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Agricultural research has provided the engine for growth of Indian agricultural economy in at least the well-endowed regions. Even in the remaining rainfed parts of the country, the research has made some difference, though the impact is very limited over space, time and sectors/commodities so far. That is the reason why more research is needed. But not along the similar lines. It would produce similar results. And the results would be replicated even in the high growth regions where the growth is quite unsustainable. How do we make a departure in Ninth Five Year Plan and in which direction?
In this paper, I submit that planners have to make commitment for much larger allocations for agricultural research than ever before because we are poised to make major impact on the global scene through new alignments, approaches and assaults on the problem of poverty and hunger. But this would not happen if research resources are allocated on the old criteria, managed through convention​al organizational structures and evaluated through existing peer groups. Am I as​king for too much? May be. But I am also suggesting that our combined capabilities are certainly larger than Vietnam which became a rice exporter despite no trade relations with USA and Indonesia which could reduce pesticide consumption and yet increase paddy yields. India is likely to exceed the US wheat production levels within next ten years if not earlier. Similarly, we are likely to make major gains in oil seed sector, thanks to the turning around of dry regions like Rajasthan. But what will these gains add up to?
Declining groundwater levels (at the rate of may be three metres per year), in​creasing resistance of pests and 'weeds' to pesticides and weedicides, ingress of sea salinity in coastal region, increase in soil salinity and alkalinity due to mis​management of land and water, increasing imbalance of nutrients due to exces​sive mining of native fertility, and above all the massive decline in biodiversity. Though of course the productivity in the short term will certainly increase. Obviously the picture need not be so grim. How do we make it more hopeful?
I divide my presentation in three parts: In Part One I discuss the key challen​ges that agricultural research sector is faced with. I summarise our position ar-
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ticulated earlier. In Second Part I suggest some strategies to turn around agricul​tural research organizations into a buoyant system that is forward looking and at the same time closely tuned to the grassroots realities of our country. Finally, in Part Three, I discuss the key questions that have to be answered before suggested strategy can be implemented.
PART ONE: What have we learned or not learned?
I will not repeat the arguments presented in an earlier invited paper in the first Agricultural science congress entitled: Can we Add without Subtraction? Some awkward questions for revitalization of Agricultural Research Strategy (Gupta, 1992) . I will briefly review those questions since these are still relevant.
1.0 Organization of Research: Lessons Not Learned or Partially Learned
1.1 Creating new institutions without having excellent scientists to head them
helps in institutionalizing mediocrity.
We should not start new institutions without closing or merging the existing ones (we have seven institutions dealing with soils science for instance). I understand that ICAR has decided to restrain itself in this regard.
1.2 Creation of well-focussed research networks
1.3 Combining holistic and reductionist vision for sustainable outcomes through
interdisciplinary and inter-sectoral research networks.
1.4 Induction of young scientist through mentoring process with outstanding
leaders of science rather than allocating ther1 administratively to various in​
stitutes and departments.
1.5 Encouraging young scientist to design and head new programs. It is only in
India that a young and competent scientist has to spend at least ten to twenty
years before he or she is entrusted with independent research leadership.
Senior scientists consider it below their dignity to work under the leadership
of a younger scientist even if he/she is acknowledged to most knowledge​
able in the subject.
1.6 Competitive research grant process to be initiated so that suggestion under
point 1.5 becomes a reality. Also this help put stop to repetitive and ir​
relevant research through peer reviews of every program that needs to be
continued beyond a particular period. QRT systems in ICAR institutes is
supposed to serve that purpose but as many QRT team members have noted,
their recommendations are often not implemented.
1.7 We should not add new research programs without subtracting the old ones,
otherwise we would do justice to neither.
'Gupta, Anil K. 1993, Can We Add Without Subtraction? Some awkward questions for revitalizing agricultural research strategy, in Prem Narain (ed.), Proceedings of First Agricultural Sciences Congress—1992, New Delhi: National Academy of Agricultural Sciences.
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1.8 The post-graduate research and education has also acquired some of the
weaknesses of the overall research programme. There is a need for urgent
review so that repetitive kind of post-graduate research can be avoided.
1.9 Periodic reviews of post-graduate research in different disciplines is very
necessary. In such a review of post-graduate research in five disciplines in
1985 (Gupta, Patel and Shah, 1985), very serious imbalances among sub​
jects, commodities, interdisciplinary subjects etc., were noticed. For in​
stance, most of the theses in agronomy were on fertilizers and within this, on
chemical fertilizers. There were very few theses on only organic manuring
or organic and inorganic fertilizer together. Vermiculture was absent.
1.10 Funding for research has largely been through budgetary resources. Most of
the public sector, cooperative and even private sector organizations in
agriculture have not invested in research. In a survey of Corporate Invest​
ment in Agriculture Research (Gupta and Singh, 1990), we found that many
public sector seed companies had not invested a penny in seed research.
1.11 One of the great ironies of resource mobilization strategies of public sector
research institutions has been that they charge the same price for any testing
facility to a multinational corporation or a small-scale entrepreneur. Ob​
viously such a practice has to change.
1.12 The agricultural research extension system needed to be recast. One cannot
use the same strategy of agricultural extension in high growth, medium
growth or low or no growth regions. It was suggested that public extension
system as it existed could be wound up in 50 top districts. The private sector
which earned most of its profits from these regions, I argued should bear the
cost of extension along with the farmers organizations. The bottom 100 dis​
tricts have very complex problems and would need much greater emphasis
on portfolio approach to farming system research, on farm research, adap​
tive trials etc. (Gupta, 1987, 1988, Shingi, 1996).
1.13 The dealers and traders who continue to be a major source of information
about market inputs have to be educated and trained to understand the im​
plications for sustainability. The segmented approach of selling inputs
without looking at the long-term sustainability has increased the inefficiency
in the entire production system.
1.14 The national research policy in certain sectors gets influenced by the foreign
aid agencies to varying extent. All such agreements should be available for
review through National Academy of Agricultural Sciences so that greater
accountability can be ensured.
1.15 In many research areas, ICAR and SAUs could be global leaders in provid​
ing technical expertise to third world countries at costs lower than offered
by any other country. There is no doubt that such an assistance would also
generate market for Indian goods and services in future. Indian research sys​
tem could also bid for international projects and generate incentives and ex​
perience   for   Indian   scientists   and   explore   opportunities   for   close
cooperation.
Reorienting Research Priorities in Ninth Five Year Plan   335
1.16 The linkages between formal and informal science need to be strengthened. The database on farmers' innovations developed in the Honey Bee network supported by IIMA and SRISTI provides an extraordinary opportunity for blending farmers' innovations with formal science. The intellectual property rights of creative farmers, communities and scientists need to be protected to make this source of future sustainable agricultural growth globally competi​tive.
Many of these ideas, as said earlier, still merit attention. Some of these sug​gestions were also made in our report to ICAR entitled. "Reorganization for Revitalization: Issues and Perspectives—Report on Reorganization of Indian Council of Agricultural Research Headquarters" (Gupta et al., 1991) and the background papers of Top Level Workshop on Management of Research of Rainfed Regions organized by IIMA, CRIDA, NAARM, and ICAR in 1989 based on the earlier workshop held at CRIDA, Hyderabad in 1988. The issue paper for the 1989 workshop is attached in the Annexure 1 and the proceedings of the 1988 workshop are attached in Annexure 2.
PART TWO: Key challenges for agricultural research in Ninth Five Year Plan and suggested strategies to cope with these
(a) Developing Technologies for Highly Variegated Conditions
The Green Revolution was possible to a great extent because of the com​patibility between the conditions at the research station and large parts of ir​rigated areas. However, with passage of time and imbalanced use of chemical inputs, location-specific biotic and abiotic stresses have emerged. One cannot develop technologies for wide diffusion even in the Green Revolution regions. In the other rainfed areas, such a possibility never existed. The implications are that far more resources would be required for on-farm research to develop answers to location-specific problems. Same pest or pest complex may behave differently in different micro environments and generalized solutions would merely aggravate the already serious situation.
In rainfed environments, the development of technologies has to be done in a portfolio perspective. Because of the environmental uncertainties, farmers have to diversify their portfolios (see Annexure 3 on summary of the research issues identified in Gupta, 1989). Unfortunately, despite two workshops of senior level scientists eight years ago (see Annexures 1 and 2), many of these issues remain unaddressed in our research policy.
2Gupta, Anil K., V.R. Gaikwad, P.N. Khandwalla, I.M. Pandcy, and U.K. Srivastava (1991), Reorganization for Revitalization: Issues and Perspectives—Report on Reorganization of Indian Council of Agricultural Research Headquarters, Ahmedabad: Centre for Management in Agriculture, Indian Institute of Management.
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(b) The incentives for scientists to develop technologies that will diffuse only
in a limited area are not in place today. Unless we match incentives with the tech​
nological challenge, scientists are unlikely to reorient their priorities.
(c) The problem of declining productivity of inputs has become extremely
serious. We had estimated that if the index of productivity of inputs was con​
sidered 100 in 1970, the index value had come down to 60 in 1989. The implica​
tion is that we have to apply so much for inputs to get the same amount of output.
The 9th FYP has to address this issue in a strategic manner. Several specific
measures can be taken. For instance, assessment of the exact decline in produc​
tivity of different parts of the country and for different farming systems, initiation
of long-term research to arrest this decline, investment in public education and
awareness regarding balanced use of inputs, strengthening of testing laboratories
to enable farmers to apply these inputs more judiciously, improvement of regula​
tions to use various resources etc.
(d) The sustainability of agriculture has become a serious challenge because
of declining ground water, increasing pest resistance, negative effects on the
quality of environment and the health of consumers and farm workers (due to
pesticide residues/exposure). Agricultural research to reverse these trends will re​
quire re-organization of research programmes, and allocation of more resources
for areas conventionally neglected.
(e) Reducing cost of cultivation has become a major source of anxiety for the
farmers. With withdrawal of subsidies in future, the problem will become even
more complex.
Unless research on low external input agriculture is initiated, it is unlikely that the cost will go down. The work on apomexis gene in hybrid crops is likely to reduce the cost of seed for the farmers drastically. They will not have to buy hybrid seed every year. Similarly, work on herbal pesticides, fungicides and other non-chemical approaches to pest and disease control also deserves priority. Honey Bee database supported by IIMA and SRISTI has one of the largest variety of innovations developed by the farmers in various fields of sustainable agriculture ranging from pest management, indigenous veterinary medicine, soil and water conservation, farm machinery, growth regulators, etc. We have in this database more than 5000 cases of farmers' innovations and traditional knowledge with names and addresses of the farmers collected from about 2300 villages of Gujarat. Similar innovations have been documented within India from Tamil Nadu, Rajasthan, Karnataka, Orissa, Andhra Pradesh, Madhya Pradesh, Haryana, U.P., etc., and several other countries. Innovations from Mongolia, Vietnam, Colombia, Tanzania, Uganda, etc., provide an unique opportunity to build up a Knowledge Network to link creative farmers, communities and scientists around the world. SRISTI has developed a proposal on the subject being discussed with Global Environment Facility so that this Knowledge Network unencumbered with formal bureaucratic hurdles can help connect those who solve problems. We could aim at establishing the nodes of such a Knowledge Network in each district and block of the country through voluntary contribution of grassroots innovators.
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Such a Network would require combining electronic, written and oral media so that people to people communication takes place in their own language ensuring full acknowledgement of their ideas.
(f) It has been proposed in the discussions of working group on resource
mobilization for 9th FYP for ICAR that a venture capital fund for small innova​
tions be set up to link innovation, investment and enterprise. The Honey Bee data
base provides an opportunity to operationalise such a fund immediately. No such
fund exists in the country. In a collaborative research programme between SRIS-
TI and IIMA, an artisan viz. Amrutbhai from Junagadh was supported to develop
a bullock-cart which could distribute FYM directly in the furrows by tilting the
cart. Normally the manure has to be emptied from the cart in one part of the field
and then has to be distributed in the furrows with the help of baskets. It takes lot
of time and energy. Amrutbhai solved this problem which has bothered the
farmers for a long time through a venture capital loan from SRISTI. Undoubted​
ly, lot more can be done if scientists can join hands with the creative farmers in
producing low-cost sustainable technologies.
(g) Conservation of biodiversity has become a very dominant concern because
growth in agriculture has been accompanied by decline of diversity in crop as
well as livestock sector. In-situ conservation accompanied with proper incentives
must receive high priority in 9th FYP. As a part of a proposal being developed for
Convention on Biological Diversity to be discussed in the next conference of par​
ties in November, 1996. I have discussed an elaborative scheme of incentives
which can be provided to the creative farmers and communities conserving diver​
sity. Different models will need to be tested in different conditions to explore the
feasibility of what will work where.
In Annexure 5 we provide the ethical guidelines that some of us Pew Conser​vation Scholars developed with the help of several non-Pew Conservation Scholars to access biodiversity. It is important the conservation of diversity is at​tempted in an ethical manner so that people who conserve biological diversity do not remain poor.
(h) Much of the production in extremely economically backward regions is or​ganic, often by compulsion rather than choice. We have no facilities in the country for organic certification. We have taken up survey of consumer preference for green products through our students at IIMA for last two years. It appears that there is a considerable demand for such products which has not been articulated because there are hardly any sources of supply in urban areas. Since conservation of diversity and organic agriculture are closely linked, incentives for one can help in achieving the progress on the other front as well.
(i) Export of agricultural commodities is likely to be an important strategy of future economic growth. It is true that export in certain sectors can lead to in​crease in the domestic prices which can further fuel inflation and affect the poor adversely. Therefore, one cannot develop an export led model of growth without providing strong support for meeting basic human needs all around the country.
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Vietnam which has become a major rice exporter had to put restriction on the ex​port quantities last year precisely for this reason.
At the same time, for becoming globally competitive, quality of Indian products will have to be very high. We are aware of the recent instances when In​dian shipments of wheat were returned because of quality problems. Institution building for generating quality consciousness has to be one of the important thrust areas in 9th FYP.
(j) Subsequent to GATT/WTO regulations, there has been considerable rethinking about how should India position itself globally. Indian wheat production is likely to exceed that of US in the next decade. At the same time, area under many rainfed crops such as sorghum has come down drastically in some parts of the country. The landuse considerations will compete with the market incentives and export potential. A synergy between different goals is not easy to achieve. Perhaps, one has to ensure that different stakeholders recognize the implications of distortions in the incentive structures on the long-term competitiveness of Indian agriculture. By going for short-term gains we might impair our ability to reap long-term rewards. The export policy has been a classic example of inconsistent and incoherent pulls and pressures from different quarters.
(k) The provision of non-actionable subsidies under WTO has to be used to target the scarce resources in the regions of high unemployment and low per capita income. The absence of discussions on these provisions clearly demonstrate the class bias of various actors in the debate on GATT.
PART THREE: The questions that need to be answered before implementing suggested strategies
The agricultural research priorities are primarily determined by the historical trends, individual biases or preferences of the scientists and of course by the pat​tern of resource allocation. In addition to these factors, development of crisis situation on various problem issues also influences the adaptation of research strategies. Except to a very limited extent, the disadvantaged groups of farmers, farm workers particularly women have had very limited, if any, influence on the research prioritization process.
Will it be possible for different research programmes to have farmer advisory committees which will meet at least four times in a year preferably in the villages to discuss the research programme, its relationships with the local problems and solutions and future needs. Such a process should begin from a department in the university or a division in the institute and progress to higher levels. Unlike in the past when only affluent farmers excelling in the consumption of chemical inputs were selected for occasional consultations or representations, future peer groups will have to comprise such farmers who distinguish themselves in solving problems even if sub-optimally.
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To what extent can a consensus be achieved to phase out the toxic chemicals from the agricultural systems and generate a strong research programme on development of alternative safe strategies including herbal products.
Whether the in-situ conservation of crop and animal germplasm will be facilitated by organization of farmers, pastoralists, fisherfolks so that appropriate incentives can be targeted to such groups.
Will formal scientific community consider building bridges with the informal scientific community of creative and innovative farmers part of Honey Bee net​work so as to develop sustainable technologies which can compete globally.
Will scientists look at the data on productivity of various inputs dispassionate​ly so that the signals emerging from the decline in productivity generate right kind of policy response.
To what extent the linkage between increasing productivity, eliminating poverty and restoring environment health be understood in a manner that we don't have to make a trade off between the three goals.
Should we develop a network of farmers, school students and NGOs to regularly monitor the state of eco-system health so that present generation does not appropriate undue share of resources bequeathing a grim future for the next generation.
Summing Up
In this note, I have tried to draw upon primarily our own work not because other research studies are not relevant or important. This has been done only to articu​late our position on the subject which may help in re-focussing the priorities for the 9th FYP. I am aware of the influence that corporate chemical input industry has on the organization of agricultural research. I have tried to create a counter point in this paper by highlighting what creativity and innovation at grassroots can achieve and contribute to the goals of sustainable growth.
tI have also attached a summary of research results pursued out of collabora​tive programme of research between IIMA and SRISTT on the issue of network​ing the indigenous innovators and adding value to their knowledge system. What SRISTI has achieved is very little compared to what needs to be done in future. If some lessons from our work can become part of the research programme in dif​ferent institutions, we would consider our effort worthwhile.
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ANNEXURE ONE: Top level workshop on management of research for rainfed regions: issues for discussion and decisions
Research Prioritization: Issues
1. Whether methodology for precise characterization of environment and its
periodic updating needs modification? To what extent the status report
under NARP can be modified to include status of household risk adjustment
strategies in different micro-climating regions and during different seasons
through crop-tree-livestock interactions?
2. It is recognised that annual workshops of various commodity and discipli​
nary research programmes should have inter-programme linkages while
drawing respective research priorities in programmes on crop, livestock,
agro-forestry, nutrient management etc. How should these linkages be
forged given the eco-specific challenges of research for rainfed regions?
Should inter-programme sub-groups be appointed to review respective
AICRPs and QRT of institutes to develop agenda to be ratified by each
workshop? What are the other less costly but more effective ways of achiev​
ing linkage between say, livestock research programme and sorghum, mil​
lets and other commodity research programme?
3. Priorities in research have to match with (a) availability of skills in a
programme and (b) infrastructure for using these skills. What processes (in​
formal or formal) need to be initiated at ICAR Headquarters and in regional
committees to ensure that such a review did take place through coordination
amongst DDGs.
4. Each commodity and other such workshop while prioritising research should
include longitudinal review of results from different agro-climatic regions
along with the review of climatic parameters. While this is true for all the
programmes whether for rainfed or irrigated regions, it is much more impor​
tant in the latter case given instability in environment. The structure of such
reviews remains to be specified,
5. Feedback from farmers, artisans and pastoralists directly or through exten​
sion agencies needed better incorporation in research priorities. Given weak
articulation of various client groups and also weak extension system (for the
same reason) what innovative approaches need be used for better linkages?
6. Whether the research prioritization processes in externally aided projects
needed a separate review?
7. What role can social scientists in SAU, AERCs, general universities and in​
stitutes play in influencing research priorities? The panels of ICAR with
ICSSR and some other such bodies have not worked very well. Is there a
need for a sub-group specially for high risk regions comprising biological
and social scientists? (This is relevant for each programme as well as inter-
programme group).
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Linkage between Post-graduate Education and Research for Rainfed Regions (RFR)
Agricultural Education
1. No spectacular breakthrough in any research programme can be achieved
unless a sustained effort is made by several of post-graduate students work​
ing in sequence as well as simultaneously. Can such programmes get formu​
lated in different SAUs with specific focus on RFR1
2. To prevent post-graduate students suffering because of crop failures due to
environmental problems the degree programme would have to be modified.
It should be possible for students to analyse data of on-going long duration
experiments to fulfil their Ph.D requirements and at the same time advance
the research programme. What steps need to be taken in this regard?
3. Senior scientists including DDGs (ICAR), Directors of Institutions, Profes​
sors of Eminence etc., from different disciplines should be persuaded to
select a number of younger scientists to participate in the travelling semi​
nars. The purpose would be to strengthen lateral learning, i.e. learning from
each other within different programmes at research centres. It would also
improve quality of research, strengthen peer culture and achieve focus in re​
search.
4. Should a MOU be established between various agricultural universities and
ICAR institutions (CRIDA, CSWRI, CAZRI etc.) in different regions so that
post-graduate students could pursue their field work for rainfed conditions at
these institutions. It will also enable the scientists of these institutes to pur​
sue their own Ph.D programmes. Vice-chancellors may suggest an opera​
tional framework. (Some links such as between NSSRI, Karnal and HAU,
Hissar or IIHR and UAS, Bangalore have existed for a long time.)
5. A framework for contractual or collaborative research will have to be
developed so that centres of excellence could be established in various
agricultural as well as general universities and institutions. The example has
been given about Downy Mildew research in Mysore University   where
close collaboration between pathologists in a general university and com​
modity programme of ICAR has built up a very strong tradition of rigorous
and useful research. This would help in the furtherance of post-graduate re​
search in general universities under contract from ICAR. Current system of
ad hoc projects may not be very effective in this regard. Instead of waiting
for the proposals ICAR and SAUs would have to go out and request leading
researchers to develop strong post-graduate research programme around
specific problems. Which are the priority areas and institutions where these
links need to be established?
6. The study of farmers' own knowledge system should become part of the cur​
ricula in various universities to generate better appreciation for the problem
of rainfed regions. Should a committee be set up to design curricula and help
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locate relevant materials? Should periodic reviews be made of curricula and all the theses to see how much focus the problems of RFR are receiving?
Management ofOn-station and On-farm Research Crop Improvement
1. Screening of germplasm for low input environment at early stages of breed​
ing: Should there be a MOU between different coordinated research projects
and institutions to ensure that specific screening of material for different
agro-climatic zones particularly in rainfed regions could be organized?
2. Contingency options: Methodology for on-station and on-farm trials have to
be modified to include contingency treatments for at least three situations
including normal, sub-normal and ideal. This will also require study on
farmers' risk adjustment strategies by the designers of the experiments.
3. Watersheds as sites for on-farm commodity trials: Given the fact that
resource constraints are likely to remain for increasing facilities for multi-
location testing/adaptation of the material, should not watersheds be used
for locating trials on the farmers fields? This will require coordination be​
tween AICRPDA, CAZRI, CSWRI, National Watershed Project, DLDB
(State Dryland Development Programmes) etc.
4. On-farm research methodologies as distinct from ORPs require detailed con​
sultation between social and biological scientists. Should a Working Group
be set up to discuss the methodology and develop a draft for eventual adap​
tation in different regions?
5. For adapting crop improvement programmes to agro-forestry or mixed crop​
ping systems, should screening under these management conditions be pur​
sued?
6. The coordination between water management, crop improvement, watershed
management, ECF (Experiments on Cultivators' Fields) and other such
programmes needs to be strengthened. The operational framework will have
to be developed so that common experiments with multiple observations by
different programmes can be organized.
7. What should be the role of the staff of Extension Department and State
Department of Agriculture in organization of on-farm trials?
8. Arrangements for involving fanners and their groups in appraising on-sta​
tion and on-farm experiments have to be developed through experimentation
in different regions. The NGOs can be involved wherever possible. The
policy for collaboration of this nature has to be developed at highest level.
9. The dryland project at most centres are manned by only a few disciplines.
There are several ways to increase the involvement of other disciplines.
Should Research Advisory Committees at each location be set up to
mobilise different skills/disciplines available in various schemes for this
project?
10. Despite considerable writings on the subject of involving farmers in the
design of experiments not much conceptual or methodological advance has
been achieved. Should a working group be set up to develop operational
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framework for such participation of different social classes/groups? This is all the more important because the rainfed farmers are much less articulate and therefore, normal channels of extension do not succeed in communicat​ing their concerns to the scientists.
Linkage between commodity, disciplinary and RFRs
Linkage with livestock research
1. The on-farm research for livestock management either as a part of farming
systems research or independently is an area which is in need of urgent at​
tention. In watershed project also the dimension of livestock and pasture
development has remained ill-defined and developed. The role of livestock
in such regions does not have to be emphasized. What are the inter-or​
ganizational and programme linkages required to be forged to fill this gap?
2. What are the parameters which livestock scientists should take into account
so as to generate feedback to the crop breeders? Is it possible to develop
MOU between certain advanced centres of livestock research and national
centres for crop research so that simultaneous screening of the elite plant
material for livestock and land suitability could be done?
3. The importance of fodder and thus harvest index is well known in these
regions. Should it not be mandatory that all experiments under whichever
discipline be appraised not only on yield, but also on straw quality and quan​
tity?
4. Should livestock research institutes set up centres for advanced research as
well as outreach centres for adaptive trials in collaboration with AICRPDA
and agricultural universities having weak livestock departments?
5. The research on silvi-pastoral systems has not been adequately pursued under
village conditions. Should some action research projects be designed for the
purpose through national institutions such as CAZRI, IGFRI, CRIDA etc.?
6. During the recent drought it became apparent that State governments did not
emphasize   much on the technological inputs in the organization of cattle
camps. Also not many research findings were available about the post-
drought effect of stress fodders on animal health and productivity. Should a
working group be set up to identify the areas where the ability of pastoralists
to cope with drought and its effects can be improved through better tech​
nological input?
7. To what extent the research on indigenous veterinary medicine and animal
husbandry can be strengthened so that the knowledge of rural people can be
upgraded through scientific validation or value addition in their own innova​
tions? This is important because the livestock extension and veterinary sys​
tems in any case are quite weak in most of the states.
8. Despite the  fact that animal productivity has been improved through
breeders' association world over, efforts in this direction are not adequate.
How should such institution building activity be put on the research agenda?
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9. The research programmes on agro-forestry and livestock development also remain to be properly integrated at all levels. What data should be collected by respective programmes to ensure complementarity in their research results? Has systematic documentation of indigenous agro-forestry and livestock linkages been organized in different regions? If not, can that be organized so that research programme can build up on in​digenous knowledge.
Linkages among Basic Sciences, Agricultural Engineering and Watershed Management
1. One of the most serious problems in back-stopping applied research for
rainfed regions has been the weak basic science research. Should a review
be made urgently of the basic science research needs so that the same can be
put on the research agenda of different departments? Can commodity and
coordinated programmes contract research to basic science departments to
augment their resources?
2. Should a session on problems of rainfed research and farmers' survival
under risks be requested in the periodic workshops of different disciplines?
3. The development of farm implements for rainfed regions has remained a
weak area. Long time ago, ICAR has made an inventory of indigenous farm
implements found all over the country. Is there a need for a similar
documentation to upgrade the innovations made by artisans and farmers in
rainfed regions?
4. Is there a need for organization of workshops of artisans and small manufac​
turers to understand the science underlying various adaptations, modifica​
tions and innovations done by them? This would also provide a basis for
speedier diffusion of better implements. The feedback from extension chan​
nels in this regard has in any case been very weak.
5. The arrangements for on-farm testing of improved implements whether by"
CIAE or other institutions have been very weak largely due to resource con​
straints. Should some arrangements be made ror incorporating trials of these
implements as a component of watershed projects? The funds for/prototype
multiplication to enable large-scale dispersed trials have also to be or​
ganized.
6. The linkages between agricultural engineering, post-harvest technology,
processing and equipment industry have remained rather weak. A task force
may be set up to review these linkages so that development of technology
and its transfer is facilitated.
7. The collaboration between ICAR and CSIR may be necessary to organize
linkage between some of the basic science and RFRs.
8. The studies on energy management and by-product have not been linked up
with research on post-harvest management in rainfed regions. This is
another area where the coordinated research project in respective dis​
ciplines/fields have to evolve a system of networking.
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9. Longitudinal research on soil and water conservation, hydrological proper​
ties and efficacy of various treatments requires building social institutions
and long-term research programme. This is an area for urgent attention of
research managers.
10. One of the major areas of concern in research on watershed management is
maintenance and renewal of investments by the people after withdrawal of
the team of scientists. The social science department of agricultural and
other universities should be involved in this research. A panel of experts
may need to be constituted to periodically visit such sites and support the
on-farm research teams.
11. Is there a need for innovations in research on watershed management so that
the concept of watershed could be evolved into agro-industrial watershed?
To make technology of water and soil conservation viable and attractive for
the rainfed farmers, is it necessary to include medicinal plants and other
high value crops in the watershed projects?
12. Given the need for plant protection through group action, should research on
determinance of group action conceptualizing pest and diseases as common
property resources be initiated through inter-institutional networks?
Financial and Administration Management
1. Team building: Is it true that building teams around risky agricultural re​
search problems with uncertain outcomes is more difficult than is the case in
low-risk research? If so, what are the changes required in the performance
appraisal system of the scientists so that group achievements take primacy
over individual achievements?
2. It is well known that facilities for consulting library or even general
amenities are extremely poor in the research stations located in remote
areas. On one hand scientists in such stations do not get post-graduate stu​
dents which affects the quality and pace of research. On the other hand, the
scientists also cannot keep up-to-date with the latest trends in research.
ICARAmiversities have to take a decision that scarce resources for housing,
health and education will not be allocated to the research institutes/centres
located in large cities where market forces can provide various amenities.
This should be done till the infrastructure in the research centres in rainfed
regions is considerably strengthened.
3. The facilities for inter-regional travel for consultation and updating of skills
must be specifically enhanced for scientists in remote areas. This is in line
with the recommendation of Dr. G.V.K. Rao Committee as well.
4. Given the labour-intensive nature of technologies being developed in rainfed
regions whether the ratio of supporting and administrative staff to the scien​
tific staff needs to be different in research for rainfed regions. Further, if
larger sample size and dispersed on-farm research become necessary this
ratio will need to be reviewed all the more.
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5. It appears that given the chronic shortage of staff at stations in these regions
due to vacancies, frequent transfers or other reasons, scientists have to
shoulder many additional responsibilities. This affects their research output
on one hand and motivation on the other. Whether by contracting out certain
functions the administrative load can be reduced?
6. If the manpower constraints are going to remain as such in the short run,
should decisions to terminate less relevant research projects or programmes
be taken urgently? While this is true for all research programmes, it is
definitely true for this research stream.
7. It appears that work on farmers' fields seldom brings professional rewards
or recognition to the concerned scientists. What are the mechanisms by
which this situation can be modified?
8. The contingency expenditure is extremely limited and the budget is released
often late. Since most of the experiments for rainfed research have to be laid
out before September—the month when budget is often released—systems
have to be developed to overcome this bottleneck.
9. It was learned that there was only one centre of AICRPDA in the country
where certain experiments were continuing for last 30 years to build up
necessary database for understanding basic aspects of land and water use.
Even this had to be closed down due to financial constraints. In case there
are many such cases of strategic research being discontinued due to finan​
cial constraints there is a need for urgent top level review of financial sys​
tems to prevent such a thing to happen again.
10. Many times despite decentralization of administrative and financial powers
from ICAR to the Institutes the subsequent delegation from the Director of
the Institute or Research Centre to project leaders does not take place. What
are the steps necessary to correct this anomaly.
11. Should norms of contingency be different for RFR compared to other
programmes?*
12. The work on farmers' fields involves risks which have to be compensated in
case, farmers suffer because of design of experiment. The resources have to
be provided for compensation in genuine cases after verification through
fanners' groups.
13. Wherever trials on advanced lines are taken up on the farmers' fields the
systems for purchasing the seed back seem to be inadequate in some places.
14. Facilities for performing monitoring trials by surveying farmers' practices in
different seasons through hiring of ad hoc staff or training of rural youth do
not seem to exist. Should provision for this purpose be made in AICRPDA?
Also should the mandate of AICRPDA not be modified to include a neces​
sary feature of on-farm research? The budgetary provision for this purpose
may have to be made in the Eighth Five Year Plan.
15. The linkage between credit and technology seems to be very weak in almost
all the rainfed regions. Is it not necessary that an understanding is achieved
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with NABARD to decide about the pilot projects to be taken up in this regard?
16. Many times recommendations by AICRPs, CRIDA and other disciplinary
departments vary for the same technology and the region. The resultant con​
fusion can be avoided by devising systems of clearing house in areas where
such projects are on.
17. There is a possibility of loss of equipments and other resources when large-
scale dispersed trials are taken up on farmers' fields. Financial systems to
accommodate genuine losses of this nature have to be evolved.
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ANNEXURE TWO: Recommendations of the national workshop on management of research on rainfed regions
Context
Centre for Management in Agriculture, Indian Institute of Management, Ahmedabad; Central Research Institute of Dryland Agriculture, Hyderabad and National Academy of Agricultural Research Management, Hyderabad jointly or​ganised the workshop to strengthen organizational and management system of Rainfed Research. Detailed proceedings will follow shortly. This note include the draft recommendations which are being circulated for comments to all the par​ticipants and concerned policy-makers. These recommendations are based on the discussion on issues derived from the responses received from all the concerned chief scientists (Dry Farming) and a few Directors of Research from agricultural universities besides senior scientists from related ICAR institutes.
This workshop is the middle tier of a three-tier approach to mutual learning workshops. It is proposed to pursue some of these recommendations and related policy issues in a top-tier workshop of vice-chancellors and directors of the iCAR institutes/projects and a bottom-tier workshop of the young scientists.
Revision/elaboration/addition may be communicated by January 30, 1989 to Prof. Anil K. Gupta, Indian Institute of Management, Vastrapur, Ahmedabad-380015.
Summary of Recommendations
A) Prioritisation of Research
1. Characterization of environment:   To relate the research programme with
the climatic, edaphic and social context of the concerned research centre, a
very precise characterization of environment is called for. This will need to
be periodically updated. The status report prepared under NARP provides a
macro-basis »of this characterization. However, a systematic analysis of
several local level variables was needed to identify the niches or micro-
agro-climatic regions. The landuse systems, cropping systems and the
dynamic adjustments with climatic changes, rainfall data etc. needed to be
analysed by each research team. Methodology for characterization of en​
vironment would need to be perfected through pooling of various experien​
ces available in the country.
2. Integration of national level priorities through stronger interactions Among
Deputy Director Generals (DDGs) in-charge of different commodity, dis​
cipline and regional research programmes. It was felt that many of the weak
links between different programmes and disciplines observed at field level
could be strengthened by improving the interactions at the highest policy
making level in ICAR.
2a.   Director General felt that more innovative approaches needed to be experi​mented upon to generate greater degree of correspondence between needs of
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the dry farmers and the concerns of the scientific teams. The implication was that if the problems of some specific regions or class or dry farmer were not being addressed in the current programme corrections to reflect these problems in the future research programme will have to be made. This may also imply setting up new regional research centres/multi-location testing sites where these are not available.
3. Strengthening of programme/project level research advisory committees to
ensure   mobilization   of  various  skills/disciplines   available   in   different
schemes at a research centre. In view of the numerous examples given where
certain skills such as of pathology, microbiology, livestock sciences etc. are
not available in dryland project, it was suggested that experts in these fields
available in other schemes or departments could be co-opted on a Research
Advisory Committee of the Dryland Project at each centre. This will help
reflect multi-disciplinary perspective in the process of research prioritisa-
tion. Some of these experts may need to be exposed to the problems of dry
land before they could give appropriate advice.
4. Strengthening research review processes: A special joint committee may be
necessary comprising officials from state departments of agriculture and the
concerned scientists to periodically review the research programme for such
regions.
5. Support for specific research project which may not be part of coordinated
research project: It was noted that the provision of ad hoc research in the
ICAR had been made use of by very few scientists. There is a need to pro​
vide scope for such research even if it does not form the part of overall re​
search programme of the centre. In view of the resource constraints this will
have to be done on selective basis in addition to the other project related
responsibilities.
It was added that in case of external aided projects such as for watershed development, it must be made mandatory that any technical suggestion by the appraisal missions or consultants of substantive nature is pilot tested under supervision of scientist in the ICAR or SAUs. Special funds may be provided for this purpose in the external aided projects.
6. Contracting research to other organizations/departments: Some of the re​
search problems which were urgent but for which necessary skills of man​
power was not available in the project, system of contract research needed to
be sorted out as it is not feasible under the present arrangements.
7. The feedback from farmers and extension agencies needed to be incor​
porated while prioritizing research programmes.  It was mentioned  that
Director, Research and the in-charge of the Regional Research Centres may
like to monitor the extent to which farmers' feedback or suggestions for re​
search were responded to in an ongoing basis. A caution was however, ex​
pressed that farmers may not be always able to anticipate or demand the
type of research the scientists may be capable of delivering. Therefore, a
judicious balance between the demand-driven and supply-driven research
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programme will have to be maintained. It was considered however, that at this stage the bias has to be in favour of demand driven so that research priorities can be much more aligned to the farmer needs in different agro-ecological regions.
B) On-station Research
8.
Multi-disciplinary research requires inculcation of team spirit: Several sug​
gestions were made to strengthen the team spirit:
(a) The team leader should have the freedom to select the members of his
team based on the expertise and experience.

(b) All the project staff should be housed under a common roof.
(c) Agricultural Scientists Recruitment" Board of ICAR should encourage
team spirit by giving more importance to team contribution rather than
individual contribution at the time of assessment. NAARM may take
the follow-up action with ASRB.
(d) While giving the team awards due weightage should be given to the
leadership.
(e) A working group should be constituted to look into the conditions
under which research teams function effectively. Some interventions
for better team building should also be designed.
9. Selection, posting and transfer of the staff should be made in consultation
with the chief scientist of the project.
10. Labour and machine use at station: The conflict between the use of more
labour  and  associated  organizational  problems  vis-a-vis  use  of great
mechanization  with consequent lesser applicability  of technology  was
recognized. Several alternatives have been recommended:
(a) Specific farm operations could be contracted out.
(b) Given the competition for labour during peak season and revision of
minimum wages the market rate should be paid and ICAR/SAU norms
have to be modified.
(c) Norms of labour requirement per acre have to be changed/revised for
encouraging labour use in research.
11. There is a need to develop suitable machinery for management of ex​
perimental plots to carry out operations in time. The CIAE should take lead
in developing the required machinery. As regards the machines existing but
not available in the project, the Chief Scientist should send the list to Direc​
tor, CRIDA who will compile and take up the matter with the ICAR to
supply the same to the individual project.
12. Co-opting additional skills: The multidisciplinary team on the dryland
project should be enlarged by adding specialists from forestry and horticul​
ture disciplines. The possibilities of developing inter-institutional collabora​
tion such that hiring permanent staff in new skills may not be most
necessary have to be explored.
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13. Since the dryfarming centres are away from the main stations at most places
there is difficulty in obtaining sanction and disbursement and therefore the
centre-in charge should be given adequate sanctions, drawing and disburse​
ment powers.
14. Incentives for posting in backward regions: The dryland research projects
are located in remote places and the research workers face many problems in
housing, transport, education of children and health. There is a need for ade​
quate compensation in the following terms in ICAR as well as agricultural
universities.
(a) Double dwelling allowance for children education and other purposes.
(b) One special permanent increment after every three years stay in remote
areas. This should be in addition to the available privileges.
(c) Before becoming Scientist-S3 scientist should work for minimum of
five years in remote areas.
(d) Given the variability in demographic characteristics of the family the
scientist should be given an option about the exact stage in career when
posting is preferred in dryland areas. This would facilitate minimum
disturbance to the family and the organization.
(e) The assessment for selection and promotion of the scientists from
rainfed areas should not be based on number of students guided or just
the research publications but the stay and documented research work in
these regions should be given due attention.
15. The project coordinator should visit each centre in every season for an on-
the-spot review and taking decisions on modification of the technical
programs.
16. The earlier practice of organising travelling seminar exposing young and
senior scientists to different institutes and their work need to be restored.
The younger scientists should visit other centres not only in their zone, but
also other zones to compare and contrast management practices and identify
better alternatives.
17. It was recommended that documentation centre has to be set up in the
dryland project to facilitate:
(a) Information about forthcoming national and international conferen​
ces/meetings;
(b) Current contents of the journals;
(c) Abstracts of important articles;
(d) Facility of getting xerox copy of certain articles free of cost.
18. The grant needs to be given to the scientist working in rainfed areas, in line
with UGC for personal library.
19. To orient the research programme more specifically to the location-specific
research needs the chief scientist would review their research programmes
in consultation with other scientists and extension workers and make the
necessary modifications.
352   Anil K. Gupta
20. Contingency options: Given the uncertain nature of environment there is a
need to provide within the experimental design alternative treatments for
one normal and two other most probable climatic conditions. This will be
particularly true for cropping pattern and other research on the station as
well as on farmers' field. Methodological guidelines need to be developed
and circulated.
21. The ratio of Scientists and Technical Assistants should be 1:1. Besides one
Stenographer should be provided to each centre.
22. The State Development Departments should be persuaded to make financial
provision for the purposes of research in their development programmes.
The scientists whenever invited to participate in the state government com​
mittees or meetings should be reimbursed all the necessary expenses so that
already meagre funds of the Dryland project are not further depleted.
Provision of the funds for research would also make sure that quality of the
programme in the state government improved with the passage of time.
C) On-farm Research   '
23.
Watershed projects to be used as research site: It was felt that substantial
additional expenditure would be required to take up research on farmers'
field including watershed research projects. It was specifically recom​
mended  that  ICAR   should   set  up  a  working  group   to  clarify   the
methodological and monitoring aspects of watershed projects for short,
medium and long-term scientific data collection.
It was noted that under National Watershed Development Programme for Rainfed Agriculture funds for adaptive trials were supposed to be passed on to the SAUs. However, the SAUs were not able to use much of these funds because they did not have sufficient scientific manpower especially allo​cated for research on drylands. The scientists appointed under the ICAR coordinated project were already overburdened. Perhaps, the involvement of scientists in fewer districts only would be a pragmatic step to begin with. At the same time some of the officials from state government could be deputed to the Agricultural Universities to pursue research and upgrade their skills.
24. A provision for training of rural youth in maintaining and recording the ob​
servations from the equipments should be made to reduce the administrative
overheads.
25. Organizational arrangements were felt essential to maintain the structures in
the watersheds and continuation of programs after the scientist withdraws
from the project site. The group recommended a thorough study at Yarnal
Watershed in Bijapur District. It will help identify remedial measures in the
project from where the scientists have already withdrawn after completing
the work. Two specific follow-up actions were called for:
(a)   Research on farmers' cooperation for institution building was neces​sary. Social scientists may be usefully involved in this activity.
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(b) A small team may be constituted to study Yarnal and Bunga watershed projects specially to understand the factors facilitating or preventing maintenance of water and soil conserving structures after withdrawal of the scientists.
26. In view of the fact that some of the data collection equipments to be located
in the farmers' fields may not be safe, any loss on this account should be
treated as the project cost loss.
27. Involvement of livestock scientists: Given the increased constraint of draft
power even female cattle was used for draft proposes in some parts of the
country. There was a need for collaborating research with livestock scien​
tists on different aspects of draft power in rainfed farming.
28. Longitudinal experiments: There is a very strong case for starting and con​
tinuing long duration experiments. It was regretted that some such experi​
ments were discontinued due to problems of space and funds.
29. Many times farmers modify the treatments/recommendations suggested by
the scientists in on-farm trials under ORPs. However, the science underlying
the modification remained to be studied.
30. All the vacancies should be filled as soon as possible and in the event of dif​
ficulties being experienced in filling positions in the on-farm research, the
length of required experience may be suitably relaxed.
31. The vehicles provided for dryland research stations should be at the disposal
of the Chief Scientist and more funds should be provided under TA for en​
couraging mobility.
32. The research programs on pasture land management forestry and soil con​
servation which are to be implemented on a larger area have to be taken up
on fanners' fields.
33. The technologies developed on the research stations have to be tested on the
farmers' fields for suitable modifications before it is finally released for
large-scale adoption.
34. The group considered it possible to involve the same scientist in the program
on the research stations as well as on-farm research, where such programs
are interlinked because one cannot be effective without full understanding of
the problems at the other end.
35. Suitable forum should be provided to present the research   results and to
share the experiences. Professional awards need to be instituted for the work
carried out on the farmers' fields.
36. The farmers have not been generally involved in monitoring of the on-sta-
tion as well as the on-farm experiments. Systematic efforts in this direction
are called for.
37. It was recognized that in view of the limited possibility^" developing tech​
nologies which will diffuse very widely need for micro-testing centres in
different talukas or even smaller micro-climatic regions was^felt. It may not
be possible to have additional establishment for this purpose. A Memoran​
dum of Understanding needs to be established between the ICAR/SAUs,
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state agricultural departments and extension personnel so that extension workers can take up adaptive trials to be monitored by the scientists. Such practices do exist in some other developing countries.
38. In case of adaptive farm equipment trials funds for purchase of proto-type
equipments and their testing in the farmers' fields have to be provided for.
39. Comprehensive energy management studies have to be taken up to highlight
the viability of some of the water conservation technologies. It was noted
that in the absence of such studies proper accounting of the benefits from
such technologies would not be made.
D) Issues in Financial Management
40. Participants expressed concern over discontinuation of some important
projects due to non-availability of sufficient research contingencies. A min​
imum of 20 per cent of the total budget should be made available for re​
search contingencies.
41. The present procedure of financial sanction and release through ICAR
headquarters is cumbersome and time consuming. Therefore, all the finance
to the cooperating centres should be channelised through GRID A and the
Director, CRIDA should be the sanctioning authority. This should be taken
up on pilot basis and subject to performance review.
42. Provision should be made for compensating the farmers for loss if any on
account of the trials. Minimum yield guarantee scheme has to be revived.
43. Provision should be made for multiple sowing in the event of crop failure
due to inadequate rainfall so that the Audit may not raise specific objections,
wherever such contingencies arise. Auditors need to be trained separately to
become sensitive to the problems of fund flow in rainfed research.
44. A minimum of Rs. 2000 should be made available as imprest amount with
each of the Chief Scientist.
45. Revalidation not required after approval of budget: Some of the equipments
approved by ICAR could not be purchased due to procedural delay requiring
revalidation of fund. Once the financial budget has been approved the mat​
ters regarding the approval of purchase of items need not be referred to
ICAR.
46. The delegation of power does not match the requirement of project as well
as inflation. Therefore, there is a need for revision of financial power.
47. Development of technology in dryland areas required an analysis of com​
plex data for mid-course correction as well as programme planning. There​
fore, personal computer has to be provided for each of the research centres.
48. The system of accounting dryland fanning expenditure has to be different.
The following budgetary heads were suggested:
1. The operational expenditure/contingency
2. Unforeseen expenditure including escalation
3. Maintenance of vehicles, equipments and posts
4. Transfer/TA grants
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5. Speciar allowance for training and development
6. Purchase of seeds of advance line from the fanners. (This may be
necessary only in those cases were seed production was the problem
and advanced line seeds were given to the farmers for on-farm trials.)
49. Given the fact that seasonality was far more indent in rainfed research
programme through others the system of quarterly budget allocation needs
to be modified. Minimum yield guarantee scheme has to be revived.
50. Director General clarified that whatever norm (such as Rs.  12,000 at
present) is fixed for contingencies should be treated only as a guideline.
Scientists should insist on variability. Examples were cited where even
rupees one lakh contingency had been granted.
51. The practice of applying budgetary cuts to the experimental budget also in
various universities was considered detrimental to the interest of long-term
research programme.
52. Provision should be made for hiring casual technical workers for use in sur​
vey or documentation or monitoring of farmers' practices or modification in
technologies disseminated to the farmers etc. It appeared that existing proce​
dures did not permit hiring technical casual workers.
E) Linking Dry/arming Research with Post-graduate Education
53. In order to meet the future manpower requirements for dryfarming research,
students should be encouraged to work in this area. The advantage of staff,
equipment and other facilities of CRIDA should be liberally shared for post​
graduate  education  by  all  the  universities  in  Maharashtra,  Karnataka,
Andhra Pradesh and Tamil Nadu. The students can complete their course
work at their respective universities and come to CRIDA for research.
CRIDA will provide guides. During their tenure of stay, the CRIDA should
provide accommodation and all other facilities for research from its own
contingencies. The university can screen the CRIDA scientists for their
eligibility for guiding post-graduate students depending upon the norms ex​
isting in the university. A Memorandum of Understanding between the con​
cerned universities and CRIDA should be signed in this regard.
54. In case of the students working on dry farming research there should be a
provision for extension of fellowship for one year if the experimental crop
failed due to climatic factors.
55. The Indian Society of Dryland Agriculture should institute an award for the
best Master's and Doctoral theses in dryland research.
56. The CRIDA should assume clearing-house function and publish dryfarming
research digest encompassing the research abstracts of relevant articles and
theses on dryfarming on global basis and circulate the same free of cost to
all the scientists engaged in dryfarming research.
57. While designing a student project there should be a built-in fallback
mechanism to ensure timely completion of his program.
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58. The post-graduate education should be linked with dryfarming research
programme through systematic schemes generating data which students
could process in the event of experimental failure for consecutive years.
59. Ad hoc project should be formulated to provide generous fellowship on par
with UGC/CSIR fellowship for attracting post-graduate students. These
projects should be submitted to various organizations like ICAR, CSIR,
Department of Environment, Department of Science and Technology etc.
F.. Linkage between Coordinated Commodity, Basic Science and Dry Farming Research
60. The group felt that the recent thrust in dryfarming research towards transfer
of technology has reached a point where it is leading to neglect of some of
the basic science research.
61. In order to motivate scientists in basic sciences it was recommended that a
satellite group of basic scientists should be developed and supported by the
ICAR.
62. Whether the breeders in dryfarming research should be associated at the
stage of advanced testing or at the stage of initial evaluation trial of the
pipeline varieties was discussed. The issue needed further deliberations.
63. The conflict between individual and organizational research goals exist due
to structural problems in commodity based, discipline based, and farming
system based research institutes. Re-organisation of institutes may not be a
practical solution. Action-Research is required to minimise conflicts in solv​
ing dryland problems in an inter-disciplinary manner. The on-farm research
could also be pursued through extension personnel and farmers' organiza​
tions.
64. The   pattern   of   interaction   and   co-ordination   between   various   in​
stitutes/programmes or projects involved in solving dryland or rainfed
problems has to be institutionalised. While screening and testing germplasm
supplied by Concerned crop project coordinators the test location plant
breeder should get pooled data from the crop coordinator.
65. It was suggested that a special session on problems of rainfed regions,
farmers' adjustment with risks and indigenous innovations along with need
for formal research of these innovations could be organized as a part of an​
nual conferences of different professional societies/scientific bodies related
with   agricultural   research.   To   illustrate,   the   annual   conference   of
agronomists, agricultural engineers, micro-biologists, soil physicists etc.
should have at least one session on sustainable development in rainfed
regions with a specific reference to poor farmers' problems, their innova​
tions, experimentation etc. Concrete initiatives need to be taken up to follow
up an attempt which was made in the International Congress of Plant
Physiology, February, 1988 when such a session was organized by IIMA.
66. To attract students as well as scientists engaged in basic science research
challenging problems need to be taken up involving inter-institutional
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collaboration. Routine problems on yield parameters should be avoided if students have to be got excited about the research in dry farming. The centres of excellence in various fields in agricultural universities as well as other traditional universities should be identified and catalogued. This infor​mation should be circulated to all the scientists engaged in rainfed research so that contact could be made for contract/collaborative research on problems of mutual interest.
67.
It was pointed out that in many cases the commodity coordinated research
projects did not have appropriately dispersed facilities for screening ad​
vance lines. In such cases pooling of resources between dryland projects and
such programmes was necessary to generate appropriate arrangements.
GJ Inter-disciplinary Research (Crop-livestock-tree-tools/implements interactions)
68. The Deputy Director Generals looking after crop and other related basic
science research should have a viable forum for periodic but regular interac​
tions to ensure that the concerns of rainfed farmers were adequately and sys​
tematically incorporated in the respective research programmes. It may be
also necessary to compare at the higher level the content of research
programme being followed in different programmes on common crops or
commodities so that unnecessary duplication can be avoided.
69. There is a need to sensitize various Animal Science Research Institutes as
well as Animal Science Division of Agricultural University to reorient their
Research Programmes to dryfarming/rainfed farming conditions.
70. A full-fledged Animal Science Unit be established in CRIDA to conduct
relevant research, forge linkages with sister institutions and provide back​
stop support to the cooperating units. Alternatively, IVRI, NDRI, SWRI etc.
should be requested to set up outreach research centres at CRIDA and other
dryfarming research centres to strengthen crop-livestock links to research.
71. Modifications   in   the   Plant  Breeding   Strategies  for  increased   fodder
availability in dryland regions are necessary.
72. There is a need to undertake comprehensive studies on energy management
in dryland villages with specific reference to draft power, post-harvest
operations, agro-processing etc.
73. Collaborative programmes with CIAE-CRIDA and Dryland Agricultural
Projects for evolving appropriate tools/implements and their screening may
be developed.
74. A study on systematic documentation of indigenous knowledge system is re​
quired for building a functional relationship between informal experimenta​
tion of farmers and formal research and development.
75. A joint initiative in collaboration with CSIR and other relevant institutes
needs to be launched for documentation of available agro-processing tech​
nologies as well as to identify the potential areas of technology development
for diversification of rural economy.
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76. Competence building programme for scientistis involved in dryland/rainfed
agriculture need to be designed and implemented. Special training program​
mes may need to be organised by NAARM in collaboration with the con​
cerned institutions on various subjects such as Management of Research
Stations, Human Resources Development, Team Building, On-farm Re​
search, Methodology etc. In addition, the workshops on drafting research
proposals and report writing may also be organised. The exchange visits
may be necessary for enabling scientists to visit other institutions of interest
within the country and outside.
77. The group observed that the development of tools and implements for
dryland area has not received sufficient attention. Many research centres of
dry land did not have agricultural engineer to work on the development of
tools.
78. The implements developed by CIAE, Bhopal also needed to be tested on
farmers' fields in different path of the country.
79. It was suggested that the local artisans involved in manufacture of equip​
ments be involved in the process of development and not just testing of farm
equipments for dryland areas.
80. Development of dryfarming technology like pest management, processing of
farm products etc. which required group action in the development and
transfer of technology needed urgent attention.
81. The members also reported that while agri-business sector has gained from
agricultural research, it had not contributed adequately to research by the
way of investment in research. This was an area which needed to be ex​
plored through follow-up meetings with the concerned professionals and
policy-makers.
82. A research programme to identify the science underlying the innovations at​
tempted by farmers, artisans, pastoralists, horticulturalists etc. has to be
started.       *
83. The various risk adjustment strategies evolved by the farmers have to be
systematically documented at each site/centre of rainfed research for sharp​
ening the research programme.
H) General
84.
It was recognized that there is a need for far greater mobilization of finan​
cial and manpower resources for strengthening research for rainfed regions.
The fact that at some of the premier locations hardly 2.5 per cent of the total
budget was available for the experimentation indicated the seriousness of
the matter. Much of the changes suggested here call for reorganization of
existing resources. However, some of the substantive recommendations can​
not be implemented unless budgetary allocation as well as norms for using
the allocated budget are urgently revised.
It is obvious that to make the research systems responsive to the needs and aspirations of poor disadvantaged dry farmers, pastoralists, artisans,
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horticulturists etc., the scientists would need to be enabled to move more widely and interact with the farmers—rich and the poor. It is only through these interactions that the need for distinguishing technological require​ments for different social classes would be felt wherever necessary. It is pos​sible that in many cases the need may only be to improve the fit of the technology with the specific agro-ecological or socio-ecological context.
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ANNEXURE 3: Research issues in portfolio approach to farming systems research
Portfolio theory of technological change: reconceptualising farming systems re​search1 areas of future research
Portfolio approach to farming system research implies analyzing the opportunities and constraints that disadvantaged and advantaged households have in different resource markets and cultural networks. Each one of us lives at several planes of con​sciousness. We perform multiple roles some of which are endemically in conflict. The model of rationality based on narrow economic utilitarian assumptions fails to capture the playful performance that people often enact while surviving. In a folk song, Parvathamma of a dry village in Shimoga district of South India asked that in whatever little they grew, should not there be a share of stray cattle, birds and ants? In other words, it appeared strange to her that someone should think of crops of agriculture as a system of survival for only human beings. It is possible that this is just a metaphorical way of suggesting the need for looking at the basic ethics of na​ture afresh. In this ethics the right of human beings is not superior to the rights of animals or insects or other living beings. It might appear Utopian or Archaic to a western mind. Or a western educated eastern mind. But the implication is that reper​toire of peasants is quite rich and replete with irreconcilable messages coded in tradi​tional folk idiom and contemporary institutional systems.
Deprivation and sustained inability to utilize various resources desensitizes several disadvantaged social groups. In such a context the concept of 'needi,' should not be restricted to those which are felt and articulated. Scientists have carried and would carry in future the responsibility on their shoulders for widen​ing the decision-making horizon of the distinguished poor households. The exist​ing portfolios are an outcome of historical socio-technical institutions which have evolved in a given ecological environment. Modification of one sub-system trig​gers changes in another.
The research issues in future can be divided in different disciplinary streams though keeping the focus on portfolio approach intact.
a) Socio-Economic Aspects of Portfolio Analysis
1. How do farmers arrive at various timeframes for analyzing the returns from
different enterprises. Do they discount an enterprise more on the basis of un​
certainty or on the basis of total returns or both? How do the different family
members influence discount rate for appraising each enterprise?
2. What role does culture play in intra- and inter-household appraisal of
enterprises-specific risk and return and portfolio-specific risk and return?
3. Whether strategies for technology transfer can be similar for households
having low average return with high fluctuations in the portfolios vis-a-vis
Revised version of an earlier paper entitled Portfolio Approach International FSR symposium at Michigan, Oct. 1990.
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the households who have high average returns with low fluctuations. To what extent the choice of institutions, means of technology transfer and strategies of communication will vary in different ecological contexts and for different types of portfolios? (See Appendix Two for a discussion on the possible differences.)
4. How does household portfolio get influenced through demographic, life
cycle and joint family breakup over time? What are the patterns in the
evolution of the portfolios and what implications can be drawn for develop​
ing technologies and disseminating them.
5. Whether the appraisal of future returns and present options is done in a sig​
nificantly different way by men and women. To put in other words, do
portfolio characteristics significantly differ for women-headed or managed
households then for the male-headed or managed households? In regions
with high male emigration—seasonally or permanently—would portfolio
preferences differ from other regions (other things being equal)?
6. How do we generate pooled variance of the portfolio which comprises
enterprises dependent for inputs on private, common and open access
property right regimes?
7. Whether trade off under risk are pursued in a step function or as if on a mar-
ginalist curve? It has been suggested earlier that at high level of risk and
with a danger of impairing minimum consumption severely, a household
may insist on a significantly large gain before deciding to shift from one
technology to another. Some others have argued that risk-averse behaviour
is indifferent to land size holding and therefore whatever differences arise in
choice of technology take place because of differences in the access to fac​
tor and product markets.
8. Some studies have shown that the strategies of technological change for
enterprises which have a marginal weight in the portfolio cannot be same as
the strategies for enterprises which have a very high weight. Is there a pat​
tern in the relative weights of different enterprises and consequent percep​
tion and response to risk by households at cross-cultures or ecological
levels?
b) Organizational/Institutional
1. The portfolio of enterprises evolved by household has to be appraised keep​ing in view the portfolio opportunities that scientists have. How do we es​tablish this correspondence in public bureaucratic systems vis-a-vis market or voluntary organizations? Is it possible to hypothesize that higher the as​surances in the non-work space (i.e. private life) for the scientists, greater is the probability that scientists would select portfolios with lesser assurance in the profession (i.e. research problems considered riskier/unpopular by peers)?
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2. For scientists who have rural backgrounds to what extent does exist a
relationship between the risks they do not face in their private farms and the
risks they assume farmers also do not face?
3. Whether studies of portfolio of households be conceptualized differently in
private resource markets and in common property resource markets. How do
we incorporate collective choice problems for developing strategies of
portfolios shifts over time and space?
4. It is well known that with increase in the inefficiency of various institutions
governing availability of basic needs (such as public distribution system or
public employment programme), the households may increase the weightage
of such enterprise in their portfolio which can survive through access to
open access resources. To what extent will such shift in the portfolios affect
the sustainability of supply of inputs for such enterprises. Whether improve​
ment of technologies for such enterprises would not further shift the
portfolios in the direction that may have long-term negative consequences
for the household economy.
5. What are the limits to which households can shift portfolios autonomous​
ly and independently of other members of the community? Whether com​
munity portfolios can be analyzed by just aggregating the individual
household portfolios knowing that there are no systematic transfer pric​
ing system in every community? How do we therefore evaluate exter​
nalities of shift in portfolio of one group for others? For instance, if
credit is cheap and labour mobility is restricted. And large farmers are
unwilling to pay market wages, would not pressure for mechanization in​
crease? To what extent the consequent change in crop, livestock and tree
system affect the portfolios of landless, tenants and other disadvantaged
groups? Whether agenda for technological research can be properly iden​
tified without looking at linkages between macro public policy and micro
level resource use options?
* c) Ethical and Cultural Dimensions
1. Development of technologies implies allocation of resources. A particular
enterprise may be class-specific in one ecological region and eco-specific in
another region. How do scientists make judgements—ethical and moral—
while justifying research resource allocation for different eco-sociological
contexts or problems therein?
2. The non-sustainability of extreme chemical input agriculture is becoming
evident in the developed world itself. In the developing countries also the
dilemma is no more of just theoretical interest. At the same time, number of
post-graduate thesis to pursue sustainable low external input agriculture are
very few. The job opportunities from the corporate world, increasing budget
deficit and squeeze in public employment opportunities influence the choice
of skills by the young scientists in making. The generation of technology is
affected as much by the career interests of scientists if not more as by the
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objective needs of the households perceived by the research organizations. Has excessive emphasis on methods distracted attention from the organiza​tional ethics and politics which may influence generation of research agenda?
3. The pastoral communities generally have lesser say in the national polity
than cultivating communities. The judgement of grain as more important
component of output than fodder is an indication not just of technical
parameters, but also of moral persuasions guiding scientists' behaviour.
4. Unwillingness or insensitivity of the research groups to share the findings of
the research with the people from whom data is collected poses scientific
and moral dilemma (Gupta, 1993, 1987). Validity of knowledge which has
not yet been shared with people can be questioned on scientific grounds.
Does ethics of not sharing information separately with disadvantaged and
advantaged groups influence the articulation of needs by the people?
5. Portfolio approach is also much more organic and ecologically comprehen​
sive in nature. It shifts focus from enterprise to households. In the eco-in-
stitutional perspective we link up household portfolios with scientists'
portfolios. Can we specify precise conditions under which scientists shift
their portfolios  and research priorities  vis-a-vis the changes  in  career
rewards, peer approval and recognition by the farmers?
We have looked at the theory of portfolio approach to farming system re​search. The discussion on extension has been restricted here since it is already covered by other papers (Gupta, 1989, 1990a and b). The portfolio approach also helps in linking macro-ecological conditions with micro-ecological niches and their implications for choice of technology. Given the interaction among different enterprises in the portfolios of households, the inter-organizational interactions and networking strategies can also be speculated.
It is possible that this framework is inadequate to deal with certain specific cultural or ecological conditions. It is also possible that some of the functions of multi-enterprise oriented farming system research are being performed more to satisfy donor curiosities than to solve problems of a specific farmer groups. If practices or methods are used without explicit theories we cannot conclude that there is no 'theory in use'. With retreat of socialistic ideology the world over, dominance of 'methods' as an ideology is understandable. The problem arises when methods emphasize individual enterprise and households excessively and ignore collective choice problems and inter-enterprise interactions in a systematic manner.
The portfolio theory presented here tries to reduce this neglect to some extent. Good methods always follow from good theories. A theory which does not work is undoubtedly a bad theory.
To what extent indigenous institutional innovations have incorporated some of the implications of the portfolio approach remains to be seen. One way to validate or invalidate framework presented here would be to look at the effective and socially responsive programmes. And see whether these programmes have
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evolved, autonomously and independently but through use of some of the ap​proaches that I have presented here. Another way would be to look for alternative frameworks that address various questions raised here better than I have been able to attempt in this paper. Ignoring historical knowledge traditions of a society may provide short-term legitimacy and acceptance but it is unlikely to trigger self-renewing eco, class and culture specific enquiry.
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ANNEXURE 4: Collaborative research program of SRISTI and IIMA in sustainable agriculture
The Society for Research and Initiatives for Sustainable Technologies and Institu​tions (SRISTI) is a non-governmental organization which was set up about three years ago to strengthen the capacity of grassroots inventors, innovators and ecopreneurs engaged in conserving biodiversity and developing eco-friendly solutions to local problems,
This was sought to be achieved through a collaborative research program be​tween IIMA and SRISTI.
· protecting the intellectual property rights of grassroots innovators, and
generating models for recognizing, respecting and rewarding creativity;
· experimenting in order to add value to their knowledge;
· embedding the insights learned from technological and institutional innova​
tions developed by individuals as well as communities in the educational
systems so that conceptual and cognitive space for these innovations ex​
pands with passage of time;
· developing entrepreneurial ability in order to generate returns from this
knowledge, and enriching people's and providers' (scientists, leaders, and
administrators) cultural and institutional basis for dealing with nature
SRISTI has one of the largest databases in the world on innovations developed by people without the help of outsiders. There are more than five thousand small innovations in the database with names and addresses of the in​novators. Honey Bee newsletter published by a sister organization SRISTI In​novations goes to 75 countries and is adapted in seven languages.
STATUS OF DIFFERENT INITIATIVES TAKEN DURING THE PAST FIVE YEARS
What did we do actually?
The enormous reserve of creativity and innovation at grassroots level has been the mainstay of entire research program. How can innovations in conserving biodiversity and other natural resources along with the associated knowledge sys​tems help in linking ethics, efficiency, excellence, equity, and environment?
IIMA-SRISTI research aims at generating practical approaches of sustainable development through a major emphasis on linking innovations, investments and enterprise where possible. Non-market options are also given special attention particularly to strengthen the propensity to experiment and innovate. In this report we describe the status of ten such initiatives.
The documentation of innovations provided the basis for various activities at​tempted herein below. Various strategies used for the purpose included survey in summer vacation through students, competition among grassroots workers of development departments for scouting innovations, opening stall of Honey Bee in
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farmers' fairs, biodiversity contests among school children (please see a separate report sent on GRIN initiative to scout indicators through such contests), survey through innovators themselves, workshop of local experts etc.
1. On-farm and on-station trials of farmers innovations.
2. Bioefficacy of and value addition to indigenous herbal insecticides.
3. Bioefficacy of and value addition to indigenous veterinary medicines.
4. Preliminary screening of indigenous plant extracts for bacteriostatic and
bacteriocidal activity.
5. Pesticidal residue analysis in different agroecological regions of Gujarat.
6. Soil microbial diversity in different agroecological zones of Gujarat.
7. Indigenous germplasm conservation.
8. Organic certification.
9. Agricultural Implements: documentation, promotion and entrepreneurship
10.
Soil and Water Conservation Practices: documentation and dissemination
Some of the these research initiatives (1 to 4, 7, 9, 10) seek to add value to
farmers' innovations documented through Honey Bee network during last six years. Other initiatives have been taken either to generate awareness (5, 6, 8, 9) or to support non-chemical sustainable farming through market intervention or new product development.
I. On-farm and On-station Trials of Farmers' Innovations
We are carrying out on-farm trials of the farmers innovations for its validation. Major goals of-validation are: (a) testing of location-specific solutions to different problems under various agro-ecological conditions; (b) linking between informal and formal science and (c) providing an institutional framework for farmers ex​perimenting on their own in search of solutions for sustainable agriculture.
We have started on-farm research for last two years. During the first year, i.e. in 1994—95, two field experiments were carried out. The following year about twenty field experiments were organised. Of these, fourteen innovations were in the field of plant protection, five related to growth promoting inputs and one was about a farm implement. Farmers were allowed to choose the crop and innova​tions on which they wished to carry out trials. Preliminary assessment of the trials reveal that many of the herbal (Ipomea fistulosa, Clerodendrum multiflorum, Calotropis gigantia, Citrullus colocyrothis) and non-herbal (coconut water, butter milk and cow urine) materials used in the different innovations are effective under wide range of agro-ecological conditions in Gujarat.
Apart from the on-farm trials about twelve on-station experiments were car​ried out at Gujarat Agricultural University on different crops. Results on these experiments were awaiting.
11.
Herbal Insecticides
Selection of plants for insecticidal activity
1.     A preliminary list of plant sources was prepared after screening the innova​tions in Honey Bee database.
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2. Short listing of the plant sources was done after reviewing the literature on these plants. This review was done with the help of databases such as NAPRLERT, etc. Only those plants were selected which have not been reported in the literature. In this way a total of 11 plants were selected for this study. (See Table 1 for details.)
Table 1: List of the indigenous practices
	Subject 
	No. of practices 

	Plant production Grain preservation Ecological indicators Indigenous institutions Leather Veterinary practices 
	1950 175 365 31 15 2800 


Total
5336
Following activities were carried out under laboratory conditions on two in​sect pests viz. Army worm (Spodoptura litura) and Diamond Back Moth (Pluttel-la xyloxtella).
1. Testing of crude extracts: ovicidal action, antifeedant activity, insecticidal
activity and growth retardant activity on the insects (to be carried out).
2. Phytochemical screening: Screening for different compounds and identifica​
tion of active compounds.
3. Toxicity: Mutagenicity test (Ames test) was carried out.
Status of laboratory experiments
Preliminary findings on the antifeedant, insecticidal and ovicidal activities of
eleven plant extracts are summarised in Table 2.
Most of the plant extracts showed high antifeedant activity rather than insec​ticidal activity. These plants will be tested on a wider range of insects in order to
Table 2
	Sr. no. 
	Activities 
	Plant showing insecticidal activity 

	
	
	High 
	Medium 
	Low 

	1. 
	Antifeedant Insecticidal Ovicidal action Growth retardant 
	6 4 4 1 
	3 4 3 NA 
	3 4 5
NA 


2. Phytochemical screening
4
1
NA
3. Mutagenicity
All the 13 plants were non-mutagenic
4. Bacteriocidal
8
2
1
5. Bacteriostatic
434
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ascertain the insect and activity specificity. Plant extracts used were non-mutagenic and in some cases even anti-mutagenic.
III.
Bioefficacy of and Value Addition to Indigenous Veterinary Medicine
Two plants were selected for study on the basis of their usage in indigenous veterinary practices. One of these plants was found to be highly active when tested for various pharmacological activities. This plant has not been reported for fol​lowing phytochemical, biochemical and pharmacological properties in the past:
Phytochemical screening: Isolated different compounds from crude extract. Presence of free (+) catechin was confirmed by TLC, HPLC and HPTLC techni​ques. Further confirmation was done by comparing UV and IR data of isolated catechin standard. The extract contains tannins to the extent of 10-12 per cent; the nature of these tannins being of condensed type. A number of steroidal com​pounds were also found. One of the major components of this category will be identified with the help of IR, NMR, Mass spectroscopy analysis techniques.
Biochemical: Free radial scavenging properties of crude extracts was tested because of the presence of polyphenolic compounds. Purified catechin (tannin) was found to be a very effective antioxidant (conformed in vitro and in vivo).
Pharmacological activities: Purified tannin was tested for antiulcerogenic ac​tivity in mice using ethanol HCL model. Antipyritic activity of this crude extract was confirmed on rabbit. The extract was found to be very effective. Hence detailed antiulcerogenic studies using various pharmacological models are being planned. The plant will be evaluated for different activities like anti-diuretic, anti-inflammatory activity, hepatoprotectivity, anti-diabetic activity etc.
IV.
Preliminary Screening of Indigenous Plant Extracts for Bacteriostatic
and Bacteriocidal Activity
Preliminary screening of indigenous plant extracts (Table 1) against gram nega​tive organisms like Salmonella typhimurium, Bacillus firum and Xanthomonas malvaserum for their antiseptic properties was carried out by determining inhibi​tion coefficient (bacteriostatic property) and inferior lethal coefficient (bac​teriocidal property). Most of the plant extracts were found to possess bacteriostatic or bacteriocidal properties (Table 2).
V.
Pesticidal Residue Analysis in Different Agro-ecological Regions of
Gujarat
Intensive use of chemical pesticides over extended period of time leads to non-sustainable development in two ways: (1) it triggers the pesticide treadmill lead^ ing to long-term decline in farm productivity and (2) creates new health hazards for both sentient and human life forms.
In spite of growing evidence on the occurrence of the treadmill in India there are no systematic studies which map the extent of pesticidal residual in soil and water resources. SRISTI has initiated a study to map the extent of pesticide residue in soils of different agro-climatic regions of Gujarat.
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Sampling scheme
The soil samples were collected from eight selected zones of Gujarat. Two talukas were selected from each zone and from each of these talukas five villages were selected. From each of these villages two cultivated plots were selected: one with history of intensive pesticide usage and another with history of low or zero pesticide usage. From each of these cultivated plots three samples were selected. The samples collected from three independent plots were mixed to obtain fourth sample. Yet another sample was collected from a nearby uncultivated plot. There​fore nine samples were collected from each village. Hence each block had 90 samples. The total number of samples collected were 720. Information collected from the farmers along with the soil samples included the list of chemical pes​ticides used during last five years, irrigation facility, crop rotation, etc.
Status of the initiative and preliminary findings
The samples are being tested for the residue of following insecticides: Phos-phamidon, DDVP, Methyl Parathion, Malathion, Chlorpyriphos and three dif​ferent pyrethroids. Other pesticides could not be included due to absence of standards. These will be included in due course, when the standards are available. So far seventy samples have been analyzed. Out of these, forty-one samples were found to contain insecticidal residue (Table 3).
	Table 3 

	Insecticide 
	Present in no. of sample 

	Phosphamidon 
	Nil 

	DDVP 
	Nil 

	Methyl Parathion 
	9 

	Malathion 
	26 

	Chlorpyriphos 
	3 

	Pyrethroids 
	9 


VI. Microbial Diversity in Different Agro-ecological Soils of Gujarat
Soil bioactivity is generally favourable to vegetation. Cumulative effect of the ac​tivities of a host of resident micro-organism, invertebrates and plants contribute to the dynamic role of soil as a living environment. The enormous role of micro​organisms (comprising mainly bacteria, fungi, algae, and protozoa) in the ul​timate determination of soil health has been well established.
Activities
Basic goal was to see whether soil microbial diversity or some parameters of it could be used to discriminate between organic and chemically treated soils. It was also felt that there was no bench-mark in this regard. Nobody has mapped the status of soil eco-systems health using the microbial indicators. In addition, if certain kinds of land uses had contributed to conservation to soil microbial
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diversity much better, what kind of incentives will be needed? Can these cultures be screened for various medicinal or agri-biotech purposes? If so, how do we link local conservation with external access mechanisms. These are some questions to which we will have to seek answers. Collection of soil samples: Please refer previous initiative (pesticidal residue).
Current status of the initiative
Number of soil samples taken        720 Number of samples analyzed         100
Total population counts of bacterial, fungi, antinomycetes and nitrogen fixing bacteria along with gram positive and gram negative bacteria have been carried out:
Table 4
	Microorganisms 
	No. of isolates 

	Bacteria Fungus Antinomycetes Nitrogen fixing bacteria 
	1500 110 164 20 

	Total 
	1774 


Bacterial diversity: In case of bacterial diversity and for soil samples falling under the category of no fertilizer, no pesticide, the maximum number of types are found in the rainfed as against the irrigated soils. Differentiation between chemical-intensive and organic-intensive soils with respect to bacterial diversity could not be made because of limitations of the parameters.
Fungal diversity: The highest diversity is found in the no fertilizer, no pes​ticide and rainfed soil. There is no significant difference in types or diversity found between chemical intensive soil and organic soil samples.
All these microorganisms were isolated from the soil samples collected from different agro-climatic zones of Gujarat. These organisms are being cultured and preserved in different institutes collaborating in the project. These organisms will be tested for different activities. An interim report may be available by the end of the year.
VII. Germplasm Conservation
India fortunately has been endowed with rich diversity of flora and fauna. How​ever, as in other tropical countries depletion of bio-diversity has been increasing at an alarming rate.
Indigenous germplasm is disappeared at an alarming rate. The precious germplasm has been a treasure of tribal and rural populations. Biodiversity is
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perhaps the most powerful tool for weathering unknown and unpredictable natural calamities, and upheavals.
SRISTI initiative in this regard has been designed to:
1) help conserving farm biodiversity and thereby preserve resilience of agroeco
systems.
2) maintain genetic pool for future generations.
The specific activities planned under this initiative are as follows:
1. Identification, collection and evaluation of indigenous germplasm with uni​
que properties with respect to nutritional, cultural, ornamental, physiologi​
cal, medicinal, disease and insect resistance etc.
2. Developing a seed bank which would become a centre for germplasm ex​
change for scientific community and farming communities.
3. Establishing protocol for exploitation of natural resources while respecting
IPRs of local communities.
Current status of the initiative
SRISTI has collected large number of viable samples of cereals viz. wheat,
pearlmillet, maize and many uncultivated fodder species, pulses and oil seeds.
SRISTI is keen to conserve germplasm with active participation of indigenous people. It plans to initiate participation of local communities for in situ conserva​tion of germplasm in future. Also much effort will have to be put in to collect and preserve samples in a more systematic manner.
VIII. Organic Certification: Towards Sustainable Organic Crop Production
The transition towards organic agriculture in high growth regions has not yet begun on any significant scale. This is primarily due to lack of (a) awareness, (b) non-chemical but efficient alternatives for soil nutrition, disease, pest and weed control, and (c) stable demand and market channels for organic products in the country and outside.
Some of the drought-prone regions, hill areas, and tribal regions are organic already due to heterogeneous ecological conditions, poor demand for chemical inputs and weak market forces. These regions represent a tremendous opportunity for generating supply of organic produce through appropriate market interven​tions. Such interventions would convert the laggards of Green Revolution into leaders of sustainable/organic farming. It would also help to improve their socio-economic status by giving them their due.
SRISTI has started preliminary work on this initiative the broad objectives of which are as follows:
1) To add value through marketing intervention of the agricultural products of
dryland, hilly and tribal regions where many of the farmers are organic
producers by default.
2) To tap the existing national as well as international demand for organic
produce in order to improve the income of the disadvantaged regions and
communities to begin with. Later, this process could also help the farmers
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who are attempting to make the transition from chemical intensive to or​ganic fanning.
These objectives could be met through the following activities:
1. Establishing a network of equipped laboratories in various agro-ecological
zones which can monitor the pesticide and other chemical residues in soil,
crop, water and produce.
2. Setting up of reference laboratory which can do R&D for developing
protocols for certifications and provide reference tests  of samples for
calibrating laboratories as well as generating confidence in the certification
process.
3. Estimating demand as well as supply of organic products in the country (and
in the process of inquiry also creating the same of some extent).
4. Carrying out extensive sample survey of the consumers in the country about
their choice of products and their attributes, standards, informational needs,
access to different channels, and awareness about the same (potential pur​
chase behaviour).  Also assessing their value orientation to understand
motivations behind their preferences.
5. Promoting entrepreneurship for the marketing of organic produce.
6. Organizing lectures and competitions in the schools and various other fora
for generating consciousness about organic products.
7. Exploring possibility of export through various public and private agencies
in the long term.
8. Providing input choices to farmers for alternative and low-cost sustainable
technologies like herbal pesticides, organic fertilizers, growth regulators for
crop  systems;  veterinary  medicines  and  indigenous  feeds  for  animal
products.
Current status of initiative
An all-India Green Marketing Survey was carried out with the help of students at the Indian Institute of Management, Ahmedabad during summer of 1995. The survey sought to assess the perceptions of Indian consumers towards organic and eco-friendly produce. A second round is being carried out during summer of 1996. The data from the survey is being analysed and the results will be brought out by the end of the year.
IX. Agricultural Implements: Documentation, Promotion and Entrepreneurship
Farm implements and agricultural equipment developed by local artisans deserve separate attention because the products developed by them are amenable to protection under the existing patent laws. Also the artisans usually do not have the means to scale up their production facilities to meet the emerging demand of new products developed by them.
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We give below a brief description of some of the outstanding innovations identified through the network. In the first case, we have played a role in the development of the new product through venture fund:
1.
Auruni
Auruni is an unique bullock-cart developed by an artisan, Amrutbhai Agrawat from Pikhor village in Junagadh district of Gujarat. With the assistance provided by SRISTI through "venture capital fund", Amrutbhai worked on his vision of bullock-cart. The unique features of this bullock-cart are as follows:
a) It has a special gear-mechanism to lift the body of the cart in a manner that
manure is directly applied to the furrows in the field.
b) The mechanism can be operated by the farmer while driving the bullock-
cart, thus saving labour and time during the operation.
The fact that more than 400 farmers showed interest in purchasing the bullock cart in its first display during an agricultural fair, shows that the new product meets a long-standing need which is not being met by existing models of the bul​lock-cart. The cart was displayed by SRISTI team during the fair. In the recent past traditional, religious and agricultural fairs have proved to be a good medium of communication for Honey Bee-Loksarvani network for promotion of alterna​tive technologies and exchange of knowledge with farmers.
2.
Three-wheeler tractor
Bhanjibhai Manjibhai Mathukia of Kalwad village, Junagadh, felt that the regular tractor had a few shortcomings. Firstly, he did not need as much power as was generated through 4-wheel tractor and secondly, he needed much more flexibility and manoeuvrability while using the tractor. In the normal tractor the pulley mechanism which transfers power to equipment such as water pump etc. can be operated only at one speed. In the modified tractor the speed can be modu​lated resulting in savings of energy consumption.
Ironically, this innovative farmer has been reprimanded for bringing this trac​tor on to the road. The Road Transport Officer fined him and made him sign a legal document stating that he would never bring the tractor again on the road.
SRISTI is helping him to get legitimacy for his product. We are also exploring the avenues by which he could be helped in refining his product and in commer​cialization at a later date.
3.
Sprayers with a difference
Bhadribhai Patel of Dharampur village, Baroda, who was introduced to the network through his innovative methods of using intravenous glucose bottles for drip irrigation, has an idea about a new design for pesticide sprayers. The new design envisaged use of the kinetic energy of moving wheels to operate the pump. When he expressed this idea in one of the network meetings, SRISTI arranged for a meeting between Amrutbhai Agrawat, the innovative artisan and Bhadribhai to generate this technology. While the attempts were on to produce this, we en-
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countered innovators who had produced similar sprayers already and were using them.
Shambhubhai Ganeshbhai Dodya of Goghasamadi village, Bhavnagar, has been using a sprayer fixed on a motor cycle. The sprayers work with the help of the power produced by the motion of the motor cycle. Six sprayers are attached to a horizontal bar mounted on the motor cycle.
To our surprise we discovered three other farmers who had developed bul​lock-cart driven pumps independently and simultaneously. They were Rambhai Virmbhai Kalavadara of Amar village, Junagadh; Dhirubhai Thakarshibhai Dayani of Jalalpur village, Bhavnagar; and Murjibhai Laljibhai Mayani of Limada, Bhavnagar.
SRISTI is exploring the possibility of linking these innovators to researchers in formal research institutions to help them in product development. We are also exploring the possibilities of promoting entrepreneurship among the innovators themselves. Scaling up may also involve linking innovators with potential entrepreneurs.
4. Improving the design of pulleys for drawing water from wells
In one of the workshops organized by SRISTI for innovative artisans, par​ticipants discussed the implements developed by them. In the same workshop we mooted the idea of coming out with an improved design of the pulley used for drawing water from the well.
Traditional design of pulley puts large amount of pressure while drawing the water and also at the point when the bucket is pulled out of the well after reach​ing the top. The ones who would benefit most form an improved design would be the women folk since they are the ones who draw the water from wells most of the time.
A brainstorming session followed and different alternative designs were sug​gested and their(merits and demerits discussed in detail. Some of the artisans promised to work on the designs and come back with their experiences in the next workshop.
X. Soil and Water Conservation
Land degradation has been associated with depletion of bio-diversity. Loss of soil health also leads to drop in agricultural productivity. During the last two decades land degradation has been taking place at an alarming rate both in India as well as in Gujarat. Given this background it becomes useful to understand the contem​porary innovations of farmers in dealing with the problems of soil and water con​servation. We give below just a few illustrations of the type of indigenous solutions encountered by us.
1. Virda system in Banni area of Gujarat: Virda system is the only means of extracting fresh water in Banni area which is a high saline desert area. Virdas are constructed at the bottom of the tanks. In-depth case study of these unique water harvesting systems resulted in a hypothesis which seeks to explain their working.
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The pastoralists allow the salts in the soils in and around the tank to leach out through the natural process of run-off collection and infiltration (downwards). In the later stages, fresh water is trapped in the top layers and acts as a storage for dry season.
We made an attempt to study the variations in the form and technique of virda system across regions. Farmers in Banaskantha district of Gujarat developed a different kind of virda where they drilled lateral holes at the bottom up to 100 feet to tap water from surrounding aquifer.
2. Khadin systems in Rajasthan: The work is going on to compare the tradi​
tional forms of Khadin systems (of and those forms which are being constructed
by the government agencies) both in terms of technological and institutional
aspects.
3. Defying gravity: Following a report about Bhil tribes in Madhya Pradesh
who claimed to have performed the feat of carrying water through open channel
across a hill against the force of gravity, we decided to investigate. Though we
have not been able to establish that the flow is actually against gravity, there is
definitely a possibility of some interesting insights regarding reduction of energy
losses in an open channel flow. Further investigations are under way.
4. We propose to study some innovative practices by the farmers to control
soil erosion documented by Honey Bee Network and also investigate into the in​
digenous soil taxonomy.
CONCLUSION
As can be discerned from the account of the different initiatives taken by SRISTI during the past three years, the work is of an on-going nature and many avenues remained to be explored. There is a synergy between the different initiatives which has not been fully exploited but which is likely to take place as the work in each of the initiatives gets deepened.
We have increasingly realised the need to invest in the network which has made all this happen. We are also strengthening our own staff in order to be able to coordinate the activities within different initiatives in a more professional manner.
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ANNEXURE 5: Suggested ethical guidelines for accessing and exploring biodiversity: The Pew conservation scholars initiative*
Preamble
Biodiversity in both developing and developed countries has been accessed for a long time by outside researchers and corporate prospectors as well as by local communities. Such activities are carried out for various purposes. Sometimes plants, animals and habitats are merely described, other times the goal is to ex​tract for profit. These activities have helped to advance knowledge and create awareness of how precious biodiversity is. These activities have also generated many products that contribute to the health and well-being of global consumers, but may not necessarily provide benefits to their original stewards.
Research has also focused attention on particular features of biodiversity. For example, we realize today that most of the regions of high biodiversity are in​habited by people considered to be economically poor by most international standards. We also recognize that, in many cases, the biodiversity will disappear if economic conditions of the communities do not improve as a result of their stewardship of the resource.
Biodiversity has been conserved, both by local community traditions, and by more formal means, with varying degrees of effectiveness.
One recently proposed means is the Convention on Biological Diversity. That convention has been ratified by a large number of countries and has- stimulated global concern over this issue. It has provided a framework for conserving biodiversity. At the same time many local communities, NGOs and people's or​ganizations are advancing alternative ways to conserve biodiversity and cultural diversity. In many places, the conservation of biodiversity and the protection of cultural diversity are inescapably intertwined. Despite strong links between biodiversity and the land and water management traditions of the 6000 linguisti​cally distinct cultures, the Convention on Biological Diversity focuses on nation-state sovereignty over biodiversity. We believe that local communities should have greater say in whether and how diversity is studied, extracted and commer​cialized. We consider prior informed consent to be a necessary requirement of such explorations, as is equitable sharing of any benefits arising from them.
From our perspective, the Convention on Biological Diversity generated lots of hope, but also some concerns. For instance, should researchers who merely want to understand the lives of certain plants or animals be treated differently from those extracting raw material for corporations? Will the Convention generate ethically responsible behaviour of those who wish to benefit from developing new plant and animal products for sale? Will local communities and indigenous people really be accorded more than token participation?
We see a clear need for clarification of ethical norms to guide all those in​volved in the exploration of biodiversity. While knowledge may be advanced,
"Source: Eubios Journal of Asian and International Bioethics, Vol. 5, March, 1995.
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profits earned, and new products made available from such exploration, this does not guarantee that conditions of these communities will be improved. In many cases, these conditions have become worse due to depletion of local resources. Many researchers have obtained knowledge about biodiversity and its uses from local innovators, communities and institutions, but have not adequately acknow​ledged their contribution or shared with them the benefits accruing from research. Some researchers may have done so without any information of betraying the trust of the people, ironically they actually have conformed to the prevailing professional norms. These norms must change, for they have been inadequate in ensuring equity and respectful exchanges.
Principles Underlying these Guidelines
(1) Research is an educational process leading to mutual learning among re​searchers and the collaborating individuals, communities and institutions.
(2) Just as the proprietary rights of scientific knowledge are well established
and respected such rights are due to the producers and providers of traditional
knowledge and contemporary innovations from local communities.
(3) Research should be based on respect for the local cultural values and
norms.
(4) Benefits should accrue to all partners in a fair and equitable manner.
Scope of the Guidelines
In these guidelines, the term "researcher" refers both to the individual conducting the research and to the sponsoring or contracting institutions on whose behalf the individual conducts the research.
Several other aspects of ethical obligations of or towards local communities, national or state governments, consumers, and future generations remain to be ex​plored. However, in these guidelines, we recommend protocols for conduct of re​searchers (academic or commercial) and professional societies, bodies or institutions. It should be pointed out that some studies carried out with no com​mercial motive may produce results that subsequently acquire commercial value, and so protocols must take this into account.
These guidelines are intended to cover many types of research, including:
(a) Non-extractive Non-commercial Research: Biologists document the evolu​
tion of species and ecological patterns and processes through observation,
simulation etc., without collection of samples.
(b) Extractive but with primarily Non-commercial Research: This might involve
collection of samples of organisms for description, or for analysis of the in​
terrelationships among species.
(c) Non-extractive   Research  with  Possible   Commercial  Potential:   Ethno-
biologists may study plants and animals without collection of samples.
These studies may involve documentation of local innovations, traditional
knowledge and practices, development of databases of such knowledge,
publication of books, films, or other forms of dissemination of local
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knowledge, for instance electronic communication, CDs etc. This local knowledge may be documented to preserve or share within the community or beyond it.
(d) Extractive Research Intended for Commercial Development: Extraction could be in smaH quantity such as for bio-technological laboratories or in large quantities for natural product development. Such research done by stu​dents, academic researchers, corporate researchers or local communities, may be intended to develop new products based on biodiversity tradition​ally used by local communities or elaborated by individual innovators. It may also involve screening and analyzing biodiversity, without making any reference to local uses.
We offer this note of caution as we attempt to respond to indigenous peoples' concerns. These guidelines are not intended to provide a definitive set of proce​dures which every biodiversity accessor must follow to ensure appropriate ethical standards. The objectives of researchers are highly varied, as are the political, cultural, social, environmental and economic contexts in which they work. These make it difficult for a single set of guidelines to be universally applicable.
These guidelines are intended to promote good, ethical and responsible re​search as well as equitable exchanges among the communities and institutions which access biodiversity: industries, professional organizations concerned with conservation, indigenous or local communities, government and inter​governmental agencies, as well as donors of philanthropists supported research and conservation.
These guidelines must be adapted to function in a wide range of political cir​cumstances. For example, indigenous communities may be governed by national or state governments that are either sensitive or insensitive to their needs and rights. In addition, explorers may be engaged with either private, public or com​mercially-owned* natural resources. They may be involved in projects which can be small or large, as these obviously affect how these guidelines can be imple​mented.
The reader can undoubtedly think of economic, cultural or geographic vari​ables that could generate similar lists. In light of these diverse circumstances, we classify each recommendation in these guidelines into one of three categories:
1. actions that we believe all ethical biodiversity accessors must carry out;
2. actions that are usually, but not always appropriate, and
3. actions that are sometimes but by no means generally appropriate.
'
We distinguish between these categories as follows:
1. Some recommendations will hopefully be universally applied. For example, few would disagree with the contention that all accessors of biodiversity must reveal their methods and objectives to the local people on whose land or in whose waters they are proposing to work. We thus preface our descrip​tions of these actions with the phrase "accessors must."
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2. Some actions appear to be of wide but not invariable applicability. In such
circumstances  we preface our recommendation  with the phrase  "accessors
should."
3. Finally, there are actions that are clearly required of ethical biodiversity ac​
cessors in some circumstances but not in others. For example, monetary compen​
sation is often appropriate for those who provided valuable knowledge or access
to biological resources that belong to them. Sometimes, however, such compensa​
tion is refused. Here we preface our recommendation with the phrase "accessors
should consider." Thus considering compensation in such alternative forms as a
trust fund or scholarship to benefit the community involved.
Another issue involves placing conditions on compensation, such as requiring that it not be used for socially or environmentally destructive purposes. Conserva​tion organizations tend to favour such arrangements, but communities often believe that they should have the right to use compensation for use of their biodiversity as they see fit. Thus we recommend that biodiversity accessors con​sider such restrictions.
Guidelines
In cases where local communities have their own guidelines these may have precedence over what we discuss below. Guidelines under sections 1 and 2 apply to all researchers and explorers with or without commercial motives. However, sections 3 and 4 apply more particularly to those researchers who have commer​cial interests and motives. Section 5 deals with the obligations of professional societies and academic institutions.
1.
Approval
In most cases the researchers should obtain clearance from the appropriate central or state government authority and where applicable, from institutions of in​digenous peoples.
2.
Initial Disclosure of Information
When first contacting a community or individual to seek access, the researcher:
· should carry out all communications in the local language
· must explain the nature and purpose of the proposed research, including its
duration, the geographic area in which research would take place, and re​
search and the collecting methods
· must explain the foreseeable consequences of the research for resources,
people and accessors, including potential commercial value
· should explain the potential "non-commercial values, such as academic
recognition and advancement for the researcher
· should explain any social and/or cultural risk
· must notify the community at large by some means, e.g. public meeting
· should consider explaining the guidelines that the researcher is following, as
well as his/her practice in previous similar research projects
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· should be willing to provide copies of relevant project documents, or sum​
maries thereof, preferably including the project budget, in the local lan​
guage. In the case of commercial prospecting, researchers must share such
documents
· must agree on a protocol of acknowledgments, citation, authorship, inven​
tor-ship as applicable, either citing local innovators or conservators, or
respecting request for anonymity
· must share findings at different stages with the providers
· must not engage in bribery or making false promises
3.
Involvement/Negotiation
In negotiations, the researcher:
· must make reasonable effort to identify and negotiate with those with the
proper authority to negotiate.
· should conduct initial discussions with small groups (but obtain final ap​
proval from higher legitimate authority wherever applicable)
· should consider, where there is no existing authority or capacity for such
negotiations, helping the community develop the institutional capacity to ap​
praise and (if it chooses) enter into such agreements
· should be willing to provide copies of relevant project documents, preferab​
ly including the project budget
· must disclose commercial interest or other possible interest of present or
future third parties
· should include a local institution as partner in research where an appropriate
one exists
· should consider drawing up a collaborative agreement
· if such an agreement is made, the researcher should consider depositing a
copy of it with a relevant regional/sub-regional body
· should ensure that the actual entity that is directing the research is a party to
the agreement whether they are carrying out the work themselves or through
contractors
4.
Compensation and Other Terms of Access
The researcher:
· must make every effort to ensure that providing communities and counter​
part institutions will share equitably in the benefits
· shall make every effort to develop effective mechanisms for benefit-sharing,
(recognizing that no proven universal methods exist, and that cultural and
other circumstances will vary widely from one case to the next).
Parties should arrive at the scope, extent and form of compensation keeping all the following stages in mind.
a.
when accessing is done,
b.
when a new use is discovered
c.
when a product is developed
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d. when commercialization is done
Arrangements for compensation should incorporate the following obligations:
i. The community's right to any organism or part thereof extracted by any biotechnological or other method must not be exhausted merely by publica​tion or collection. The community can assign these rights or associated intel​lectual property rights (IPRs) to anyone if feels appropriate.
ii. The community has the right to refuse collection by any researcher even after the initial research has shown its utility.
iii. Any research collecting from an alternative location/community/species/ country should take into account the contribution of the original source in generating commercial returns.
iv. The period of production should be considered to be valid as per the law in force for the property or form of accessed material being commercialized.
v. At stage 'b' or 'c' above, researchers must negotiate with the source com​munity the terms of profit-sharing from commercialization, even when knowledge is provided by an emigrant belonging to that community.
vi. Researchers should consider helping to set up local/community-managed in​stitutional funds or other augmentative mechanisms for local community development in cases where individuals/communities refuse(s) monetary compensation.
5. Professional Societies, Academic Institutions and Funding Agencies
· should encourage citation of intellectual contributions of local innovators,
communities and groups
· should ensure sharing in the local language the insights gained from local
communities or innovators either by the prior agreement or by the time of
publication, or within reasonable time but not beyond one year of publica​
tion.
· should help set up a system of registration of innovations/practices so that
IPRs of local communities or innovators are not exhausted
· should set up rules of good conduct and practice by researchers
· should recognize, support and reward ethical practices in research
· should set up bioethics committees to protect the rights of researchers, com​
munities and individuals contributing to the conservation of biodiversity.
