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The general model of success embodied in green revolution did prevent many a developing countries from becoming a case of triage.  It provided tremendous political legitimacy to the idea of self-sufficiency and helped in reducing the fear of extreme starvation.
But when despite seven good monsoons in a row the food production did not increase (though the consumption of inputs continued to increase) the leaders had to acknowledge that there was a problem in India. Likewise, in many other countries it has been recognized that old input intensive model is not sustainable because cheap aid for subsidizing the inputs may not be available. And most countries have budget deficit which makes the task of internal subsidization even more difficult, if not impossible- The growth in food has been achieved by mining soil nutrients, ground water, depositing chemical pesticide residues in the human and animal food chain at levels far higher than the permissible limits, increasing salinity and alkalinity and above all decreasing genetic diversity in the agriculture.
Agronomists have recognized limits of a segmented approach to agriculture.  The more we manipulale an ecological system, higher is the unpredictability in the long run.  Even the nature of unpredictability is sometimes linked to the nature of manipulation.  For instance, if we manipulate nutrient profile of the soil only through chemical inputs the microbial profile also undergoes a shift.   Ability of the soil eco system to buffer environmental variations, protect crop from various biotic and abiotic stresses goes down.  Similarly, when excessive chemical pesticides are used, the ecological chain of prey-predator is disturbed and the result is obvious.  Many secondary pests not only become primary but also become resistant to the frequently used chemicals.
Hitherto uniformly endowed soil eco-systems of green revolution regions have developed location specific physical, chemical, microbial or other kinds of constraints.  The message is, nature would not tolerate generalized, standardized and uniform solutions.  Diversity is the key to sustainability.
Agronomists often did the packaging of the technologies that breeders developed.   Unlike in corporate sector where marketing manager often has greater privileges than production manager.  In plant sciences, the production manager, i.e., the breeders have always had the premier place.  But, with the increasing variability in the environment the role of agronomists lias become equally important to that of a breeder.  Same germplasm when screened under different management conditions could show different potential and thereby be packaged differently.  Far more variability both genetic and management - can be generated if the new vision of diversified agro-eco systems combining farm and non-farm sector can be realized.

In part one of the paper, I list the key challenges faced by Agronomists. In part two, I summarize the Honey Bee Network experience. I part three, goals of Knowledge network to link innovators in south and north among themselves as well as with each other are given along with the arguments for rewarding creativity. A particular mention is made about an international registry of small innovations (INSTAR) followed by the summary
Part One: What are the key challenges before agronomists?

a.        Niche technologies: Precision fanning
Once the variability increases there are two ways in which research institutions can deal with it. (a) address the least common denominator, i.e., exploit the generalized potential, (b) tailor technologies to different niches and maximize the exploitation of potential of each niche. The problem with first choice is that the clothe will be too big for some and too tight for others.  It may in fact fit none because there may be no site which fits the average description The advantage is that transaction costs are very low.  Same system can serve, no matter how inefficiently, a very large clientele.  The second alternative is ideal from the sustainability perspective, but involves high transaction costs unless farmers are involved as partners in identifying the niches and tailoring the technology.
Another implication of second model is that the inputs should not be applied at uniform rate to the entire field, knowing fully well that soil profile is not uniform.  Having developed a grid of the land features the inputs should be accordingly fixed.  This will not only save energy but also reduce the costs which is the first goal before every fanner.
b.         Transferring science and not technology
I have argued for last about ten years that model of technology transfer should be abandoned and instead one should move towards science transfer or assimilation approach (Gupta, 1989, 1990).   The argument is that no institution in the world can-afford to have so many research stations and sub-stations as to cover a very large variety of agro ecological conditions, particularly in the tropical world.   In any case, farmers have to experiment and do lot of refitting of the clothe.   Instead of giving an already tailored clothes, should not one-provide basic principles according to which farmers can procure different kinds of cloths, cut them according to the preferred designs and tailor them as appropriate (this analogy is borrowed from Dr.  Kamlesh Kumar, 1988).  To illustrate the point, let me take an example from south Bangladesh, where there is a heavy rainfall and in coastal areas, tidal water moves according to the lunar cycle.  Farmers have to be extremely careful in managing number of paddy seedlings per hill and number of hills per square metre in an uneven terrain to optimize the population of primary tillers in the field to maximize the production.  A small farmer would increase the number of seedlings per hill and number of hills per square metre as the transplantation gets delayed because of delayed recession of flood and drainage of water along the slope.   The result is that seedlings transplanted last will have very low tillering.   The density of hills being high, the primary tillers will be far more in the later sown parts of the field compared to earlier sown parts of the field.  The farmers have optimized through a variable agronomic practice the primary tiller population.  In such a case, the challenge before an agronomist is to develop an equation which you will specify given the parametric reading of rainfall, slope, delay in sowing, etc., as to what coefficient should be used to derive values of number of seedlings per hill and number of hills per square metre.  The science transfer approach would imply providing the equation and explaining the condition by which the equation can be modified.  The farmer would provide the parameter and derive the coefficient. In rainfed environments there is no choice but to use this approach and even in the irrigated environments because of the emerging variabilities as mentioned earlier this approach has a place.
Another illustration of science transfer approach would be to communicate the phenological interactions of a crop with environment, so that the management can be influenced by the farmer himself.  For instance, most agronomic recommendations are made in terms of number of days/weeks after sowing or a particular week of a month, thus recommendation of wheat sowing may be 15th October to 15th November for certain varieties and 15th November to 15th December for others.  These recommendations are premised on the understanding that farmers do not how to measure soil temperature, relative humidity, diurnal temperature variation and variable response of a genotype to these factors in a specific location.  Nothing could be farther from truth in places where farming traditions have continued for thousands of years.   For agronomic manipulation to prevent pest attack, for instance in the case of surface grasshopper, it is necessary to explain the relationship between vulnerability of a plumule of the newly germinated seed and the habitat of the surface grasshopper.   The life cycle may be known to many farmers but the relationship may sometimes be obscure.   The perceptive farmers realized it and therefore disturb and break the clods under which grasshoppers are found.  There is no need to use chemical pesticides to manage this problem during the few days that plumule is vulnerable.  Science transfer approach will make agriculture much more knowledge intensive and therefore participatory and also more profitable.
c.        Ecological indicators for monitoring eco-system health
While I grant that reductionism and holism are both necessary for sustainable outcomes, too much of anyone can generate either inertia or total insensitivity.  If everything is related to everything else, we just cannot change anything without creating a side effect. On the other hand, for making any causal statement, some reduction, i.e., boundary is necessary.  But too much of reductionism can create a situation where operation is succeeds but the patient dies.
Ecological indicators embody sufficient reduction so as to give early warning of an event which otherwise either might be missed or whose importance may not be appreciated( Gupta, 1995).   Indicators are also like lampposts or turning points.   For instance, a farmer who has to invest in land has to assess its fertility as well as under ground water potential.   In some African countries the field with termite mounds is considered to have good ground water source.   Similarly, in some parts of western India, presence of a weed cynadon daavlon indicates higher fertility status.   On the other hand, puncture wine indicates poor soil.
Weeds have indeed been used as indicator of soil mineral properties (Hill, 1980) just as these have also been used for identifying impending salinity or alkalinity patches.  A very efficient use of indicator plants is for monitoring moisture.  It is well known that almost all of water management research done at University farms has remained confined to the farms only.  And yet, water use efficiency is one of the lowest in many irrigated areas. However, there are efficient and innovative farmers like Bhaskarbhai Save who has used plant like Croton as indicator of moisture stress and not only for annual crops but also for perennial trees.  One could certainly find such natural moisture metres in different parts of the world which could be used for calibrating stresses of different order.   The eco-system health would also imply monitoring the microbial diversity, earth worm population, soil aeration and organic matter composition and consequent resilience in the system. Groundwater quality and quantity/flows (large scale arsenic poisoning has been promoted in parts of West Bengal and fluoride contamination in Western India) also need to be monitored.  Appropriate indicators will require involving ornithologists (to use birds as indicators), zoologists and entomologists to understand insect, reptile and other animal behavior, and ecologists to establish connections between different sub-systems.
d.        Augmenting coping strategics through agronomic management
It is now widely acknowledged that in rainfed regions particularly uplands as well as low lands there has been very little impact if any of the modern technologies.  One major reason in drought prone areas is the inverse correlation between average rain fall and its coefficient of variation. Thus higher the aridity greater is the uncertainty over time and space. We do not know when it will rain and where.  It is for this reason that fragmentation of holdings and scattered plots make tremendous logical sense in rainfed environment, no matter what the proponents of land consolidation may say.
The coping strategies can be studied at inter and intra household, plant, plot, watershed and agro eco-system level.  Table 1 provides the summary of some of these elements.  It is important to appreciate that potential of agronomic manipulation cannot be fully exploited without understanding socio-cultural, ethical and institutional conditions obtaining in a given place.   For instance, farmers pesticide to kill insects.  Fanners are aware that birds cause tremendous damage probably next only to the rodents in some areas.   Still, they don't mix grains with insecticide and feed it to the birds to kill them.   Surely, the concern for birds and their useful contribution to the diversity might have made some contribution to the evolution of a socio-cultural ethics which justifies killing insects but not killing birds.  Similarly, (here are certain weeds which are so chronic that no herbicide has proved successful for eliminating them.  A good example is striga - a chronic weed of sorghum and some other crops.  Now scientists have recognized that by merely preponing the sowing by about a fortnight the crop overtakes the weed and does not let is flower and set seeds so that in the subsequent crop this weed does not remain a serious problem (Sanghi, 1989).  However, this solution is viable only at group level and not at an individual level.  Because seeds can always disperse through air.  There are many other problems such as drainage, damage by wild animals, production of hybrid seeds, etc., which require cooperation to be successful.    The institutional context of agronomic practices has been known to the scientists, but has never been systematically studied to the best of our knowledge.
A good example of an institution which still survives in many parts of Gujarat and other parts of the country is locally called as.'halotra' which probably is a distorted version of 'hal jotra', i.e., the ceremony of deciding when would people in a village sow the crop after rains.   The elders will meet soon after the rain and decide whether the time for sowing- was opportune. Because of locations specific variability, some people may sow later and some earlier but none would sow before the ceremony.   

The children also have holidays on these days. The contention is that higher the level at which agreement is achieved about coordination of necessary agronomic practices lesser may be the cost that individual may have to bear for dealing with any externalities. Thus, if large number of farmers grow crops together in a season in which most fields are fallow, the problem of protecting crops from birds as well as other animals may be reduced.  Similarly, if the crops are grown round the year instead of having some fallow period, the pests also find much more hospitable environment to grow and maintain their population.  Fallowing is a much neglected aspect of contemporary agronomic aspect and the consequent of neglect is being noticed in various forms of fatigues evident in the soil eco systems.
e.        Rethinking post-graduate research: developing skills for tomorrow
Post graduate theses from more than 26 different universities and colleges for the period 1972-83 was reviewed in five disciplines, viz., agronomy, plant breeding genetics, extension, economics and sociology (Gupta, Patel, Shah, 1984). Three fourth of the theses were on fertilizer and 90 per cent of which dealt with chemical fertilizer only. The conjunctive effect of the organic and inorganic fertilizer was studied only in a few theses.  To expect these young post graduates to become leaders of sustainable agriculture in future is a vain hope.  Unless the focus of the post graduate research is made more futuristic and holistic, it is unlikely to produce lot of relevant technologies and scientific principles in a sustainable manner.
Similarly, the review of post graduate research showed many other gaps in terms of research on mixed cropping, crop livestock interactions, long term crop protection and optimality of fallowing for soil eco system health. No study could be traced in which soil health, plant health, animal and human health were inter related.  This is so despite knowing the consequences of micro nutrient deficiencies in the soil which get manifested in the crops and through their consumption in human and animal systems.  Many organic farmers believe that one way to minimize if not totally prevent the pesticides in a crop is to manage soil health in such a manner that pests are not attracted at all.
f.         Monitoring Inter specie/eco-systems interactions
Organic farmers have done far more research on these interactions than the so called main stream scientists and farmers.  Thus, when it is known that high application of nitrogenous fertilizers increases the bricks value of the crop (high sugar content), and high bricks value is linked to the pest attack, then implication is obvious.  If farmers want to avoid pest, they must reduce the bricks value at the time when pests are likely to attack the crops by giving a stress and that is exactly what many organic farmers in US do.
Certain fungal diseases affect the crop like cumin and wheat. There are several ways in which the problems can be tackled. The most common but least sustainable way is to spray fungicide. But the least common and the most sustainable way would be to manipulate the conditions which favour the incidence of fungal disease. Some creative farmers like Chavadabhai of Bhavnagar (Honey Bee, 1990-1996) and Ambaram of Surendranagar noticed that if dew was allowed to remain on the leaves of the crops, then the incidence of fungal disease was higher. Two fanners took a rope, tied a clothe pieces on it and dragged it along the field shaking the crop.  The dew fell on the ground.  It had to be done only for a few days when temperature and moisture condition were ripe for the incidence of fungal disease.  Incidentally, this practice is mentioned in the Chinese encyclopedia of agriculture (Sheng Han, 1st Century B.C., and 6th Century, A.D in Gupta 1989) as well as it was observed by me in Bangladesh ten years ago and also the other parts of the country. It is a different matter that no university scientist may ever have done any research on such an effective and sustainable way of avoiding fungal disease.
In cotton crop strong winds are supposed to affect adversely the cross pollination by bees and thus the yield of cotton.  Maize crop is used as wind break and also to attract birds which eat the pest of cotton.  In groundnut crop in coastal regions, the winds from the sea side brings saline vapours adversely affecting the growth of groundnut.  Farmers Use sorghum and bajara as wind breaks around the groundnut crop (Malaviya, Khanpura and Mathukia, 1995).
There are large number of other examples in Honey Bee database which illustrate how interactions among different sub systems can improve viability and of course sustainability.
g.         Can agronomy research influence our ethical concerns?
Undoubtedly, the most important resource which we have responsibility to bequeath to next generation is the healthy soil.  And yet, soil and water conservation have been ignored a great deal over the years.  The kind of chemical residues that are available in the soil certainly affect the microbial profile and eventually the life in the soil.  Similarly, native fertility has been mined almost irreversibly from several intensively grown regions.  Excessive irrigation has led to the rise of water table and salt content in many places.   How does agronomic discipline address the issues of sustainability and the concerns of future generations?

Part Two: Building Upon Indigenous Knowledge: Honey Bee experience

The fundamental assumption behind most developmental approaches aimed at poverty alleviation is that poor people are too poor to be able to think and plan on their own.
In high risk environments such as drought prone areas, flood prone regions, hill areas and forest regions, both the market forces as well as public systems are quite weak.   The markets are weak because people have limited purchasing power.  And the state support system is weak because population density is low, number of votes are fewer and the political and economic patronage the constituents can provide cannot counter balance the support provided from well endowed, irrigated regions or urban areas.   Given such a situation, poor people have to be very inventive to survive. Their coping strategies have not always been successful in tiding over the crisis.  If that was the case, they would not been so disadvantaged in meeting their basic needs, educating their children and generating sustainable employment opportunities.  After all, it is the drought prone regions and other disadvantaged regions mentioned above where literacy is the lowest and male emigration the highest. Consequently, the proportion of women headed or managed households is also high. The weak public systems and markets find it all the more difficult to deal with such households compounding the socio-economic stress.

Despite such a constraining environment, there are signs of hope. And these signs indicate tremendous potential that exists for turning around the economy and ecological balance in these regions by building upon what people already know.
About a decade ago, questions of these kind arose in our mind and led to the emergence of the Honey Bee network, which by now has acquired global presence in about 75 countries.   The basic thrust of our work is to build upon what people know and do well.  In other words, instead of identifying only the problem that people have, we make solutions developed by the people as the point of departure.  It has two positive consequences for our own selves, (i) it generates humility because these solutions have been generated without any contributions from us or other outsiders, (ii) it also generates respect for the experimental and inventive ethic of the people, who with so little could achieve so much; what would be their potential in solving problems if the existing constraints could be relaxed!     

Honey Bee is a metaphor indicating ethical as well as professional values which most of us seldom profess or practice. A honey bee does two things which we, intellectuals often don't do, (i) it collects pollen from the flowers and flowers don't complain, and (ii) it connects flower to flower pollination.   When we collect knowledge of farmers or indigenous people, I am not sure whether they don't complain.  Similarly, by communicating only in English or French, or a similar global language, there is no way we can enable people to people communication. In the Honey Bee network, we have decided to correct both the biases. We make it a matter of principle to always credit whatever knowledge we collect from them and to share, fairly and reasonably, any benefit arising out of the knowledge or value addition in the same.   Similarly, we also have insisted that this knowledge be shared in vernacular languages so that people to people communication can take place.
Honey Bee, in that sense, is like a knowledge centre or Network which pools the solutions developed by people across the world in different sectors and links, not just the people, but also the formal and informal science.  It is obvious that people cannot find solutions for all problems. At the same time, the solutions they find need not always be optimal.   So, there remains a scope for value addition and improvement in efficiency and effectiveness.  But it is definite that a strategy of development which does not build upon on what people know and do well cannot be ethically very sound and professionally very accountable or efficient.
Alternatives to development: from grassroots to global
SRISTI, a global NGO set up few years ago, provided organizational support to the Honey Bee network around the world. It is important to stress that our database on local innovations has been developed through methods and approaches that people can use around the world without much difficulty.   We neither use nor approve of any of the so-called Rapid Rural Appraisal (RRA) or Participatory Rural Appraisal (PRA) methods.   These methods create a cast of mind which legitimizes short cut approach to learning and often leads to exploitative mode of relationship with people.   We believe that learning has to be mutual, patient and in categories that people use for defining their world view.   What we have done therefore is very simple.   We take help of students during their summer vacation and ask them to look for odd balls in the villages.  These odd balls are the farmers who try to experiment and do things differently. Many of them end up solving the problem in a very creative and innovative manner.  But the unusual thing about these innovations is that they remain localized sometimes unknown to other-farmers in the same village.  Lack of diffusion cannot be considered as a reflection on the validity of these innovations.   What kind of innovations these are? We have come across technological, socio-cultural, institutional and educational innovations contributing to the conservation of local resources and generation of additional income or reduction or prevention of possible losses
.  Fanners have developed unique solutions for controlling pests or diseases in crops and livestock, conserving soil and water, farm implements, various kinds of cards for performing farm operations, storing grains, conserving land races and local breeds of livestock, conserving aquatic and terrestrial biodiversity, etc.   Some of these innovations combine the sacred with the secular consciousness. For instance, Rehmatbhai is a Muslim healer of the livestock and is respected so much by the Hindu pastoralists and the livestock keepers in the dry region of Gujarat, that they call him Gopal Bapa.   This is the name given to Lord Krishna - a Hindu God who was known for taking care of cattle.  It is this blending of sacred consciousness with secular beliefs that is reflective of survival strategies in many pans of the world.

Let me give few more examples of the innovations as well as the institutional context of the process.  In Kutch there is a large grass land called as Banni comprising saline flat soils.  No cultivation is done in this area which incidentally is Asia s largest pasture.  People have developed a very ingenious way of conserving fresh water in the sub-soil system called as virda.   What farmers do is to take square blocks of wood, generally the branches of Prosopis spp., and make a square frame of the same.  After the rains when the salts have leeched down. they dig a well of 20-25 feet deep and line it with wooden frames having a layer of grass in between.   These frames prevent soil from caving in and the grass lining filters the water which moves into the well from the surrounding soil.   These wells are filled up with the soil during rainy season, but when water is required,   the soil is taken out and the water oozes in from side ways.   Since the specific gravity of fresh water is less than the saline water, it floats on the saline ground water.  For at least Mo-three months after opening the virda, water remains drinkable.  Later it becomes saline.   This is a technique which has provided answer to the problem of drinking water for human and livestock use for centuries in this area.   Perhaps, this technique is of use in other arid environments as well.  Incidentally, there is not any technology developed by modern science with comparable efficiency and low cost.   There is also no mechanism available today for people to people transfer of such technologies and ideas.

Amrutbhai Agrawat is an artisan, making farm implements, based in village Pikhor of district Junagadh, Gujarat.   He had developed several innovative farm implements such as wheat sowing box and groundnut digger.  Most sowing equipments have the lowest portion through which the seeds fall on the ground in the shape of a pipe.   The metering devices are located in the seed box.   In the dry regions with strong winds, lodging can be a problem in irrigated fields.  Amrutbhai devised a box, which is now used for many crops, which spreads the seeds in a strip.   While the seed rate remains constant, the distance between the seeds is increased so that they don't fall one over another.   With better root growth there is a more efficient nutrient uptake and also the crop does not lodge.  In addition, if there is a water stress in between, the crop is able to better with stand because of stronger root network.   Similarly, the groundnut digger was designed with the help of a blade hoe having the flexibility to change the distance between the two rows as well as modify the depth to which hoe enters into the soil to uproot the groundnut pods.

Amrutbhai had an idea about solving another problem that has remained unsolved for centuries.  In most tropical plain lands, farmers have to carry the farm yard manure with a can to a point in the field.  After pouring the manure out in the field, farmers have to scatter the manure in the field by lifting a basket full on head from one place to another.  It consumes lot of labour and time,  lie thought if a modification could be made in the design of the bullock cart, fanner could easily tilt the can and distribute the manure slowly and slowly, single handedly in the entire field.   He discussed the idea with us and articulated the risks.   This was a fit idea worthy of support by a Venture Capital Fund (VCF).   But as is well known, there is no VCF for a small and scattered innovations. We have banks but no VCF.  SRISTI realized 'he gap and with the support of an IDRC grant decided to experiment with the idea of VCF.  A proposal was prepared and reviewed with two of the acknowledged peers. -And eventually the :an has been developed through a small risk taking venture of Amrutbhai and SRISTI.  Large lumber of other ideas and inventions remain undeveloped or inadequately developed for want of a VCF support.
In the Honey Bee database, we have a large number of examples of use of local materials to solve plant protection problems.  Farmers have found new uses of existing plant biodiversity to control (he pest and disease problems in the crops.  For instance, 'nqffatia' (Ipomeae fistulosa is a plant often used for fencing purposes. Animals don't eat it and there are not many other uses popularly known of this plant.  It is toxic in nature and in some places, the branches have been dried and used for making baskets for storing seeds or grains. During 1973, when there was a steep oil price hike, many fanners started looking for substitutes for chemical pesticides. And thus new inventions took place in the field of non-chemical pest control.  Later, when many pests became resistant to pesticide and a tread mill effect started being felt, the farmers' search for alternatives became widespread.   In one such area where fanners were tired of using chemical pesticides, a school teacher namely Gamel Singh thought of using the extract of nqffatia as a herbal pesticide.   There are many tales of about how the idea of using this plant for controlling this pest originated. According to one view, in a fann, some farm workers were taking tea.  For some reason, one of the farm workers had to go out for a short while.  His wife covered his tea with the leaf of nqffatia.   When the worker came back and took the tea, he developed toxic symptoms.   He had to be taken to the doctor and survived with great difficulty. An idea was born that if the leaves were so toxic that by merely covering the cup of tea with it, it became toxic, then why couldn't it be used as a herbal pesticide.
Subsequently, we have done research on it and found it quite effective against not only some of the pests but also against certain microbial and fungal cultures.  In another case, a tribal person viz: Bhogilal Rajwadia in Bharuch district devised an unique method of pest control. What he did was to take help of 8-10 farmers or laborers who stood in a line.   They took the leaves of a creeper (Combretum ovalifolium) and put these in a shoulder bag.   The people moved in the windward direction after catching blister beetle from the air and crushing it with the leaves already collected.   The combined effect of insect and leaf extract seemed to produce some signals which repelled the insects.  Such a heuristic of combining plant and insect extract doesn't exist in modern science.  Similarly, there are large number of other plant extracts (other than neem) which have been developed by the fanners and which could help in making crop cultivation in marginal regions more profitable.  Most countries do not have a fast track approach for developing or registering herbal pesticide.  If there can be a special fund for supporting formal research on fanners innovations in public or private sector labs, a whole range of sustainable technologies which are cost effective could be developed. These technologies may help transform agriculture not only in developing countries but also in economically developed Biodiversity wise poor European and North American countries. These innovations may help in transferring technologies from south to south and south to north.

Part Three: Rewarding Creativity: Incentives for experimentation, value addition, 

networking and dissemination

The intellectual Property Rights of local communities and individuals have been usurped by the national and international corporations and professionals without any regulation or restriction. So much so that discipline of ethno botany celebrated the extraction. Not only the contributions of knowledge by the individuals or communities were not acknowledged but also when profits were generated through value addition, nothing ever was shared with the people.   To give a few examples of the unfair extraction, about seventy per cent of the plant derived human drugs are used for the same purpose for which native people discovered their use.   What the modern science did was to improve the method of extraction or develop a synthetic analogue of the compound.   The basic R&D had been done by the people.  And yet no incentive ever flowed back to the people. Another example of how local biodiversity conserved by (he people contributed to the enormous commercial gain to the corporate sector is that of a tomato variety.   The collection of selection number 832 of tomato land race from a local community in Peru cost US Department of Agriculture a sum of US $ 21.   This selection after being research upon for ten years helped in changing the solid content from 4.5 to 6 per cent in commercial varieties of tomato.   This increased the profit of ketchup industry by over $ 80 millions in ten years, not a penny of which ever went to the people.
It is not as if the usurpation of local knowledge takes place only through multinational corporations or foreign companies.   The national ayurvedic companies in India exploited the tribal people no differently compared to the multinational corporation such as Proctor and Gamble.   Therefore, there is a definite need for correcting the unfair and unjust system of extracting local knowledge from people for corporate benefit.  But it should be noted that many local communities do not necessarily seek material rewards for specific individuals who are custodian of enormous knowledge.  Should that, however, be a reason for keeping people poor? There is no other reason why regions of high biodiversity should be inhabited by the poorest community.  If the ethical values of these communities and innovative individuals militate against accumulation of material wealth, then it surely doesn't give us a license for accumulating wealth in an unfair manner.
At present any innovation once published comes in public domain and becomes non-patentable unless one applies within a year. At the same time, people to people networking requires dissemination of ideas in different languages of the world to promote literal learning and experimentation.   To balance these twin goals of secrecy for Intellectual Property Right protection and dissemination for people to people networking can be resolved by setting up an international registry of innovations. This registry', just like the ISBN number of books, should provide cheap and quick way of limited protection for each innovation.  Later with the help of an international fund for promotion of sustainable technologies and value addition in local innovations, more detailed patent applications can be filed on behalf of the individuals as well as communities.  It is up to the communities or individual innovators to decide whether they would like any gains from the commercialization of those innovations to be appropriated for their collective or individual benefit, or not.
The SRISTI model of empowerment and sustainable technology development implies a possibility of improving income and livelihoods of knowledge rich economically poor communities and individuals through documentation, value addition and experimentation and local innovations.
We have proposed since 1991, setting up a global registry of small innovations as explained next.
INSTAR
International Network for Sustainable Technological Applications and Registration of small Innovations (INSTAR)

The world wide concern about unauthorized use of intellectual property of local communities and individual innovators by outsiders has generated a need for developing a system of rights that is accessible, accountable a/id ethically sound.

SRISTI has proposed creating a international registry of small-innovations on the pattern of Honey bee which will achieve the following results:
i) Acknowledgement of individual and collective creativity
ii) Grant entitlements to grassroots innovators for receiving a share of any returns that may arise from commercial applications of their knowledge, innovations or practices with or without value addition.
iii) Linking the golden triangle of entrepreneurs/lip by linking Investments, enterprise and innovations. Small scale investors in North and South can not afford to go to various countries, scan diversity of knowledge and resources, negotiate contracts and invest up front huge investments for value addition. If they do not participate, then the field will remain dominated by only large corporations. This register will help small scale investors seek opportunities of communication with communities and individual innovators and explore opportunities of investment.
(iv) An autonomous authority comprising local community representatives could have access to all the contracts to see whether (a) communities are being dealt with fairly and not being short changed, (b) management plans for sustainable extraction of diversity have been drawn up in scientifically appropriate manner or not. Penalties may have to be imposed for non-sustainable extraction of herbs by domestic as well as external extractors.
(v) Each entry in the Register will be coded according to an universal system like ISBN and have the postal pin code of the habitat of the community or individuals registering innovations forgeo-referencing. In due course the contextual information of innovations can also be incorporated so as to cross connect innovative communities and individuals through Knowledge Network.
(vi) The entry in the register will result in award of inventors certificate or a kind of petty patent which is a limited purpose and limited duration protection. Swiss patent system provides a useful model for such a registry because it does not evaluate novelty of any innovation though it looks at full disclosure.
(vii) The award of certificate will also increase entitlement of innovator Is for access to concessional credit and risk cover so that transition from collector, or producer of herbs to developer and marketeer of value added products can take place in cases where innovators deem that fit.
This registry has already been in progress for last six years through Honey Bee Network. The issue is to get it recognized with CBD as well as other Intellectual property offices and also encourage others institutions/communities to establish nodes of similar global registry in various parts of the world.
The concept of a Knowledge Centre/Network proposed by SRISTI and adopted by IFAD and several other civil society institutions could be one vehicle through which these goals could be pursued and operalionalised as given below:

a. To trigger a multi-channel, multi-node and multi-level network of individuals, institutions and social movements engaged in generating solutions to the problem of hunger and poverty,

b. To operationalize various articles of International Convention to Combat Desertification, particularly Article 16(b), Article 18, Article 19 and 20(c & d), Article 25-3(a), Article 26, etc., in order to( network existing information channels so as to make innovative solutions accessible to people in a manner that they can use these and share feedback/feed forward.

c. To generate reciprocity amongst providers and receivers of information so that incentives for problem solvers to network with knowledge centre/network continue to grow.

d. To develop and operationalise an international fund for recognizing, respecting and rewarding creativity and innovation at grassroots level and ensuring sustainable use of natural resources, protection of basic human rights, gender equality, and ethical discourse and conduct of business.

e. To network with existing efforts all over the globe with similar goals such as
International Foundation for Science, Sweden (IPS), Society for Research and
Initiatives for Sustainable Technologies and Institutions (SRISTI), Honey Bee network for indigenous innovations, Tranet, ISEE, IASCP, CIKARD etc.

f. To mobilize volunteers from the private and public sectors, the third sector and even religious organizations to generate and support local trust funds to be managed by communities trying to augment innovative solutions developed by them or others.

g. To set up a venture capital fund for small innovations which may support innovators directly or may underwrite risk or provide bank guarantees for similar funds to be set up in different parts of the world for augmenting peoples capacity to solve their own problems.

h. To fulfill an ethical obligation towards poor people by ensuring, (i) all the information concerning any programme or project is made available in local language to the peoples representatives at local level before designing and implementing the same, (ii) sharing of information during the course of project implementation and respecting the right of people to information and, (Hi) protecting the intellectual property and cultural heritage rights of local communities.

If we have to generate sustainable technologies and institutional solutions for preventing land degradation, conservation of biodiversity and generation of income employment opportunities then we will have to recognize that discourse on development must take place in re-defined categories with enhanced role for civil society actors.  The poor people should never be considered resource poor because then it would imply that they are poor even in the knowledge resource.   We should recognize that language of discourse does generate a habit of thought and a way of looking at the problems or opportunities.  Knowledge of people is an important resource and a framework which denies that is neither legitimate nor ethically sound.
Similarly, a framework of development, which treats people as victims, and helpless clients of official delivery systems would never be able to generate a preparedness amongst professionals to participate in the plants of local communities and innovative individuals.   Time has come when we the outsiders should learn how to participate in peoples plans and not vice versa.
Finally, technology development is a process which requires re-thinking in the formal institutions dominated by chemical intensive approaches and high powered machines.  For most of the marginal communities living in fragile environments, standardized solutions as developed for green revolution regions will not work.  The organizational arrangements which generate incentive for scientists to work with the people to develop technologies with limited potential for diffusion generally don't exist.   There is a great deal of restructuring required in the international and national research organizations if technology development and diffusion process has to become relevant and meaningful for marginal environments and disadvantaged communities. Honey Bee network with its limited resources and experiences has demonstrated that such a transformation is indeed feasible.
It is said that given the food requirement in the world there is enough to feed everybody. Many scientists repeatedly claim that they can sustain much higher level of production for longer period of time if only they could put more inputs (preferably subsidized) into the system. But this promise irrespective of its feasibility reduces pressure on the policy maker for dealing with population problem head on.  This has to change. And scientists have to educate the planners about the ecological and economic costs of increasing further productivity in some intensively grown regions.    Cheap aid also contributed to reduction of the similar pressure. In many countries population control is the taboo.  Often it is portrayed as a human right problem rather than as a women's reproductive right problem. Most women would not vote for such a population policy and yet they are helpless in most cases.
Agronomists have to use ecological economic concepts to account for all the native fertility that has been mined and that is not going to be easy to be replaced in future. In most developing countries including India even the macro nutrients are not used in balance, the question of micro nutrients except for a few of these is far removed from the consciousness of the top planners. This again is a moral problem.   Who should decide and what role should scientists play in generating or reducing the pressure to shift our polity to sustainable path ways?
Summing up:
If every region has to grow sufficient food for its own need, there is no way one can prevent bringing marginal lands under plough, exacerbating ecological balance almost irreversibly. There has to be therefore some trade and transportation of food across the world. At the same time, when many developing countries are finding themselves trapped in cash crop economy which is extremely vulnerable to the fluctuations in international market, the issues of food self-reliance has become again politically and morally very important.  The decline in the international food reserves is only an indication of the problem to come.   With reduction in the subsidies in the developed countries in the post-GATT phase, land use may shift from crops to trees, horticultural or otherwise.   Restoration of soil eco system health, and ground water quality is of utmost importance in the intensively cultivated regions of the world, whether north or south.   There is no point in arguing that the urgent food requirements necessitate robbing future generations of the right to lead a meaningful, safe and satisfying existence.   This also means that imbalances in food production and distribution within developing countries have also to be rectified.
On the other hand, if consumer markets in the north become accessible easily and consistently for organic as well as low chemical input agricultural product from developing countries, it will have afar more positive contribution towards poverty alleviation as well as natural resource management.   SRISTI has been arguing for linking green consumers of north with green producers of south to generate a new paradigm of development.  It has to be remembered that much of the production in high-risk environments such as drought and flood prone regions, hill areas and forest fringe regions is organic in any case.  Neither the input intensive technology is available for these highly variable environments nor people can afford to buy these even if available.   The biodiversity is much higher in these regions but poverty is also highest in these regions in terms of severity (and not in absolute numbers).  Further, the proportion of women headed or managed households is also maximum in these regions because of high male emigration due to limited local employment opportunities.   Unfortunately the literacy levels are least and the drop out rate of school children particularly the girls is the highest.   The positive side is that economically poor people in these areas are extremely rich in knowledge about biodiversity and its uses as shown in the earlier section.
If producers of diverse products in these regions can get consumer market of European countries they will get incentives to maintain biodiversity and above all make private investment for soil and water conservation. Despite making massive investment in watershed programme, no country will have sufficient resources to take care of the problem of resource degradation and erosion only through public investment. But private investment will not follow till it is profitable. And production in these high risky environments cannot be profitable unless consumers pay for these organic products whether food, fibre or oil seeds and pay for conserving the resources as well.
European Agronomists have to help in setting up organic certification facilities in developing
countries.  The model of organic certification suitable for large farms cannot be replicated for
millions of small farms as described above. SRISTI and Honey Bee Network have offered to be
a hub for developing alternative approaches for sustainable agriculture and organic
certification.
 
The various challenges described in this paper for reorienting agronomic science are perhaps equally relevant for developed as well as developing countries.  So long as the leaders of agricultural science in developing countries go through training and education in developed countries, it is necessary that the educational systems are modified along the lines mentioned in the paper in the developed countries itself. My contention in this paper has been that there is sufficient evidence for rethinking agronomic discipline to develop sustainable alternatives in future.  It will require reflecting upon our responsibility for future generation and our accountability to future leaders of our society who are students at different levels today.  There is an old saying in India, "If you sow a seed of prosopis (a thorny bushy tree) you cannot expect mangoes to come on it". If we want sustainable land use and reciprocal arrangement between developed and developing countries, then seeds of reciprocity have to be sown today. SRISTI has made a small beginning. I hope the Danish Association of Agronomists will take this lead forward

Table one

1. Household risk adjustment strategies

	Infra-Household
	Asset disposal, migration, reduction or modification of consumption, reallocation of resources among different enterprises, etc.


	Inter-Household

	Labour, credit, land related bilateral or multilateral contracts, informal sharing, gifts, etc.


	Group or Communal
	Reliance on Common Property Resources, group ploughing, sowing or other farm operations like plant protection, drainage, purity of breed, etc., group level grain, fuel wood and resource reserves, etc.


	Public Interventions

	Drought or flood relief, aerial spray for plant protection, distribution of seed or seedlings after natural catastrophes, infrastructural interventions, etc.


	Cultural artifacts
	Myths, folklore, religious or    other sanctions against private profit from community deprivation or for sustainable resource management, use of lunar calendar to synchronize farm operations, informal cooperation through cultural rituals regulating resource use, etc.

	2. 
Technological adjustments

	Agronomic
	Dry sowing, early sowing to break synchrony in the vulnerable stage of crop and virulent stage of pest, summer ploughing, cropping,  contour ploughing and sowing, inter and mixed cropping, mixed aus and aman sowing (in paddy), laddering and planking, sowing in set and furrow system, water shed technolo​gy etc.

	Contingency
	In many regions probability of some major treatments or risks can be antici​pated and accordingly provided for through mid-course correction.  For in​stance, relay cropping, thinning plant population after stress, mulching (it can be both - regular practice or a contingency practice), devegetation, etc.



	Salvage treatments
	Once a crop or some other enterprise suffers a shock or disturbance, technolo​gy may be required to recover or recouperate from the losses.  For instance, in flood prone regions, cold temperature at the grain feeling stage may cause sterility for which harvesting crop as fodder and ratooning may help, in a flood damaged deep water rise cutting and sowing of stem of the surviving plants may help.


	Preventive treatments
	Several indigenous ways of seed treatment by organic gels and other materials exist to minimize drought and pest damage, border and trap crops for pest control, indigenous vaccination among animals, etc.


	3.  
Institutional risk adjustments

	Spatial
	The banks can lend to less risky villages, scientists can locate trials at less risky sites, the input agencies may locate distribution points in less risky re​gions because of larger demand.

	Seasonal
	The lending can be constrained in monsoon season, input supply may be errat​ic and inventory level low or nil in kliarif season, the banking disbursements may be clustered around financial year end even if results are sub-optimal.


	Sectoral
	Loans for non-farm purposes, rainfed crops, small ruminants, long gestation investments like watershed treatments, etc., may be highly restricted.  Credit for various purposes may be clustered even though there may not be a rational justification for such a portfolio.

	Procedural
	High margins, insistence on collaterals, shorter repayment schedules (even though this practice may eventually increase the default risk), multi-enterprise loans, linkage between investment and working capital loans, group guaran​tees, saving and lending groups, linking banking and technology, etc.

	Background risks
	Deposit and credit insurance and guarantees, crop and other enterprise in​surance, failed well subsidy, etc.



	4. 
Cultural risk adjustments

	Collective action
	Group based management of resources such as water streams in hills, plant protection, watershed management, grazing land and common property re​source management, rotating saving and credit associations and use of discount money for common property assets such as temples, school furnishings, pesti​cide sprayer, group norms for collecting fuel wood or roofing material on particular days in the hills, etc.

	Folk ritual
	Several folk songs, myths, stories, proverbs, etc., are used to generate psy​chological assurance or social resilience in the local communities, attitude formation and generation of eco-ethic is also facilitated by folk media.

	Institution building

	Generation of norms and values suggesting respect for common properties and participative processes of decision making aid risk adjustments, pooling of bullocks, implements and other resources also facilitated by institution building processes.  

	These options for risk adjustment modify the way social institutions for collective or individual management of risks evolve or transmutate into organizations or vice versa.
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� Coordinator, SRI3TI (Society for Research and Initiatives for Sustainable Technologies and Institutions), and Professor, Centre for Management in Agriculture, Indian Institute of Management, Ahmedabad 380015, fax: 91 79 26307341, email: anilg@iimahd.ernet.in http://www.sristi.org


� An International Conference on Creativity and Innovations at Grassroots ( ICCIG) for sustainable natural resource management is being organised by Centre For Management in Agriculture, Indian Institute of Management, Ahmedabad, India during Jan 11-14, 1997. This conference in some sense will help pool insights from grassroots level creativity around the world. ICCIG has been co-sponsored by International Society of Ecological Economical (SEE), International Association for Study of Common Properties ( IASCP), SRISTI, and some other organizations are also likely to co-sponsor it.
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