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\) 
In.\an4a.' Gy~f,tS, J", 'Sril\n ~ar.dakeli.. Vili~ .~ 

" ~n~;Paul .. R~ ·S~i~e~ 

I) 

1, 

,:t~ Tc:ng~. a l~'~e, Pttlp.Qrt$.on:. of tbepQp'Qlat.$.(m <iepend'on ta~ng, ~o~ 

tb$i;:l~v~ilJo<>d$:!t ~h$ t~ad$.;tiontt1 £.~ng 8Y8tQll\;,is'c~l~xi! Xl: ~$ ~a:,ed, 

()n:e~ly~qper.ted, ~11'holtlin9a"t~ipallYQtabo\lt3.'Sh..C~Q'p 

rot:a:tion8"r.~ 'l>.~ecton):l\lt.h ,,f!allowi».gto tna$ntaip: #Q!l ~et:tility cmd 

typiQJl11'Y .incorpQJ;at. it wi~~, .~ang~¢f CU:QP#" WhE;l$eetop$ include long''''' 

tttt'ltt c~oP:J,; "$\l¢b.aacQ<!Qntlt$fandoth$t't;~ee C~oP$t '~di.um'!'"t~~Qr~p$,· '$,*ch, 

a:l' banan.~;llndpillPppl~$1 an(i ~l1Qtt .... t$=C~Op8t $uCb;,i$s root er.bpa. and, 

vegeta})le$.. lnterQr.tlppi~g~seqt1ent:~~lC;:J:opping.ndmult:i -s,toreYQrQPpln~J:' 
.x:.allptac;~~Qa. '~b£~ ~yste;n, h!'!ls dev~l,cped to suit tlle. s@8*~teX\Qe .i:l~c;t, 

(tl;a<;U.tionally- l~t~Q,) c'~hne~~of ,+,C)n9'.n~ral fcuniUe~~ 

'.rha otJjeQti v~s,ofth:tfJsocl$ty ~t:(I .c;bang-tng ~Ii_p.y w~y!J ..With :tbe: 

inQri)aseii\ .r.~C::$ntl'earsofboth pOp\tl~tion"and.we.$tCirn, :i:n,flu.enc::~, ·thet~ 

;'$ an ~nc:r~:l\si.n9' n~ed ~Qt:fQQa anet c:ash.'t ~ba growth Qt, 'll,';m-~gric~~\tra,l 

$eotors Q~ ~heeconQnw (1ar9".11 1;llell~d bY'l.~ an<irem!ttan.ce:flotf~)::mean:s 
t.hat t.he d¢mest;icma:rket ~Qt;l fOQd is ~owin9', ¢reat:i.ngnewopPQ~tml.ties. 

fO~d01tilnf!!r¢i~l.. .;faxn,tprod\1ction, whi1e'ag:ri¢1.l),t\:iral exportsoQnt;i.n\te tQ 

aecQunt(orth~majorit:~'ofthe ~Q1;t inc:otneof thecountXl"(Sefanaitl 

*J;'apercpntril:)uted to tlte ·~3rd )nnutil. CPo i ... eretl¢eof tl1I!!!A\lsttal~an 

Ag-r;icl1l.tl;u;al l!:¢On~c8 ~oeietYt I.dnc:ol.Il. College,:N8w ~eal.inld, ~E;lQrual;1, 

1989~ 

'\\lO 

+ J\nUlnda Gyle$ im4Br:tan liardakel:'; $outhPac:ifiQ S~llJlolder 

itQjec;t, ttn!versity.ofN(!iWEt9'lancl; A~midale( :~$W .23$1, AJlst~~li.a. 

>Vili~' .~, ~ten:slon. Pfficl.;r, Advisory l>;'vision, ,Mini~try' of 

,A9'l:,ic:ul~u:r~/r.i.$h$l:~e$and Fo:rest~t 'PO l30x 1." Nu~u.(.~lofa, TOnga" 

l?a"Q.l R.. $~~~~r,IJ.ai8on Off;i¢e:t",fOn9an""G9~n Rlantl'~o~ec~ionproj~ct 
~(~T~)t~OSolt8S1"Nuku' alofa,'.rong~. 



t98$). ,dhi~fJ.Y $ntbft fQ~ 'Q~,'C6praf: 'Q'"n!ll.&t bananas, ;:squa~h t~d .t.Qoe 

,p~op4,. 

!' 
~cent;, dQvelopoeptet,f~rt;~h.v. ~nd£~ei;:~ecl ~u;~ancU,;ngs()me'Qf 

) 

;th.3.~~Sr a~dt.he~. h"ve.be. Btlfne Suc~.lSses.. llO ... ~.):, attC\!Jllpt.$'t;;o 

l.11ten$,i'fr.stltl.¢Qlt~l:,'al· Pr(J~Qt::ton,b~veu~t ll"Haya ,.to 'W1tl1, t.h. ~r" of 

:$ucCe'$$ ltp~d foJ!'.. 'NQr' J1~~·th •. ~arus!.,on o~ .~icOlt::ut~l,prQd.\)c:t.i<m.· t9~ 

tbEr d~8~iema,rke.t been. 'UPI to, dXpect-.ti;C)n$.,O.f·Pla.xm.,tlS ·~cl~l~eYIMl(erl!f. 

j(Ql:e.Qve,; t 'tll~;Et ;i.89'rQ"lP.~q'Qncernabout;the 'po!;sil;)l;e .lon9~J! ~ti;11:t 

~l~c.tlona 'of i~_ .,O.f t.he. Ch~n.9'$3 tlJa.~ &1:e, \lnder w,ay.tJ,ttbt1:le ;tncre8,s~ 

i.tlc.~ti ,t:;.oppip9h'~ q~ 9'reat~r 'u$~' 1)ich~9~la,t .such .a~ .. ~8.t~cid~$ 'and. 

lM.nera:(, te:,tt~i~e~o. llIQ~e~eb1n(tc~1;!vA~;lon,. Qtten;nc.lutU.-ng; lane! 

'Cl.~a~iug"'1th ~g~t.o, anri fl'Vent;\lAl l,os$offti:'~e$ on '(<<~, wl:U.l~.the 

l"~h ·ot tbe ~~U:Q": i~J;:;toa, . ana the )p';-~dti<;ef,)fiAt~;Qt'qpl:l:tn~ .;r:tt.b:btb 

d~c~as'~ng.~he$. is aI\,ut:~nt"~~~dtQ; Q1'.)t •. :1,.~ .tGQt:, ~ntQrwt.t:!'onal:)Qut .oJ 

the$~cba:n.ge$'· .~d ,tf;) ~s'$e~#;the J,.~'aot$:th.y . ate . lik.,tll1t.o h.1lV:~ on the 

t Gtt¥l tY'.n4 . ~Qn9"'t,.~ p~<>duQt.t~1ty o~tb.. l~nd,an<l·11~~ee9J;l,.t.l1. ~<tl:.~e 

of"tll.~ ~Q~le'. 

t>\lrln~.it xec~n.t .~t1.1dy .by tb~S()utllJ?aci;iQS~:\lbold.~ ~l:o~¢dt 
($~2),.th._jQt: i:ot1,$t%21~nt':!t9)th.edev~lQ~i\t Q~~~lhQldeJ:~~l;lU1ng 

$y.$t~, $.l'1·TQn~we;-.~ illv.$t~9atecllH.r,QakQr, .:ll$lfP;;Ct!.; Fl.n9'ancl 

$.tanClia :l9SS). ~ht 'st.\tdY·:!J)lo,;ea th4t;; tJ:?,oX'e '1$ all.b~t~U'lt!.:l variat~Qn 1n 

.t.~QbniQal ;.~t1ei~nc:y ~t"'een:fa~.t).¢~illage8/$u$.Jg~$t~t1g ;sco~ .. t'Ql; 

tx:an~fe~ 'o~' tec;hno1Qgie$ ,fl::9mbettfill: fa~~$ t9 othe~fa~t:S,.. th~~t'Ud~: 

a1$0. .' elQ.Pb~$;t$ed.t.he, ne~a.,· tQ):' JAOtEt p:t;o<l~Qtive..fa~ng t~cbn,ologiEu$" 

e~peo:Lally tho$~ that, ,,1U±nQ::ease the. p~odu.ctivit:y of l,@Qu.~wbl,lf)$t;l.1i 
heingcapi.tal:!e~ono;ni$illg oj. 

tt!ll$ ;.g()~le~~l~t~reQf ~11. fa=d.ng $Y'#$tEm). ;in Tong;a, ,tIle cl1AAg'$S, 

,occu~r.ing 'tMt; a;r;~ .-nt!cmetial:>ove, anci tn. ;~equi7;ementfc . imprQveCl 

t.~c~olo9i~s 'fQJ: $~11liol~r.8, uncifarll.Qtb,e ::need t'Qr ,ef'fec~~ve' al).cl 

~.l~vaneagr;"Q'Ult.ural,t:e8ear<.:hlt Tnl.$ . ~y .~ f'Qssil;Jlethroggh ~21rming' 

~~~1;~ t;e;,earoha,nclqterusion (~S~'Ja),.~b~r~~n understanding o£the 
tecbn.ie~l,.t· <tco.log3ee~.l, ~oc;i,.,l;.. al1Q fJ<;,onom:le:a.s~c:t~ Qfthe f~u:tn-hou$eholc!s 

t8,U8.~dt'()· .~e).ppinp!llnt: prQble~and pO$.~ibl.e. $ol.u,tions(H~rdaker 1ge 8) " 

tb,(#.F.s,~~app~~.Qh (vA~iously ,n~cl)' ~.s as: an essential .qClflponEint 

" ~) \ 
1\ 



'3 

':;.: ~:',' . ,.'" '. 1? . ' .. ' - ! , . 

i;btl, "x:::()~~t Q~t)n""~~ll:'. ttl.l~'.$ '.'._u<>f· ~Z'oYJ.n~ ·tbQ~t~$:,""tw"n 
,t.~t.,_~v.ia~~~t~~c.~. 'an4;.!$'1jJ:C,lle;r$.. , 'rh. P.tl .. :o.~ tht. pi~; :~~ 

_ ,,,,:1:0' ," o:itli~~;. :t,b& "~~~.~ce~·ot .• ',' '#;IO.~tl1 ;.~n:-.bl.l.eh.d PJ.'~~_·Q~ "o~~lt~ 
d, • ,',~ '.' .\'.~, _1~" • " ,,'~r '.'t> :r,-- " ,J'" ,I' . " .' ' ':,~., 

,:.'~~~~~t-.J;, ~l_n·t.d; •• PUtoE 'an, ,.tt:~t,tQP.tQmot.t;b.~"SR.'$, '.PP;-o,"¢h :.in ' 
~:.,-l';"::{,j • ' r'} " . ,,~ . " -, 1'0, \, - 'I'" . _ _ ' 

, iiot,t~ ;_4'part~alll' 'f~ ,an(1.e~tat.d. c~ thoS~U~ltltat;!tlQ~Ub~lg.:c 
. Jh:Ql,Ct. .. l-

th. 'ts~~ .pp~oaCb .b •• b_¢ :bQtl\ itsveb~nt;.dv<>b.t..:s~Q. ,tt~; 
QJiiti;¢f$ :(Cb.W'>.r.~) ~d.~11dy.l 1.9.84" ,lttit1~M :andEtt~$ t$'$$).n:ow..v~;r, 

~cm Qttbt de~'t. h •• ~nc;,9n4~¢t~d~~t.tbeo~ett.c.ll$v$lt- ;qc;>o't.n bl' 
, l'y , 

l;liQ~. ,lfit!h ,:U.ttleol:. ;tlO" fS.~$t~banCt. Q~r!.nQ,e otttilng 'to .• pply, th~ 

mtt~gd$;' tJie ,~~.~ ~.~ thtlit()~~srin!$ ,.tnth~ ;~$:tl~~~n4eCt Irttetn~tlQri.l. 
~." 1-

~t'lq~lf;~l aes4.~cb.e.lttl:.e., ,.ll.oth.:r$ "h4vel)een 1:_the~ ,~~ ... "r'l'0"$Q~ 
." .' 

tl1_.8.UQq~~8et$, 2Ul¢f~.llu,~~,o'i rSR'Jt:. ~g:~n~t'ai ,.n.4 'Qn.~~a~, t~~a.la ~Q 
pat:!:i.c;1Jlart .tn ~.',Q"u~c~"¢Qnst~a~eQ. ~.t.tQn.l ;.9l;'tc~ltllt~1 t#$earClt ;~l'~t

,'Gibb<:>~t 1985t, ,l~;r~:rr4.ngt.on ana~.~tin 198'1:'~6 .... 7,) .,~hi." '~ptI,~ i~ ~n, 

.t~~t. to xemeQy' tbi# l~¢'k 'of~e~acl¢fc:lr.tfi~g ·Qntl'1e~xi$nQ. of tbe, 

.A;,ly~t;t~t:$ top"t:. ... p.ro9'r~, ,Q~ 9n .... ta%tll) ':trl;al~:tnto ()~r..t!p{l"!.th "~ 

:q'.~ ll$it~tt'b\l4geti~~' v~,'tJ's.llnatiQJ)alp;ogt~, 

t 

~., }lUq!~t:;y df;agdc,ult\lJ:e,,'1s11.eri~1!J an4 :FQ;.st:l (~):ln~Qn9~ 

_ J.~ COl'1\J?riSeQ;,ot ~, ~wnb:e~ qfc1ivi$iQna '.nd ,~.¢,t;!Qn~, .. , 'nel!u~ j,noludeth. 
R.se.rCb,~vi~Q~~d\ ~ve~t¢eFI ,F!$.h.r~.,~And rQ;t~t~P,lv1:S~Qn:st .$ 
:well.~ _ ~1~g: unit csnd.WQ;nen'tl 'S~ct~Q#t :atrK)ng'oth.t"s. 11:\"l:ea~, 

" twQ, ~¢$Q.l;'cb,$t.t4:.Qn~ (an!1_p~~ of4d.v1sQ~Ic#.stl;'iQt$,(,wb,i'Cb, have, 

l:.etlntl.¥'~~ r"'4uqe~ !J\n~1::A,pA;r:I!, Qf a ~~st.;:~ct~~~n9' pl::09r~ 
~lemente¢ ,*tthe ,~!nu.lt1~ o£3,ga9). 

~tb0t19h tbGl;_l1a.$be~n ,~ Pt~~_o£ 'aut1oUltur.l; ~Q$,ear~l1 it1tQn~a 

fQ~~n.Y:f~~f:St· '.lt1t~11bstant.l.l, 'f».~nditqx.on t~e Pl:~tc.,'{l\ ,;($,l.~if~ ,19QlH t 

; the'Qtu.l ~nft~tt,$;Q~l1hgldcn::J' have ~ot 'bE;lE,ln g.reat~ ·-.rbe,tea~Qns f()~ 

. . 

1 ~,v~~kQfthe$,22 1f~tJ, ft)#l.(ied ~nd"~f>PQrt~ .byt.beA\l$t;J;aliilD; 

o.nt. to~ 'Xnetm.tioll.l~~ic~lt\1.ral Res.arc::n (~CIU)# Cil1.)be4r ... 



!) 

QQunt.~~.a·~trb.!' ,1Aol~~ tb., ~acttln'tth' ",;;.tll'k.age,;$ ~~.fe~t,_~t.$.n~ 

ttt. ~i,.rdty ~' .. ~ •• 'i:<:bl)1v~8~~n' ;.re(.;",.al· l$i'it.~9a~).... ,~8~,~~t . 
~.· ... rQlt'l'I.a~nc~ty or*.nt.t~ .. nd~<itk ·h., l:;IQii,cQAcj~t~.t$tf .Qn 

.~~ q~()ps$u(:h illS, l>an.iP·z..s)~.n!.\lA: '~Aa' COC()nut~j . t~ ~ .Jela1;ive .. 
n~l.c~Qt ·1o~~,\~~t;~ts .. ,Mo~"Qve~,. ·thfl,"O;k ha$ ~.n .. ·di~ct6d 't()'W.~da, 
~. 't.chJU¢al. ,.$l>8ot •• ~d ~e;y l~t.tle' QQ~ide1;At;ionba~ ~b"~; .. '~~"fn.t()·:tb4 
,oei()1C()nOa,d,cei.~¢um$t-.n~QS o~ 'ta~;:$;(F~~C!lcn\Ulq,1;988~ .~$~~ o~th~ 
t~hn!C{Q.. .a.\lggU.t;eQ..t:o fa~t's1:.<N~re~ ~r,ab$t.nt:t.i ;Qb~g!,itl, ~~·>~rt1t~(l.$ 

,()ttJl._l1","~cal. lSubeistence, .(iU~·.J;:"'\i\f£th"dapt.t;1.<m.t;(r. ~~1t, tel.at1Vel~ 

¢~- product.ion t_~qq.:. .. 111Qrdt~ tQ.cbi~,", htgh' t~"~~1' 

C~'~CU1tlfltb.~ ba:iJ»~n.~~~$UQc.#.~,d~f\t to v:exy il()w~.t • .s,ot 

fa~.,,<;ftpta~¢~.nd.dUp,1;.~Qn (lr_ '.Ulllt 1988),' 

:In '~flt;~~t 'ec>~t):ellgtll~n t.ll.' ,llo:nk4~~; .~tw"n the. ~ ·ha~.;,ch~.ng 
i'MVj;jQ,~ 1').$.v.l,$.OJl:!$ 'MQf.~~$,. ~ iMae,;,c~-~~8Q~ ·x.1.~~Qn .O:f~l,.Qel:: 

ti.9'it;.i'On.~s: creilt-a 1~ ~9EU)'ltM 1,.~.t;~i.teMv~ISQ~ 'Otf£C~2: . f.~Q.~ .t,~e: 
. .' \'l .' . 

't~at1-a.~n ;~).~tJ?~Qt.cttgnt;c>jec~;tG~~J .o~¢up,i .• 4 :tbel'>O$it.1Qn~wi..th.a 

'tQ~o!ftq.J: .~'~ttt4tr~ th' .~~e.t~hJ)~vi~.i;Qn .8QO~te~~j;t~, tbe~. 

off,t,cel:S .• 1ntain • hi9hlelv-"lO~' ,c.()nt.etw1t.h ~h. ~~e'1;Qhllj,."lS.~:i,:()n.' ·j,nc;l 

t-n~, ,,Adv1oory J)i",1si.o~ b,r .tten<U.J1~ wQl;k p~gg:;~ll~ _$t*n~$" _~ing 
~l.r tlel~Y$.,1t~, tWU'd,~~ ·t~<;lmi¢al. t~.;n!Jlg'$e:!,~t)n$~hel'P1llrtwitb 
f'a;M1:,' -.t.i.tii~ .~ l>N'prodl.ieing ~.<U.O" and. v!<l$O 4oq~nt:.t';itonsc .a,.$11 us' 

t.chJP;.e~ b\tllot;l:n$~ ;~be: ~aisQ.p;ott4;¢~,;. :pQs.itiOl1 h.~':~n Y~l.u~1;)l., .J.n 

&.tx .. n,gtb~ni tll.l.l~s'bf>t.~en ~~sfiti!t:Qbet$f.dv~~o~ ,Qff~~e~#~ .~.nd. 
f.~~$; bOftV8J:,tbeJ;o;i$ tu~¢~ tp~ tw:t~.~"t;~n!c;.t*QP :betwe~n . t:.1l~~~' " 

gr:QPp$(,$isi..~~ 198$): .. 

ae~nt:,t.t; 1;he;~. h'~ been: inc~.$ln~.int,~e$t ,i.nt~e ··1'$~~·a\p9rQacb.to ' 

.• g~!q~.ltlp';al~v()l~n.t:" l1nde~ th~~appt'o~eh, tp~+sl',adV'1$QryQ~f1¢~~b 

'an4teC1 •• rcb.~a~ok\t,.~Et;1l~U: . a~.a ~e~to 941-n.· ~tt.e~ lXA~r~t;.~niding Qf 

th$"1tu .. tion;Q£tli.f.~,;f~11',t:be qon$t~aint~ 't,QgrQcJ~eeiQn,t.e~c:i,an4 
~A~ p.t'~ttlQ'" ()pportunitie.s. &vall,i>lell, 'l!4Et:$~ t.$~ a~. t.h~n .abletop1n

})oin:e i.".ntl>rQb:l;.~tbl\tf'aJ;Jll, '~~1.~e4: fa¢e :A1\<:1 C;:In :d£~ec,t 

:.9'~l'QU,lt.u,~.,l.t,~ei.\#'ch toh~lp' \ov~;c;o~ 'th$'sEJ x~lSt;aint$.. ,An, .;lnIportant 

, .~~Q~' !'$~$ J.ef' t:1) t~ o~t; .g~(mPIi:d.pp;,~c1;ieet$in fa~l:$' .fleldb: b~~Qr~ 



.fQ..u. .. t:$.nf·.t~$c>nl:~~n<1*t';OM(MUt:litM 19.501,1'; On"~.r1\l 'tJ'.l.l'a~~ 

~~to 1:.,st t.cWq:u.a j\l~. t.oofter l$olutlQl1$ ~Q '.~:r:s'p~Qbl"" 

~ •. 89l.ct$4 t.(:~qu.3:~,1tu,v.9n~X'9'Qn_ftl(t.nslve '~v.l()~nt·\.nd: 
t.'t.~n, ,on_.:r: ••• ~;:Cb.f.~I. ;q:rJ\the1'.~$_!Y '~\ ~'t~a:.toptit.m3 ;Q~Q$'~ 

QP·tlle, b.:d"o:feX1I$Uilc~kn()""~, ~~. be~t'tiC11'\k-.l¥tQ .~~u~c.$.f~l..'th .. 

!.q.. ~$ ,l';*?~4, ~ptJlt;p,rQC.$$ •. $ <~f1;.¢bnQl..oglt &$t'e.l.~pi*nb ~4 l1ptake '.1>1 

._t.:~l;.t,b!n9' eaJ:ly in ,'the d4v.l.~t ,.ta~.wl1ethe:r;i.t !a. li1tel~ t.t"> btl 
'.uQ~.~$~1d~r th. :co.nQit;i;()n·$ f..~~sf.~;~¢$o.wt1et)i_r.t:~y,,~ll., l:>tl 

l~k.il" ,t;O.40!t ~t. %h.,a.t.tl.1. pl;ov1<le '. key llAk~t.~ .. n ~l:. of 

t.~ J'S~J t~., ':.:U.QW~~g t~.o~ :b<)t}1w'-Y4: .~ ;f"~J:' t •• ;not ~tt.J: 

_t~fJ;o.. tll.;.$~ax:eb..an.cl:ut~n,"(!n peX",()~"lby ~~l:n~ out n.,. ic;lt!Js 
j.~th.t~ ;Qltn, .~i*.1(l$.Q~ 1':.1$e81ng ~b~ $.JlttcmuP~1n th. t~eld1$,oftb.it' 
~i.g.bbQ~~r t!tXt.~onQ!fJ.¢t;l;' .l •• ¢ _~r__~u.t (faJ:MJ:s', (!ncl;l1~ng', 1QI)~ 

@Q\lt,.uc<;:e1UJftU, inCli<;r.:oQ()tts t,cb.no).Qgi")Jn<l.a~t;Lttb,.; 1f9;l(Q£ t'b"l~ 

cQlle'~_$ J.:,i't~ ••• "t:h, an,¢ ~,eU9b,r$,·1.al..~ .mo~. lDop,t ,the. ~.al£t)" "dQW'n 

<>#,t~t.x.' .sot~t, ilQtoQl,.y j,#t.h.4ev.l()~~Qf th._s>et,c.itic' 

t;~()l.Q91}t.Pt 01\ t~ac~.. but .• 1$0 tll~y, Q~.l'l~tht~gb ,f.~~ ·cont_eta· 

"b.t t~~ •• lpt~l:>l..a~ •• lJ.d.Q·vh.t ~.a •• t~. ·p,t'ic;n:;1t~"Q\1gl1ttQ :1;)0 

(ta ~.n\Ul~,lllal) ill 

X~May '1;9$8 th.; 'SP~:.$sli$tfnl,in·th. ,<:c::m~u.~t, of '~. 'YQ.t:l¢*,boPQrl 

.,.,.~~ iSyat...s l:\t".r~. and kteJ):,iQn,f, in '1'ong....J;.n.iOAQff$,o.X'$, 

~a •• ;eft .. ~. a#d ·pl.MA .. r4' ~r~ tn • .IIA1't .tt.~$dt.8 • .,l1 .a.8t .• tt £~Qltl 
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, :_v1~q,mwn~l f.act;.or*anc::t magagoment ·P%'4.Q·t,jp.$t·a;~ ,,, •• 11 ,a~ ,l,,,l)Q\1X', ~nc;,\ 
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<:;'09 i'iQtut.l.l.)'Qcc-qJ;t.i.ng,,"b~Qb .. ~$' ;~Qt; ~; :c~n $~t.\l.t~Q:J) in. Qthel:i 

loq.tloti~., 'o~'b4J\aQ pr.<Xblc;t1on. 
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~~Q~~~~~" t._~,,'ncl.t 1 ••• ,tQ~.,~l:.i'1...p.l;;J..a 'Q~t.,Qll tb.lan4 
ih~th. af.W;t$o~qf~lQ.r 1);\vol,ved,1t $.~¢ll. peQ~l •• l$:-l#ll~k.l.f' to '~, 
'~.~;.j~t, .. t:l;~."of,t. POP~"~i,.(.)J\ Q( t.~r.\ ,~d, .~Qb.J;>.i.a,ln :'J;Ml: 
,.ltat~~r1 .bQ~lclbft.vQi&t4~ 

~"IIQ~t ~u,PQ.a~(~ t:r:.i.alage~t.Uy i""vol..-t4 ·,~'Qqll.bOr.t.tQ~ 
~~~ •• l.o~.~dh$ •• ,r:Ch "QQMtl". .,heJ:e 1ll .4ef1n.tt.~d tQ, 

JJap;ov.tb..~nVQJv~t of ,t ..... rc;h ;at$ff',to, ·uti);!; •• ,pr.vJ.out on~'-t .. tton 
td;a.l~r1..Jlc.a, •••• l:lot~,;' ~qUrc.~jQf knQ.l~,.",,¢b...9V.l;~.'lJ, 

W(U:f¢,qt • $~;t.if '».tlJJ:e, ,~Q •. l:Cb.J; ~npij.t. al:'. ,al,OQ ~:t..nt. t(>4Nl,ur. 

tll.t t~$.al, ~$i9l\ ;is; a~.t,f,t;tQl: tht ill.tett.~putpO.C. ~I't :f.X'lQ/lJr ...... n .. g'ed 

1;~;i41.._bl..~h'~.#tQ~\ehpi;l~~pott.~ a,bqvt ",.~, ,QOlIpl4P~~~nt.l 

~~.t9Jl.a~.cl~.~lY ~~.ep.l:'~pJ;i.t«..Ont;b.o1;h_J;ll.nd, AI'" attent;i.QJl to 

;)..~out 'Qt tb. t~.i.u~y t.lp t.Q ~:,hdJDi$. po.~.tl,ll. bi •• ,..o'b •• tve4 ,4.#th. 

~.t'~9n(.xt~;U,.Q.rtt;i,~ij 

D~.~t.ctiv.ene4a:qt' tn. ,Qn"'f_~t!~4.al# yS4~l.l.Q' b41i~.rQ~ 
dc;;~~~~@lY' ~:ft1.i~, .t. :lxu:o~r~t.¢ 1ntootll~WOl:~,ot1;ba Vf.;;'O\lS 

.#~Qt;;t?Xl# Q~ .tb&~' ~,Q' c¢mJ?1~J;ltotb.~·prQg';aul,.aPtQl.l1YQ~th. 

~:se.~¢b. :n~V,!!;aiQjl.., 1ht$ i~ ,'r\qt to' 4-'';itlult tb.,.J..qt;iQn Q( t;-t,l;$ :~bo\lld 

~,~t.~n .. 4 .bf t.b. AA£,t,ing ,{J.;lc;u::$.;,t.t.fl1Joftb. ,Raa •• ~Qb.l)~v~aion,· ".i.n¢~ 

:anObjec;1;iQ, Qt thtlu.!eof Qn"'f.~t,J;!'l:J ".tth1~an J'$R~a .Pl?~o'Ql'"i~ :tQ: 

In'tl,~.n.<;:,. ~t ,wh.~" l\eo"~$.t.r,t.~l:.qt:; tbj.,$ .O;:kt<>~1;obl__ofmoa,t 

l:8iXu:tanC.. ,(mtbe oltb(!u~ li~U'1dt tlf.l"~$ ,on,~ta~,1;'~J. .. l top3.<:;, a~.$ol'Qte¢ 

.;l.th QlQ8..:.~t.nt::.iQn' itQ,tbetl~~ Qfthe:_jo~it~ otf.~J:., 'the'~,~ogl:aJU 

.dt\J.ll~ .dppt~_tt.lid. to,b$..~ tll •• ork,'ot' ,th.,I\fa$~.rch t>J.v1:,.iQA ~w.y 

1~"bat i.:$; ~ •• ll3f ~Q;t;~t,. 

~b. ;~.k Qf',f.il~re( :in Qn--f_= tl';laJ;s is 3.en,~V) h1gh ,QY"aQM, 

ua~.lly, ,;".A~h.1:.'" 1.l1;l(l:,41!. 119tect abovfb ~t\l'0ftbfJ t;:ri414, ,bo~cUdn:ot 

p';Qduc. tbl' IQ;,t" oi",Ultas. loottd, foX'. HO'tlev.~, th.X'o .J;e .1wa~a 

l.,sonlJ ~(), .~ ~ •• ;trtt;trot&\~ri'llQ.$int~e ~1.l.d/ Hhien c01,lld he 

v.l~l. in ';Ei<;l:i~.!;t~n~ :~\.1t~l:.res'4tcbf l:!Qthcm fa= IndQn :#t.4tiqn. 



lUt~ .• I:;.~;:O ' •• ~ 't •• ka' ·,og,t.J;Mtc),becama .<;Qua.t~t.o tluJ need1;ol;' .$~1. 
, , 

t1:J."l •. ~ .• htOfl tit. 4;AyJ.tb: ~.t;M;r;,l ,!»J:IQt:lelltaf .net !e~ Jd~,i,:Qb 'allow ·~a~~·Ul 
'~ • .,~tl1:'() .~ Qbtilin.d.'1t(otUng' o'Q,t~qat.wJ.l.til) ipo,~#~bl.,t$. el ... ;ly- a 

".tt,,,qf ~~.1.tlQO ~~~, i~ '.t~ld.t~n<1 ,Q~ tnQ$k~l~",. and ~nt.r:.~~()f 
t)l.cQ<;i>Qpf;r;.t;tn.g~.~J;,,, ',th9.i.nlltU;eflt. Q~l..ltl of: tA.;,.QhnQl.~w~tl$~l~ 

«."'Sf'l 'i,t',~:o"",a 4t,~fiqql.t;· t'Q d~ ,tlit.l l.t9~ki tlith t~*·c,~Q~tb,f;.x:(t 
*~j.~11~Ju~<>g:rfuu'1v.l.Y" .Jl..tt.~ttcltl!~n"t:ith,9;.:Yl Q1t,QP~th.t;.~.. nC)~111 

ban4lit9tJon i* .~n~l.'daY) ~ An~ en th*, #s~PPQtt.~.m¢e~ Q~t.*'ocl "t.oeb. 
t.~t:l;it .MAIT··!> 

·~~d~c; .. Q~tb.$. ·tx:l~iJ· "cQn1;l~ ·th.ex~t.,ti()lt· tbato . '. 
P~QpO;t~on ·of. Q;};,..famt,'t1.l.$. _l..11 be' ~Qd.op~ 4~.tc> l.ok .. "ff.~~ 

i ',I' 

C(.l()~~.t.*Qtl~\lIl1$Y1,t@l. Ql..~tiQ, c;Qn4tttQ~~, :~$t .~QtiIJ.;.t~Q~t,QJ: otll.t;: 

~.'QtQ,~':. Xn pl~lt1q; ,~, on"'~.m, 1;~j.ll~~t09r~. ,tll,;,etox:_;,),;t: ;l;, 

~~.,q tQ;' .. QCc;n,m.t ,:0; th •. fJct· tbat:i.~ut: ;S()i~t.:Q .• q~ot '~.~~.l'. ",lllnQt 

.~ '~~l..t.~i.s.pl.l'm.<llf 

·th. ~i.riQ'" l~~·t:M$p$.lQtp;qg~c)~"'¢);'k'pQint~ t.o tho. n_d: 

J;'Q~ _~h .• l;e: ~ll'_!_ .on ~.pli~4tlQn :o~t~ta:L$ .• ,~it4y ,~c~~$. q~ 
~~n'.~c1.1, Q~t;~l\t$~,to<) . .-u.qhQ~! . t;h.wC)1:k."of.~' .dQu.: r;,~r.\"$.a, ,8i~lfh 

~'Q:l.te4.tr$..l;.~h,i¢ll l'~(rv;.dtf J.'n8~~t.tciellt'dat.a: tt().k.t.ll.~. 

~.c~~t;;O!).' ~PQt.t1ctl: t.~l:~~ ';t :!'$:.dv!:1tl'>lil 'tb-t; tr1-.1$: •. tHl. 

~.plici1lt~, throQgut,!me .n.:~ ~p.Q(ltQ Pl:od~.tj.~rW11;.. $ot tot d,ttlw:tn$f, 

(;q:~lll$ioA$, .Qd.t,ofll~w ¢~ar.i~~~ Q~ t •. $'Qlt$ ·1)etw.en; ~~f.1;.u.t . 

• ~t~ti~n,$ to, '9'aj;na\.bett..l.'gn,c:krlt~n¢i.n~ ;oft"" ~rt.n.t e«c;tor.' 
.~ollt:tl~t~~tc. t;b.:Oll¢¢Q~4 of t.*l~r\l, Qftb~ t.Qllno~~~ tor thi~tq 

()Q¢~J,;f! t;l14fire _::It. ~ .IiQ.Q()-.ord..$natiOil 9:- jQtiv.$.ti.s ~tw .. n, , ... ctvi~Q~ 

d.1/,1tr,i.ct •. ;.4,~.l'l.~. ". ~1;b: X:'$e_~eh.t.tQe~$.~r. t:b..ttll._ t:ti.l.$ ,.~. 

*pptopri_te11' ( ~)igned..l,thf\' li~$,Qn a~¢tiC)n ,i$, tlle"\\1t~1. b04,y' tor thi# 

t •• lt.. 

l*'9tov,ment 4..nt.be:~~toring 'Qft::rtala i~n_c •• IS.~tQ~llQW' 

,pJJ;Q-p;i.t. an • .tt4'.~ t>£ t:lt!t ;:.$u1.t~tc) ~ .• ~. c.lQS.~\J~l;V'l:.alon Q~tbf;l 

:t.~~ .~. t.~.~.~$:tQx) an.et: ~~.~~C;h Qffic.~s 1b .impQ~tat\t, to. .$eQ.tbatthe 

1;.l.'V~nt: lnf:Q~t1C)~;i.. t:'co~dtc:l.rt(l tt"-p~<>'Vid9 adv~Q.: .:nd.Q.the~ ~ • .1.ptQ 

thtf.X'i1\tt~·t() _~nt.lnb:$.$ 9'; :h.;enthu$i.SrA- Xtwa,.a18.Q,~oun4tQ l;)e 

·l~rtf"nt< ,tC: •• \t;:«tb.t, ;t,;t.qcu:a ,\list t;b..f ... n(la oX'inp~t$pr.'ovlQed int:..ht 



( . 

• t:.t~ .M,.;:~ ;Pge~t~\~*Q:~<>~~~"~t'1.l~tht:Q~~h v~4td.( $UM$.~gc;t 
_tlXl~3;;~#tb~"~ if •. ~~ '~~~t:~" p,J;OV.a: ~-a1\JAll~ .bJ1~;ta ~()tA$\lb~~tt1.1t.Qt 

.¢~~~t. ~.<:;(n:~tlg ofqul.nitt.tlvf;l tt.t. ~Qll.!~t:I~t~\la.<l .• nQQU~p~t·. 
<, • ',' - , • ,';- , 

()~tl'~'!, 

~b.~.;,t~i;. o~t;:b~.¢t t~,t'.tl.· jho.,,4: th~ '~~Qpe:. t¢r~Dlf1;QV~ntof 
tb __ t_'lo~ ()~. t;:l.l·~Pft~l.<;;Qa~ 1;.<;l th. fl~n9" .¢~n*,t.y: 'tbt(t~i'b a* .. ~.l. 
,or;. fQ~ly :O~~M4 't.~t' vl~tlb tb;Q~9hdl.<;~#..~~Q~ .t,Vl1la~ 

.. t.~119~~ ,~.diQ·1nt.~1 •• 'I" .t,nd. by ··,otll_t; :_~ttodls. 

-, ' , 

.;'t~.e~"tl~.n4 ~$. Qe tz:i.J. .~.!S,,:tt.~ . .$;.$.:. v-t1 ~}:t~t ¢~rht%\t <;If r$R6t$ 

·tofAq$~~t.,t.the ~~.e~ Qt:' ,i1,ltq~tlQllt9. ~tQ,Ef ··~~;I;thet·;.~~l%eh. 

,~po;tlJ' on.j.qh t;r;l_l. _a~ £~"'l:~1;ttm; l,lpandl <Uatt"lb~ttd to .;r;.lttv.ll~ 

~opl.lt. lmtl. ~.th~:: lttt.le t;.~ h •. ' ~:l..Pb.'cl:$tnc, ttl. ::!t.~ iJftbe 
p;c99~_ln tq~9.ttb.re; *~.~U,~ •• ~ ~tO\ln@;tQ~ :Qon¢~~n . that' in a 

"~QpO::t1.on "Q£~$e~ tb1'tfill- nQ.tltJJ?~. "Me.n~,tQ'nQQ\.ttag~Jln4.!f~!~t 
tb • .Pe:r:$()Q+l~l~n'ftOl.v~tQ, M~i1;. uptll~;t1:.' ~~~ .ne~.4to .~ f()\1#<ir 

n., til'1UqS.~lJ· CO$t ,,~c;:t p;9~A$*Qn" ot u$of~ll:.tsUl:t;$y.:;~~'wid..lY' 
' .. ,' .,' , , 

~9 ·U.~t~.l$.f l't,· ia: ~1:t~t t:q:kU:P ,ttl~ c.;Qst, of ·, •• Qll t.~1.11.QW .~~ 

,th~t al~~~. p~~~. Qt:Q~"'!.=, t:l:l"latwith .~ 9~ ••. t.l;.* n~t (j~' 
1,;.'l~c.tlona"Q.p. ·~x~n., .~~ .e.l,'t,nc9:in ~<>tl~a,$ll~lI1$:ho\'t '~Qh, c.n .~ . 
dQl1 •• ~tb1n·. v.~ ~3t~1ld9'e.f, 4n¢ tlJ;et~ 1# nO~Q~t ,$Qa,pj:tQ' blprQve 

~tltb.i.~e.~llf :~~;e.nQEt. 

th. t~1_l.1i .'e) fa;: h.v. l>$~Ul (;In t;WQO~' the '~1n' i.l.nc!A, .~th ~ittJ. • 
.. tt.nt.~:Q#1c 9;'vento lUQh.,;~t;.l¥cation$,~ ,f.~;,l.n~t:m. .n(l&,p)l.ft(1'981), 

b._v .... ~9tl.d:. tl1.tt~it~e$t:P\Otf) :fx:~ th~pl;!n(d;ilalQo~rQi~1r c~nt:~'$ 

l?';Q."i~ . .-u@:pot.nt~.l fOJ: ~ •• '.J;¢lUngJ>()~~il>1.~;r:Qv.D,"EU1~. :tn th. 

~~.a;~tlQn.:J:. ,t.n:ilng ~'yateJ!l\ .nil t'b4tt'n •. ~-Q~1Qnt~t;Qd:· .:r:;t,s~.~Qb ~hQu.ld ·be 

(:Qn~UQ't~, ,intb, •• area".. Cl.1la);l¥t tbecO.{ft;$of; ,1IQ;'lt. intC\Q;r:e ,~te! 

l<tQ~t.f.¢il\lt,wl.U1:la lli,:gbo~ffi.ndlo~tbQt;~' ,ot' t~.tal$.tb~tc;:an :~att.~t;ec;t 

. \f~ll. 'be., .~t4It.·~ind;t$t, :d\t9- 'to t;he~xtta ditfi.Qul.t!e~ lng4iitting ~tsoni\el 
., ,.~d;,_ttl,ti~,l~ 1fit!opl.aQtl .tc~ tn.' ¢C)n4ijc::e.()~ thewQ.;,k. l'$~ th •• o .:r:;$ jU$1;; 

t.~~ c;l1t~~¢:ult$.e •. :a~.4'byt:n.· ~a~J:1!t t,bt1'M~lv~$ 4..n tneil:.v.~day li.vQ~, 
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·S~,tJ;j..l#it\ 4~~h:$lt~ati'me~y ,P:rQvt4e.~Qt.q~;Ly' '::f'$l$~lt$ jbol,1t;. 1tap~v~ 

_tbo~, bu~U8()J.1JatSJltt$ v~l\~~le tQi~lic1_kEJr:e ~ut bow~Qtne of the,.,' 

~m:lt_~t '·tQth •• ~ingo~on~ta=t~~.l$,;ie ,n.¢.$b,a~ !,f th., 

'FS~$: Q,Qn¢optt9 ~QOl1epaxtQt.?f.i¢Ultutal..<l$velopmllnt .,In ,~t>1J9'4. ~be 

1!~~1 ··cQ .... Qp«!l;'at!Qn; ,and ~nthttSta~' Qf tbe 'clvi'so~()f;liQef: itt, e.t'ud$:.al'As 

they pl.alra. 'key ):ole in c~ipat,JI'~D·l:$t".en t.l:i$~~1c.ipat$~g ,faxrers 
anct r~5".tcll_t. '~$; ;'v$11 a.lShav1n9' ~.,~pos$.blJ..it.y ,~o.t ex,tcmc.ii1,'lg: li:s~tul.".,t;:3.a~ 

fiJ14in~f.$toot.hel: ~.~rsit1 tbEt, dist.l!i¢t:. lci'l,1$:Qty ottJ.C::9t'5baV.,'~ la.rge 

n~r 'Qf ~f!)~pon$ibil!ti~$, '·afJ.d·£'01; tI'Jl,$'reaSOnl' tl1e; n\1lli:)er ,,~,' t..r;1a18~ 'in 

eachdiBt~i~'$bQ~l¢ ~. J.U!it'ct4sC)tpat th,e, n~ce~ea.~ '~. i1JQev6tt:t,d eQ, 
~aQ:n. t~± .. l~a.e$ea.rch :Q£t:L~e~s, also, ,:b.~v"'· n_l!QUit re:JpoJJ.~d.bili.tle:u 

hOweve.r, on~f.~ tr.ial~ ~b,oul<ib&: :~e8l1. 111$: an $s$t!lit1al. 'el~nt ifti it-bet: 

c:lutie~' .... to ~··~ef.t~c't~<l J.~ 'tb.e!r dl,t~Y$t,at~nt8'Pto~1;iQnQ~l!t.::i,a,' 
~tQ. :lrlnal1)1t tbe' c~i-tmen.u of fW1dl.ng.anct ~'qEport'~~om. th~ploantdn$t'and ' 

·genio:r: :l.v.l~. Qf ~l' ,1$ ne~ese~~ ,t.o flJ'l~l. ·ti'prQgr~()t .r.l.y@t~nc;l 

,pot~ntiallY .$t,1cees:':ful.on"'fa~ trial.a t,o be ~. 

As in. In.()$t deve~opin~dount:r:,l:e:51 funds f()~' llg~,tQulf:l~:r:~l xe:s~atch #to 

,:t'<>nga.arfll sholj:..~h~:r:etor~t ;eseax:ch methQdst.batw1:11.be, most eO$t

~ftec;tiv$in :gen~ratingeC::6nQtD;i.C:~l\~fi,tstQ the n,.bion ~lld :l;n ra:t.~d.ll~ th~: 

~nco.~ Qt,' t)te pooter ;(~u::xners ;a~requ.b::e(:l. ;A'S~.'E ,app;~aohmay :QeoJ1e 

'Wf:Y of impi':ov,inicQ~t--ef'feQtivep.~~sl ,an4: l':elevant,:'well 4e~J,gn~don-fa~ 
t~lalO' ate ian e~se'(lt.!al pate· of tbi" tilppr6.Q:h,., . ~J:u;~, PilQtp:r.o9':r:~ot 

,t:r:$.1Il1$ deeCJ:'l.bed ·~Cl~ the~etQre .~ni1npc)~atlt ·~.r~pt .• 

!r~ep,rQg~~was ~'Ucc$a8ful. inin.ct:ells;ip,g: th~:f,l'ow of infQt:nIation ' 

~tw.enfa~t~tadVi~Qry iUlc1 l;.~~arch Q~f£(.'!er:s ..~b~l.Qng'~,t.~rm,~n~~it8; 

to th~f~Jlgc~nl.ty :0£ t;.be t~ial$a:r:E!c.U.£~ic~lttoIJnea~u~e at tb~$ 

'eat:l.y$t.~9~~,Ult~tf;)~y.t l1doPti<>n by fa~l;:80t the \:~stQ(t tecl1nologies 

",;'11 ,~.;,a t.~stof ,the$\l.c;u;:~ss ,oft-he rE*~~arch. llecmt~, less(msil~ve 

.. \,be$nl .. a~ed~QQut-:iwprov~nt,s ,n~eded in, tb~ ~~:i,gn andrtuud .. ng of.Oll,-
\'. \, 

:~atm 't:r::,i.al$i~ th~ tl1tu~,. Impro.vement. intl1e: !ci,entif!,.cat!Qn at proble~ 
\) 

ta'Qed, 'br tatra tM;d.lie~J,s iiecessary, so t.ha:~ ,2ll:E)2isQ;f:g:ieatest 'Potent£~l. 



',) 

· {) 

'bUe$1t' Qatt .~. p;l.n .... PQ1nt.d.. tJda; ~~. ~·ach1~'q:~.br·~.r:~at~~. p>l!l~tic£pa;tiQn 
"c)f f'~~$in J!b~~4iIt:,ea,r:ch ,P::Oq_SiI antl .bY ·J.nC:J:ea.$e~ 'QQ~l~o~~tiQn betW$on . 

t:1'J.~es.a~cb 4nda(lvl$9~ ~t.ff. .. ' -TO :h4V. th. :ma*~s:tI.UDl PeZ1~f.tt·ton,"'fa=f 

t:~ial·s~bOUl.<:t be (;~~.f~ly:c;1e$~9n..d andclostAytoQ~tQreClio '1'll~ma~imU1# 

U~_ $hould ~. liUlde, 'Q:t::at>erif>nce* \i.iller.! in t'o~l;~ti-p~;f)c:~nd~tion$: to 

ta~ra; .in' cle8tgn~n9.iagt;!cu.ltill;~~ ~v:elopmantpr()j.u:t$.a#d. in, :pl.Wng 

;fu~be;:~~ea~QJt~ 

~!l~ t}'J.. t.r:i~i,;asQ: '~a:r:e~~et~ he\t~ \,~alt.!tb. p:r;:OJ;tucti.Qt1 

qu~sti~ut$ .. ·c'f1~~fl,l'l C)fc,:tQPs. 1# .. ~. CQunt~ jJ~C:b. .a$J'On9«,,· .. b1.ch ia an 

~$l~d ,a~cbip,!l·.gctt ~t4 .. ~%'Ont 'Qv.~"e(ll', _t;~et_.,·(, an4' _ltll $~ve~' dt.;>l~ustl.C 

t~Antsl»~t ~t:obl,~" .t)tet~·l~~ ~.~,'Qllth~li't of t .. ~:r:S' 
( p~Qbl~. :I:g:' .tutuxe, tb.~.fQ~t,*t;VQulQ·l:>e u$.tul to, ;lQokf()~ , 
\. . . .' . 
\(jppQJ:.t:.~ti~,· t'¢1:pt.¢tlc.t t'.~~in9'o~ .". n9J(el:,~rk.ting teplmol~e~ 

o~, .th9tbt' '~. ius,' .paJ:t;.()~ apt9gtPl'Qf .gtiqt\ltural ~)!keti,D~ $y$tems 

t_8~.l::c:h .. 

~he ;Q~-~ar:l1ltti"¢4p~Qgt_.t~TQn9. t~· by' no, ... ana. ~llli~$ciAl. 
~a~ng4!lll'at~.'~os.~;y;ch an¢ iP'it~nslQnpt:oj.ct" '~A.$.: t'l:.1.1_$!lo:uld be 

~~~ ).sthef.~:r$t ·~t:.ep,· ~n .th.,ptQC8:S,$.ot. SI.ttl~g~artne.r$'1 .xt~$i:on. 

'~l;'~()ooel an(l . .r:es~~rcb 4ta~f ,lDOt:e hVQl.v~1nt.he4.$~elo~nt- of 

apptppriAte. .1;echnologio.$. F.u;t.h"x C~J1fig$S ~n ()':9 • .11lsa.t.i~.ndQ~1;.' .. t*on 

of tlle, ~td.8t.J:y will, b-. n~ 1fl.t . 1$ .dec;~d~~ to ~l~nt a :lllJ,.~,~eale 

FS!l&~, apj?t:o.ch. unot.d,4o •• jordh.nc;lEJ,s :.tn· l-WT' h.v~ ,be~n .<10 

:t;ecellt:ty b\,lt It :1$ too .,ar11 ,to ,c~nt ,()~tbe:ix ll.'k.lyc:onst!qt;tetice~. 

,t)e$pite the,IM~Y ~~tat~ons andQe.fi~f>nc:it:l$o~ the ti:ial~.so :f~:P 

QQnducted,a$ 4i$cl\a.~. 3;n ~i, P~~I .' tbepilQt.Pt<>9'~atAmay .~ 

$libJ"ct~vel1.$~e$:s.d.$~u<:~.~$~~ PX'Qvj.$<i that.i.t1s:seen anclll~~d bY' 

!!UF pl:~rl.ly as: a lecu:niA~~)I:~J!'i@QEh )ijl~t ,is!).~ed~t;l n~. i:$ :tor ·th$ 

m~i$txy tQ, develop .... conti,nutng- pr()g~.o~ wQ:t:kthat l'>tlil~~, ()~thi~ 

·~~p6r1e,Ilcean~.tb:e.t;.~t~t$ly~p$n@ . upon. thflg::owing ~rt;~~e "ithi{l: 

1'()nga,in tno· .QonduQt.O~.:S~dh.$tudi~~~ i;~tlte!; than'onollt,d.d~as~.i~t.~rtQe. 

%'t i~- ·e~coqr~ging: tll.at :t.ltl$nee&l:$r'ee~!:sed in the lSAflr $Q th~t it i$. 

PQ#!l$1ble '1:;Q .~ optilld$t~Q ~t:hat:tb •. even.t\l.i o"tc;:~will.. l>eacQele~tQd 

t1ev.lop:lnG#to~t;flchnl~e:s..that will bel~ ,improvEl agrioultut:~l' .p~oduetion 

-'ndiA¢Q_$ ()f!t'Qngan·,,~:UJ:).()lctert~lit)$., 

.) 
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.~.u, '~ ~.,tt,attmil~\ .. \\ 
, . \~ 'l' 

tJ . 

(t~s,,"e pQtAtQ ~ltl"u t:t:lil. Qtl",,~a~~~.ial~' Ofll$w C~~nfl.' Ot.' :~., •• ~ 

'~t~t9 .v,lo:~,f;. '. :t>re.t\c;l1n~,p):o9,z;'.·C)Jl ,tb., ~f#~.a;r:Qh, t.l:nt ;(~.uf.to£\t~ 
...,t:a.l.,i,986)*;w:e;~t1).gte~t.a·un$lt t.~~ .n.~nt\O;, !th~i:lfI .v"i;~et;:le$. " 

,}tl\V\\ ~,~t;.d tQ~;t:.'18tlmQ6itc1~<:.b (ml.s~Q.batat«'l., ~h.3.ghl'te~dst· 
')agt~n¢iAid,Chax •. ct~~!$t~Q:S; 'an4;. '9U~*,n't:y,.ct\1.1~:ty" Jrb.r~·b.'Y1l' ~~nttn~ ,o'~~ ... . n - " , . -" ,\ - F_ 

farAiJ~~.1.U!~'.~,~n¢~OQ~Q~:tl~a,$ f.o~ qQmp.':t:i~dd. <::tfthe l~;fp~¢~o~'fou:r: ' 

n_\fvad..Ues '..,i,tb :the. I{$w:.:tl 'I1.rt.t~,;, wblcltjjA\';,\<;l1r~etd;:;l~ ,the', :l'I!Zlln.w~et 

PQ~.to, 'Va):iet~t .i:n ~Qn,c;J.,~R'$ql.t8.tlb<>,.,tb.e~e ·.!;t;.·v');l.t!Qn·,~Xl 'tbe 

~dQ~c., 'ot ' •• cb.$pftC~~a'~~th; dlft~~nt l,:.V.l$lo1:man.gem.Em~ anc;fup~t 
. ' j ":', ,." 

diffflP!;«mt 'tn~1:(l~nt..l,c()nt;1itioJ'1~ <ti~oon""f~u!%Et tri~l~,o~ tb61.~"at 

v.J:iet:te.~ ;in wete'pl.nte.dili~<.l198$" an,4 ~t4.rthe;t trials:wore,b$' 'p,lcmter;l 
£n l.t$, '19.1J$.. ' ' 

~... tt:i:,l:) 'po.t.1;O;V.l;,t.~Ytl;l.al.,. ~te:t' t'Q:tlrl:~.i$,' 4t ·~el1J@.rch.Qn,I;i'$1i' 
pQtatOt the; Rese~U~Qn Dlvt$1on ·tt •• , ~~c.Q_llQec;t fOl.i~~~;J:et;te.$,tQ):' 'l'Qnga. 

~~. Q~ tllel!JG. "ret Ql4'var,~$t1e$",()'t~ l?Qntl~c 'lind. $'~~l.a) ;t.he .Qt~':r:t.wQ. 
~~$.: ~p: '.clone~(S'~):.M'.~n.4 ·J)al;l".y) ·that*re'1:)elievO<t to,yitt14 .ell. in 

~ ~ "' ~ '.' ~ 

·~onga f>ut l'la.y.n~v.J: ·bilem g;own,b¥ ~"%:n\e~$_ lJ,ighest, y:1t~~ wer •. ~QbiovecJ. 

,by tile $erraUA~v~u':let~(.a ·toMe" ~r"p;e)t, fOllow~b1" .);led 1t,Qr,ltt.c, (35 

'tonn,ft$ fGl; '¢~h: $$q\lo,i' (31 'tontl~$ pel;' .Q~«l}att~, l).li:s.~t2$tonn$$,' ~1: 

'ac'1:t?). ,'~rtbf$J.: trial~Jlre, 'n~d.Qd: 'tote~tdl:;ftu=~,,o. t~.l$:oepl.nti.1n~, 
\' , 

.e~v1xQ~t~1. ,~Qllai.t!Qn%l· anci ~tb~ .Q1!:,.$'t,Pt4.g., Andl$.~ p;Qd.~<;It!lon; 

(pt.,;'Sentl;y ~&::.lQ' pQt.t.Q~~"x; •• ~tt,.d. ea¢l~ Y.,~) .. , 

\ 

3.. ¥anill~.lnt~~ctoppi.~9' 'w..i;tb: ·kav.f N~ '~\lldbtu'1an.'r A~ter.'~ol.lQw,in9" 

,fI~:tt)!"J: r_Q~n@t"t.)+i$· to :%DQnocz;:op v~u~t~l~,1!a~$,az;:.nQ. l.ntf,tz;:.Q~oppin~ 
'".p.ttl;~, ,,,,itha,,,.;:i6tl'ofd;.'OpS. intb~fil;st to~· f'.~l;"'Qf p;~ct;£Qn' .. 

~C:Q~d!liff;Q~'~~v$~al, ;plQ,t~,Qf¥.pi'il.\, ,i#t.rc~<>p~(1 ",i.t.b~k$v., YPl4Jn(l 

'b .. n"~.$, ,~~, tiljQ,ngpl~Qa~~. Vav."U. ~be .~~$ct.Q~ interc;.t,'Ql?ping on the 

;grOwth otb9.~l:lv~nil;la. ,and, tbe' .~nt.+Q~~PS •. ill ):)e :meae,u~.Cl, :a.n4 ·'Ji.$CQrtQmie 

a~J,l,',$s )I~.ll, .~ 4Q~. ~f1;fJ~ b~n49st" 



,~, . . 

-Q"~. th.1'1el4 'iQ~ ,."t_.1OP. 'i;ntotc;QPP8cl ,.ltb i~4I' .d,t,}),,, •• t.~lQ~ , 

,gt:olm '.fi.;.~OC:l;Qjj~ 1J:.e,'l)'ti.f1t~;o~ ,t:P..,q~p, Q~.t~,t~Qn.' ;i_~tOt.i "~t/ " 
F" ": • ' ' ,'.( , ' • ~) (. 

, ~~~ov~t ,;ltt.,ou. .f:e~illt1...' ~.~t Qf' t1l6 ,f~n9' (ol nlt~n 1n 
, .. .' 'j , 

'th •• ot.~~' tl't.bt.14$~ '_~th, ~I~l,.,~ro~ .. ~~ !n •• t.~lc)~ t1.1Clt, 

. t~t~.i .,tth ,~t.t.t 1nco. .~J:0Il ~.1l;i~9 th •. · ~Q$. 

,s. 13.~" Md<:ov.~c:.'¢p~'~b.t!.lcl· 'f'iJ;~,~Il'n~:$ d.n, ., Ql.P ... atd'blcu:k 

: 1$;' t>a~t\~ ,~~. ;t<»,Uatoi b~ul.n.s "'ith a,l~"cQv.~ 'Q1:qp,~tto~ 

"(C~t.tQ'" :p~.c.n_) ~ !.ibi.s Q,OVer Cl:QP$., ~ct;.4!l4 to in~r6.alt, t~' 
f.~i.l,.l~YQ.~t~. '.oi~#, te4J,lc., tn." ,l.bol1~ nqui~4, to~ (~~ng ~. :p;otfJQt; 

t.h .. lJ$o11.t~.t()';l()#.,,'_fl~'yl.1QA, and "t,u~;"~' !()t.m~tq be' 

,$i.gn1t*¢~tly,Jll.gh.r :fqttb •. plntwitn, Q.ent:..~o.##"(:Qv •. J;:· ,otqp ~.re~. to 
, tb~,el. •• n "'Hd44'\'P1Qt~ 

,6,8;Q1l.x: 'p;~ctiQP;" A .g:r;Q\1pof lQO.cW.cken$ lfI::. ,t.;bl04$ ;lP-¢.l(en 

~t .• ~.;:::".J1.ct thG# \;h.9~Q.th.of t~~f)I' £.c:;lf!n:t~b.';" xatJ.on e~~u:~ to 

tbqae. ~;;nlY_9.t.~g "X4l'C;QIPf?~~ ~b..' .%.#~lt:S$bt>.ea'-\~hl\t, ~a.~ tlltl 

p'~1:1¢Ul.2;' l.~ ;QQA~~9J)a" 8~v.n9'l.1lg: cbidk4UU'CW.,* ~~ghttn:tb&ll tbQtte 
~/ .' " . " ' 

f,q.~iniehl): 'r.t~,olh· .altho\1g.b:!t wa~"~, .,p:qnO$1c.l P,Qt1:.o', 'r6tci ,t~ 

lit\iQ'.~~'tiQn.fUtJ:.)1tJ::··\;l:lal·a a~ •. t1~1;o.¢Qn~j.Ql ttle :f,;.\ndl.~. 
, I 

f'h,. l~t:qt;ta. tx •• ~t.o~ b.~'J'1a4'" -~u,t1:;.$ o( «: n ... toQl<l~ Q~a;:l$pl\" 
tr.i..J..run, ~t th. ~.$ •• tqll fa·t;I\·~n '1'9ngata!miQtU:e.t.1;h.t:tll.~t ~ .... t.oc,t4Q 

~"'lgi~e$ ,batt.~ q<>~b=Ql. Q.f;tb~ban.~ .• n~t~.lb.*Ph,Ql\1,~~iJdli.1lJ1 
tJ$,~n ith• tm:t;(lnt;J:y :c:eQornmen~ n~t6q~d.;· ,t.tl>QfU;"~If' Xn, ·tb..; :t',rlal ~ in > 

the ;f.~r'. tl~14t $.tgn,.t.).cl!ni~'4i!!el;.71e.#!t~· _~n b~CliW.l.~ht ",.r., 
r,>bs8"et.($:tn ~~l, ;t~.t~.~lQt$ ~rtctth$c(»)lt;~QlplOt, .• it~"e.*bot~t'll" 

I ~ .• o"t)1.n~~:qf btmctl.~· p~04uee(i.1 ~~_t. IV ••. ,b19l'1<t7;' in t'h' •. ~PlYl. 

t:~"fld;,u.plota.. TlUt$o,;esultaf,::orlti~ t.Jt$' ;;tl8ult$ot the 1)ri~.t$t.t1Qn 
.~ - . " , - . '. " " ' 

tx:l~.,An~~ of'. t.he()~·t~~t~,i.l~:w~l:~ .b4"nc;iQ~~. due to $ev.~BttnQby 
f 

'f9PP,~ol:>l_'~ 

'8. C~geatlQ, ';'.t';:o.t:r '1nt:erQtl()p~ .,it;honlOIlS", ttetl1~·Qt! "e4\1cil\gth~ 

neeafot' ~atip.tfle~ ~w'li .. ~g:.tQ~iQ.~·V.fl90,t~lEl~ .t:~ r&~i~,in ~tQn9...,On:f.on$q 

_.y •... ~n lcnl:)~, ];.t?, ~.dt1Q. ~nt'est'~t;'qn. 'in o~het"C~()p$·1.>Y rel..a~~J}9' 

'~~l.l.nt.()dQv.J.'.'lIi ttl thi~ ~~:tAl tbt -.ft •. ct. Qf ~nte1:~n:Qppinge@W9'ea and 

l\~h~i~t.. '1fttb QntQI1:J '0,' .• nc.·<U.$f#aa~Ir'..a ~stlnc!denc., 'Wli.$ .a$1.1~..~he t.xiU 
.J' ,I 

.: •• b.a,,;ilJ'inf.st~ 1Ii"'1\ J:>1 • .mc>nd *cked"()\:i~ :., .,. ;e$ultotl.atef>laQting 
<.. 

" 't ,"r! 

I 
Ii 

(I 



, . 

. ancl ~.Qk-9!.V..;1~1.~P;Al'$~ T~~~ w •• ~nQ" .igQi..el~~tr. 4itf.l:e~Q.\iJl,t!l. 

~$t ~~~t,·Q.1;t$P!t wh.t.b~ ~b.l"~e, ;:(nt.~c~()ppod 'W!thoniQn$ t>x:: :not. 
,'I 

i~'.~.~lQ~ ~~1:tll1 •• rt~.\.:t.,\ ~ •• ~'9',tbI$;t~1.1~'. t.,D ¢~"' tn~ 
,RltponeQI ".t.eJ;1'QelQn~cUltj:'.t~ ~i:J,'1Sf.cld,.Qkq, .. nut.tNtl\tf.ct"tg.<l 

t.~!l,1",r t.~i~I)· :;u~4.sd.~t~~Qttb. two. :It t"~_Q! 'w~~t!Jlg, ·th. 
r;,; 

,q:tOp'~c1 'nQt ~'n~Pt~.: 

,10.,~~Q!o~#tt)r t..~~'.l,., 'l'b,eai_of ,tU,tti-.l $,4 tab,]", ,~~ppl .. o.t. 
•• pltUy' d:i;ad.f1i~n~ 'f~~ •• t ,~t;.tio •. J: to l:e4,llc .• :th ... ~.t.ctqt '1iin~ 

4v.pot.1;ln$r~:t;Q ll..l.p _~nt..~J)~., ·sP,pp).y q;t' :1%0.0.04.. "'!f~.~.;'$ A lQn~ .... 

t.m .~~i.l, ".$ .nJ~.f1t$"lllPQt; 'be \.vi~t '~Q~ '.' n~~ ot¥.a~!h' 

:u,~ ~_ f~,low.:Nt~ht~. ~4IK'Ju~,tlon .tn the· t'llo,", )?er:tQ(lts,: ·"oil 

%.~~llit~ l,.b.~4 t.Q,W,dGc~.$!~9' ,in, ,a~ •. ~Jq~T,Qnga: .... ' !tb! •. p1:qbl_ 

I ~ght, 1 .. :~~~.:1,;~yovet¢~ .t(l~'i ..... ;;e$~tm during". reb., :t.llo\f; f~.~;$.«l 

t,o~.~to~r4t,:.n ,to· ~. ;$o$,.~'!!t6$~.~'~ nllti:V. l~tJ·tb"~ J1.~. 
·~~·g;o\fAt,t.4$.t1Q;1.1l.Y4U~ing :tb.,· ~.l~QW .J*rl.:~~, $UQA' ., tb.;' fQtl9!~ '~an . 

'I. 

(~(Q '.~1.~h.. .ill ~. tl11. ,t~l.'l, 3.;~' 'to .n90q;a::J1g.lta~;a::~ 'topl,.nt 
./ 

J,.f~.,,~Qb, ·.,tt'$:ongM ~anQn -th.1l;£-.llow; lallcl+~n1 ,~$~t8. fJ::OIl, 

t~ ••. t'z:1uo ,.r:etU.it,~Qt.~ .. to. ·~~pp.l::_t~Ol': 'oe.,.x:..lf •• ;a::tl aft;.l:'tb.tJ:' 

~t;.ti.on., 

12!' :J?~~'~lb&~J:Y" ~O,y.;a::i.t.i..49~ ~~Jt ~r~t.. "h:i.~b, ,;1a \t1!Jed, ,to 

.k.t.~ "~:dd clQtb:,.;elleing (;~;a::C,;:fQ~ t~~J: ~;a::owth,,,, _t~ o~ 
"_ '" I,> 

.P,;pp_u&tlon: .(oin:ke::$ ve:rflUD¢utting's) .ndQpt~~ :~PlQini~r~.l.Q ~in9' 

te$t~., 
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