ig-ranr~ge forecasts \wouhl be oA' 
inIestimal)le value to g ),,1rnm1ent anro s. 
Critically lepenldeit as it Ihs always I)en lii 
the feast ().Izlitine of, I)n5()(s)onal weatier, 
Inrdia. has (OVe\r the ceIturies devised 
elaborate water-i-anagem)el I )licies to 
control dlisast r( Lus flI Ids :nd1,l thlemclha:tlnel 
into large co)rlbilned irrigation and ly'dro-
electric r.eser\v'irs ()Ismall tanks or fitrm 
ponls. Aboluit hatf (If India's pi)Ver is watter-
ge eriteCl. l)eenliig ()itI alitun 1f 
ia'ifaill anticil)iteCL, water mIax lie deliberately 
releasel ()Irratiionec l to lie )lint (If* reduciigl 
cro)p yiel(Is icl I)r()tilig blackttluS. 
Planniei's woulCl also like t)Ianticil)ate 
iaiionwide agricu Iturat yields in ( irder ii) set 
exp rt atnd il"ii)()l- qu U.s f(W t0(1, (Ll)ItS 
thit will mtlxi m ize f lreign exchtigige witlitl 
I)inlchinilg ( i1estic SUlppIlies.

Like I()St tCaiher pIheltilileni, 
nl()Ils()t)InS ae divnC b,i te iue\'l 

Cliffreces: inl esseice, they,epreseit 
nitUlCS',atemI)tS It()Iequilize thcse 
liftereices. 'hIev Als) Ilreseit t 

ml0clificttoli (If the tr()Ipicil );ittern fItir 
circtultati( n IiIst sl)ecLitlt (I l "the 17th 
celtUl'y g(Lu)ph.siciSt lEChtilulln I lIIlle\' :tiCI 
\\')i-eCl (lilt inl letail inl 1735 b the British 
t;xvver ;i11 lilisl(l pier HeeI l:tdlley 
IItdlle\' sucggestedl thI tihe lirecC tixi's (If the 
Sin rII theWse1ittliOe at the' et:11ttlil 
hea',Itinlg tihe atlli()SIplierC' an1d c:tusing the 
xv.iim ail. I()rise. The ri.iling air Cl())Is, c:using 
its rll()istiire to c)ilcllse aid1ilAl as ri ill 
the trll)ical regi(ns. ineri, like :ti rising 
abox'e :t i:lttw and .peing all mg the 

Like most weather phenomena, 
monsoons represent nature's 
attempts to equalize temperature 
differences. 

ceiling t( CO)() lr walls, tile w-dry
ejuattorial air iro)ceeds '1)r(liwatdand
 
s5(lthd\\': b(l wx t\'
tlt)at tlircl Of th1e Ittile 
poles all descends. InI descending, the dr'ied.l 
eCCuaLtri, al air creautes the arid high-pressure 
belts-the desert regions )f Africa and 
Aratbia, northern India, Ausirali, and Cenltral 
America. Pat1 )fthis atir returns to the 
equat(tr, tile rest c0Intinies pl)lex,trds. 

When til ua(,.ClUtt(Iri;l air rises and I)egins 
to ft()\'e polewatcl, it carries with it the 
speed inluce.ll w the earhtl \'xest-t()-eatSt 
spill. At the eCluatr itself" thIiis :tl nt.s I) 
t1lAlt 1,100 Miles ani u(ml:Nvlilu ,1tthe I)lIe, 
the rht lllnl speeC is zer(I). Air retIIrn ing 
If' less \'el()cit\' than1I1 tIle Iiiid ft ituCes hats 
att ile e1:1t1( :tland thee )re taktes the firm 
()f, wiiIds bkl)xv'i ag frI)i east to(west-tlie 
tracle wincls tiat swept saiiling sIhil)S acro1ss 
the Placilic toI the Oriett inl ye:trs gone I)\:In
 
h)In' r (WIits cliscm)verel; tlhis t r()pical
 
Ii(t \veliient ()I ii- i'knt wln as Ilallev 
circulat i()l, IInL tlie oIlVcCliIg v()luIIlCs OF 
aiir IsI Iadlev cells. 

I tadley iliv()keC a illiili-ve-sioni of the 
glbal c'liveclitil pattern t(I exlatin 
ti InSO0i ns. As tie li IrthelrnI hei(i5s)hiete tilts 
tltt( IrtI ihe 5;tIIlite spl-ilng., i'()IpiCil lanclin 
nlisses there heai tIp raipil Ile land1(l
wIris ll t lie seas,l()'e rapidlyt IhI1n icliacent 
i);irtly becluse less eletgv is iecledl to Iheat 
si Ihi-n watil'; andil paritlv Iectise Cee) clcl 
water lilixes xvith the walm surface x'lter Ill 
sotlhrC Ind 1lae M1v IIr eairl'.tne, theI)\' 1 
se:i-ltid telipetitres liffer en)gllh ti 
trigge'" a, giaint versitii (I tihe sCa Ibreeze thait 
CIls sItintIlCll-is ( :1l'l('llt))IIs M11the 
bc'htCl. Air ir;isig fIi the hot0 1aid( 1)r()CIhlces 
;Ihx)-pres.s'ure regiltil C,\vilg ill Il(list tir 

(lithe :djacuicent scas. As this rlnlist air 

iteache.s tl1e t Cl\'Cti Ibeginsl() l Y(>)(.!:eiitl 
iSi'g, it c(OIls ;1t( Iihses til()istItrC, )i)CIdcinlg 
tihe tlhree-ni( IlitI i-Il)mg rails (II)ti:i, 
sitiiil:tr tol the liief thiitdersSt(IrtT)S Of* J 
costasl stli 'iktea'teriIn. 

Ci'enleiti,II f)iecastilg techilliclues thti1t 
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On India's west coast 
a farmer rejoices in 
the refreshing 
monsoon rains as he A4 ' 

and his water buffalo 
prepare the soil for -
the transplantation of .
 
rice seedlings. ' +
 

attempt to pl(It niovenments 01f o)n tile British C( laliair mnasses Coultrx; ll( goverinmet
weather maps d )n't .,,Irk ,Swell Intl-Ipicatl Slught Alvance warnings 'If'ltutre failures il
and lll()inf)()l IIWSN,. its thaey CO further ft)rt lethe• 
 l(ipes Of' illlyOVing the Inagem ent (I
As the m 15 - In prgresses no )rthwards waterIand f )ocl-st(ocks. (.Il(Inial 
across India, its mIllvemtunt bec Ilmcs compl+lex meteori l(gists pioneered the view 01' 
and erratic. Soime mete( )r( 4lIiSts sUlupect that wea'ther as ;I910lal mlchanisi firllof 
Sl tort- anid neClicium+-t'an- )e lmInuSOOn "telu llectiols" by whichI forecasts f"Ir-OlfV events 
wxvill allways be less reliable than we1ther ilfluece IhIcal OuLc'lintes. This global
fore-calsts fuIIrther nir1ith. lu rthelrro )r,anx' perspective is ii1w (m)e ( the dni iiatat 
attemlpts to l n nforecast ll)U th ( "t I\v thelmcs in in(ilern weither research.
days altead-whle ther inl tle tr-pics A Celtirv aigtOr the , ) mete(rIC IltlOial LtiSts
higlelr latitudes Of' either hemilplhre- had little kni wludge OI g1hbal mlechanisms, 
n VIl~alv veautler-mal and even Cmust a1h)ln(in the it' that klwl had existed, they

apl-ri iach in favOI r 0I coI )rtltet-izeCl had i0 Imeans ofl mileasioiing, Olserxving, Or 
cIlculattiots usilng wVOIrlClvidC Clata. Since preicdictint4heir a r liircacsts haL to
both t I nited States and India want to0 rel' on statistical correlattims--enrpirical
imllpr(we ft recasts ill the seven- to tenl-dlay Observ;ti (s that certain events ilndistant 
range, their respective neCdCs are aImatj r regi 'Is(if the w\virld were fihe lliwed 
rationale l,01" '11 atccorCling m iinths later Iv coi-eSpolding evets ilnthe cTipuratiol, 
to PaImnela. Stephens, a IlloC1I(Illgist with tlie (Ithcr regioiins. F Ir cximplC, the Indian 
IUlnited Stales Nat ional SCicelCC IOi11Cltitn weatlhermcil )redicted sI(l .SI)nrainl:Ill
 

)ni Il iject ma1'naager things as disparatc as ha nimetelrand mll( -r( on the Uinited ti-nil 
States side. "The Indians need it' raCldilgs in South AiC'ica, Sotth Afiricai, andi" lil cling 

expertise, and we need their expelrience ail ZanZibar; ra inltlfi in 51iutliern Rh(xlCsiai ail 
icculltlated knoIwledge a)tlti tle IiIllesia; l(Viw lllt iClS in tileAIccu ill 
monsoon,"says Stephens. I Iimlalva; n \ViIter tniturs-C in lI)utch

\X'hil, short- and Illcdiiili-ra ge habi itrs. 
forecasting 01' il( ln.50i in lls mivay be hartlder ])ll,(Awing inl that trilitio n, Indian 
tlal In id-lititulC fict Iig, I Ing-r;illge weather I'Irecasters 11W t-i+luceI!piict i(n,)SpiJcIl 

111l15(l-n lirecistiing illi inll re,,l)ects are cOillsiderali e.rldl;ill, that et_thlv n In
be Casier. This illllpurtlit l)erceptilnnwis guCSw.\Vik. BUllhey\: 1ig li.ssCCl (llt ol tih 
sensed l( ng ago Iinlndia. In April, 1986, i1l gret.l I-ev(Ititt1i tha tswepi)t 1ihriuigh0.1 WCsten 
flct, illfiiivOf, the \virlds metC'li( Ili gists filet melc1l-oigy inl the late Iwrtics and Carly
in New IDelhi ti cOIillenl.liIrate the 100th lities, atrCv( b ilthe LIS IiolutiN+mNW 

anniversary 0I'kig-range t6recast ing iln c liputers and tilhtmlllatical llodels that are 
Idial Alter ill(1 nl5(Ili likli-Cs inl 1877 and g)LunedC.C illthe fundamtal phsics iOf tiid

1899 I)i'ought deltva;titilg 1nilICs (0 the linti n. .k1hn vin NCLlI;Imnl, OfitIllnCgalr'ld 
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Changes in tropical east-west atmospheric flow. sometimes called Walker circ!lation, account not only for El Nifo 
and the Southern Oscillation but presumably for monsoon variations as well. As long as the circulation moves 
clockwise (top), it sweeps warm surface water westward, causing the thernocline, or boundary between warm 
surface waters and underlying cool layers, to be shallow off Scuth America. The upward movement of warm, 
moist air produces heavy rainfall in the Western Pacific. But during El Nifio (bottom), the flow reverses and warm 
water flows eastward, suppressing the nutritious upwelling, driving fish away and producing heavy rain over the 
Latin American Coast. STI researchers are exploring how such changes are related to changes in monsoon 
rainfall half a year before and after, and thousands of miles to the West. 
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as the father o the modern electronic 
c mpiiter; originalh'(lesigned that machine 
Wvitil weatlielr th)recasting in mind. In i9.t9, 
and meteol)gist .e,C(hane ' WittCL a 
famous papier that speClled ott the basic 
weatheCr-no)ldling principles. In this 
approach, )servations )nwinl, 
temperaturl,and preSSUrC :1-C CIllectcd 
arndllltl tle wIrhk[ iand arIclIete'd inia) 
unif.ril glrid ()I' Thcse arC'numCrical d;ta 
I'd int( illm Idel, whicl the0n ctlculkites 
step by stepll(AV intdividual parcels (f ai 
Will be heated, llistened, convCcted, and 
swept ai(ng t generate weatlhe. 

OvCr the yCarss,a 1 (If vniglllnum,11ber(" 
Ilndian lntlC()i'()l()gisIs cainC Ito[ Ie lilcd 
StaR's t( ICarn the at1If imrlicall weathc'r 
piC(Iictio n. ITiVtigh Sl1, Indial is ICap1ing 
IrtUrns fl'(thes Cexpatiates. Alll(ng themn 
is 1]N. Krislinairuti llFh rida Slit 
Ulieiversi ',;wlil) arivcd in ileI Inite,d Stales 
in 1962 and lltw co( ndinaelsIt nited SiitCs 

A centuryago colonial 
liemeteorologistspredictedmonsoon 

rainfall from barometer readings in 
Zanzibar, snow accumulationsin 
the Himalayas, and water 
temperatures in Dutch harbrors. 

nler:ged f'() s'ciCllicl toe cLri(tsitv 
bem lcm lthme ( )Ipics in-ne h(Ittest 
llotCr()IhlIgy t( lda\: First ll()tiiced I\ several 
19til clnt ureie\' n i ists, it was best 
luscrilud l) Sir ;ilbcrt \W'alkei,; a Caml)ridge 
I r matileniatician p)(std t(I Indiai intlivenit 
190.1 :is ilhe InliaI)irecCtoi- t;ciieno'il (4, 
MCteonIltIgical I epalt nt. \Walker 
spCcialize'd inl linding c hrtctlaiolns Iectweeln 
atill()sl~hcric pressulc clhangcs nni vervln 
Clistant paits ()I'[lt id. 

\Valker delined the ,,Iulthe n ( )scillation 
illthe I'l)\(wing trlms: "\\ICn I)FiU ressuis 
high in the Pacific ()cean, it telnds it(be low 

rese'arc'h tindIe i] I. ill Indianli )ce'an lUnlllSIS \I()nls( )Inn Ig)l.4i-:iill tile Afric'a to) AutSalia.i. 
iKrish is ()flten credited with being the Iirst ito The'se c(ndit il ns llC ,iss()cilcte witll low 

em'lphasize the illip rtanc t)I I)picalc evens 
in kr)l'ecastin1g weat hci, even i lt IIIte 
clitilcs. IIChIs aithI(Cred S rteliIfthe I)Cst 
conlmpute 1i and me'ditin-llI(Cls fIrW slI(nl'i-
termi'll(InsI nfinrcast inlg.n 

se -al illan )articiplnts have bCenend 
visiting Kiishnalllllis I'lb in TillahassC t) 
tnlldifv litl()ccls i)IrIse in India. One., A.K. 
ll-hll t fh ndi Mel )ilIl Itgical 
I)Cpami-tcnlt inl I)elli, ictit Iv c'irm-ied :i 
vuiesi)n (A' Ki-islis iegil>nal nntieol to Indiia, 
VhieC it will be testCd ]f'i" sh()pCriit i Il 
tei-i i-cc'Gisiing. At this tilii.. I(nwev-,; India 
haIs nt> c)inpitelCi l tIo)Il-gC a1ndl [a.IiC ll()lll 
C'l)it~lliZ( (ni IlmCitlil1-Iillgc (live- il)suven-
day-) ftl)r'c:iLstiin inlml Idl, I)utt le I niiltel StlC's 

teinpeittUies illbih the'se arCaS, and1 ranillll 
the (Iiolvar'ies ill pp()Isite dirct I()pressUIr. 

In CssCncC, It'discciiel a seC-sa\V 
irClatiluship c astclnlm linctig 1ile Iacific 
\with i1'cvestcln-Ptciitc O1cn gion.Inlial (call 

IIcdteduccd )h1titite scc-Saws aIVeIlntIt
 
hIiuing \nilIe and slpring was ;Iprtty
l 

reliall indic'ait ir )1m rInlifill ill the()lSI 
Ii1h IWvin, summe' 

C)utsiC (If India, thC sCe-sIws 
signilicancC i'ialinCd (Ibscul-e until the late 

90rt- thc Ntnivegiui-I)(-i n scientiSt,19(0s, whe'n 
*iici)b If ,cI, lllCteCCd it with.1e1rknc0sB (f' 
antlihcl- ineel 11nt1)Itgil ttliilsit\: Fl Nii-onI 
cvcnts illthe e ,isteriiPacilic. Ntincd Iw I8th 
cnltllV I)cRlViln Iislelni flithe (ii-ist 

iigl-eniClm1n tinder l"whic 1 111(i l (ulicIC(ltlilV 
an11adIantced soipUrct)nIpilCT.NIcn\vlilC, 
Indian scientists arelitestiilg, silnllipli id 
velrsi(Ills ()Ifgil 11Wl 111itdh a rs (Il n()ll-

q)mctlti 'Iinal basis, 
(Uirt-en!lil' lle nl(st pt'()illisiilg adv'antces 

illhngc'i- tlge weathcr Iwlecc il lil lil , 
thC \\estCil l l(ICling witlliWpich 
inpmn11iml discl v'lrics fiist iclentilied iill 
Itlidi's staItisticatl ii-:(lilin. ()ne such 
discO v-'V; the S( 'iLitl C ()sciIllti ,nllI s 

.inI Indioin £()verinllcills tie \v(llking (i ianl (iil., F Nihit is A pecCulia- (hm-ist11 tstimC 
\\Vatll'in4 ()f seaCsurice theA wall,spCliligng 

lis ing SCiSl 
Pacific ct();ist.\Vlien tllat WXtli-llging I ctilS, the 
illnil uipwellin f c ld, nUtr'illt-r'icl sCl

hItl n watrl ti \vllicllish thrivc is 
sti)I)tCssCd. Tilllh Ilis hiipCns CAch 

end f t()h Ill off Iitil An C'icI'a 

((51 tl, 

rirstI le tir FI NifiPt fimnthe m-taliv sevei 
CpisIMCs th'i "'Ctli" 

I)cCC ll be,tI" teilt sciClliSl; it1W 

CCry tll-c i(sC'ei 
\'caits \\ith flli-flung t(nisc(itlctts.A 1973-7i 
l Nii') wiped Itti) t he'Ctci(ll I)fI i'tii:lil and 
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Researchers have discovered an interesting correlation between poor monsoon rains and El Niho. Comparing the 
amount of rainfall over India during the three El Nibo years of 1957, 1969, and 1972 (upper graph) with the 
average sea-surface temperature in the central Pacific during the same years (bottom graph), t'y find anintriguing pattern. (Zero on the horizontal axis represents normal sea temperatures and rainfall.) Monsoon rains
that normally fall from J2ine to September are well below normal, while the temperature of the sea surface,
slightly above normal in January rises steadily until it reaches its peak in December-the onset of El Nifio.Meteorologists are keeping a careful watch on sea surface temperatures and monsoon rain" to help them predictEl Nifo six or seven months ahead of its arrival. Someday, El Niho may help them predict poor monsoons. 
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Itihited States anclhoies, which :are videly 
used as liveStock ICCl, helping to driu up The 1982-83 El Nino triggered 
corn and met1 IricCs arotund the worl. storms that inundated parts of Peru 

Often the direct thre ts 10tiiu:t lil and Ecuador, rearranged beaches 
aire even inutre se\ere and Fir-reaching. *e in California, and brought cold 
1982-83 I-A Nif-io triggered St()511s tllit waves to the eastern United States.inundated parts i) IPeru alnd lIctiadi r under 
II ut () rain, rranged Ibeches in Ihat tri()ipical heat si irces create waV'
 
Clifornial, and ri)iilt c(id-waves tha;.t I):.Illclrns gae n()rllleastwlrd acr()ss
tlat 

Cxh:Luste'd heCating-()il supplie2s illthe eaIstern lite P(lcific 1t0 affct wcatlher at higher

United States. Prits (fAustitralia, Africa, latitudles. Thlis is (i ni irmous illterest to
 
IndinesiL, andaavsia withered tinder N nih ll ircoasterls.
Ameiican Iti 

drii()ighls s o severe, that 
 in Australia, fir Likel' causes )fmonsi()I infailurcs,
 
Cxamnple, eLntire IMwns were c istinied iii mete ir(>'(igists suspect, arC eVUelts Ilhat Cither
 
lire-stoirnis. And, aS himsllI \ I '() we1stle hi)t sp()s (W shift them
Wlk r u c) ihCif 
hla\'e predicted, six mi()nilfs later, the Indian If, f()ir 'lstwr. exNli)le., the nIM)rn1, ,Smalte () 

insi)l leuiled. the Si Illtern ()scilltion----wil I(Aw pressure
The aIss(ciat i(l (&1thesu Cents \wIs"if in the wecstcrn I'acific and high pr'.sstre in
 

dramatic c()iiflirmaitii n (if"tlle telec(rmnection the eaiste,rn P'lciflic--fllips, tle tiac wildS
 
Bljcrknes pr')p( lhe NiliI btween El -iiladth either lIlter ()rreverse directini. 'ile
 
S()ithern Osci lat ioin. TllIis El- Nin(i-SOtulthe- western ll(>t l
5s t, thcn, re!iv simply sl)readS

Oscilltion syndom.e is ni iw sui firmly ro(ttd1wvrd eastwatrd tSO the Pertiian 
ciast, creating
in meteot~rok igists ( i~re that titevi (+nlvi11 IlINifx. All Ilsappl.s Iii cause naj()ir shifts 

the acri(mv FASO '['liefv 
exl)anatiliii [()r INS() ci nsists (f ;in ()ccai- ur nsi iou. 
atit1 is)-l(tr iliteialc t iioin. lC tt1(i+VlrclA ,\ iti I ltIit2I i)ItuI gical 

•sh()irtel it Ii) iNS(). d in wrdi atlher pa.lttlrls, including the 

(
comp(icnt is called \llkr circul'at ion in Sir Ihiii tlucia, the ENS()-niins(in clhin f(
;il)erts hi n Iidl( ;ts inluen2c n3V b ais evei its seems t( be ci rcu far: while El Nifio is
 

importnmt and ir-realching I a go p()dictI)r ()IfeIbletC i( is )nrainfall
as Idv 
circClLti)n. \hile 1i batsic:lly n( rtll-I tlhCV's is 1he tlhiiwing sunmei.t; the level ()I*l inmsi)( M 
sotith and \\',Ilke1r is UIst-w'cst, s(ine believe iaiu till is ils() , air r'edict>r (i tle( stale fA' 
the t\V() intimlyt_,I\ co(pled. In the "-toutihern ()scillation the l()Fli)wingaire 

ioin, the 
ttrpics aInd grCaItly inlfluncC it elsewher. predict moiisi(>lis, FA Nili s, and ither 
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cilled \\'1ker cells. Reit rcseat'lrch sug4CSLS Su)seqUtCl; SluIlkli\%tt)ntl tip atl;IIT d)ing 
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Among the tantalizing fruits of STI monsoon research is a single equation that predicts average rainfall for thewhole of India during a single monsoon season. It employs only two simple parameters-the location of a high
pressure ridge avr.r the Indian subcontinent during April and the general upward or doa:;;vrd trend in barometric
 pressure inDarwin, Australia during the spring preceding the monsoon. The equation was formulated by J. Shukla
and D. A. Moo/ey at the University of Maryland. The graph above summarizes how the equation would haveperformed over 32 years: Each dot represents a prediction for one year. The slanting solid line indicates where
the dots would have been had the prediction been perfect,, the dolled lines represent errors of plus and minus five
 
percent. The graph shows that forecast errors of more than five percent occurred in only seven years.
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simple equation Shuikla and an Indian 
colleague, D. A. Moole, have derived to 
predict the total rainfall inIndia for a given 
monsoon season.Tihe prediction is based on 
only two easily-nleasured parameters-the 
trend of the ENSO barometric pressure see-
saw between April and.lanuary as measured 
in Darwin, Australia, and the location of a 
high-pressure - IJge over India in April. Using 
historical readings of these two parameters 
from 1939 to 1984, Shukla and Mooley lind 
their equation could have predicted the 
following seasons rainfall with no more than 
a seven percent error 

Would-he weather modelers inboth the 
United States and India haive latel\' beguIl 
paying more attention to something thit 
Indians vorking in the old statistical tradition 
noticed Iong ago: that the intensity of 
nrnsoon rainftll and the breaks b)etween 
rains seem to follow patterns. Tlhey are 
paIrticulaIrly intrigued by evidence that 
rainfall intensity during the monsoon seems 
to behave as though it has peri)dicities of 
about 10 to 20 days and a1)out 30 to 50 days, 
with averages of 15 and 40 days respectively 
Evidence of these two patterns has been 
found elsewhere in the tropics. In recent 
years, for example, satellites have revealed 
patterns of parallel clI Id Iands that seem to 
recur over the samle regions at roIighliy 15-
and 40-day intervals moving generally 
northwards during the mo)ns)on Season. 

What these cycles represent is a matter 
of considerable dispute. Some, like monsf )on 
specialist Peter Webster at Pennsyl-ania State 
University, believe they occur becaiuse falling 
rain cools the underlying earth and halts the 
rain-generating convection, sC) the center of 
convection and rainfitll shifts nortlhward toi an 
adjacent wainl area. Webster believes that it 
takes 10 to 20 days for the earth to heat to 
the convective p)int again, acc()uilting for the 
average 5-day\ c\'cle. Othcrs think itis not So 
mich the Cooling and warming ccle tlat is 
important as awetting and drying cycle. 
(Rising humid air tends to reinfo)rce 
convection once itstarts, since as the 
humidity condenses into rain, still more heat 
is released to the surrounding air) 

Still (thei's, including R. N. 
Keshavamtlrthy an-id Ihis Colleague V.Satvarn at 

Shukla makes the paradoxical. 
seeming argument that long-range 
monsoon forecasts of monthlyand 
seasonal averages may be 
fundamentallyeasier than short
range. 

the Physical Research l.alboratorv in 
Almalildakad, believe thit both the 15- and 40
day cycles reflect wave- or eddy-motions 
perturbing the mnsoon winds as the.'y flow 
past the tip of India. These eddies gr)w l)y 
spawning convection, which in turn eIeds on 
heat released by condensing moistiure. In this 
view, the explanation for the average -0-day 
period isthat the wavelike influences simply 
take 30 to 50 days to travel aro)und the world 
bick to theii starting point. In fact, Some 
meteorologists claim to be finding evidence 
of this i0-da\. cycle affecting not only rainfall 
but also pressure, temperature, and wind in 
places far distant from India. 

Whatever the explanation, the existence 
of weather c\'cles Would have obvious 
implications for forecasting, especially if it 
were possile to discover the various 
influences that make these cycles vary in 
length. in fact, a whole new generation of 
computer models, called spectral models, has 
been emerging inlrecent years based on the 
concept of weather as a co tmplex product Of 
many interacting, globe-sptnning wave 
patterns. 

For all the exciting discoveries that STI 
researchers and others have been making 
11ot1 glOIbl mecianisms, the connections 
are not simple, even though they, are often 
o)bvious. SonIeCilC, 101)r a givenexample, 
ENSO state seens to O)ccasion floods in 
California and at othCr times dro)uglts. The 
challenge now is t) unco)ver the hidden 
linkages that transfoim these apparent 
cointradictio)ns into o)bvioLIS outcomes. 
Mbini A/'.'citideris (1,lv'nc writerI is''d in 
\VIshitiqlon. I).C. 
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SOLID STATE SCIENCE AND ENGINEERING
 

In remote villages that have no other source of power, solar energy often provides lighting and refrigeration formedicines. In this village of 4,000 inhabitants 35 miles outside New Delhi, 3 solar panel provides power to pumpdrinking water from the community well. Villagers proudly demonstrate their pump to a visiting American team
led by S. K. Deb from the Solar Energy Research Institute. 
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Solar Power and Microorganic Miners
 
Amorphous silicon may make solar cells competitive with iossil fuels, 
while innovative mining methods go to work on low-grade ores. 

by Jane Alexander 

~rom its first application as an exotic power source for spacecraft in the 
early 1960s, photovoltaics has often tantalized ie energy commnity with 
its magical ability to make electricity from the sung rays with no noise or 
moving parts. By now a $200 million industry has emerged, producing
solar cells to power calculators, watches, radio transmitters and repeaters,
and navigation aicls, )lus such things as irrigation l)umps, desalination 
plants, educational television, and refrigeration for medicines in remote 
villages. Even a few experimental utility power stations have been built. 
But if photovoltaics is to frilfill its promise of competing with conventional 
large power stations, it will have to become a lot cheaper 

A. D. Krantz, who coordinates the STI 

photovoltaics program for the UInited States 

Department of Energx; says, "The cost of 

photovoltaic panels has droppedl frlom 
hundreds of dollars per peak watt 15 years 
ago to $6.00 a peak watt today But to make 
photovoltaics competitive with fossil fuels 
and nuclear i)Owei the cost will ha\ve to drop 
to $1.00 or less." 

Krantz says that such things as 
automated production and large orders can 
help reduce costs, but to get the rest of the 
way you need better technology 

That technoi g may already be here in, 
the form of anmrp0ho)is silicon, a kind of 
silicon in Which the molecules are randomh, 
arranged instead of being rigidly aligned as 
in the crystals that hatve been used tor mo st 
photovoltaic applications until nOW 
Conventional solar cells are made on wafers 
sawed from cylinders or catst blocks of highly 
purified crystalline silicon, an inherentl' 
expensive technology that requiires aIotI)t 
hand labor Amrplhous silicon cells, h\' 
contrast, can be mass produced on large 
sheets of glass, plastic or steel by the v;acuumT 
deposition process requiring much less 
materials and labor. The process is more 
suited to mass production. And because 
these d,.posits can be very thin, less than a 
micron or a millionth of a meter thick, less 

of the costly material is needed. "The low
cost pot at the end of the rainbow lies in the 
use of truly thin-lilm )hotovoltaic cells," says 
former I)OFi scientist J. Richard Burke. 

In calculating solar-cell economics, 
theres a trade-off between cost and efficienc, 
efficienc, being the measure of how1much of 
the solar energy that falls on the cell actually 
gets converted into electricity. 'he lower the 
efficienc, the greater the area of cells 
required to produce a given amount of 
electricity So going hand in hand with the 
pursuit of lower costs is the pursuit of 
greater efticiency 

Early commercial anlC)phouis silicon 
cells were only a)out fl Or ive percentor 
efficient but have been improving rapidly 
Devices now exist in the laboratory with 
efficienc) , of more than 12 percent,
comparable to the best commercial cells 
made of crystalline silicon, which approach 
I- percent. The main drawback of 
amorphous silicon technolog, , however, is 
degradation: most amorplh( )1s cells lose 
efliciency after exposure to sunlight, whereas 
crystalline cells do not. "If we could make 
reliable solar cells with as much as eight 
percent eficienC, and reduce the cost to 
below $1.00, we could revolutionize the 
world," says Krantz. Already there is a large 
market for amo)rphous silIico n-ab()tit $50 



With the solar panel 
in place over the 
well, a villager 
prepares to pump. 

milli( ) in consumer products like calculaI rs 
and watches," st\s Krantz. 

One po)m isingllt)r(i)ch t(A',ard 
increasing efficiency (Af the sili.)n is the 
iilijutiictu)n cell. lWv c )ml)ining lVers ( i 
difCent am Irl)lIMins silic( i alh11w\s, each 
tailoredit>(resp(imd t i lSpecilic patrt I ithe 
light specruin, it mtv be p issiblu tI make 
cells v.'ith Iliciencius (f I5 t(i 20 percent. 

The essence t the SIr i)ject is to 
gather new funldamnltal kniwleldge about 
:tmorphl(>is silicin, It lprinb the er heart 
of latter with the g malof imlpr(wing 
elficiencv\ and hi\vring the C ist (if 
pIhot)volttic culls. Krtniz emphasizes the 
basic nuIre,Itf the research-. I sing such 
CXo tiC' measure-ne(tIt tUchniueS asIaser 
RaIman Spuctr( 'scp);p i(s.itr( ,IIannihilattion, 
and M issliaer sttudius, Indialn and Amliericatn 
researchers are exphwinlg tIllt>plical, 
elect rical, and l)r( inpettis dIructuralI 
suitie aki;ithvs, suchI As silicon atnd 
germnanli utn ,ti d siliic il and carlfNin. l.atur, 
tile, will in\'esligate better Inutludids l 
dexisiting gasetS IIs siliici (in sulbstrate 
waflers and (ither ways o)f imllp-t\,ing tllt 
mnfafctturing lices,.,s. 

A major draNwback of amLorphous silicon 
is the nl\'ster ioHIs StICAller-\VrOlski 9ffect, the 
lighlt-induced d(egrada,_ti )n resp( nsible fh )r 
eflicienc l( I.s'ss. I, )r utst5(s [I() (noefhill' 
tLiLidetCranMdS, Ille sunI rlt\' GitiseCttn( rphi itis 
silico)n thin filis to hItse as miti :is 2() 
percent efficiuncy in tle first var (Afuse. SlI 
researchers arC trying to( ot(lain not only a 
t.e( iietical understanding ( I lie efkuct but 
lsM aI wa (A L it. If successful,circutmventing 

it will make a significatnt impact tIin the 
wrMds energy future. 

The mineill.ral ungiieering portio of tile 
slMid state science p-gr:tm. \wh ich is 
matnatged b Ianga I imandur i att the 
National Science l:(Aunldattiill, is I wie
ranging in\vestigattiii of, m 1tn.pvifl)h.iiis thatt 
now atfflict the mining industry Beset by lo, 
and flucttulting lineral p>rices, rising 
plr)uct ioin Co sis, stricter p) illutioli 
eguLati in, declining niin-frr-l-OIs ti0t 

reserves and grades, the mineCratl industr\' is 
seeking ciuaper wa,;\'s ( f ext racting strategic 
metals fr Imii hiw-grae )ires and reIWering 
b\vpnidtIslIrml nine 1tiliigs. 

A bettur appmach to these pi)bllms (A' 
extractiin and pilt-ificati n, many belie\,, is 
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to borrow a trick from nature and put 
bacteria to work. 

"Bacterial leachiig is an age-old 
phenomnenon," says Tlipan/ Nukherjee of the 
United States National Science FounIdattion. 
"Where water collects, bacteria do their 
work,We have vast lhw-grale reserves of 
copper; zinc, and lead ilthis cOultry in tile 
form of sulfide ores." But enfvirotnrmeltal 
concerns have necessitated the installation of 
scrubbers to eliminate acd-rain rodLIcing 
sulfur dioxide. Since bacterial (1)n 't iroduce 
that noxious gas, it makes sense to augmnent 
their natural leacllilg pro)cCs,,. 

"In tile IlCnit.d States nearly 30 percent 
of our cu)per is already prnlduced by 
bacterial leaching," says Mu kherjee. 'But 
bugs are fragile. 'lhe muhil)v slowl\: The 

- nd 

Mounted on the rooftop of the village headman, this 
solar panel made of crystallinesilicon provides street 
lighting for about four hours a day and powrs the radio
and television for the community center From left to 
right, J.Pankove, SERI; Mitra, Department of Non-
conventional Energy, India; R.Tsa, SERI; the village
chief; and a technician. 

Bacteria do their work cleanly and 
elegantly. Some get the energy
they need by oxidizingthe sulfurin 
metal sulfides, releasing water. 
soluble sulfates of iron, copper,and 
uraniun. 

prob)lem is to lind out at the microbiological 
level what microbes are doing, how they 
feed alnd reproduce. Then we can hel ) theml 
along." 

A related )robleni lias to do with getting 
the most from low grade ores where non
ferrous resttoures are poor and the 
percentage Of metal in ore is low From one 
tol of rck N( u get two to f')ur ll)ounds of 
copl)e; for example. Tlre nio untains of slag 
fr'tml most mines still co ntain valuable 
copper, but mines are small and isolated. The 
most eflicient and econcm ical wa, )f mining 
the remaining c pl)er is to dig ditches 
aro(und the slag heal)s, sprinkle water in the 
ditches, and let bacteria grw naturall\ 

Bacteria (o their work clean !y and 
elegantly Members of ti e rlictbaci Ius fan ilx; 
for example, get the energyv tie\, need by 
oxidizing tle sulIu in metal sutlidcs, 
releasing the metal Iswater-soluble sulllates 
Off irln, CO)per; and lraniil. These bacteria 
also excrete sulluric acid, wihich1 'lids in 

sel)irating the metal from the ore bd\ In 
aiddition, when th iohacilli )xiclize iron, tie), 
tulrn it i nt :Ifa)rll that CInl ()xid,,,e otler 

res. "Il'sineat little cycle." says David 
H FElectrics Corp)rateIlolmes c f General 
Research aidlI)evel plent Center in 
Schenectacdl; New 'ilrk. "1leres a bacteria thait 
has its 	cake and eats it." 

lButbacteria w )i-k one cofsl)wl: Sc) the 
SI1projhcts aims tc) speed uip the rate at 
whicl 7'.iobic/llts firroo.vians, one of the 
illmSt c()c)nllllOll 0gailismlls illtile leaching 
process, extractsimetal fron ore. In the past
decade, G.Agate in the l)eparmntlni of 
Nicr biologv at Maliarlstra Ass )ciation for 
the Culivation of Science Research Institute 
in PLune and his co'lleagues have amassed a 

good collection of these littie organisms, and 
they are stidying such characteristics as the 
vav various strains gl'()\\',metal)olize, and 

reproduce. 
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Holmes will collaborate with Agate in 
the selection and breeding of the bacteria 
with the goal of improving the rate, extent, 
and range of their leaching capabilities. 
Holmes is using recombinant DNA 
techniques to investigate the unusual 
biochemistry of these interesting little 
organisms. He want.; to find out which of the 
improved laboratory strains will be tough 
enough to survive in competition with 
naturally occurring microorganisms in 
concrete leaching ponds. He is looking at 
ways to genet-ally engineer superior strains, 
Many bacteria cai- be poisoned by toxic 
metals or water terimeratui.1s that are too 
low or too high, for xampie. 

A second projc('ct strive. to develop the 
appropriate computer software to find the 
most efficient and cheapest ways of crushing, 
grinding, and floating minerals in order to 
separate them from their ores. 

"The knowledge we have gained as to 
when and !vowto carry out each operation 
in the mining process has developed 
gradually, elnpiricallf over the centuries, 
."ays Mukhei-jee. "Playing these steps by ear 
means many of them are inefficient and 
costly Now, however we're beginning to 
analyze the entire mineral processing circuit 
with computer modeling." 

Many large milis process as much as 
100,000 tons of ore a day and handling that 
amoun, of material requires caieful controls 
at every step of the mining process, 
according to S. Chander at Pennsylvania State 
University The quality of the ore may change 
from day to day or over the life period of the 
mine, and it is important to know how those 
changes will affect the end product. 
Computer modeling can describe exactly 
what s going on in each stage of the circuit 
and then advise when to add more or less 
reagent (a chemical that aids in the 
separation process), speed up or slow down 
the grinding or crusoiing operation, or 
change the anmunt of ore that is fed to the 
mill, for example. 

STI researchers are also trying to 
develop a computer model of coal-flotation, 
an important step in cleaning coal. Most of 
Indias coal leposits contain lots of 
impurities, such aIs ash, that can't be removed 

by simple washing techniques, and the 
United States faces stringent environmental 
requirements for removing sulfur from coal. 
So both countries can benefit from the most 
efficient and cheapest methods of removing 
impurities. 

Fine coal is cleaned by mixing it with 
water to form a slurr; then blowing air 
through lx.nks of flotation cells, vessels 
containing agitators. 7,th the lhelp of 
reagents, clean coal levitates to the top, and 
the waste material is withdrawn fr-om the 
bottom of the cell. Depending on the kind of 
coal, differing amounts or kinds of reagents 
and varying alounts of water or air are 
needed. Computer modeling will aid in 
designing the most efficient circuit 
configurations and optimum operating 
,onditions for a particular quality of coal. 

The last project focuses on developing 
new and better reagents to separate minerals 
from a variety of low grade and complex 
ores. 

While the solid state science and 
engineering program got a late start, 
researchers are already hard at work and 
highly enthusiastic about their wide-ranging 
liojects. 
JaneAlexander is a freelance writer living in

in to D.C . 

78 

http:terimeratui.1s


APPENDICES
 

Indo-U.S. Science and Technology Initiative
 
Project Activities 

HEALTH PROGRAM 

Prv/icI Areia & "ille 

CAAIA1Y iF'S7i'AII I 
A Case-control Stud' of Senile 
Cataract 

NUTI7'0NAL lLIA )NIWS" 
Anterior Segment Collagenase 
Activity in Keratomalacia 

Absorption of Vitamin A in 
Diarrhea Treated with and 
Without Oral Rehvdr1Ztio(n 
Solution 

Use of M(n()ch)nal Antil)dies 
for Early I)etectio)n of Vimi nin 
A Delficiencies 

Laborato)rv and Clinical 
Studies of les'I)isease 

I. BLINDNESS RESEARCH 
U,.'.',ir S3cie'tlIs 

1)r: R. Sperdu)to, CO-IlT, 

) R. Milto, 

)r 13. fnder , )( d, 


National E e Institute (NI!) 

Dr. V Redd; 


Oaland I.LnikVersirv 
Dr S. \-'lr1m,, 

Uiversity of)Nalrvland 

)r. S. Sri'astava 


University of "lexas 


)r B. LndCrw(od, NEI 
)r I). Newsome, 


Johns I lopkins IIniversity 

(thr()ugh 1985) 


Dr: R. "l'h()If, 

I Iarvard Medical School 


Pr B. 1,'nderw)od, 

:.o-Pi, NEI 


i)r. R.*'hoft,
 
IHarva rd MCLei cal ,Sch()()l
 

Dr. C. Schepens, 
1"lrxv;ard I Iniversith; 

I)r, C. Kupfer, NEI, o-1l1 
)r. R. NusSnhlatt, NEI 
Dr. S. Meyers, NEI 
Dr. K. Mittal, NMadurti 

University 
I list()c(l)mpatibility "lesting 
lranch. National InsituteS 
olfI lealth (NIl I) 

Dr. R. Auerlha|ch 
UIniversity of Wisconsin 

Idian Seliollr Scientiws 

)r M. Mohan, Co-Pil,
 
r)iK. Ramachandrn,
 

)r, S. K. Angra,
 
I)r A. K. Pral lakar,
 
I)r N.Jafftry,
 

;and
D)r. R. I.. M 1lhUr 

RajendI lralPis.d Centre, All 
lndia Institute of Medical 
Sciences (AIINIS), New 
leuhi 

I)r V Recddy,
 
DrIR lv.dd;
 

and 
l)r RagIhuranil, 

NatonIa I stitUte of 
NutiNtion (NIN), I lvderlabad 

Dr. V Reddy 
Co-PlI, NIN 

Dr. N. Ra1ghIUramlu, 
NIN 

Dr \IZ. MuL hukkaupl)a, 
PI, Madurai University 

D IZr. NI. Pitchappa, 
NIadurfi UIniversity 

Dr. I? Namplerunalsa|m1y 
iadIUrid University 
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ProjectArea and itle 

AlVARIA 
Detection of Infected 
Mosquitoes Using Two-site 
hmmunoradiometric Assay 

Studies on ThrinsMission 
Blocking Immunity in 
I'Ia'ntodium c'vnomo/gi and I? 
knoulesi 

Studies on Antigenic Variation 
During Relapses of 
I'lasmodim c'l'oflolgi 
Infect ions 

nI1muniz:llion of Sitiins with 
PIt riliCd Malarial Antigens 

LEIROS) 771/Bh'I4C. LOSIS 
Ir )duictio)n, ChA 'rcterizat iol 


atId Sipply of Monoch)nal 

Antihodies to .11.leprale 


Compatison Of 'IA-ABS Jests 
using l,'ohactelifil /Leprae 
and ILISA "iTst fo r Antih()d' to 
IPhenolic 6l'colipid, ftoi 
I)etecti(on ()f"SiL)clilicail 
Infection in I.eprosy 
i)evehptnlint (f .. leprac-

Specific 1lut1.in R C0ll CIh)nlCS 

)emionstraitio(n atniid 
Characterizaioh)l ()f Specific 
Glyc lipid in Ilnfected Ii man 
Tissues an1d It umanl I)eriV\ed 
Ali'cobacternifl leprae. 
Studies of Mlcroph:tge 
Metabolismn 11nd ltnctiol after 
A. leprae Ilnfection as ill 
Indication ()f I lost Par;tsite 
Interacti( )n 

Role of )enlrilic Cells in 
Antigen IniluceCd in ,i/l'o
Illph()lr(l itk rative 

lResplnses in ILepo iSy 

II. INFECTIOUS DISEASES 
U.S. Senior Scientits 

Dr. R. Nussenzweig, 

New York tn versitv 

Medical Center 

Dr. F Za\,ala, 
New York University School 
of Medicine 

Dr R. Gwadz, 
National Institute of Allergy 
'1nd Infectiols Diseases 
(NIAID) 

Dr. R. Carter, NIAID 

Dir L. Millet, NIAID 


Dr. R. Nussenzweig, 
l)t A. Cochrone, 


New York I lniversit 

Dr. T McCutchan NIAII) 


l)r. L. Miiler, NIAII) 

)r R. Nussenzweig, 


New 'V)rk t niversitv 


Dni 'IC anan,11th 

Dr. S.R. Khanolkar, 

Dr. R.A. Millet, 


and 
Dr. I). B. Yo1ung, 


University of Washington, 

Seattle 


)r. T Buchanan, 

I lniversit' of W tshington 


l)t. D[. Volknian, NIAII), 

1)t; A. Faici, NIAID, (thriough 
1985) 

l)r... Alrits, NIAII) 
IJr. ?1.Brennatni, 

C(oloradi( State I' livers it\, 

l)i; Z.A. Cohl, 
Rockefeller Ulniversity 

l)t; Z.A. Cohn, 
Rockefeller Universitv 

Indian Senior Scientists 

Dr. VP Sharma, 
Malaria Research Centre 
(MRC), Delhi 

I)r. S.K. Subbarao, MRC
 
Di; D.S. Choudhury;, MRC
 

l)t; Nitva Anand, CI)R1
 
(through 1985)
 

Dr. D.C. Kaushal,
 
Central Drug Research
 
Instittte (CI)RI)
 

Dr. Nitya Anand, CDRI 
l)r. D.C. Kaushal, CI)I
 
)r G. I?)utta, C)RI
 

l)r. Pawal Sharta, (DRI
 
l)r Nit'a Antand, CI)RI
 
Dr. VP Sharma, NIRC
 
Dr. G? l)utta, CDRI
 
)r. Siki Puri, CI)RI 

l)r Indira Nath, AlIMS 
l)r PR. Mahadevan,
 

FoundaLtion for Medical
 
Research, Borlnlav-


Di K.V l)esikan, 
Central .JAIMA Institute for 
lepr )s); Agra 

l)r K.V.)esikan, 
Central .AJ.MA Institite of 
Lepr)sy, 

l)tr Indira Nath, MINIS 

r). IR. Malhadevall, 
The FOLtundatioii fo~r Medical 
Reseatch, Boll-a\ 

I)r IR. Mahadcevan, 
IOkundzitit)ln for Medical 
Research 

I)r. Indira Naith, AlIMS 

Di; Indira Nath, AlIMS 
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ProjectArea and Title 

Evaluation of Biological 
Significance of Phenolic 
Glycolipid Antigen Derived 
from Al. leprae 
Development, Validation and 
Application of 
Immunodiagnostic Techniques 
for Diagnosis of Clinical 
Tuberculosis 

FIIARIAIS 
Immunodiagnosis and 
ImmUnopathogenesis in 
Bancroftian Filariasis 

Antigen, Aitibhdv and 
Imnmu, ne-cmplex Proliles as 
Applied to Imnunocliagn(osis 
of Human Filariasis 
Immune Response Dynamics 
in Filariasis; Characterization 
of Immuno)suppressiM; 
Evaluation of Antibodv-
mediated Killing of \Vucheria 
bancrcfti Infective l.arvae 
Detection Of Circulating 
Parasite Antigens as Clinical 
and Epideniological Tool for 
Filariasis 

U.S. Senior Scientists 

Dr. IPBrennan, 
Colorado State University 

Dr. T Buchanan, 
University of Washington 

Dr. R.S. Yalow, 
Solomon Berson Research 
Lab., Bronx, New York 

Dr. E. Straus,
 
State University of New
 
York
 

Dr. B.R. Bloom, 
Albert Einstein College of 
Medicine, Bronx, New York 

Dr. E. Otteser,, 
NIAID 

Dr. R.G. Crystal, 
National Heart, lung and 
B10od Institute, NIII.BI, Nl1i 

Dr. RA. Hanilton, 
John I lopkins University 
(through 1985) 

I)r GI. Iligashi, 
University of Michigan 

Dr. Gj. Weil, 
Washington UniversitN; St. 
Louis 

Indian Senior Scientists 

Dr. Indira Nath, 
IJIMS 

Dr N. Kochupillai, 
AIIMS 

I)r. SI? Tripathy; 
Tuberculosis Research 
Center; Madras 

Dr. B.C. Ilarinath, 
Mahatma Gandhi Institute of 
Medical Science, Sevegram 

Dr. Santhanam, 
and 

Dr. M.VVL Narasimham, 
Communicable 'Diseases, 
Delhi md Rajahn't1dy 

Dr. Santhanan, 
National Institute of 
Communicable )iseases, 
Delhi and Rajahmu,ndy 

III. REPRODUCTIVE PHYSIOLOGY
 
ProjectArea and Title U.S. Seniwr Scientiws 

IMMUNOLOGICAL CONY RACI TION AND 
THE 7REA7ANT 1OFINFER77LITY 
Development of Anti-I1. IRI I 
Vaccine for Male Fertility 
Regulation 
Immunization with Zona 
Pellucida Antigens 

Active Immunization with 
Ovine ISH as a Means of Male 
Fertility Regulation 

Dr. C.W Bardin, 
The Po)pulation Council 

I)r. B.S. I)unbar, 
Baylor College 

Dr. I.G. Rlla, 
Louisiana State University 

Indian Senior Scientists 

Dr. G.P Talwar, 
National Institute of 
lmmunolog; (Nil), Delhi 

Dr. S. Sehgal, 
Post-Graduate Research 
Institute 

l)r. GI? Talwar, Nil 
Dr. N.R. MoIdgal, 

Indian Institute of Science 
(1SS) 

81 



Project Activities 

AGRICULTURAL PROGRAM 

I. BIOLOGICAL NITROGEN FIXATION RESEARCH 
ProjectArea & Tile 

MOLECULAR GENEYTICS 
Rhizobia & Azotobacter 

Rhizobiurn 

Symbiosis 

Blue-Green Algae 

RHIIZOIA-I.GIIMF S~YBIOSIS 
Soil Inoculation to Improve 

Crop Production 

Symbionts 


Synergism between 

Mycorrhiza and Rhizobia 


AOLA AND l3LIf.I-GREEI!N ALGAl," 
Photosynthesis 

Sporulation 

Phosphorus Efliciencx 

Blue-Green Algae 

V.S. Sellior Scienlsts 

Dr. Donald llelinski, 
University of California, San 
Diego 

Dr. Frederick AuIsubel, 

Massachusetts General 

Hospital, Boston, Mass. 


Dr. David Kuykendall, 

U.S. l)epartment of 

Agriculture (USDA)
 
Beltsville, Maryland
 

Dr. 	Robert Ilazelkorn, 

University of Chicago 


Dr. Ben Bohlool, 

University of Ilawaii 


)r Donald R. Keister; 

USDA, Beltsville, Maryland 


l)r. James Trappe, 

Oregon State University 


Dr. G. liethlenfalvaN; 
Western Regional Research 
Center, IJSI)A, AlhanM. 
California 

Dr. Marvin l.amhorg, 
Battelle-Kettering Research 
Lab. 

Dr. Gerald A. Peters, Battelle 
Dr. 1). William Rains, 

University of California, 
Davis 

l)r. I). William Rains, 
University of California, 
)avis 

Dr. William Evans, lattelle 

Indialn Seltior Scientlis 

Dr. II.K. Das, 
J.Nehru University Delhi 

Dr. Sushil Kumar, 
Indian Agricultural Research 
Institute (IARI), New )elhi 

I)r. Sushil Kumar, 
IARI, New Delhi 

Di; J. Thomas,
 
Ilhaha Atomic Research
 
Center (MARC)
 

Dr N.S. Subhar),
 
IARI, l)elhi
 

I)r. YI). Gaur,
 
IARI
 

Dr. S.V Ilegde,
 
University of Agricultural
 
Sciences, Bangalore
 

Dr K.\B.R. Tilak,
 
JAR, New Delli
 

)rDJ. Iagyaraj,
 
University of Agricultural
 
Sciences, Bangalore
 

Dr. G.S. Venkataraman, 
IARI, l)elhi 

Dr. S. Kannaiyan, 
Thmil Nadu AqricultUral 
University ( ,qAtJ) 

Dr. ?K. Singh, 
Central Rice Research 
Insitute 

)r. S.K. Goyal,
 
IARI
 

Dr. S. Shanmugasundaram, 
Madurai University 

l)r. S. Kannaivan, 
TNAI 
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II.NITROGEN USE EFFICIENCY RESEARCH 
Project Area & 7it/e U.S. Senior Scientists Indian Senior Scientts 

PADDY RAI."(FI.OODE.D SOILS) 
Quantilication Dr )uane S. Mikkelsen, Dr. N.N. Goswami, 

FE. Broadbent IARI 
University of California, 
Davis 

Physicochemical Dr. William IPatrick, Jr., Dr. M.C. Sarkar, 
Louisiana State University IARI 

Dr. S.K. mlohant); 
Central Rice Research 
Institute 

)r. TS. Mlanickam, 
"llmil Nadu Agricultural 
Universitv Coilatore 

Dr. CS. Khiand, 
Punjal) Agricultural 
Universitv (PAU), Ludhiana 

UPLAND (WELL-DRAINITD) SOILS 
Crop Management Dr. James Power, Dr. N.N. Goswami, 

USDA IARI 
Lincoln, Nebraska 

Ammonia Volitization Dr. Richard Fox, Dr. Ralejndra Prasad, 
Pennsylvania State IARI 
I. velivrsity 

Labelled N Dr. Lxnn Portei; Dr. 0.1? MCelu, 
USDA PAU 
Fort Collins, Colorado 

Blocking l)r Jolln NI. Duxhur; l)r. NI. C. Sarkar, 
Cornell IIlniversitv IARI 

III. BIOMASS FUELWOOD PRODUCTION RESEARCH 
ProjectArea & 7itle I.S. Selior .Scientists hIdian Senior Scienti's 

SI'FCIF.S SEIO 70N,TESTING I)r IT l.edig, l)r. A.N. Chaturvedi,
 
AND IMPROVE~iIIEArl' Institute of Forest Genetics National Botanical Research
 

Berkeley; California Institute (NBRI), Lucknow 

Dr. J.R. Goodin, 
Texas Tech Universit, 
l.uhl)hck, Tbxis 

Dr. RE Stettler, 
Ulniversitv of Washington 

CULTURAL , VS7ES FOR Dr. David )awsonl, Dr. IV Sane 
SHORT ROTATION RhORI,''Rhinelander, Wiscomsin National Botanical Research 
AND AGRO-FOREg.S77Y )r R. steittler, Institute, Lucknow 

University of Washington Dr. A.N. Chaturvedi, 
Dr. C. I)avey NBRI 

North Carolina State 
University 

l)r. Edward A. I lanson, 
U.S. Forest Service 

APPLICA770N OF TISSIE Dr.I.R. Goodin, Dr. A. Mascarenhas, 
CIIITIIRF.AS A lexas Tech University National Chemical Lab, 
BIO77.CINOLOGICAI TOOL l.uhlhock, Texas Punie 
IN 7111 EFFICIENT Dr. Stanley L. Kruglan, Dr. IN Sane, 
PROIGA770N OF WOODY USDA F:orest Service N13RI 
SIICE, Washington, )C"O 
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Project Activities 

MONSOON RESEARCH:
 
NUMERICAL WEATHER PREDICTION OF
 

MONSOONS
 

I. DEVELOPMENT OF NUMERICAL MODELS 
Project Area & ille 

Development of a Regional 
Model 


Role of Initialization schemes 
on Monso)n Predictioil 

Development of a Global 
Spectral Model fiol Mdiumn 
lRnge Prediction 
Monsoon Prudictio n Using 
Quaisi-l.ulg ragiai Iegional 
Model 

Limited Area NWP Model for 
Short Range Prediction 

Development of Global 

Sp ,_tral Model for Mediul 
Pange Forecasts 

Development of Numerical 
Analysis Schemes 

U.S.SeLuior Scientls 

17. M.B. Mathur, 
National Meteorological 
Center 

Dr.A. Kasahara, 
)r R. Errico, 

Natit)nal Center for 
Atmospheric Research 

)r. 1). \Villiamson, 

National Center for 
Atmospheric Research 

Di; M.B. Milhui; 
National Meteorological 
Center 

1)i. 'N. Krishnanmurli, 
Florida Slte IJniversitv 

Dr. M.B. Malhu i; 
National Meteorol)gical 
Center 

l)r. E. Schneide; 

iliiversi oif Marvland 

)r. R. McPherson, 
National Meteorological 
Center 

Indian, Sentior Scientls"i 

)r. S.S. Singh, 
Indian Institute of Tropical 
Meteorology 

Dr. I.C. Mohant,
 
fIldialn Institute (f
 
Tchndlogy-l)elhi
 

l)r. V Satyan,
 

Physical Research
 
Laiboratory 

l)r. V Satyan, 
Physical Research
 
lah )rat( )rv
 

Dr M.C Sinhai, 
Dr.A.K. lIlira, 

India Meteorological 
ID)epartmnent 

I)r. B.K. NSI, 

India Meteorological
 
Departnent
 

Mr. K. Prasad, 
Mr. R.K. Bansal, 

! :lia Mclter)logical 
)epartment 

II.DEVELOPMENT OF SYSTEMS FOR ACQUISITION AND
 
PROCESSING OF INITIAL DATA
 

Projecl Area and 7ille 

Opt iminuii In iC-!)lti n 
Metho d f rObjective Anal\vsis 

International Radiosonde 
Compariiso n Project 

Improvement in Data 
Reception and I)ata Qual ityv 

II.S. Sellior ,Scienlllisls 

I)r. R. McPherson, 
Nat ional Mete)r()l )gical 
Center 

Mi; F Fingei; 
Nat ional Me _teor(ol )gical 
Celler 

Dr. A. l'honis, 
National meteorological 

(enter 

Iiciil Senior ScieLLlis 

IDr S. Rajamani, 
h1Idian Inst i tile )frlT-)piCa I 
Neteo )roI )gv 

Mi N. Seshadri, 
India Mete)rl ) )gical 

)epartment 

Mi. TK.Rav; 
MrI.V )ayal, 
Mi..I.I. Ilingoralli, 

India Meteorological 
8epartmen
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III. SATELLITE DATA PROCESSING AND ARCHIVING
 
Project Area and itle 

Moisture Profile Retrievals 
from Polar Orbiting Satellites 

Precipitation Estimation firom 
INSAT 

Derivation of Vertical 
Temperatture Soundings firom 1 
Polar Orbiting Satellites 

US Senior Scientis 

Dr. C. Ilavden, 
NOAA/NESDIS 

Dr. D. Martin, 
University of Wisconsin 

Dr. C. Hayden, 
)r. If. Woolf, 

NOAAiNESDIS 

Indian Senior Scientils 

Mr. D.G.K. MurtN; 
Space Applications Centre 

Mr. I.M. Ra-to, 
Space Applications Centre 

Mr. lN. Khanna, 
India Meteorological 
Department 

IV RESEARCH ON BASIC MONSOON DYNAMICS
 
ProjectArea and yyule 

Sensitivity ofl limited Area 
Model Forecasts to Initial )ata 
and BOundary conditions 

Con1Vection )fl Cumulus an11d 
Meso-scales 

Simple Model StudiCs of 
Linear Response to I)iabatic 
Ileating 

IU.S Seniorlcielilzss 

l)r IFCarr, 
Ulniversitv of Oklahoma 

)r TN. Krishlamlurti, 
Florida State Iiniversity 

l)r R.johns)on, 
Colorado State 

Dr. A. Vernekar; 
University of Maryland 

Indian Senior ,Scientivs" 

Mr. B.M. Chhabra, 
India Meteorological 
Department 

Dr G. Mohan, 
Indlian Institute of 
Rqchnlogy-KalJ)Ur 

Dr. NI. Sankar Rao, 
Indian InstitutC of Science-
Bangalore 
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SENIOR SCIENTIFIC PANEL ON INDO-US 
SCIENTIFIC AND TECHNOLOGICAL COOPERATION 

Dr. Norman E. Borlaug Dr. Richard M. Krause 
Science Consultant Director 
International Maize and National Institute of Allergy 

Wheat Ihmnproveiment Center and lnflccti)uS Diseases 
Mexico Cit" Mexico National Institutes of IICath 

Dr. 1). Allan lBromlev (WC-Chairman) Bethesda, Maryland 
1lenry Ford 11Professor of Dr. Devendra l.al 

Physics and I)irector Director 
A.W Wright Nuclear 	 Physical Research Lahoratory 

Structure Laboratorv Ahmedabad 
Y:|Ie U~niversity Prol. V RanIalingaswani 
New Ilaven, Connecticut l)irector-Gneral 

Dr 	Robert 11. Burris Indian Council of Medical Research, 
W11. Peterson a.J I lilldale New I)elhi 

Professor of Biochemistry Dr E.C. Suhlarao
DirectorUniversity of Wisconsin 

M,,diSOn1, WisconIsinlDrco 
Wati Research )evelopment 

Dr. Ilenry Ehrenreich and Design Centre, Pune 
Clowes Professor of Science Dr. S. Varadakrajan (Co-Chdairman) 
larvard Universitv Secretary

Cambridge, MassachusettsSertr I)epartment of Science and 
Dr. O.. Gautam Tiecmology ([STF) 

Director-General Government of India, New Delhi 
Indian Council (f' Agricuhlural l)r. Robert N1. White 

Research and Secretary President 
IDepartment of Ag riCuhural University Corporation for

Research and F ducalti w ~ Atmospheric Research 
Go,. ,ment of India, New )elhi Washington, )C 

Dr. TN. Khoshoo
 
Secretary
 
Department of Environment
 
Government of India, New Delhi
 

NATIONAL RESEARCH COUNCIL 
Overview Panel 

Dr. Norman I). Borlaug Dr. Franklin A. Long 
Nobel ILaureate Professor Emeritus of Chemistry 
Distingiushed Pr)fessor of and Science and Society 

International Agriculture Cornell University 
Texas A&M University Ithaca, New York 
College Station, Texas Dr. Victor Rahinowitch 

Dr. Robert II. Burris, Executive Director 
W 1i.Peterson and I lilldalc Office of International Affairs 

Professor of Biochemistry National Academy of Sciences 
University of Wisconsin )r Roger Revelle 
Madison, Wisconsin Director Emeritus of Scripps Institute 

Dr. William E.Gordon (Chairman) of Oceanography 
Foreign Secretary of the Professor of Science and Public Policy 

National Academy of Sciences University of California at San )iego 
bistinguished Professor Li. .olla, California 

Emeritus of Space Physics IDr. Sheldon .1.Segal 
Rice University )irector of Population Sciences 
Ihouston, Texas The Rockefeller Founldation 

New York, New York 
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SCIENTIFIC PANEL POLICY TEAM 
"Blue Ribbon" Panel 

AMERICAN DELEGTION (October 31 -Nov,:mber 6, 1982) 
Dr. George Keyworth 

Science Advisor to the President; 
Director; Office of Science and 
lechnolog. Policy; Chairnian 
Of Policy' Gro) 

l)r. I). Allan lromlcv 
I lenry Ford 11Professor of Physics, 
Yale Universitv; PanelChairrmnrltA 

Dr. Frank Press 
President 
National Acadenmy of Sciences 

I)r. NvIc liradh" 
Senior Assistant Administrator for 
Science and "echn)lh )gy,A.l). 

Mr .JohnMarcumn 
A.ssistlnt I)irect t 

Il'rgy an11d Naturall Resources 

Office of*Science and 


Technl()gy P)(licy 
Dr..*ames . W ylgarden 

Director 

National Institutes of I lealth 


Dr. Dallas Peck
 
Director
 
U.S. Geodetic Survey
 

Dr.Terry Kinne'
 
Administrator of Agricultural 
Research Service, UJSI)A 

Mr. Charles I lorner 
Dt.'puty As.si.stan1t
Secretary 
Bureau Of Oct1ans and International 

hnvironmental and Scientific 
Affairs 

Department of State 
Dr.Nanc' G. Mavnard 

Policy Analyst, Energy and 

Natural Reso u rces 
Office of Science and 

Technolmy Pl icy 
Mr. Edmund II. Kelly 

Burea1u of Oceans and 
Irterna t Ei(imali ronm ental and 

Scientific Atfiairs,
 
)epartment of State
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The National Science Foundation has TDD (Telephonic Device for the Deaf) capability which enables 
individuals with hearing impairment to Communicate with the Division of Personnel and Management
for information relating to NSF programs, employment, or general information. This number is (202)
357-7492. 
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