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ABSTRACT

Sustainable agriculture is defined by FAQ as the management and conservation
of the natural resources hase, and the orientation of technological and inglitutional
change in such @ mamer 85 1o ensure the atminment and continued satisfacnon of
human needs for present and fulore generations. The amhor emphesizes ihe need for
sustainably productive agriculture in ihe 2lsr cemlury because of incressing world
population for which food production must be improved by from 40 ta K0% for cereals.
Such crop yield increases mugl also come primerily from higher biological vields and
not fram area expansian and mare imigatian

The author peoposza that through medem biotechnology, craps may be genetically
modified (GM) 1o raige yield celings, improve resistance 10 pests and discascs, develop
tolerance 1o drought, excessive lemperatures, soil acidily and salimity and other abiotic
siresses and improve the nutritional, processing and keeping quality of produce. While
applications of modern bintechnology in healih and indutry are widely sccepted. there
are objections to and unease in uses of GM crops in food and sgricubisre. The paper
discusses the risks, bath technological and technology-iranscendeny, associated with
hiotechnology, and proposes,

To address the question of unequal sccess o modem biatechmalogy by developing
countries such as the Philippines, the author Further praposes thel (1) strengthening of
nationsl capacity to conduct agricultural biotechnology R&D, (2) put in place the
proper intellectual property rights (IFR) ta encourage private secior 1o invest on the
problems of Philippine agriculture and (1) pravide appropriate incenlives so that the
new technoalogics can ba sccessed by poor farmers.

Key Words: sustainable sgriculture, biotechnology, genetically modified
{GM) crops
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I. INTRODUCTION

Sustainable griculture and rural development has been defined by FAO as
the managemen’ ard conservation of the natural resources base. and the orientation
of technolugical and institutional change in such a manner s lo ensure the attainment
and continued satisfaction of human needs for present and future generations.

The need for sustainably productive agriculture looms larger and larger in
the horizon as we begin the 21% century. Between the years 2000 and 2025 the
world population will increase by almost two billion people. To feed this additional
population it has been caleulated that the averape yields of cereals must be 80%
higher than the average yields in 19940,

In the Philippines, our poputation has been projected to increase from 77
million in 2000 to 1088 millian in 2020, For rice alone our requirement will
escalate from 12.8 million tons o 17.9 million tons, an increase of 40% (Hossain
and Sombilla, 1999).

However, bevause land and water are becoming increasingly scarce, these
increases must come primarily from incressing biological yields, not from area
expansion and more irrigation (Serageldin, 1999),

The Convention on Biological Diversity {CBD) defines bivtechnology as
any technological application that uses bivlogical systems, living organisms, or
derivatives thereof, to make or modify products or processes for specific uses. It is
the new label for a process that humans have used for thousands of years 10
fermeni foods such as beer, wine, bread and cheese {Vogt and Panish, 1999),

Modem biotechnology. in the namow sense, refers to applications based on
the new science of molecular biology. With the rew knowledge in the molecular
sciences. it 1s now possible to identify specific genes in the penomes of prganisms;
understand their functions in the whole arganisms; modify. clone and transfer the
genes across natural species barriers, and make the genes express their producls in
specific tissues, at specific growth stapes at specific dosages in the recipient
OTBANISMS,

In conventional plant breeding which is one form of biotechnology widely
applied in agriculture, gene transfers are limited to between varicties of the same
species; occasionally between species of the same genus, and rarely between
species belonging to different genera. Transferring genes between plont families,
much less from hacteria or animals to plants was impossible. But now with the
capability of modemn biotechnology to precisely manipulate, transfer and control
gene expression, these very wide penctic introgressions are possible.

With modern biotechnology, man has at his disposal a new toul for
dramatically increasing and stabilizing biological vields while protecting the natral
resources base. Crops can be genetically modified 1o raise yield ceilings, improve
resistance to pest and diseases, develop lolerance to drought, excessive temperatures,
soil acidity and salinity and other abictic stresses and to improve the nutritional,
processing and keeping quality of farm produce.
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The positive wmpact on the environment fom modern biotechnology will
come from {|) the more efficient use of land, mineral nutrients and water, (2) the
less need for pesticides as more durable genetic resistatices are built ino crops, (3)
the less need for cultivation with herbicide 10leram crops and mone robust seedlings
thus protecting the soil from erosion and (4) from the bener conservation and
management of biodiversity.

1. OBJECTIONS TO MODERN BIOTECHNOLOGY

In one sense, modern biotechnology is simply a logical continuation of the
old. The essential unity of the genetics of all living organisms had been there all
along. We simply discovered the secrets of what the diserete units of inheritance
are made al, how they function, and how we run manipulate them with more
preciston compared with the random statistical methods we have employed in the
past.

Apart from agriculture, madem biotechnoiogy has many other potential
beneficial applications in health, industry and environment. 1t is used in producing
recombinant DNA vaccines and in gene therapy to teeat debilitating human diseases
and genetic disorders. Microbial, animal and plant cells are now being genetically
modified 1o produce enzymes, fine chemicals and biodegradabie polvmers 1o replace
traditional agricultural and chemical factory processes, Microbial cells and
genetically modified plants which have unique capability t selectively aceunulate
heavy metals are now being used to clean up the environment, DNA techniques
are being employed to precisely characterize biodiversity to facilitate conservation.

Except for the small minority of people who ohject to ull mudemn science,
the health, industrial and environment applications of modern biotechnology are
acceplable to most people. Most of the objections are directed to its applications
to food and agrivulture, particularly to genetically modificd crops.

These detractors see pert} in possible introduction of allergens and anti-
nutrition factors in foods, in the accwlental release of new but harmiful organisms
mto the environment, the hegemony by a few multinational corporations who
contrel the ncw technology over the world economy, and the replacement of
traditional agriculture and the rural way of life by modem, comaorate agriculture.

They perceive modern bivtechnology as cthically objectioneble as it is akin
to playing God with nawre. It is unnatural and therefore undesirable. Thev preach
the virtues of organic farming (av opposed to modern chemical-based agriculture)
to produce safe, healthy foed and 1o conserve the environment.

They atiack the Green Revolution as anti-poor uamind{ul of the fact that if
vou promote organiv farming of the mejor food crops in the developing countnes,
this will result in low yiclds and therefore inadequate food supplies and ultimately
high prices. Since food constitute the bulk of the family expenses of the poor,
high food prices will hurt the poor more than the rich who could always purchase
their food from the market.
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The yield inefficiency of organic farming has another very profound negative
consequence ta the environment of which people are generally unaware. To produce
the amount of cereals the world consumes today with the average yields before the
Green Revolution, Evenson (private communication), estimated that the world
needs 1o put 200 million more hectares of [and under the plow. Since practically
all the arable lands are now under cultivation, those additional farmlands will have
to come from cutting down tropice] rainforests and plowing marginal,
environmenially-vulnerable grazing lands.

III. COMMERCTAL RELEASE OF GENETICALLY
MODIFIED CROPS

Modem biotechnalogy in agricullure consists of at feast six components
{Persley and Doyle, 1939):

«  genomics: the molecular characterization of species;

¢+ bioinformatics: the assembly of data from genomic analysis into
accessible forms;

«  transformation: the introduction of novel genes into crops, forest,
livestock and fish species;

= molecular breeding: identification and evaluation of desirable traits in
breeding programs with the aid of moleeular genetic markers,

*  diagnostics: the use of molecular characterization to provide more
accurate and guicker identification of pathogens; and

*  vaccine lechnology: development of recombinant DNA vaccines for
control of dizeases.

Rapid scientific progress is being made on all these fronts. The mapping of
the entire genome of the experimental plant Arabidopsis thaliana has been com-
pleted. The genomic characterization of the major crop commodities are under-
way. The first that should be completely mapped will be rice, which has a rela-
tively small-sized genome. A Japanese-led consortium is expected to complete the
rice genomic map in a couple of years. This process has been greatly facilitated by
the private sector initiatives using massive computing and high throughput DNA
sequencing machines, in the characierization of the human genome. However to
be useful, these genomic maps have to be accompanied by information indicating
gene function {functional genomics) which will still take some time 10 complete.

Marker-assisted breeding is in progress in many countries. Bacterial blight
is a devastating disease in rice which had been nearly impossible to control be-
cause of the occurrence of many races of the pathogen. Using molecular genetic
markers, rice breeders have succeeded in pyramiding bacterial blight genes to
develop much more durable resistance to the disease,

Among the modern biotechnology components applied in agriculture, the
development of genetically modified crops with specific desirable traits (transgenic
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crops} had been the most commercially advanced. The first GM crop was the
Flavr Savr tomato with long shelf fife released in 1994. Since then commercial
release and adoplion of transgenic crops has dramatically increased. Between
[996 and 1999, the global area planted 1o transgenic crops increased from (.7
million hectares to 39.9 million hectares (James, 1999), Sales are estimated (o
have risen from §75 million in 1995 to $2,1-82.3 billion in 1999,

The following major observations characterize this initial phase of
commercialization of biotechnology-derived crop varieties;

a)  Most of the early technology adoplers were commercial farms in
developed countries with the USA and Canada sccounting for 72%
and 10% respectively of the area planted.

b) Al the subject crops are crops widely grown in developed couniries
i.e., soybean, com, cefton and canola.

¢} The almost exclusive foci of trait improvement were herbicide
tolerance® and insect (Bt} resigtancel |

The above observations are very significant because they call attention to and
explain to & large extent the opposition and unease which genetically modified crops
have elicited from significant sectors of society as well as highlight the challenges
and opportunities for us in the Philippines and the rest of the developing world as far
as expioiting the benefits of modern biotechnology for food and agriculture,

An essential feature of modern agriculiural biotechnology is its increasing
proprietary nature. Unlike the agricultural sciences in the past which have come
out of publicly supported laboratories, the new biotechnologies are focked into
patents, and other private intellectual property rights.

In order to recover their massive invesiments, the private companies must
cregic vatue added for which there iy effective demand - ie., from farmers,
consumers, food menufacturers and traders, etc. who are willing and have the
capacity fo pay. Thus it should not come a5 a surprise that their initial targets are
commodities grown by commervial producers in developed counrries.

Likewise, their objects of innovations are those characters of high valve to
commercial growers, Among the possible target traits, crop protection against
weeds and insect pests were obvious priorities in as much as commercial growers
expend lots of money on herbicides and insecticides to conirol these pests.
Moreover, these Western farmers are fully aware of the health hazard they expose
themselves ta and the pollution they cause their own environments with excessive
use of pesticides.

Were the initial priorities high levels of essentia) vitaming and minerals in
food crops, public perception would have been different although for people in
Europe and USA who have adequate nutrition these may stili not be atractive
encugh. Better if the breeding cbjectives were low cholestero), low sodium, high
antioxidant, and “lite” farm produce.
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These statjstics in the tnitizl commercialization of genetically modified crops
demonstrate clearly the bias in the application to developed country needs. With
food surpluses and consumers with more than sufficient purchusing pawer ta
acquire adequate and balanced diets, the developed countries can very well do
without agricultural biotechnology. T is really the developing countries who need
biolechnology for agricuire. Should the anti-biotechnology fobbies in the Wees)
suceeed in discouraging public and private investments in agricultural
biotechnology, the poor developing countries will be the biggest losers,

I is therefore in the interests of the developing cotmry themselves thet the
frontiers of agricultural biotechnology science be pushed 1o the limits through
continuing investments by the private and public sectors globally. Additionally. it
is in out national interest tu develop capacity for biotechnology research vurselves
1o address those food, agricultural and environmenly! prablems and opportunities
which are uniquely ours.

I¥. MANAGING RISKS ASSOCIATED WITH
GENETICALLY MODIFIED CROPS

Modem biotechnology could be a pawerful toal for improving productivity
and sustainability of ageiculure in developing countries. However, as with ail
other innovations and changes involving conmplex systems. there will always be
trade-olfs; there will always he unintended unwanted consequences thal accompany
the gains. 1t is a matter of weighing the risks against the benefits, of avording or
miligating the unwanted consequences and intelligently deciding which aspects of
change to accept and which o reject,

It 15 useful ar this point 10 recegnize that the objections to the use of transgeme
crops can be differentiated nto two - those nsks mherent to the tectmology and
those thal transcend il {Leisinger, 1999).

The risks inberent to genetically motlified organisms include the danger of
unintentionally imsoducing allergens and other anli-nutrition faclors in our foods;
the possibility of the new introduced genes escaping © other organisms by
outerossing thus crenting superweeds, and in the case of insect-killing genes, the
possibility of adversely affecling beneficial non-larget arthropods, Moreover,
antibiolic resistance has been vsed as a marker for selecting genetically modified
mants. There is fear that the penes for antibietic resistance might be transferred 1o
bacteria that cause disease in man.

As far ay the food risks are concemned, in the developed countries where
legislation and regulstory iostitutions are in place, there are elaborate steps or
protacols (o preciselv avoid or mitgate those dangers. There are standard tests for
known spectlic allergens and anti-nuimtion factors. At the melecular level, there
are now DNA sequence lests which identify gene combinatiens which have the
potential 1o generate allergenic substances,
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On the matter of environmental risks, the passibility of introduced genes
“escaping” to the wild through outcrossing between the genetically manipulated
transgenic plants with wild relatives, can not be ruled out. Obviously if there are
no known interfertile relatives as in the case of com in most parts of the world, the
risk is miniscule. Moreaver, it depends on what genes may be “escaping™ into the
wild. A weady rice planl whith by chance ucquired the novel beta carotene gene
from daffodil (a OM rice plam devetoped in Switzerland) is clearly no threat to
anybody including the insects who feed on them.

And even when such outcrossings do occur, the chances that these zare
nybrid plants will survive and Nourish over their competitors in the wild are
extremely low not untess the gene confers a selection advantage for hybrid plants
possessing the new gene. However, experience to date indicate that varieties bred
and selected by man for specific purposes are less weedy and generelly lose their
abifity to compele in the wild.

The su-valled superweeds that may come out of outeressing herbicide-resis-
lant transgenic plans with weed relatives will be superweeds only in cultivated
fields as long as the spectfic herbicide is used. In the wild where ne herbicides are
sprayed. there is no reason such rare hybnd plants should outcompete ather plants
which do rot possess the herbicide-resistance gene. In any case, there is a ready
agronomic expedient: switch to other modes of weed control such s cultivation
and use of other herbicides.

The risk of genetically modified insect-inhibiting plants alfecting non-target
organisms is no worse than the cuorrent practice of hroad-spectrum tosecticides
decimating both harmful and beneficial insects. In fact on the contrary, the
transgenic plants like the Bt crops tend to be mose specific and diseriminating,

With regard to the concern about the use of antibiutic resistance genes, the
LK. Royal Society noted that the widespread use of antbiotics as feed additives
for animals, and as over-the-counter and prescribed medicines for humans carry a
greater nsk of creating antibiotic resistant bactena than mensfer of marker genes
from penctically modilied plants (UK Royal Society. 1999a). Indeed. a large
number of bacleria present in the gul already carry resisiance ‘o several antibiot-
s, including kanamycin and ampicillin. Nevertheless, the UK. British Royal
Society considers the presence of antibiotic resistance marker genes in genetically
modified crops unacceptable and encourages the development and use of aliemna-
tive marker systems.

However, what is more urgent is the real possibility that insects may quickly
build up resistance to the new genes rendering the utility of the improved varicties
very short-lived. 1t is clearly m the interest of the plant breeders and the private
seed companies which developed the new varieties to manage the deployment of
therr genetically modified resistanl varieties in such @ way that insect-resistance
bulld-up is discouraged by, for example, creation of insect refuges amidst fields
sown 1o Bt crops.
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These remarks were not mesnt to dismiss the concems for foed safety and
biosafety inherent with biotech-derived foods and organisms, 1t is the obligation
of the technology innovators, the producers and of govemnment to assure the
public of the safety of the novel food and drugs they offer as well as their benign
effect on the environment, However, hazard identification snd risk assessment
ought to be scientifically based and on a case-by-case basis i.c., regulating the end
product rather that the process (Juma and Gupta, 1999). Risk assessment should
consider the characteristics of the organism being assessed, intended use of the
organism and features of the recipient environment.

It is very important that we set in place the appropriate legislation and
reguiatory mechanisms ta govemn biotechnology not only as & marter of pood
science and sound governance but also 1o effectively respond 1o the genuine
concems for food safety end environmenta! safety of the gencral public.

On the other hand, technology-transcending risks as opposed to technology-
inherent risks, emarate from the political and social context in which a technology
is used (Leisinger, 1999). Included under his category are differcntial access w
the new technology leading to a further widening of the economic gap between
developed coundries (lechnology users) versus the developing countries (non-us-
ers); further disparity in income between rich versus poor fanners within the same
communities, and the further loss of biodiversity should the new 1runsgenic varict-
ies become toe successful displacing other varieties.

However, in the vase of technology-transcending risks relating to access, the
solurion is fiot o ban the use of the new technology by everybody, bul by devel-
oping technologies tailor-made for the needs of the poar and by instikuting mea-
sures so that the poor producers will likewise have ready, affordable access to the
new technology.

As Leisinger (1999) contends, technalogy-transcending risks mostly materi-
alize because a gap opens between human scientific technical ability and human
willingness to shoulder moral and political responsibility.

This differentiation between technology-inherent risks and technology-tran-
scending risks is very germane (o our situation in the Philippines because we have fo
aggressively address bath concerns if we were to succeed in exploiting the potential
of modern biotechnology to advance our national purposes now, and not much luter.

V. LABELLING OF GM FOODS AND INTELLECTUAL
PROPERTY RIGHTS

There are two other very impontant concerns related to the adoption of
genetically modified crops - segregation and labelling of GM crops and GM-
derived foods and protection of intellectual property nghts.

A debate is raging on in developed countries on the need to legally require
the fabetling of GM crops and foods derived from GM crups, The prevailing
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position in the United States is that if the GM crop or GM-derived food is subsian-
tially similar fo the conventional product, there is no need for labelling. However,
in Europe there is a powerful lobby to require labelling of all GM crops so thai
consumers can exercise the right of choice, The UK Royal Society {(1999h) srongly
supports the labelling of foods containing GM material but hedges its support by
qualifying *... where the new food stufl’ 1s substantially changed (according to
specific criteria) from that of its conventional counterpart”,

Segregation of GM products and fabelling will incur additional costs which
ultimately will be passed o to the consumer. There is no point of tegally requir-
ing segregation and labelling when there are no demonsirated or anticipated risks.
However if by labelling, the producers and the food processors expect to receive a
premium for their products, they may do so voluntarily. The consumers can exer-
cisc lheir choice of paying 2 little more in exchange for the guarantee of (he
preduct being GM-frec.

We import each year hundreds of thousands of metric tons of com and
soybean from the United States. Since easily half of these commaodities grown in
the US are from GM crops we can assume that we, as well as the American public
and other imporers, have been consuming GM-derived com and soybean prod-
ucts for the last five vears. So far there has not been a single report of food allergy
and peisoning from GM corn and soybean.

However Lhis may not be necessartly true for other GM crops that may
lotlow.

In any case therc is no rush for the Philippines to legisiate (he segregation
and labetting of GM crops. I there is a real risk from GM com and soybean, the
US regulatory agencies and the consemer waichdog organizations will be the first
to blow the whistle on the US GM com and soybean crops.

However we should strengthen our capability o monitor, assess and regu-
late these new foods alongside the cornventional ones. Should we in the future
develop our own transgenics for our own unique crops like the coconul, we have
to rely on our own capacity (o fest them. We can not expect help from the
developed countries who produce soybesn oil and rapeseed oil with which our
coconut il contpetes in the world market.

Much of the new agricultural biotechnology have been generated by the
private sector. During 1997-1999, the mansactions of the major bioscience compa-
nies in the seeds industry are reported to have reached about $18 billion (M. Kemn
in Persley, 1999). Thus the new knowledge and genetic materials are for the most
part prolected by intellectual property rights.

Since copying and infringement of patent rights can be easy with biological
materials which can self-reproduce, the private sector is naturzlly reluctant to
transfer their knowledge where there is no protection of inteliectual property rights.

All countries whe have joined the World Trade Organization (WTO) are
bound 1o the implement the provisions of (he Agreement on Trade Related As-
pects of Intellectual Property Rights (TRIPS), which lay down the minimum lev-



R0 Trans. Nal Ace. Sci Tech. Phfippines 22 {2000)

eis of protection and ensures that enforcement procedures are availzble under
national taw,

Thus to facilitate rransfer and dissemination of proprietary apncultucal bio-
technology and 1o promote technological innovation, the Philippines inust comply
with the minimum requirements under the TRIPS zoon.

We must bring our business people, scientists and lewyers together to crafi
legislation which will satisfy the minimum requirements under the TRIPS while
securing the freedom to operate of our nalional rescarchers end looking after the
interesls of our agribusiness sector and the small farmer sector.

However the new legal, reguiatory and business amangements could be vary
complex and very difficult for our national scientists w manage. We need to train
our scientists and research administrators on how 1o assess. secure ownership and
market intelleciual properiy rights and how tw enter into ali kinds of licensing and
material ransfer agreements.

V1. CONCLUSION

The need for susiainably productive agriculture looms targer 2nd larger in
the horizon as we begin the 219 century. During the next 20 years, the populetion
of the Philippines is projected to increase from 77 million to 108 million. We will
need 40% more rice by the year 2025 but we shall have less arable Jand and less
waler to produce il.

Modern biotechnology his preat polential 10 contribute (o agriculiural
productivity and suswinability, The biological processes which underpin the growth
and development of crops, fish, forest trees, livestock and microorganisms can be
manipulated threugh their genomes. With the new science of molecular biolegy, it
is now possible to identify specific genes: understand their functions in the whole
orgenism; clone, move and wapsfer the genes across natursl species barriers, and
make the genes expresa their products in specific tssucs at specific growth stages
in the recipieni organisms. This new tool aliows man o perform a lot of
manipulations of the biological factors of pruduction which were impossible before,
{n conjunction with other conventional tools of science, muny essential operations
can be performed with more precision, quicker and eventually cheaper.

A major applieation of modem biotechnology is the development and use of
genetically modified or transgenic crops. Crops may be genetically modified 10
raise yield ceilings, improve resisince (o pests and diseases, develop lolerance to
droupht, excessive temperatures, soil acidity and salinity and other ebiotic siresses
and improve the nutritiona!, processing and keeping quality of produce,

The applications of modem biotechnology in heaith, imdustry and on the
environment are widely accepted. However there are abjections and unease in their
uses in food and agriculture, particularly in the use of genetically modified crops.

As with all other inniovations and changes involving compiex sygtems, there
will always be trade-offs, there will always be pawanted consequences that come
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with the gains. [t 15 a matter of weighing the risks agains! the benefits, of avoiding
or miligating the unwanted consequences and intelligently deciding which aspects
of change to sceept and which to reject.

There are risks associated with biotechnology - risks inherent to the
technolugy and those that transcend 1.

The risks inherent 10 biotechnology in particular to genetically modified
crops include the danger of unintentionally intreducing allergens and other anti-
nuirition factors in our foods, mtroducing and/or creating novel genes which can
in turn create and let loose in the environment unwanted and harmful organisms,
Technology-transcendent risks as opposed 1o technology-inherent risks emeanate
from the political and social context in which a technology is wsed. Differential
areess to biolechnology may engender serious economic gaps between users and
non-users and further loss vf diversity.

A clear distinclion belween these two sets of rigks is important as they call
tor different responses,

Technology inherent risks are susceptible to scicntific analyses and techno-
logical corrections. Protocols for assessing food safety and biosafety are in place
for many organisms o preducts. I they are not yet available, further research can
be conducted. There is no substitute 10 strengthening our nanonal capacity o
wanage this type of risks.

What is important {s that hazard identification und risk assessment are scien-
tifically based and made on a case-lo-case basis, regulating the end product rather
the process. Risk assessment should consider the characteristics of the organisms
being assessed, intended use of the organism, and features of the recipient envi-
Tronment.

Technology-ranscendent risks on the other hand have their rools in social,
cvonomic and political inequalities or differenees. Their solutions must for the
must part be sought from the same realms of human activity e.g. agrarian reform,
access to rura! credit, more cffective extension and rural ingtitutions, better rural
infrasiructure and aceess fo markets, and more agriculture-{riendly policies.

The transcendent tisk of uncqual access to biotechnology is a very real
dilemma to devcloping countries like the Philippines. Much of the new biotech-
nology are proprietary and are not exactly relevant to the needs of the poor in
developing countries.

We must do two things: We must strengthen our national capacity to eon-
duct agricuitural bictechnology research and development. We must also put in
place the proper intellectual property rights environment to encourage the private
sector to invest on the problems of Philippine agriculture as well as the appropri-
ate incentives 5o the new technology will get into the hands of our poor farmers

who need them most.
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