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Summary
 

(me of the challenges wv face in developing agricultural strategies that 
are triuly sustainable is niaintaining tile resource base--the soil and water 
that nake apriculture possible. But the pressures oil these resources are 
C\traordillarv: five billion people no\\ inhabit the earth, wilh an additional 
one billion espected each decade \\ell in1to the next century. The specter of 
possible cli:ngcs in clilmate adds anothCr Ic\l 01oulncertainty. It is lime to 
ask 1lt\\ \,,ecan mo10vC t-1\:d Sustainabilit'," tI,,ard a ,trategv of agricul­

tialral rou Illt'l1t11C and rOll'C ICllt that supports current pp tlalions 
M.lile leaving future g'eneration. ai Ctlitable share 01' tile carth's great 
w ealth. 

Poptlation eoth. inlnsiCd land use., Cnirittnal deeradation. and' 
aig ticlluiral iploducli\it.' are interrelited issues,,. Although aurictiltural tech­
nihogv ha', perorned \ ell in the last 20 \ears to meet the needs of a vastil' 
lar"Cr and genrcall It'oc IlOsp~itu, Worlrl popLulation. there is concern 
that those initiatives ha\wL peaked and ihalthe teclnoloics in use focus 
tliinl oilthe best site'--Ilal areas %sitllample \aler and fes, soil col­
staints. ScientisN ill the 1 nited States, and throughotthl [ih \rllh arte or­
ried about the decline in pirducli\il ' in inali\ soil and \\.aler systemls. 
especiall\ in the hi.'h opulation glrosth recions--Ah-ica. Asia. and 
Latin Alcrica. 

Mectin, liet\w rlds increased needs and Cpectialtions ssill require coll­
certed effort. Research is necessary on thlree fronts. First. techtiques itust be 
developed to intuCil tuse oft ood quality lands "vhil titiimizin, envirtln­
ttlenial dle'radatioti. Second. 5 ilust e sougltt to etthance productlioin 
and reduce dlegrdaltiot l t lands pre\ ioutslv \iC\Ncd a, *llaglrilnal or "eco­' 


logicall IragilIc.- Finall. lel ell liasis Illust locus oil r tu iti degraded 
landts. 

it is \%itill tltis cottiex that the \ency for Inlternaliotlal )evelopmttent 
(AID) asked the National Research Council (NRC) -to develop ta broad 
agenc ftor directing worldwide ilternational research at dCveIoplunt ef­
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forts related to the use of soil and wvater resources to sustain airi.Liliie.l 
The NRC's Committee Oil Soil and Water Research and I)e~clopmnent 
(CISWRD) was established ill1990 to prepare this report. 

While we have gained a much better undertanlinlu ofl soil and wa1ter 
systems in the developing s%orid over the past tew dcades, too little of, Iis 
iew knowlcdge has bcen successfull., applied to lllilV fudalnclital manl­

eit prohlems. TIhere are substantial gasl in our basic uttllertanitle 
of ile 'colo y of' these syslems and of' the social complexity inherent in 
resource use. 

The committee becan its work with af clear charge to look at soil and 
water research priorities that would cojitrihute to SUStaiallilble agricultural 
strategies. Sustlinlle agriculture had Ihecomife a talor i)olicy thl'utl'flol 
AID and muany (otelr organiiations inl tiledevelopment cotllunity, lu 
it sooll becatle clear that tie riftlthat oltell selarates those interested ill 
agriculture from those intcrested illnatural resoutrces Ileeds Iltow---ilore thanill 
ever---t) he hridced. If sustaiahbilit\ is a Uoal. then agricillure and natural 

ellte'llult ils[ustI
IesollrcellaI illterest rccolli/c that ltey ANe qual Ipartleris 
('lnlpelilioll I'osniueriip' continier 


tive. These inlerests" m1USt he willing to negoliale iCoinditnated strateg'
 
that includes the stcrliimlhs oflhotl oricWlltatiotis.
 

Tie most cminpellillg thmCHe Ciliier,':d this is necul 

in [te Cfforl. fr o1 lte is ue is i)rLIIhc­

tihit Lurii.e study the 
I'orheler imite,-,tration of soil and \saler research ksilll Ile­other elellell 

Vallt to lnaltral I mna1uTe'Iltll.lllrs Soil and i)raclices not
cM11. l~lel aIr'e 

indepeuldent cldeawsor. hul rather IliUst he allintegral parl oIfa laltger I nld­
scape t. Ouac(ur itlderstatldill oI the bisic principles of soil atnd 
water lprcess's is fairly _,ood. hillour abilii\ to apply iliskro.,ldge to
 
solve p[)hlemlls illco nple\ local and cultural seliines is \weak. The sitgle
 
issue iesearc'h alplritmches, (if the ipat hrOltl grcat beefits, hUt li pr)b­
lems we fice arc clhmtlltti and deullalid a itlloe holistic vision.
 

A FRAEWIO:RI)K FOR ASSESSIN(; RESEIAR(I PRIORITIE'S 
,
TO achieve sustainable agriCultiure. tilewo1rld's agri cultural iptodictvit 

mut he e_nhanlCed while its rsoLirce iase is collselved. (eseirciih Mill he 
ess( nlial !o this lask. The cititIlex iaturle of01'tShiinalhililv deanilds thait the 
resetllch citaiil a s\'slell, alspproach that ilicluides ilitegr;ited research desigl. 
interlisci plinar\ id Iarlme. participation. ald 1 broad pcrlspecli\e as well 
as specif'ic InciilWss As stin s-Ihised fraulework needs to he devised ,o 
future research - ltether 'uidcd hy tihe plriorilies outlliied illthis report 
ofr elscskhcrc- -call he c'cclise ladCTicicill. 

A firist slep Ihmlsli s taiiii i tilisyis h e ntalcliili of, orallislls and litls­
haldry to the in-sile Chatacteristics of tihe land aid water elvirolitlitil indl, 
of cultlSe. to the iresource ilrfericecs and conollic and Cultural Context of 
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the users. This is an obvious, but ot'len difficult, task. The aim of' any 
research framework should he to identlify the important elements of these 
niisniatches- lie most significant constraints ol sustainability-and resolve 
thenii. 

CRITICAI, RESEARCH PRIORITIES 

Two key indicators of' deterioration in agricuiltural systellis are declines 
ill the quality of the soil and tihe water. Poor managemrent o" either olf these 
resourcs Lituicklv, leads to decreases ii lfarlii productivity. Most leveloping 
countrie,s occul )y il-Op ical /One,, ralieling f'rol seasUonall' arid to humid 
tropical environments. Agricullure in tropical enviorilelilltils 'aces dilcrCnl 
constraints than in temperate reioiis, amd Idhis aff'ects soil and water 
research needs. 

(ien tIle irobliis Iaced h\ trop ical agriculture, the' Uiqu cliaracrus­
tics of tlie envirollllins and cultures, and tihe stregilih and w'eaknesses of 
the esistine data base, iesearli in the f'hllmir qn six areas could offelr 
gl-reat rc\,ards in ,ippt01', of suslailable a.rliCultiuC and nlatural resouirce 
inncuruent: 

" ()v\crcollilg iristitltirmal COnstraiitll On ILtl'Ce Colservation: 
* FIllllcnillg soil biological processes:
 
" Managimii. soil ipropelrlies:
 

,lte 
" Matchiing cri)ps to en\ iroliilts: andi 
SI'.ffecii'cly ir.corporliri. social aid cultural dimensions into research. 

* I lrri' sing k I'Csuli'nce lrallai. l lient: 

To furher Ihese e'oals,. lie wealh of limle-tested indigenous knovled, 
that exists reeds to) be lapped. Special potiential lies ill the blending of' 
traditional and mrodern kuu lotedge. One of th,' ll.,I inlraciable problems 
vet tobe 'acd is tili dfilficutlly ofl CoriiuI icaltine lie%\ ideas to tile fallner 
and Chlablishini1,g lo-55as cirnliUriic;iion beIm ,n farmers and researchers. 
Research and development oreaiii/ations have struggled s ilhi this problem 
or mrany years,. and il remains a high priorit\ issue. 

AN INI'ER(;RATED RES A R(HII S'IRATE(Y 

A collaborative. integrated research stralegy req nies ilstitulional inech­
anisni S and StUiRe Illat efcctively link research ef'orts and (iranizaions 
\wilh clients. aid that clillamce the illiractiols allong lie dilfrnt.lll colllpo­
nents of, research. Mechaismsi, are needed to reassess research priorilies 
lCiiodicCally and to gle'rate local dlaa albtl soil and Wltl ieSorll'cs. 

A basic issue in any allempt to targt research to lie needs of users is tIle 
pattern of comimnunicatioi :lmld cedback amnon tihe dilicreit people involved. 



The chains of coiiimn .Ltion caln hl coniplcx. Traditionlal . cro1) IiSClih 
Wen1t Ili'tilht. hicra'chial scLUcIlc front haSic rcsCarcl to ficld tcslill 10 
cxtension-agcIll promotin. [Illt this structurec has not al%%a\ s \ork.d in 
di\ clolpiil cotilics. Special cfforts arc rcquird to enctmr ieg IIcl\\ ks, 
"inll'icdialc changc accils" mc,.. i+ivaic sollar'\ orgailialisns). and 
othlhcr iiclchaiiniss t) link reseaichecs andi csCarch or'llli/atisl, \1i1 nii­
',s'ilics ill host cmullltlic:, pli\aIC vo l tarv0r alli/atiOlls. \ illauc orual 'i/a­

tions. and fareiirs in itlcractli\c \lhaiiWCS. l liticilaliOti firtii thc [llliiiItC 
recipients of rcscircli---th fatHirciS is ncccd llio'tighlOhllt ihc plltis of 
Ipaliil aid cOtmlIlictiili! cSCarCh. 

(ON(LSIONS 

SoIc collollin thcn.ics crstallimcd during the colillill, ccs deliberations: 

SMajor gap" still C\it', ill otl understainding of soil and ,o.alr s\stlms 
and processes. bill Iler ai la WhItim1iportant thc bgtl\s,.C.'n is knowIn 
and shuit is applieid. 

. Iiidi ..l nus ktlmic.lC ¢ ,,hyctshould al\.',s he assessed. it oi llcall ,licecs! 

pistinng re"cailh on11c,,.',sicii ciiipoiiclls and stral ics. stuch as lilro­
"eI I\ii rccs. lutriciltl :iccLuiitlatinic spcCics. ald loss iil irrigation 
lcchniquc,. lin sonic cscs. it callprovidte a plaitforui foi [lic ingralioll o 
traditional anl ailc\ technologics. 

- More cIlceti, c link,, mtv,,ccii IC social aiid the nattral scienice aspects 
of, s,)if anti s.alci pblo'ciullsar liccdcd. Social and ccolloiiiic conte\ts ciract 
colstrainits that c'.n cflcti.,+cIx li it thc alppllicatioii of" IC hiical illl'i \'e­

,lllunts mlcss such ctc\t ;aLcIaldllcatlv Ulld lrstod and aIkld'csCd. 
* Ntirc clffcti\s \\ass to nsc c"calch rcsoulcs for log -lcrill. practical 

clds arlc lncdcd. llos, call lttcr fccdack and coimullUcatiolluhc cslah­
ishcid hcI\cilc thC field and tli rs arch iistillitioll so research call hc 
'houiSCd Oilt 'cal. plactical rVoblculs. 

Slich scakst linik iii th icsearch proccss is the disseiminalion of ic­
scarcli findings ton the Wii or rcional lcvcls. "ith thic lrcat iph ical and 
htliniln .Iiscrsit, that occUlrs. (Ircatr cfforl is uccdcd to dvc lop hcttcr 

a\l's to commnunicate resuultls. 

Siil and Wvatcr 'csOLINcs ]iRIVidc thc ftIniihatin it tLOltl hich aiictltnrc 
is hascud. hit succc, l a,,ricnltnu ral piorduictiOl ,stNcis rcnircV a c0inubla­
tioli of hiolo'ical and societal SOurcc_,. Tihis is a coiuip)Ilc., atd dn'tamilc 

Ill \ luitillar*\ rltu sys­nli\ of, saiiahlcs. \i of the ,'\ naltnrc oh' agricnu l 

tciils. it is imp)rtaint that thic s'Itin of rcsearch priiritics he all ollcoiith 
prIc.ss. Rcscach prioritis llnst be reassessed ail adju.tcd riiodically 
to sc\ c thc proiilcins at hand .. A ilc'hanlisni is iICCdIld toi C"'altialti and rc­
iteratingLipririities to kcc) telucm lrcsh, cXibhlc. and 'Snl0llSiVc t0 CUINIIt11t Ids. 

http:ktlmic.lC
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Anl elf ctiVe efTort 1t build sustalahbilil.' into (all. al'ricutoltrll sVste ls 
\'ill require changes in the philosophy and operaling procedures oi develop-
IIen1 olrellli/.tiolls. 11'mi'rai1 planners and iliplemeliters \\ill need to he 
m1ore rcolsive to the evo\'lutioln of ilt.lividual atciictilttRIil svtSIClS ald 1t 
the brloader aspirations. needs,. alld cllpaililiCs o1' the useI pop11+IulaI1tiis. 

The sC.i'ch 1'or \Na, to aclliCve Sttaiilble aQ'itlltur' aid naltural ie­
source iana.ii I ill requirel' " changeS in ' l; ouriltaditiolal approalch to prob­
cill so l in. Rescarchers It .l'oss the bouldarics of their ildividual 

disciplines: tlle\ nusl b.ioadcll their IpelSpectie\C to see the merits of ini­
enous koil slece: and the' iluIistlook to the fIallier f'or hClp ill de'liing I 
practical Context Ior rrch. "lis chiC in tinder ' h11il is\viin sari­
otil degLrces throtlghotil thi'e research colliilinity, butit lhe pacC of' chalnge 
is slow. 
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Introduction
 

Soil and watevr are critical (oill)oneltis of the resource IlsP ti)Oil 
which agri( ultlirtdeptends. Iomwove toward suslainahility, agricullure 
and natur,d rt"solr( v ilahlageil(iill int'erests nat rw(ognize that the'y are 
e(lial Iartru s in te,,tiotl. In hle,nge istoarl,)l ald V,×letid lour 
knwhlv e ahotit il and waler to d(vt ldop Aly prodLuo tiV',(,omii 

Sluttirllv1' , ihroprite, mlo o'lvird nilintallv 5,01t(1 ,,ritttu ,
SySt11 s. 
\ lhO\ileh,, on ltftJp 

0 
( (0,.Is iltO( (,,,iiv to "t(1r(,s,,r( h1urolities to 

In this final decade of the 2()th ccnturv. there is a peticlharit for looking 
IorMAVird I0 a ew iiillC1leiutin. The turnitc, of, the calendar in such a siutlifi­
cant way olelrs a natural patts -- an Oppotrtuiily to efelct on tilepast and to 
atIicip at te i jliurC. This report looks to ithe tlttlrC With Ceiluts.is on the 
"oil and w.atlr i 'sotlnes tht lppotll agricutlturC. \Vih population.,.orltl 

ll)w llllC than li\C billion, and "ome tllcc billion people lerncinge their 
rClodlucti\e \Cars,.it is tillll\ llolliculltsue. anl lPopula­t'I assessment. 
lion tlh lld ,colllic'dlallld .C 1i116untin pe,sesll'ontO hfieare ilt 
CaItl's soil. ,ater. andlother natural ' Yems losile chante 

s.in climate Can ouly add to thele plrs,1sn It is litne to consider hlow we 
IbilitV.C.l In \ _ "ttx-,aid stiilla ti\, aid tvisioll of, natural resolurlce lliall­

atenlicnt that support , urcit populations f'tuttIrewhile Icaving iceratiols 
an luitable "theI 11 weCalth.s.hare arthl ,eeat 

AIthough the tl alArmist headlines ponrtciding ellviro inental doom are 
probably oerdrawi. imu,' scientits arc coiicerncd uLti tlle stcal' dCcl inC 
in basic ,)It olv,fti SarsstCms, plarticularlv thoeCrlottlCliuiVv l and iII 
the high plpulation growttl ruegions- .\lrica. Asia, and Latin America. In 
the humid tropics, rail t+e,ls arc conserted to actrictnltre and. in some 
places. large-scale ranchinu losses of topsoil nf. Irill.-iii ald the deplClion 
lutrients. especially litrouell (I.Al. 19,8: IPimcntel et al.. I)87: Sanchez and 
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Benites. 1987). Ii arid and semiarid areas, increased dellmnandts for lfood 
fodder., lel, and materials b ainliocol1n101t1s degradation (NRC, 1984). In 
hill lands. problems are exaggerated hecause the slopes accentiite rtlnoff 
and crosion (Jodha. I990). 

Soil coillipaclion llnd Crustin. loss of Soil o'allic inaller reduced cliv­
itv by soil ol'allisills. ntlrl'icllldeficiencics and imbdllanccs-tlcsc arc ex­
anlipIcs of' Ihc many I'orms of' soil resource degradation. The interelacted 
issuies of i'l)llition rowilh. ecollolli. piessires. inlcnsi lied land use, alnd 
enviromentaIl deriadltion ai local an1d recional lCvels are SCrious causes 
I'orconcern. Altllouch Ithese issues are Lili versal. thev irc of piarlicular 
colncern in the deCVlOpilg nalions of tileIropics hIre the econlllic Coll­
straints of, larucl aurarian slocictics 11nd the needs of CXepaildin1 human 
populations arc mIoil p'shin (NRC. I9911h). Sonic cxperts \orry Illat 
c01ntintlc(I I)pt1lallitn uro\,Ill ma\ make suisia'ialle de\eopmcnl :1i1 t1 
iml)ossible ( )oyle. 19911. 

\Vhile curreill aericultural and hiologicaIl tecluhnology has pcrl'orncld well 
in the last 2) \'cars in tiectinu ile oro\ incg iecds ol' a vastly larger world 
)O)ulalion. there is conccrn thali those initialivCs are losing cencrgy. In 

)CUmliltdililmllaniid \ tl ILC',OL L', iN J SCLIlI't '01CL.mn tlm tlhmt11of Souil th1 \wolltd. 
liltIe P~hilippimes, , mlll ieMi(liis, i.'\ iCeR.ioiml itil)MIN O, t tfetis tiollio f tile' tl­
land , Icadifs "oil loss and ,,di .iil in tf \,lt.r\avss. (Crcdit:Michiael MIlcl).to 
D~o\%, Natlionl Rewa~rch Cotunlcil. 
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additionl. pressures al llltulllltilil 1t111Ve \iI'OniITeiItIlv fragile ]llnds. 
nid this trend will surl, continue. 

t\ tIhree-proned approach; ,ill he necesar\ to increase agriculltu'al proi­
ductioll. \with research supporting each path. First. fa lles l11mlst inltensify 
theif Use 01'olOLgd Ltlualith lllds. \%ilh an \e lo\\ ardll ieliiratille problemis 
illareas the best resources. Seco it. lirnies \ to expnldll.\ilIl ill bc frl'ced 
maintain. and eillnlce poductinl on antds previoul\ ,ie.,cd as "lltli'­

,iinal"--stich as steep lands. tropical lorest /Iles. and the ,semiai'id tropics. 
\Vhel misused. such lInds oltetn CXl+prielCl,.'level, eradation.high 01ld01 
vel the\' alrtahd\ r ,,iainilic;tlllportion thestlilionl t of %,ofhl'IS l)OlIllliitnl. 
[iilllI. 1c ,.eiipliasis will teC t bI focused oh rftOil'line2 deera.Ide'd I.ld. 

It \ill tttl. he aI.'challClln'n C to increaisC 01 int i sIf\ piMl'oduclio oil ll\i­
iontileitallk fruile lads--- land that traditiolall\ h\C been judge2ed eco­
nion.icallv nuisitbl,.e for aericilltieC. \Vithout siuniilicant industrial input, 
these Iaids otcl ha c ho,, prtducli\it) poeitial and. il ll\ caw. are highly 
Vitlnerable to deradatioll: mllan\ areas Already require soli for'll of 
recupelatis e inlcr ci llioft. Concernis these areas are of,it\ ironilleital ill 
special imuportamce Mhcre tile\ encompl ass high bioloical ,lldcultural di­
%,.lesit\s ilcllillu , somit areas 0l straOd illill+avllimfic . eee. . Otlf' il 
areas demlliand a delict .eapproach to both .ieach amd tecltiil il1ervetll­

ions. 'h'e\ ltutti'e a re.seaN.1rc.'h thIrnst that f nCUs', o l tstainabilitv. both in 
lerm ot ,c'OnonliC, anid ittilal meS0t,,ic nalliagh ella,,lnt. I neal participation 
in the dCsien o1 rCearch ll, isi .'S,,eitial. 

+
It is \%ithii the cntet+\t ol these realities. therefore. that the Aeicy for 
International )cvelopment (:\II)) asked the National Research (ouncil 
't develop a broad a a irecii thl' ide01imtrnatioal reech 
and ie lopllllenl ellorts related to thle lse of, soil and \.atler resources to 
suStaill i.lricultrilFC, Ottlliliii bo1 1thshot- and lo ig-teri priorities. lihe 

NRC's 'omilliittec on Soil muid Water Rescauch and l)ev'lopment (('I WRI)) 

\w,,s 19)() to a report.established in undcrake this lask and prepare 
Such alstud\ is tiie becaic v, .sc hasc gained i ouch better, bile 

Ltnderstidiuiti of soil and s,atcr ,\tclls in the de eloping world o\c" the 

past few. (ade. too little of tll,, mie,knlledge has been1 sluccCsfully 
alpliCd to tumIdallntal mangelCelnCt 1ri)l-l'mIIS. There allso arc gaps itl 
our basic ltiderstalndine- of the ccolocy oflthese ,\stcm,,and of the social 
COmpfIIle\it\ inherent in resOnrcu use. 

Tile gras 1y these is frmil the beinetof, issnus appareill ilitcniolit focused 

oilsutalintble aitWe and abl,,e resourcericnitltre stmi, • natural lalllaucinll. 

Fven s\,thin [he National Research C'ouncil. .to commi itces in addition to 
CISWRI) are active in these alrcas. The ('mimilte ol Sutaslinahle ,\gi'ul­
ture ald the Ilhumid Tropics is charged to iMeitif,\ and ailalvze agricultural 
practices that cmntributc to ensironnietal CIIMdkdtion MI declining agri­
cultural production in humid tropical etivirotinllets worlit. '[he Cor­



millice Ior Coliaborative Research Suppot I'm A IDI's suslainlabic *'\riciul­
itire and Natural Resoulrce Nliauiwlllu ht.!rai11 I S:NREiN I lOCLItCd l 
the Iltsk of' (isietlin-.a 'oill oratijve Researchl Support Proi.Iat11 dedicated 
to1 a~ttctiitutc anld naltural n''.otirce i aeiet 

Thlis commlittee hecain it, %kl cleat to atl and\ ork ji char loo144k soil 

\%ater, reseaicih pliolritie\ that ou tibteI 10 ''Nltstatllahle
\Wil l atnctitutlle.' 

[lie (luelli 1411Nuileriihie acietiture h 1ad d ~llilla oahor pn'lIc\ liunt lt 

tile de(iote utllltoliflitttlli\. Bilt it \ J S00N ClVicar Ill lilt' ttltllllltttee thatI 
[lie Iill tihat olteuI separate's 1l10oC illtett'. le il2 a lIItIl'C 11'0:11 tiOSt iller-­
e~tCdi ill tUttINil reNOttt-CCS hTdS~itl4\ 11101V thani e\lLIto he ltided(. For4 

tleeis t1t1n"I recoul/el Ilitt tiile\ a11eC(Illi I'il-II Ill tilt C't111t ( Otupeti-
Ijiol fIrm '4l\\ililip) 411 tilt' isNLil is C0lt11t12l IprodlfLtl\ . IiTese itltt'teCNS 

li'll he \ illiie 111 t i'j t41141lilated Sl.ttlt')2\ t11;t n1Ctides' tIlte 
strenliNl of botit orietlt[atilt]S. 

electedi 10 itCCtI)t thle 4It'f11litll l ilet .11 AlID M d lilt U \ 4l'k v..ls occurtrting 

lDepaltIllilt't of Stilt'. 190): 'lttiiitattil i it ittlla)!mentt s\ ItlII 

lotf t4CtiCiatI iol41tiltilICstlC tha4tp NL'N \' thu .incomeil'( adt tke4ihoN 

'IS~l 4411L l l\ 444.. i4414I'1 1 114414 M i ii 4ItI *llr 41i 111\and Ii 1444j44C11 ill4.1 4 tile, 

IKl \ itl ' N 4-1C4l11 111i IU''' I'' ' CT/I \~i~r I SCA Clf/he411 4T I 1441l 4 l L'I l41411414, 

This.. de14/ l 4 lI )l c 44ll-r~ 4? CCl -l.4)i 4'4 fli. 444Cl /lo. tliii C I'lII4S N114 4'114144,IC /444-

Ctl 4 4 i'ff')I.,lll 10 e 'I~ lIll~l i ' MI.1id~ CC102i4)11/ \iilhIC'~.44444? 1'44., 

444..1,choice.11) 41114must . um e 11111)14 M I11 4444441I ll 'ili,il l2 'II. fil 14141. i i I114)4 
sourc hi44441 i 4411441141d it, .41 toI, 1241. 44[I141 Cht4'i). 444 1.4141'. of1, huml lind. The44/141 

ti4),le44 lii W WI)44) I 444oliche41 I( I l4I.'44 Ofl 1 . .41jI4 114 144. I.14/44 These44a l iil44' 

.41444.44\.4)4 (rlr44 4 "O~ii~llC4M4114 Iio4', the 4j 1144)44I 4 4. ll0 10. )l11 l 4 
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The Committee originally consisted of' eight ,c 'li l itidespite a di­and 
versity of hIck.roltn(ls its iltenhlb r, stooll Illil1.lliiirealivd their llsli tell s 
ol" topical and i'.Cgional co (seI \ec Appendti A. Thi, \\c so.,ht %%ay'. 
to bring nlore diverse C\perlis into the rJOT's. Th,e ')illllilttt tolctCLd 
host a \\orkshop to solicit additional ideas. inlornlatioi. and .ttatct',s. The 
\to-dav ,olk,,hop \%as,,held ()clobcr 1-2. 19t)(). at the Natioial .Academies 
leckllan ('entel ilI\rinc. (aliloitria. [lhe coal \\i',a to bring logcclier i 
rangel ol )olcSiOilak illCrilical a(c l1 soil and ail malia+e­
nlcnl. and nse their input to devClop : research aenda and 1rritilies to help 
AIl) and other international dc\elo)liinit ogai/1aiioi, plant an 
cliicnt ,,tlatL ,'oIt,, alld 1t. Ito pronti lit e oIf',oil \\ater ,t.tain 

agricutltuiiri. 
:\ppro\iiiail ) ,,cienlistS eplecliting a \,ide ralgc of discipline, 

in Ilch. ,ical. hAiolo,,l. l. and socidl sciences lparltilatCd (",CAlplpCndi\ 
BI. Th, \,orkhop v.as t Ito tlcs oH the CIctnClils.ttial 1t 
SOiUli "oil and l llerin'ielitill thle of dtd\)i,lilllic . Fotill lllat ii 0t1tlC\1 s\ 

,otkiii. rohips' \ie orga"itli/ed to gJc attention to the follo, ng topics: 

" The biotic ein\ il.roluluint:
 
" Water resol ccs: 

'
" lh ,icul lI+Piuti , Ot soil,: aid 
,S('liiiiical l)Itl)citicS tl s ,tils,;iliiit\. aci t>lt\. l iti ).tielilt 

hi thev l11St. r,irClh Otllsoil aild \\.ti+l resource Ituidtd to locus to 
cotmlpon ents... soil plh,,ic ., in irricatSd ,,\,tetiu, \Ahile.tuclcetitu tl 
linlkage, ain01_ bitotic. It.,icAl. aiid hinitain !aco, that shape.' the wa\\\' lte 
erict.'iilral ,,\.ui t antI dLteC itho\" adapts stres. ­,It111 sll', t1ii it to ('1O 

, 
 ,lJrticipants, theIiiiitec t lic iitl ' tdik ,ht l a like. hto.'Al ,Iressed 

iLC'tl i 1110ii llh .la lllit il l , t.'I ill Soili us.a,. Ii Iotlli this riand 
and \%A re.earch. en tlgh the. I 1ht1. .\.'li ,,.orksliop snctille it tle,, 

,di\ lied Iparticip)at ithsltotoccl l,. he C.utuliasiS ',\as oi1l inhtitaclions 
"
across disculilill , ititl eco,\ ,tetits. 

IF.dl .rtiui' \\ s cialued \ a of C'ISW I ) i iC ll-irtici­i,.'nubei ld itLRCu 

p;Itl'.II . ili C\l lle'ri Illitudigtt'n is ki lL' d'.dg, inlle glolcohog .atid special­
itI,,in tlL di,,,,iiiitiC iim Ol : uctuultuul aitd ,,ciciil ic inforimation. lhe 
'\.orking groups c ii tast'.'li l'l t k,,: 

1. l)iScu theillall. ttt a, 2Iciit.1tl ,,nhsei o1 the sil alM at .file d id\\;l'r liI 

itiCinlit.g pItbl1iltu . scop Lliiip iit .iull rclati\1. 'Ie . illiporltanc.: 
2. Re' ic\',the slate of he a"t o tOh relaled kiio, hawe the ad­l base, 

cquiac\ oIflhe.'. le'd,,base. ald the dLcee t0 \ h ticlte ko'.\ ledgc base 
is aclntll'. binc icd: 

;. Reflcl on tile priorilies h rluo.arclatd dcx\Cheltluu III at . t1toSI 
;ippropriate ' ilhuin the tOlpic: and 
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4. D~iscuss c.ommun1ii~iIow1, as it atffects. coultld affect. Ilwe topic. ill-
CILndiIII- niriiialitni601 S Itlicsis aind udisseuminiton. ptssible lillx.11ks. and 

Sevcral JIlcIar\ sessiiils, %%CrC iiicldt.d 11) AIatLii1iC LItSC COOilIdinlliOll 
anion~i groups, andtol scck links hcivmccni t.e %aitis topics. \Vital LttniltmL­

tions %cr-c miadie hx A\iID Suift. illllilii \\ilidIla l-imiick. D~a\ id Balirick. 

%%iiil ainaNhiC ICSIt.CStrfit11 Siihstleicii atitCIIIIIit) oItline anl cltlctioeL 
trailc\ork and ntl(c] priticiiie lo ,il antid at cllCh~l.i 

A FCcIIIr*IIL 11ilni tHat cl-iicrI2tCt tliniiiic tilt Lii111llijitCC"S tcnhlr \%;as 1ilL' 

licetor~ iiaiiILle~lt "(it and ti sCiicrCC1 %%tlit.cll C]t a1Ili-IClksO ciWitcail 

* Ilti'2t Il l Ikiti l lt.s . i ciprat stlcs lfl\ asiltaas.hill c i it\ 

* \iotil. i oli~cil sIil LliSLIbI 6l. a 1
W it ti~dI'IIlt sl)'IC1 Of IltsiAiiil 
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Soil and water resolLirces l roide the h'0uiidatikoi 5hidlul;)Oll ;ie''icLlultnlr 
is based. But it is a Combination ol bioloLical and societal resotrces thal 
are reLLired to make successful agricullural prltlction s\ssnsll. This is a 
complex and (illnlic llii\ ofl \ariables. In \ic\ of the c'\ iliollar\ lillre 
Ol aerieullrlil MiIelisand our kio Ied,,c of them. it is ilipormtil thafihe
seltill ot research prioriliCS be all iLiie iloce'Css. esearc'h rioriic's 

m11u,t be rlassCd aiid idiuIICed ipCiodic'ally lo ,'l\c fhe 1roblsllls al 
halId. Thll.s aMCC Ilellal"Il is iieded o'e\sAlualill,, and htablishiilt priori­
lies to keep thei fresh. flexible. and respo si\c to currcnll CCds. 

lhe IalCuC adapt llltl ete'ld our scienlific knos Iedc abloutl soil 
and .,lster to CstaSih pemdtieti e.leiroulliillall\ stlaill­c'Ollllicall\ , 
able airicutllural s\stcsil. Suistairllbilit\ r(lliilCs C rll't l s tCCliol of tile 
proulctionll s\stellls and tck elllcll it ,associalted progralltislhusballdr\ 


slistaiiableC ll(l thethat ae thill. do noti dstlol . rercelC base. 
All Cff'eClikC effort tohbuild sllUlillbilil i 110 OM'11a.leiciltlural s\stllis 

\kill reCltlire ellnCsll hC itd arid OtMlpli.\opLalinle r l hcs ot deOelop­
fli'ill oriali/aliolls. Pl l,.rall plarlliiers nditl illplerlllrltfers %\illIiced to be 

ileile Iespo(li\c he C olutioil Of iidi\ithl;il aericutltuiral S,'strills id t0 
he broaiCr aspilaliOls. lnlel. d Cilabilities Of the tfarge'l populaliollns. 
We IbeliC\C illis irClp call be' etill to thte sciCititiC ll dvCCloIlenll 
eollillltlllit\ dtililir,,ihis tralisit ll :ind 1lop1 t1at it \\ill stililulhllC Corluilnn l 
and debale. 
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A Framework for Assessing
 

Research Priorities
 

So)il dfl(i % Iv dter(sv(,lh Illist 101 ns on issiues that will tiIble i'lmrnes 

o hat11 

dcis that nJisxl Iihlttah11" c t h a Itc\\ iti I thes aol 'Indit. ti 

hIj cMironmetnmidiheidooiii uose oI the '1e Illan a i toidcnaolal 
shnii acocc.~ ritl.it lccil. 1 Iihoes to 

ItIs lint sIilln t-1 n. (.iiia llcotltlltc 5I)cik. A~ L lt Clstit)cln t ­

apoiiito.i c that,( ciiticalo ptiis 

l'lti lit ttw ooii that1,iiolthu ding s, 'lotl oto h i coI.1wlt pci Soution 

sicis not 


ilICh soistaiotih *orinio~t illMi \\ Melhat thc 


It sillisi;O , i l it cfi\IdOIIiIctCo t Iisk. I hll -C o -i 
L(ilC\ Of oriiCS ac~Iil­

didItilctchlcii tpot i.\\irts \%ell , lie\\c IilOfic i. tooe IIC~dn Ii. t 

ITIOIc-, stIlltaShtitc l ist tIIIlhtlt is L'iIOlt111 mosti Criticapirt tot n t 
rctonrMc nins1)[1 ,itirfc the ci aning itiirc pimii andcctooooon stlcid 

clipih 11nt.Icscartio f csciiaiit thisFtaCsk.L' c1tc1s Itf -110%\th ' oil iSSU 

CrcIItc ttoiltiton ItsCild itcrad i anilt''crO\It[ chpic cIUIiiltopp'n1C ttck 

si~tii - /3kS\ tensfo ah li it\c illci ii 
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Systelns-thal enhance (or, at lllilillIlll. li not rae le sIrtlictle andtide'I 

IftrlCtiotnilig l" th1e :;rlgIeCes\',t ell) and regional landscapes
lrtiader 1 
(NRI. 1991h). 

A primary hjective ot,research oil sstailnahle agricilture and natural 
resource iana.g!einlit is the ill ltitlll of' ill'o, ltioll illits, a pllic tmitn Ito 
the lrllhlelS developmient aids Ct al.. i)9f0: eI1'a.Urictiltnral (IWd\, Gro\e 
,l..I99t). This process requires al approach to illttrdisciplinarv research 
that includes the lol ss tin: (1)ideltit'icat ion oh the ctponents and iltelr­
actions Ihat ldetermillC the SIrulctLre, anldtlln Ilcthtille of 'te IOCecosvsteIll as 
a whole: (2) hlrmltioll oml h.iotheses that t CLtls onlthose cOMlnpOll IIanald 
inleraiCtiOs \within the eltirC a1t'Ccos.st-.l;: (3 ) e\allination. testin. and 
ni.eaStrlnenlt i' tile h1p)olles'eCs: alld :4) itleCrpretatioll of results as t.les 
pertaill to tile arions collntlltlts of' tlhe aeroecs tn and to tile s stell 
as a Mole. A lack of, nulerstaldiln, o1lthe iltierrelatedless of s\ seln Com­
ptmtli, ha..,undermined atictilhtiral susaintahilit, ilithe past NR('. 1991hh. 

Ill the 'nlited State'. tile dearIl ieSearcIl alndtf .,.t.llls pIlitical will has 
heen itleltified as, a kes,\ ohstacle io tile adoptioii of tlterlaliveatniii 
practices and as IIecessar\ to tIle d e\CIopllIIIt of lolre sstainahIe aerinil­
tnre (NR('. It)89a. I )t4Xt). The ilIt'rald r'eatcl deCSin. iIteurdiscirPl ilarv
 
particil)atioll. a d s,,slcilm ld p.'rspLtiVC. that tile svte ils applr(ach elltailS
 
are esen IL'cess, ill the \+tH'ld i+ tile colliple\ omore elses.l,h lltillatn" 
SnUstaiiiahilit\ is ltoIndelstotd threat,, tt idetilied10 e and stlstaillahilit, 

tild addressed.
 

,,
A\S5stllls-hased fla l taie..tlls Ito he de\ isd so [hiltlItIu re ,ar:h..--­
whtiller guid.led I, tie pritrities tiltlilled ill tIlis tlirt ollr ekelhere--call 
he et kcie. efficielt. and .ocused. l-ramietork here iltl 01'lIlallaSt ',.. 
idea, a uill \ ision. uIdlr s.hiCh reseairch priorities are set--the poails. 
tlijectie.se'. ,ll( P"Tr ' 1; Illissioll of tlte tndlrl. ,itrealli/alitillal struictlures. 
It is the Iralm_,sork. rather tlal a l iartinla"' set o1 priorities. that will 
have litilng imlpa;xct as Itl as tlhe s)\ has tole capac.ity m receivestc1 heed­
hack 110r11 tile fheld ant tralatc it into gtlithllce for action. 

Thiis reptrt i,,alnmerc , and tlIs clleral M,hireso miuhllt hltpe lr 
colicrete. It is irtlilte lded to he il iiple rttad liap becaise thiltis I1l1t 

possihle. sis ei the iss.. This chapte.r set, ()t tit tctllillittee"s thinking ti 
all apprtopriate trailm.e,,ork Itr sell 11 'soil and ,aler research priorities. The 
cetlral prtile llis lo ilteipmate a sp'ctlll truf dllilctilellt-oriellted research 
restlls and focus lie kimk,ledteC til tile prIll,.m of Sltailiahililv. parit en­
lark' tin llaruili1Il lalds .. \t tile ,aIl,. tii. there is ailed to hrilleI'cal 
wisdollil t itlh modenlli h and at leastetller s, silltilic kIo ledge equire that 
s,lle porlitlll ot fIture research he drivel h, p)rthlellls, ideliflied ill uie 
ield. This s the fot fcedhacklnletchanis thaltneed elTeclive in­

clh+e larmelr pilticipatio tlhruthllt the desigli anI iIllt)tentt.ioll of a 
researh'lI st rae'. 
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KEY ELEIMI,:N'I'S IN 'II1, RIES EAR U IFRAME'%V)RK 

Stnstainahility ol production at I gie'en localion is ohtlained y aplropri­
.ItI IaII.!.lllOIt ol all elements ol that Clnvilolllmellnt a1 th1a site. In sonme 
Cases, [lie acliilies will ie consol'stlion orietCd,. \\hil, in othl's 1I'rdutC­
tion niihl e tile [ocus. In aml cas, ¢teInlanamlentllll stral ey niList exist 
ill ie Context of thlelocal Ilanap. tlltrllal .olncrns. nillUe;1.Ind Ipc­
ti.es. TO eISLre aIdLLqnt an1d increasinll prduclivily over the lone term. 
the use of, waler. soil. and other natlur'al rsonrces n.eeds Ito be nderstood 
within lihe evolvile social and economlic contem.x 

A first stel toward snslainahilit\ is [hle inac.'hine of or ainins and hus­
rnatdry to the in-sile characteristics o[ the land and wi,ter iI\ irtonmennt nild. 
01" coulrse, to the resoulir.ce )refcl' s', users.and characlerist ics of' the This 
isn11hlViOUs, hill diflTicul, Iask and many lilCs "iilliisnnchnes" occLr. (rops 
are planted thatll are not suited to the existine soil and waler condilions 
v\ariCliesll LIar th1at )rot(lnce cOnsistent Ivellntloll to satisfy tlened failto 

Continuous Cropping I 

Low-input Croppingi 

Pastures 

ForestFarmingMosaic 

Protection 

No input Cropping 

Regenerating Slopes 

Alluvial Soils Acid Soils Young Soils 

u hi lhiiN l.hill clops i0o ll\IIIrn iuiis I- tl iLs tll lllII 1 tih.UsiMl1 s1,ti.'[ll aLs 
.illi,,Irmted in thi, c\a pi ()I tile ai.'ri,+u iUrii 1t . LiL- , 

,l\;illdhiC hu .1 \ II ll 01" 
Itillid t ritpictl Iki ,il,capes. Ill ;adtlilimI. Cl hil 1i ,1iSIh, lid,' m Lr<l,e h) 1MICli dIld 
prtductolniui ,llale ici lo ,twi l. .1itihiim i. ImmeCM'Il iim ,in.d k,s ,l. Credit:d ,CO m me11m1M 
Pedrho Sannelhe inndMILJums IlBnile,,. N~uth ('Nrminla Siate I uisersil\, 
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needs of the iti: incre.1sed ressires leave evel tle.o'lu11tll produ.tion 


best oI" local nag1ement techniques incapable of' replacing nuitrielnts at ai
 
rite t1ha elstli'es su aiiihbilil. lor these il;td IliallViothier reasons, nils­
matches occur betlween the results ,l curell practice and the oal of,
 

. "'it al
lon--IrI11 sutailiil hl aill i,esearcih liaiite\\ork is to idcntlik' 
tie i ilp rtalait l eil' it ol these Illiniisiatcle -- tlile lIlst siutlil'icallit-C( 


straillts oil suslaillalilil\--alntd resolve Illell.\icI'e posSible. through tile
 
applicalion I'c tl knofvletl-e., appropriae p1oic\. and political tction,
 
and l1erc lnot possible iiii. lir-onh the desien Ot applropriate research. A
 
llexihle research l'ramm.vk ork \\ ill d [Ihe li)lowin: 

SlIltclII'a1e' cOIIltitieti i,.iCrh Oil tile SlpCilic eInleents anti characteriS­
tics (tf soil aid \%alei S\ Ste-in. billilltue CoIIlIe 1 thue iliteurtled priorities:
 

S'k the restilis of past and presenl coiiponent reserlch and integrate
 
tllteill ti1 c'trreit lOlble..u ,s,
to Scus 

" Ircorlrate hboth scientlil'ic and local kno,lede into t integraliton: 
" )eveIop mellchani tnss to lrspoimd I)problems identilied illtite field: and 

' " lnciiluia e diiniliiitioli Of1 rese ici rIenitSto tihe ild an monilto
 
the imlpaCts to lrtOid e'dblack to researtchrS.
 

s l:ll:("'IN( APPROPRIAT : ORANISMS .NI) IIAND'SBANI)RY 

Thirolhiuiit tel lhistir\ Iiii.riciultui.i. lhe're have bleeit oimlv thr.'eIlteth­
otis ,isedto Select allroriael, eh.lilitues ftOr !rictilluril S\ SteII,: trial and 
error. iiliii2\. aiid ,,S, 1tii;iiia\,sis. I rial and iroi his been. mid still is. 
tile 1iiiNl C 1iiiiiiOil )IOiccS. l'iJle i \ ic ilt tl 'ilhiiioccosveI.I".,e",.l 
over p i o i d lhe iiill'ii .l itiigp tods littlea ii ld ilt ir I1II ili'Ii It hiticiil colltc'\t 
Allhotr Itm ,,',felmi perfctC. ill the lias,I such timgoii, "liilk'" experi­)ill is 

lieiltatitin has, ,,rS'etl l til.,le \%ell. The plrohlcli is that clm' ,e ill pIpIul ­
liion,mllkt .. ,itl iiiiie S\ and tlhiu I'III i otteimt tticiis. iiii( lln '"cs deslil­
hili,/ lI.tsS'.\stlli. (Clange Oi0cimI il it l[SIs IItll tahll('ai be IL'm'm)dlll111(ateld 

otlual trial error. Itas 
appripriale lot1c ii'.i ro)Imiieii ol ts. iliii I'flectli\e ill (It Hiii.uithe till 
iiI Of' alterm li\atie 

lhrouLih r ind lndiLmouts kiowcdee, thls is int '. 

., I .icdetl. 
..\ mnt- the S'electioi oif lottuliillv titselul crops oiriiimil lii pir­

ticuilim locales Im\ '.l liit had eeI stccesslil at olliei. siimmila 
l u"ciles- a iimitll;l in lte illlttlclioll of .tiS ICei it hi lotice crops, amillials, 
anditrliitit,, Iiomi1 one p t Ofi the ,w.<+l io . Ii thi tilei alltthue 'itlllrvy. 
111osI ])rOlliuCit \illlll)l.thi', littccss is lte si,eti'u \iIuiOf 01' hiih-\ idelim i­
clies o rice. InsiS,. Such as,, ras,, lbi neSpcial i/ed ortit \cti\ .er are lesled 
ofn this basis. Ai,,..\as\ill comtinue to be used ,,at t',' to telectl the kind 
o1" local c\eriiielitil leslin that Seens Ist, ellc.ti.t'e. 

S.ysteimi a, '.ll\sis-----urCxallll)le. he pirdiclio n i i lte I l itn.lceof' a 
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TALE 2.A An Exiamplc ol 
( rl'p c]tri'ormall'c 

NIiimum hylisic l Data St it Prditl 

DI) l. ,,%.alll~dala~: .Soil da]l| l i'L ori,'m,,: 

• 1I M1111U111 vil'II] aI+;IIeI - ,alld. ,,ill. all~d clal' cotllici'll 

• llim ll lltll t,.+'llpUlaltil" 1111 elkil. 

p ri. i Iinoll • olrgaiiuic Carhtll .il.itilI 

Siitll rutl i uilln liillogC C lllelit 

(lp tim~: plt 

gi+.ui.liC c it I I' iuI1 lur .v 'luup luu.,lul 

l ,'IliC COCIICjuNll 101 gl'O%%ll 

MInuuuaguuulilI 0tupllutioIliL,: 

Site i lllmlltl : mluw\,, iiIi 

sljUciic ciultivai ha,,d on a clopIIIa)laI'IV analysis (it thuenvil)nltal coi­
dtioiis-,-i, lhk nl",t 'tLUp ill ]~rig,',icl', ill,,c an~al\tical atl,,.up's to match 

agricultural tcculiuics to the local cnvironmnt (scc lable 2.1 ). II call 
pro, idc at Iuorc gluhi. proces-.icitcd appriach to itleulif'n.'he factols that 
are kc\ to thlc ,utainhvlailit, of' 'rccos stlllls. Sstcnllls anlsis has the 
poteutial ti Cut acrolus cn\C enliiual ecolhoIiCal holUlldarits and carv knowl­
ed,,u ttrmn ulie ,aIlriccii ,clll to anothler. It lhas [li capacity to ahlo\ 

quailitltivc priojectimon oI thc resutl )l roclcarch and Io hriiic i wviduk liau 
of' diTerenil kind,s k,o ]uwduc to hear on the paiticular pni lclis at hand. 
This apprioach ca n hc c\laidCd to iIchnudc CcoItllit. illntittiiollal. ald il­
tural. as well as phy ical e'n\ iX llillulli sitc cttlditii ns. 

APPIYIN(G YST'".:M.S ANALYSIS TO
 
III RlSI .AR(H 'RAME:WORK
 

Toipropose systlu, ana lysis tila ,tud, of aleiiol.t lns is hardly new. 
What is new. howcver. is the atlclllipt to nl.ig a levcl olxprecisiotn to this 
integration th1at would allow rclativcly precise evaluations of pr(ltns, so­
lutions, and restlhs. In alltnliltitll t 1o Usc a1 sscls alll)roach, 1hee iajor 
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SYSTEM PROPERTIES 

Agrntcosystems demonstrate certain system proFi ties that can 
help researchers understand the complexity inherent in sustainable ag­
ricultural systems. These properties can he labeled prod(lCtivity, stabil­
iLy, sustainability, equiLtability, diversity, and adaptabilily (Cuc et al., 
1990; KEPAS, 19835; Marten and Rambo, 1988). Although the termi­
nology developed to name and describe these properlies may not sat­
isfy everyone, the concepts are useful. These properties are essentially 
descriptive; they can be used to summarize the behavior of agroeco­
systems and as indicators of performance. 

Productivity is the system's net outplut of goods and services, cool­
monly measured either as annual yield or net income per unit of input 
or resource (for example, yield per hectare. 

Stability is a measure of tile constancy of the productivity. It des­
cribes the degree to which productivity remains constant despite nor­
nmal, small-scale fIluctuations in evironmental variables (for example, 
climate or economic c(nditions). A sniall degree of variability indi­
cates a high level of stability; a high degree of variability indicates a 
low level of stability. 

:'ustainalbiliy is the ability of a system to maintain productivity 
when subjected to stress and shock. A stress is a regular, sometires 
continuous antd cumulative, relalively small and predictable (Strllance 
(for example, the effect of erosion). A shock, by conlrast, is an irregu­
lar, infrecluent, relatively large, and Unpredictable disturbance, suCh as 
might be caused by a flood, new pest, or political upheaval. A highly 
sustainal)le system is able tI recover rapidly and comnpletely from dis­
turbances; a moderately sosta inrable system can recover, but sIliwly. A 
system with low sustainability might collapse or r(c:over only to a lower 
level oIf prodUctivily. 

Equitahilitv is a te ro useN Io expre:s how evenly or fairly ilie 
prodIcts oIf a a i;roecosystem (fo od, fiber, fuel, income) are di tributed 
arnong its humai beneficiaries 11the household, farmi, village, regional, 
or national levels. 

Diversity is a n1e1,ure of the nuMieR of different types rf conpo­
nents (for example, species) within a syslem. Diversily llows rural 
ve(Jple to spread risks and mai ntair a minimum level of subsistence 
even when some activities fail. 

Adaptability refers to Ihe ability of the system to respond to change 
in its ervironment. This (on(ept is related to the concepts of stability 
and sustainability. It describes the capacity of an agroecosysteni to 
respord to perturbations and still function (it an acceptable level of 
productivity. 

Agricultural developlent almost inevitably involves trade-offs be­
tween the differerIt systen properties. For instance, lhe introduction of 
a new techlrdogy such as fertilizer may have the irinridiate effect of 
increasing prctluctivily, but l[is is often at the expense uf one or more 
other prol;erlies. A sense of tli dynaimic intera(tions of' thse proper­
ties as agriculturdl syslems are prt-.s red, and how far they can be 
pushed before the overall sUstdinability is compromised, is a central 
question. 
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lSSLICS SLiIalCC: 0n I1c~a111- fi11e-ladmprocesses. [Ile adequtacy oflfile dau' 
hase. and lite transial ion of' global KnJowledge to1site-specilfic situations1. 

A\ simtple colicelual iillodci , filetcCOo~dnet of' illIlegrted aenchinltfial 
s~sklis research would include file f'oilo\\in c1lemenis (NRU. 19h): 

Del~scription 01'(ltill*' riCt lWI'i)cc()S\stIilI. ilicilidini.! its houindaies and1( 
Coml)ponenits. I'ltilctiOlIS, lillfiaHtIls i1110IL.! Its 4 ilPOOCnlts. and~ initeractions11 
a~cross is, boiindalric'.: 

* :\illsa ot tile aicoslclto dICICIiiinIllisIra1:ilitS 01 MlidaiI fctor's 
thatl Can ciiitrjiilte lo. file tfinilenl of' social. econloillic. and elivir-oninlen­
ill uols 

*Iidlcititic;Iioii of, intcrvcni ioils anid lctiolis to ovecRom [Ile i Its:1kcoilsl 
0* c\Jiricnitilon iiltecllions: and(ui-li \Nith 

*l"A AhlttiOi ll th'fie CH lciVeiicss Of' 11CM\lv CsiLiicI S\ slcnls. and 
I cdcshit, cccssar\.eli 

The application of, soil and v alcr rcsciarch has been hamnpered Iw imper­
ccel 1nndcrst.iidjimi of, sonic soil and](s ater hlloccsss and ilioic oftlen. hy 

iIIa~dccjnatcl LiMidiaiii2i 01' hois diI*ttCrciil prlocesses are Conneicted. Soic, 
pioccsscs. such1 it' tilel nios eniclit (fl \%atcr over anid iliromb moil, arlc realson­
~iIhkl\ClI understoodl: othecrs. StitIIil,asltc fTCCt 01f soil l0oss on) IltiiCilt 

~i5;ilabhi o lho\\ ctmmiiiil\i p)IikeS i'IIitaftMICIsi CO)SIillitil pra:ctices 
arc less s%cli knmksn. I11)\% it fiier's cho~ice of lii21iciil I ral piract ice is 
iillticiiCHl-d 10 dIi~Croil1 pIoiCCi rCsonrIccs is Cs co less tiintlsood. Such 

tI~ltCOPit',1 kllii IClIlIL' IIVlilii. I)OHlLALS. iS .iil.ilhilitV 01 t',ailp sCIl 
AN SOCil Midtl lilial L1)iistriints, alficct tile' tccliiioloriL'' a faiiir %\illciii­

it\ ami )ItI'(Willii litlec. L ittle is klloss ofIlL' icasllis at laiiiici 
low2-IL'criii sic 55aiidshill or Lood~ lItIiuntirs ()I tile tas 

0I' iplaces 
nu atpiioit Mel, 

I iiiiiIL(l Iil'. slio li-iaiiI'e ('011115. Ipitiiciihailk5 hlL'1 livillL, Ieai [Ile 'ubsis-
CRtliL IL'\Lci. h[Iis inipcrfci kiiOs lcdhic blisc incans (hill pirethictinge tfie Col­

sClccLiccs (II inicr~cntliois 11 in101V ii' i ti scicIIC .\nakSis oI' (le'i~~t 
oh' illif\lLitjiils I, illsi iIlk .155 i)CICIL(l. 

D)ilili hascs arc a \itil Coiiponicit oh,at%illid. s\stciiis approach. thougiih 
iMilhiplL' kinds oI' dtliti cani he'll) fohflill lINS' iiL'L'( A\hth10112Ii i11ilSl Ift~itiiinc­
till proccsscs 1pcritc \%tlhinl s%L'l-(IL'fil'1l rule,, anid kiiokk l Call~ cx­aie b 
tripolaitcd floml (oine iiL'-ci to ;iiiothici. irfloiliii ion11 oil iird ssalcd chiai-tc­
lirastics alc site s1ccif'iC. 'Io fONicI i(C lcmicOf file s\ siclus approach. anl 
iiitcrnationlictseor needls to ad.Ircss stanldardhi,'d (Ltil base nialilieciiicnt 
and (IL'S Cl(I) d set Of LOinIIOnI tocthies1dciasc pil-itciilar cL'Liieits of, 

tfice datai base. 
T11 ed to brineu athroadhcr iindcr.1staiidjilip o)I proccssc s toucd icr %\il.hthle 

sitc-specil'ic dalt is atkcy comlponcint of tfire f'iniew\oik. Tis cain be accam­
phishicd inl at vliets of' kkiass and)(Will oftenI inehodeI thle itlitcinlin1gt1ill,- o1 
sciejiltafre aind locall untderstandine of' datta obtaincd thromuh staiidard. more 



tiliiversal tethotds wi those clUUi'ated at local levels thrrmclh |llore tradi­
iolilal iealis. 

Research irl this llamtlrlresxk. then. ocut.ses oil the n ed ftor un'erstandiliu 
tile ]ocll \Sltlll and fIo evlvalaitioln ol the relev''ant prohlelis \..thin ihat 
sv"Iel.l.s inilehen possible to predict tie. tecT 01oihlt l\nliOils aid tr,ldel­
take nilns o c oll Iihat is. to ensure sn tlilnlailitVntrmuol iairted lisetlriclices. 
ait present or-iiigher levsl ol prdIti, it 

The "coli ot' s!ch reseallc.h rnrnlt pass 1tirilitgl irll'io scles 01 tllil\SiS. 
tro11 tili plalrt tid soil iltlialioti n tll ltiulig locll ,Cos sterns to tile illeso 

sal (rive.r basil siu) sssteli. tar,.,aiip:e. This di\ rsil\ of scale is 
essll \ ual\ /C S taullillalillt\ cop-ill ,n t0 atl tihe coai) o1' ' leel. at1 tirel ,.l 

O' Ile till'nl iid it', silrrolirrlrrc land and . lt.r. and allthle rciorlal level 
,. hIre Irarraerricri tof ,, ershid s ilild hill slopes cal hlse a Illlljol inpact 

oil lire other phirt , of tile s\stern. Recent ads ances inl ( . ralphie' Iilornrrr­
tion Sv,,h..111 ((;I 0) irinlit anal, \sis ot such spatiall\ distribited phlrlnowina. 
(Is :Il-cs datl tI'c ibirl'trted llrrow-fi a commonrlllarr Legrit.pthicail tirIIe 
rtf l t.'erll C illd otl s iriteratiscil irrarl,\ s cll++h. 

Ill lIst Ll IcNls,tile tI ritu'd SttlC Ils hK rl at l lr ill the1 )ultCtitll tf 
res ri,'CII tI rh trOilitfll ,til. ,iratiC. ;1111 lh.dtr0rar ic -,s,ts.: ,,. N, l_i tf Ie 
lSeull'] hrut , heenl 10CIu,(. rai threa,.liCill I'ablerr,s relatcd lo Lr'tllirla rtIls o:, 

these vll-u lls 5 silils. , ' 1d Irsh CtCe .idris ll hi Ib'lti .rlr inislittilrudlill lild 

jetrarlurl lrc llre Cl . C(+ lskt.ll,r rtl'k . rIrichr uil l', i tslohe hdone ill l _lilillr 

the rsc".ill h C:1(11 tao d,"ill \6i 1l l' rF l prarblsrr s l l',d h\ ti piCuil ll'ulS. 
\W hCn ,C. il tre . rail tf su,.,thtirr: ilit , ild eA i/c t11:i rIll\i (t tlre ou112h 
ptrol~ems ot sursltlillialhilit, arie throase asso .ciated 6morellla' u llatrcilmith lilldns. 
there is ai cii. rcactr 1itreed t etralUs MttOIt. plrtictrlrrl\ ill light tf tile 
Plorlci'rrl tf strstailralilhit\ ill belter eldos , Icgions. 

IO he SUnece,,tnl. lItirc ilttird atlrl l.esetlll 1111nt be orcari/,edl it a 

,sVStelrlitiC enllte't...\ dris in ltrctar' r Sealc.h \ ill be the lied lof fteC Illit 
peoples of'tlre area and oftl ireadllatility at th leplsic;l sster 1t mCI 
those ieeds. \V*]ue th ne \t chilot,' ,\ ill tillille illl)otllttlll prirl itis that nced 
attent iol . or os ralll prrori lsI Ihe to create It ne , and re'vitali,,ed approach 
to tlre ;elu rrclrprocess. le art., this \will be a signilicant challlenc,. but it is 

atlainuuble. 

THEi tRlEI:.'RIII FRAMEWO)RK A\ND THEi~ lARNIER 

TOl'rcliS researtch rile tTcti, el'yc a tonileniesf, f taners in Specilic 
-socioecnomltl.ic settilll,. resell chers llc.d tleo. tail n\\ill to spend Iilaie tlls 

and ili actual fIaIrllri Th,., ,. ill r .ced understalld tie flaritlelr'ssituitlirais. tra 

problems iird tie rlIiad \alriles lie fariuwr Conrsirders during decision 
riakire,. [or irstarce. tire farrurer llay rnIt ricd a ichel:r hutlrc hilii 
rathcr oue tIrat is more resistant tr llr)istll. stress eurklv ill tile roViln 
sea.son. (Or perhaps lie learil.l llost rleds t atriety tirat will .'ll,.ipet 
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elfTctiv'elv when .ro\vl \\ itliin a slit' ol crop". lhe resull of' resIearch 
eed It b e e'altlated illile ield Inder realistiC ctIntlitjnis. 1hisalilr0CII 

tItCN nit IIlilt iN 1t) IttiLt IICCde l. thatiII)lV Ct III)tlieii I'CNL'i'clI " et 011lV 
hilvestialtors Illust becouie Int llo iliar \,ilhth\ ae croingtie \\ Idali' of 
stralylcts CIIllh\Cd h lartlncr. and .jith the plr"sin j lltt ntl­lmittion 
Ie.'1illo,.IItot lln. It iq~lpropriale he.re Ill',ll Illl, 1lIt'ill to, inctllioln n g and 

land N\ NIClls arC iiahtte h\k \,nll. illand that11 resealch Cltolr anId C\",I~isnn 
nlilm.'ICktohe anllk/Cd ill lI'hl of, ucnder I-'hlilols. 

Nlall\ Ofi Ihe a1i2cltuirl s\ ,lciii in ue inlil ti l eh,! Countries ate coin­

ilh.'\. C. chliC i i ine ltieri tid lieCIll. 199). RlC+searclirs cai 
hlc.Ulk h-lll ullid",till o clIA'act,,e'iNticsa ilL Sonic 01f l eC lIIIIIIoII 1le e nll'i­
cIltitjal ,sstirn Shat ( \.-IM)XX). For c\inijilc: 

sut It rik. even\ lais lain [Nc tcClhiitL,.s dlCsi tnedminimize il"this 
IllCalllh", tthto ltSs tha li tiia tllll\ 5 i, l,,:
 

TlhIC rcI'lriiiiaril.' onl local. iihiccint-is krio\,ledge. a!tiithouiih ne crops 
:i, :C l ili lCilt)iJt ,iMttCdJiltO cNiS,,lil2 ,5nIClls: 

tl n* (hI biotogicatl jirto.Nes anddepe,_nd ti aurelesal. resources ill 
lien 01 c:tCjtl-iinieii ilPt,s: 

STlien itllllltlll\iOlls 10% Icah cttNS but r'Luire ehtivelv high!NO 
;illiltillill0 1,"lahll't:'anld 

STheir i ill,+'CIuIaciiiI,tiati, ar-c local ctiltire and cnviron­rCsat.aptetd to 
]n) t,,.illthiOuh social .iS ,Cll t,,c'oloichl svS,'nisN arc 51h(o%.li increased 

lttbiilis b.cate,,+ of ilotitlillii, stresses. 

ill stllNt atlsai.c Cithl l 01...lll lWIua2CnICIII practices Can be Usvef'ul 
nlcs the, pracfiletice , athtlt th the htland tnsCr,. Research,ers. of1" course. 

has c little or n iitiol asl tdt cl Iliolliccliicijl pects this Critical decision-
Imakiig procesN. rs.archers c(tll~iu'c the right Choices. Indeed.But Can 
rcscalchic,, "liold ti\I t deslop a rich aitictol(linovatt ions to.cili with 
laillel". tllthe a+uitll thali i 5lit) i he, abhle ltoitli sl I, lrirlll l, Choose 
l'l'ttll e,out th lti,, t tmi deirhlc and practical. Speciala ns tof, allirililati i cc h 

1atMt+ltiill tll toCCdn,:C 1i6s il to tlvisi iliCeIlti\.C 111at1ellCOtl'raC laIicrS 
to cho.se stllaillalihc tpjijii' +t5h,. hlithli hoih laind resturce tisrs alld 
pIolic iiiakr, to eseici, %, ic the kC t htC1hchtice Ina\ % ll t tC '. ;ItdilliOii. 

One of thu itlitcalissues in sustainalile naltni'al resourceiinallilellieil is 
.
10 d\lOi iIi liiiNini 11 itlh lill'l to incomethat , s,, Ca li Citigtlh stI they 

Can all'trd to ,trise lor ltoti-ierCli ,nstainlabilil ii,,ead (fl nttrl-ternIl camns 
duil'u illiv. ng seaNoll. do a s sl, t sl. ardshlipo CroppJi illller hati .i 
a Nt li tile lat: it i.a clialleice l the resaclh and develtip­hiusbandr\ 
Iit estabhlish to halriless this stev,ardship I tile lon­nl h+ts vilus, 

nfithe'arm collllinit. 
activities involving several disciplilies. inclitlin [he stcial nd hiolt.cical 
scientists wrkit! with the lariiersc,Can brilu the inore holistic app ch 
nucehd to iiplemnuit antd miniitain Iore stainabille arIctilltiral Stralteics. 

termll uotot ant [Il fariililJl'u 01ut, sehll-ihiegrteltd 
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Agri( ulluru in Iropi( llenvironments fmvs different (on(strains than 
in lnl)erahI( rgi b)is,antI hi allkt . il iiil watir res(,art i iw(e(s. SiR 
hrom I f Irit I,rio)riyt , tInit)io o\ (rI mning inslitflional ( wnstraintsoa,.s me : 


01l rHIS,M( e illl m i h higit s("','s,
( w1N(sI,,ltjltt, illtNs)il 11 Itrot iiai,!g­
jng souil tinro)(li Iipi Waltr I ,lhigl(I ilat( flng,,, \ im, L 1( llt, 

( rolp ,N) ('n1vit()1 ) 1, . h l Nm' i'll
:l I Ilh l', im l~ll mllid o. ll rd 

(illitl, ir t hl l r w, 
, 1 

Wnou,,knmd­l s.di. thi 
vdp,t ,lld¢ illipm, ' ('( m)lltlltill (,'111 e, ellwIt 'Iti<ll'. ofihllm hdw iml lt tiolll 

T\o Critical indicators il deteritoration in au.ricultural vIl s are de-
Clines illthe qIalit, of' soil ofr \%ater. Portta ol either of these 

lea,, to dcfrea,Ses f l Thus there anItrSOueCCS lhiCkl\ illlin 1trm uItic'vily. is 
tll' ( aIIILI jim i eallcUh tolde v0,isL\\i\', 10 111t1otia atidn d f.J soil 

vater rIsoices lor ,i suslaini\. 

popmliml(IftIle .otiltries, 
etvir lilleits., -Tmpical a rictilttlt'al ,,,tn ,diiTer tom leillpcrate svSit St 
ill sign'licalml .,, l hI ,, \ilh\a ld insliltuliouall\.. scv ral (d,lh tilli.itt 

..\ lae hurld',",del ilopi'm is l0meated in tro0pical 

e 
ch'racteristics of tmpicil em irlutlllt.lits--lltrim itaill to aridl illmt hilmlkimd 
raiehtelaimds to hinmid Ihoe.sts--phavid particularly imptant roie, inl the 

M.tm.'tmt h1 .lCt'l%L ,iim ,mumt I,IMMtL-d Ill iIt..-\'[t. SoLIthI 1111t Ii tI At Mitt (CI :\IIIuIIL;I. 

iii~u++t li itt ittititi. mu is,mlltmcict h t lit .it Hm l t.rli \ llitllmthicin\ ii m,,.,+iiit. iiiiim.tiiitt 

i,.ittho it mi \ct hi h m mL imtl millt/mlitt, in I t titi l 
, 

C.h;l t ctm h\a I I ll it i\ I le i tl iei mi­
' 


t cll 
. , 

timitl s m',tNlil lltit ' ititlICh 1 hohiul 1t0iiiii l It cslm tdo]]01t ;1111 n\to 

the,..u tll.n % I,+hne t , .1 T Mole+'[,ICt~liIl-d ICU'tlln'll to h eu1h1 . p l. lallIL-uhlr -
SOOi tld\I,ilh.Cr lll, 1'. ,.iII+,IC11111 i qll 1 + 0 1 1ll hi alltno\,l".+\',l 111;111 1)i. ll h1) ll'V dlt'c~ . S C.,lluk-l 

etl ¢ Ilhill +h g %l~'\0 1 l,.\11l'tIIN11211l ,+.I I i II I( ,+,.IhIC t0L,.. 11'-\ V+ I) I U +IHl ",iI+ I +'% O ll CIIJC.'lh 
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coilllllite's (fete'llnlion Of' tih lll,Jor issles, needinu, research. Some of 
the characleristics that makelropical euxliroleilltls especially challecmneg 
incude the1of(voingi: 

SLi.ack ol : cold seasonl or frost. ,,,hich in other climales brings atbreak in
 
producti, tht.us atlfecling pests. diseases. and mloisture levels:
 

* Variable ilinine and duralion ol .ater slipplIies ill holth dry and wet 
recions. creat incLsce ee omolst nrc stresses:
 

S'ear-rolld Iox-. ii eaonsinl son1ic \.l araIls. %ilh cflecls onlcrops
 
ald peslts as \elf a" acclleted leaclinu fl lntllrieltl; 

* ( ici (i% r,,isi r I\ ind thusreamer b itIol ,. han l,..UCIIiI le 'irlIIUlItIs. ,reatler 
dix el'i \,of Co ps. s-.toil onr illiSinl". d pests: 
* llichlx x eiietI ,ils. iiinl nill C \lOMin e xcirx ',oils: 
* Shor a es oitfosil lul atd o)ther caplilal-intensive inpUls: and 
* Siciiiicaitl.x alld insutitti.onaldiffereunt SOCil cotlle\ts and traditions. 

Il tIle tropics. especiall , x,here Tes to l'Ssil Ifuel re,sourceS is limited. 
11al1.CiUiIit slltlCLi Ist'", be more1C -i'I ill I.Iaure andMius +11Onbi reix' 

the use, o chiMcTof, efumsiii. cropplicx .slemiis. and tech­appropriat O 
niques, to fit SIpcCific C'locical nliches. \an' methods employed in ihe 
tropic's .. CreC dcx eloped o\x r tilleithrtmflh trial alnd error: lhie vary uratll 
aimmondicffeLremll io2,-riphuic rCiOlls, Mind cultures. ()fte.n. allllpt" o traln­

ler lesealch siratie, , elaborltld ill telllpelt ,illesi) itropical llvilonl­
melClnts ha\, falied tlo rccni/,e these foildthllnIt.ll differences. At the salle 
lime. the di, erse social iiisitutiois, kiliship p'atterns. resource aiccs., and 
tenlure relationships in dclopiL, countri,,es to ntli.cessarily operlte in 

mll mllaner, lotile sa olr respiod tlie saiie lhuic. as parallel slrulctures ill tile 
industriali/ed \tilrf. [lidiceiloi., 'olonial, nlld ioder p1tI.I'i1 mif resolrlce 
a.ccss and ILclatilon Caim, lor eamlehc. operate silmltlilmoslx onl a gixen1 
miler resoul, 01rcpiee of, land. althl hil ofltel xx.itlh Culll'licl. l Oecoc.nitio,or 
ofl these hasic dilfrIecl.s hex cii tropic;atl id henmIIeIrale a.gricultulre must 
be a ali Infato in mtmee[lecCiim (if )riril area-s fomr research. 

(ii,,un the priolems ficed h\ it)pif1 :r !or tile unique claracteris­
tic,, iif tie eullx iommiltl.s and cultures, amid ie sremmIths and \xeaknesses of' 
fhe e'istinc kiioxledcu hase. research ilithe folloxxinc areas could offer 
real rc ill of sultahibl clrlicltlre a.111.I+] reSOUirceal'ds sUpo rt natural 

* ()vercomillg inst imtnlonal collntaills on) resource coinlservatioil:
 
* 
 lalucill soil h i cal processes: 
* Matnauinc soil properties: 
* Iilpi-ming waler resource liana-ctl;elt: 
* lalchil1o cIlops to en'lrolllni1s: and
 
" ImcMrporatinge social and cultural dimensions into research.
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A Nkeallh Of hiIII-ICNICwd ilii~ouN kiio~ cd,-.' anI.d thlis hman
 
ITS'Onrce NLold lie 1.IIpp4'to su~pportl 1h.'.C po4aIs. spckial pow4.nilal lie-,' inl
 

most'~ intrill ic. i4I4I)4.'ll's iteCil he4 fat. ell. IN 1114. dIlliCtill (144!4441111111111i4..111l1 

1111,%IdI'iI4 s 1110 4411.'1 RL-41~ \.dl 
1 

II I4.'I1.1110 fdH1Iii 1.1'. dC\Ct .4 1114211jli441iI'. 

'IIleN.L4.N4'II4II IL J4N IIN 414' 11. N'.helI I 4dI4.4li'N 111\ 11 .4.411(11144111 It )n 

llici I.11N114111111Ip n i I4'4.;1.I.I 14 4.ih~ lth fill'1414iiNI4I. Il han 0'N 141C' need.lI 

41111/11142 'l111I ll '1 ICL' k. . I414.'4N at4..NNI)14. that4 II4'IIC lal[V111. 4.N Il4i~il 

4111 .' 14I4.4'11 I does1'and14ihN IIIH'111 11HII' Sl)441 IN (Il)li notN In4IN1I1 . 4ill4.'­

)H 'N 104114.4' 4C; I I C ID) I ICN. iI14 "I ~Ilihnd l4.'dIC ).\41C~~ 4 IjIlll"()ile 04.1 

iN 0lii.M 144 11C.'LOI. IN4IIHl[d 4.\)i-44.NC 1114it ) ili441Il i\ i4.'.I 1114,1 

gand .'IIIII4' 114.'L\ N (S1CC, )[24th n 4' 441 1 C J44.'N 44 llNjI~j44 Cl C 1 \\lli­

"Ill.'14I1e N4411 (I'\.111111 1 lI "14.41. research. '4. ,il!' 14\ l4.N2 thel(I si4.\ area'tl 

!lino l 2, llOC 114441.'1j114 C11([' II 1'I I-CiN C a I 11 41III I C s and I i114.1144.'1 ll22I 1.'-

Cl 11I4211114111424 

J)le4.1iIllN a 1114.' 1114N1 l 

lit 4 1 l .4Ill I-C 1414 IN. tile t LI.4jN42 Id la4.k4.,4I diCl44.I1I42 

\114. 4 d I~lil14of I 4.'.4 44! NINI llllWIM14' r1214NaIIL 

g n d tI1. L ' ~4il\,O ph1114 IN -Cco'4.IN I lit4a4.'NIN,llodcl4411 notlI 411114.'4244. 4) 42I\ I-
I:LI)IusI it 1141m11 4 Ijn I"N a11(41 aINI4.4l I).4, I.' Ili \ C .'iI''44111111\ \N4.' 

1
use of 144I.co l l'IlI4N 1I1l4 anItI4.I -ii I,,11' 11. k it Ilac14 c .4im44Ini le 
praci cal. al(Ii e l Il4.II.I 11 Of44)stsl.la 1 1 4.' ic iil'.aN t)'''[iN4 ilI.l irs ])los 144N1 

N'. II JI4'ics.I. c 1114. t" 1 144'.' 1114.' 'I IM ll. or2441 IuriI.4.eca oni& l a4111,114ll1nI 144 

llla'4.n po C.'I'. IN4. . C I i s.4'I4'il I-C (,11 hl "14'ellC\I.'INI I4'4' Hill )II l th.' 

and. ,iine a.44141i4.a-- 11Inisl odiI N444amII ue l\ kn.44'j11i toI4.'-NJC ect44.'11i 

liohiN. IIC~iII. '. and t14.4.'IJll.I i 4!1114.' ill 4.111M.I104)i. nee',4 1aVN4.  4I 1111these IN 

44C1 1 ,C 1 N1 1111 1 .'r N' 'I lI1N ill( i11(414Y'd (411I Oiini\iIll I.441111 .11I. 44 le I dII 

m)lad4.i.L i ile liIriII~id' NJ111111toN II1141 4.'. 11.' 112441 I(r (Ial(11. 111 

()t llr4'-p44id~a Cil4IIIJMIIi41 MCI ,11A)11Cs ' Ndmore oi(ln[IleOf1Nol4nd. \t,1.1I 
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OVERCOMING INNITITTION''Al, CONSTRMINTS 
ON RE.SOURCE CONSERVATION 

Rcsoul-cc coll"Croalioll k ill file licall 40 idl citim" fit docIty ilild imple­
lilelil 111mv sil"lilillilhIc appl-OdCho!" 10 ilLl-I1AlIIIlIC. 11P, IIICFCAS111 21 CIL-ill. 
11(meer. Illill cmiscrallom 11111"I he lindel"Imid it, Include nim-C 
IIIMI file ICCIIHIC01 iII)I)l0dL'IIC'1. SUNIA111ilhIC A211klllltllk.' L.A1111011 Ile OhlitHIL-d 
%%lIII0UI illiCilliOn 10 file Co:0110111A. 11011Q. Jnd HINIMM011,11 CIC111CHIS 011IC­
"01M.T COII,,cI\,lIi1lll. AIIII(m ull it ]);Ill Ill file hit.IIN (ill "ll"linnithlin.\ I,, 
dIlCLICd ill file lill-111 IL'\L'I. if P, Oh\IOUN HIM NOll And \ AICI 111,11EWCHICIll 
is,,Iic,, 1-clilic w file Illimill-ICHICIII Ol file \\1101C C11\11-011111CIII. 

Soil illId \\ilIC1- lllilllil ICIIICHI AIC illICCIC(I h L1,101" C\Iclllill It) file 
LIFIll. ',IICII ilS the 1)(diCk", (11Ildlionill M ]HICIM111011ill h0diCN. 1121111le 

m.ailililhIc lahm. III,,IiIuIImI;lI L(m)"Irinill" till ;c"mlicc CmI,,CI\ittk1II
 
ill-C ;1', CliliCJ1 11)IIIC ',IPI;IilIdhiIII\ ()l W10CLO', NIICIIIS it, 0lI-IhL--,1-'F0LlIId ,()il
 
illld \\;IICI.
 

CIJII ,Il I-C"Cill-Ch I)lioI.itiC" Ilnnlld HICIII(IC: 

- sludiC, 011lilild ill)(I \%ilICY I*L,MllCC ICHnIC ilild iWLTSS 11011CIC', Illill 'It­
fect and "lllilillilhIc agriclillural pklClit.'C1 

(d "twial. p(diticill. Mid CL-01101111C tl llcllllk., ()I I)IiClll U I)Oli-
CiC, illId IIM% tllC',C 011111 11W NIC"M-d"llip m dc"u'lildatiml (11*Imid and \ illcr 
Ie1l0HlCcs: Mid 

- , 11c\illilillimis (it ill silu and C\ silu gm illpla"111 cmiscr\mAill. 
and file Iclalkc 111crils mid pl-OhICIUS CiICII OfICI-1 101' InilinlitillifIc" hiOdkff­
sil it) Inmide it "AV rmye id genclic tylknis fom- %;ying Qoilrohigic 
regimes and ',()il IcIlililics. 

0111cl. pritlrif i,,,,Ilc,, "Inluld include: 

- F\alumitm of liwal mul rcVwnal inmilWi(mal mangemenk lo knpnive 
file COll"Cl\A11011 Ill ' Oil i1nd \\,'ItCl.: 

F,%alllillitm ()I "llm-l-ICIIII il)CCllli\Cs HIM ll]iL-Illt he Used 10 ilill-ICII)CIII 
and 

t)f file 11illurc and inipilcl (11*nalitillill policie" Ilial affect file 
LPIC Of illdil"ll-lill StIch it', tcl-fili/el". pesticide', and Ilicclialli/illioll. 

Both mi-lillm ;111(1idl-larill AICCI WSOMCC On­
till-111 ho.101" ',ULI1 il', lJhM il\aiklhilil , land fellure, ilild ilc(css lo re"oulces 
Me iIIIIHClICCd h\ lill"-Cl "CilIC CCO110111A.' illId I)Oli(iC;ll 101-CCS Illill allecl [Ile 
CIIOIL'C', Illill killn 11011WIlifld', Mid L0111111tillifiCS IIhlIC ilh(nH then 
11"C' 011 file fill-111. Ic"Cill-ch "110111d L'OlllilltlC It) AddIVY, IIM\ ',()find NtC\ ,iIRI­
"llip call Ile 11"ed it) ince: Me need,, of both life fariner and ,ociet). Ilow­
C\Cl-. Off-liffill LIIIC',IiOll", Ilistoricall . have not received a,, Inuch atlenlion. 
CTcciilll ils regill-d" implenlemillion ol, reNcill-cli findings. 
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R~es~ource cons~ervationf iS eIeAC \;Iltplle (1'ol ui smiu that silmiottltuite 
al-!ricutiltiltits. Ouil 111( \% -trIttaeN tt i~rnieti~unut ol 
certied k iitheIL lO112-te1tiuu us Midh hutOtetitll 01t theC ti,1ttr1A resttlteeTS hIi. 
Tlte NOttIL tille axerara ehttihtip h el these, iitelests, is, COLtiter­

hltui~h~1tisL.itstdt. Al 51,11u.h he ttltmptttlC to ilrae heiir special kttOM ­
ede l pitistlt ol aus"\Ners t0 1thC COi)Itle lcal. reeiol.l Mid iluStittitill 

Coustrkillit, oin ice 11 oill.ICeson1C ous 

Ssihile .1 t2' Letjli-c 01 [lt:e ',il hiotut. pattien -Ll-It tilt Ilil telidailltettdttce 

l~t~ill k.lt, Otli\ I lt titLe11. lt)\. -Ill1tit *tc'tclttuuulil svistetls M lhere soil 

S~tllt s ).ttiiui l. th *tlc 1ts ititil l'e iatu ;111(C0111101 ,Oil­t ts 

IllI mist suils". I1to0 le\cels oh ',cia Ii'li.tj Inllter ate essential lol. goodi 
s(Itu structure. Yet fluaum impllraiut tItestitins reuulaitt regilardimuy tie avail­

job ~ 

Z." 

fA~ 

Michael \hcl). imou. National (nicach~ucit. 
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ihilil, and Inaellinellll o o'gnllic nmiler. [or instance. the release of plant1 
ulricnils hruough rapid decomposition is a key way to optimim croii yields, 
hill more rese'rll.l is needed to nndelslta ld tihe role of I1acrofnillna ill this 
IprocesN. RLent 5.,ik on ife Imanipilatiton o' earthwormiis and termites 
llpcars proiilisili. The benetits of1orgalic Imatter ill the mainlnance of'
 

soil qtililv and crop productiiis have long beIen \\ell knmwn, bul only
 
reccluti ]1is researnchers slaritl Ito clucid'tlie th:e role o orLanic itter
 
additions ill ariable charg ,oil ac thalb. Of Soils hold
on soi dii Iilit\ to 

nutrients, and phy\ ot( \icil.
 

-\nother c\autple of a proini ,ing research are iN biological nilro'el fixl
 
tion INI:). ..\ltou t 1hI ietlratl proc ,,ssiii lved is weCll kno\%it, als Cvi­
deliced ill illrl"ers , ideC use of letiiies. more needs to he kIioll\i about its
 
ecokwv -ii clu-din ffaint-iicrobe-clifIiate-soil intelcio'ltils. A beter un­
derstaiidii ofl these iitracii,.ois \ Uild facilital Our Calpablhilik t Inanauhe
 
Ilese prlOueSNC's . IFor illstlillCC. sccCss.',ll ue Of INF ill croptclll2 s\SiCls 
is ofte.n eTric And tlrtlictbllel,. and research could delo' nclOlds lfor 
INF inouculation al different Ni's. Ne', mcilio ologies also need to e 

develpied for tnitil. inc BNI h\ tres,s. since cUr'rentt lleasurellint tech­
uique, aIre dilTicult ill lie field and oflI iM+'curille. 

A,roforstl\ .\Nlslls a il ld tralditiOullv Used ill nun\ trolp1icalsems ' ido, 
areats. lhese pla'ilic's ar, becotlting iucrasitnrgl importamt inl a.griculture 
f'o lUil, inil-inill aacils. espCcialll\ ilie wtter tropics. and in areas where 
Ilss is Ne\erth,.eless. little sciciutilic (laia e.xists on the soill.ood scilrce. 
implcls ot ar its lt ats roolilg patleriis. allelopath.ly nu­lefuicn,,Such 
Irill c\cliiw,. uil the abilit\ f 01 tic SpL'Ces to ctoini)eliively take tip or 
accutiunlate sLcrCe Iluulrienls. The complex amer in , lich tree Iproldcils 
rlleill terited iito household,. Ilocal. id regional ecomties needs io be 

assessed Is 55 ll. Issues related to the constrailis imposed h1 limited ho­
i111i;11LN r llso reqliC alltllioll. 

[ccli\ec I ua lauci.ll tolo il bol0IOtiCal picO.SSs to0 chce and fix esi­
tial c C ,\pelidittir.s on bussil fuels. The synchroLi­l nuiriets, nIIr'dcLeL 
/ititllofof nutrieilt r'easc from+ u"Ianic inputs to Iccl nutrient uptake de­

-illilld h\ lops is critical ild little Inde'stood. f)ften., lnlrients are released 
,il thle dcot nos) itill Iurc S, s hen the plilllt doCs 1ot eedthtiii. ar1d stibse­

qtlietutl iiii\ be lOSt. [ LI .e coerCo crOps., lIIlchIeI. .I rotatiolls, and 
iinil niuiil lillic are kno\\.n to colIrol Soi lnanmptathoaes and letllillodes 
and maintain ,oil tilili. More inlrullaliot is nCCded On ihie actualt ImedCh.I-
Inisnus ins oh cd. 

.\llluouieh th+\ \ilr\ b\ reuim. iatty suistaillale ag'ricullurll S stetls in 
the trtopics include. IICsock. Their role iuiicludes flue coVsUnLuption Of crop 
residusC and life prodtlctioti f orgnic lilttL 1i1d llulriClts ils Well aS tlhe 

,Control of tim.ted vegctittiol. Win!-,, iilpitl-ouitput of recycling mlodels 
.unldl help Ian\ lsmallfarml enterprises. 

http:lauci.ll
http:allelopath.ly


28 SOIl. ,1.\'l/ tilII:u 1 i l'hil)RIIlES 

ORGANIC RESIDUES AND SOIL ACIDITY PROBLEMS 

Soil acidity is a major problem in soil mnagenient, and Ille use of 
organic residues is a promising potential tool for farmers in [he tropics. 
As commonly used, the term "organic matter" is not the same as "or­
ganic material." Organic naiter, in the conventional sense, refers to 
the well-decomposed. origin-rre(ognizable organic portion of the soil; 
organic materials include more intact organic residues su(h as plant 
residues, green manures. ulches, and composts. ihe potential role of 
organic material varies with its (olmlposition and the soil to which it is 
to be applied. Organi( material additions can alleviate the low cal­
cium, rmagnesiumi, and i)olassiulim conditions characleristic of acid soils 
because it contains relatively lge amounts Of these nutrients. 

Much remains to be lIarned ahIout the potential role of organic 
residues ill alleviating soi-aci(dity pro)blerIs. Resear(h ((mld help fill 
some of Ihe information gaps regarding the use of organit material to 
combat acidity. For instance, what organic materials and decomposi­
tion produo(ts are most effective in reducing allon in um (0ontent and 
soluhility i' soils? What are the effec-ts Of dilering sLurfac e mineralogy 
on organic material and its de(omposition l)ro(ducts? Wh1at is the dura­
tion Of the limning eftie(t of organk materials? Is there an olpimurn 
(Iuantity of orgalic mterial toI add to the soil? In adldition to the 
chemical aid ihysical aspects of the practice, an important ecoloilic 
consideration is whether there is sufficieit organic material availahle 
for appli(alior in the nrar prxinity of Ihe tarrner's field, and, if not, 
what are the costs of labor anid transportation to move large quantities 
of the material from adjoining Land. 

One important variable to be considered when predicting the in­
proverments possille through o(rganic residue 1n rnag 011ent is whether 
the organi( material was grown in situ or01O)tained from an exterior 
location. If imported, tIre rltririt (onlent of the organic material is 
contribLuted to the :,oil s,ystem. If it is grow,,n in situ, the overall benefit 
is usually less he aIuse the nutrients are siriply recycled. In some 
cases, however, recycling and bring.ing nutrienis from deep zores in 
the soil profile can suhstaritilIly illprOVe, the surface soil-the root 
zone for rost arrraI food c:ropl)s. 

rhe role of organi( material in reducing.+ aluriirni toxicity, often 
the most hletrirnirtil aspet I of the ,oil-m idity sndrrnmo,, in(:ltd("h Ilhe 
cheriical compleing of the aluminurm in solution, thereby reruciig its 
activity. Organi( mrterial idditiorns can, ilr soriie Cases, also alleviate 
phosphorus deficienv in acid soils hy supplying phosp,horus directly, 
by reducing phosphorus slirptioli capacity, ar1(I by conijileXing solLble 
alumiiurii and iron, thereby increasing soluble pihosphate concentra­
lions. In large anrdounts, organlic materials (an reduce acidily simply by 
increasing the soil 1h 1. In smaller ammrurnts, the type of organic riaterial 
becomes important, for example cowpea is more effective in reducing 
acidity than leucaena. 
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Critical Ii''cCarch priorIities Should inluLde: 

inicrohe-cl imiac-soi I initeachiOlii'lad illlIpiO\Cdl HI110hodo0ijCS mI' predict­
inc I I,1NFI retponsc andl for1 quimtliI\ In! lBNF h\ Irces: 

A.\al\\is of, ituIsIVq\ \\ 'Attlls. iniclint l(0)tillu pal~lls. *Ille'ILl-

TIile 1,0lC ,I l'n jii alici ill \ irioihlt.' ciarivc soils oil soil :ii~ 
p)1l ot(O\icit\. and "imiill. Iaclors: iand 

contfrol ,oil lxatilogl.~s, Soil lpoCC10-iCliC(l Iliialil2CiiIC U ICClilli(ImuCs to 
Mid] nicliitiodlc IC. F.I S rotations., covci crops". Soil olLgaflic mlatter ilIal­

()tihc iriolit\i Shc lOnld incLitnlC: 

ThIl0L oIlIii1 La )ltllla ill "til I'lilit\: 
* ll fIIIL 't illilannin tilla'C Oil sOil N~ola. in~cludling. pests andi~ alii­

km Illi t-il l inpustl ' n ii iltarin-cill sIstclls: a of 

MeL bitICllitlOL\ Citor S. 

MA.\NAG(I NG SOILI PRO PERIE~S 
Ral~a\ (itile inlhcr-ciII pliipClics, Ofi [e soil Il)\iC 111idCilI C'Il\'iI1ll 

Ceill. fo li C\ ci. or thc t-Imtl\ lc. marid0 le~ lo ii orltl. ar cctie 

to'lilocllcll callai~\lLi 111c hr;ILLucsinputs tliililtid h\ ilidiii lantheri 
praitiii tit'LtiiL'i l- hll iccidt to )lgc\' liill socill'-1"Ilt.' fchlileicfuidl 

in* fl oll " o aiint i la iIuill i ICi 01ts:l"tc 
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" N/eclalnisms and anmeliora.tolli Of soil Colitpactiol and erlistilng: and 
" Strategies I'orrestorine deurided lands. 

Olher priority iSnSliiu,dI(ld inlCide: 

" Soil lo, and its effects tider dilCrent taeiteinnll StrtlCiCs: Mid 
" Iimlproeitent and Use of tliaelO',tic tecltliO, for ntilriell asailhilil'. 

Restel'Ci. Ol hetter IlIlII.L,,iUl lll i01 'Miil IlilI)Clltli , sill ill\ti\ bolth ilte
 
chemical and pIl\ ,ical lie soil and this area otle'S
characteristics, Of S\ ,te._l. 
Sl)Cil pittenti illthe LOIlt'2\I (f Iluniltd tlu of calital-il.twen,,. ilpnIl
 
c.' rll' itc',.' Of I111 %l ,.uhl\i', -.,0tlll1lFIC,.1:01' ill ,lIl)U,. V',mik o11 ,Officet',
 

Of' lIltlitill ,IIll lltlClu1, kes ', rsiiltt l ,l ,s, tll LIe­is lc ''Itl,i hC 0'IxulS '.'i 

llinl1 k oIll11(lll O fl'.011 ill c ,. l h11 S +Iil l
a .',tt',C+ [lheltc-lp 't~lld
itllIC+l'ilil\ , 


LictOultUNIuill citbe t Itrottelt atttltlitt.\lttch i the CllnihfClIC ilr 
these t : o tniaaul ictll p)ruicli lh , l Ct il..elo ed alle , h .eref lf e.' iI I , 

' ae Ili tles cloirti 

the Clpital tot sicht illsti\ ll.ntl,ltdth1llilltiClidI iC pabi.'lith to ltl'A.ith
 
the tp lie 


tnrcha,,ed Ipntll rdils, a\ailabl.. cttllllties. htoss vCr. 

an lc el Of teeltiild i 1, ljittite l. A lt L r . aIltrCati U c plractiwes 
'stittl he [tuiMtleul tt1i le C L,.11IMtu lCl t sollr iC,tlds illlocall lat.l 

',
"ticia1l. ctItrINll. tttd c'OnII c cl'ltldliilos. SpCcial Ctpltasi, shuolhl focustl 
o1 iolii alli1)1lllllsll.
 

lLllss inililk. tl ,wih .II)Ith L ittill t(I OfO tc palu i rli t riltitical. 
iC11M;Crh1d bulCI] Ill ilIL ialiW()r'_'M C;llI1m1\1111 lilI litk rudC(I Mu Jllu 1MM\ 

t(il 'lslllit'A t lltS. sihu uC itllI) lION t ii)lilti.ItCl2 1 MlcIlidI it 
Ollte[ L,, Iti',l N1titIls mt i t:Ilili it,t"lil lcidi\ ilhle hCttItI .,,O-as ltol , 
 -
,.+'Cl~v, M+ld 0 1 Cll (11 OtgL llli 111M C.+'I III,:lllti\ n U,,,+ A S', 101-U Iu,lltl lll,l-t.+_tl 

inuhtilat l, '+plcic,O attl ltlallauc.ll I t illItitLs , ll Oftr ,idus, is Is ailahle I 
10'.u't 10r 1110',l dC\,hCiOI1l'_ \Orl . T ;111Vl [.lih,ll nit'tlI Oflflhe v i',i M I',,.Ce~ 

, ,lilltlilW f't ICi'llliC lLdl'.L intulii~ kmtiis 0fCISl 2tFctlkit0\i s itlt ttt Icilec 

pltetial bc;tclt ,.
 
" 


CO 1tt1t nitltl ,Ltllit (t cllali,,l t0 Iill il al "tOil t t i . 1lttill 

tulu ",t 11IU Ltl tl ,iC-lilnC tr, le k IL. aCt ul iltliltlilL inlreuased [till-
Ts, il tleL Lu IIte,i s1,011d l' uCtLdllitt lll l ll\l tlL il(slliOfit,. (is.slI'l 

' 
principles lir detling, ilh i. MI uCilt Iit,Illle, lCJl'l l; Lh\ r1,L(f 

ll it ttltlIL 'utte i tilL O 
anu irt'h I.lL ublLttldd tlk lii tt a l itlstli\caOlt Illl. 

utes l tlL,\tlll" itt L, h elll ll tihl0 t1tiiIt'h0 
tur I bagOfL l ttl 

the .l'\i- 'I feiiit i , it u l'I d ife . , \ ill kc\ th , 
l i\ ll u - u tuM Ii l 1i0hlt h t\Cuh-ll! \\Old. 

'+,t1tUCiCS o0 rICl t.' iMItL.,dhmdl , atlmw lprm e tO,.U'lif u 
h.'l1.PI,, Il+llin l'u',tilc(l the ,il'than i t llOflll il ll ill Ila"t ill Ulc e,.l,.,1ik 

area,,. Ill the+At mm i a ,il. IM C\JllIph.'. 10otLL'hlkhN11l[lllMrud IllmlhIM 

I+C~ll CI;.ti(d+ ,toimc 0 tOl7 mllion~l hIC'lA buell AlMMlIMtIC(I l' dOh,.',Ild'+ 

and ,%el.rra').1 . The ba,.iC I+i- l,.+C1 r fnCu1,111 Ofiitu' l,,S'. l,+.',t ,, CH I~lo 
Chem .cal]----,,tich1as h),s 01* lulilil\, ilid hihI ,,Mil A'i.h Or.pulh ,tlchl\, sical-+ 
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ASEARCH PRIORMES 

lk
 

.Vb 

till 

,!flit I] 1101C M the IURPSAI SAIL-11M) ICNCAICII Ccillel' 
ncm NiycT, i, onc icchIM111C 101 111MIA-21111! dild illll)l()\ ill 11',(Ill 111011CHiCs. 
I-li,: sal)(111 , ,Illol k tl cd Sooll AlICI A idlil. M ICH ll [ll]L:'- 011 (112 (Ilt. dallip "and into 

"llall(m dcl)[L"ISIMIN ;111(1swAl. ii,,!Ii( Iml,. I lie hiokcii stirlace \6ndhI(mil 
IMUC-11112 Alld I)WICk 111W llom 'alld bla"I 11)(Ihillial. Cwdit: 

Neil \(Illll SIAIC I 

a" cl di"llcl."iOll, or com Im(. Iilill. Ill Illail\ application ol, lime­ca"C", 

"(()Ilc and Ill MlICHOYMC [lie L-llCllliC ll I'll'ObICIIIS 10 file extelli 
1110t file killd L'All he H',Cd Ill MI ccollolliicall 1)1.o(l(]Cti\C Illaillier. Bilt Micre 
file prilllar degladatioll problem is pli\sical. remedial 111castires Illoreare 

difTictill and fillic coll"Itillilit!. The praclices Illay require Chemical treat­
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RAINWATER HARVESTING 

Rainwater harvesting is the Iractice of collecting precil)itation for 
domestic or agricultural use. It has been enlployed in various forms for 
more than 4,000 years and in areas that range in annual rainfall from 
20 mm to 1,800 rum. Colleution schenres vary from clearing hillsides 
of rocks and gravel to increase runoff 11i direct it toward cLulivatel 
fields further lown the slope to collecting water from loftops in sniall 
illpOLInIldmIntS.
 

Rainwater harvesting is priniarily for small-scale LIS to'r a01lns, vil­
lages, and livestock. App,,)aches to rainwater harvesting vary greatly. 
Some practi(es rely oil alteraiion of the l,1d sulrfa(c an1d require con­
struCtion, such as the Iuilding (of water (atchnients and tied ridges. 
Another atitiroach, one parliccrlarly good for )or(ous Or nnst,le soil, is 
t,, cover the soil with a watr)rOOit (cover. PIlastic shreein,, bUtyl ruh­
her, and metal foil are hw-cost allernatives for rainfall ca( hnents. 
Gravel can be placed on top otf plastic. to )1r)t('ct against \ ind and sun 
danage. Tlese (atlicent, if )roperly horill and maintinCd, (an have 
an ext)ec.tel useful life of more than 2t ye'ars. 

Water liarvestinrq has the ipotential to erhianicle too( produc(tion in 
water-shorl senianrid and arid Lh:rd \World (ountries. It is especially 
promising for developiing ( ountries he(aLIse it povides water without 
requiring fuel or tov,('r. I lowever, spP( ific t hni,:leCs Will rINed to he 
develotred to mleet 'ite-spe( ili( soil, c irairte, .11d socioe(rrocrric coindi­
lions. Wter harvesting sciores rave tIhe protential to Iree.,pecially 
useful in avas with the iollcwing charam leristic, s NRC, 1 74l). 

I) Chly soils. ()n ihe.S., sites 11,M 1I0t hr waler runs ofiduring 
rain', .., Small pondis huilt in the Ical watershed (In he Lsed to 
harvest water during the raily Saso(1 aind stoe il L(' (Ilinnglie ,ry 
season for d(crestic: Uses ar1d irrigatirr of food r rctrs. 

(2) [ath'rite t)C)()Se(tLIr(,I"'. Mary not these tcI)(pse(uen$,': have 
ilpervio(us layers at tile IoI) that .1ow little rrl n( vegetative growth. 
Thus rain falling i the imrvinius (aps run.s (lui( kly dr wn the slopes, 
causing erosion and exprosing rfertile surlsoils. A series of (clickdarns 
or levees ca slow or strr ) the ill nVrrrrnt otf water ri(n slore it tel)O­
rarily for drmestic Or agric ultuiral use. lhese ( hiec:k dais may also 
reduce errosiori and make r. usefulthe soil,; down the tolpose(huerr morr 
tor crop produc:tirr.
 

(3) Gravel iicrlhes. ()he rrt Iirimary sOrIr(", 01t losses illt1 V,at1 
semiarid environnirts is scuil Arr shilishel meanswater evar)orain. 
to redur(e sirhi loss is Iv gravel IrrulclIes. Irrnmy ares, fcor example 
the Sahel, !aterite gravel is abunclanr. Spreading this gravel over Ihe 
surface can redlCCe water evaporation anr IhLIs increases tile water 
available for humar urse. 



nlillts. [ulil lrt fretlllll\ in volve lollt!-teriln fallo% periodsIN with frees (I 
CO\Cl1 eLTIps a i filpillilr\ %'MCCillioll .. AS %ilh othler Soil liiali1;Ictliciit 
pracltices. rest Ilalitiisrtjslll stl tIICIIahi,it o to ilI(itiiliiitl sitesN jill Cir­1I1C 

Ctillistaicc. 11c *lhilit\ 
 io miake the~se Oitc- pcific recommenditatons re-
Ilills d l:ji LlilCllt!C HI1 ICNCIChi. 

soil dcu'rildarjioii ulii diIlCICl 1MLil2tClllCll NlI'ttt!ICS iNNllitil-Ii111 he­
caLINC tile Chloice oil croinil 
 S55\SCeln cai ll;i\c a ilajii influce (Ifile lohss 
0Il;_CCtiiii(4SNih. 'IIIC CIIAlClt!c IS IoicIIIIIo. iltllilikS\Stein Ni litat v~i!l 

tlalae. [Il Iai llli 1!C lie la n ili a IlcI. that IiN imiCe "il ilos and) 

tl-ltlistllceN ohtICH ltL1i11lt it: it is [lie MeIthodlt (11 (INC HIt hCCOIIIiCS tle 
Jii)illmdi IStlC. Onj-sit lt(C~lioll is INll\ ono fiile iNsiucs. lDetellillllue 
fileC Cli(CIN( N,i lll s (IN liiiIl-NtC 11tiitilliI ilICICCli~illtI illIiOltdIt The
 
implact of CliNiuhli on h~il"Irtcaill ctloLictl mdi'i 
 i!a N\NIcilIN flietis
 
h)i he ; SSC~SCtl.\Atjtiir illI! 
d1tIMCi. li 101 stallltillt!, ofiletu.Soicial anduecliiiliic 

Clii-Olil LOiiiitiiol hiltspICCIIioII lliCASHICN \W uldul t~i lil! \.;I\ to\%ard ehli­
limiiiLt laniid Lise. It iN als~oessntliail I( keel) ill lilliihfilie M~ltl soiI-\%aitt
 

\SNIClIlid10Iii 
tilI ltNCilChl Illt looks atl l ]Ilililit lclatio~ll~hliJ) he­
tSSCCII Il)CNC crtcl ICiICIS.
 

ti iialkI iiililS CIICIIIN IICiiicctict IiIlldil!Iiiisti tCCllllnhiit'iCS i0 IllelasUre
 
itiiIit as allalui1Its SP thCiIiCClt1* 01i oNNCelil 
 o il nuiltrienitsca) lie' Cl.­
i-ctcd more 
 It'C;si l\ .Stich Ci( diCc 1picICCCN 11C C\ i iS\C. Shclc cijvt 
h\ JI)ILCldt iIII)ON Oflh% i0it'illIC lt'NitICS. The Cost dli ChifiCiICS 01'
 
i-cilicdjal Il~CdNLrcs call 
 Ili ilTloliCd it SI)CIliC Mid1ttj(IIfLalliC (1,a1a1aiV
a'a ilahlC n)t ilecpC ilt ICs Cl of i [IIIlhl-icilt ill file Soiil. Stnhsiiiiah
 
priurs ht llladc
NNIas hecii ill (tLiatlhtio. aiials NcN toil.\ Is
oll soil" C a t!IplC 

Ile alplicaihi t% an! 

Iuies til tlc ljiilt! tillris IC taN lhC~t-iS C 


mlot 11iCil iIaIptNIS ll(oss (St aditltalnll ofi thlese tech­
rcklivcS loss attention. 

Folr Illucli of, [lie troihical ss1111(. %s;tcr is tlit kt\ iaitollal resour~ce. andt 
li\l~i~l
al iahlC. us lilic 55afI Suplfies thuls iN at criical cliallelit'e il, 

atlic~ltfllle iN to1li swl~tillable .. ASi populatinls -,105% alit ilball and ilitIti.S­
trial \%alCI tilila1ltds illiese. compeh)titiuon fori 5ilICr liONinltelnsified. Re-
Nealt1C1Ililiust atltrC"S a Npt'trlll nil
oI iCNjeldlitIlltU IrillriI-61 -ieu at'licl' ui-e 
tio illituatinil. ho(11 t[lie ClIcctIiCN iisofSmallhscale illtlitcIlIN techlllitloes to
tlie imipacts of largeC-NtaleCImpoihiudmenlts. It 111(st nh.l at 5*t rolrie illt \n1alllic ;nC'ricultilal S5 Ntells anidt. ill particulai. its ClosNe interreIlationship If)
Soil lecurt~cts. 11t lioist Ililve ticsll [Il(te ttthical quesions tos a t es­
t ills of! I10155to apl le iClolit!V\ Ill tile ivertse Cullture~s alit eCsystelnis of' 
[ie develoiping, world. 



34 A>I27 klTI/S.It .,.\ I) .1/ I S IR¢( OR1 

DEALING WITH THE UNCERTAINTIES OF EARLY RAINS 

One fundamental difference between most temperate climatic zones 
and the tropics is that in temperate areas crops generally are planted in 
the spring in a water-saturated soil environment, while in most parts of 
the tropics with a dry season, crops have to be planted in dry ground or 
in newly moist ground at the beginning of the rainy season. There is 
pressure to plant early because the food isneeded and the growing 
season is limited, but there is also a real danger of planting too soon­
the first rains may not Ilesubstantial and the crops may wither. Plant­
ing too late, in turn, can present other problems. Wet soil is hard to 
work, and :,ests start to cause problems. 

Problems associated with the vagaries ol rainfall in the tropics nay 
be reduced by selectively breeding crops to withstand early drought, by 
developing better predictions of the pattern of rainfall in a season and 
ways to communicate this information to farmers, and by developing 
transplant techniques for crops that have not traditionally been trals­
planted. Also, soil-imprinting techniques that act to concentrate sparse 
rainfall at the base of each seedling are helpful. All these areas need 
research. 

The use r'--e before the onset (I nonsoonof nurseries rains is 
certainly one of the oldest strategies to avoid wat.er stress in the seed­
ling stage. Rice is planted, irrigated, and ferlilized in small nurseries at 
the end of the dry season. When the rains start, and fields are suffi­
ciently flooded, rice is transplanled. Other similar examples may be 
found in the savanna areas of Africa where sorghum and corn are 
planted in small irrigated nurseries, and then transplanted to larger 
fields once the rains have commenced in earnest. The use of soil 
imprinting and lied ridges also can hell) to concentrate moisture at the 
base of seedlings. 

Four general areas merit attention: ( I) techniques for water captutre and 
impoundlenl, with attention to indigenous. small-scale techniques: (2) strategies 
10 enhance waler collservalion so nuaxiultlln Irtur(1'n is 2ained Ilo111 each drop 

0o"\%.ater: (3) nelhods to reduce irriatliolul-i'lated soil denrradation, such Is 

salini/ation: and (4) larger-scale approaches for \ almerslhed and landscape 

alliMMeIlllnt. SoeI of the u't.eest potenial bleefits otf improved war 
in ii n.lg lla th lmaiinS' the "manaeieulievl v,elI he found "at " \' ale t 

field. such Isthe iiprovmelient of little know.n or innovati\e approaches and 
lechiologies. The challen e is to help farmners opilmiZe their use of av.il­
able water while iaitamlning tme quality. 



Critical res;arch priorities should include: 

- l)e\'elolpinI! tecli.lUItqs to helpl'armers pit atli i1titli'aii Crops, during 
th nileta.U'ilill, lar, staus of tile rainy seasonl. These Illi'ht include Studies 
of seedlile resistance t the 'auaries ( f water Stpply, transplantiniIetll­
ods, and sti'ale i" to provide more secutre ellviltlllls early in the crop­
pitiC cycle. 

Sl),escribin.e and evaltatinl! lhe arrav of e\istilw \%,ater-harvesting tech­
nitlues. particularly iiidig tioots ones, and Consider their possile efective-
Iless ilnlie\i\t . 

* livestikatino the role l miutlactullure ill l~arnlille s\Slcllls and especially 
inl irriollste Are there \w;a\'S to Colnlhibin irrielatioil an1d altUa.ultlurl' 
ill re"iOn ', h,'re this has not IbeeII a tratdition? 

n v,',,t i at inl teliques ltr iakinetlh hebst co lbined use..' t sIr'e 
and stl-surla'ce ,,atler ill irrigation and dealinge, effee \01i1 draillage, 
includite, anl alnalysis of inll. '1oiLs t(eclluolocie"s. 

* li~ssti~atilte policy and pclical issuies of' pricing and subsidies of' 

tinis tie l•inkinL Ciii help s ln I li sint', p15111 ) iiiSlitliCiit lii l 
ealk il. [lie u'l lit- wasl. Ili N#eigm . local IMIter I1Is e ncelped ae 
M,,here. ,ou llll ik sla ted ill irriat.ed I msrics anId h ll transplaltled i t Ille feld 
once Ihe rais seasonlis ndelr \k;l. (C'dil:Illigh opeuo .. 1I itiersi\ of Florida, 
( il+les\ ille. 

i 
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M aI\iI pes ol'l III ic.l oL'mlh lllellt" l- CI' -'i]dC.\ C1h jp d 10 C';IJIIII . dod Chioll.el lillhiCd 

01, ,,porildic riniIall crop,,, the' .Nx'ge,, 'ell oI t_. his, IIicll chto hli [)e Isi l';l e'¢I 
+, e"u' \k.illc' Ind ce',. \ lItdu]ld o oit"u'olI eIullrl aIlto lilt) aIlmo ll i [ h,, de"s IIV+k s m d +tll l evidence'u 

sih n ir.lut l .',, di,,L-mered t r il ;crvh olou'h:;d l ru''ich. CI-c'lit: Mike A.ustiln, 

Willffl iHld 1VOLictS,, ill \iltel'-sL'arl¢'e areas.l anld [Ile Ioll.-lrl'ln illlrpa¢,s ltlese 

hai\'e Oill !I111iCUltltrll ,1rtiesll~i and soil IlIIIII.lamIcIIll. 

OI11'r 1)'il-iit i,,,,IuCS Sh101lld illdludeu 

- ('onducl illy compl rlivvk institutional :lmlyse"' of"', iks anod Ibv.l'eils of' 
\",all rl l lli nluellluclll stu'illc ic.' iI1Lltldill!., hloc i as ,,c l: it., laro~c-s.;llk' illl,llli­
tionn. This \wttltl include ;illiclllioll Ito intdige~~ln+',sllou sy tem f, x\llr acceL'ss 

andItl I ll Ul'. 

• .&ialk/im,, [lie e.''ollolic. social. anod elluiiillelu'lil CIIe.' , iri-k-athom 
ill \illhieLS Wille". TIhere ha"s been a pledlorai of stludies o lr I;z' iil 
proje.cts, and their problems,. blit ,1mtvh le',,, lll l il the' ,,llh.'rs,,stcils 
anIld oiIl sUpllli "llaitotl1,llald1iC,. ('IIIll) t~u' I nIlulI~d he' ldilll[LId I0 

, 
m wI1I1Ill Ilt \iIIrio~ll inldium ltliIs. .anxt'ld \'ic't-\CuI'siI'. 

• l ,littin [Ile k.illcrhot~lll¢ di,,u'a,,c, and \%_C.,dinlfL.'ltliolls a. stt.iatle 
\vith Cifnails, i'ld dllilhl,, l:,l illI Uillit~ll dC\C,¢h)lICvtH Jfod ItC1h1hiltUS Ito tml, 
these proleill",. 

•Ailal. /.ing atdaptalions lo+,horil-lterIll dromll1l %%\ill[lieh Crop~ping Sesonst. 
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FOIILItM.cIl, much oIf 1ll kn[lie cdcc alut plhycailx mnanipulaing and 
manlaging c r re+souirces INmih ruindu-lcd and irrigamd arictninuc is innr. 
or less gc,,ricall tra.msferable. atlhngh ii scal.,, at ssn amd file ,,o.iO-
CcnOIltrhic illipacis mc qltitc dixcrsc. lhIoxvcrl.laigc gaps tmr kimo\vlcd.c 

asc ,ill rclllltm . Cscciali, ill the aicas of aLro ocstr.. llli\cd cropping 
Sx NI.ilI S.and SHisIainI i Ih1\-in tutrant-lcd acricitII tire. (urrnI kiio, Ic c 
ftcises l full ti'iimcnc Oti irrcaiitln. ihilxxl im ,, ttltntJCS1', alOtni Supplc­
inc tial irri al ll I'nnill uIniaddh cscd. Ii addition. Our kimo inlcd c hasc is 
,ill ,win dl l .'kini in mn,, alc d it) the ,scial and insti tu'.atiional asplcts 
of nin mnr lM or , le-I.l irrigicin i, ,mnd dl ing ",AiT
I][ l (pll .. tl..,,]- f CtlljtluCli\,. 

lh)\\ poli ,. aid mlli mii,llI i ll. the.c a llocati ont amid usc 01 \%dn'r Fe­
tOtliiCCs. aid 11i , ,ln,,lulllluls-. cOmll c\ hut CSCciall iltIptOlia t tiCS­

li m', iCl I 
ofii x er.c"i]allnlc ciIll SxScnil,,'.' ,Vhiai risk., do fari ", i';acc__ x\x.,, llnr hV­
drlttOiicC. clinluic. CCOinniic. Or politicail - ad immi,tio iarlimcms nakc dCci­

li slls. F nt.ance.. 1atl il ntIllcmcolim'aC" lIllilunti'iLT a nld rCpairI' 

Siun i ll i 1 01' IlluiicC liss. \\' hat arc tii Cllnil ittlip ii tis 01 prIticular 
jinticlntimjotn.' Siince bIllt raii-lcd nd iri cated agricultural s.sicllls ofurl 
prodtce si-'ilicait cnirninMcnliai iiLL'aCIs. rc,..rcli sinccded to C.\ailal 
and inliprox cile critcria anid iclms br ca'x i.t ont ctllliroIilllial 
hmipaci Studics It- plOjc uI tsiill and C\,.itlm projuect,. 

M.\IT('I\(; ('R(I'OS TO I-NVIRON\ IENI's 

Reacc ch to cllIlillc lic illilIaCtS iu'tx.c crops ainl cmi imutltll cllnts is aIl 
OllTuilcll and Still Criticai l \(suhi Shtild sttudies ­cndc',. or.T "it+ ik includc I 

ct"d mn fhie conmcept Ofi CCOh.uuical nichc and IhIC xxax s in xxhich da1'rcicuiimi
 

ithm cclii Iroini misc of applpuiumult!idic l SucimmiSm. Oppoirtmi2niiitiesu 
bx idclii_ 11criis s tooi .'ii d ccn nIl1niiiulitlihh . I1 .ii, u Ilmi ec iumrmccdcd 

MImaicih Coupis anld rjtiltlicti SIFM ..IiCS 11) suocial. Ciiiiulual. ccummllOandm! 1C 
ciim iilm ncill,,. Ii \llh tl-h InIiuCi] Im,,srC h I u11ii , 1ih douu Ic ,alrdi.ll hlcl'­

iim :'uiiimm.mli i-'lll cla Ition of lilt' 1\ 11 sitoll Crops. 10mNs taimmabll iit imi l tu stitfoc 
sih uldh u tinlIii.' aid licill cho ic x ll'­e 0!1 ,S c and aiaplin., clrmps llialliagc to 
tins wctimncs. 

arc moScxeI ai prcesse's lce"am, imatch clps toi clmIJi'llluitlc. irst. 
tli cll\il llinl lt l,,iim Illt he ciamacicri/cd in in is If ,mil patain.l.crs like 
,ailinil\. alkalhimj . tulnintu ii\icitx Hitiriiui d lictiCi ucsu.S,. SImuuc. duLlsOil 
crum iujiixv. Ncxi. clitimatic fcat r,,. i inclidilu,inllpciturc. pih utu -iOd. 
illsolaitl n. aiid a\aihlIbul\ mil sL'a.i- utlx (andxx-.;1f1a"t. also,i ncurpm­illUsi he' 
Iald. ILoc l vtcai l- ll tl pcs. including classilica ijon calutcolics oif Iocal 
plcilc. Shmuld he dlcrcihcud. Th brmad :lrictics tOf ciUup pilmlis Ihimslvxcs. 
inclUtdig umusual gcltiut\ pcs of existing crops. Iicritil (sctmiti. .'As thcnc 
arc IlIc teotcmecmof iiaiipullat.ion of' crosscs and plaillml.!, Inalcuals -,eclctd 
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MATCHING CROPS TO ENVIRONMENTS: THE WINGED BEAN 

The story of the winged bean provides an example of successfully 
matching crops to environments. This tropical legume was a little­
known crop when the National Research Council (NRC) Ipublished a 
small report on the plant in 1975. At the time, there were only 12 
known varieties, with most of those grown in Papua New Guinea and 
Southeast Asia. But the plant showed ex(eptional promise-its seeds 
had a nutritional value almost the same as soybean and, unlike the 
better known soybean, it thrived on poor, acidic soils in the humid 
tropics, tolerated high raintall conditions, and was conlparativety resis­
tant to pests and diseases. 

By the time the NRC published a se(ond edition of the report 
(NRC, 1981b), perhaps as many as 600 varieties had been collected; a 
worldwide information exchange network ,'as in place; researchers in 
more than 50 countries received a newsletter, The Winged Bean Flyer; 
and research trials were under way at sites around the world. Ten 
million dollars had been invested in winged bean poIcl ic tion in Thai­
land alone and 6,000 acres had been planted in the Ivory Coast. Few 
crops have risen so quickly out of obscurity. 

The winged bean's rapid Success comes in part because it meets a 
real need: people of the hot, humid tropics need better ilant sources of 
protein. Sometimes described as "a suiperniarket on a stalk," winged 
bean meels this need and more. In addition to its soybean-like seeds, 
its leaves are rich in vitamin A and can be cooked and eaten like 
spinach; its shoots resemble asparagus; its flowers, when steamed or 
fried, make a mushroom-like garnish; and its 'iberous roots are like 
nutty-flavored potatoes with twice the protein. 

But what really turned potential into success Was a concerted re­
search effort. The knowledge about the crop was assessed, gaps identi­
fied, and its potential investigated. A strategy for international research 
and testing was developed and i)urseed. All in all, the winged bean 
offers a concrete example of the benefits possible through the blending 
of indigenous knowledge and scientific method when it conies to look­
ing for crops to suit particular ecological niches. 

over tile to tolerite local Conlstraint the.\ have part ic lar merit in guiding 
sustaillahle iriculture reeaiche florts. 

Io comiiipreliendit underlsinl, cultural. couliomilic. anid sorcial Context fron 
the ll ,ClriildI C,,l. t\, o *lmlroa.'he, are retlolired. hlie firt int ol'e, the 
sCiC tiltiL uant ification of ecOStCnl alllCtCr , bV ,stnd lard arn:i,(tic ter tic mneth­
ods. The second i\ol\c,,e the obilitalion of local knou, Icdoc of land­
"Capes. ,ils,. ssCalhcr. \.atcr c.chl ,. aid iplntiig Imatrial. \hich can add 



suliIt VevanI deplh that IIIO,. OtlSidt tile sc'ieL lij'ic COIIIIIIIIIitV cannlllOtI rCadil\' 
"Iee. One potential reearch area rnoI \s llll'es otftihepriceses Ol 

adllailli. and thle clltervelIt: l t0f itiiar Illiugh CO­the as1,0idu2ousi 
ICltionl Of Il i'laces, cel l litl il pIltl liredillu. and other l rll ilof, hi)-

In L'ellfcil. iiatchiii2 of L-1opt 0 Ir-l)icII ha ie­fhe o lil\ irolIlllltllls hi1, lt 
ceised iideteei ICercih eillonlllltiIbecilC Ofia rIiditllill elpillasis Oil 
..C'oll\Vclllitoln l Crotp'," ilIIII1uiIl C101),., Mldt Illi 0ll1 OltliltlI't: IWlO(IllCl ,t11, 

(_'r-itieilr:YCxl'II'1it: illc ilt, ld HiCliMIt:: 

IIlIp)i'oCd uiidCrtiidiI,_ o1 il i 'lenou kiu\t ICd(IC. t:slpciail\ local soil 
itests 11i
aiid crop t'olllit: a elI a [ le lsisof tile iii e\ irolillciltal 

killt.I Itiaeilcould help olicll CiiiiCiil ic a'icL'i: 
" The potenitiiis .liitl iiilClliiisN iii litilil ilti,tTit:eterosiiii-jie5 t 


* ().rops d'\COell)C Mid lCectt Ior Ihir ilkllltiluioll, Io cheiical strcsscs 
ic! itieainlsiU lo\icil\, lkili iit ii iil\. cOiei.id iiit \\,lci ns 

• Xixll' ilik 'd ]i"l iialtli It ilvil ilil\ lllll.l2ulll~ll i, . "h i 

suc h as 1 tie lT0Il)iu,,. ihllolfur',llc t . ltl successiollil Iit [IleIllu t. .l1t1 

Ihcir potential to ieci innItp ie iced', iiic l iiLe. hitll cm uc, e,t it eld. 

()th'r i)riil istses should illudt: 

* A\ pli\ of ell\ ioillllltellllil pilrillilets lor diflerenti crop". including 
illiclilioil ;tt chlilllIC" C'oli' 'lilllN, m iC'rOClim~ lllt. llIIOr;illI 111 M id C'hil,2t:,. 

I.OcAl pICuolfl,.s ildt Iltioilla Cl,;I hi\C'rsit\ 01 elitc' ,s\stIll, itli IiatNll 

rt )utlirictS. ;\2r iuiltlluret ii illuill \ icitiC is nilot c0I1Cetnlil\ liiiitetd to h 1t 

[hetie eclopedt\tsi'ld cAlls ci' ": instad. ai'itiulirt: ofIte iicludts tile 

niala t~lll i f .i \*llricl\ f ei loii t eiclts. ftoest'. Wi Ithlit.sstecils. aii 

hl en iii 'llll ofoilier- eleuellclls oft e local tiironilelt l. I tIl l , Ilnili; ai; ­

'ciles ,s oftenl ttillicull Io Wee. 

Th:e Il:lCuent ol atlal resourcet: ill hiis h)liia se lllse IIashVe a 

di\Crit if oillk hC\oId illcrcased viets. "lihu. Io\ -vi hlin,hut highl' 

relibi otr hisI k rietie:s. cCIVeiii0Ill r il lre s-IoletralIl- sO\ cutiI . s vartl­
ics. personlll I I"it\ oriIt I. tars is.IIt( . Ihi 115ilII()I I!oo l Iticulir "Ceitlic I lav aIll 
he iicluded ill aillalictlilllral ltrtet. iti: "othrer hut'" Ia he over1­
lotked or disnisset' h\ lhose s\itli oiil it \eild-oricnictloullok but lthe' 
lre esseliuil tI ,i11\ lesaclh acillill h:tlocuist Oil aIeilas \Nith1 serio 

\5,iltcr. "oii. and111 litli iii il Mid ierttlict~uiiei CmnIst;uillt 01' ic lCs t'liIIute 
idli ecoomliilii \ie Illiiicitu. .. ullitillutotiscllri ,. of cillrse:. shoiuItl pro­

IC\l t 1iil 10iit:il ,illiffii i l iiitlic kiliosItiell d ii -\lt:t iolt1 fiiiiis ill 


lll', cl-llllclll t.itl"o c c l of)(l o ll,
ilt' ,o\ ll [lit t hf ,,,u 'l l lt t a nd.ll lc 
iiiainlucenicnil Me s,.:Icrc uciuLSe these, ss tem ar too tkis niic for, inns!" 
t\pCriiiiirl lW rll ic' resarc h deSien. Still. th ile e nidtl IpriilcipIes 
eihiodied ill uIIc'h ',lsteill] Cai p'o\ idC lipoteses for Iateir teliln and call 



Sreai spri!igb~Ioad~ for fiuiiiii .aLIoflt)illic straIlc.ics that enh~ance soil 
and1( \\ aICI Illa~eiLCci1 iiingll a11mlof. L.IllpI~c\ ellv i rflh11CeflI. For inqinafce. 
SLI i nformation Could he palliCulkarl\ UsCftll i~LCiltiI\IU Mdi anL' iSS1iiiina­
inig plailk 1tha1arc efflcciic for Cl'iOio Contro'0 (tnt.CvaItiplc. vetiver urass) 
Thew~ cltot" Call also hiI0\ide nlc\\ candittlet for Nojt-itlrticilt ItialiIUM110Itt 
ill \ tatiu kind, of IEIttt~ and L~L\t)~I\\Ncl\ It' .thliabilily 
p, Io tic illcItptIlt-d itou tile &I\cttthill agendta. thec t-ctc~ant prlicij 
C0t11IttIiituilot(dt fileCItCHIC11 01t acticiCltnll- ',\ NtCttt! attld thil CfTCCtji1CSS 

This jiituuttiaitjuut cm]t tumi\ (ILlL'l ino'icral p~rintcile x\ itt CCO,,VItCh1 

IiCNhe~ \k ilC(1cM) IcN01 0tIilethic cttr kno\\ in ca.cs, hilt main- lesset 
kno%%it ,pccics cmtitdt tihic ilari ttc ctoptitctt jiruccsse,. The Nationali im 

ation1A l I)C%.C1ljitictit. li\ puhl~iIihcdl at scitc ol hook" that seek to brim.! 
d[ittluttl 110 iltdC.\h)Ititld LtutI-p \ lit poitenttiail \ atic bit spe~cific eColooi­

,44, 

't~iCC~'11I h iiCSCIIC' 
ofctLi iiialattlt ill Cuscou. tPCHt..i t1 (L1M cut,\tdCuti ('top' ReCCct 

.iI~L .~ttiiliitt Me~ihtril 1, filcd tlip loiiinjt ult tlctcnie 
ile 1't11t 
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cal Iiclcs. For instaice,lel'riits oil jo.oba (NRC. I95). salitie agriculture 
INR('. I t8 9 c). and amiaranth (NR('. 19 83ai) higIlilit crops ln"dry reiotlns. 
The ilportarnt role of' liveslock has beentI dcC'ribed in hooks On lt.r htlf-

Olh >NI('. I981l littl,-knmm i-i asian animals (NR(. 1983dI. and one oil 
iicrlli,esmchk (NRC. 991a). \'alllc 'orcstlr optiouns arc xalllined in 

repirts oil calliamda NRa . 1)3h. cas'arinas lN('. IAR19c . and leuc.lena 
NlaV 1rINR(. IA ill' Ci-0l'ts amd likestOck. limt \idel kIlml l. show 

',iniilau ploi. li'se an1d couml help to illhalce the ilthu liityt of aericulltre. 
parlicl: I',rI, inl In u+,_itv, l ,+.nx irtult i s, 

INCO(I I'()RPAIING SOC(IAI. AND (II'IRA I)IMEINSIONS 

iMinst people inSmins l rien amid dClouIhIminI bI01dLeVthlloping Coutn­o t.s'Coh 
tries lloi\\ Iy;,e + that rt . mfit is to he of practical \alu -inusl incor­
poale social. cultural. anld cL'ollilllic' factors , s \\ ell as tci. i.ial an tSCicll­

.1utl a 'lc malac itatific olcs, as ,arlticullar soil mialage stra+tc,2 must 
palticular ,oil. so mu.st it ilatch th people \\o \,\ill he responsible tor 
iinplcicimltilie it. But actuall, acc nlpJlishiug2 this ,.oal is difficult A, 'iC l­
turlI SciC tiSts tltCn lIck lhc t+iail . c\ lriec e. aind tittu to interate 
such l.actouS iito th,.cI ,csaucli('OtllCr. 1t8 ). 

,,  .\clci' ill ' rl(l'm lliuil these tlii lI ,in in tl c ,CS'mrCh aiId its al~ilica­
tins rcquircs shiIt in tile 0dl im ill lmpd aelicul­mit, :0mI 1m dc\s .ImlltiIi+\ 
tur. I -hcrc tile sca cl ierdocs tile iClICuc a laIIss's thie IltLIuct to tle 
extension aeut. h\oI.in tIl. coil 's the inIi'mIalio it) tle lI'Imer. This 
unidirectional aiproach \;is successful in tile tnited State,, ill part because 
ihc scientists and e\tcilsion agents in'.ohcd t picall> tad tairnt backgrounds--­
thcy instinctikls knes\ the social, cultural, and ccolloilic conistraints al 
issue because (hI cniroiilntl th biotic and sociahl \'.\as a familiair one. 
As t liedistaice bc'l\ cnlllarmer lland rescarcher ro\s. lo'.\c'r. the gecater 
is tihe iiCLd folr dilTlereCnt notlel OfL01cn1ii1iiiicatlion. The kno\ledce, expe­
ricelCC. and CapabililiCs Of tih loclipCoIl ii st be incor'atlCd into tile 
res airch picess so it is. inl essenceia joint endcao\r ((ll'r. I19871. A 
c:ollab lirativll is . ithInclianisnis ltr lcedback and ic­approach ncessars 
lincinclt ol tile research plan . Althugh tlli ineed for i lnore interactive 
approach ti Icsearch has becim discussed ssidtl'\ and for soli lillic. it is still 
ia signilicali constraint I o resealch in support ol agri­oi Ihe lfec'tCielicsne 
c'ullturc. iticuil rl 101i to0declol) uslainable aericuluiial s(tiatecies. 
Concqucnll). I.he cOu littc, \i5 tel to ciilplasi/c te need l'Or Sc'iLus, 
Coninulel di llt iioi lo !i soincial aiil cuilti al dilm cnsionms ml' research 
putlsUits. In tile cld. this ila\ he oiie it' mmlr Ii1(st iil rtant indin s. 

no apiproipriaec hues n Itc-It is hlneC to relegte tes lin (li ofi reil 
search to secotldar. separate statis. \ soils project. for instance. Should 
etlilphlsitc whal people do to the soil al the site. and al other factors 
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al'fct that aclion. The goal is to idntil pporlunilies Itor constructive 
improvement in tie existing sylem. 'hue ocial and cultural dimensins, of' 
tle research ImnsI be kept ltoc,ed On isSues o1 releVIce to th0 oilllier cien­
lists invokled. and onl overall pro.i tl oals. At ilost sites. illportallt areas 
I' r research wiII include: 

- hldi cnous soil, s ater. alnd ala riciltural cla"silicalit .shlti , 

, \llocation ol inic and dli ki5, of, labor both Iw ,,ntder and seasonial-

SLar'. Itenue and acces to l'tllrcs: 
SSubsistllc. litritioli. cono0 andand the Cash cmy: 
SVallues. indienons vies., on the pewple-land balance, and attitudes to­

ward agriculture. souil. \ atcr. children, and the l'nture. 



4
 

Supporting an Integrated
 
Research Strategy
 

Atn it gratedl rt,,r( h slrt(gv rqulrire. institutional iiur ll'riisiis Ini 
strti(tir e Ihit rrmIrr h , %rirfii an( ,Il,,r withlink 4 .ih (li(int, 

,
the dlft'r nt ( omllel(nlts (i1lwscml( h. ,d\hoiin ll, aw1needed'((h111iitlu


wt' I1 liol ). It (o i ,,('r (, itits till I) oll-oil< iimlil C1 l ( ,ill' 
olrieunhte(1,1ih1,ihoul still'i~In u i c..isill
,-.
 

A\ co(llabihoiatiVe. i ralllcgs riot %\itlloillCUte recareth will develop a 
eurli0lrti elbrI'to inrlieCr ili (lhalrnes flnedcd thea ftroUit. arc in lleciha­
ri ai tl tictires b1+\ arch ani agclicics.and tsed rec ortarli/atioln, I'llin):,-

NICCllta ill, need 1t he inlplace fir \faO n l.,lOli:
rella 


" To Iink client, iih r,' rrcher,: 
+To link coniponents of research: 

" IoC\ alnatc the clffccl of ic'earch: 
" To et priorities as an ongoing task: and 
" lo dcal \%itih lie problem of obtaining site-specific dala ithelp Solve 

sii-spec ificproble si. 

R IINK IS'I'!RI 'I'I] 1S"() IINI)iLINKUSERSlNtlIAUH S 

,\ baic issue ini tar.lti, research to tire ieetlee in iedserf s tie palliun 1l) 
COlIlltli.'alitrio anid feedback. These haisll c'llinilttnlcaltin Ciltl be co l­
pIC. lecaisC i eeat deal of ieSearchli releCvail to the tropical coeilc\t is 
cIndlictled ouid thle rcas f applicalion. r aClchers iii U110nersilics and ill 
illiternatial muani/aion Ited to Ie linked \niih tiie rCierOf the rCsarch 

in elfecti\c \%as,. lranlilioniall, . crop researc lenltt ulrurhl i lieuarclhial 
Sc(ItiIce 1r-01 sicresCarc'h field '!t J tiuhfbi to teslillI) llirr Ii\C tCusion 
ael l Bnt tius strurirrlll th es not \,ork \\ ell iii riiri develhping citUlitries 
and is rnt[ alaplahle to soil arid s alcr riiallagclient issues. lIntermutediate 

43 



44 OIL .\) It I1// IRlWA..tII I'R1i II//S 

NETWORKS IN INTERNATIONAL AGRICULTURAL RESEARCH 

Viable research networks can lplay an essential plart in solving many 
of the research problems. What is a "network" and whal makes one 
successful? A 199()hook, "Networking in International Agricultural 
Research" provides a (ompreliensive review of networks (Plicknetl. D. 
L. el all. "Networking," he auth)rs lote, "is a new ihn for an 
ancient pra'lice." liev define a network as "all asociatin of inde-
Iendent in(iVRiuals or ileStituttions with a shared purlse or goal, whose 
nmemhers (ontrilIl( Iesources m(i i)artiilhcipae in Iwo-way exchanges or 
COirnmul1ini(aio s." Network are genei,ily de(enlrlim'd and l king i 
well (lefined hierar( hy or ,itilhority.
 

Networking Ihs a 
 long history in il, s-i('ri( es is a niv(thalisnil for 
sharing research results mid inforn'itim. It is especially well devel­
ol)ed ill igri(ltIIural r('e,srt h, and promises intreased efficiency. It 
m1ultiplies t1he eftectivenl,ssO f individual sci('nlists or institultiols, en1­
couraging diverse dilents mid ex erlist' to be al)l)lied to prollenis. "Net­
working is no ,iha for liagging igriCtlllLral I)rudtlctioll or inefficient 
agricLltural researct hbut it (1Ill be a )ow(rful way (if im)roving the 
(luality an1d ilpa( I of researcl." 

acnits k%ho call tralitcr ric'al liinet totlr ild and h tall also
 
coutnriccte iarllls, lcds to [Ile rcilcarchrcrs, incicasrl illportallt in
 
tl i ccs i1 ru''carchr :lirl . tlrstii'r. l iCi ',lit'\ ' rt slill
occlitrhlh t

P lonl-'alli­
/alli ls aUld coolpcl i\c I1msI 'l llir\ i ' "iii~llit's dr lls i ttli llsl, Ihll 

l' IpartCl all \ i11lih0rh0ilt iii tlls ', ',i l. SpcciArl alorl rqilr toe erd 

C'llt lollF2C' Itt'l\ O ks tlra illittltljulls Ia. -\..l t'\% iitolk ill
ts link ill M l)cthain-'

i .~ ~uC'CCl s . rC s lCM l u n1 M I sifr in) Ili 
~ Ch iii q , il i lu l s . i C s s c ou n tli e . p rli va te 

i ' .\ ttltl tllta r l/AllJ ullsurrC'Ou,) li i cs. alld I llrcrs. 
Mlart\ Of tlhc c\isill rcsCirdrcl 'trultU,_s %sillnCrti t e' rrhieltdified 1i 

stillitl itt' iItL(Is oft "sU hstirrilltC' Mrdicrlrrrcr lr rctrtc'C' rlllllll ,rll '­
ttiitlt. ('tr1rCutll iliru rr . ;'ricultrlrrrl r tlih still is dnl %Nilrir tlh c'0or ­
titnc', 0t disci nlit.\ lotidar ic',r mi dr ctrli dt alid l1, 

su llint,'d h\ ,ariOlis 
cottllillno it \ 11 11rr lis .r idl l lt' trilrrili strI 's. Ilerct'sI' ld s\stc'lr Ir ih ire 
Itcsca'clitc'rl ,asud litl sm'ilr c ltar srlis ' rI c rlll rl"lllli l tc', ithtlit'rs­
situlal rc't.oniliulr is hlrlid Irr \ illiri discililinc. litIlc ac'knowl­

eetli'll
c'tlu is nar ilihlc' iltt ;l rt'sc',i' c'r im oiks~lcd it inlcrt isu'i linary
C'TO Il". lr-Clids :iMd.i\ fr10uii l~li soci lho,- andt c'ullirlal ucogiraphn \ilhhll 

sCiCnCtC ' eudIC\'C'u'Itlhe S Ciill Ir, i r 'rl inltC'r'aces s\i hi t riurlIll-al disci­
plines )i rural de\ l mlu limii-llt s. I.ikcs Sic.c'lTo ls to lir!,e il' lialti­
ril resIr rce disciplines allo agriCi ltrIAl discillinCs ,11unis'.u siliCs lise been
 

ck l hc , artd almost adversarial ill tile casc's. Ness ctfTorts shouild
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b". made to cham-'e the admillkli d1kC L'()llIi'-'1ll'MiollS 01' (li\Cl'Se I-Il'OLII)S 01' 
"cielliki" \\()I-[ ill,-, Oll 0)111111011 pl-tibleills. The institutional rn\:11-d S\',ICIII 
should lellect diese chanues. Re\%rillell IlliNsi(oll slalelliclit". and 

10 11M.1110M 
SCienlists. and ocial scicim,,1,, \mrkin i (m 0111111101) "ll-alqoics I'm "ll"laill­
ablo., de\clopiliclit. -1,16" llc\ \i',ioIl cmild lielp lead to lilm-C re"Imilsive 

lit sm nm ar . linkiiq-, ClIC111" \6 1111-cscalclicl" kill cllt lil a I-c­
'111LIL'Itilim-, (d (lie lllccllallklll, and I)VOCC(lill'C', MM WL-d ll [Ile IC',CMVII 
C"labli"1111)(2111. It IS, (lie "CW',C 01 111C 0 1111111ilICC 11101 01' 
111i" need lw lapidl ill 111L.last lc \ mid cilliallcill".Z7 
hellel cm ililitillicalion hcl\ cCll l'CCtll'L'IlCl ', dild feW AIVII ill dLlCl I illd 

read audicilk:c. 

STRIPUTURESM LINK RESEARCH (UMPONENTS 

A WCOMI need i,, Im- the c,,tahlkhment ()I ncmkijk,, to lacililale tile illlc­
L'latioll (d' dillcl-cill R"'CMC11 OMIPOIICM' Mid 10 tl]Cll 1'(WUS 1l1L'SV L-11011" Oll 

I)MI)IC111" idL'l1li1iCd ill 111C lield. "10 he 'MCCL-s"1111, SUCh "Irlictilre" \wuld 

l'CLjtli;c l CliL'll1-dl-1\Cll C01111)(M cIll M id W "M IR'C, 10 1' W ili-

L11C the pr(wc"s. Mlfl nc( wrk,, iio\ C\lN1 111,11'111I)IMI'l the C0111policill 
appnWWh No dgl-1L'llllUl'A 1-C',Cdl-Cll Ill 111C 11-01)IL", SolM' id 111C hC111C]. kllM\ll 
()Ile', 1OL'U" (111 llillO Lt'll-11\111 2 11CC", 
fi\alioll. [Ile \Jll, -cd hc'lll. ilin'llmlill. alld dillcicill "m l 1 pc',. 'I'lic C ol­
lahmalkc kc ,cmdi Suppmi WRSI)i ilm) tippw-l iicl \orks 
101 IlW il 1011IL', IM C\dfill)IC, %,111AI 111111111dilk .
 

Illillcl. Inipic'll "(1il". 
 and ()Ow l- The 111IL-1-11011011A 
\ L'liL'tlllllldl RL'SCM'L'Il Ut'll[Cl", IM\C AISO LIC Ch)ffd 
Nalimml A lmlllllr;ll Rc"cMCII CCHICI-S 101. (1111CIL-111 C0111111t)(liti(", Mid 
l)l0hlClll'1. HIC"O iicm m k,, \m k I)CLM ISC IIIL'\ lillk 11COI)IC V-11111o.'(1111111oll 
imcic,,ls ,jid ilicic i-, i fraino m-k \6ihin %\hidilhc cmi tqiciaw. N .-lvm-ks 
Illdl SCIAC 10 (11A\\ O)MI)MIC111" 10 1OL-11" (oil 11101C L'OllilflC\ field 
pr(O"IcIll" aic Ilmdel. I() dc\ch)p hill Al 111t,111mc needed. Ill I'acl. "llmly, 
link,, bemccii rc,,cmch m oalll/;01011', 111d llCl' A, ill the I)FCCcd­
ill 'ICLIM 11.Me 1 llo.'LC'Oldl CICHIC111 101 nc( k (it k,, i I',!hlL' -1.1 

CliClit 111\46CHIC1111 k C"'Will'JI w the ic"calch prim-il -sclhlw' 
O HC (d it L'IiCll(-1lCCd-dl-i\Cl) i" the \\'()tile[) Ill 11IM 11:1601W ] 
Dc\cl()pmcni iWID) iicl\\mk. 'Ihe ll(WO11, %k;l"dC\Cl0I)Cd to' 11101-C 
Jllcllholl 101. ill',11MUT, C(lildl A'LT"', W 
ti-c(lil. laild. 111(1scr\icc". The ncmmk lit the I iiitcd Slalc,, hjs mcnihcr­
ship dile" "ll-ticlille. Illlllial m id pllbhc ilioll',. It al"() illlcl'acls 
\%ilh -,imilar llcmolk al-milld the \kolld Mid \6111 J fOL'A I)Oilll ill 1111CCllifCd 
Nalimls. It I'mill a litillibel. ()f illilialkes ill 'Ihird \Vm-Id and (lc\el­

http:cilliallcill".Z7
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C2i(1111 1kIII'1i.11th If, W11 jCI12IIp , (I 1 pII 1oL- I-litci 1dt, p ll I~ I IS U I hCY
i 


c\'Al'tidi 111o ,I1\ 11111 i1.,iI.1 1111 o 111 fcbc bu 11 ca
 

I I121 I ,IIt p12 11 Ill,%Id~ 11111 
1 IN I 1 1
li "11,a% 1,111 \IH uLI cIIz . i­
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Some mcchanisml is necded to allow evaluators to .,o inlto the fild and
 
sIscs ilpacts and c lciccss. snihc ITTOicalhaltc
It K' 10 tic
 

dcgree o1 dissciiiiiiton o1 resca'ch r,.tcults
and at least spci'latc oil Ile'
 
potential iiipacts illth eild.
 

Man\. I, 'cscarch progranis inicludc c\iC'riili c\iuiatiins,, of 1i0\\ th atCtiVi­
tics arc .1i1nill istcrcd. Ilhv.'vC'Cr. ill addilitii. ril-Ivcl cvaluatlions arc
 
aisIt ncC,. dt tiie actual lc'C ill, of ilic rcle'aint
O iii,.,+'ritlini dinciiiliitiin 
i.'ca:IrclI. lIhcsc C\ALKations h\ initcrdicilplii.'.avlicld hould he c.iI_'icd out 
lC+iln that ilcltidc iticatinic oI alSOiillidTluc lih\,icll sCiclitlist. ThlCtains 

;i !i ax''l t lh 


ci'at.'ctl itl (lis-cilittd ;" cll to ci','ci'nccn of
 

should JOCti5 Il iil\ lI rnicrs' . ait'ciicot'll " llcc', iilf(i'liitiol b.inlu 

s n OH ileap ',,.int 

ill\11c',. uIracti'c", a',ill InC . ruca ih.
thll lrillilic a I',t i'nit Of lis 
cxilalituil of lcld stildicn xould al,o ','idc u"iul'ul icip gtidcfccdlack to 
lhic t\0o1t2 rci' ch p+roccss.. 

IE.(,IANh\IS , I')S', PRIORI''IEST Rl:S:ARH(' 
, Itliohic h ltaptcr .3lprcscitc'd .ii accodatl~ oI icsca¢:rc.li liuiritics atsrc­

qu.cstcIh\' All). tili coimIIittCc uoaliil/ioul\ airccns that rccaich prioritics 
,illchallC. soIcjm1Cs, tlraoiatialilv. o CI' tilli'. and tlhc list orly il'rleclits 
itIrst ', [o rc.l ccrtchIor. l hcurilits a Callic'v, .' tiasea tcll-l,'ric ccruc 
()Ill\it sn"ic hccli111ii is CSt.i,hl''d Itocttlc an ociic111, lc lioll and 
'x c'. of lpriiotics. 

Such pritrit. -sctiuim,, pil ,nc.' should ill\ il'.cit .lsadii oxcrsiclt corl­
mitce liit '.'.iiiul c aluatc c\i,liII2 ield iF'_':ChiilI 1ulmitkC jud'Ulicot,,ahOltl 
t1C rClati',+i\CIieiit,, ti,ti.'i 'c,,i lI'cW Ots ii liir.' of IiCIII andCI t n iic'.Is 

lhilosophics. P'criodic x ork,1los coubld he1Id. pilulilp cCi'r. thrcc to
 

lcll .ci'. to itssc',, progcss dllt ilics .. \ of''cdclfiic ri IIii.iic ­
hiliti._,,,l'or ili o',C"isi21l C\it sIch C'IIIlIill.tClesuch C'OIIIiitCC . Is'I 0I ti 
Nittioiu l lC,C:ii'li ( MIIi,'il. lltitm lllike th .clo .llt- Intcrna-In'aulol++i 3 

tiOllil IFocL:nd icAulNnic Iu'nulo0 tiuuc(iioc'atitili. \nMIT ),c\.cfIIpiCIl itl1d 
iltcriiMtiv niiht K t0 iti\tId\u tlic ('tIlaura.tis lC Rcsca'Ch StlllO'l Pl'o­
rali. xxlich xi, rccc'uitl\ r'cu'iiniuucndcd NR('. 1991h) lthal'ciiscs ()n 

'. 

1-'ll II (Mll+,~lk pII ra;111 V'\MLlld~lt'4L",dium o ofl it I'scind i Lill lI ,* ta h't-lot illfile Nallionll| 

RI{ ,tII+LIICottllliW N t"UICl IC,.ll)MI tollaI ('lSPlth&\t)l T + SIM I ;l'_llulllltlluCL INtCll~l Mid I~ll+l
 
' 
 ,W+I .tL'Illit t'It'l INR(C . I'M lb111. *1 1* ' +\IL.'llI V\'xIhII1it o! i;it1!ClI|h1llIL'hItM I)) lll i~ll o.Itn d 

+t I: Lh' u . 1ll illoll t'llil.\i,1Il I 10HI +.IIIM " Ctullll L I)IIN+I+NI o al i l11111111o f Ih+I +II(T 1 SL i 'lltISIN 

IVLOYlll/Mt 'i '1+.;111t1 •1L10 ,.\ w t t't';l',, 11lo RIh+h1\lICI l ,,.I'+-"t,+d IIN Id"\ w S"; \ l )( 'ogi ilnand 
llkt It+'A'
-*\[t-'lI l 11 1+l l I IC1+'t1t11 1(111lll .il lll P Ilit. IL+.",pot llillt Ilhc pallel \ illl,_'Toll'ilhl o 

C',all~iV,. .1, t(Lt'lllt'dIH.CL.C' 1,ltil'. ItIll11111. j)Io _,wl..-. lIM1',)-W (11,1,l+.IIIC' , Il ll,. .111d OlN fle+ 

SA..NIMlM pl-)-tamll ll lb hat.'tld 11WLt"t' tlllh n,,illndll Lk'ru\Cl llllluCI' (11 O i\ i ..... 

http:IIIlIill.tC
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StSlaillabie agl'ictllt(Ilr aLd ilattral resource alllaeuenut., A cotlmmittlee 
associated wih t11it CRISP could he assienCd the task o1 revie\wine and 
revising resch;.l' priorities. 

MI,(1.NIA,,;MS TO INTIA:(;II'I, I)ATA RIQI:IREiIENTS 
FOR SIT'I-SPI.:( ll1(, ANALYSIS 

\Vhenii atelhini 0i)Ct I l+ i1usi to the chl'acte.'ristics of ilic laid 11nd 
its O\\r,. 2' iCilittil-C is pllpt a11tand plti science. 'l'hc, success of, agricul­
turhedepends On decrc v, hich Ilaitch be171McCII croMsiand istl Ito ihe S land 

suiccessf ul. and o0e. of Ilic roles of il Ih friler is to rectif\ allI ijlsiaiches 
il a twav ti:1i is ecoionlieall\ Ifailble tid Cn'iu1Intmlllv ,Sustainab.le. In 
mllOde,'rn aoricittlr'C. lhe l+1ertfo+rninM e of a croui lanted a1tpartictlahr site 
anlld timI Oft l I'r-eCnerall. caI be itIdbeC d il Ilhe rCqLUilCIntll Is of the crop and 
the charll tielics to the land ar. kll\ll. [he the. o rcatest influences on 
pOltlduliol arC sOil :1i1d .e.iliCr. To piedMict 'll'Oductioli tt a pllticular site. 
Ihereftore. a niiiniunm set of' s)il. crop. tI , Cathe.'r dita+is reqliretl. (t 
hearS rlcalin,.lih . fiat ii Third \Vorld area,s s here labor ltilabil­
it\. price lluit;ti+oiis. iii1d trainsport polbleims e",isi. such efforts hiavc 
only oldlst plr,'dicti\c l,,rs.) 

For instance. ill I X2 aiiiiherlilit+ioiil olp oLfariultural s'\s'iiiN Si­

e.utiss net alt tIh nteriitional Crop Rese rc h ('ecnltecr for ilie Semi-\rid 
'Irolics ill II'hufderabd. India. to Slc'il lilni ilium dtla set needed lo 
predict Cro l OrlllitCLU in ;11\ i'iOc lliiiaic The used/oiie.. iarticillais 
s\.,tlls lnal\ sis ald crop sillltlliliO dells si Ihe Il'illlillA illI ls to 
llillCil Chop li!C!eiits to Thlie \\as dvLohpl' llld Clill'ICtetiStics. aim o 
t Ioudalliml fo de'M .l.ii soil-plautailllospliere comntiuum So thaiL' lilte 
stro link,, could ltte'r he Ior'Cd betIl th1.- biOl'hyvical and sociocco-

The scope ( f \,.ork ,,as limited to It Iood crops including 4 cereals 
(llli/c. rice. sonrlimil. and whea , h''tines fdrv beaus. urotlimdnt . 
and sovhean): and 3 root vc .. aroid. Masid potilo). lheid. report 

t1'i ,1'I 'R SP lhLI I L' alt.h1101 %, iC1 ' i',oiU",. il,.t i nd-: I I I iilCtI ,.I Nkh)ki%flId , 
il 4' ,ll'll, + h lll;tl Illn i ll l I+;1II'.-All l 11*ld 0.\,'\ I...;lN+. . 11 CI.lllIt', 1 11 1 {+ I iu" lllt]d\+ltIL 

Itlt lltl e. ll I ,11111 (71 '(112htlill M idh IIIIIICI. .11111 INI 1 0Lt Al.l Noll III I.A+llt'll.n Itlllllll;llIN+. 

TIllh,.",..' + ~l I wih h~anl 7(10 ,) CHll'itMll-d 11I t.l-111ll10lhl nIl,+CttlM1, IltIl .+ I ..S. [lilt­l~tlll i 
,

%\e.I+IlIc M i 'I I11ll11101tll IC CII)1t. 'Il h lLt1tl-:11. I'll' tl¢C.l2tl III C';lu I L- 1 lc'.l+h .l'1h llt '+ II C'RSP I lel 
,

I tIII tI.'lI ut t It.%[,l~x 11 I 

IO ,. (llI I II TitI IltS II' 'h ll I.hlil th+ IdVlu l llllu I n , I It.t.th l++t thd e, l l 

itlSNUI, II I) l I Th lIhl I ltl ; 11 .11 L I : t I I 1l it HI kL'\ W It L C.Cl - Itll ;I'l- ' I!]IIIIAI IC III I h _ 

CAI" IC+,t+ 1,11111 l t. ' .- l 

C , ' I)C. IL I . .1M I I I L' AMl~l I N, IC NI I I I N )I( l II ltlllt'N hm 1llll \C(l it',CML'Ith ' -t0­;rd il111 

rc._ e.illd+.h..l IllkN ;iti ;&I,, pllt ol 11..v C'lR SIl ll'I t l 

http:rlcalin,.li
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defines tileiliniiibIIII dala 'ctneeded to iaici crtp rcqnircnlcts 10 land
 
Characteristics,and Scr' as a c,uiidc 
 for dcsicniing ficild e\perinl.iclts for
Inodel \alidatitml and mlodel applicationl (linternational Be~nchmatrk Site's 

Nc\\oirk. I)8X ). Iti paricular ii'l is I'tli,d Iiun.tniitablC i0 a farnt11 fe
 
crop gcilic ceiflicieis alth' other clops and clip \arictie, ito e xc\aii­
ined. All cttllinlic asscssiliici II h.cIInadc "for opitioll
cach Ilianatiellicill 

as httit a,input cost,,and iiarkci prices arc aailablc. Alhough this mini­
iliuln dalai etlneed,, t(o be cxpalnded itt im lud a \\ ider range of soil and
 
\.ailci clIaractcristic, lchI as dala needcd to asscss salilli'. SOdicit\. Incla­i
,
.Aliltricilll, as
lion loYicilics. "(ch lPhosplhorusl. calctium., ll;g l'nlll 

stliti', ptI)iasS tllil.'I liaC itis all llpic tUI t)iOit' ica., ciciICiis. \ f t i'ltlllptal 

tt iliprt) c toil c'apalnilil 10 itldlil l r ,tpccificf a+iOpriaIc coips siics. 

l)\llt liaIc. pi]oc,,',-bacd crop-cll\ irtoiilllcillsilitlaiioi m dll canl de-

I Cllpcd h, iilIcrdicipliniau, icailn,. l'hese ModlI rlei iric and are dc­
sigicd tt tpcrate atl'\'..hcrc ini (he 'told. Thc iiininluin ,, tof soil. cr 1i).
 
and ai ,.id.'a.d iit na1hiic , ilttdcl, 1i0tta la ic sic-,iclcific illltiiialil 
ltti decisitl ,,ti)l)Otlt. Ituuels ItOCtlsCtd iOilhLllll , si is lsooflfcr ptulcn­i ,

tidl. and the pioc'ess OF de,,igtning thenm CU'ld 1hel1&.lilmi th ln:
ciCal hunlianl
 

lthai uis and ,clicf- that iihlhu iicc a ricuilittral decisiton makiig aind pr+ac­
ticC. The.Co~lIl,+ciol ol ,+-Otllpilatioll 01 thieml~ illltllm lll le tfo S\Nttlll',.i 

,simlaitionl',hou lhC file trc,,J)On,,ihilitx Of nationl. Utn,able_the'tll,.Cr ('u lr 

to c',ali,,h a data ha,e I'm then- ,Oil and climnate \.%ill tn".',
ilcqtir,+ asi Ice 

dc. hlji The cOnHipil'tion tf "Cll-lC ctefficicintsfirotl illc;l'llCCicS. 
 sloulld 
0 CI 


tpcs ()I clf l are l, iti 


hc ile rcspoi iliIhl of plat hrdc ,,rs1uiii al.. 19,sQ). \[lllouih Ihicse 
t lsceirtmi palliat s ,or briln'in abotosilaillahilii . 

ihe'. arc nsli otti, ill an' broad C Oll tt tc.C\lO and iliipihiicit beier 
agricullural ialaccii.ciii. 

C'RITICAL\I CO).XMMUNICA.VI'SN ISSU;LES 

Prollitliii s, ain. and ien ti soiltsainalle ricnillnrc thc of and '.'l.er
 
,couircCS \.'khill
ICLtiC Mtrc thai scic'itlc inimaliul .. \n\ inlerated ie­

search iiump,,rt;. iliiiccd intoiAd '.aN., to eiuiauucc conlUillic aituiletin l ic 
diffcrclnt aci . frtll r cscaciurs toifarmicrs. As c learned f'ron%% l\ 
c\perieicc in ihcl UU.i latil-eri Siciil. rcsearch alone t."anlit Ic expected 
t0 Carr ilc ltaditof1' icriClulilral ticcltiplllcllt aid iaitlriiil 'cstllilccc uisre\a­
itmn. lhe attpliti itt Ic leptlicie d ,,,anuchfariini s .'.Stins',%\illti id 

rc.tnirc stociafl chinic -- file kind fttchangc that caii he ciictuiraigcd hv 
effeci' ColllntIi (Cerajin liiiiuic;iiitii i lssueisiltii hecililicaiitiii. kev ctti 
culnidclrced ((audle. lt0t)(): 

"'hoe lost urnlh'l. 
h taiiige--lrally or figutNrati'l. They do not see rest)urces fhe same 

I. '.h.io need ilolmlaiolll; d lit all spcak [he saie 



wl 
%,a--- . .,,.v 

,TO "cs:kitlc i 'T| ' I t slc ;r 11 (k.Ih C. IMuIilti LIh liitt ds S ic,1 .Ntl littll i t tICh 
.I'llililppilles,+ (" n IC/l M 11,.ll',l R<ite... al.. h hlI,6i1tt1,..in ll P,,.' 

,\% . ilel (10 [,th ilJO\ cuLlill .,tcs lo pr'ucl'i\xc resourcc . anud l tfl'ua and 
aIcccn I*lth,, ar IlIctiatctt Ia l'tteld Citi'tcmlex sociat .lalitflhi)s at' kin1. co-
Irl, and tulhiotaLt . liht., nttler ill ile. hittdr.ds at millions. and their 
cultu.re. level" t dttcittt. ieci. aid c ttl iicClatiott c,.dinglv" di­are 
Veu , .. "'h.CS,. IktdiC.'lCu's. Ofte.nl illitlirlle, u't~a l tlv,.u,,i heb re che,.d throu'u,h 

the Irtadilitn l l cha tlels uset..d I) c.tllllitilliltl. ,.ilh I'.Inta .s ill il t nite'l 
h.caetu, l, pin tCoutntrareSl t'. ext.' -it N\ lclls', ill dc\cI c tlll ic, ies itlad­

cItalc. 'hese .ta litl ,r, Il| n ofl , ilac it ixu h%\ iti \,i11iln, lo tti [oti,l 
itldividLII\. Thc'\ OIcI t' mmubehrs 1' diit'ctl kiuds tol inilitlliOlnS 
rill iln. tlrati C\lcttdcid lttlilic it) i)pClltil Icat c. that Coull he. lcd its 
vehicles.',,l l trl.sm lltillu, informlal~tionl. 

2. lha aiott'a dt l at.ttt~ttltccttltuIttiic. aild ancd re­
,,urcc's Cloittari ftt l rn lt I r , lt _'Chtr , lt, 11't1tr1 iIdi\'iduall 

t a tal i l soilt \Valer 
l\ ,i 

ptjc.ts at C\ltctitctlm ' , atd %;ts, inttriual practical knlt\\tlcdge nlailaiIcld 

and t b \ th lt I ,s'itt tllax hc uni­tililllilld tlatill,,. W hiltc cietc 
xCI'r,,allx t ttce' ltttd ill filit ctllttII llttIiL\ t ru c. rctl ers. flet ,,, a ,, l cal ktawl­

i ,ctluuc cHit.t lc'tt atnd trallt,,feic tl is lied to local jtlidttiol itil insill tintil',. I 
prt+.,ix ic attrlilitic' l ht. ,, ftt al atnd trtditionl kuti licltc, It) l cl Mll 
r+c. nirc scie ntists i +.make filt c:ltort It ttatd lnttd their clictis. Nail xell­
iillthiotcl s, ciLliIsi e t_ n'it atout tiheir \Vark tl Ih1ha a(+ ilttIh2 liCir cliCntS 

http:cultu.re
http:hittdr.ds


.MI 1' ;RI1 \y; t.\ I\ IH ;I.I I H I:113.11 1 .i 1 A' I I I.(; I .SI1~I 

are hasicall\ simitar to their I.S. cotlite rpart S. (ultural. ecoroinlie, class. 
anti uelider dilTuences that afTlct the utilil\ of' research ,,crc ol'ten over­
looked, and the logic of txistinig practices \%as oltel ItIistintlerstood. Al\ 
ltrate'y+ r Nustailnabilit,' n11st rely ill the long rnn oi a oluch Inore 

dynamic interaction anti ContlIlliPCaiOIn bCweenl scietist", l'arlilrS.land 
Special Iririetiori I, the ilptrtainceI' \()[]left larinlers andshotuh beiade of 
larrllih , sstllll.,. No that research stralegi tl ticlutl pr an thll Sub­tide 
Stalltiall address their Concerns. 

Thlre are ,,.erall ina, for achiviu. these ,+Cl, flocused Cltrt,,. in­
cttluing caefreli aillatix , (t' hlcal sorcieties and ccriirris Nit tiohll ilam deci­
,iotlis lmad c blle theu'nrstod ill liht o[i gerlder ConIrceri,. econiomrli.rc 
stil'ieg;,. alnd hotuicl lt i ntrite ., .\Aothler ieatir'll pIro ott ,tiiig this holi,stic]il 

apprtacl is rise dCiiOll-,tIlpat(rt N,.vtlellts. inludhl
tle oftclllnC-hiristi 

NiIIlioiit HItttt litd ex\plrt ,',t.rl. lhese N, lerll no; nllli haveIl
ttttie' e 
pottcrtjlIa1t) !ao static.'to'll' lli/_ an~d aeCCsN Ce aIttttItttNl',i teo ph or~tand ' illI)C .'t'. hol i~ll (a1' data. the\hualinl+I+' llNu; Il iftll"O i ailso 

\,ite or tihe reidiiiut t!iti 'ttirte l. " rec rrik ti ttl ioshituti fi . thatui ­
plillall.' sp )' iali/lttt n in I t s titrihe Oftll, lC\.lea .r. Ill sanaliellli caSCS.
 
this ',,pciali/atihr has, led to a ,'otiltusa 
 aoi to uen. Wierr \\C approach 

1' 'l rlllra Our \,% lttlist all speaiktie l ojlC iat .i,211 .. t tlllrd Offier the ihelIp. 
tile Nnte lagtuuage : theirs .\llhtt L ltilt. rrtlnu r ce of utiisil, local lair­
tptla.2eN ,,ll o,,itus, too erloake herlttx it is hter \ irte and IItin\ ;1are 
sho rt. 

ll ll If3. I CIII inttense cttllt ,.lititt lor ditaio llist llri, publi,. ,tIpplltt. there 
iN a tt il S OniI)IAIiLIIII O tries"Ntatrs' lt',+_,,i that nal b e Lued to hotoi a 

prlaIrn tra i rstituentN ard tllcil, inrc.'lcs it', ftndiin2 or prtoog it, lite. 
l trrllttat.lx, tile result', at sil anid x,,+rte researcht t.,1piell, dO not lenrd 
lhtellilts. sI ho, tilel ex e_lp, reilrt at sillIapC. Casl, tlirst aaItl "rt tdtia t..' " 

Stch r0l+arc tend, ti lpIrtItice inrelrllcltli anld somietImres stlbti. irillpra\'e­
nill s. tat tiel diralliati" rc kthrotI,2,is thtn attract Itliiit .\.Age tes should 
rec 'llii thali ill tire vt%rul aI NCieItc 'm- rr1111tlliali rllr. nt all stubjlc ts are 
cleita't ltutll. \W hile ill\', t IlNlts ill Medicu al ciece r'2itlari iui) tT ., ith 
dra.ratic storieN arld Ill tdiattenrtionr. irr\ e".,IIII I', ill ",iu an scincettrul % lt r 
rna\ r_, 'ci ,ihl a ,iili1de Ireadlinre. Iloittcssionhtl, ,corld ii, ielt' graln 
rrlaltnCI ' all(i ittif ill :2 a U It.iC Oil ,lltll l ,traht'ie stii , fnr pttblic relltioarns. 

-1. \lost tt tile re ottccs tttm C\l)e,_Id d (u CatItIIIrIrIliCa iatrs, itt tl'riLll­
itl e .a lirHtl ilt -I ,iceHIM Crt. r rrrrN th.vth.tCId to " in-hous",+ Intlib.liatia ln 

siichi aN " et r. l prioje It lrpottN. anld lle hulk toI thtese directed atnslit'N\ u 

tie tunudirl, e'rre, tat o t d c10ahtirert.lltitl r.ltliiirCrrl,.UtN. "llu c O.irlll­
inii.'ti eNs aurrionals invokeld ill tire liial pirduc'tin afr aare irl\ 

publicaiurn. not ill it', llanligi (t\,eitlnrrirt. alltt x.e',cl proramrrol.,r lr 
there is a bale ar, brcihures,.repotrtN, laperN. pttpsalsN -- iar lartotllir11irad.
 
ill-conceived. arid irefleclixe in tire ol irlpirr git,,dxv tihltpig Cottuntries. 
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(ommuntinica iions thdlars should he spent on p oducl.s thai ill pill inll'ot­
llatllion ill tie hand ol people Who leed it. in A lo0ll Ipopl llI nU. Thik';Ca 
niean11 placilu prl'lC sional coll ulllicalor on slIl'. and llaki h m ililI­h1 
,gral 1o [Ile operatioln. nsin2 thcir ipl ll In all aspect" of pro'g al du' clop-
Illell and flIal'CllCl1. It dC 1101 111noma h in oCcL-aiO .I C0lhtlllM, lt. 
A'ecncie" olldlI ha \c one lalT colllullic.tlo lcV\ic . and Comlenl ol 
'Vc-I. prla'll o1 pi cc proposa. 
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Conclusions 

iThi Comm~fittee' %%a cI\h rped to r ic\% t he coJ1st ran l ni 	 PrI'dti\TL anid 

'.r \m otc ad tSlilu nii IIlLC pON IINi ill Ilk' ( Ic C021011II2 C01111iiiC. I I C 

hully l IC mi thisii IllI. ift\;11i~luu I'101. the~ .iiiCfS II IllC ilt~ ,il 

;11(1 ,lCIi ih l l ihiCSiJIihutMISCI h\i C~"Li1Lhui i tIIIl likii~l' d.\ NI 1Sil ii 
Nhliilill '10hih 1iN1i lim iiil\ hil po ISihhi2 ihiiiiiiuhI ll 1. Ith i al adtkiiiiii~ 

111111 I Iii im I hI u 'i L 1IL' I kl 1,ii 11C ittu i ciiii I hI III.h I Ii IN I it . 11 di ild I' 

IIL 1I L CiI 11L I, IIL ' 1 1 . l 1 .1 t i S1 ( 1I l (Wl . 

m k 1i . ll 	 tW.I\iii- I iSol i ~iiI ul uhuCHII1 L'iiiiCL. i L111110 I lk'hi.i ih iiu i 

111 	 L . R Al 110~ .i 11ii 1 Ciii2 i \ t[(I I' i hli MIIt 	 I~IIIII) I Ili Ih ' lk 1111 It111 I tCIhINil10 

iu 	 )Ci I 11SC(h IiHilh~IiI llI N MI J tC~ I Ii t_'IhII ,I iLC t Ik II i t ~I I onhhhii I1 ) 

I ti,IIiu'hl 11 i L 'I\ 11i'hIii II I iINAI IlNl ( 1ui It I i 111I' Iill~hiit Iiii 'ii 

CI' II tiC 4 1 lit I'AIt' Nj.1i C111(tiH1 1 1( h 1'fi'I L hIII I ithatI 	 hi1 I I 1111 I~ tI. 



"ilhill lte l'clevant research )l'o;rIni/!itions anl1d deVelOplllell assistance 
organiitations. The isties fall into lfive categcwies: (I the better i.se of 
exislllg kllor\ledzue: (2) Ihe ilnpoltlance of nIeV- approaches to research 
that link traditionall\ discrele ellents: (1) tire use of, bolh Scientil'ic and 
indigenltious kniio, lede: (4) the need fr a poiriodic reassessneni (f pirilies 
l'or rescarch: and (5) current high i itOH) research areas. 

Ise of, Existiing Kin,,ledge 

.\ Imajor constraint il pro~grs in solkngnoil aind \vater problens in 

thle developing, v orld is the lirniled ;applicatiOn of' kno,.n principles and 
teChiritnltl,. Yal's of epclicrrc hkperirrrenhatiorci. c\n rise Ito aand hase 
Iail. ood unrdcrstlndinrg of* t ce ')aSic prin]ciples. cl otur ability to apply 
tis krno, ledge to ,dve prolems in tIhe ctnrrnplex loca a1nd culiral settings, 
of the tropics is \,eak. ()nre reason for this del'icierrcv is tile difficulty 
eicountered ill Iranfrirrc irf'tolnalionl elt,+eei tenperate and :-opical 
eirrorrrnert,s. Judgitng inlforiratio is appropriate a specialra1,ht takes 
undestarrdirir o 1 r Cviroilrcilrrt their Aillolrebo r ard people. iiltortanlt 
flclr is iirstitutiorral: sustairrable ,rgiiculture is riot a highr priorit\ v,ithiu 
lllrlar triiseslir,, arrd r"ea',rch irrstitulioins. %hItherin tine developirg or 
dCelopCd ,rld. lIrCrft rc: 

RescClr'h orrlli/aIlrIs arrd irdis dual reSc hesl'liu,Nold he CrC(nill'­
act.Cd and I rllidILd 1t0 s iliCsic avilahle iirflrrinailior into fornlr.ts and frl­

guge stn-,fiul to pOlic.l\rrrkCrs for straltlgic phMnilng and furirts ueful to 
actimisis ssorkirg at ih pr-uiictiorr lc\el (e.g.. cxkiision agents. rlepresel­
latik es of privatc \olrllltar orgalli/alionS. arnd pr()l.rCl' associations inrd 
cooperalio ss. 

The Need for a (Change in tie IResuarch IaradHigm 

Traidiiolrral. i\picall srilgleiC-isciplie applroaches to research brought 
great procls ill tIre plst.1bt tis rsrrch pIlrJrdigrrr is irall)l)rul)riaiC fur 

prOIlrctN rrrr1t anloptile tIpe t) that b., iuddslsCcd t ,rrrd irrllilnCnl 
sril,,t,lillblIC ;r'_CrlthrrC ,h HtrAl rrr~rrrcIrrret Olkseoping1 rs",ttlurr' 
sund lnd urSC lIt ,nctrs ' ,, rrrarg irrrl . ldrl ulitIUrr OnHIr r'rruls .\urrnufr tlral­
is lanls-,. ard rcshu r ul + lr rul lImrls ill rLquirc 'I 's,,., rclrrsal l l.'ll 1t 
lS,,;rs Cr. lllr'IC irs Lr)lrrrC rskc,rrlr ha' 11r rlrhrercrrt lrrrrtl irJorr ssIhCllen.d 

e , Lto ulre"s Iul cdl ',, tlh cturlll,\ , I),., lParst ,rIlih Ir.uI,s, ,rlso) rlrufeul i0 
distairlC Ire 'r1rrr1 rt rrrr . nirU(d the irrl 1rrrtll iorl tilereeiClhc'l Ihe +e'erpl 
lfrllnl lhICC p luflCrrIS Alc,+l the hkshr.l'rcerrclh Cst,nrlishlrIt arid it11 
is0ltedul Iuri \Vrs. s rrrursb ercHi1culii"icerere. t- hurrl Ito ierre cohllht)­

http:fornlr.ts
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rative. interdisciplinary research, and to reward efforls to investigate 
the linkages between conpotnets that make sustainabiltv questions 
paiticularly cotmple. The shil't in paradigin should tlcontace more ol­
tarll interactions and a \ision of the lalill not ist aes,aiprtodttcer 
or ctotmodities but isa steI. In larticular. the links betmeen phssical 
ant social isset's. let\.,eel agricuttIure ail elitirollinllital issues. and 
betwell cotllllodil appriaclhes andtiecossleln approaches deerve attell­
fion. hit,retote: 

* Resealih Orcani/atihn', ShOtIld de'elop incentif.', t encllrage col­
laltlralive, interdiscipliliarx resealch fctuISed on 1brideinic tilie ilap heteetn 
scientific pIn-cilel,+s and Iiel-le\el aplIicatiIn of' knowlede. 

- Inivelsities. oter res.arch orgalli/atliotls, and Prolessiotnal slcieties 
shtould. ,isaImatler of toetlc. . increase pirofessiotial Ilitiolt for contlri­
ltlions, illint rdiltarv anid itlerllalional aleas. 

- Specialists s orkingc illthe cotlInnotfits-locnised ('RSPs should seek w ays 
to integrate their knoltedge into ssork On sstaittabilit> qttestiots. 

* Research orgallititos should ssork Itdcxelop intecrative, s\steins 
Iodel' 1toaddress the so)il and \,aler prtlctis crilical to loIn-tertii natural 

reson rce ntla elltnl.I an, 


L.inks Belween Scienlilihi" alnd Indigemous Know Iedge 

Wheni Io libraries are a'ailable, each coailalii a tdifferenlit \ealtl of 
infortitatiot bth shuld be UsCd. Nlans iItsihts abont Methods Of lmana­
ing agrientilrev and narmal reswmtw are availahle fromt local petple. Al-
Itlnlllh trial and error is i sho procss. it has sersCed fniarers lolgoener-a­
lionis and still i.s lessons to "hart. ()flten. itldicttits knol edce can guide 
researlther, illtlie selectionl of pertiltltl resec h| tlt"stiotl,. It call prttvit.' 

p.n iiIr 
taln 	 be built. htiicenotl knos,,led :e and scieiilic kno\xlce can be 

lended to t.",, ,,N. is mtre 

t base ti x111 MOtW att al al. prtecise. scientific its\etstiLltitiOIS 

bring abotit pracLical t.clttiItL W\hal neCeded is 
thtt simpln ciltohies., it is the addilttotal steps of al.k sis and es allation 
tht,tlte scietif Cit pIlls ide. ill these of'ItiehitL Call Yet. Iotl cass,, Ipes 
kintos ledce ate rarl cotlilled in elfcl is ,s,ass. 'Illerelore: 

- ke r ga+n i/alitoll,.dih ,+'oIT ,l, lt t.ien+ci cl.,i. uld ,ponsoit Ito doc.lll.umlen ndl 

tificalls s lidah. lOcal inditceU'li knoss ledee. Tl' dhocumttlentlation shtold 
include tcollectioln anl alal,sis of inldigetlll meltliods and lechnohocies. 
such as illl alioi Ot CLaISilicalillt of soils,. ssalr harsesliti lechnique.,
land Ipll~#,'llll, o 	 ,,\ tern,.tctd .anrd Cropp~ling Pl'isilng technologies 

should he es aluated aml the 	 ettl\pllssihilities li.iflcal itut enland ahapta­
liin to o her hoeaii,, chyloed. 



The Process of' Settilig I'r-ior-iics 

AlthoughI it r iimlportantI it)4lItifl it Clear '.et Of1Ipvi0iIiCS t0 duilde Sil
 
1a1d w le eMearel. thle 01'4ceN't 44'ose ilittl prov
1)1 priorlitIies Ita\ 

it) he mori~e thIanl pCiiC list 01' tiNSU. liroruiei cllalwli 41\ rimpo)1rtant ami 
tillie Aurclittral '.\ Ntici1l C%441 C, as~do4es our kii\%ledeeolthemiuj. I leuice 
itisI' iiial 11hat the "ClLL'tuI1 (11 eFeailI pIiii~ he al ll1 Ouiiulle IpaoCCYs. 
Re~aCC rll rte he lL\ iC\\ ed llI1ldLAlI\ aMd adjUsldto4 servei '.110111dt 
thle miost ureent issue\ at1 handil. A\lI'aiie \ork is Ilecessul,\ 14oL allIiaIc and~ 
revise soil and14\\ater V-cselrch priolrities to keep thlem~ lle\ilel anld responl­
sive. The pr44Less shou4lIllIde Illechllillis ',4) [lie reseireli is (1lri\Cen hI 
clientl need. Mlicl \\LI~ requI (ICsldlleCl IeL(Ihack svsteml.1)11(1 4 Caieill 
Therleforne 

. A\ CICll 11L'LIli'Ii S11441114l 1',' CL1lhi',llC(l III C2115111 Iht. ;ILLII~
 

prIilt\-sett inu' IrFOCNS 4)LCIlls. perhaps h\ (leleeatitll1 II n\istil'! iIiIWl-


ToII heL illlos efltctis . tlie prI14)ily-SetIlleI- prIOceYshoud1i14 hedill %\illh 
;lill)I 1110 r4.idi4114 I)' li4uolllHeedLts rIc,_llL pio4r1ities.
 

\V*Whaevel\l IthIL11llalll Usedl for tfil task. it shiould inl\llS efthe coinl­
billed assessilleilt o4f iese.ichIeiS. LllIIie2 adelltIS. research 
 users. and I'Lindiane 
ageeie s. 

C urrent Research P~riorities 

ItiereasillL stress oil thle sorlds auericiiltural s\sesnecessitates a 
StIM112CIIIIIi ()i411 ;12iericilhtilal prlOdiactioii anid also makesiihas' 111JIl 

attlltoi 10 file [Illie-terll 51155 ardsliap o' tile earthlls naltural resoltir-ce hase 
iiJLipiti\ e. Sil,IiIlallL! ;hilIIll ',\',fell]%, iihiist1 Iliaiii andl eililaice 
loth lOIi ill AIl CntI pltodl1lti It. niu1st [he stahle resil­llo114111c hTlLc and1 

iCut. TO he a'ceptable t4 tile peCople Ms1i101s Use il112i11. su1chI 55 steIS 
111(t, heL LCl441loLhl5 S MC I. '111011 Ieriii. iMuistOill)he tifL Mid14 14412 aIllI he 

'IMilkII k I'll tilLleed I'lol)IIIll 1 as sselh broader.4.411j);ltil)I CI,11ilie IOC)L, as 
political1 aeit a.L441lli14i these, euals Is, min iAll taisk. and research 
01' IluIHllols t%"\\I5 ill bCe Lssenitial. 

\ltlhlioell tilL eailI I)O4ltLIlll S,i1lklhle iCLeildLl W4ile is Sast. solii 
tlu is lieCeCsr% lo pIell( J1r41Oe.ss. Fr111' its, telaberaliolls. this (c)llllitee 

SeleCtS tl1W I-LsilLch allesitli 1- at Mttelliall ~ial. thle111111455 hl~d ild414 0 

I990)hs: 

" Inlst itutional, conlstraints1 ()It resourlce' coL41L'rS 111411:
 

" Soil bioloejeal mucesses:
 

* NIIiIIII.lill Of151)11ClirIICeriStiCS: 

http:J1r41Oe.ss
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\Vtc rcc 

*Niatchint!u cnysi to cnllonients: and
 
W*l CSOLIIC ntanaIilt:l 

* 1Inorportint!' ,OCiA IIdCtIIiltrl dIIICIrSiOnIS into r-eSeoarc. 

Researcht to crrcolnrauc the %%isc mianragemetnt of soil and water resorces 
is Critical wt 'liinaiii III,- and cliancirro! aericIIlturIal prodiciviiv ov'er [lie 
(0ilL!tiCHII. Hlic hl itCi Siates I, III a pttSHIIior to) pros idc leadership. oifer. 

techlnical arid tinaircial aIssisiaric.' aid CIrcorIiaec inteirIair onl cot tpcraiiOn 
ho sptIt tis ciiiphrasis on sustainrable atgrictiuc arid nratuial resourice2 

iiiaiieciii Itit %ilII)rithe cas to imrplceent iiiic-IIaicd s\ stiris-hased 
cttliabttrtI\CI eaich illw hlie ctlticaI arid cjtcrrticciaairtcso 
suslainlahle aI21iciilltiic and ilial resoircc rilaaM-criieIrt, 1)[t it is imiperative. 
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