Science and Technology in Civil Society
Innovation Trgectory of Spirulina Algal Technology

The role of civil society in influencing public opinion towards more democratic
and developmental approaches is now well-recognised in diverse fields such as health,

education, livelihoods, issues relating to disadvantaged social groups and the environment. Yet,
science and technology in India is predominantly seen as the preserve of the state, and more
recently the market. In the linear model of innovation, civil society is seen at best as having a

role in extension or the delivery of technology produced elsewhere. This paper, a study of

science in civil society, questions this assumption through the case study of the work of a

civil society-led initiative in spirulina algal technology. It highlights the need for an
institutional transformation of the scientific establishment into learning organisations if they
are to focus on development with a pro-poor or human face.
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logical change has major implications for the poor and
their development prospects. In an environment wherein
agricultural research centreshaveto perform broader rolesbeyond
increasing food supplies, the greater challenge lies in the trans-
formation of agricultural research centres into learning
organisations, more in touch with field realities and better able
to respond to feedback and in thisinstitutional rather than tech-
nological innovations are likely to play a larger role. Unfortu-
nately the traditional transfer-of-technol ogy approach to agricul-
tural research that dominates the institutional arrangement acts
as barriers to learning. A more fruitful approach would be to
recognise the multiple sources of innovation and look for more
client-responsive scientific practices. The silence of the agricul-
tural establishment to the recent pesticides in aerated drinks
controversy is a case in point and indicates a complacent view
arising out of alinear view of innovation that separates research
from extension and thereby externalises these problems as fail-
ures of delivery or extension mechanisms instead of pointersto
a more systemic failure in the practice of science.!
Acknowledging the multiple sources of innovation, this paper,
an empirical study of agro-processing innovation by a civil
society organisation, seeksto further this process of institutional
learning and change in agricultural research in India. It looks
at thework of the Murugappa Chettiar Research Centre(MCRC),
acivil society organisation that rooted spirulinaalgal technology
inIndia. It profilesthe activeinvol vement of anon-governmental
organisation in all aspects of theinnovation chain—devel opment
of the scientific idea (invention), trandating that idea into a
commercial proposition (innovation) and extension of the tech-
nology both into the market and rural communities (diffusion).
Rather than see thisinitiative as an isolated case of individual
genius, this paper seeks to place the efforts of the MCRC as part
of alarger narrativeon scienceincivil society that hasbeenlargely
under-reported both within studies on science and the general
civil society literature. It explores the nature of civil society
initiatives in science in India and examines their difference vis-
a-vis the state and the market in terms of an explicit pro-poor
focusin research. It investigates possible lessons for agricultural
research in India through an examination of research praxis of
analternative paradigm of learning and innovationincivil society

The accelerated pace of environmental, socia and techno-
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that could inform research project design, research management
and practice.

This paper is divided into three parts. The first part outlines
the context for the study within three frames — a sectoral under-
standing of the post-harvest innovations context in India, the
historical and social context of research by civil society in India,
andfinally spirulinaasasitefor abiotechnol ogical application with
a pro-poor focus that has escaped recent biotechnology debates
surrounding goldenriceasthenutritiond alternativeinthe tropics.
The second part of the study maps the various phases of the
spirulinaagal technology innovation systemin India. It seeks to
situatethework of theresearch centrewithin existingwork onalgal
technology in India highlighting points of departure in research
practice. It also explores the nature of partnership in the various
phases and the changing role of the main actors in the system.
In Part Il the research culture of MCRC is examined through
ananalysisof thetechnical and non-technical writingsby research
staff for insightsinto the conceptualisation of research and deve-
lopment, formation of partnerships, problem definition with an
emphasisoninnovationandthepracticeof enabling organi sational
learning. Thisisfollowed by an exploration into theimplications
of the casefor agricultural researchin India. It will also explicate
how an innovation system’ s framework can enable new perspec-
tivesthat can guide research and institutional learning for future
activities, especially, in identifying how new players like the
agricultural research establishment can enter the system and take
it further. It thereby seeks to demonstrate that the case is not
just about spirulinaor MCRC, but aso about a new framework
of closer interaction between formal and not so formal science,
science by the state and science by civil society.

|
Introduction

Technology transfer in the decentralised rural industrial sector
is conceptually and operationally different from the agricultural
sector. Few research centres in India handle multidisciplinary
problems and the agro- or food-processing areaisone of the most
difficultfor achieving successful commercialisationdueto synergy
required amongst multiple partnerswith diverse backgrounds, long
gestation periods, non-availability of raw materials throughout
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the year and many risk factors [Moulik and Purushottam 1986;
Gol 1981; NRDC 2003]. Hall et a (2003) have recently argued
that post-harvest R&D seems to sit uncomfortably in the con-
ventional arrangementsfor agricultural research. Unlikethecrop
improvement research that hasclearly identified central scientific
personnel (plant breeders, molecular biologists), well-defined
products (new varieties), and a clear main client (farmer), post-
harvest R&D has no neat categorisation. It covers engineering,
food science, pathol ogy, marketing economics, hasalargenumber
of players both public and private and diverse stakeholder in-
terests and agendas with different skills responding to different
incentives. The post-harvest innovation is frequently embedded
in a wider set of relationships and contexts than is implied by
the conventional research-extension-farmers’ model of R&D.
Managing this with a pro-poor policy goal is challenging given
its complexity.

Many of the constraints to the post-harvest innovation have
been identified as institutional in nature and relating to conven-
tional approaches of R&D planning [Hall et a 2001]. The
conventional (and widely criticised) model that much of Indian
R&D still conforms to is premised on the desirability of linear
relationships linking research and economic production. In this
model, investments made in the basic research are assumed to
produceknowledgewhoseval ueincreasesthroughfurther ‘ down-
stream’ incremental investments in an adaptive research. The
knowledgeisfinally givento adedicated organi sation (extension)
charged with passing it to atechnology user who finally applies
the new knowledge to economic production. In this model there
isinstitutional separation, with activities associated with know-
ledge search and generation (research) organised separately from
those involved with knowledge transfer and application. There
is thus, a division of labour whereby public scientific bodies —
seen as the primary source of new knowledge — are organised
inahierarchical structurewithalinear flow of resourcesand infor-
mation from the top to the bottom. One of the problemsthat this
mindset encouragesistheview that civil society should belocated
at the last stage of the innovation chain (extension activities)
disseminating the innovations of others and not as contributing
to invention. This case seeks to challenge this assumption.

There is now a wide recognition that assumptions of the
conventional or linear model of innovation do not reflect the
complex reality of technology development and innovation in
theagriculture sector. Instead, thisisnow understood asaprocess
that involves linkages and feedback between the main actors
[Clark et a 2003]; multiple sources of innovation [Biggs 1990];
iterative processes of learning and reframing of approaches and
research questions [Hall et a 2003]. Of particular relevance to
the focus of this paper on innovation in civil society is the
recognition that the actual practice of science dependsto alarge
extent on the different settings in which it takes place. For this
reason, understandingtheroleof organisational culturesinresearch
planning, performance evaluation has assumed importance
[Pickering 1992; Feller 2002; Watts et al 2003].

There have been several compilations on technologies for the
rural sector by different scientific organisations such as the
Council for Scientific and Industrial Research (CSIR in 1980,
1984, 1995 and 2004), Council for Advancement of Peoples
Action for Rural Technologies (CAPART 7 volumes 1986-92),
Centre of Science for Villages, Wardha (CSV in 1982 for the
Department of Science and Technology (DST) with a women
focus), and the Centre for Technology and Development (CTD
in 1993 for DST). While most of these compilations have show-
cased the technologies on offer (or on shelf as there is little
information on end use) thelatter ones provide more detail sabout
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the innovation process in the post-harvest sector. Of the above
compilations the 1993 database by CTD, though dated, has an
interesting compilation of resource persons with their institu-
tional affiliations and subject interest and is shown in Table 1.

The distribution above shows that the mandate of post-harvest
technologies has gone well beyond the formal science establish-
ment asrepresented by thel ndian Council for Agricultural Research
(ICAR) or CSIR systems. Inrecent years, organisationssuch as the
CAPART and the science and society section of the DST have
emerged asimportant players. Further, the presence and expertise
of NGOs representing civil society is by no means small. What
then has been the historical and social context of such initiatives?

Institutional Gntext of Gvil Societylnitiatives

Theinitiatives from organisations outside theformal scientific
establishment and the private sector in agro-processing in India
have not been documented sufficiently and hence, have escaped
most narratives in the history of agro-processing in India. The
effortsby civil society have been presumed to be sporadic, small
inscale, or trivial in scope and have bypassed academic analysis.
As a result possible insights on ingtitutional learning from the
practice of science by these institutions have not been part of
science or research policy debates.

There have been critiques on public research in agriculture in
India since the early part of the 20th century. Some of these
critiques were based on an dternate scientific practice like the
Allahabad Agricultural Institute (AAl) founded by Sam
Higginbottom in 1910. The Allahabad institute had by the 1930s
established itself asone of thefinest agricultural collegesinIndia
with pioneeringresearchinfarmimplements, thefirst-ever degree
course in agricultural engineering, one of the earliest schemes
of extension projectsand awomen’ sprogrammeinhomescience.
Unlike other state-run agricultural schoolsin Indiathenthat were
amost exclusively teaching centres aimed at producing staff for
the agricultural service with little or no contact with villagers,
the Allahabad institute emphasised practical training aimed at
producing good farmers[Hess 1967]. Thework of Higginbottom
isindicative of thekind of institutional innovationsin agriculture
that were attempted in the early part of the century outside the
formal science establishment.?

Though Higginbottom’s work did not receive state attention,
it caught theimagination of nationalistslike Gandhi who believed
that the agricultural school shared his ideal vocationa educa-
tional model. The two first met at the historic Benares Congress
in 1916 and were intellectua scientific compatriots ever since.
Gandhi wanted Higginbottomtolater head theagriculturewing of
the Congress, an offer given the political conditions of the time
Higginbottom politely declined. Years later, as part of a dis-
senting tradition of scientific intervention with a pro-poor focus,
Gandhi constituted the All India Village Industries Association
(AIVIA) in 1934. Thiswasthe first organised nationwide effort

Tabl e 1: O stributi onof Resource Persons i n Post - Har vest
Technol ogi es

Cat egory Agro- Food- Rost-  Resour ce
Processing Processing Hirvest Persons

I CARandagricul tural universities 9 12 23 28
NGOs 10 16 13 25
Lhi versi ti esandeducat i onal

instituios 5 10 10 14
Qher researchinstitutes 3 6 6 10
CSl Rl abs 5 4 7 8
Rrivateconsul tants 3 8 2 8

Surce: @l | atedfromCID1993. Many resour ce per sons i ndi cat ed nor e t han
oneareaof interest henceoverl aps.
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to intervene on behalf of the poor in the agro-processing sector
and yet, the initiative finds no mention in standard readings on
agro-processing in India

The AIVIA can be seen asapioneer in civil society initiatives
and rura innovations in agro-processing. Pointing to the need
for a different science for the rura poor, a voice neglected by
the formal scientific establishment, Gandhi remarked on the
context for such an institutional intervention.

The field (of village industries) is so vast ... that it will tax all
our business talent, expert knowledge and scientific training. ...
| sent a questionnaire to several of our well known doctors and
chemists, asking them to enlighten me on the chemica analysis
and different food values of polished and unpolished rice, jaggery
and sugar, and so on. Many friends have responded only to confess
that there has been no research in some of the directions | had
inquired about. Isit not atragedy that no scientist should be able
to give me the chemical analysis of such asimple article as gur?
The reason is that we have not thought of the villager. ...What
kinds of laboratory research shall we have to go in for? We shall
need a number of scientists and chemists prepared to lay not only
their expert knowledge at our disposal, but to sit down in our
laboratories and to devote hours of time, free of charge, to ex-
perimentsin thedirection | have indicated [Gandhi 1934: 409-11,
emphasis added)].

TheAlVIA had aboard of advisorsthat included Higginbottom
to advise especialy on scientific matters. A notable part of the
institutional structure isan attempt to broadbaseitself by having
anumber of stakeholdersat conceptual stage. These stakeholders
wereto includelay personswho could be memberswith no quali-
ficationsother than the desireandinterest to participate aswell as
agentswhowereto market the produce. Suchasystemnecessarily
ensured better information flow between the various actors.

It is in the writings of the outspoken Gandhian economist,
J C Kumarappa, thesecretary of the AIVIA, that wefind glimpses
of theway researchwasconceptualised and executed. Kumarappa
worked out the details of the kind of questions that this new
research and scientists should engage with. These were linked
to contemporary issues of food shortage and famine, but were
addressed within a much broader context that sought to include
non-productive and qualitative concerns like the requirement of
a balanced diet for everyone as opposed to a mere increase in
food supplies.® Noticeable is the conception of research in
AIVIA that sought to look at integrated systems and not just on
the productivity of the parts. Thus there was an emphasis on the
whole plant as food for humans and fodder for cattle; in oil
processing too the research was conscious of the oil content of
the cake as cattle feed and not just the productivity of the seed
for oil. Thisemphasison nutrition for the masses as an important
consideration for research is noteworthy, a line of inquiry that
was picked up by MCRC in the case study. The AIVIA was not
a Luddite response to technology that believed in idealised
communes cut off from the rest of society. It collaborated with
several scientific ingtitutions especially on the question of nu-
trition even as it fought the state politically. These partnerships
with the research laboratories provided an important scientific
basis for the critique of developmental practices on promoting
nutritionally inferior oils such as Vanaspati that Kumarappa
described asa* prostitution of scientific knowledgeandfor taking
liberties with nature, science and progress’ [Kumarappa quoted
in Vinaik 1987:84].

There have been several innovations from civil society since
AIVIA. The responses have been diverse, based on their
respective ingtitutional contexts. The AIVIA has changed in
character since the establishment of the Khadi and Village
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Industries Commission in 1957 that took over the mandate of
AIVIA, making it a state-led and sponsored activity. This has
led to a serious erosion of AIVIA's original charter. However,
there have been several organisations that have sprung up,
especialy in the late 1970s, to address a pro-poor mandate in
the rural non-farm sector. One of these is the Centre of Science
for Villages (CSV) at Wardha, which was set up in 1978.

The 1990s have seen magjor changes in the agro-processing
sectors, with civil society initiatives seeking to establish new
relations with the market through diverse products and institu-
tional means. Thisisin the context of the large-scale failure of
state-led effortsinenabling poor farmersto copewiththechanging
nature of local and global markets in the wake of liberalisation.
Some like the Nimbkar Agricultural Research Institute (NARI)
in Phaltan, Maharashtra, have suggested diverse uses of such
crops as sorghum. The Centre for Technology and Devel opment
(CTD) based in New Delhi with years of experience in rural
industrialisation is another such initiative. Conceived as a
multidisciplinary group with engineering, natural and social
sciences backgrounds, this centre has been involved in techno-
logy transfer for small-scalefarmersin fruit, vegetable and agro-
processing. The experience of CTD shows an understanding of
the contemporary market that is different from that of the state
and corporate interests. A more recent institutional innovation,
still in process, isthe Rural Innovations Network (RIN) that has
sought to approach the problem from adifferent perspective. The
RIN seesitself asproviding critical managerial inputstofacilitate
the honing of entrepreneuria skills using business models of
venture capital in the corporate sector, thereby ensuring both
monetary and social returnstorural innovators, donors, investors,
research institutions, voluntary organisations, entrepreneurs and
rural consumers.?

The diverse approach to innovations in agro-processing from
civil societyisincreasingly beingrealised. Givinggreater autonomy
from governmental control to research organisations, and giving
non-governmental public institutions the space and resources to
play alarger, more effective role in research, have been seen as
issues of the direct relevance in restructuring the public research
system [Vaidyanathan 2000]. This study seeks to explicate this
genealogy of constructive dissent through the case study of
spirulina algal technology at the MCRC. Why spirulina?

Spi rul i naas Bi ot echnol ogy f or t he Poor

Spirulina agal technology is arare case of an organisation in
Indiabeinginvolvedinall stages of development of atechnology
— conception, commercialisation and extension to socia sectors.
Thework by MCRC on spirulinain India had a prominent place
in world devel opments. Indiawas the only country where large-
scale nutrition studies (5,000 pre-school children administered
spirulinafor over ayear) were undertaken and work covered al
aspects of spiruling, from simple cultivation basins to the large-
scale commercia farms and the earliest to have a standard for
theaga. Themedical reportsfromthelarge-scaletrialsconfirmed
that it was auseful supplementary Vitamin A diet putting to rest
motivated attempts by corporate science that was keen to push
synthetic Vitamin A and that raised doubts on the toxicity of
spirulina. The scale of operation (the total number of data points
inthe study were 90 |akh) of the nutritional study presentsagood
case for study in technical and institutional partnerships.

Y et, despite several firsts, spirulina has not been seen as part
of recent strategies using biotechnology for Vitamin A supple-
mentation through Golden Rice. There are several experiences
of thespirulinastory includingitsobviousnutritional possibilities
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that indicate the need to place the work at the centre of the
biotechnology debates. Here is a case where a technology was
developed completely indigenously and widely discussed in the
public domain. C V Seshadri of MCRC was, in fact, one of the
founding members of the Indian Society of Biotechnology in the
1980s. Further unliketherecent fieldtrial sthat havebeen shrouded
in secrecy herewas acase of ahigh degree of transparency of the
large-scal efieldtrials. Hereisal so acasewherethedepartment of
biotechnology has played a proactive role in supporting indi-
genoustechnology development especially with asocial content.

Spirulina has been seen as awonder food, a high quality food
supplement containing Vitamins B,, B;,, By, C, and E besides
protein. With a71 per cent protein content it isthe highest natural
source of high quality protein ever known to man. The protein
yield per unit area per year is the highest compared to other
protein-yielding crops. Spirulina contains all natural vitamins,
minerals and growth factorsincluding gamma-linolenic acid and
the highest amount of beta-carotene a precursor of Vitamin‘A’.
The microorganisms including those pathogenic to humans and
other animal sareeliminated inthe production processof spirulina
due to its requirement of a very high alkaline growth medium.
Spirulina’s preference for tropic and sub-tropic climatic condi-
tions offers a best land use in arid areas and has tremendous
potential for use as food supplement (used to combat stress by
executives and by athletes for quick energy synthesis), health
and medicine (non-insulin dependent diabetes and cholesterol
control, Vitamin A, deficiency and malnutrition, an adjunct to
cancer patients undergoing chemotherapy, a lactating agent for
mothers, etc) as a feed in pisciculture, sericulture and ento-
mology; as a colouring agent in food and chemical essays and
also in cosmetics.> How was this ‘wonder food' developed in
India and what was the role of MCRC in it?

|
I nnovationTraj ectoryof SirulinaA gal
Technol ogy

The story of spirulina and its transition from a research idea
in the laboratory to an applied technology in the form of a
commercialy produced food supplement is typical of many
stories of innovation. It is complex and characterised by the key
players entering (and departing) the stage at different times, with
championsemerging at critical points, only to fade and let others
emerge. Itinvolvesbasic research and applied and adaptivetasks,
but not always in that sequence. And it is highly nuanced and
not easily understood without an investigation of the players,
institutional and other contexts, and processes that relate to this
particular innovation. It might be useful to think of this story
as one about the evolving architecture of the spirulinainnovation
systems. Over the last 30 years or so this has involved different
groupings of partners, different relationships, and processes. The
main phases of this evolving architecture are discussed below.
What is noteworthy about this story is how MCRC emerged as
an important player at a critical time and, for reasons discussed
later was able to drive the innovation process in ways that may
not have been possible in an institutional setting of the formal
scientific establishment. Indian work on spirulina algal techno-
logy can broadly be grouped into seven phases or stages.

Early Wrk by | AR

Algal research in India dates back to 1953, when the Indian
Agricultural Research Institute (IARI) began research on the use
of algae for nitrogen fixation and later to treat sewage and
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industrial waste. Much work in this period was on taxonomy of
algae and their use as bio fertilisers. The organisations involved
were Central Food Technological Research Institute (CFTRI) (in
1973CFTRI enteredintoacollaborationwith Germany to produce
apilot plant), the National Botanical Research Institute (NBRI),
Lucknow; the National Environmental Engineering Research
Institute(NEERI), Nagpur; thelndianV eterinary Research | ngtitute
(IVRI), lzzatnagar; and Auroville, Pondicherry. An All India
Coordinated Programme on Algae (AICPA) started in 1976 to
cover various aspects of algal production for food, feed, and
fertilisers. Thework on algal biofertilisers was ahead of itstime,
and did not fit in with the push given to synthetic fertilisers as
part of the green revolution in India. The first spirulinafarm in
Indiawasestablished at Navsari, Gujarat, in 1974. Althoughthere
were no major breakthroughs in spirulina cultivation, this early
work is important because it created a base for the later active
involvement of MCRC. It also usefully illustrates the time lag
involved in the commercialisation of an idea.

MRC sinitia Wrk

The MCRC was set up in 1973 as a private R&D centre of
the Murugappa Group of companies and was transformed by C
V Seshadri who, asitsdirector from 1976, madeit into aleading
autonomousR& D centrewith arangeof activitiesshowing strong
socia concerns. Seshadri brought to MCRC the skills of a
researcher and an academic with considerable industrial expe-
rience (he had just established India’'s largest yeast factory in
Mysore). In 1977 an Algal Division was set up. An important
conceptua leap at MCRC on agal research was the linking of
energy and photosynthesis. The research outputs, entitled the
Monograph Series on Engineering of Photosynthetic Systems
(MSEPS) reflected a philosophy of integrated holism and in-
volved an interdisciplinary team of scientists, engineers and
amateurs right from the start.

The point of departure from other research centresin Indiawas
MCRC'’ s biomass emphasis and focus on algae as afood instead
of as afertiliser or an effluent treatment. The MCRC preferred
algal culturesfor their work over conventional plantsasthey gave
high output per hectare, consumed little water per unit of useful
biomass yield, allowed for whole cell or plant utilisation,
possessed high protection and vitamin output per hour, and were
amenable to severa engineering improvements because they
could be cultured in liquid media.

The algal work was strengthened when Jegji Bai, an algologist
attheMadrasUniversity, joined onanhonorary basis. TheMCRC
scientists screened large numbers of algal cultures for a suitable
selection and successfully isolated spirulina fusiformis from a
phytoplankton collection from a pond in Madurai. The isolate
was then adapted by growing it in village conditions using
unskilled labour. Subsequently, open-pond spirulina cultivation
with different nutrient media compositions using cheap raw
materials(seawater of varying composition, crudeseasalt, biogas
effluent, and nutrient bag methods) was tried. Unlike other parts
of theworldthat focused onlarge-scalecultural systemsrequiring
sophisticated and costly engineering design, the scientists felt
that Indian conditions demanded small decentralised algal sys-
tems operated by non-technical hands. This approach was aso
a break from the general practice in Indian scientific establish-
mentsthat paid littleattentionto an adaptationtolocal conditions.
Thus, while the CFTRI work with German collaboration was
capital-intensive, MCRC work was cost-sensitive. Conscious
efforts were made by the scientiststo incorporate local materials
and local conditions in the design. Feeding trials were done on
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fish, dogs and calves, and spirulina was found to have an edge
over other protein supplements encouraging its trial in MCRC
canteen with some popular Indian dishes to determine its
palatability. Experiments on algal milk farming (algae and
fodder) using solar-boosted energy were also made.

The initial work at MCRC was thus one of vigorous experi-
mentation over a wide range of activities. The simultaneity of
basic and applied work and the design of experiments to suit
Indian conditions and budgets set MCRC apart, not only from
research carried out elsewhere, but also from ‘normal’ science
in India. There was sufficient confidence to increase the scale
of operations by 1981.

Large-Scal eQul ti vati onand Qormerci al i sati on

Building on the laboratory investigations, a pilot-plant feasi-
bility study wasinitiatedintheearly 1980sthat indicated promise
as a potential rural activity for food and feed production using
waste materials. Inthisphase, thework wasdirected at mastering
the cultivation of spirulina from test tubes to flasks and small
outdoor ponds. A separategroup of nutritionistsdevel opedrecipes
for use with algal slurry and sun-dried flakes. The technology
was sufficiently matured by 1984 for a pilot-scale facility to be
commissioned.

The collaboration with the Murugappa Group companies and
Industrial Credit and Investment Corporation of India (ICICI)
saw the establishment of India's first completely indigenous
spirulina production facility. Thetechnical innovationsincluded
the ‘Prakara pond’, the ‘Raji’ filter system, and a paddle-wheel
agitation system that resulted in cost and materials economies.
The MCRC was aso involved in test marketing the product and
in formulating the Indian standard for processing of spirulina
alga, IS 12895: 1990. India was then perhaps the only country
in the world where such a standard existed. The specifications
covered minimum protein and vitamin levelsin thedried product
besides specifying its contents and tolerance levels.

A severe funding shortage affected the future of the project
even as commercialisation began. The timely involvement of
NRDC allowed an inspired agreement to be devised to finance
the project while protecting the autonomy of MCRC, and en-
suring continued interest by the Murugappa Group of companies.
The NRDC believed that the process was a breakthrough in
indigenous technology development. Seshadri and BV Umesh
of MCRC were awarded the NRDC President of India Award
for Invention in 1991.

S mul t aneous S udi es on Vi | | age- Level Producti on

Concurrently there was a parallel effort aimed at the social
objectiveof nutritional self-sufficiency for villagers. TheMCRC
initiated experimentsindownscalingthetechnology tosuitvillage
women. It isthe rural client focus of civil society organisations
that allowed for such a strategic shift in research direction. The
cultures using mud pots were tried out in late 1982. They were
chosen because mud pots were easy to handle and good as
transient cultures from laboratory to open-air conditions. Along
withthetechnical innovationtherewasasocial innovation. Based
on the promising data it was felt that this could be a suitable
technol ogy toteach villagewomen andtraining programmeswere
initiated. Thework carried theideaof nutritional self-sufficiency
asspirulinaprocessing and marketing would makeit an expensive
proposition for the peoplewho needed it most, i e, villagewomen
and children. The MCRC believed that technologies devel oped
exclusively for women had a better chance of social and cultural
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acceptance than technologies that were designed for men, but
later ‘diluted’” for women or for rural areas. The vision was to
demonstrate that microbiological skills could be taken down to
the personal level for nutritional self-sufficiency [Jegji Bai 1986;
1992].

Y et another experiment where MCRC did not work directly,
but through others, waswith theorganisation NutritiononWheels
(NOW). Here MCRC provided the spirulina culture and NOW,
incollaborationwith AntennaTechnologies, identifiedtwovillages
near Chennai for cultivation. Transtech, whose founder was
associated withNOW, later marketed the spirulinaunder thetrade
name Progen®. Village-level kits for 4-10 m? ponds were
distributed amongst selected beneficiaries, and the women were
ableto augment their incomeby Rs 100 amonth. The programme
had to bemoved after ayear duetotheunforeseen social problems
and local conflicts in the villages [von der Weid 1993]. This
experiment is an interesting case in partnership, and a precursor
toMCRC' sownextensionoutreach. Transtechimportantly hel ped
to develop the market for the product while creating an awareness
of the usefulness of spirulina amongst genera public.

MRG | ed A | | ndi a Qoor di nat ed Pr oj ect

In 1990 MCRC approached the government for large-scale
field triadls. The department of biotechnology (DBT) evinced
interest and an All India Coordinated Project was initiated in
1991 with MCRC leading it. Of the four components of the
programme the biggest was the large-scale nutritional supple-
mentation (L SNS) with spirulinaalga. Prior toL SNSexperiments
weredoneat theNational Instituteof Nutrition (NIN) butinitiated
by MCRC had demonstrated the toxicological safety of spirulina
and the bioavailability of beta-carotene [Annapurna et al 1991].
Later, with a view to exchanging notes among the larger com-
munity involved in spirulina and reviewing the state of the art
in India, MCRC hosted a national symposium titled ‘ Spirulina:
Ecology, Taxonomy, Technology and Applications (ETTA)’ in
1991. This broad-based symposium resulted in the publication
of a comprehensive treatise [Seshadri and Jegji Bai 1992] that
is cited extensively in contemporary spirulina literature. The
Indian effort was the only large-scale endeavour in the world
dedicated to the therapeutic uses of the whole alga.

Aspart of LSNS, awell-monitored nutritional supplementation
programme using spirulinawas undertaken in arural population
of 5,000 pre-school childrenin Pudukkottai district, Tamil Nadu,
for over a year. The unprecedented scale of operation of this
programme required major ingtitutional innovations from the
MCRC that went beyond its professional mandate as a research
organisation. It involved collecting and analysing nearly nine
million data points. Recognising the need for beta-carotene
administrationintheform of anatural foodstuff, theM CRC intro-
duced" Spiru-om’, amixtureof spirulinaand‘ omum’ or ‘ Ajjwain’
(Trachyspermumami) mixed withicing sugar. Thiswasadminis-
teredto thechildrenin theform of noodles and results monitored.

The study showed statistically significant reduction in Bitot's
spot and night blindnesswith several interesting anecdotal results
asreported by Anganwadi (community childcare centre) workers
and teachersin schools. The study demonstrated a cost-effective
substitution of expensive imported Vitamin A and provided
conclusive proof of the benefits of spirulina, setting to rest the
motivated efforts by several multinational companiesthat sought
to show spirulina as a toxic and their own vitamin substitutes
as more effective. The cost was estimated at Rs 1.5 per dose
that could be reduced to Rs 1 and even further if the product
was made |ocally [Seshadri 1993a; Seshadri and Thomas 1993].

4367



The LSNS experiment is an interesting example of partnership
by an NGO that was ahead of itstime and involved awiderange
of actorsfrom scientific bodies, researchingtitutions, universities
and medical colleges, tolocal healthworkers, extension workers,
teachers, parents and children in the villages.

Ext ensi onActi viti es—Spi rul i naas | ncone
Generat i on

With the potential of spirulina having been demonstrated,
scientific agencies such as the DST and DBT sought to extend
its possibilities through such specific projects as biotechnologies
for scheduled caste (SC) and scheduled tribe (ST) women. This
wasfirst tried out in villagesin Pudukkottai district amongst nine
women using medium-sized ponds. The concept was then ex-
tended as part of earthquakerelief in Latur in Maharashtra under
a project called Spirulina for Employment Generation and
Rehabilitation of Victims of Earthquake (SERVE). Two hundred
women were trained and a decentralised production facility, the
first of its kind, was established.

Work at MCRC on spirulinahas more or |ess stopped in recent
years, athough the organisation maintains the culture, and is
willing to train NGOs. The spirulinawork now has gone beyond
MCRC in non-linear ways. The NGOsinspired by the nutritional
potential of spirulinahavetaken to village-level production. The
extension of spirulina production in the 1990s is noticeable for
the diversity of approachesin construction of tanks, processing,
products, marketing and distribution. It hasentailed technical and
institutional innovation beyond mere replication.

CSV in Wardha, Maharashtra and Auroville in Pondicherry
are two NGOs that have been involved with spirulina activity
for 20 years. Ripley Fox initiated CSV’swork at Karlain 1982
through an integrated system involving sewage in the nutrient
medium. There has since been a product diversification into skin
creams (acombination of beeswax and spirulina) and face packs
for the local market, apart from the usual tablets. At Auroville
the work has had arevival in the 1990s. The seven 30-m? ponds
now in operation harvest 500 kg annually. The farm uses solar
power for water pumping and over a thousand people consume
spirulinaregularly. Auroville has aso trained severa people to
set up their own farms.

The Antenna Trust based in Madurai with technical support
from Antenna Technologies, Geneva, isaleading training centre
in spirulina cultivation with a well-equipped laboratory. An
interesting case of innovations in the extension of a technology
is the work done by the Reorganisation of Rural Economy and
Society (RORES) inKolar, Karnataka. Enthused by the potential
through an article in the journal Health Action [Anonymous
1997] that described the potential of the alga in combating
mal nutrition, RORES contacted MCRC for technology transfer.
Stahilising the production involved an iterative process of ex-
perimentation and visits to the Antenna Trust and a spirulina
factory apart from the contact with MCRC. The technology has
been modified substantially through several ingenious applica-
tions for an expanded capacity of 6 kg per day. The irregular
rural electrical supply necessitated local innovation wherein the
paddle agitator was solar-powered using an unused photovoltaic
panel from alocal NGO. The agitator was designed using high-
grade stainless steel 316 blades chosen for its inert media and
proven anti-corrosion properties. The ‘high tech’ blades and the
motor were procured second hand from aBangal ore scrap market
and suitably redesigned.

The spirulina activity fitsin well with the NGO’ s agricultural
extension activity. The laboratory for spirulina does additional
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work on soil analysis. Greenhouses for the nursery were incor-
porated for solar drying of spirulina. Markets are both rural and
urban, the latter cross-subsidising rural consumption. Farmers
are encouraged to use spirulinafor cattlefeed, and there hasbeen
apositive effect on cattle fertility. RORES feel s confident about
transferring thetechnol ogy toinnovativefarmers, but statesupport
has not been forthcoming [RORES 2002]. The RORES case
highlightstheiterative process of technology transfer wherefield
conditions have given rise to interesting innovations in the
process. This innovation by a local NGO has taken spirulina
production far beyond what MCRC had envisioned.

The spirulina cultivation has now spread to many production
centres in India particularly in the south. In northern India, a
university botanist—PushpaSrivastava, aparticipantintheETTA
symposium — has innovated the use of spirulina for income
generation by women belonging to the SCsand STs at Bassi near
Jaipur, Rajasthan, and a larger experiment on the lines of Latur
for Gujarat earthquake victims. It is thus evident that much
activity is going on at the field level with diverse results and
experiences in use and even in the health benefits of spirulina.
Most of these activities have been without state support and some
are now sustaining themselves. The field level experiences aso
indicate the possibility of greater scientific involvement espe-
cially with regard to expl oring heath care uses of spirulina. These
grassroot workerswouldliketo undertakestudiestovalidatewhat
arenow largely anecdotal experienceswith the notable exception
of the study initiated by Antenna Trust [Thinakarvel and
Edwin 1999].

Futureof Spirulina

If thestory of spirulinasofarisanythingtogoby, theinnovation
trajectory may yet take new directions and present new possi-
bilities. Thus, while many of the funding agencies have been
looking at the spirulinawork astechnically closed, with activities
restrictedto extensionalone, fieldvisitsindicatethat thisishardly
the case. There have been severa ideas at MCRC and elsewhere
that have not been tried and in need of scientific intervention.
(e g, processing spirulinain the form of easy-to-make processed
foods like curds or cheese). Similarly, no major effort has been
made to repeat the nutritional study in another district or state
onasimilar scale. Evenif not onthat scale, itisclear that spirulina
consumption hasbeentaking placeinrura Indiafor several years.
No scientificinput hasgoneinto trying to assessits health impact
or to make scientific sense of the wide range of anecdotal
experiences in these areas. There is much work to be done.

Table 2 captures the evolution of the innovation architecture
of spirulinain India. Quite clearly, not only was MCRC critical
to the spirulina innovation trajectory, but there was also some-
thing unusual and valuable about the way MCRC viewed the
task of innovation and its role in that process. In the following
section this work is placed in context and the research culture
that enabled the development of thistechnology by civil society
is explored.

|
Innovationi nntext: ResearchQul ture
at MCRC

The spirulinawork was shaped by the unconventional research
culture at MCRC. A central influence shaping the philosophy
of MCRC was its director during this period — C V Seshadri,
who was an extraordinary individual, a gifted visionary whose
ideas (almost always) challenged conventional thinking and
received wisdom on issues even as fundamental as the laws of
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thermodynamics and the concept of time [ Seshadri 1993b; Balgji
1996; Visvanathan 2002]. However, it isimportant to recognise
that there was more to the research culture of the place than the
geniusof anindividual scientist. Theheuristicsof suchaculture of
scienceisrevea edinmany of thetechnical notesof theorganisation
and merit attention for their role in enabling innovation.

The earliest evidence of this unconventional research problem
definition isin the first monograph of MCRC [Seshadri 1977].
This monograph not only outlines the philosophy of research
work at the centre, but also calls for the articulation and defini-
tion of an engineering problem based on a keen sensitivity to
the socia issues of a developing nation. This philosophy of
‘holistic invention’ was to form the key to the MCRC approach
to problems of science and technology and rural development.
Some of the features of this research culture a& MCRC are
discussed below.

I npor t ance of M si ons

A guiding feature of research at MCRC was the way it was
driven by visions of an extraordinarily ambitious kind. The
technical ideas presented in the first monograph were novel in
their use of energy analysisto determinethe choiceand definition
of research problems at the centre and ahead of its time. The
idea to use both the energy of stock gases and the materials to
fix the carbon in one of the most efficient photosynthetic
systems, namely, algal culture, was indeed novel. Even though
the actual application of stock gases for alga photosynthesis
did not fructify, the philosophy behind such an approach shaped
the day-to-day practice of science and the research culture of
the centre.

In a rather bold and ambitious statement on the role of the
engineer-scientist in a developing country, Seshadri proposed,
creating integrated systems of sophisticated and appropriate
technologies by marrying the ‘vices of modern technology
possessing unlimited growth-oriented devices with the *virtues
of traditional resource-conserving technologies as the way for
the future. He outlined two proposals based on such a reading.
Thefirst, anintegratedtechnology togrow food, fodder, fertilisers,
and fuel, and the second, to use the wastes of sophisticated
industry for agricultural application. He argued that the need
was to have the best of both sets for an optimal mix, stating that
this kind of synthesis was ‘necessary to better understand how
affluent technologies can help sub-affluent people’. Sophisti-
cated technology, to Seshadri, propagated unlimited growth-
oriented devices, whereas the average Indian is used to working

inanon-growth situationin aconservativefashion. Themarriage
of thetwo technol ogieswasto Seshadri and MCRC thechallenge
of our times.

The agenda for the future work on algal research at the centre
was based on this vision. This included feasibility studies for
apilot plant of food andfertiliser-gradealgaeusingwastemateria's
and energy from large power plants, and integrating aspects of
low-cost technol ogy to minimisecapital investmentsand employ-
ing as many skilled and unskilled workers as possible. Seshadri
added a caveat to this broad agenda that realised the need for
play and flexibility inits actual implementation warning that the
divisioninto objectiveswasnot to bethebasisof priorities, rather
the attempt was to think of integrated systems of technology to
maximise common good.

The monograph is important for two reasons. First, conven-
tional sociology of science and science studies tend to ignore
the sources of creativity and theinvention part of the innovation
chain focusing more on the socia dimensions of the diffusion
and innovation processes. Secondly, the spirulina story outlined
in the previous section cannot be sufficiently understood as a
process without an appreciation of the philosophy of work of
the research centre and how this trandlated into practice. Here
is a rare conception of an engineering problem with a keen
sensitivity to social issues at avery early stage and not after the
technology is in place. It also illustrates that often enough not
all ideas at an early stage trandlate into reality in the project or
research centre. Some are, in fact, ahead of their times. Ideas
that seem outlandish are best not rejected too early.

Val ui ngFai l ure

Conventiona project evaluations with a strict success failure
framework donot valueprocessesand ' failures’ of ideas. Seshadri
from MCRC argued against the research practice in India of
treating knowledge asa‘finished product’. Thefailureto MCRC
was' anessential part of innovation, animportant part of learning’
[Seshadri in PPST 1990]. Interviews with MCRC scientists and
reporting mechanisms in technical and project reports indicate
an openness to share not-so successful experiments. This was
valued both asresearch cultureand philosophy. Infact, the centre
had planned internal reports as a forum where such ideas would
nevertheless find articulation.

Itisintended to publish periodically technical notesintheinterests
of dissemination of information and to interact with other groups
working in the areas of low cost technologies. These notes will
reflect both our successes and failures. Final reports on finished
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devices will be published separately [emphasis added, MCRC
Technical Notes no 1, 1977].

Staff of the centre remarked in interviews that “the nature of
the problems often was so unconventional that we had to make
mistakesand learn from them”. One scientist remarked that when
he first joined MCRC he was asked to make paper from silk
cotton. The work involved crude experiments with tools such
as pressure cookers that helped determine what the technical
constraintsin the processwere. These experiments by an amateur
later led to one of the more innovative projects at MCRC. All
of this could not have happened if there was no research culture
that did not promote learning by ‘thinking with hands' and
making mistakes.

I nterdi sci pli nary Researchat MORC

Theaboveinstanceof anamateur aeronautical engineer working
on problemsnot of direct disciplinary relevance wasnot atypical.
There were several such instances in the spirulina research as
well. Themultidisciplinary teams of scientists, technologistsand
amateurs were at work in the centre from very early times. Such
teams did much of the early scientific work on spirulina with
little physical infrastructure. The research centre emphasised
multifunctionality of tasks and there were several instances in
the spirulina story where physicists were engaged in marketing,
scientists in training and extension, etc. Resource constraints
often created conditionsfor institutional innovations. Therewere
also programmes in the centre that enabled this meeting across
disciplines and getting the scientists outside their laboratories.
Periodic campus cleaning drives and activities that involved
manual work that cut across disciplines and involved everyone
in the organisation were carried out with a vision of working
with nature and thinking with ones hands, both seen asimportant
activities of the centre. The research culture encouraged staff to
drop their disciplinary labels.®

Probl emDefi ni ti on and Accent on | nnovati on

The way problems were defined indicated an approach that
set MCRC apart from conventional R& D centres. Aninsightinto
this is provided by Balgji in his Seshadri memoria lecture
‘Inventing the Future'.

That famousdictum—* Technology isthesolution’, or ‘ technology

isthe answer’ —was often questioned by Dr Seshadri, who asked,

“Whereistheproblem, first?” Technology or invention must arise

out of aproblem, not asaresult of market pressureor organisational

restructuring alone ... they must address a very serious develop-
mental issue. And, with this, he went around nurturing inventive-
ness and innovativeness in al kinds of people. School dropouts,
semi-literates, and PhDsall camewith somekind of anew product or

theother, somekind of new idea, under hisguidance’ [Balgji 1996].

Seshadri was once asked in an interview, a promotional video
on MCRC titled ‘Reinventing the Whedl’, “Are we not trying
to reinvent the wheel?’ to which he responded by stating that
if you do not invent the wheel you will not have the maintenance
manuals. You need to reinvent the wheel to understand the
process of innovation, creativity and technology and to write the
operation manualsin our conditions. Importing atechnology will
not solve the problem. Much of the work a¢ MCRC revolves
aroundthisaccent oninvention andtheneedtointroduceaculture
of invention both at MCRC and the communitiesthat they worked
with. This accent on introducing a culture of invention has
paralelsin Gandhi’s views on creating a ‘ charkha atmosphere’
or a public culture of experimentation [Shambu Prasad 2001].
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There was an attempt to open the black-box called invention.
Therewerethusno blueprintsfor invention either but approaches
that they sought to follow in their work.

Institutional Learni ngacrossProjects

One of the features of MCRC isthe crossfertilisation of ideas
across projects. From the narrative of the spirulina project it is
noticeable that there were major shifts in research directions
especialy in the manner of applications. A closer look at the
projectsof MCRC in thelast 25 yearsindicates several activities
happening simultaneously on different projects. This enabled
learninginthespirulinaprojectandviceversa Oneof the outcomes
of the earliest projects on nutritional and energy self-sufficiency
in rural areas was the notion of ‘Integrated Energy Systems', a
concept used in the spirulina project. Similarly, training women
in using workshop tools lead MCRC to try out spirulina pro-
duction by rural women. Several small-scale experiments, espe-
cialy on nutritional requirements, fed into the large-scale trias
both in spirulina and in other projects.

At another level, developing algal cultures gave the group a
chance to explore a whole range of renewable energy devices
for agitation of cultures and drying algae or biomass-based
digesters. From each of theseinnovations afurther set of devices
andtechnol ogiesgrew. Thework on biogasenabledidentification
of cellulose-degrading bacteria that led to development of a
pulping process for papermaking, solar drying to devel opment
of water-distillationunits, etc, [ Thomas1996]. TheM CRCviewed
all its activities (both research and development) as learning
exercises and because these different sets of activities “talked”
to each other thislearning could be used to stimulate innovation.

Seshadri and MCRC believed they were responding to the
Indian innovation context wherein an import substitution was
overemphasi sedwithout lookinginto cultural contextsthat brought
about innovations. Creativity and innovation, they believed,
could take root in such a scenario. For MCRC ‘invention could
not be categorised, classified, displaced and disposed of, and
could take place anywhere' . Reflecting on the culture of science
being a preserve of the state Seshadri commented that ‘a sad
feature of the profession (of science) is the way private sector
scientists are treated by government scientists with a lot of
suspicion and hostility, almost as though they were not Indians
[Seshadri 1984]. The MCRC was aso critical of the lack of
judgment on converting an idea into a product in rura aress.
The MCRC was thus responding to science being viewed as
exclusive and an activity of the scientific establishment with the
rest havingtofight for their legitimacy intheir practice of science.

Sci enceand | nnovationinAl ternati ve
Institutional Settings

This paper began by suggesting that post-harvest innovation
processes are characterised by a degree of complexity that
conventional R&D arrangements in the public sector have dif-
ficulty coping with. In contrast, despite being overlooked in
policy debates on this issue, it was argued, civil society
organisationsare active in thisdomain and, in fact, are practising
science and promoting innovation in ways that holds many
lessons for research policy. This case amply demonstrates the
systemic nature of the innovation process features of which are
summarised below.

Evolving groupings and diversity of players and roles: The
spirulinastory demonstrates the way innovation involvesalarge
number of diverse players both formal and informal, research
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and non-research actors with diverse and flexible roles of actors
over time. These players change, with groupings or partnerships
that emerge and evolve and changing roles of actors. The in-
novation system started with the agricultural establishment in
Indiabeing themajor player initiating basicresearchinthe 1950s,
changed to the current situation, where the scientific establish-
ment had almost no role. In between there has been one major
player — MCRC — that has transformed the way spirulina was
seen in the country, arole now taken on by other organisations.
MCRC has played a scientific research role, but also that of
disseminating technology. RORES, an NGO involved in
extension, became an important source of technical innovation
whenit becameinvolved in devel oping village-based production
system. In either of the casesthere has been no linear progression
from a research to a dissemination role. A key feature of the
innovation system associated with spirulina has been the way
both the composition of playersandtheir rolesevolved over time.
Partnerships: The spirulina story also demonstrates some of the
reasons partnerships are important to innovation and shows that
important partnerships are often between research and non-
research actors. The case of partnerships by MCRC with village
women and later the NOW initiativeand theL SNSwork illustrate
this. The value of partnerships has been to:

(a) Bring new agendas to the research process that go beyond
the scientific focus and perspective of the researchers involved.
In this case the client focus (rural women) of research was
sharpened.

(b) Bring new skills, resources and networks. The collaboration
with NOW helped MCRC develop the market and bring greater
awareness amongst the public of the benefits of spirulina. Simi-
larly, the LSNS study enabled greater access to the medical
community leading to severa independent studies on the health
benefits of spirulina.

(c) Raisedthelevelsof accountability of MCRCandthespirulina
innovation system. MCRC could no longer rest on its glory of
commercialising the product, but had to become an important
player and partner in a new system with different norms of
accountability for nutrition in rural areas. While MCRC aways
believed in the concept, the partnerships actualised the possi-
bilities.

Animportant point hereisthat the spirulinainnovation system
hasacapability that ismorethan the sum of itspartsand concerns
level sof skillsand resources, but a so concernstheway thesystem
behaves—i e, the agendasit pursues and the patterns of account-
ability it responds to.

Rewor kingthestock of knowledge: TheM CRC experiencesuggests
that innovation is all about drawing from the existing stock of
knowledge and using, adapting, and diffusing it in new ways.
Algal technology had originally been conceived asabio fertiliser
that was reworked by MCRC to produce a food supplement
technology. This was subsequently reworked to meet diverse
objectives such as rural employment, enterprise development,
nutritional security and disaster relief — al innovations on the
spirulinatheme. AsEdquist (1997) pointsout, innovationsinvolve
creations, which may be brand new, but are more often new
combinations of existing elements.
Respondingtoevolvingopportunities: Thespirulinastory indicates
innovation is often aresponse to emerging opportunities and that
successful organisations are those that can seize these opportu-
nities when they arise. So for example, there has aso been a
gradual evolution of objectives and trajectories along the way
— food, fodder, energy, large-scale, small-scale. The use of
spirulina for the earthquake relief work was another response
of this type.
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Iteration between research and technology tasks: The spirulina
case also shows that there was no linear relationship between
basic and applied research, or between applied research and
diffusion. There has been alot of iteration between these stages
that areconventionally compartmentali sed asstrategicand applied
tasks. The idea of innovation as a systems concept does not
diminish the importance of science, but instead, locates it in
different relationships and points in the innovation trajectory.
Learning: Many of the points above alude to an underpinning
process that seems to be driving forward the innovation process
and the trajectory that it follows. This process is learning and
it confersthe evolutionary dynamic that characterisesinnovation
systems. Learning comesfrom different contexts—for examples,
from the experience of NGO’ s establishing village level produc-
tion systems. Not all of these lessons are technological but
institutional, i e, how to do something, who to work with, how
to test results and validate findings. Often it was necessary to
fail in order to learn how to move forward. In fact, many of the
ideas and designs failed, but provided useful information and
insights. Learning is thus a fundamental property of the inno-
vation system. Watts et al (2003) have recently pointed out that
institutional contexts and professional behaviour that can take
a constructive approach to failure and learning have much to
recommend them.

At MCRC cooperation and communication was encouraged
across the organisation reducing internal barriers and hierarchies
facilitating learning acrossproj ects. L earning acrossprojectswas
helped by an organisational culture that saw research as capacity
building for the whole organisation. The value of a flexible
approach to professional mandates especialy in evolving inno-
vation scenarios was demonstrated at MCRC. The involvement
of trained physicistsin marketing, or theinvolvement of amateurs
in research teams broadened the research. The close contact of
MCRC with field-level realities on the one hand and scientific
organisationson theother werethe strengthsthat facilitated better
problem definition.

The case of spirulinawork at MCRC showsthat thereisaneed
for a change in organisational culture that encourages broader-
based pursuits across the basic to applied continuum and that
values failures, allowing for learning across projects and disci-
plines. Conceptualisations of non-technical and non-quantifiable
aspects of research need to be encouraged amongst scientists.
A reflexive element needs encouragement more than greater
alocationof resourcesfor R& D. Inother words, therearelearning
possibilities through case studies of institutional and innovation
histories that need to be more fully explored by science policy-
makers. In general, research activities need to be conceived as
part of the larger process of innovation. Concepts such as the
innovation systems could usefully be employed to help map out
the architecture of these systems, hel ping identify missing links,
and institutional failures. Research policy needs to pay more
attention to building the capacity of these systems. In this task
institutional innovations will be critical.

The notion of innovation as systemic phenomenon [Freeman
1987; Hall et @ 2001, 2003] allows the consideration of therole
civil society to go beyond the dualities of formal versus non-
formal science. There is nothing in the spirulina innovation
trajectory that represents single ownership of ideas or concepts.
For far too long, civil society and state science in India have
seen each other’ s activities asin opposition. With the increasing
realisation that there is a lot of technical content in extension,
(as indeed this case has demonstrated) formal science needs to
extend thedomain fromwhenceit picksitsproblemsand research
ideas. Within the new framework of the innovation system,
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cregtivity canbecel ebrated, irrespectiveof itsingtitutional contexts.
Morethan any increased funding allocation thisrequiresachange
in approach in the way state science looks at the field and the
complexities of technology transfer. Formal science needs to
recognise the ‘hidden histories of science' in civil society
initiatives and incorporate them as part of the ‘legitimate’ nar-
rativeif sciencehasto haveapro-poor humanface.” Thespirulina
case study, in fact, illustrates a critical and underutilised role of
an aternative paradigm of learning and innovation. &l

Email: shambup@yahoo.com
Not es

[This report has benefited immensely from the severa discussions with
research staff (both past and present) of the Murugappa Chettiar Research
Centre and the NGOs and researchers who shared their experiences on
spirulina cultivation. | would also like to thank Andrew Hall for his very
useful comments and suggestions on an earlier draft and for suggesting
connections with the innovation systems approach. The study was funded
by the Crop Post-Harvest Programme of the Department for International
Development (DFID). The views expressed however are those of the author
alone]

1 The pesticide residue debate in India following the Centre for Science
and Environment (CSE) findings has often been seenintermsof regulation
of multinational companies and ignoresthe larger question of agricultural
practices that brought about the contamination of groundwater in the first
place. For a similar silence on agricultural science on cotton farmers
suicides see Shambu Prasad 1999.

2 One finds elements of such constructive dissent in Albert Howard's
Agricultural Testament (1940) aswell. Thepioneer of theorganicagriculture
movement in India had sought to see agriculture as an art. He argued
for a new type of research investigator who needed to be both a farmer
and a scientist. In both Higginbottom and Howard we see the need for
the iterative element in the innovation chain with scientists having to get
ideas from the farms and not just in their laboratories.

3 Kumarappaargued that the prime consideration in any programme of food
planning would be in ‘getting the maximum of nourishment out of the
food consumed’ [Kumarappa 1971: 299, 423].

4 For more details on the Nimbkar Indtitute see www.nariphatan.virtualave.net
and for the Rural Innovations Network see www.rinovations.org, also see
Www.sristi.org.

5 On the various applications of spirulina see www.nrdcindia.com,
www.Spirulinasource.com and Seshadri and Etagére 1986.

6 For afuller discussion on thedifficultiesinimplementing interdisciplinary
research in universities, see Feller, 2002.

7 Chattopadhyaya s(2002) recent dictionary of Indianscientists, forinstance,
has no mention of either Seshadri or Higginbottom.
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