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Introduction

The concept of Food Security has evolved during the last 3 decades to indude not only
food avalability, but dso economic access to food and the biologica absorption of food
in the body. Adeguate per capita avalability of food is a function of the baance between
food production on the one hand, and growth in populaion and purchasing power, on the
other. Urbanisation enhances the consumption of anima products and thereby incresses
the demand for feed grans and fodder. The “green revolution” of the sxties and
sventies hdped deveoping countries to gan a breathing spdl during which they could
atempt to achieve a bdance between populaion growth and the population supporting
cgpacity of the ecosysems. Inspite of the success of the population gtabilisng efforts in
many developing countries, the UN projections indicate that the globad population may
range from 8 to 10 hillion by 2050. | would like to discuss in this paper the chdlenge of
achieving sudandble advances in fam productivity, leading to an “ever-green
revolution” in the fidds of farm familieswith smdl holdings.

The Challenge of Sustainable Agriculture

On the eve of the UN Conference on Environment and Deveopment hed & Rio de
Janaro in June 1992, the Union of Concerned Scientigs published an open letter titled,
World Scentigss Warning to Humanity, which saed that “human beings and the naturd
world ae on a collison courss’. The letter gated further, “if not checked, many of our
current practices put at serious risk the future that we wish for human society and the
plant and animd kingdoms, and may so dter the living world that it will be undble to
sudan life in the manner tha we know”. This warning was dgned by over 1600
scentigs from leading scientific academies in 70 countries The lig induded 104 Nobd
Laurestes.

Calborn, Dumanaski and Myers (1996) in ther book “Our Stolen Futuré’ and James
Morgan (1999) in his book “The Last Generaion” dso provide a picture of the grim
future that awaits the generations yet to be born, if we lose further time in restoring
harmony between humankind and nature,

It is now widdy redised that the genes, species, ecosysems and traditiond knowledge
and wisdom that are being log a an increesngly acceerated pace limit our options for
adapting to locd and globd change, induding potentid changes in dimae and sea leve.
The Hadley Centre of the UK Meteorological office has recently predicted that even if
Governments cut green house gas emissons, sea levels may rise by a leest 2 meters over
the next few hundred years If the globd community can limit emissons upto 550 ppm,
which is twice the preindudrid leves and 50% above today's, aout 2 hillion persons
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can be saved from water shorteges, low crop yidds and increased coadtd flooding,
especidly in Indiaand Africa (New Scientist, 30 October 1999)

The Globd Biodiversty Assessment published in 1995 by the United Nations
Environment Programme (Cambridge Universty Press) edtimates that about 13 to 14
million pecies may exis on our plang. Of this less than 2 million Soecies have 0 far
been scientificdly described. Invertebrates and microorganisms are yet to be dudied in
detal. In paticular, our knowledge of ol microorganisms is ill  poor.  Also,
biosysematics as a stientific discipline is tending to atract very few scholars among the
younger generdion.

Another important paradigm shift witnessed in recent decades in the area of management
of natural resources is a change in the concept of “common heritage’. In the padt, the
amosphere, oceans and biodiversty used to be referred to as the common heritage of
humankind. However, recent globd conventions have led to an dterdtion in this concept
in legd tems Biodiversty is now the sovereign property of the naion in whose palitica
frontiers it occurs. Further, the Trade Related Intdlectua Property Rights (TRIPS)
provisons of the World Trade Agreement have made it mandatory to cover products of
genetic improvement with ether patents and sui generis methods of intdlectud property
rights protection. Under the UN Convention on the Law of the Sea, naions with coastd
aess have access to a 200 mile Excdusve Economic Zone (EEZ). The Climae
Convetion and the Kyoto protocol provide for both common and differentiaed
responghilities to countries Thus, the globd commons can be managed in a sudanable
and equitsble manner only through committed individud and collective action among
nations. In the Aga-Padfic Region, Audrdia can play a cadytic role in fogtering
cooperation in both avoiding and mitigating the adverse impact of dimate change.

A Chinee proverb warns, “if you do not change direction, you will end up where you are
headed’. Since we do not want to reach where we are presently headed, what change of
course should we bring about in the field of agriculture?

Ecgtasy and Agony

As we say good bye to this century we can look back with pride and satisfaction on the
revolution which the faam men and women of the Aga / Padfic region have brought
about in contemporary agriculturd higory. While we can and should rgoice about the
past achievements of our famers, scientists, extenson workers and policy makers, there
isno room for complacency. We will face severd new problems, such as the following:

Hrg, increasing population leeds to increased demand for food and reduced per
cgpitaavailability of arable land and irrigetion water.

Second, improved purchasing power and increased urbanisation leed to higher per
cgpitafood grain requirements due to an increased consumption of anima products.



Third, marine fish production is tending to become stagnant and coagtd aguaculture
isfacing environmenta problems.

Four, there is increasing damage to the ecologica foundations of agriculture, such as
land, water, forests, biodiversty and the aamosphere and there are digtinct
possihilities for adverse changesin dlimate and sealevd.

Findly while dramatic new technologica developments are taking place, particularly
in the fidd of biotechnology, their environmentd, hedth and socid implications are
yet to be fully undergtood.

Snce land and waer are shrinking resources for agriculture, there is no option except to
produce more food and other agriculturd commodities from less per capita adble land
and irrigation water. In other words, the need for more food has to be met through higher
yields per units of land, water, energy and time. It would therefore be useful to examine
how science can be mobilised for rasng further the celing to biologica productivity
without associated ecologicd harm. It will be gppropriate to refer to the emerging
scientific progress on the fams as an “ever-green revolution”, to emphasise that the
productivity advance is sudanable ovetime dnce it is rooted in the principles of
ecology, economics, socid and gender equity and employment generation.

The green revolution has 0 far helped to keegp the rate of growth in food production
above populaion growth rate. The green revolution, was however, the result of public
good research, supported by public funds. The technologies of the emerging gene
revolution in contrast, are Spearheaded by proprigtary science and can come under
monopoaligic control. How then can we harness the power of frontier science to promote
an ever-green revolution in our farms?

The 20" century began with the rediscovery of Mendd’s laws of inheritance. It ends with
moving specific genes across sexud barriers with the hdp of molecular mgpping and
recombinant DNA technology. The impact of science and technology in every fidd of
cop and animd husbandry, inland and marine fisheries and forestry has been profound.
La me illudrae this teking the improvement of wheat production in India as an
example.

Wheat cultivation darted in the Indian subcontinent over 4000 years ago. Wheat kernds
have been found in the Mohenjodaro excavations dated 2000 BC. From that period up to
August 1947, when the colonid rule ended, Indian fam men and women developed the
cgpacity to produce 7 million tonnes of wheat per year. Between 1964 and 1968, when
smi-dwaf drans contaning the Norin 10 genes for dwarfing were introduced in
irrigated aress, wheat production rose from 10 to 17 million tonnes per year. In cother
words 4000 years of progress was repested in 4 years (Swaminathan, 1993). During
1998-99, wheat production in India exceeded 70 million tonnes, i.e a ten fold increase in
about 50 years



Smilar progress has been made in improving the production and productivity of rice
maize, LVybean, potao and severd other crops as wel as in fam animds in many
developing countries around the world. New technologies supported by gopropricte
srvices and public policies as well as internationd scientific cooperation have helped to
prove doomsday predictions wrong and have led to the agriculturd revolution (the green
revolution) becoming one of the mogt dgnificant of the scientific and sodidly meaningful
revolutions of this century. A world without hunger is now within our reach. A hunger
free world will be possble if every nation pays concurrent dtention to improving food
avaldbility through ecologicdly sudanable methods of production, to enhancing
economic access to food by promoting a job-led economic growth drategy, and to
enauring the biologicd absorption of food in the body through the avalability of safe
drinking water and environmenta hygiene. Steps should dso be taken to enlarge the base
of the food security basket by revitdiang the earlier tredition of cultivating a wide range
of food crops (See MSSRF, 1999).

Emerging faming technologies will be bassd on precison faming methods leeding to
plant scde raher than fidd scde husbandry. Farming will be knowledge intensve, usng
information from remote sendng, Geographica Information Sysem (GIS), Globd
Pogtioning Sysems (GPS), and information and computer technologies. Farmers in
indudridised countries are dready usng sadlite imagery and GPS for early detection of
diseases and pests, and to target the application of pedticides, fertilizer and water to those
pats of thar fidds that need them urgently. Among other recent tools the GIS
methodology is an effective one for solving complex planning, management and priority
stting problems. Smilaly, remote sensng technology can be mobilised in programmes
designed to ensure drinking water security.

Biotechnology will play an increeangly important role in drengthening food, water and
hedth security sysems Recent widesoread public concan rdding to gendicdly
modified (GM) food dresses the need for more effective and transparent mechanisms for
assessing the benefits and risks associated with tranggenic plants and animas. An
internationally agreed Biosafety Protocol on the lines recommended in Artide 19 of the
Convention on Biologicd Diverdty is an urgent necessty. Biotechnology companies
should agree to the labeling of GM foods in the maket. All food safety and
environmenta concerns sould be addressed with the seriousness they deserve. Broad
based Nationd Commissons on Genetic Modification for Sudainable Food and Hedth
Security could be st up, condging of independent professionds,  environmentaids,
representatives of civil society, famers and womens organizations, mass media and the
concerned Government  regulatory authorities. This will help to assure both famers and
consumers that the precautionary principle has been gpplied, while gpproving the reease
of GM crops.

Biodivergty-rich  but biotechnology-poor countries ae adversdy dffected by the
prevaling nonadherence to the ethicd and equity principles in benefit sharing contained
in Articles 8 and 15 of CBD. The primary consarvers, largdy tribd and rurd women and
men, live in poverty, while those who use ther knowledge and materid for producing



commercid  products become progperous  (Swaminaghan, 1999). The invdudble
contributions of tribd and rurd families to gendic resources consarvation  and
enhancement have been recognised in the Convertion on Biologicad Diversty. Yet the
politicd will to implement the equitable benefit sharing provisons of CBD is lacking.
We need urgent deps to recognise and reward the contributions of indigenous
communities to providing materid of grest importance to globd food and hedth security.
The following three vdidated findings will be adequaie to dress the sgnificance of
traditiond knowledge and consarvation efforts to hdp mitigate handicaps caused by

aging in human beings.

Country Plant Property

India Trichopus Zeylanicus Helps to remove fatigue

India Bacopa monnieri Heps to improve memory

Tropicd Africa Prunus africana Trestment for benign Prodtatic
hyperplasis

Artide 27(b) of the TRIPS component (Trade related intdlectud property rights) of the
World Trade Agreement is now under review. All naions should agree to incorporae in
this clause the ethics and equity principles endhrined in aticles 8(j) and 15 of CBD. The
World Intelectud Property Rights Organizetion (WIPO) which has launched a dudy of
the need to recognise the intdlectud propety rignts of the holders of traditiond
knowledge, should complete this sudy soon and hep to make the principles of ethics and
equity the foundation of IPR.

Emerging Scientific Revolutions

Fortunately, as we approach the new century we are experiencing three mgor revolutions
in science and technology, which will influence agriculture and indugtry in a fundamentd
manner. It will therefore be gppropriate to make a brief reference to them.

i)  The gene revolution - which provides amolecular understanding of the genetic basis
of living organisms, as well as the ability to use this understanding to develop new
processes and products for agriculture, industry, the environment, and for human and
animd hedth.

i)  The ecotechnology revolution - which promotes the blending of the best in traditiona
knowledge and technology with frontier technologies such as biotechnology, space
and information technologies, renewable energy and new materids, and

iii) Theinformation and communication revolution - which dlows avery rapid growth
in the sysematic assmilaion and dissemination of relevant and timely information,
aswdl asadramaicaly improved ability to access the universe of knowledge and
communicate through low cogt dectronic networks.



In principle, these three types of advances - when coupled with improvements in the
management and governance - greetly increese the power of a scientific gpproach to
gendlic improvement, the integrated management of naturd resources and ecosystems,
and the management of locd and regiond development drategies. Ecotechnologies
endble the adoption of 1SO 9000 and SO 14000 dandards of environmentd
management. Thee sdientific revolutions seem to be proceeding a an ever increasing
pace, with mos of the action occurring in indudridised nations. Also, new discoveries of
great relevance to sudainable food and hedth security are coming under the purview of
proprigtary science, since they are covered by Intdlectud Property Rights. It is the duty
of organistions devoted to public good to mobilise recent advances in stence and
technology for meeting the basic needs of the economicdly and socidly underprivileged
sections of the human family.

The Gene Revolution

The past ten years have seen dramatic advances in our understanding of how biologica
organisms function a the molecular levd, as wdl as in our ability to andyze, undergand,
and manipulate DNA molecules the biologicd maerid from which the genes in Al
organisms ae made. The entire process has been accderated by the Human Genome
Project, which has poured subgtantial resources into the development of new technologies
for working with human genes. The same technologies are directly gpplicable to dl other
organiams, induding plants. Thus a new scettific discipline of genomics has aisen.
This discipline has contributed to powerful new gpproaches in agriculture and medicine
and has helped to promote the biotechnology indudtry.

Severd large corporations in Europe and the United States have made mgor invesments
in adapting these technologies to produce new plant varigties of agriculturd importance
for large-scde commercid agriculture. The same technologies have equdly important
potentia gpplicationsfor addressing food security in the devel oping world.

The key technologica developmentsin thisareaare:

Genomics: the molecular characterization of species.

Bioinformatics : data banks and data processng for genomic andyss
Transformation: introduction of individud genes conferring potentialy useful traits
into plants, trees, livestock and fish species.

Molecular breeding : identification and evauation of useful traits by use of marker
assisted selection, which greatly speeds up traditiona breeding processes.
Diagnostics : identification of pathogens by molecular characterization

Vaccine technology : use of modern immunology to develop recombinant DNA
vaccines for improved control againgt lethd diseases of animas and fish.

Let me cite one example from the work of MSSRF scientigts to illudrate the vaue of the

new tools. As a pat of the anticipatory research programme to meet the consequences of
sea levd rie aidng from globd dimate change, genes regonsble for conferring the



aoility to withdand sea water intruson were identified in a few mangrove species
through molecular mapping. They have been trandered to annuad economic plants
through recombinant DNA technology.

The sequencing of the genome of rice (Oryza sativa L.cv.Nipponbare) by an internationd
consortium supported by the Rockefdler Foundation and the Internationd Rice Research
Ingtitute will permit dlde mining for al genes of rice and possbly for other cereds.
Thus, dtogether unforessen opportunities for cregting novel genetic combinations have

been opened up.

As mentioned earlier, there are widespread public concerns about the potentid adverse
impact of gendticdly modified organiams (GMOs) on humen hedth, biodiversty and the
environment. Severd of these concerns ae genuine. In order to teke advantage of
recombinant DNA technologies without associated harm to human or ecologicd hedth, it
is important that every ocountry has in place aiitable inditutiond dructures and
regulations for biosafety, bioethics and biosurvellance. At the same time, there is need
for grester investment of public funds for public good research, the results of which can
reech the unreached. For example, in food and agriculture, there is need to strengthen
both Nationd Agriculturd Research Sysems and the Internationd Agriculturd Research
Centres supported by the CGIAR.

The Ecotechnology revolution

Knowledge is a continuum. There is much to learn from the past in tems of the
ecologicd and socd sudanability of technologies At the same time, new deveopments
have opened up new opportunities for developing technologies which can lead to higher
productivity without adverse impact on the naurd resources base. Blending traditiond
and frontier technologies leads to the birth of ecotechnologies with combined srengths in
economics, ecology, sodd and gender equity, employment generation and energy
consarvation.

For example, in the area of water harvesing and sudtainable use, there are many lessons
to be learnt from the Audrdian experience. There is need to conserve traditiona wisdom
and practices, which are often tending to become extinct (Agawd and Naran, 1997).
The decison of the World Intdlectud Propety Organizetion (WIPO) to explore the
intellectud property needs, rights and expectaions of holders of traditiond knowledge,
innovations, and culture is hence an important ep in widening the concept of intelectud
property. FAO has been a pioneer in the recognition of the contributions of farm families
in genetic resources conservaion and enhancement by promoting the concept of
“Famers Rights’. Like WIPO, UPOV (Union for the Protection of New Vaieties of
Crops) should dso undertake the task of preparing an integrated concept of breeders and
famers rights. UPOV itsdf should be restructured to become a Union for the Protection
of Farmers and Breeders Rights.

The information technology revolution



New communication and computing technologies are dreedy influencing life on our
planet in a profound manner.

a. Accessto the Internet will soon be universa, and it can provide unredtricted low-cost
access to information, aswell as highly interactive distance learning. The Internet
will not only facilitete interactions among researchers, but dso greatly improve ther
ability to communicate effectively with the potential users of their research
knowledge.

b.  Computing makesit possble to process large-capacity databases (libraries, remote
senang and GI S data, gene banks) and to congruct Smulation modes with possible
gpplicationsin ecosysem modeling, preparaion of contingency plansto suit
different weather probabilities and market variables.

c. Thesoftware indudtry is continuoudy providing new tools thet increase research
productivity and creste new opportunities for understanding complex agroeco
systems.

Remote sendng and other space sadlite outputs are providing detailled geographic
information useful for land and natura resources management.

The promation of ecotechnology development and dissemingtion, the effective adoption
of integrated systems of gene and naturd resources management and the effective
hanessing of information technologies should become essentid dements of the “stience
and technology for basic human needs’ movement.

To sum up, there is no time to rdax on the food production front. It is obvious that we
have to produce more, but produce it in a manner that there is no adverse environmenta
or socid impact. Water is likdy to be a serious condraint in many countries. Hence,
priority should be given to devedoping and soreading  efficdent water  management
techniques, including aguifer management, waste water recyding and conjunctive use of
auface and ran water. Future agriculturd production technologies should be based on
the foundation of integrated natura resources management.

The world can produce enough food for a populaion of 10 hillion by hanessng the
untgpped yidd resarvoir exising even with currently avalable technologies, if greater
atention is given to soil hedth cae and water management. We must defend the
productivity gains so far made, extend the gains to semi-aid and margind environments,
and work for new gans usng blends of frontier technologies and traditiond ecologicd
prudence. The problem of generaing adeguate purchasng power to enable families living
in poverty to have economic access to food will Hill confront us This is where a job-led
economic growth draegy based on micro-levd planning, mico-enterprises and micro-
credit will be of great hedp. Integrated production and pod-harvest technologies and on-
fam and off-fam employment drategies will be needed to provide livdihoods for dl in
rural aress.



With increesng globdistion of economies it will be necessay to agree a the
internationd level that safeguarding and drengthening the livelihood security of the poor
should be a mgor god of liberdised trade. The current trend of increesng rich-poor
divide will have to be gopped, if sodd conflicts are not to increase. Thus, we are redly
wdking a tightrope in terms of achieving sudainable solutions to the problems of
populaion, povety aixd environmentd  degradation. The vaious internaiond
conferences held during this decade dating with the Childrens Summit hed in New
Yok in 1990 and ending with the World Conference on Science hdd a Budgpest in
1999, have indicated possble solutions to these problems It is now for nations to act
individudly and collectivdly so that the uncommon oppatunities opened up by scence
and technology and democraic sysems of governance for creating a food secure world
ae not missed. The United Naions Universty which has so far provided innovative
leedership in developing inditutiond dructures and pedbgogic approaches designed to
reech the unreached should not only continue its philosophy of working for a better
common present and future for humankind, but should intensfy its efforts to fodter
rlevant partnerships and networks for launching and sugaining an ever-green revolution
onthefarms.

According to the Adan Devdopment Bank, over 900 million out of the 1.3 hillion
persons currently living on a per cgpita dally income of less than 1 US ddllar, ae in Ada
One in three Adans is poor. Poverty is the main cause of food insecurity a the leve of
individuals today. Mog of the new jobs or livdihood opportunities in Ada will have to
come from the onfam and rurd nonfarm sectors. Macro-economic policies a the
naiond and globd levels should ensure that they help to drengthen micro-enterprises
supported by microcredit. Technology and trade should become dlies in the movement
for a more equitable world. It would be useful if UNU could organise a Virtud College
together with WTO on the theme “Trade as an instrument for Poverty eradication”. This
will hdp to drengthen the livdihood security of the poor, 0 veay essetid for food
security. Through gppreciate blends of technologies and public polices we now have
uncommon opportunities for achieving the human quest for a hunger-free world by the
year 2020.
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