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M. S SWAMINATHAN
Director General, IRRI

FOREWORD

In 1960 the Ford and Rockefeller Foundations, in cooperation with the
Government of the Philippines, established the International Rice Research
Institute (IRRI) on the campus of the University of the Philippines at Los
Bafios (UPLB) with the goal to improve the productivity, profitability,
stability, and sustainability of rice farming systems. More than 90% of the
world*s rice is produced and consumed in Asia and hence IRRI’s focus has been
mainly on Asian countries with particular reference to indica rice.

Since 1971, IRRI has been supported by the Consultative Group on
International Agricultural Research (CGIAR), a consortium of donor agencies
and developing countries, all of which are committed to harnessing science for
the advancement of agriculture in the developing world. The three cosponsors
of the CGIAR are the International Bank for Reconstruction and Development
(World Bank), the United Nations Development Programme, and the Food
and Agriculture Organization of the United Nations. The U.S. Agency for
International Development (USAID) provides 25% of the core budget of
CGIAR.

Since the CGIAR was founded, IRRI has been able to assist African
countries by working with the International Institute of Tropical Agriculture
in Nigeria, the West Africa Rice Development Association, and multilateral
and bilateral agencies. Similarly, in Latin America and the Carribean, IRRI
works with the International Center for Tropical Agriculture in Colombia.
Above all, the strength of IRRI’s research programs lies in its symbiotic bonds



of cooperative endeavor with national research systems. The power of such
cooperative research in accelerating the progress of rice production is described
in a recent IRRI publication International rice research: 25 years of partnership.

In addition to problem-solving research, IRRI’s program includes global
research service functions such as the collection and conservation of rice genetic
resources, organization of cooperative research networks, and dissemination of
information through publications and bibliographic services. In addition, the
Institute started almost from its inception a program of training of scientists
and scholars from the national research systems of rice-growing countries. The
history of IRRI and the evolution of its research and training programs were
described by founding director R. F. Chandler, Jr., in An adventure in applied
science.

On the occasion of its 25th anniversary, IRRI organized the following
scientific meetings to review the progress made in different aspects of rice
research and development and to set guidelines for future work:

* International Rice Genetics Symposium, 27-31 May 1985;

* |nternational Rice Research Conference, 1-5 June 1985;

* Multilevel Symposium on Rice Research: Accomplishments and

Challenges, 5-8 June 1985; and

* FAO International Rice Research Commission, 10-14 June 1985.

The proceedings of the International Rice Genetics Symposium and the
papers presented in a session on grain quality and marketing at the Inter-
national Rice Research Conference will be individual publications. FAO will
publish the proceedings of the International Rice Commission Meeting. This
book contains the papers presented at the Multilevel Symposium on Rice
Research: Accomplishments and Challenges.

The symposium was attended by ministers of agriculture and policy
makers from rice-growing countries and CGIAR member nations, the
chairmen and several members of the CGIAR and of its Technical Advisory
Committee, eminent agricultural experts, former and present IRRI trustees,
past IRRI directors general, and rice scientists from many nations. In addition,
14 outstanding rice farmers from 10 countries participated. The experiences of
the outstanding rice farmers are being published as Insights from outstanding
rice farmers.

A perusal of the papers contained in this book will indicate the complex
nature of agricultural transformation. Unless a symphony approach is
developed among those responsible for technology development, transfer, and
sustenance, it will be difficult to stimulate and sustain the necessary degree of
progress in the production of rice as well as other crops. The speakers have
discussed, based on their rich personal knowledge and experience, the many
concurrent steps necessary to achieve progress. The speakers in the concluding
session dealt with future challenges in agricultural research and highlighted
methods by which IRRI and national research systems can help ecologically
handicapped areas and economically handicapped farmers. A central point in
many of the presentations is the pivotal role of science in agricultural progress.



IRRI staff and scholars are grateful to the speakers who so generously
gave their time to participate in the symposium and to provide manuscripts of
their presentations for this publication. Photographs of two commemorative
stamps released by the Government of the Republic of the Philippines are
included in this book. Our gratitude goes to the President of the Republic of the
Philippines for inaugurating the symposium, to the First Lady for delivering a
special lecture, and to the Prime Minister of the Philippines for chairing a
special 25th Anniversary lecture on Indonesia’s rice revolution which was
delivered by the Indonesian Minister of Agriculture. We also wish to thank the
session chairpersons and rapporteurs for their tone-setting and organizational
contributions.

The book was edited by W.H. Smith and E.P. Cervantes, and was
designed and published through the IRRI Communication and Publications
Department.
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M. S Swaminathan, IRRI

director general, and Philippine

Minister of Agriculture S. H.
Escudero |11 presenting
Philippine President F. E.
Marcos with seeds of newly
released |R64.

C. W. Bockhop, IRRI
agricultural engineer, with
Indian Minister of Agriculture
Buta Sngh (fourth from left)
and party.

HIGHLIGHTS

Several special events were
held during the sessions of the
25th  Anniversary Symposium.
These included the issuance of
commemorative stamps, an
international food fair, an
exhibit of two Philippine rice
farming traditions, a
multimedia presentation by
IRRI staff and scholars, and a
barrio fiesta featuring the
Bayanihan Dance Group.

Xiii

Commemor ative stamps
Philippine  Assistant
Postmaster General Pedro
P. Gambalan issued IRRI
25th anniversary
commemorative  stamps,
and presented the new issue
to Philippine President
Ferdinand E. Marcos and to
IRRI. First day covers and
sheets of the stamps were
issued at IRRI by the
Philippine Post Office.



HIGHLIGHTS

I nternational food
festival

Philippine First Lady and
Human Settlements
Minister Madame Imelda
R. Marcos delivered a
special lecture in
commemoration of IRRI’s
25th anniversary. The First
Lady also opened an
international rice food
festival during her IRRI
visit. The festival featured
foods from many countries.
By-products of the rice
plant were also displayed.

Rice farming exhibit

An exhibit of two
Philippine rice farming
traditions was opened.
Implements used by Ifugao
and Tagalog farmers in
traditional rice cultivation
and ritual objects related to
rice were displayed. The
Ifugao people constructed
the rice terraces and
irrigation systems of
Banaue, and many of them
still follow age-old
cultivation practices.
Tagalog farmers live in
Central Luzon, the rice
bowl of the Philippines;
most of them plant modern
rices and utilize improved
technology.

Xiv



HIGHLIGHTS

XV



HIGHLIGHTS

Power of cooperation Bayanihan dance group
A special multimedia IRRI honored the 150
presentation of slides, film,  symposium participants
and dance and song was with a traditional Filipino

presented by IRRI staff and barrio fiesta (village
scholars. The presentation,  festival). The barrio fiesta
entitled The power of included native foods and a
cooperation: 25years of the  program by the Bayanihan
International Rice Research ~ Dance Group, which
Ingtitute, traced IRRI’s performs traditional
development and growth Filipino dances.

and highlighted significant

events during the Institute’s

first 25 yr.
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Outstanding Farmer Sova Rani
Dey receiving her award from
IRRI Director General M. S
Swvaminathan and President
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Deputy Minister of Agriculture
Barom Tanthien of Thailand.
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IRRI director general;
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director general; and

N. C. Brady, former IRRI
director general, at the 25th
Anniversary inauguration
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T. R Hargrove, IRRI editor,
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Agriculture He Kang.
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K. HEMMI

Chairman, IRRI Board of Trustees

WELCOME

It is with very great pleasure that | extend to all of you a very warm welcome on
the occasion of the inauguration of IRRI’s 25th Anniversary Symposium by
His Excellency, Ferdinand E. Marcos, President of the Republic of the
Philippines. We are particularly privileged that Your Excellency has spared the
time to encourage us with your presence and advice in this beautiful hall. IRRI
has been fortunate in its location in this picturesque country inhabited by a
friendly and hospitable people. We are grateful to the Government of the
Philippines for the support and help extended to IRRI during the past 25 yr,
thereby enabling IRRI to effectively discharge its research and training
mandate.

IRRI has become the hub of a global network of rice scientists and
scholars, all working toward the common goal of helping farmers to produce
more and better rice. The relationship between IRRI and the University of the
Philippines at Los Bafios (UPLB) and other associated organizations like the
Philippine Council for Agriculture and Resources Research and Development
(PCARRD) and Southeast Asian Regional Center for Graduate Study and
Research in Agriculture (SEARCA) has been strong and mutually beneficial.
More than 620 IRRI scholars have earned their postgraduate degrees at UPLB.
The IRRI Board of Trustees is fortunate to have as members the Minister of
Agriculture and Food of the Philippines and the President of the University of
the Philippines System.



Above all, you, Mr. President and the First Lady, have generously
encouraged IRRI scientists. The issuance of two special commemorative
stamps by your Government and your visit to IRRI in 1982 to release the book
on the history of IRRI written by its first director, Dr. Robert F. Chandler, Jr.,
are just two examples of your own personal interest in the work of IRRI and the
welfare of rice scientists and farmers.

I need not take your time to recall on this occasion the history of IRRI or
its scientific impact. This has become part of contemporary agricultural
history. IRRI scientists have also written a book summarizing the results of the
work done during the past 25 yr through partnership between national research
systems and IRRI. | would like to express our gratitude to the Ford and
Rockefeller Foundations and the Government of the Philippines for their
vision which led to IRRI’s establishment in 1960.

Looking back, the establishment of IRRI at Los Bafios marked an
important turning point in the agricultural destiny of many of the rice growing
nations of South and Southeast Asia as well as in parts of Latin America and
Africa. From 1971, IRRI’s financial support has come from a broad spectrum
of donors who, motivated by the common goal of removing hunger and
malnutrition, organized the Consultative Group on International Agricultural
Research (CGIAR).

On behalf of IRRI, | would like to thank the Chairman of the CGIAR and
the representatives of many CGIAR members for joining us today. | thank
them for their support to IRRI and their continued commitment to promoting
agricultural research relevant to the needs of the Third World.

I would also like to welcome the many farmers, both from the Philippines
and from other nations, who are here. Mr. President, you will be honoring them
shortly and | would like to say that no amount of honor can do real justice to our
sense of gratitude to the farmers of the world.

IRRI’s 25th Anniversary Symposium on “Rice Research: Accomplish-
ments and Challenges” which you will be shortly inaugurating has been
structured to stimulate and promote multilevel participation and discussion.
We have Ministers of Agriculture and other policy makers who decide the key
issues of resource allocation for agricultural research and development and also
make other decisions which can stimulate both production and consumption.
We also have the farmers who have to convert research results into grain and
other food products. In between, we have the agricultural experts and scientists
who must interact with the policy makers and farmers. Thus, we have a unique
combination of participants: a meaningful horizontal interaction among them
gives rise to a rice symphony. It is only when all the members of a symphony
orchestra play harmoniously that we have melody. In the same way, it is only
when the three major groups of participants in the rice production symphony
— decision makers, scientists, and farmers — all have the same wave length that
we will have the prerequisite for enduring agricultural progress.

I am indeed happy that you have all given your valuable time to come
here. | thank you and welcome you. My special words of welcome are to the
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Ministers of Agriculture of major rice growing countries, my fellow Trustees,
past and present, former Directors General, IRRI scientists and national
scientists, farmers, and farm leaders. We thank you, Minister Escudero, for
including in this ceremony the program for recognizing the work of Out-
standing Rice Farmers and Extension Workers of the Philippines. | would like
to congratulate those whose contributions will be recognized shortly. We
rejoice at their success.

Eternal vigilance is the price of good and stable agriculture. New pests and
pathogens and soil problems arise all the time. Therefore, varietal diversity and
a periodic replacement ofvarieties are essential to sustain high and stable yields.
It is in this context that we are happy that the Philippine Seedboard has
recently decided to release two more IRRI-bred strains for cultivation by
farmers under the names IR64 and IR65.

We are confident that the Philippines will not only maintain its
remarkable agricultural progress but will also make even greater progress in the
coming years. It is a privilege for us in IRRI to participate in the exciting
adventure of agricultural transformation in progress in this beautiful country.

Impact of science on rice 5
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S S HUKAIN

Chairman, Consultative Group on International Agricultural
Research, and
Vice-President, International Bank for Reconstruction and
Development, USA

WELCOME

I am honored and pleased to welcome you to the 25th Anniversary Symposium
of the International Rice Research Institute (IRRI) on behalf of the Con-
sultative Group on International Agricultural Research (CGIAR), honored
because the audience is so illustrious, and pleased because it gives me an
opportunity to pay tribute to IRRI, a truly fine research institution that has
made remarkable contributions to agricultural development worldwide. It also
gives me the opportunity to explain the role of the CGIAR, the organization
that finances IRRI and the 12 other research centers in the CGIAR system, and
to recognize the sources of support both IRRI and the CGIAR system have
received over the years.

The CGIAR, or the Group as we call it, has 49 members, 39 of which are
donors and 10 representatives of developing countries. Collectively and
entirely voluntarily, they support the research activities of 13 international
agricultural research centers, which include IRRI. The CGIAR has no written
charter or constitution, no bylaws, and no written rules of procedure or
administrative manuals. No votes are taken, no constraints are imposed on
members, and no sanctions are imposed if a member does not fulfill a
commitment or decides to leave the Group. Its members do, however, share a
common set of objectives and a common ideal. Also, most importantly, each
donor gives direct to the research center of its choice. There is no pooling of
funds or any form of formula funding. It is in effect an association, governed by
consensus and self-imposed disciplines rather than by rules and regulations,
where each member has complete freedom of action. The centers supported by
the Group are also very independent. Each one is an autonomous organization,



directed by its own Board of Trustees, with its own legal personality, its own
charter and bylaws, and its own ways of doing business. This independence is
vital to the CGIAR system and a prime reason for its success.

If independence and freedom of action are a key feature of the system,
then another is the ability to accept change with a minimum of fuss. Originally
when the first centers were started, the assumption was that the centers should
conduct research on their own premises, using their own staff and facilities.
Increasingly, however, they are outposting their staff to work more directly
with national research institutions. The centers are also increasingly the focus
of many interlocking networks of research activities, each incorporating
research institutions in both the developed and the developing countries of the
world. In this way, a wide range of institutions, apart from and additional to the
international centers, are harnessed to work on a broad spectrum of research
programs and activities, each contributing their individual resources and skills.
The centers are now, therefore, an important instrument to foster cooperation
between countries irrespective of political differences, and to mobilize far
greater resources for agricultural research than the CGIAR system itself can
provide. This is a very exciting concept with wide implications.

IRRI is an institution that needs no formal introduction. | will not try to
summarize its scientific achievements, not even the highlights, because they are
so numerous and because during the next three days you will be hearing more
about such matters. | would, however, like to mention perhaps the most
important aspect of both the CGIAR and of IRRI — the men and women who
founded the institution, and all those who have contributed so much to the
institution over the last 25 yr. And | include here, of course, all those in the
national research institutions who, as full partners in a joint endeavor, have
been instrumental in developing the new varieties and improved technologies
that have been so successful. Let us also not forget the hundreds of thousands,
or millions, of farmers who grow rice, without whose entrepreneurial abilities,
faith, and prodigious hard work the technology developed by IRRI and its
collaborators would not have been so widely used.

I would like to pay tribute and offer my thanks to the Government of the
Philippines for the support it has provided to both the CGIAR and IRRI
during the last 25 yr. The Philippine Government is a donor member of the
CGIAR, one of the 39 | mentioned earlier, and has steadfastly and consistently
provided contributions in kind and a great deal of moral support. That support,
particularly in the early years, will never be forgotten.

When one pauses to think of what IRRI and its collaborators have
achieved in the last 25 yr, one's faith in mankind is greatly reinforced. The
achievements of rice researchers and rice farmers, which have been spear-
headed by IRRI and its collaborators, symbolize the capacity of human beings
to work together for the common good. We are justified, | believe, in being
optimistic about the future, a future in which this institution, and all those with
whom and for whom it works, will continue to play a significant and rewarding
role.
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FERDINAND E. MARCOS
President, Republic of the Philippines

INAUGURAL ADDRESS

This is a day of twofold significance for our country and our people, and it adds
meaning to this celebration that we are joined here by so many friends from so
many countries and international organizations.

On the one hand, today is Farmer’s Day in our country, and this is the day
when our entire nation pays tribute to those millions of our people who farm
and produce the bounty from our land.

Today also marks the completion of a full quarter-century in the life of the
world-renowned International Rice Research Institute (IRRI), whose work
has meant so much to life and progress in the Philippines and in the rest of the
developing world.

To us it is fitting that these landmark occasions be celebrated together, for
each, in a sense, embodies the other. That is to say, if we have reason to
celebrate Farmer’s Day it is partly because of what rice research has done to
transform the rice farms of our archipelago. Similarly, the quarter-century of
IRRI’s existence takes its meaning, if | may venture to say, from the
technological revolution it has wrought not in the laboratory, but in the yields
of rice farms and the incomes of rice farmers here in the Philippines and in the
rest of Asia and Africa.

For the top officials and supporters of IRRI, to meet some of our farmers
in the flesh merely epitomizes, in my view, the great bond that has been built
during the past 25 yr.



When we think back to 1960 when IRRI was born, we can see only too
clearly what kind of spearhead this Institute has been in the modernization of
rice agriculture in our century. Everywhere then, there was stagnation in the
products of rice and the productivity of rice agriculture. IRRI has truly led the
way in doubling and even tripling rice yields all over the world. Its unrivaled
achievements in rice research have earned for it the distinction of being the
world’s premier agricultural research center. Indeed, IRRI has come to
represent for us one of the greatest triumphs of science in perhaps the most
urgent of human causes: the struggle to relieve world hunger and poverty.

The presence here today of the agriculture ministers of major rice growing
countries of Asia and Africa amply demonstrates the far-reaching impact of
IRRI’s contributions to the world food endeavor. Three ministers here are by
themselves responsible for producing food for nearly half of the world’s
population. 1 am referring to the Ministers of Agriculture of China, India, and
Indonesia. If we count the population of all the other countries whose ministers
are here, we have with us men and women who have to provide food for about
60% of mankind.

The crusade against world hunger must continue, and this is an auspicious
moment to take stock once again of the pledge made at the world food
conference in 1974 that “No child shall go to bed hungry and no man shall fear
for his next day’s bread” at the end of the decade of the seventies. Eleven years
have passed since that pledge was made by the international community, and
yet the vision and the hope of the world food conference still elude us. Hunger is
still the blight on millions of lives in the developing world. The famine that now
stalks Ethiopia and other African countries in the Sahelian Zone is a painful
reminder to all of us that the scourge is still unbeaten.

Speaking for the developing nations of the South at the Cancun Summit
in 1981, | called attention to the fact that 21 nations throughout the world were
hungry, and that 12 other nations were on the verge of hunger. Yet even as we
were engaged in trying to unravel the issues between north and south, death
from hunger, especially among children in Asia, Africa, and South America,
continued unabated.

The formidable challenge that remains, however, should not blind us to
the real advances that have been made.

IRRI represents one major advance that surely has made the meeting of
the challenge more feasible.

The individual efforts of many countries in Asia and Africa represent yet
another encouraging indicator. For truly during the past two decades, the
vision of the Green Revolution took root in our lands. If I refer here mainly to
what we in the Philippines have done, it is only to illustrate the larger effort that
is taking place.

In Cancun the participating nations agreed that as a first priority in
solving the world food problem, developing countries should evolve their own
food strategies, utilizing their own indigenous resources, supplemented by
external assistance where necessary. The point of our call to action was that no
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amount of outside assistance can or should substitute for in-country efforts to
combat hunger.

FOOD SUFFICIENCY AND SELF-RELIANCE

This theme lies at the core of our food production efforts during the past 12 yr.
We have increased our food production drive by adopting and implementing a
national food strategy built on the systematic linkage between production and
consumption.

After years of being a perennial rice importer, we attained self-sufficiency
in rice through the Masagana 99 program. Although it has been claimed that we
reached a self-sufficient level of production in 1969, it was really in 1976 that we
achieved self-sufficiency, 3 yr after we launched Masagana 99. The following
year, we began to export. | should express my people’s gratitude to IRRI once
more for the high-yielding varieties that made these gains possible.

Two years ago, however, we began to encounter production shortfalls
brought about by the combined effects of an 8-mo drought in crop year
1982-83, a succession of devastating typhoons, spiralling costs of production,
and a virtual standstill in agricultural credit. But we shall soon regain
self-sufficiency.

This year’s crop is expected to be the largest ever, surpassing our 1982
record crop. We expect a palay harvest of 8.2 million metric tonnes or 5% higher
than last year’s harvest and 1.2% over our 1982 record crop.

We continue to enjoy self-sufficiency in pork and poultry products as well
as vegetables. Aquaculture, which now accounts for 23% of total fish catch, has
been proving to be our quickest growth area for domestic food production as
well as export.

Our program for self-sufficiency in yellow corn should be getting a big
boost with an expected dry season harvest of 18.6 million cavans or 933,000
metric tonnes. This is 15.5% more than what we produced during last year’s dry
season and is the largest dry season crop we would be harvesting in the past 5 yr.

To step up our gains and further heighten the tempo of agricultural
development, we have adopted certain reforms that substantiate agriculture’s
regained primacy in the Philippine development agenda. This is in keeping
with agriculture’s primal place in the national economy. The sector employs
roughly 50% of the labor force, contributes a little over one-fourth of the gross
domestic product (GDP), and accounts for about one-half of annual export
receipts.

MARKET DEREGULATION

The second half of 1984 saw the gradual phase-out of market interventions that
dampen production and investment incentives. Withdrawal of government
mediation in areas where market forces can work best has become a basic thrust
of agricultural policy.
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In keeping with this thrust, we lifted price ceilings of corn grits, pork,
chicken, meat, and eggs. Rice remains on the control list but we are going to
delist the commodity at harvest in October this year. The adoption of a
multitiered pricing scheme was a step we took toward the eventual lifting of
interventions in the rice market.

Even as we give room to the wider play of market forces in input and
output pricing, we shall maintain floor prices for essential commaodities to
reduce seasonal fluctuations in farmgate prices.

To help our rice farmers cope with the rising cost of inputs, particularly
fertilizer, | am announcing a higher support pricefor palay effective immediately.
The new palay support price will he P3.50/kilo or 15 centavos higher than the
present support price of P3.35/kilo.

In line with the policy to give room for greater private sector participation
in areas where private enterprise can operate effectively, the government has
relinquished its exclusive role in the exportation of rice and the imports and
export trade of corn and feedgrains subject to guidelines formulated by the
National Food Authority (NFA).

Likewise, sugar trading is now entirely in private sector hands with the
conversion of the National Sugar Trading Administration (NASUTRA) into
the Philippine Sugar Marketing Corporation (PHILSUMA). PHILSUMA is
totally owned by sugar planters and millers in proportion to their actual
production. We have also liberalized the exportation of coconut products.

In line with our structural adjustment program, the tariff reforms we are
implementing include a 5-yr program of phased reduction in poultry tariffs.
Tariffs on chicken meat and eggs are now down to 50% ad valorem from 70 and
100% respectively.

INSTITUTIONAL CHANGES

With agriculture as the lead sector in our agenda for national recovery, we have
undertaken organizational changes to strengthen coordination among the
government agencies responsible for agricultural development. The integra-
tion of agencies in agriculture mandated by Executive Order 967 streamlined
planning and implementation of programs in agriculture.

At the same time, we are strengthening farmer participation in policy
formulation and program implementation through the creation early this year
of a National Farmer’s Advisory Committee where 18 farmer groups are
represented by their leaders.

We continue to develop farm cooperatives, with special emphasis on
strengthening managerial and entreprennial capabilities so that cooperatives
can function as viable business enterprises. To generate more funds for
cooperatives development, let me enjoin all governors and mayors to undertake
joint agribusiness ventures with farm cooperatives in their jurisdiction by
drawing on their 20% development fund for seed capital.
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FINANCIAL INCENTIVES

Despite the tight credit supply, the government sought the continued flow of
funding support to the country’s farmers. We have set aside P539.69 million
for production loans for our programs in rice, corn, soybeans, rootcrops,
ipil-ipil, and azolla at a concessional rate of 15%. Of this, #290.93 million has
served the production and processing credit requirements of some 48,000
farmers.

We expect the present tightness of agricultural credit to ease following the
signing of our new money and trade credit agreements with the Philippines’
creditor banks. As the credit situation eases, interest rates should stabilize. On
top of this, a $100 million agricultural loan fund we are negotiating with the
World Bank, supplemented by $20 million in bilateral assistance from the
United States, should help restore the supply of agricultural credit from
institutional sources to normal levels.

Last week, | directed the Central Bank to adopt a 10-yr restructuring
scheme which would allow rural banks with high arrearages to pay their loans.
The scheme provides for a 5-yr moratorium on the payment of loan principals.
This should come as a welcome relief to rural banks.

CROP ZONIFICATION

In tandem with the reforms we have undertaken in marketing, sector
management, and credit, we continue to devise ways to improve farm
production and productivity. We have implemented a crop zoning scheme to
provide a reliable production base for both domestic and export markets. To
date, we have mapped 6.4 million hectares in 26 provinces on the basis of their
soil and agroclimatic suitability for certain crops.

INTENSIFIED USE OF INDIGENOUS INPUTS

To help our farmers cut production costs while reducing the country’s
dependence on costly imported inputs, increased use of indigenous inputs is
now a priority concern. In particular, there are 19 types of organic fertilizer in
the list of accredited fertilizer products for our priority food and animal feed
programs. These are produced by 19 accredited local manufacturers with a
combined production capacity of 50,000 metric tonnes/year. With organic
fertilizers thus accredited in our food programs, farmers may now use a portion
of their production loans secured from participating lending institutions to
purchase organic fertilizer.

While encouraging local production of processed organic fertilizer to
replace part of our costly chemical fertilizer imports, our medium- and long-
term strategy for expanding the use of indigenous inputs gives priority to
on-farm production of organic fertilizer by farmers. Thus, a key component of
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our program to promote indigenous inputs is the promotion of azolla
propagation in rice farms. Azolla can replace up to 25% of the nitrogen content
of chemical fertilizers used for the main season rice crop. We now have 130
provincial propagation centers and 3,840 community nurseries to serve the
azolla inoculum requirements of 167,500 ha of riceland.

LOCATION-SPECIFIC TECHNOLOGIES

With ever-rising production costs, indigenous and low-cost technologies have
become a compelling concern. Our farmers and fishermen need advanced
technologies suited to their special conditions.

We have made substantial headway in upgrading vyields of irrigated
lowland rice farms but productivity in upland and saline, drought-, and flood-
prone areas remains low. There is a need to develop local capabilities in dealing
with problems affecting rice production that are unique to the Philippine
situation.

As a first and pivotal step, | am authorizing the creation of a research
coordinating center for a national grid of cooperating institutions engaged in rice
research. The center shall pursue research thrusts aimed at maximizing rice yields
and increasingfarmer income under minimum levels of farm inputs and investments.

We have allotted P15 million to support the Center’s start-up and
operation expenses for 1985. This initial amount shall be drawn from the
RP-Japan Fertilizer grant or any other bilateral fund sources in the Ministry of
Agriculture and Food.

THE ROLE OF IRRI

Even as we embark on the full-scale implementation of national research
programs in rice, we shall continue to look upon IRRI’s proven capabilities for
assistance. For one, IRRI’s gene bank of 77,000 distinct varieties of rice
collected from all over the world is a priceless pool that all national research
centers can tap in developing better and higher yielding strains.

Just now, we have witnessed the release of the latest rice variety from the
Institute, IR64, whose birth was in itself a unique event. | understand that this
variety was developed from parents drawn from China, Indonesia, Korea, The
Philippines, Thailand, Vietnam, and the United States.

IRRI’s International Rice Germplasm Center and its development of
IR64 are but two examples of the Institute’s many achievements over the past
25 yr that have brought us closer to our vision of a world without hunger.

To the founding fathers of IRRI who have taken time to join us today, to
the IRRI Board of Trustees, to the Institute’s scientists and administrators, my
congratulations and esteem for making the Institute the pillar of excellence in
agricultural research that it is today.

Let me also take this occasion to commend the Consultative Group for
International Agricultural Research (CGIAR), whose chairman we have with
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us today, for its work in bringing the fruits of science and technology to the
developing world through the 13 International research centers which the
CGIAR supports. We in the Philippines take pride in having been the first
developing country to become a member of the CGIAR. Despite our limited
resources, we sought to contribute a modest amount to the group’s funds to
substantiate our commitment to strengthening agricultural research in the
developing world.

Indeed, | need hardly emphasize that science and its applications in
technology are transforming the destinies of nations. In the Philippines, the
progress made during the last 20 yr in improving rice production and
productivity has been greater than that witnessed during the preceding 2,500
yr. From the time the early Ifugaos started carving rice terraces in the Banaue
mountainsides up to 1966 when IRRI released its first high-yielding variety,
IR8, our peak rice production level stood at 2.6 million tonnes. This year, we
expect to harvest about 5.4 million tonnes of milled rice — the highest
production level we shall have attained thus far.

Needless to say, the progress we have achieved in the last two decades
would not have been possible without the sweat and toil of the farmer, aided by
the extension worker who brings to the farmer the technological innovations
that scientists turn out. I, therefore, commend the outstanding farmers and
extension workers in the Philippines whom we have honored today. Their
distinguished performance serves as an example for all Filipinos to emulate.

To the outstanding rice farmers of the world who have journeyed from
their countries to accept their awards, | say congratulations and may your tribe
increase. It pleases me to see several women among the awardees, as this is a
long overdue recognition of the vital role played by women in agriculture. In
developing countries, women comprise more than one-third of the agricultural
labor force, and they have become a large and potent force for modernizing the
rural sector. We are proud and happy that we have a Filipino farmer among the
awardees - Mr. Serapio San Felipe, who was earlier chosen as one of the
outstanding farmers of the Philippines in 1981.

However excellent and dedicated the work of scientists and extension
workers may be, it is ultimately only the farmer in the field who can transform
advances in science and technology into the food that sustains us all. This is why
on this occasion we honor the rice farmers of the world as well as our own
farmers in the Philippines. The awards symbolize our profound gratitude to
farmers around the world, They are the unsung heroes in the crusade against
world hunger.

Today farmer, extension worker, and scientist join in this assembly. And
it is only fitting that they should join together, for on their cooperative labor lies
our hope for banishing hunger from this earth.
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OUTSTANDING RICE
FARMERS OF THE
WORLD

IRRI honored 14 outstanding rice farmers from 10 Asian countries during the
inaugural session of its 25th Anniversary Symposium. The farmers — two of
them women — received their awards, a carved wooden trophy and a citation,
from Philippine President Ferdinand E. Marcos at Malacafiang Palace.

The farmers, each of whom farms 5 ha or less, were chosen from among
nominees submitted to IRRI by national research and extension agencies, the
Food and Agriculture Organization of the United Nations, and other
agricultural development groups.

These successful rice producers developed their own packages of
technology appropriate to the realities of their ecological environments and
institutional setting. They transformed modern technology developed in
research laboratories and experimental plots into simple, rapid, and low-cost
farm practices suited to local needs.

In addition, these farmers did not hoard their science-based knowledge.
Moved by a spirit of service, they unselfishly shared their knowledge and skills
with others less gifted or advantageously placed. Thus, they were recognized
for their self-reliance and service to others in their communities by the most
discriminating of evaluators: their fellow farmers.

These self-effacing men and women remind us that rice is not grown in
conference halls or laboratories. It is planted, nurtured, and harvested in
thousands of fields in obscure villages by men and women such as these.
Beyond IRRI’s governing bodies and scientific work, these farmers and their
families form the Institute’s ultimate constituency.
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Our best hope for food self-sufficiency rests on the shoulders of small
farmers who constitute the great majority of producers in the developing world.

The 14 outstanding rice farmers honored by IRRI and the citations for
which they received their awards were:

ABUL KaLam Azap, Dinagjpur District, Bangladesh, for pioneering on his
riceland the use of integrated nutrient supply systems involving farmyard
compost and chemical fertilizer, which enabled him to triple rice production;
and for developing and promoting a pattern of intercropping, relay cropping,
and crop rotation that allows farming families to be gainfully employed
throughout the year;

Qu YonG SHou, Hunan Province, People’s Republic of China, for
performing practical field experiments that largely reduced rice flower sterility
caused by cold weather, thus enabling rice farmers to surmount the cold injury
problem and achieve yields of 17 t of rice/ha for 2 crops; and for converting his
riceland into a demonstration farm where other farmers could learn better
management techniques;

SARDAR JAGIT SINGH HARA, Ludhiana, Punjab, India, for his scientific
management of a rice farm; innovativeness in producing high quality seeds; and
for his key role in the diffusion of new farming technology and bridging the gap
between potential and actual yields;

MRs. SovAa RaNI Dey, West Bengal, India, for developing a remunera-
tive rice farming system that gave yields of 9 t of summer rice/ha and 5 t of
winter rice; for her judicious adoption of modern farm practices and high-
yielding varieties; and for unselfishly sharing her knowledge with other
farmers;

NEKKANTI SuBBA Rao, West Godavari District, India, for harvesting an
average yield of more than 8 t of rice/ha by planting high-yielding varieties and
practicing good farm management; and for active collaboration with the All
India Coordinated Rice Improvement Project in testing new varieties and
producing certified seeds, thereby helping to establish mutually beneficial links
between scientists and farmers;

SumMBER KARYA TANI FARMERS’ Group, East Java, Indonesia, for
developing an economically and socially viable village cooperative that
collectively prepared group production plans, carried out essential farm
operations, and secured production inputs, credit, and services to increase rice
production and promote nonfarm activities, which increased family income
and saving; and for encouraging among members self-reliance and the
awareness that personal interest is secondary to the interest of the community
and that the basic element of leadership is good example;

RaHAYU FARMERS’ GRroup, West Java, Indonesia, for developing an
economically and socially viable village cooperative that collectively prepared
group production plans, carried out essential farm operations, and secured
production inputs, credit, and services to increase rice production and promote
nonfarm activities, which increased family income and savings; and for
encouraging among members self-reliance and the awareness that personal
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interest is secondary to the interest of the community and that the basic element
of leadership is good example;

KoicHi  KiMurA, Akita, Japan, for developing rice cultivation tech-
niques that reduce by 60 to 70% the labor requirements for growing rice while
harvesting more than 7 t of rice/ha; for demonstrating a profitable rice farming
system; and for being a selfless farm leader and adviser;

MRrs. ETsuko TapA, lwate, Japan, for introducing efficient and
economical methods of mechanization of rice cultivation that helped women
and the aged to practice high productivity rice farming; for her leadership in
promoting cooperative farming; and for being a dependable consultant to farm
families seeking information on rice farming and home life;

YeoNn Do Kim, Geyongsangbuk-Do, Republic of Korea, for harvesting
more than 13 t of rice/ha, the highest ever in the Republic of Korea, using
high-yielding varieties and advanced farming technology; and for unselfishly
sharing with others his successful farming experiences;

MoHD. NOR BIN KAHLAN, Selangor, Malaysia, for his success in
semimechanized rice farming of transplanted, broadcast, and drilled rice; and
for being a dynamic model farmer in demonstrating new rice production
technology to others and thereby becoming a leader in technology transfer;

SERAPIO SAN FELIPE, Morong, Rizal, Philippines, for attaining steady
production of more than 10 t of rice/ha by planting high-yielding rice varieties
and following good soil fertility management involving compost composed of
animal manure and crop residues and application of chemical fertilizers; and for
being the earliest effective barefoot technician deputized by the Ministry of
Agriculture and Food to help rice farmers in nearby communities;

WIBOON INCLAI, Phitsanulok, Thailand, for harvesting more than 8 t of
rainfed rice/ha using local tools and new varieties; adopting improved
cultivation techniques promoted by the agricultural extension office; and for
willingly sharing his knowledge with other farmers; and

Vo VAN CHung, Tiengiang Province, Vietnam, for successfully integrat-
ing traditional and new technology into a simple and low-cost cultivation
package enabling him to harvest yields of 12-15 t/ha a year from 3 crops of rice;
for actively cooperating with agricultural research institutions in testing new
varieties and cultivation techniques on his farm; for sharing his farming skills
and seeds of high vyielding varieties with other farmers through the An Phu
Agricultural Cooperative of which he is the chairman; and for proving to others
that rice farming is a satisfying means of livelihood.
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IMELDA R. MARCOS

First Lady, Republic of the Philippines,
Minister of Human Settlements, and Governor of Metro Manila

ECOLOGY AND
EQUITY: FOUNDATIONS
OFSUSTAINABLE
AGRICULTURAL
DEVELOPMENT

I am delighted by this opportunity to join the International Rice Research
Institute in marking the completion of its first quarter-century. To the officials
and the entire staff of the Institute, 1 want to express my admiration and my
sincere congratulations. And to all the distinguished guests who have come
from many parts of the world for this occasion, | wish to extend a warm
welcome.

Indeed, as President Marcos said earlier, the Philippines has every reason
to join this observance in the spirit of celebration. The Philippines is fortunate
to be host to the Institute whose accomplishments have made it the world’s
premier agricultural research center. The work of IRRI, particularly in the
discovery of high-yielding rice varieties, provided the impetus for a revolution
in our farms, which not only brought technological change but also proved the
vast potentials of the human resources of this country, from its leaders to the
common man.

The development of high-yielding rice varieties provided the Philippine
Government the opportunity to launch an agricultural development program
that integrated the different phases and sectors involved in the production,
marketing, and consumption of the country’s staple crop — rice. As a result, in
1976 the Philippines not only became self-sufficient but also became an
exporter of rice. But the Philippines will be ever grateful to IRRI for it was the
high-yielding varieties that opened the way for the unprecedented and
spectacular gains realized by the Philippine rice program.



IRRI may be said to be a victim of its own success. For today it is its very
success that inspires us in the Philippines, as in other developing countries, to
expect more from the institute in coming years. It makes us hope that the IRRI
will have an even greater impact on the lot of people in developing countries,
particularly the rural poor.

This expectation is largely impelled by the awareness that even as farms
realized increased yields through new technologies, conditions arose which
complicated the quest of farmers and consumers in developing countries for
remunerative yields and stable prices.

The propagation of high-yielding varieties entailed the use of inputs,
particularly fertilizers, which developments in the international economy have
made prohibitive in cost. As Minister of Human Settlements and Governor of
Metro Manila, | have been concerned that agricultural technologies must have
more impact on resolving the dichotomy between urban and rural areas and on
checking the huge unplanned expansion of urban areas, a phenomenon
plaguing not only the Philippines but many other developing countries. Rural
men, women, and children continue to abandon their homes in the countrysides
to go and live on the pavement of large cities and in urban slums because of
inadequate opportunities for gainful livelihood or employment. This suggests
that low agricultural yields are a part of the web of deprivations at work in our
countrysides. Some migrants may be called ecological refugees — fleeing from a
deterioration or breakdown in the ecology in rural areas brought by the
depletion of soils, spread of deserts, loss of tropical forests, pollution of air and
water, extinction of plants and animals, or destruction of productive coastal
areas.

To be true to its commitments to excellence and social relevance, IRRI
obviously cannot rest on its laurels of the last quarter-century. Developing
countries look to IRRI for the introduction of technologies that can bring
cheaper agricultural inputs, particularly fertilizers, and ensure these countries’
ecological balance. For its next quarter-century, a singular challenge facing
IRRI, | submit, is the development of a comprehensive set of technologies that
will strengthen self-reliance in any given country or region.

At this point, with your indulgence, I would like to speak of our
experience as Governor of Metropolitan Manila. Ten years ago, when |
assumed office, | was confronted with a dying metropolis composed of
seventeen towns and cities. It became imperative to conceptualize a rational,
comprehensive delivery of basic services, namely, water, power, food, shelter,
clothing, education, medical services, ecological balance, livelihood mobility,
and transportation. The situation was such that the deprivation of one basic
service would spell the beginning of the death of the city. We have kept faith
with our oriental tradition that problems can be recycled into opportunities.

One of the main problems of the city has been the tremendous amount of
garbage produced every day. To cope with the problem, some 15,000 metro
aides were organized to clean the city. These aides, who found dignity and
self-fulfillment in their work, immediately transformed Metro Manila from a
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decaying city to a cleaner metropolis for its almost nine million residents.
Heretofore, the government spent P200 million to maintain the cleanliness of
the city. This was reduced to more than one-half — from P200 million to BR70
million which not only provided employment to 15 thousand men and women
and made it cheaper to clean the city but, more importantly, developed a sense
of awareness on the part of the people, a social conscience to help fellow
humans, the metro aides, keep Manila clean.

On another level, we have converted Metro Manila’s garbage problem
into an asset by making towns and cities within the metropolitan area into
laboratories where the recycling of garbage is an integrated program. Metro
Manila produces 3,000 t of garbage a day or more than a million tonnes yearly,
40% of which can be recycled into organic fertilizer. The importance of this
program of recycling the wastes of the city assumes great significance when one
considers that the Philippines imports about 700,000 t of fertilizer every year,
costing us half a billion dollars in foreign exchange. Here is an example where
waste (garbage) is recycled to asset (fertilizer) and where urban development is
complimentary to rural growth and development.

The prospects for the wider use of the organic fertilizer recycled from
Manila’s garbage seem promising. Experiments in Los Bafios indicate that rice
grown with the use of this organic fertilizer has an increased protein content
and nutritive value.

Another program we have emphasized in Metro Manila deals with
ensuring an ecological balance in the metropolis. Manila, being 2 ft below sea
level, has suffered from perennial floods. To solve this problem of floods after a
heavy rainfall, pumping stations have been installed, esteros or streams have
been declogged, and the city’s drainage system has been improved.

But for a more permanent solution and to complement these efforts in
improving the city’s environment, a green belt of 40 million trees now
surrounds Metro Manila. Within the last 10 yr, some seventy million trees have
been planted, thirty million in the city proper and forty million in the La Mesa
Dam area. Keeping a desired water table we are able to ensure enough water
supply for the city. This program also fulfills the basic requirement of seven
trees per person to meet his oxygen needs. One important aspect of this tree
planting program is that the trees are a renewable source of energy and animal
feed through the production of leaf meal.

Borne out of our experience as Governor of Metro Manila, we have also
been privileged as Minister of Human Settlements to replicate this integrated
program in other towns and human settlements of the country. The Ministry
evolved a model community of fifty homes called Bliss, each a self-contained
human settlement primed by housing but provided with the other basic
services of water, power, food, clothing, education, sports and recreation,
medical services, mobility, transportation, and ecological balance. Bliss
projects are not only the beginning of satellite cities but are also the radiating
points for human settlements.

Thus, Bliss became an acronym for a model human settlement, a
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microcosm of Manila which not only ensured the delivery of the eleven basic
needs but also provided an environment for the fulfillment and happiness of
every man, the ultimate goal of every human being.

Hopefully, therefore, with the creation of these self-reliant human
settlements throughout the country, rural migrants need not seek their fortunes
in Metro Manila and other cities. This development thrust has been part of the
comprehensive reforms of the new Republic on all fronts — social, political,
and economic — under the peaceful, democratic revolution initiated by
President Marcos in the New Republic.

Experience has taught us that it is imperative for leaders to look at
problems holistically. The fulfillment of basic services in any given human
community calls for a balancing, complementary effort, both rural and urban,
national and international. Thus, the challenge today, for mankind to develop
and progress, is for peoples of the world to work hand in hand with scientists
and experts in a united effort to bring about a balanced environment for
humanity to survive and flourish. But as we work for the progress and
development of mankind, we must reach out to the inner being of man in the
strengthening of his spirit to bring about his self-confidence and ultimately
make him a self-reliant human being.

We in the Philippines, after about 500 yr of colonization, are more than
ever convinced of the primacy that must be given to the development of the
human resource. In the past 3 yr, the Philippines underwent extreme trials of
various types, natural, economic, and political. It was beset by earthquakes,
tidal waves, volcanic explosions, and two typhoons that were the strongest in
the century.

The Aquino assassination brought a climate of suspicion and mistrust and
ensuing political and economic disruptions when for 3 yr we suffered an
economic drought from 483 banks. But the nation prevailed and survived. And
the saving force was the Filipino common man, the two million Filipinos
working all over the world bringing foreign exchange that prevented an
economic disaster in the Philippines.

Once again this has substantiated the commitment of the New Republic
under the leadership of President Marcos that man is our ultimate and most
valuable resource. This commitment is borne out by the fact that while the
Philippines had a population of 30 million people in 1966 and a literacy rate of
61% then, today, with doubled population — 54 million — we enjoy a literacy
rate of 92% — one of the highest in the world.

It also is our belief that to make a man self-reliant is to provide him with
the energy within, a spring-source to fire his thoughts for greater creativity and
growth that will ultimately redound to the progress of his country. This has
been the ultimate goal of the New Republic — a balanced economy, the
delivery of basic services, the ethic of self-reliance, and a balance of man's
outreach and inreach, firm in the belief that man’s vigorous spirit is the
fountainhead of creativity for his progress and development, giving him self-
confidence to become a self-reliant, self-sufficient human being.
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Let me conclude by once again congratulating IRRI, the CGIAR, and the
global network of agricultural scientists on the most valuable work they have
done in recent decades. Your work brings hope to millions of lives all over the
world.

After 25 yr of success, it is with greater confidence that IRRI can look
forward to bringing about not only increased rice production but also the
evolution of a balanced ecological environment. It can develop comprehensive
technologies for regions of the world to maximize their potential for food
production, coupled with the wider application of recyclable wastes to reduce
costs of production. These should enable us to contend with the growing
population and nutritional needs of mankind especially the rice-consuming
peoples of the Third World.

As an international institution, IRRI will now be faced with the global
problem not only to increase rice production but also to have a global plan for
the next century based on the world’s demographic profile to contend with the
rice needs not only of a decade or two but until that time men will be able to
level off their population growth. This becomes crucial when we consider that
two-thirds of mankind are rice consumers. It is now time for IRRI to initiate an
integrated, holistic plan of action. | hope you will continue your research with
greater vigor and dedication in the years ahead.

The poet Rabindranat Tagore said: “A candle which itself is not lit cannot
light others. A teacher who is also not learning cannot teach others.” IRRI is a
bright candle that has helped remove darkness in countless homes. Let this
affirming flame be ever bright through your continuous quest for better
technologies at the service of humanity. My good wishes are with you.
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A. AFFANDI

Minister of Agriculture, Republic of Indonesia

THE RICE
REVOLUTION IN
INDONESIA: THE

INDONESIAN
EXPERIENCE IN
INCREASING RICE
PRODUCTION

I would like to congratulate the International Rice Research Institute on its
25th anniversary. Twenty-five years is certainly a very short period in the
history of mankind. But, during that period IRRI has accomplished many
valuable things in helping us in our effort to provide ourselves with enough
food.

| feel very much honored to be invited to this important occasion. We will
have a chance to meet each other and share experiences for the benefit of all.

I would like to discuss with you the Indonesian experience in increasing
rice production in our efforts to fight hunger.

Generally speaking, there has been considerable progress in world food
production. Yet there have been serious food shortages in various low-income
developing countries. The number of malnourished people in these countries
continues to grow. Deaths directly or indirectly related to food and nutrition
problems still occur.

It is clear that the material gains from development are not very well
distributed among countries and among people within countries. Food in
sufficient quantity and sufficient quality is still beyond the purchasing abilities
of many people with very low incomes.

The December 1984 Food Outlook of the United Nations Food and
Agriculture Organization states that the 1984 forecast of world cereal
production was about 8.5% higher than the 1983 estimate. But the striking
feature was that production in the high-income developed countries rose by



16.6%, while that of the low-income developing countries rose by only 1.7%.
This figure was below the rate of increase of their population. The most
distressing figure was that cereal production in the low-income food-deficit
countries' rose by only 1.0%, which means that their per capita production
decreased by 0.8%. Although these forecasts may not be exact, | think the
forecast trend is valid.

Based on figures published by lowa State University in 1973, a young
economist from Indonesia (2) indicated that by 1985 there will be a surplus of
42 million tonnes of cereal in the world. But the distribution among groups of
countries is not promising at all. Low-income countries together were
predicted to suffer a deficit of 115 million tonnes, while high-income developed
countries will achieve big surpluses. By 2000 the deficit suffered by low-income
developed countries would worsen, rising to as high as 256 million tonnes.

Again, these predictions may not be entirely accurate, especially because
they were based on old data. But with the current situation, | fear that they may
not be far from the truth.

This is the irony of world food production. The countries that actually do
not need food in abundance can produce as much as they want, whereas those
who are in serious need of food for existence cannot produce enough for
themselves.

From a purely technical agronomic point of view, increasing food
production is not difficult. Results from soil, agronomic, and other experiments
will show which paths to follow to achieve significant increases in food
production. Hence, for the high-income developed countries, increasing food
production will be no problem at all. They have the necessary expertise, the
technology, the capital, and the skill.

On the other hand, for developing countries in general, increasing food
production is very difficult. Obviously it is not merely a technical problem.
Technical, economic, social, and cultural problems must be simultaneously
considered.

We all know that in the developing countries the productivity of
agriculture in general, and of food in particular, is relatively very low. The small
size of farms, the lack of financial resources, the very small amount of inputs
supplied, the low educational level of the farmers, the existence of disguised
unemployment, and many other factors are intricately interwoven, so that the
problem of increasing food production enters the so-called vicious circle of low
productivity, low income, and low investment.

Considerable support in various forms has been given to the developing
countries by the high-income developed countries. Material support,
e.g., loans and grants, expertise, advice, recommendations, and consultation
have been extended, yet food production in the developing countries ingeneral
could not be increased significantly and in a fairly stable manner. Hence the
problem of hunger and malnutrition has not been overcome.

Lincludes all food-deficit countries with per capita income below the level used by the World Bank
to determine eligibility for IDA assistance (i.e., US$805 in 1982).
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In developed countries, the most advanced cultural technologies have
been applied to food production and results have been astonishing. By applying
these advanced technologies these countries have increased their food produc-
tion so they not only feed their own people but also export food.

Experts of developed countries recommended that these advanced
technologies be applied in the developing countries. The technologies include
modern irrigation techniques, efficient water management, high-yielding
varieties, and modern plant protection. With the help and support of experts
from developed countries, many low-income developing countries applied
such advanced cultural technologies.

The achievements, however, have not been very encouraging. Some
projects produced very good results. But most of them were, for practical
purposes, unsuccessful - results were far below expectations.

This situation appeared very strange and resulted in lengthy and intensive
debates. Many people could not understand why the advanced technologies
which were so successful in the developed countries failed in the low-income
countries.

Such was our experience in Indonesia. Since the 1950s, Indonesia was
determined to increase its food production, particularly in rice, to attain
self-sufficiency. We implemented a 3-yr intensification program for rice
production. We were optimistic that we would achieve self-sufficiency in rice
within that 3-yr period.

To ensure rice self-sufficiency in the long run, the intensification program
was followed by a program of expansion of agricultural lands to be used for
large-scale mechanized upland rice production.

The results of both programs were far from satisfactory. After 3 or 4 yr the
programs were stopped and the government institution responsible for their
implementation was disbanded.

Criticism was then addressed to our agricultural scientists in the executive
offices of the Department of Agriculture, in the research centers, and also in
agricultural colleges, concerning our inability to increase food production.

Various analyses were done by experts in the different branches of
agricultural science. The soil scientists tended to see factors within the
boundary of soil sciences, such as inadequate amounts of applied nutrients, lack
of microelements in the soil, and poor soil physical structure, as the main cause
of the failure.

The agronomists tended to blame the farmers’ inability to use cultural
methods such as proper land preparation, use of high-quality seeds, and proper
weeding.

The phytopathologists and entomologists tended to point out farmers’
inability to use proper protection methods such as varieties tolerant of insects
and diseases, sanitary cultural practices, and proper and adequate use of
pesticides.

The rural sociologists and agricultural economists tended to feel that the
programs failed because farmers were not motivated due to lack of material and
nonmaterial incentives.
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The analysis of the experts in the various branches of the agricultural
sciences could be continued, and in any case we could be certain that their
findings would point to factors falling in their own disciplines. Of course, the
experts’ diagnoses and prescriptions were correct and valid. But their solutions
to individual problems were not enough to turn around production.

At that time, | could not understand the situation myself. Then | came
across a publication, edited by Millikan and Hapgood (1) titled No easy harvest.
The publication presented a very good picture of why it is so difficult to
increase agricultural production in general, and food production in particular,
in developing countries. With the permission of the authors and publisher, we
translated the book into Indonesian and it became an important reference for
our students and teachers.

Millikan and Hapgood point out that agriculture is a systems problem.
Activities in agriculture proceed in a system. If one or more links in the system
are missing or go wrong, the whole system is affected, thus jeopardizing the
process of agricultural development.

Some experts identified important subsystems:

* upstream industries and/or agribusiness dealing with the supply and
distribution of inputs, like high-quality seeds, fertilizers, pesticides,
agricultural implements, and so on;

* the subsystem of agricultural production activities;

* the subsystem of postharvest activities, including processing; and

* the subsystem of marketing and consumption.

Within each subsystem, there usually is a long chain of activities.

The food problem will never be solved satisfactorily by considering only
one subsystem, or by taking the subsystems separately, ignoring their
interrelationships and their interdependencies.

Besides an understanding of agriculture as a system, we must also meet
some basic requirements to get agriculture moving.

Again | refer to Millikan and Hapgood. They point out two very basic
requirements:

1) That there be a very strong commitment among national and provincial
leaders to give very high priority to food production, as reflected in
manpower and budget allocation and policy decisions in favor of food
production; and

2) That there be at least a certain stage of national political stability.

Looking at the Indonesian intensification and extensification program in
the late 1950s and early 1960s, | think that the main reason for the lack of
success was that those two basic requirements were not met. Of course, other
unfulfilled requirements, such as lack of skilled, trained, and experienced
personnel; lack of financial resources; and lack of research findings supporting
the implementation of the programs, aggravated the failure.

I believe that the five well-known essentials listed by Mosher to get
agricultural moving, i.e., markets for agricultural products, ever-changing
technology, the presence of needed inputs, production incentives, and
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transportation, should come after the two very basic requirements mentioned.
Unless there is a very strong commitment among the leaders, Mosher’s five
essentials could hardly be implemented. To get an ever-changing technology,
for instance, strong research centers with sufficient manpower and budget
allocation are needed.

Mosher’s ideas have been very popular in Indonesia. His books and
readings are used by every agricultural faculty in the country. Many
agricultural development scientists in Indonesia follow Moshers's way of
thinking.

It is not necessary to debate Mosher’s five essentials. They are straight-
forward and simple, but basically true and valid. Detailed formulation of these
essentials, however, is no easy task. Confronted by very limited human and
nonhuman resources, we had difficulties in assigning priorities to the details of
these essentials. Lengthy discussions and heated debate could not be avoided
during the formulation of these very details.

With a little more knowledge and experience as we entered the first
Five-Year Development Plan of Indonesia in 1969, the intensification program
for rice production was formulated. Firm commitments from the national
leaders were ascertained?:

“The Government gives a very high priority to the development of the agricultural

sector, and increasing food production is one of the most important objective of

agricultural development.”

As a follow-up to the government’s policy, a presidential decree was
issued in 1969. Proper budget and facilities to implement the program were
allocated and an organizational structure was established. The rice areas under
the intensification program were divided into village units, each unit com-
prising three or more villages. In each village unit four delivery institutions
were established: 1) field extension workers to extend assistance to farmers;
2) village unit banks to extend credit to farmers; 3) village unit cooperatives
responsible for distributing farm inputs and for postharvest handling, process-
ing, and marketing of agricultural products; and 4) village kiosks for retailing
farm inputs directly to the farmers.

The program was administered by guiding institutions, which were
interdepartmental bodies covering all levels of government administration.
The interdepartmental body at the national level was called the Intensification
Program Steering Body; that at the provincial level, the Directing Body; and
those at the district, subdistrict, and village level, the Implementing Bodies.

In the production subsystem, the five principles of good cultural methods
— use of good seeds, good water management, good plant protection, proper
fertilization, and good soil preparation — were implemented as one package.

The four delivery institutions, the guiding institutions, and the imple-
mentation of the package of good cultural methods were vital, decisive factors
for the success or failure of the program. When those factors perform

2 Rencana Pembangunan Lima Tahun Ke-1, Republik Indonesia, December 1968.
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satisfactorily, the implementation of the intensification program proceeds with
satisfactory results.

In addition to the organizational structure, the program was supported by
various government policies including input subsidies, credit, pricing, and
marketing.

Soon after we began to implement the plan, we learned that it is easier to
make plans than to successfully implement them. During the 1970s we had to
make a lot of adjustments in the operation. In fact, we ran many aspects of the
operation on a trial-and-error basis.

When | evaluate the results of our efforts in the last 15 yr (3 consecutive
Five-Year Development Plans), | think that despite many shortcomings, some
still existing, our price production has performed satisfactorily. The area in the
intensification program has increased from about 1.6 million hectares in 1968 to
about 8.6 million hectares in 1984 (Table 1) and rice production increased from
about 12 million tonnes in 1968 to about 26 million tonnes in 1984 (Table 2).

The input distribution network from the factories or importers to the
villages was already established when the program began. Except in very
remote and isolated areas, we had few complaints about the time of delivery,
and the amount and kind of inputs made available to rice farmers. At the
beginning of the program not more than a quarter of a million tonnes of
fertilizer was distributed. Last year, about three million tonnes were supplied
and distributed to our farmers, most of whom are rice farmers.

At the beginning of the program the farmers were not organized. After
15 yr we have about 200,000 farmers’ groups that form the basis of our
extension activities. Hence, although at the beginning of the program we had to
face millions of rice farmers with traditional attitudes concerning agricultural
development, after 15 yr they understand intensification. They know and are
eager to apply the packages of good cultural methods.

I am pleased to say that IRRI contributed significantly to this stage of
development of rice production in Indonesia. The injection of new blood that
IRRI gave to us to promote our rice production was the provision of the
high-yielding varieties IR5 and IR8. At first, the Indonesian people did not
appreciate these varieties because of their unfamiliar taste. It is true that IR5

Table 1. Area in the Rice Intensification Program, 1968-84.

Year Area (ha) Year Area (ha)
1968 1,596,343 1977 5,277,771
1969 2,131,252 1978 5,648,482
1970 2,004,511 1979 5,855,332
1971 2,006,063 1980 6,408,336
1972 3,262,905 1981 6,866,821
1973 4,111,640 1982 7,458,427
1974 4,090,403 1983 7,790,588
1975 4,247,397 1984 8,631,843
1976 4,473,749
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Table 2. Rice (milled) production in thousand tonnes, 1968-84.

Production Production
Year Year

(thousand t) (thousand t)
1968 11,666 1977 15,876
1969 12,249 1978 17,525
1970 13,140 1979 17,872
1971 13,724 1980 20,163
1972 13,182 1981 22,286
1973 14,607 1982 22,836
1974 15,275 1983 24,006
1975 15,185 1984 25,825
1976 15,845

and IR8 do not meet our consumers’ taste preferences. Yet these varieties
opened our eyes to the fact that it was really possible to increase our rice
production. Through very close cooperation between IRRI and our National
Food Crops Research Center, various high-yielding varieties became available,
which gradually changed our traditional rice cultivation into a modern one.
Various high-yielding varieties were bred, that combined high productivity
with popular taste characteristics. Among these high-yielding varieties were
Pelita I-1 and Pelita 1-2. In 1984, about 6.6 million hectares were planted to
improved rice varieties (Table 3).

In 1974, with a feeling of optimism, we closed the first and entered the
second Five-Year Development. During the first period we increased our rice
production an average 4.7% a year, despite a setback in production in 1972 due
to a long and severe drought. | think that an increase of 4.7% is good enough
when compared to the growth rate of our people, which was about 2.3% a year.

At first we thought that by the end of our first Five-Year Development
Plan in 1973, we would be self-sufficient in rice. This was not so. Although
production increased by 4.7% a year, the demand for rice by the Indonesian
people rose by 4-5% a year. Indonesians associate rice with status. They feel
that eating rice gives them higher status than if they eat other sources of
carbohydrates, except wheat. For all practical purposes we do not produce
wheat.

Hence, rice production could not keep up with the rising demand, and rice
still had to be imported, in varying quantities.

Table 3. Area planted to improved rice varieties, 1976-84.

Year Area (ha) Year Area (ha)
1976 3,658,841 1981 5,694,265
1977 4,041,828 1982 5,777,104
1978 4.657,964 1983 5,694.36 1
1979 4,999,637 1984 6,626,947
1980 5.369,273
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In 1976, we were shocked by the disaster caused by the brown
planthopper. That disaster will be remembered forever by the Indonesians
engaged in rice production: government officials, research and extension
workers, and farmers. In almost no time, hundreds of thousands of hectares of
our rice were wiped out by those small but very dangerous insects. We panicked
and did not know how to protect our crop. We sprayed pesticides from the
ground and from the air, but they were ineffective. The insects continued
destroying our rice crop. Many farmers lost almost everything.

Not knowing what to do, we thought of going back to our old varieties.
Our entomologists, however, informed us that this would not help. They said
that once the brown planthopper was there, the old varieties would also be
destroyed because they also are not tolerant of the pest.

There was no way back. But, during the crisis, IRRI came to our aid by
sending IR26, a tolerant variety. That was the starting point of our fight against
the brown planthopper. It took us about four rice seasons to overcome the
disaster. It was not until mid-1978 that we felt we had won the fight. The
disaster caused by the brown planthopper was somewhat aggravated by a rather
prolonged dry season in 1976 and 1977. Those were unlucky years for
Indonesia. Our rice production almost stagnated, which caused an air of
pessimism among many of our scientists. Indeed, the brown planthopper
disaster could be overcome, the seasons became normal again. Yet we were still
not confident whether the setback in production could be recovered in the
coming years. This situation marked the beginning of our second Five-Year
Development. The demand for rice still increased by 4-5% a year, but the rate of
increase in production was only about 3.8% a year. Again large quantities of rice
had to be imported.

Our senior officials and our scientists had a very difficult assignment to
come up with something big and significant to compensate the setback in our
rice production. A series of meetings were held to discuss the matter. It seemed
that new varieties with significantly higher yield potentials than the ones
already in circulation could not be expected, not from IRRI nor from our own
research center. A better cultural method including improvement in fertilizer
application was advisable, but at best, it could only give marginal returns.

In 1979 we decided to begin with a social innovation by encouraging the
farmers’ groups to embark on group farming. Before, our farmers, although
organized in groups, worked individually. Hence the consistency of their
activities over an area could not be assured. In case of pests, for instance, some
of them felt very much obliged to protect their plants, but others did not. In
water management, where group action was really needed, some farmers did
well, but others did not. So, a high average yield from an extended area of farms
could not be assured.

In group farming, a farmers’ group of 50-100 farmers cultivating 25-
50 ha was encouraged to operate as one organizational unit. They made the plan
themselves, decided what rice variety to plant and when to begin soil
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cultivation, and so on. The delivery and guiding institutions tried not to
intervene in their activities, but were always ready to serve the group.

In Indonesia, we have a name for group farming — special intensification.
For most of the honorable guests present, this kind of group farming is
probably common, and there is nothing really special about it. 1 am told that
this practice is common in countries such as South Korea and Taiwan.

But for Indonesia, it was something new. It was an innovation to turn
around our stagnating rice production. Results were astonishing. Productivity
per hectare increased 30-50% above the usual levels achieved by individual
farmers using improved practices. Now, more than 90% of the rice areas in
Indonesia are under the intensification program. Of these, more than half are
under special intensification.

Supported by good weather, during the third Five-Year Development,
we increased our rice production by an average 6.1%/yr. | know the
contribution of special intensification was very significant. The stagnation of
rice production was over.

After these ups and downs, | believe our rice production has become
self-propelling.

Data on fertilizer use from 1969 to 1983, pesticide use from 1968 to 1982,
area of irrigated fields from 1973 to 1984, and rice area harvested from 1968 to
1984 are given in Tables 4-7.

Once, we thought that the self-propelling stage of rice production could
be achieved easily. We learned that it was not at all easy. The International Rice
Research Institute deserves much credit for helping us achieve this stage of
development. | do not have words to express our gratitude to IRRI. But believe

Table 4. Use of NPK fertilizers for food crops, in tonnes, 1969-83.

Amount of fertilizer (t)

Year

N P05 K,0
1969 155,185 36,264 1,009
1970 162,077 31,618 3,596
1971 194,583 29,649 2,416
1972 228,013 21,393 1.967
1973 312,038 65,292 1,875
1974 290,830 95,720 6,769
1975 311,329 110,216 1,010
1976 313,304 99,267 3,019
1977 443.442 104,727 9,675
1978 478.905 126,905 11,769
1979 550,923 129,956 17,869
1980 797,862 210,222 11,082
1981 946,049 299,159 14,905
1982 1,060,066 354,509 43,349
1983 973,374 317.268 54,354
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Table 5. Use of pesticides for food crops, 1968-82.

Insecticides Rodenticides Fungicides Others

Year e

U] U] (Kilolitre) 0)
1968 631 40 - -
1969 1,209 34 - -
1970 1,076 52 - -
1971 1,556 33 - -
1972 1,362 45 - -
1973 1,504 116 743 73
1974 1,638 56 744 73
1975 2,464 84 521 21
1976 3,432 158 189 40
1977 4,268 113 100 42
1978 4,165 121 67 151
1979 4,191 79 612 268
1980 6,387 78 464 363
1981 8,943 109 1,273 -
1982 11,080 94 927 -
Table 6. Area of irrigated fields, 1973-84 (ha).
Year Technical Semitechnical Simple Total
1973 2,069,147 1,134,858 625,626 3,829,631
1974 1,401,838 645.941 403,444 3,646,333
1975 2,252,785 1,005,991 650,020 3,908,796
1976 2,344,503 1,044,261 741,658 4,130,422
1977 2,447,132 1,052,679 837,339 4,337,150
1978 2,468,085 1,113,144 838,421 4,419,650
1979 2,452,311 1,080,244 850,093 4,382.648
1980 2,429,206 1,035,581 811,656 4,276,443
1981 2,491,632 1,054,790 988,338 4,534,760
1982 2,627,366 1,098,349 1,118,420 4,844,132
1983 2,750,488 1,113,785 970.756 4,835,029
1984 2,799,916 1,275,381 844,363 4,947,502
Table 7. Area of rice harvested per year, 1968-84.

Area v Area

Year (thousand ha) ear (thousand ha)
1968 8,021 1977 8,360
1969 8,014 1978 8,929
1970 8,135 1979 8,804
1971 8,324 1980 9,005
1972 7,898 1981 9,382
1973 8,404 1982 8,988
1974 8,509 1983 9,162
1975 8,495 1984 9,636
1976 8,369
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me, your services to the rice farmers of Indonesia will be remembered by them
forever.

Our experiences have taught us some very important lessons. First, we
learned that it is difficult to insulate our rice production from the vagaries of
nature. | am not talking about catastrophes such as typhoons. | am taking
about abnormal rainy seasons, and especially abnormal dry seasons. A long and
severe dry season, like that we experienced in 1972, can significantly damage
our rice production.

Second, we learned that there is always a possibility that development
could create big problems. When we embarked on adopting the high-yielding
rice varieties in Indonesia, we did not have the slightest idea that this
development would bring the brownhopper disaster. Even our scientists at that
time could not warn us about such possibility. In fact, when the disaster came,
they were also surprised. Not intending to accuse anyone, | think that this is a
shortcoming on the part of the scientists in research centers. Every time
scientists in research centers develop something new, they should anticipate
problems which may be associated with the innovation. It must not be a
surprise at all. Of course, | realize that this kind of work is expensive, but it
should be done.

Insofar as the brownhopper is concerned, | am pleased to see that IRRI
and our National Research Center have taken such steps. Scientists already
anticipate that after three or four planting seasons the biotype 1 brown
planthopper would develop into biotype 2. The varieties tolerant of the
biotype-1 insects would no longer be tolerant of biotype 2.

So, when in some places in Indonesia biotype 2 brown planthopper pest
was detected, the scientists were ready. In fact they had prepared the therapy —
IR36 and other varieties.

The third lesson we learned was that it is not ideal for a nation to depend
on just one staple food, like rice in Indonesia. In addition to the possibility that
it is not healthy for the people to consume just one food, it puts a very heavy
burden on production. A very small shortage in production could create
unpleasant effects for the people. And if this trend continues, in the long run,
production will not be able to cope with the demand, and resources allocation
cannot be optimal.

Although rice production in Indonesia today is self-propelling some
things still make us uneasy.

First, hundreds of thousands of hectares are planted to the same rice
varieties. Scientists consider it very dangerous with respect to the possibilities
of attack by insects or diseases. The main reason for this situation is that the
people in Indonesia, and maybe in other developing countries, are too sensitive
to taste. Although many varieties are recommended by scientists and officials,
only a few have the taste suited to the palate of the people. In Indonesia, one of
these is Cisadane, a high-yielding variety, tolerant of brown planthopper, with
a taste considered suitable by almost all the population. This variety is now
planted on more than one million hectares.
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We are doing our best to diversify rice varieties suitable for smaller areas
with tolerance for different insects and diseases.

Second, in various places the quality of rice produced is considered below
the expected standard. In the past we did not have the time to think about
quality because all our efforts were geared toward increasing the quantity of
rice.

There is even an anecdote among people in Indonesia, that the quality of
our rice is so bad that “even the brown planthoppers do not like it, let alone
people.”

Now, that enough rice is grown, we have the time to pay more attention to
quality improvement. Again, | rely on the IRRI scientists and on our national
research centers for help. | hope that the anecdote | have just mentioned will
not be heard in the future.

Third, our experience shows that after 4 or 5 yr, rice production tends to
level off, possibly because of the effect of the law of diminishing returns. New
innovations, either technical or social, are required to push the production up
again. This is probably what Mosher meant by “an ever-changing technology”
as one of his five essentials to get agriculture moving. The only difference might
be that Mosher was referring to technical innovations only, and neglected social
innovations.

In the late 1960s and early 1970s, the IR5 and IR8 technology, in
conjunction with the social innovation of organizing the intensification
program, pushed the then levelled-off rice production strongly upward.

Toward the second half of the 1970s, rice production levelled off because
of the brown planthopper disaster and prolonged drought. Again technology,
which produced brown planthopper-tolerant IR26, IR36, and other varieties,
coupled with the social innovations of the special intensification, pushed
production strongly upward.

In a couple of years, | fear that rice production will again level off. Some
technical and/or social innovations should be sought now to act as another
upward push. What could it be? Technology producing varieties with still
higher yield potential? | think that since the 1970s the yield potential of the rice
varieties bred in IRRI and that of varieties bred in our national research centers
have been about the same.

If this is the case, what can we expect from breeding technology which can
act as an upward push on our production? From the point of view of
management what kind of social innovation can we expect to do the same thing?

These are the challenges which must be faced by technical and social
scientists in the executive offices of the Department of Agriculture of
Indonesia, in research centers, and at universities.

We in the developing countries have many similarities in our food
production. We encounter many obstacles in our efforts to increase food
production. Our farmers are cultivating small plots of land, they are financially
very weak, and additionally, skilled and trained personnel are scarce. Our
productivity is low because the application of modern technology is hampered
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by technical, social, cultural, and economic factors. Some of our people are still
below the poverty line and hunger and famine always shadow their lives.

While expecting proper help from the developed countries, | believe that
we in the developing countries should try to solve our food production
problems by ourselves. In this endeavor, we should keep close contact with
each other. Let us share experiences, so that we can take the possible positive
points in a short cut and avoid making similar mistakes.

Let us also ask IRRI to continue its services for the benefit of our
countries. | never doubt that IRRI will continue to be our friend in need.
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IRRI'S RESEARCH AND
"TRAINING AGENDA

IRRI's thrusts in research and training have been recently summarized in a
publication entitled International rice research: 25 years of partnership. | shall,
therefore, refer only to some major concerns being addressed by IRRI
scientists in collaboration with national research systems, and | shall briefly
refer to the global rice scenario.

World rice production reached a record level of about 468 million tonnes
in 1984. The outlook for production during 1985 is good so far. A major
problem faced by farmers is the decline in the price of rice. World rice prices in
US dollars in 1984 and early 1985 fell to the lowest level since 1977. The fall in
real terms was even sharper although it will be premature to forecast what
might happen on the price front during the rest of this year and during 1986.
The large supply available from the 1984 crop and weak international demand
suggest that prices are likely to remain low at least during the rest of 1985. The
volume of trade in 1984 was about 12.2 million tonnes, the highest in recent
years. Significant gains have been made by Thailand — in 1984 it met nearly
40% of the world market needs. The USA, China, Pakistan, and Burma
together provided another 45% of the quantities exported. Despite this increase
in quantities exported, the value of exports was only US$3.8 billion in 1984 as
compared to the average figure of $4.6 billion during 1979-81. Unfortunately,
the cost of inputs like chemical fertilizers tends to go up even as rice prices go
down. Although this has affected the producers' income, the lowering of rice
price has been of significant nutritional benefit to poor consumers.



IRRI studies have shown that in 8 Asian countries, fertilizer use
contributed 24% of the total increase in rice production (2). Obviously,
therefore, the relative prices of inputs and outputs will be a major determinant
of the future rate of adoption and diffusion of new technologies. A great
challenge to policy makers is developing measures that can concurrently
promote greater production by small farmers and greater consumption by the
urban and rural poor.

FAO’s projections on the total quantity and rate of increase in rice
production needed during the rest of the century are indicated in Table 1. It
should not be difficult to achieve the growth rates indicated in the FAO
projections if economically viable and ecologically sound technological
packages are spread among small farmers through appropriate services and
government policies. There is, however, no room for complacency because rice
is produced and consumed largely by small and poor farmers in most parts of
Asia where more than 90% of the world rice is grown and good land is
increasingly going out of agriculture. In contrast population pressures will
increase substantially in coming decades (Table 2).

The experience of the last 20 yr has shown that even a 5% drop in global
rice production could lead to more than 200% increase in the world price of rice.
Also, because the major rice crop of Asia is grown during the southwest
monsoon, monsoon aberrations can have repercussions on production in
several countries at once. These and the following reasons make it absolutely
essential that we do not relax our efforts in rice research and development.

1. More poor people depend on rice than on other cereals. A small
percentage gain in rice production will have a much greater impact on
food supplies than, for example, a large gain in cassava.

2. Rice requires greater investment on maintenance research designed to

Table 1. Production of rice (paddy), 1974-76 average, and projections for 1990 and 2000,
world and main regions.?

Production  (million t) Annual increase (% per yr)
Country or region Actual Projected Actual Projected
average Year 2000 197476 —_—
1974-76 1980s 1990s
Africa 5.4 18.8 0.5 5.9 6.2
Far East 169.2 330.5 3.4 3.0 21
Latin  America 13.9 29.4 2.3 3.3 3.1
Near East 4.6 10.2 0.6 3.7 3.9
90 developing countries 193.0 388.9 3.2 3.1 2.4
China 128.4 2221 3.7 2.9 17
Developed countries 25.7 28.3 -0.4 0.2 0.8
World 347.1 639.3 3.2 3.0 21

2projections based on revised normative scenario of FAO's study of agriculture: toward
2000, as presented to the International Rice Commission in 1982. Data for developing coun-
tries refer to 90 countries accounting for 98% of population of developing world outside
China; world total excludes remaining developing countries.
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Table 2. Population projections: 1980 to 2100 (population in millions).

Selected th_al Ye"’?’ n
countries 1950 1980 2000 2025 2050 2100 fertility which
rate-1982 NRR=1
China 603 980 1,196 1,408 1,450 1,462 2.3 2000
India 362 687 994 1,309 1,513 1,632 4.8 2010
Indonesia 7 146 212 283 330 356 4.3 2010
Brazil 53 121 181 243 279 299 3.9 2010
Bangladesh 44 89 157 266 357 435 6.3 2035
Nigeria 41 85 169 329 471 594 6.9 2035
Pakistan 37 82 140 229 302 361 5.8 2035
Mexico 27 69 109 154 182 196 4.6 2010
Egypt 20 42 63 86 102 111 4.6 2015
Kenya 6 17 40 83 120 149 8.0 2030
Regions
Developing countries:
Africa 223 479 903 1,646 2,297 2,802 6.4 2050
East Asia 587 1,061 1,312 1,542 1.573 1,596 2.3 2020
South Asia 695 1,387 2,164 3,125 3,810 4,172 4.9 2045
Latin America 164 356 535 732 856 921 4.1 2035
Subtotal® 1,670 3,298 4884 6941 8,400 9,463 4.2 2050
Developed 834 1,137 1,263 1,357 1,380 1,407 1.9 2005
countries
Total World 2,504 4,435 6,147 8,298 9,780 10,870 3.6

3Regional figures do not add to developing countries subtotal due to rounding. Source: (5).

defend the production gains already made in favorable environments.
This is because of the continuous changes in insect and disease
pressures and in soil stresses. A crop like wheat, on the other hand, is
relatively better off in maintenance research requirements. An effective
maintenance research program in rice will need a network of hot spot
centers where anticipatory breeding and screening work can be done.

3. Rice is grown in a variety of seasons and in a wide range of latitudes,
altitudes, and soil conditions. Most other cereals cannot grow under
such a wide range of environmental conditions. Consequently, many
national research systems give greater importance to rice in their
farming systems research.

4. Countries like China, India, Bangladesh, Sri Lanka, and several others
in South and Southeast Asia will face a serious land hunger problem in
the coming years. Therefore, they have to meet the increasing
requirements of food only through a vertical growth in productivity
and through a greater intensity of cropping. This will need a greater
input of strategic research in areas like hybrid rice, early-maturing but
high-yielding varieties, etc.

5. World trade in rice is only about 10-12 million tonnes. Also, very little
rice is used as animal feed. In these two respects, rice differs
prominently from food grains like wheat, barley, maize, and sorghum.
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This is because most rice is grown by small farmers and consumed in
the areas where it is produced. We must intensify research that can
reduce production cost through substituting farm-grown inputs for
market-purchased ones. This can be done only by taking full advantage
of emerging techniques in biotechnology, genetic engineering, and
molecular biology. Such research is expensive and largely conducted
by commercial companies in Europe and North America. This is one of
the reasons why the Rockefeller Foundation chose rice as the principal
crop for attention under their genetic engineering research. We need to
improve our capability in genetic engineering research if we are to
maintain our relevance to the advanced national research systems.

6. Rice cultivation coupled with the adoption of integrated pest manage-
ment procedures can help reduce the dangers from vector-borne
diseases in the command areas of irrigation projects. This aspect is of
particular significance in parts of Africa and in Southeast Asia.

7. In wetland areas, the introduction of pest- resistant rice varieties helps
to make rice - fish integrated production systems possible.

Let me now indicate how IRRI and rice scientists in the national research
systems, in advanced laboratories, and developed and developing countries face
the new challenges. The six major priorities in our research and training agenda
are:

1. sustaining and expanding production gains in irrigated areas;

2. extending frontiers of high-yield technology to areas of moisture stress

and/or excess (i.e., drought- and flood-prone areas);

3. enhancing productivity in problem-soil areas;

4. improving the income and employment potential of rice farming
systems through concurrent attention to on- and off-farm employ-
ment;

5. adding a dimension of resource neutrality to scale neutrality in
technology development by substituting farm-grown inputs for market-
purchased inputs; and

6. improving methods of training, information dissemination, and skill
and knowledge transfer.

These programs are designed to enhance the productivity, profitability,
stability, and sustainability of major rice farming systems of the world. The
research approaches chosen for this purpose can be broadly grouped into three
categories:

1. maintenance research intended to defend the gains already made,

2. downstream research designed to solve location-specific problems
faced by farmers because of ecological and/or socioeconomic factors,
and

3. upstream research that aims to utilize the opportunities provided by
recent advances in areas like biotechnology, genetic engineering,
microelectronics, satellite imagery, and computer sciences to solve
downstream problems.
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If we study world rice production by cultural type, we find that irrigated
areas contribute 76% of the production; rainfed lowland areas, 16%; rainfed
upland areas, 5%; and deep water areas, 3%. Although rainfed areas contribute
only 24% of the world’s rice, they are exceedingly important from the human
angle. Such ecologically handicapped areas also often are inhabited by
economically poor peasants. Therefore, the significance of rainfed rice
improvement must be measured as much in terms of human welfare as in terms
of contributions to total production.

Land is a shrinking resource for agriculture (Table 3). To elevate and
stabilize rice production in different environments, we must understand in
greater detail the major features of these environments in relation to their
production potential. An international group of rice scientists coordinated by
IRRI has identified the following major categories of rice growing environ-
ments (1, 3).

1. Upland

a. Upland with long growing season and favorable soils (LF)
b. Upland with long growing season and unfavorable soils (LU)
¢. Upland with short growing season and favorable soils (SF)
d. Upland with short growing season and unfavorable soils (SU)
2. Rainfed lowland
a. Rainfed shallow favorable soils
b. Rainfed shallow drought prone
¢. Rainfed shallow drought and submergence prone
d. Rainfed medium-deep waterlogged
3. Deep water
a. Deep water (50 cm and 100 cm water depth)
b. Very deep water (more than 100 cm water depth)
4. Irrigated
a. lrrigated with favorable temperature
b. Irrigated, low temperature, tropical zone
C. lrrigated, low temperature, temperate zone
5. Tidal wetlands
a. Tidal wetlands with perennially fresh water
b. Tidal wetlands with seasonally or perennially saline water
c. Tidal wetlands with acid sulfate soils
d. Tidal wetlands with peat soils

Table 3. World populationandarea in cereals, 1950 and 1980,with projections to year 2000.

Year PopL_annon in é:reerZals perA;r)i?son
(billions) -
(million ha) (ha)
1950 251 601 .24
1980 4.42 758 A7
2000 6.20 828 .13

Source: U. N. and USDA.
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The world’s wetlands are at last receiving more attention. The scope for
bringing additional wetland soil under rice production is immense in Africa and
Latin America (Table 4). The relative importance of upland areas in Asia, Latin
America, and Africa, together with a classification of uplands based on the
duration of rainfall and the fertility of the soil, is indicated in Figure 1.

IRRI’s strategy for rainfed rice research begins with the definition and
precise characterization of the target ecosystems. Genetic materials are
developed for each major environment based on an understanding of the
ecosystems. Similarly, the soil, water, and crop management practices are
adapted to each ecosystem. Finally, when appropriate material and manage-
ment techniques are available, a more intensive cropping system is designed for
testing in production projects.

The question is often asked whether there is any immediate potential for
yield increases in upland rice. Data from international trials suggest that a
substantial untapped yield reservoir is waiting to be utilized. Data from the
International Upland Rice Yield Nursery for 1975-83 indicate that the top two
entries consistently outyielded the best local check (Fig. 2). Multilocation
breeding and testing provide opportunities for selecting for stability of
performance and wide adaptation. In this way, the complementary strength of
different breeding stations and environments can be meaningfully integrated.

Another great challenge to rice scientists is developing economically
viable technologies for improving the yield of rice and other crops in stressed
and toxic soils. IRRI calculations show that about 86 million hectares of
riceland in South and Southeast Asia are affected by salinity, alkalinity, acid
sulfate, and peat soil conditions. The precise approach to improving crop
productivity in problem-soil areas should be based on the factors responsible
for the problem. Under conditions like coastal salinity, civil engineering work
to keep away the salt water should be coupled with the use of chemical
amendments and plant breeding techniques.

Because of its philosophy of working for small and resource-poor farmers,
IRRI gives priority to the breeding of varieties that combine good vyield
potential with tolerance for or resistance to a wide range of soil toxicities and
deficiencies as shown in Table 5. In addition to the breeding approach, IRRI is
developing management packages that will help bring out the full yield
potential of new varieties in problem-soil areas.

Table 4. Wetland soils for rice production on three continents.

Redi Area of wetland soils® Rice area harvested”
egion (million ha) (million ha)

South and Southeast Asia 121 90.3

Africa 203 4.9

Latin America 231 8.2

3Based on analysis of the FAO soil maps of the world by Sanchez and Buol (6). bsource: (2).
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1. Relative geographic distribution of tropical upland rice production.

ECOLOGICAL SUSTAINABILITY

Following the spread of what is popularly referred to as “Green Revolution”
techniques, there has beenwidespread concern for the long-term sustainability
of crop production using such techniques. The major concerns are:

1. gene erosion caused by substituting large numbers of local strains with

2.

a few high yielding ones;
the danger of pest epidemics arising from genetic homogeneity in
material planted over large areas under intensive monoculture;

. pesticide residues in plants, animals, and drinking water caused by the

indiscriminate use of chemical pesticides, particularly those that have
long residual toxicity; and

4. soil degradation and erosion arising from intensive exploitation of the

soil and the use of heavy machinery leading to pulverization of the top
soil and compaction of the subsoil.

As an international institute which should work for more rice not only for

today’s population but also for more rice forever,

IRRI is deeply concerned
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2. Regression of the top two yielding entries and the yield of the local check variety on the mean
yields of the International Upland Rice Yield Nursery, 1975-83. Values on parentheses are the
standard errors of the slopes.

with these ecological issues. | would like to indicate briefly our approach to
these problems.

48

1. Gene erosion. IRRI has pioneered the collection and conservation of

rice genetic resources. IRRI’s Germplasm Center has currently more
than 77,300 strains of rice collected from 101 countries. Wild species
and material are represented by about 1,900 accessions. We have about
3,000 strains of Oryza glaberrima from West Africa and more than
65,000 accessions of Oryza sativa. The IRRI rice collections probably
represent the most extensive and scientifically managed and utilized
germplasm collection in any crop. A five-year plan was developed in
1983 in consultation with national research systems to complete the
collection of rice germplasm material with priority to endangered
habitats and fragile ecosystems.

IRRI also collects and maintains the germplasm of Azolla, an
important biological source of nitrogen in rice soils. Data on the present
Azolla germplasm collection are given in Table 6.

Genetic homegeneity. Through a multidisciplinary genetic evaluation
and utilization program, IRRI screens the germplasm collection for
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Table 5. Reactions?® of IR varieties to adverse soils.

Wetland soils Dryland soils
Toxicities Deficiencies Iron Aluminum
) ) deficiency and
Salt Alkali Peat Iron Boron  Phosphorus  Zinc manganese
toxicities

IRS 4 656 3 5 5 4 5
IR8 4 658 4 4 4 4 4
IR20 5 745 4 3 3 4 5
IR22 5 643 3 3 3 5 5
IR24 3 543 3 3 4 3 4
IR26 5 666 3 2 6 4 3
IR28 7 554 3 3 5 6 5
IR29 6 644 3 5 3 0 0
IR30 5 633 3 3 3 0 0
IR32 5 755 3 3 5 5 5
IR34 5 333 3 3 3 0 0
IR36 3 333 3 6 3 2 2
IR38 5 545 3 3 3 5 4
IR40 5 643 3 3 3 0 0
IR42 3 434 2 2 4 5 5
IR43 4 755 4 3 3 3 3
IR44 3 544 3 3 4 4 4
IR45 4 654 3 3 4 4 4
IR46 3 344 2 5 3 4 3
IR48 4 754 2 3 5 4 3
IR50 4 435 3 3 3 4 4
IR52 3 433 3 3 3 4 5
IR54 4 535 2 2 3 4 4
IR56 3 435 3 3 4 0 0
IR58 3 444 4 4 3 0 0
IR60 3 446 3 5 5 0 0
IR62 4 543 0 4 6 0 0
IR64 3 345 4 4 4 0 0

20 = no information, 1 = almost normal plant, 9 = almost dead or dead plant, Based on
greenhouse and field tests by C. Patena, M. T. Cayton, M. Orticio, C. Quijano, V. Quimsing,
N. Uy, R. Reyes, and J. Solivas.

Table 6. Azolla germplasm collection maintained at IRRI (as of 18 Jun 1985).

Collections Countries

(no.) (no.) Area
A. pinnata var. imbricata 86 18 Asia, Africa
A. pinnata var. pinnata 1 Australia
A. nilotica 1 Sudan
A. filiculoides 24 7 America, Europe, Asia
A. rubra 3 1 Japan
A. caroliniana 15 5 North and South America
A. mexicana 5 2 USA, Guyana
A. microphylla 11 2 Ecuador and Paraguay
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Table 7. Sources of resistance to insect pests: contrast between wild rices and cultivated
strains.

Accessions tested (no.) Resistant accessions (%)

Insect pest
Varieties Wild rices Varieties Wild rices

Whitebacked planthopper

Sogatella furcifera 47,089 449 0.83 46.3
Brown planthopper

Nilaparvata lugens

Biotype 1 45,122 446 0.93 45.7
2 15,068 445 1.88 37.8
3 16,402 448 1.76 39.7
Zigzag leafhopper
Recilia virescens 2,383 422 1.51 51.7
Green leafhopper
Nephotettix virescens 48,961 447 2.60 53.4
Yellow stem borer
Scirpophaga incertulas 22,920 322 0.11 21.7

valuable genes and utilizes them in a very extensive hybridization
program. Wild rices, in particular, have proved to be excellent sources
ofresistance to many insects and diseases (Table 7). To show the extent
of breeding work which goes into the making of modern rice varieties in
contrast with an early high yielding strain like IR8, | would like to draw
attention to the pedigrees of IR8 released in 1966 and IR64 released by
the Philippine Seedboard in 1985 (Fig. 3, 4). IRRI does not name or

(China) (Indig)
Cina Latisail

Peta DGWG

(China)

IR8

3. Pedigree of IR8.
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release any variety. Naming or releasing a variety is the responsibility of
the national authority. IRRI sends its elite breeding material to rice
workers all over the world through the International Rice Testing
Program (IRTP). IRTP helps pool the best available breeding material
and genetic stocks in national research systems and in IRRI. Details of
the IRTP nurseries distributed in 1984-85 are given in Table 8.

3. Pesticide residues. IRRI develops and introduces integrated pest
management procedures involving varietal resistance, biological
control, cultural practices, and the use of minimum essential chemical
pesticides based on careful monitoring of pest incidence in the fields.
Pesticides are recommended only when the pest population exceeds the
economic threshold from the point of view of potential damage to
crops. | would like to illustrate the Integrated Pest Management (IPM)
approach with a recent example relating to the control of black bug in
Palawan Island, Philippines.

Since it was first reported in the Philippines in 1979 on the
southern tip of Palawan, the black bug Scotinophora coarctata has

Table 8. IRTP nurseries distributed in 1984.

Nursery sets (no.)

Region Cultural Specific Total
types? stressesP

East Asia 30 59 89
(4 countries)

Southeast Asia 253 165 418
(6 countries)

South Asia 219 140 359
(6 countries)

West Asia and North Africa 22 18 40
(4 countries)

Sub-Sahara Africa 203 101 304
(16 countries)

Latin America 52 23 75
(10 countries)

Europe 1 5 6
(4 countries)

Oceania 8 2 10

(3 countries)

Total 788 513 1,301

3rrigated  Yield-Very Early (IRYN-VE), Irrigated Yield-Early (IRYN-E), lIrrigated Yield-
Medium (IRYN-M), Rainfed Upland Yield-Early (IURYN-E), Rainfed Upland Yield-Medium
(IURYN-M), Rainfed Shallow Water Yield (IRRSWYN), Irrigated Observational (IRON),
Rainfed Upland Observational (IURON), Rainfed Shallow Water Observational (IRRSWON),
Deep Water Observational (IRDWON), Floating Rice Observational (IFRON), Tide-Prone
Observational ~ (ITPRON). bCold tolerance (IRCTN). salinity and alkalinity tolerance
(IRSATON), acid lowland, acid upland, blast (IRBN), bacterial blight (IRBBN), tungro virus
(IRTN), brown planthopper (IRBPHN), whitebacked planthopper (IRWBPHN), stem borer
(IRSBN), rice thrips.
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spread northward and is now distributed throughout the rice-growing
areas of Palawan. Control recommendations have largely been confined
to the use of chemicals.

IRRI recently initiated a multifaceted effort to control the black
bug. This involves 1) the development of sampling techniques,
2) determining of economic thresholds, 3) releasing of egg parasites
and entomogenous fungi, 4) testing of resistant rices, and 5) use of
chemicals.

We have developed a sequential sampling model that should save
time in sampling yet provides accurate information on treatment
decisions. We also are analyzing threshold data which include time of
infestation.

We have found that plant damage ratings and grain yield losses
from feeding by the black bug were lowest on rice cultivars IR10781 -
75-3-2-2 and IR13149-3-2. These cultivars are being tested further.

Our biological control activities include the use of fungal
pathogens against the adult bugs and imported parasites against the
eggs. We have isolated three species of fungi, and mass produced and
used them in field-cage tests. The fungi (especially Metarhiziium
anisoplae and Beauveria bassiana) successfully suppressed populations
of the black bug to uneconomic levels.

Four species of egg parasites, Psix lacunatas and Telenomus cyrus
from Luzon, Telenomus chloropus and Tissolcus basalis from the USA,
are being reared for release in Palawan. Earlier surveys showed that
only one indigenous parasite, Telenomus triptus, was recovered from
black bug eggs in Palawan. Extensive surveys are being conducted
along with releases of the introduced species to determine if the
parasites establish themselves in the field and reduce bug populations.

We have tested several chemical insecticides against the black
bugs but their costs may prevent their extensive use in Palawan.

Experiments are under way to determine if plowing the fields
soon after harvest can reduce bug populations. We have observed that
populations can develop in rice stubbles left in the field, especially
when ratooning occurs.

Thus, through a combination of genetic, biological, cultural, and
chemical approaches, it is hoped that the black bug epidemic can be
controlled at low cost and on ecologically sound lines.

. Soil degradation. Through the International Network on Soil Fertility
and Fertilizer Evaluation for Rice (INSFFER), IRRI promotes
greater attention to the care and maintenance of soil health. IRRI's
approach to soil health care involves concurrent attention to the
chemical, physical, microbiological, and erodability characteristics of
the soil. Soil physicists, chemists, microbiologists, agronomists, and
water technologists work together. To make the heavy application of
mineral fertilizers unnecessary, IRRI promotes an Integrated Nutrient
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Supply System under INSFFER. The major components of the
Integrated Nutrient Supply system are
a. Green manuring. IRRI studies have shown that Sesbania aculeata

accumulated more than 200 kg N/ha in 60 d. A green manure crop
accumulates in 60 d more nitrogen than a rice crop can efficiently
use. Results of a 1984 study on nitrogen management in rice
preceded by maize fodder, mungbean, unweeded fallow, unweeded
fallow + farmyard manure (FYM) and Sesbania green manure
showed that green manuring with no nitrogen application produced
yields comparable to those obtained with application of 100 kg N/ha
after maize fodder and 50 kg N/ha after the other three treatments.
Thus, suitable crop rotations can enrich the soil and thereby reduce
dependence on inorganic fertilizers. The precise choice of the green
manure crop and management system will have to be developed in
consultation with farmers on local preferences and possibilities.

. Biofertilizers. The rice field provides excellent conditions for

biological nitrogen fixation. The important nitrogen-fixing agents
are the free-living blue-green algae, Azolla in symbiosis with blue-
green algae, and bacteria associated with rice and legume-rhizobium
symbiosis. In 1980, IRRI scientists brought Azolla to South
Cotabato in Mindanao and observed that Azolla grows well in the
area. In fact, farmers were using Azolla as green manure for rice.
IRRI developed, in cooperation with the Philippine Ministry of
Agriculture and Food (MAF), a simple method to test the suitability
of soil to support Azolla growth and found that soil phosphorus
supply is the most critical soil factor for Azolla growth. The MAF
identified about 30% of irrigated rice soils in the Philippines suitable
for Azolla growth by adopting this simple technique. Azolla has
been used for centuries to enrich the soil in rice fields in China and
Vietnam. Although the technology of Azolla use is now well
developed, many technical constraints remain. Experiments are in
progress to solve problems such as tolerance for high temperature,
insect and disease damage, need for phosphorus application, and
year-round maintenance of Azolla. However, it should be stressed
that the maximum amount of nitrogen fixation, except those by
green manure legume, is about 40 kg N/ha in tropical conditions.
The current status of the use of different nitrogen-fixing agents in
rice soils is indicated in Table 9.

. Mineral fertilizers. Chemical fertilizers are very effective but are an

expensive agricultural input. As much as 50% of the nitrogen applied
to the crop as urea may be lost, particularly with poor water
management. Some of the reasons for the low efficiency of fertilizer
nitrogen are

* loss by ammonia volatilization;

¢ nitrification followed by denitrification;
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Table 9.

Present state of use of nitrogen-fixing agents in paddy soils.

Nitrogen-fixing

A ) Possible use Technologies Current use
org.amsms in proven available by farmers
rice field
Legumes + + +
Azolla + + +
Blue-green algae + t
Bacteria in soil
with straw + * *
with rice root + -
+Only in llimited extent or unconsciously used.
* biological immobilization, especially by algae;
¢ fixation by ammonium nitrogen by clays;
* |eaching;
* runoff; and
* seepage.
Scientists of IRRI, the International Fertilizer Development
Center (IFDC), and national research systems have developed
methods for reducing or eliminating losses caused by these factors.
Simple fertilizer placement machines have been developed for urea
supergranules and prilled urea. Thus, fertilizer use efficiency can be
greatly enhanced.
5. Cultivation of efficient genetic strains. Contrary to some views that

high-yielding varieties require high fertilizer input, modern semidwarf
and nonlodging rice and wheat varieties yield more than traditional tall
varieties at all levels of nitrogen application. This is true not only in
IRRI experiments in the Philippines but also in many other rice
growing countries. The superior performance of the semidwarf
varieties can be attributed to their ability to transfer a large proportion
of total dry matter (photosynthates) to grains. The tall varieties, in
contrast, allocate a large proportion of total dry matter to stems, leaves,
and plant parts other than grain. Therefore, the relevance of locally
adapted modern varieties to small farmers increase when the cost of
fertilizer is high and its availability low.

Another significant aspect of IRRI’s work relates to the selection of
varieties which have higher ability to utilize the available soil nitrogen. For
example, under the same conditions of soil fertility, IR42 yields more than
IR36 and IR8 (Fig. 5). Thus, through a combination ofvarietal choice, organic
recycling, cultivation of green manure crops, application of biofertilizers, and
use of essential quantities of inorganic fertilizers, we can develop a method of

meeting
Balance

the nutrient needs for achieving high yields on a sustainable basis.
d nutrition holds the key to both good yield and maintenance of soil

health at a high level of productivity. The methods of providing balanced
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nutrition to the crop will have to be standardized for each area. In some areas,
rice straw is burned. IRRI scientists have shown that incorporating the rice
straw in the soil can improve soil fertility.

ECONOMIC SUSTAINABILITY

Farmers tend to receive in real terms lower prices for rice now than during the
1970s. On the other hand, input costs are going up. The decision of farm
families with reference to input purchases will depend on consideration of cost,
risk, and return. Obviously to farmers, net and stable income per hectare is
what is important and not gross yield per hectare. IRRI’s approach to economic
sustainability is as follows.

1. High cost of inputs. By adopting integrated pest management, in-
tegrated nutrient supply, and scientific water management procedures,
production cost can be reduced considerably. By cultivating locally
adapted modern varieties with a broad spectrum of resistance to insects
and diseases and a broad spectrum of tolerance to soil toxicities and
deficiencies, dependence on chemical pesticides and expensive soil
amendments can be diminished. Together with good land and water
management and improved postharvest technology, it should be
possible to achieve high yields without much increase in production
cost. Postharvest operations like threshing, milling, and storage are
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exceedingly important. For example, in a country like Burma, rice yield
expressed in terms of rough rice (paddy) or unmilled rice is high but it
goes down steeply when expressed in terms of milled rice, thereby
indicating that the milling recovery is low.

2. High risk. Risks arise from weather aberrations, pest epidemics, and
market behavior. IRRI has promoted detailed studies on the relation-
ship between climate and rice production. The rice weather interaction
is being studied very carefully at 31 locations under the International
Rice Testing Program. We need to intensify our research in agro-
meteorology and use more extensively remote sensing techniques to
monitor crop growth and yield. It is now possible to adjust the maturity
of the crop to suit seasonal conditions. Pest problems can also be
managed through integrated pest management. Market forces leading
to large undulations in price will have to be watched and whenever
necessary, governments will have to assure farmers of a fair price.

3. Low return. Productivity per hectare, farm management efficiency,
relative cost of inputs and output, and the weather pattern all
determine the net return per hectare. IRRI has standardized a
methodology for analyzing the constraints responsible for low and
uncertain returns.

Another aspect of economic sustainability is the provision of adequate
opportunities for both on-farm and off-farm employment in rice farming areas.
This will help enhance total family income. IRRI and the national research
systems conduct such studies under the Asian Rice Farming Systems Network.
This network now includes livestock as an integral component.

In addition, a project was initiated in 1983 jointly by the University of the
Philippines at Los Bafios and IRRI with financial support from the Asian
Development Bank to demonstrate how the prosperity of rice farming families
can be improved. This project has the following three components:

1. Rice production technology. Techniques for producing more rice per
hectare at as low a cost as possible are demonstrated. The techniques
include cultivating high-yielding and pest-resistant varieties, sub-
stituting farm-grown inputs for market-purchased ones, and enhanc-
ing input-output ratio through the scientific management of purchased
inputs.

2. Rice farming systems. Methods of increasing income and employment
through the optimum use of the land, water, and labor resources
available to a small farmer are demonstrated. Multiple cropping,
intercropping, and mixed farming involving rice and livestock or rice
and fish constitute the major components of the demonstration.

3. Biomass utilization. Methods of using the whole rice plant efficiently
through the preparation of value-added products from the straw, bran,
and hull or husk are demonstrated.

In 1984 rice production in terms of grains was about 468 million tonnes,

but the rice crop also produced more than one billion tonnes of other plant parts
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like roots, straw, leaves, bran, and hull. Therefore, we should look at the
effective utilization of the entire plant and not of the grain alone.

FORWARD EDGE

Although our overriding priority is the development of techniques for
ecologically handicapped areas and economically handicapped farmers, we
have to work concurrently on raising the ceiling to yield in irrigated areas. In
China, more than 8 million ha were under hybrid rice in 1984. We are now
actively working with Chinese scientists as well as with scientists of several
other national research systems in improv