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L INTRODUCTION approaches have dificulty o providimg an

adeguarte understunding ol the complex process

This paper explores the conceptual basis for

existing and emerping institutional pattertis of

agricultural research i the context of purtner-
ship approaches 1o technology development.
W do this at o time when “partnerships™ as an
approach  are  gaining  jocreasing . currency
among the doner and mlermational research
community, ' The concept mmplies collabora-
live relationships eonsisting of the public and
privicte © osectors, wnd batween “research™ and
“nonresearch” arganizations. The ravonale for
this ehapge n approach 13 often couched in
terms al “the complementurity ol dillerent
organicational stvles.” “pluralism in funding™
“comparilive  ddvantage’” and - Cinstititional
synergy:” We agree that the mave o ths
approach reflects the realities associated with
successiul technology development. We argue,
however, thil current conceptunl nnd pnulvtical

that this implics. In particalur, we argoe that
the mstitulional dimension of the technologs
development process dictares that a more
inclusive set of analyuical principles 15 required
to understand why partnerships matter, and o
formulate policy o adeguniely  support g
change townrd this approach

* An eurher version of this paper wis presented at he
mternationnl workshop oransal by CIAT “Adsessing
the Impact of Agricultursd Research on the Alleviadion
of Poverty ™ 13 16 Seprember D995 Jose. The paps
wis prepared with the Tinaooid supporl of the UK
Drepartment for Internatonal Development (DETL (R
T302: Crop Programmel. The
expressed care those of the authors alone, snd de not
neecssarily meflect the policies amd practices of DEID,
Fmal revision accepted 15 Novembsr 206
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Sinece o central tenet of our argument is the
importance ol nstitutional fctors 0 the rels-
tive success of the inmovation process, we begin
biv delining the term as it s used in the context
of the wnovation debate. We then reviesw
currenl cencepls concerning the aaricdltural
mnovation process, ghhzhing the difficaluies
these conventions have o deéaling swith the
institutional dimensions of the process. Belore
presenting cise studics lrom Indi we provide
i beef overview of the s of institutions

development  of  the national  agricultural
research gvstemy in the country. Two  case
studies are then presenied of parinership

grrangements. 1o suppert the position  that
mstithtioral  Issues  warranl  much  ereater
attention i productive  partnéiships. and
successiul weehinology developiment are gaing to
ke place: * Fmally we discuss the implications
of the empirical evidence and the way it
supeests oo puttern ol insutotional  behavior
srnilir Lo thett o other ceconemie séetors wlicere
wnneovation s viewed 1 systemie terms: We then
present this gs an aliernative. framework and
dhiscuss theanalyiical principles thal i suggesis.
W conclude by sugzesting that these concepts
could be developed 1o help focus agricultwral

technalogy development elforts an the needs of

e paar,

2OINSTITUTIONAL ANALYSIS: SOME
DEFINITIONAL POINTS

The conscept of i “institution™ s o Jdillicult
e aned is subject 1o considerable conlusion n
the lterature, Some writers see institutions as
“soctal rules and norms” and  therefore s
coltural 1rnes shown by soctal groups, Others
see them more as  specilic  organizations
designed to fulfill o given set of lunctions, In
this vein we steeest i1 s useful w follow Bron-
kerbofl and Goldsmith (1992 who make the
distinction between “rule-oriented ™ institutions
and rolesoriented” mstiioions. The former
may be defined as ““the rules of the same in 4
society o, .., the humunky devised constraints
that shape human interaction,” while the lutter
are defined rather as “organizations that have
attamed special status or legitimacy.” ¥ These
are essentially lepully  identifinble prganiza-
tionul systems that bring Logether wath different
social backgrounds, knowledge and  techno-
seaentilic skills 1o address, collectively, specilic
sociocconomic  problems  and  uncertainnes,
Such units have certaim life spans and generate

spectfic outputs an the process of dealing with
problems and uneertiintics.

Druring the last Few decades, coconomists oo
have given increasing attention to the role ol
“msniutions” in the functioning and change of
peonomic svslems: The “mstitutional econo-
mists™ wsnally adopt the sociological meaning
of the term, referrmg 1o Udngs that patter
behavior  routines, nooms, shared  expecta-
tions, morals (Edguist & Johnson. 19975 The
“pew™ institutional econontists sueh as Narth
1990), supgeest that the emergence of these rules
and regulations, which can be informal as well
as Tormal, are & mechansm Tor reducnge
fransaction costs and other Torms of markel
Failure. Generally the institutiong] ceonomistsy”
position is that understanding the riles and
regulutions that govern behavior helps explam
the shortcomings of conventional economic
theary

The practice in the innovalion svsiems
Iiterature is to use the evervday meuning ol the
word institution: e, physieal organizations
dealing with research and develapment (R&D)
and  economic  aclivily—research  cent@rs,
universities, privale companies. research foun-
dations, farmers associations, cooperatives and
s Forth, However, Edguist and Johpson
(1997 paint out some  ambiguily among
authors, some tending only W analvee the
behuvior of physical organizations, whereuas
others focus. more on the rules and regulations
environment,  The comfusion drises beciuse
generalizations  from  empirical  observition
indicate that both shape the outcome of
mnovalion, The real problem is that institu-
tons in the “roles and norm™ sense are often
intimately refated 1o the nalore of organiza-
tions, and in one sense organizations help
define and operationalize the “rules ol the
game.” In otller words, they are mutually
ecmbedded  concepts, Edquist and  Johnson
point out that understanding o innovalion
processes will be helped by a clear distuncton
betwesn  these  twe  concepts,  But  sinee
conceptual uncertainty exists concerning the
relutionship belween rules and arganizations, it
is necessary to analyee the combined etfects of
the two coneepts.

In this paper we follow the more inclusive
imnovation theorists’ definition rather than the
parrower mstitutional ecomomisis’ convention.
The term tusvitntienial] 15 used 10 mean the
combined environment of “rules of the game”
and physical organiztions and the mterpliay of
the twa, Where “rmules und norms™ or organi-
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zations cun be separately discussed and ana-
vzed. we do so Institononal change, being o
kew concept discussed in this paper, deserves
specanl  mention, We st il Lo orefer Lo the
ervolution  and  dvioumic anterplay between
“rules and norms” and organizations, usually
sssoviated with the need to perform i new tash
ar o perform an existing one differently,

I AGRICULTURAL R&D CONCEPTS OF
INNOVATION

I'he conceptual basis concerning the inno-
villion process in agrcultoral sector and the
wity public secter R&D supports this process
are revealed in the literature dealing with the
mgsirement of performance of R&D aclivities
and policy analvss concerning the arrange-
ments  lor undertaking R&DD Two broad
tricdibions appear Looesist, each with s own
implicit conceptunl underpinning.

() Ehagemrtirgitive amalvsiy

Fhe Best oof these traditions s characterized
by quantitative amilyses of performance and is
derived mainly from rhe neoclassical econonucs
tradition, The position taken is thal there s 4
Imicar  reliienship between invéstment  in
rescarch. the development of agricultur] weh-
nobogy, i osuhsequent adoption by Biemers.
and finally Hs wlimsie impael an eeanom
produoction. This s broadly reflected in the
nstitbtionmal set-up ol aeicultura] R&D that
serves developiz countries, namely a loose
assoCulion  of nternational  agricultoral
research mstines " supporting commadity and
or discipliniry-based  public: sectnr research
mstitutes ot the national level These are usully
referced 1o as NMatuonal Asoculiuranl Research
Syatems [NARS), They provide wchnoloey for
dissermnetion vig o fusually) poblchy-funded
CRLEISION SVSlen.

ising this canceptual Tramework, nvest-
ments in reserch are compared with sdoption
fintpats) of technology and increases in faoelor
productivity, This &5 olien used aspart of the
prioly-setlimg process swhere fimncial alloca-
tions are made to subsectors (often commaodi-

tes or rescareh themes) baszed on rates ol

return o investment, © Inoturn such activities
are olten condittoned by collective wisdom
congerning arcas o strategic importance.
[nstitunional arrangements are addressed in the
sense that decisions are made concernimg the

appropriate mxture of specislized commadin
ind themadic research centers, This s ven
wseful o providing o snapshot of the, perior-
ot ol the research systenn. bul bus difficully
taking into adcount Vprocess” and gualithnive
fawtors that condition both rescareh and inno-
vation perlormance, and the dynamics of the
process over tme. Furtherovore, consistently
bach mités: of returm. particubardy for major
eommrditics, tendd 1o confirm the perception
that the innovition process: and the nstilu-
venal nrrpnoements tooachicyve 1t 15 functionmy
effectively. | '

Al the muerolevel. this tvpe of analvsis has
dithiculty dealing with equity issues (although
some priocty conunodities will <learly be more
important 1o the poor than othiers). " A subset
of this guanutative approwch has  therefore
exarmined  the mmpact of lechnicul change
partly through adoption studies) This has led
to esplicil recozniion of concerns over ol e
seale neutraling of weehnobogy, Mechamsms o
addeess this have focused on the factor-con-
suming  characteristics of technology, (olien
wnplemented  through  priority-setiing  exer-
cises), und do nol appedar o guestion the
effectiveness o current mstitutiensl arrange-

ments of the B&DY process (o capture and

pooount for these issues,

A more recent relaled set of issues coneerns
emerging public/private sector relutionships in
peereulture for esample. e the seed and
brotechnology  industres.  Aguint, broasdly
neachassical approaches are wsed o predic
which areas of R&D and subseguent goods and
seryvices will be provided by the private sector
and in which ureas market fatlure will necessi-
Lite pubhic  sector provision, regolation o
subsidies, The core of these arguments
vancerns the relinive degree 1o which goods and
services e of o public or privale goods nature,
The concepts of rvaley (im0 the supply ol
knowledped und excludability (the capture of
proprictary. rights te knowledge) are vsed 1o
predict which areas, through macket falure,
will need to pemain i the public domun. This
fine of reasoning is ulse wsed 1w predicl where
market Tailures will caose underinvestment in
rescarch due o conoems over privite appro-
priahility and  therefore areas where puebhe
sector research will remain a stralegic activity
in suppart of the private seclor and society
mare generally, Simitarly this approuch is alsa
used o adenufy which mixture of spectalist
urganizations will br necded 1o deal with
Lurmers directly.
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Fhe second broad traditon takes 3 gualita-
tveapproach (o RIS systems analysis and has
developed o complement  the  approaches
discussed abeve. Tt has tended 1o locus more
explicitly on the proeess, rather than on the
oltpils dand impact of R&D, In particular 11
as examined nnd guestioned the validity of the
mstitutional AFTAIEEMCntS, methods  and
comeepts that underpin it = The underlving
proposition i this tradition 15 that m actual
fact  haerarchicnl  institutional  arrangements
typacal o most centralized wpriculiural research
systems are unable o deal with the complex
technolopy needs of furmers, parocularly small
Farmers (Biggs & Clay, 1981 Chambers &
Jiggins, 1987a,by Biges, 1990 "7 It sugpests
Uhat inmovations gre produced not by organized
scienee alone. but by w number of actors
including farmers. often in combination with
ather elements of the system. 11 also suggests
that institutional arrangements combodied in the
centralized science model of inmovation sepa-
tale scientsts and larmers 1o such an exten
thut productive relutions are not established
ancd that this is detrmental (o the R&D process
(Biges & Clav, 19811

A subset of this approach concerns  the
conceptuahization of agricultural production as
wsystem and the need for this to be appreciated
i the R&D process. The associated farming
systems research debate ™ has been mainly
methods-driven  and  has strugzled 1o find
explicit form i an appropridle instiutional
frumework, For example, the integration o
different diseiplines hus been parteularly diffi-
cult to achieve institutionally as has the ability
of existing structures o penuinely accommao-
date larmers in the rescarch process |Biggs,
L9589 Fwell, 1989 Furningion & Martin, 1991
Biges & Farrington, 1993 Bigps, 19495),

The isstes i the broader debale concerning
thet rale of Birmers in the rescarch process bave
lound LX]'ITLHNIUI'I in the participatory résearch
maovement,  But while the original conceptual
basis of this debate explicitly made the link
hetween the mature of institutipnal arrange-
ments and the performance. of the R&D
process, much ol the subseyuent debate has
focused on panticipatory methods rather than
underlying institutional issues, ' Biges and
Smith (1998 urgoe that this “metheds bias”
masks the ot that the most successlul partic-
ipatory metheds have arsen m specific institu-
tionul and polmical circumstances and have
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eften evalved 1o deal with 4 specific prablem
arew 0 that contest, This, it is suggested, olten
oeeurs through coulitton hoilding, associulions
of people brought together out of the neeessity
ter deal with u specific problem and the shared
Pelicl in the choice of approach to solving 1
They go on to suggest thal the participatory
approaches that evolved in this way  were
associated more with institutional jmmovations
rather than new methods per ove, and thal
transfering  the methods  clement  of  the
appraach 1o new und often unreceptive insti-
tulional and preanzalional contexts stands
little chance of success. |
The coalition concept aof Biges and Smith
[1998) highlighis the faet that seccessful tech-
nelogy development is a very complex process,
Indeed it often results from the “nuances™ ol
personal, professional and institutonsl rels
tionships that change and evalve (often rapidly)
over time, These (often institutional) changes
litke place n response 1o new technological
needs (or opportunities) as well as palitical and
ceonomic  circumstances, Furthermore 10 s
these  “muances.”  olten  onlv  identifiable
through detailed case histories that are so
diffienlt to capture in neoclissical analysis af
the innovation process and the relationshup
between research investments and impacts oo
the poor, Clearly partnerships of various types
are imporiant in this view of the way moovi-
tion  and lechnology  development  actually
works, As the cise studics in Section 4 illus-
trale. Towever, forgmg stecesstul partnerships
needs a much more holiste understanding of
the process of lechnology development and the
mﬁillll[mulﬂ wrrangenents necessary 1o uwehieve
Before presenting these case siudies it js
1|5:1-1'ul to place them n the context of the
mstitutional development of the Indian MNARS
over the last 40 yeurs or so, explaining in briel
the implications of this for the performance of
the svstem as a whole,

4OINDIAN NATHONAL AGRICULTURAL
RESEARCH SYSTEM [NARS)

Ihe Indian NARS is-one of the most exten-
sivir, diverse und complex agricultural research
svstems in the world, I has  two major
components: the research mstitwtions that fall
under the natwonul apex body, the Indian
Couneil for Agreultoral Research (1CAR) and
those administered by 29 stawe asricultura)
universitics {SAU). These two components
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interfisce. quite closely, particularly  through
repional  adaptive rescarch orchestried
throvgh w lurge number af A8 bdin Co-ordi-
mated projects that bring together the collabo-
rative eforts of the two svslems. Less owell
imearated, but nevertheless important,  are
nangericuliural wniversites and other scientific
orggnisations— notably those under the Coun-
cil Tor Scientific ad Industrs)  Research
(OSIR ) the Department of Biotechnology wnd
the Department of Science and Technology. all
ol which eondoct research reluted 1o agricul-
e,

The early development of 1CAK cin b
traced back to the 19304 Allhough the dovel-
opment of tle systen as it 35 widay began inthe
pastindependence period. A siemificant impetis
canne during the 19305 and early 19605 Trom
mtermational concerms over the need Loomeressy
Food production in Asia, ' Vhis led Lo an Asin-
wide phenamenon. commonly relerred to a3 the
“Orreen Revolution ™ In Tndia this eontributed
to the development of o significant amount of
Indin's agricultural research infrastrocture wnd
stimululed  techaological advances in cereal
Fored crop production. Accritical factor was the
rearganization of ICAR in the late 1960
around an apphied research strategy focusing
an food securitv, This was specifically desipned
Ll capitalize on the advances in wheat breeding
that had taken place in the Meswan/Rockefel-
ler breeding program. The political will, reip-
foveed by the specter of mountine  (ood
imports, provided 1nereased funds 1o hmple-
ment the strategy, The result was the adoplion
ol i short-termy, mission-oriented public sector
phint breeding focos on dwarl wheat, back-
stopped by amernational technical assistance
(Rajeswart, 1593, The combined result of these
techowal nd  mstitotional factors was enor-
mous, whowing Indin o achicve Toed security
within a decide

Anather tanmble oucome of the interna-
tiomal politcal cconomy of the time was the
establishment  of  state-level  agricultural
universities based on the land-grunl maodel.
The lund-grant unmversities were sel up origi-
nally in [9th century United Seates with g
researchiextension/irtining mandate 0 serve
the peeds of Grming communities in e stale
where they were located, Palitical processes
and mstitutions. that developed sunultaneously
in the United States ensured that local issues
were articulated and. through the comtrol of
resonrces, Lhis influenced the priorities of the
logal university: But for @ sumber ol social

and cubtumtl redsons osueh’ mechanisms o
allow  client oricnbtition  aré absen in the
Trdinn context  (Brass. 1982). One  redason

vancerns the social herarchies that character-
izg Indian society, Naturallv, where socil
Merarchics are strong, professional and insti-
tutiornal fierrchies will develop sinularly, This
can be pdvantageous at times. For example.
the Cireen Revolution relicd on these hierar-
chigs 1o introduce. nog guilé prescriptive
maanner. o omaper lechnical dnnovanon. B,
the diflicultivs such  hierarchies  create  for
mducing & client focus i research, und the
COMSETNGS 01 imposes on  communication
hetween argamizations. parlicularly extension
and research, bive been o pervisive charac
terstic of the public sector research svsiem m
India. This has become increasingly apparent
with the growing complesity ol agricultural
constraints,

The strectural chanses of TCOAR during 1he
[46s and 1970s led oo centralization of fund-
g, execulion and management of agricultural
research with greater aulonomy and empow-
ermment ol WOAR g the apex body. The perind
also saw the mapid expansion of pumbers of
research organiedlions under WOAR and the
aceompanying  hiesarchical  bureadcruows.
These developnents ook place agamst the
political and ideolopmeal buckdrop ol 4 closed
economy; a drve lor self-sulbicieney in not anly
foad  production. but seience and lechnologs
generallyy o heavy presence of the public sector
im all areis ol the economy; and with o number
of policy measures 0 resiricl private seclor
dctivity in agriculture and allicd fields. Onky
after the lberalzaton process bagan i 1949
wis L geknowdedeed that liroe public sector
organizations such as CAR might need 1o
change to match a less pervasive rode for the
public sector,

Although the Indinn NARS had evalved over
the vears. by the early 1990s; For reasons ol size
alone. the system was already. facing severc
fimancil and  apgrational problems,  These
included unplanned orowth, duplication/over-
fap al institutional mundates. loss of comple-
mentarty amonyg mstituions, lack of funds for
operaling expenses, a need 1o modernee the
research mfrastrivcture, and the need for train-
mg and uporading saentists” skills in frontier
seience and managenent areas {Mrothvaniova
& Ranjitha, 995 A number of basic problems
sill aliect Indian agriculiore. For example
problems ol food and  putritional  secorty,
poverty. employment and eguity stll persist, In
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addition, mew challenzes are also emeepmp—
spectically, sustomahility of matwal resources,
environment,  bBiodiversity  and  increising
cxports through guihity enhanoement (Pareda
& Mruthyvaunjava, 19991 Arrangements [or
achieving  u client prientation in research,
particutarly for the poorest farmers, are snll
rare [ Farmneten & Mortin, 1991, The highly
Rurcaveratic and begrarchical mature of insn-

rutional arangements and the complexities ol

governance of the NARS as 4 whoele, have
Further enrenched such problems’ | Mruthyin
Java & Ruwnithu, 19980, At the sametime, wider
issues ure emerging ncluding trade related
adjustments assocated with globalization and
the effects ol GATT and WTO sereements, The
entry o the privale sector anto wgricul o]
rescarch amd the wider implications of the role
ol the new state (ollowing the siaet of ITndia's
lberalization process are also coming o Bear,
Fhe fatiening of public sector funding seems
alsi 1 have Tocused singds on the sk of
restructuring the system to some extenl pri-
matily in response o the chunging econpmic
and mstitutonal climilte.

ln response ICAR has implemented several
arganizational and management reforms 1o
improve its etheiency and accountability; loree

linkages witlh other partners; and  mobilize

resources. The broad vision tor these reforms is
wmbittous: TU inecludes many Gimiline clements
common 1o other efforis o improve the efi-
ceney of very large public seclor organizations
such as redelimng o straleswe role for the
organtstion: consolidation ruther than expan-
ston ol reseurch institutes: de-bureaucratization
and improved adminsteative efficiency; decen-
tralization of decision making, insutitional-
iFation of priocity setling, mooitoring  and
evaluanon: commeraalization of products and
services: and partpesships with the  privade
stctor and other stukeholders.

India is not alone in recognizing the need for
significant change in agrculiural research
sector, Avound the world the swing toward
privitlcation,  decentralizution  and  competi-

Liveness 1o the Tte 19805 and 1990s has started.

Liy shifl the conceptual view of the NARS, with
the public sector monopoly of NARS mncreas-
igly being seen as an obsolete mshilutional
model tor bulding capacity (Byerlée & Alex,
199 Leheverrin,  [W95) Byerlee and  Alex
(1995 indicate thut this reflects the emergence
and recognition of o diverse set of actors tha
have the potennal o form an insitutionally
pluralistic systent, Phese include:

uneversines 1hat have  considerable e
search ms well as teaching cupacity,

privitle compinics engaged n developing
and selling embaodied technology produects,

agriciliural  foundutions  supported by
hogh peblicand private funds.

Farmer organigilions and  cooperitives
that might organeee their own research or
support rescarch by othor areuniztions,

MNO0s, some: of which have the capacily
1o undertake adaptive research,

Imiplementing this new vision of the BNARS is
an early stuge inomany developing countries,
[he scale of relorms inan ereanization such as
LOAR meke this a formdable, tme-consuming
and costly task, s howesver, within this brogd
contest that the follewing gase studies should

b viewed,

3, UASE STUDIES ™

Ca) Cawe xteedy ne i case of susrenic failiee in
imsiitutfonal arergements for weelnology supply

This case study was orginatly undertaken o
understand the links between private seetor
aetivity uned i relevanes @s o0 mechanism for
linking small Girmers with technalogy s
maurkets, [0 was undertaken as part ol wider
series of studies dealing with the weehnologicul
development of the Indian horticuliural sector.
[t alusteates the experience of an expon
Promotion organization in its attempis 10 forge
parinerships between o privaté orpanization
and an associated group of larmers and publw
sector scenlisls moorder Lo overcome post-
harvesl consiramls assoctiled with aceess Lo
new export markets,

(1) Parinership areatizenients

Ihe WVijya Froit and Vesetable Growers
Assoctalion (Yijavi) was established 10 1992 jn
Vijuwiwda in southern Andhei Pradesh, India,
The association 15 made up ol 16 frme and
vegeiable cooperatives (primary  socwelies)
spread over three distnicts around  Vijawady,
e primagry society. membership consisss of
approsiniately S small and  pwedinme-seale
furmers {1 10 acres) who between them culii-
vitke slmiost 3000 weves of mangoes. Vigaya acls
as ounoapex organigation oo undertake and
coordinate the marketing ol mangoes in export
and tgh-value domesoe markets. 10is @ private
enterprise established with o specific goal of
lnding o better price far farmer members’
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produce theoueh direct marketing withour 1he
produce being handled by noddlemen, whotbe-
silers and troders Farmers recoive a premiam
price For Trait ol export qualiny, In e, o kes
Muction oF Yijiva has béen wouet as oosouree of
techieal adviee and inpats (o nssist Grmers o
meregse the proporton of Frun that reaches
eapart geaality eniterse Initially oonly 100 ol
et ateained this level of guality,

The dmitial  effens of  Vijpew  invelved
markeling (15 fanmers mangoes in the high-
vitlpe domestic murket and subsequently 1o the
Far Lastern export market relying on airfreight
arrangements. In 1993 Vijava bewan explonmy
the patential of European markels, Assistance
wils. soeght froon the Agrncollural Processed
Products Export Development  Authority
(APEDAY m the Ministry  of Cammerce,
Crovernment ol Indie APEDA provided
constderibbe asasiance to Vijaya m s elfforts Lo
link farmers Lo this mew export markel. Subsi-
dhivs were provided Tor collecting murket meel-
ligenice: cost of sumples and tria] shipments,
st ol producing promotional Herature: and
underwriling commercial shipments., APEDA
also stupported the technical Sapacity of ¥Vijava

and its furmers, not only by providing 3004, of

thecosts of eigamme talional scientists but also
i formng hiekages between Vijave and rele-
vant  sources ol techmcal  expertise both
natiomdiy aed internationally.

Mast critically, Becihuse of the unecononii-
cally high costs of wirlraght o Buropean
markets, APEDA used these technical par-
nership arrangements Loy assist Vijaya 1w
develop controlled atmasphere {CA ) conliiner
s shipment protocols. Wiike the technology
tor CA shipments. in o general seose 15 well
diveloped ntersationally in the horlculiaral
export trade, the durition of gea shipment 1o
Europe, coupled with the uncertainiy of storape
chuructenstics of local varmettes, meant that
stgniheant adaptive research guestions exasted,
[0 owas wlso apparent that streng backward
lihages  cxosted  between Tioul  destination
guathty wnd the pre und posi-harvest practices
ol Yiuva und s [armers, Furthermors the
wtroduction of OA  storage and  shipment
adided another glement 1o the overall need for
new  quality  management  practices  in the
supply cham as a whale:

I'be arrangements for technical assistance 1o
deal wiath these fssues Jooked  parvcularly
impressive. The partnershups that hud been put
i ploce  through  contractugl - agreements
brought together public sector sclentises, Vijava

and  bs Grmers, and held the promise off
bringing to bear sigoilicant technical expertise
to the problems ar hund. The linkage mecha-
Miams associited with Vijava were extensive
and appearcd o demonsieate the dual function
thal ergunizations sueh as YVijavh can provide
toaesmzall Turmer production base as a mech-
antsin of both market and technology access
The sources of lechoical assistanee i this
gase were as follows
En-turn
e hortcollure depariment of the local
State Apriculiueal Llniversity,
wonatiorn] hortienltoral reseacch institute
Cpre-harvest),
—a nalenal Food seence research insttate
fpost-harvest,
an intecnational naneial resources desel-
apment researel wsnnle,
Fackhersedsliiprenn,
a national lood seience research institurg,
an nteroalonal Shippmg Company,
i inlermaulionul natural resourges devel-
wprment research st

(1) Portuerstile: peclarmnnice

Scientists worked with Vigava and its Garmer
members to formulale o oset of pre- gnd post-
barvest protocols 1o mprove export guality,
These ncluded: pre-harvest disease control
and  tree management: advice on harvest
maturity. and  fruil selection;  improved
harvesting practices: handling und packaging
predovals; gas and tempernture regimes [or sea
shipment: and irining provision W Vi
stitfl and Lrmers, In the following two seasons,
trial shiprients of mangoes upder CA storuge
conditions were sent w0 Europe: The frui was
harvested and packaped under the supervision
of the scientsts from the post-hirvest research
institute that had developed the protogals for
Vijuya,

Shartly after the imutial tnial shipmenis beaan
APEDA requested the assistance of o Uk-
based natural resources development research
institute. Initially this request carme i the
context of assisting with “oul wrn™ assess-
ments of rull consignments arrving at BEuro-
pasin destinations. Later a5 u range of techoica!
constrgints emerged, assistunee was spueht o
review protocols und make: recommendations
For remedial action. Initially this was seen as o
purely technies) task, but further myvestization
revealed that o more imclusive study of the
organizatonal context ol technical supporn
arrangements wis reguired: The results of the
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out turn assessment imdicnted  only purtial
success. Onlv 31% of the fruiwas regarded os
Class 1 front Qut of 2441 cartons received by
the importer, 33% were lost o disease, mainly
antthienase. bul alsa stenr oemd re. The
following lechnical constraimts were identilied:
pre-harvest managemen!t  eonsiraings
particularly  contral - of  pests including
anthracnose;

stag orachng frorl present ol muxed and
UIEVEen Shec

maturtly indices  Lhe consignment on-
tained from of mixed matuority, some over-
e on arrival, seme underripe;

post-harvest contral of disease. particu-
lurly anthruenese and stem end rol devel-
aped dduring storagse, sugpesting thil post.
larvest treatment for these diseases wus also
reguiired:

heat damaged fruit—suegesting the need
lor mproved temperature control in the field
and durng transil W packhouse:

CA Lechoology - ol had saffered (rom
chilling imjury suggesting that the tempera-
ture and possibly gas mixtures had not heen
cerrect Tor the particular varety of mango
heing shipped,

The results of the trial shipmenl of mumgoes
seemed 10 suggest that either recommenditions
provided 1w Vigaya and its frmers were inad-
equate for improving export guality or that
they were nol bemg implemented. Preliminary
visils to Vijava and its farmer members rased
concerns. over the recommendations. being
provided, particularly. in the context of &
predominately small  and  margmal  Farme
production svstent, Examples mclude:
maturity indweators (wilth seven enteria)
thitl eould not be reatistically used in routine
harvesting ppevations (including destrective
lestingel:

recommendations for the vse of harves-
ng poles that were locally unaviniahle:

agro-chemicul inputs which were costly
anch sgnrce; and

managenient practices that were mnardi-
nilely labor imtensive.

Riuther than the productive partnership thil
hid been envisuged, indicutions suggested that
Both Vilnva and its Ffarmers had been passive
partners in the development of new practices.
Al the same time the scientists were clearly
strugpling v provide technical advice that wook
full necount of the arendas and perceptions ol
cither: party. Asowork entered o sobseguent
phase with a further thal shipment planned
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for the following season, it was evident that
techiical constraints 40 achieving - sustaimed
production ol expart quality mangoes remined
atidd that Migava and ils farmers were aware of
this, [t was afso apparent that the weehnicl
inputs that were being provided by national
scientists were inadeguate to solve these con-
straints, Furthermaore, it was sapparent that i
was nol necessarily the scientst themselves that
were ot fault but the institutional enviromnment
they came ltom und the restrction thes placed
on their professionu] experienes and mandate.
Closer examination of the organizational and
institutional contgxst of the technical support
wis clearly needed.

A closer ook at the mstitutonal context
revealed that tooa large extent the weaknesses
i the Vijavn parinership were the result aof
Bisterical  patterns ol institalional  deselo)-
ment in Indan public sector research, «
pattern where wll o ofien, useful technical
expertise s “locked up™ m oresearch instilutes
with limited opporiunities  [or  mleraclions
with farmers orv as i this case, private
enterprise. Here 11 was apparent that much af
the experience the scientists were drawing on
witd based on the results of  labordtory
rescarch and Titeratuore revicws: They Tead Little
exposure oy wmplementing their research find-
pngs inoeither o commercianl context or the
contingencies ol servicing the needs of Luro-

pean  exporl  murkets.  Rimd  dnstitutsond
distinciions between rescarch and extension

organizations. have tended 1o reindorce this
sitation

I addition, different pisces of useful and
mutiully supportive lechincal experiise are
olten tocated m dilferent msttotons wath the
respansibility Tor linking these components lefl
tov i thied party. This wus particularly <o in
attempts (o deal wath anthracnose, o disciss
whieh needs o be tackled with an muegrated
pre- and post-harvest approach. Tno this case.
the fwo sets of natonal scientists (onc sel
predomibrantly pre-harvest, the other predomi-
nately post-harvest) were functioning as quite
separate entities. Lach set visited Vigyn and s
Farmers 4l sepirite Umes, Meither communi-
cuted with ench other, while the mplied insti-
tutional ownership of potentially commercially
sensitive informancen created  much mastrust
Between them,

Perhaps more impartant is that even where
siitntists are keen o assisl orzanizatlions such
as. Yijya  which they cleardy are  bureiu-
cratic arrangements often make i odefficult o
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work i onew and more pselul wavs, The
logsocal  arcangements  Tor the  inpats ot
contracted  scienbist aiso partly reflect this
context, Farly short inputs were provided for,
wilth lmited provision for allewances, travel
snd number of visits, As g result, while it was
apparent that there was o need lor mesitw
adiptive  research,  logistical.  arrangements
dictated that the inputs af scientists were short
und took the form of techinical advice of o pre-
formalated nature.

N equal concern. however, was the fact thut
Vijava, which was. on the one hund, disap-
painted with these inpuls, was not able facili-
tale more productive  interaclion  hetween
farmers and  seiennist; nor articulate  the
concerns which farmers had aboul the map-
propristeness of some of the recommandations,
Vijuva was clearly not aware of the intérrelated
nature of many of the problems and this meant
thit 1t was in a weak position 10 press the
seientists for usetul techneloay,

(i) Lessons from Fijaio

Despite the numerous dithculties wath tech-
nical support that Viaya sullered, the case
ilustrates bath the lactors that have led o the
ermergence of o partnership and the types of
systemic failures which are fmpinging on this
approach 1o technology development. In this
citse the  recognition {hy both  Vijava and
APEDA) of the need for new technolegy 1o
weeess new markets was pivotal in the move 1o
seek o parinership with the natonal research
system. Achieving this by introducing contract
research arcangements was o lact o fairly
sipnificanl institutional innovation for both
public sector and private enterprise organiza-
tions,  wgamst 4 backdrop of considerable
mutual apprehension. [1 alse took place ai y
time: when institutional policies lor such
areangements had only recently been put in
place [or the national research  scientisis
involved, The fact that in practice this part-
nershipy approach highlighted o fardy <ipnifi-
cant sel of “second peneration” institutional
comstraints only goes o illustrate: the: deeper
systemic wenknesses that plague the sector as
while, and the pressing need for some sart of
maore inchosive analysis of the progess involved,
and the peliey reform required. Before poing
on 1o discrss the imphcations of these findings
in greater detail, we present our second case
aidy o dlestrete o omore mature scenario
based on u similar set of technology and
market needs

(b Cheve sty men 20 jnseitneional innovation il
response e feclinelogy oy

Like the Vijava case study, the Maharashira
State Cirape Cirowers Association (Maharash-
tra Rajyn Draksh Bagaidar Sangh (MRDBS))
and the linked Mahagrapes concerns a private
enterprise, which s Tounded on the fzrmers’
associalion and cooperative model. In contrast
L ¥ijavia, MEDBS hus heen established fo
over 20 veurs and somie of the technologv-input
problems. experienced by Mijava have been
overcome. The key feature ol this case study is
the nsptubonal  arrangements  that have
evelved over lime In response 1o marker fctors
and opportunities and new technelogy that
Farmer members required to benelit from these
oppartunities. The seguence of events was as
Fetlows,

(1) Phose !

The  growers’ association, MREDBS. was
estiahlished by Farmers mothe 19605 a5 0 mech-
amism oo suppart members ty produce and
markel grapes in the domestic market, During
the 19705 MREDBS sought techmcal advice
rom  scientists from the NARS und [rom
seientists abroad. This allowed the introduction
of wnproved prape varieties thal were Turther
developed and sclected by the farmers thems
selves. This combination of prescriptive lech-
mical  advice  from  the NARS and  the
adaptations and innovativeness of  furmers,
increased production of grupes to the extemt
that by 1983 the domestic market was over-
supplicd with prices slumping,

(y Mhrase 2

ln  response, MREDBS  encouraged  the
lormation  of  cooperatives 1o assist with
murketing,  Simultaneously, a  number  of

enterprising larmers: began o explore cxport
opporionites m the United Kingdom, Europe.
and the Middle East. It was apparent that
signilicant export markets did exist, As a result
exporfs started on an a@d foc basis. From
previous experience with the NARS, MRDBS
was aware that suitable post-harvest technol-
oy wias ool avatluble n India to allow the
shipment of grapes to Furopean markets, Some
ol these farmers imported cool chain wehnol-
ogy fram the United Siates.

(i) Phase 3
With the potentinl ol significant  export
miarkets - hecoming apparenl. grape prowers suw
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the need Lo creste anomstilutional strueiore 1o
handle grape exports. The résull, Maluwipripes.
was created fraom the prape growers cooperi-
tives already established by MRIDBS. Muhay-
rapes  was prven  the mondste o focate
imternationully weceptable quality grapes fram
gronwers: identify lucrative forelgn markets; and
Lo pecess and develop pre-eooling and storage
Facilitates using mnportied wechnolagy, Mabag-
rapes went through a process ol learning in
expirl marketing, with imtial falure mo the
Mhiddle East, and subsequent success in Eoro-
pean and Fur Eustern markets,

v Pse

AL the same time thal the functions of
Mahugrapes were being developed {predomi-
nately on the export and post-harvest aspects).
MEDBS was strengthenme ils arrangement s to
support Farmer  members. A well-equipped
aboratory. wus esiablished  ul Pune.  with
regionu] brunches, te undertuke routing analy-
si5 ol sorl, wiler. cuttings ete. These centers ilso
provided  advice  and  demonsttations o
members, Subsequently an R&D wing was
established 1o work on mainly grape produc-
tlon problems and matching vareues and genpe
guathity with inlernational market needs.

iv) Pheoswe 3

Having established soch fueilities in response
ti gaps in public sector provision. the public
seetor then heaan o recognize the impartanee
ol MREDBS and its Gacilities, The R&Dwing
wirs Tormrally recognized by the S&T Division
of the: Government ol Indis The Agnculiurs
Lnaversity al Rahur granied afliliated stutus o
MEDBS. The state zovernment allocated fand
w MRERDBS to conducs research. APEDA
appointed o full-iime co-coordinator lor grapes
o work within the structure of MRDBS and
promete grape production and export. with i
specilic focus on technicnl support. e is inter-
esting 10 nole that APEDA, o public sector
body, chose toodmplerment erape exiension and
prometon throwgh o privale struglure tather
through s own regional ofice or through
exishing state-level extension services, The finsl
respense of the public sector has been o
estahlish & National Center for Grape Ressarch
under the HCAR 0 the buildings ol MRDBS.

ivi) Laessons frome MRDBS

The MRDBS case is astory of the way tha
partnerships Torn and change in tandem with
the institutional strictures needed 1o sustan

them. in the context of changme echnology
needs associnled with new markets. MRIDBS
sl partnerships were with the KARS. As ity
technology needs (reguired For export markets)
outpaced those available from the NARS.
MRIDBS formed sew alliances wath Forega
sources ol technology, AL the same tme it
cregted its own onew instilutional structure 1o
deal sith export muarkers wnd the acquisition
and upplicition of the reguired technology. As
MRIDBS own technical skills developed it
became less reliant on these partnerships with
foreign techniology suppliers. The finel part-
nership bas once again been with the NARS.
presumitbly as the latler viewed the structure
pil in place by MRDBS as an effective mech-
unism for delivering. public research  awmd
axtension services o the grape seclor.

RKey pomts here are that the technolosicul
developments that led to econamic changes (of
fermers) were the result of @ dynomic process.
i which institutional evolution played o fuirdy
sipnificant role. Partnerships ware amportant,
bt i1 wits 1the wbility of MR DBS 10 form aod
dissohve partnerships as circwinstances dctated
teat was Key 1o the whole process, Institutional
flexibality, that 15, change and the ability o
chunge is i central component to partnership
ipproaches,

6. DISCUSS0N

On the whole the cise studies sugeest thit,
while partnerships in research and technology
development are clearly important, there are
also: many other complesties o the wider
process of techmical and economic change, In
particular there has been o strong nstitulional
dimiension Lo this process wid, in the case al
MEDBS, this has clearly been associted with
evalitionary  dynamics. As: we Bave argued
carlier in the paper, i s this featute of 1echnical
chinge thal both the neoclassicd] tradition und
even the more process-oriented approaches
have had difficulty dealing with conceptually
and, alse as o conseguence, Trom a policy
perspective. The authors beheve that tese case
studies reveal o pattern ol institutional desvel-
opment thal s simlar to that found in much of
the current Titerature: dealing with innovittion
and technical change in other sectors, This is 4
literature that stresses the need 16 sec technical
change in systemic terms. where lows ol
knowledge between detors and nsutulions in
the process, and the Gactors that condition these



WEHY RESEARCI PARTNERSHIPS MATTLER e

flows, are central W innovative perlvrmance,
The concepts contained in this literature exhibil
sorne striking simvdarities 1o the conceptual and
poliey challenges wlich purtnership approaches
are rvising and as such warrant eloser exanmin-
atlaon.

Hastorally. analvsis of technology pertior
manee i the indostriatized econommes has used
i neoclassical tradition similar 1o thul discussed
i the context of agriculture. with analysis
fecused on inputs (such us expenditures on
R&D) and outputs (such as patents) While
these indicatars remain iImportant ws sources of

iormation aboul conlent and diceclion of

technological  endenvor,
measure the “innovativeness’”
sl (CYECT),
wseld fail 1o account for all the inputs and
outputs in the process; the approach takes Tittla
agcount of the way in which the process works;
and most fundamentally i1 has dilbiculty dealing
with the dynamic, comples nature of the
process (Clurk, 1990, 1995,

Erver the past decade orse. fresh thinking has
supplemented this input/outpur rype analysis.
with the development of 4 conceptual frame-
work 1o dccount for
innevition. The literature dealing with these
issucs sovery large indeed, but the conceptual
frumework  that  this  provides contmins
number of broad pnnciples thar are useful in
the conlext o purtnership arrangements, The
inmredoctory: camments of o review of hese
concepls by Edquist (19970, provides a useful
svervicw of  the main elemems of  recent
thinking,

their  ahility 1o
ol an economy is

Innows

ISER TR

LIRS e TEWw  Crealions of eoonomic sanii-
They may he b new, byl wre neore often
new copnhintions of existing clememts Innovalions
iy be ol iy kands, ep o @chnalsmesl as well
asarganeeational. The process throuph which techni-
il ey alicis cmerge dre exiremely |_'|:'|:r|1|'_.||_;_1;'_ r|'|.“_!
Tuve L dio warh she emergenee and diffusion of differ-
ent knowledee slements, Ce;, witlh sgientilie andd teeh-
notopmdl possibiliog, ws well the “imamslation™ ol
these o mew products smd production pro o
This tramsluton b5 by mo menns follows o “liseas”
mtth Iram resmirich 1o applicd feséinch an
further to the development and implementation of
new processes ad new products. bnstesd, it is chivrac-
tengil By complicated fecdback mechamisms and
imleraitivie relutions ivelving science, lechnology.
lewrmime. production pelicy and dentnd. =

huesic

Centritl 1o this view of the wiorld has heen
the recognition that innovation increasingly
takes place 4l the interface of formal research

19%6a), Critieally, the mdicators:

the process nuture of

and  cconomic activity,  thus  denving  the
primagy  of either knowledpe  creition  and
validation instinntions (R&L badies universi-
les cleh or knowledge application institutes
{usally enterprises). Ruther it s partnerships
hetween  these epés of actor, which  are
mpertant, As cconomics increasingly hecome
dependent on the production, distobution and
wse ol knowledge—“knowled ge-hased ecano-
mikes T OECT, 19961, .1T1.l]'r'ul‘~ has Focused on
o of knowledge, This d!'l:ii_'g. sis stresses 1he
importance ol these institutions 8 nodes in o
system where thoir mteraction and mrernctive

relationship  along with  other  contextual
Gicters is kiy too these knowledse  ows,

Atlempts to understand  the  strocture and
dynamics of such systems are the core of
modern thinking about the inmovation process
(Clark, fortheoming, Edguise, 1997, OFCT,
1997y, ="

This conceprual framework has come 1o be
known as “national systems of innovation™
(NSL) framework”™ (Froeman, 1987 Lundvall,
1992y, A NSE s defined in number of slightly
different wav (Freeman, 1987 Lundyall, 1992
Melson, 1993 Patel & Pavit, 1994 Metealle,
1993%, Broadly speaking, it can be described as
Lhe system or nelwork of private and public
sectar institulions whose interactions produce,
diffuse and use economically uselul knowledpe
e component parts of the svsiems and their
meraetions  are determined by colturally
defined norms, historically determimed institu-
tenal developments, nutional prioritics and are
defined by geographic borders und national
policies, 11 15 not pecessutly suggested that
tatianil povernments have cxplicitly developed
muzevation systems in this way, although some
clearly have. But. in cconomies where such
interactive systems have evolved successfully,
the innuvative performance of these economies
s been strong and this bas been reflected in
rupid  mutes of economic growlh {Frecman,
1987, 1991, -

Rather than presenting a blueprint for inst-

titional - reform, NS is concerned  with
mapping and evaluating channels for knowl-
edge fows,  identlving  bottlenecks and

suggesting appropridte remedial action, In this
sense NS1 presents iosel of analyvtical |'|r|11|..1|"-|m
for understanding the innovation process in a
national context, and identilfving leverie
points lor cnhancing innovative Dtli’lunnum_t
These principles inélude:

assessing the extent of instilutional inter-

actions,



Thkd WORLLY DEVELOEMENT

—assessing tmpediments to Gows: ol knowl-
edue bebwieen nodes,
dascssing  the  opportumtics. for and
consirtints W intersctive learning and insh-
tutional innovition,
assessing policy and practuices thatl can
ive rise 1o fulures of the component parts
working s i system.
The authors believe that i partnerships in
agricultural technelegy  development are 1o
emerge as a core methodolegy, the analvtical
principles of NSI have a lot 1o offer, Not only
can they provide & uselel approach to analvee
the ypes of svstems [wilure that the Vijavu case
demonstoates. But more importantly, they can
he used o the context of policy formation o
identify  leverage  paints where  Innovative
performance can be improved and ways in
which this can benelit the poor. The suggestion
here 45 not that this spproach should replace
existing upprouches, but rather that i should
supplement them. Econcmic analvsis of returns
to investment in research s still important.
Participatory - methods, o an appropriale
institutional context, dre a key lool in inereis-
g ows of koewledpe between farmers and
ather parts of the innovalion system.

While the NS1 approach is now mainsiream
with  organizations  such  as OLECD  and
UNCTAD, = s application in the agriculture
sector of developing countries is mainly untes-
ted, Further work 5 reguired to develop its

apphcalion in contexts where the institutional
nides in the system may be nongovernmental
orgiizations (NGOs) or civil society organt-
zations or instances where market incentives
for technologeal change are absent. As the
circumstances in the developing coantry agri-
cultural sector suggest, however, an overriding
need for o more inclusive approach to under-
standing technology developmen! as o process,
NI should provide a wselul starting point

T CONCLLISTIONS

Partnerships in technology development are
important because of the benelits im innovative
performanee derived [rom productive relation-
ships between those organizations engaged in
formal research and those engaged in the use of
new knowledge in economic producton. rom
a policy perspective, muany of the shorlcemings
ol exisung conceplual approaches 1o technol-
ogy development i the context of partrerships
could be supplemented by the anabviical prin-
ciples that NS1 provides. A key lesson for those
advocating  the adoption  of  partnership
approaches 15 the need 1o be prepared to
accommaodale suflicient scope tor the continu-
ous process of mstitutiona] chanze that s
maplicit inomuch of the current thinkme aboa
the way mnovation actually works.

MNEYTES

1. See, lor exwmple, DEFILD (E997), TORTSAT (194,
2 The ferm private sectar s ased 10 cover all argan-
sational tepes o slde ol government including the
CESEPITSE secior, nopgovernment orgdnizatiens, [armers
issodiition wikd dooperalives

0 A these partnerships need 1o opemate aeross
draciphiees ut all levebe s thay are o be effcitive. This
becomes-clear in the discussion of Seclion 5,

A Worh (P, p 3
% Tor esample, Lundvall (1992) refers predomimately
1o “thenes that pattern behavior” whereas Nelson | 1992

[t predominantly on formal erganization

i, These mternatonal agneullural rescarch centers are
citllectively know as the Conmsultative Group on Inter-

mationit] Agricoltural Besgireh and ace often referrad Lo
ws b OO0 Centers: They ure supported I maltil
and bilateral support as well as by contnbulioms: Jor
member countoes that they are serving,

eral

T The classiond soarees referrmg to the develomnicnt of
thes approach melude Sehule (19330 angd  Griliches
1957y Mo seeent relinanents o the approach can
be ol in Alston and Pardey (1980,

2, Fora discussson of thes, see Fhooer ol 115

9. Bee Hojoswarn (B3 tor comprehensive eritigque of
the whele returns o mvesiment approgeh, See Alston
and Pardey (19963 for cnbgue oF exaegernted bevels of
returm reporied

[, Hrowns Seed of Change, which highlighied the
ety ssues ansing from early expeniences with the
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Crreen Revolution, was undoubiedly the seninal work i
a wvery lerge oy of debute. which either impleitly or
cuplicitly queshioned the ahilily of periculivral B&D,
despite (€ apparent successes:s 1o benelit the poor
Laptam and Langhurss (489 provide a comprelicnsive

review ol this debate and deaw conelusions on the

it of technical dhange o the CGroen Revolution vra
[ Brown, 15705

PE See for esainple Umali-Demmgaer {1998 and Pray
andd Ulpmali-Drmnger ¢ 1995)

13, S Llall and Clark {1995) for 4 detinled review of
these comcents.

13 Oihers: had digcossed the role of farmérs s
inmavatirs (motably Bichards, 18850 but these authars
exphicitly hinked it toceriicsm of imstitanional armoge-
s

[4. See, for example, Trpg (19824, Collinsen {1987,

A

See, [or exmnple, Chanhers and Jigems (1987,

i, Abudant eximples of this metheds-dven debate
cant be Tound m PLA notes. For ontesee: Troopp 4 1933,
Bizes (19951 Biges and South (1998) and Hadl and
Ry (Fau, '

17, This*boilds on a'series of paper by Biggs over the
Jast decade (notahly Bigzs: 19900 in wioch e makes the
punt (stased Mo vamious ways) thar Y ageaculiural
pestrel and technolopy diffusion wre always Muindamien-
Lally mmtegrated over time with pobitical, economic, and
institutional events.”

15 Anderson (1991 deseribes the way Lhal s was
very much g reflection of LS foreien policy al Lhe
fime. The concern was that growing sumbers of
hungry people o Asia would led o potitical instabil-
ity and e spread of communism. The decision of

the  Rockefeller foundaton o shoft s, emphasis

from  health to apricufure was of cnbeal  mipor-
tange

19, The casestudies presented hivve arisen {rom a series
ol studies of the Indinn hortseuttural sector ondertaken
gver the past three vears by sagntists from the Maral
Hesvurces Instilute m celliboration with Tndian SC1er-
tists, entrepreneurs and Farmess with Tundieg from the
DI Crop Post-Harvest Research program, Thiswork
worepored in more detl i Andeews and Hall (19975,
Flall, Taylor, and Malins (1997} Hall Sivamehan, Clark.
Tagler, and Bockewr ( 1998), Mulins, Taylor, and Filcker
(19thy, Malins, Flall, and Teyloe (19975 Srvamohan
1997, svmmohanand Hall (998, Taylor and Madins
1997 b1 and Tavlor, Halls and Sivamohiin (1998},

0, Sew Jor example, CHECTY 19596

I Chirk 019900 explamation ol the erms comples and
evilutionmary Gas implied by dynamic) s uselul heee, The
priocessessare Ccomplex i the sense that they ane
comnposed of many agents whose amesactive behavior
15 only predictable by W himied extent since il s
conditiomed continmally by refatively unknown Tuiure
evinta evolintionnry beciuse thie agénes avecontinuilly
shufting thitr idencify (formung, dissolvimg and reforo-
gl m response o the varlehle environmenits in which
they wre placed ™ (p 15)

23 Clark (1991, p 3

230 Carlssan (19930 discusses ™ u similar concept using
e term wechnologieal svstems, See alo Clack (forth.
coming) for a teeatment that siresses formal mformution
theory

M Edguist (19971 provides aubstaniial discossion on
the precise defmition of pationnl iInnoveton syvsents,
and the way different guthors: have micrpreted the
coneept and 1% shorlcomngs.

25, Ree also UNCTA {19907
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