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PREFACE

Agricultural research is one of the oldest and most widespread forms of
organized research in the world, in both developed and developing countries.
Starting by the middle of the 19th century, organized agricultural research was
taking place in institutions such as the Agricultural Chemistry Association of
Scotland, the Agricultural Experiment Station, Saxony, and the Land Grant
Colleges in the United States, leading within 150 years to a tremendous increase
in food production.

Management of agricultural research involves many decisions that have
scientific, social and political consequences. Every country has established
agricultural research priorities based on many complex factors that must be
considered when decisions are made on the choice of research problems to be
investigated. Resources must be divided among projects that often compete for
the limited funding available that supports the total research enterprise. Wishes
by stakeholders have to be considered as well as the aspirations of the individual
researcher. A wise management will try to accommodate both. In addition, a
system of incentives for the researcher (and his technicians) to promote first
class research within the mandate of the institute will promote their output.
Advancement based on merit and achievements is a necessity also in govern-
ment institutes not to be bound by regular civil service regulations. These have
to be handled by independent promotion committees, including scientists from
other institutions, to prevent favoritism.

Periodic reviewing of research units should become an integral part of the
agricultural research management. It is advisable to include outside scientists as
well as some farmers or extension specialists in the review board.

In this book various research systems from different countries are represented.
Each country developed its own system according to the local conditions and

X1



Xii Preface

necessities. However, it should be possible to adopt practices from one country
into the local system.

Due to reduced funding by governments (or parent organizations) many insti-
tutions rely on external grant funding. To a certain extent this may be welcome,
as it requires the researchers to compete on the global market. However, grant
funding should not be more than 30% of the total; otherwise the main mandate
of the institute will be neglected.

The reduced funding for agricultural research in many of the developed
countries and their agencies should be reconsidered; especially as population
increases on the globe forecast a severe food shortage. The wise management
of resources for agricultural research will therefore be of major importance. We
hope that this book will be of some value in this direction.

Gad Loebenstein George Thottappilly
April 2007
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CHAPTER 1
THE MISSION OF AGRICULTURAL RESEARCH

GAD LOEBENSTEIN! AND GEORGE THOTTAPPILLY?

Agricultural Research Organization, Volcani Center, Bet Dagan 50-250, Israel; >Dean of Studies,
Biotechnology, Sahrdaya College of Engineering and Technology, Kodakara, PO, Thrissur 680 684,
Kerala, India

Agricultural research seems to be the oldest form of organized research in the
world. Agricultural research can be broadly defined as any research activity
aimed at improving productivity and quality of crops by their genetic improve-
ment, better plant protection, irrigation, storage methods, farm mechanization,
efficient marketing, and a better management of resources.

Since the middle of the 18th century attempts were made to apply scientific
knowledge to improvement of agriculture. By the middle of the 19th century,
organized agricultural research was taking place in the Agricultural Chemistry
Association of Scotland and the Agricultural Experiment Station, Moekern,
Saxony. During the first half of the 20th century, most industrialized countries
developed systems for agricultural technology development. It is generally
believed that investment in agricultural research will result in beneficial returns
(Asopa and Beye, 1997).

The definition of the mission of agricultural research has varied over the
years. In the 1960s Aldrich (1966) included in it: “To apply all possible sources
of scientific discovery to the solution of the technical and practical problems
of agriculture; to engage in basic research where the lack of fundamental
knowledge may impede progress; and to solve the specific problems with which
agriculture is faced.” In essence, the mission of agricultural research was to
increase yields and stability in yields over the years.

During the last decade the mission of agricultural research has been defined in
greater detail, considering not only yields, but also other factors as sustainability
of resources and effects on the environment. Research aimed at better varieties,
plant nutrition, and water use as well as agricultural economics and farm man-
agement is an important component of agricultural research and the sustainable
utilization of resources for the benefit of humanity and the environment.

The global mission of agricultural research will be to feed the ever-increasing
population from 6.4 billion (2005) to an expected 9.4 billion in 2030. This can

3
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4 G. Loebenstein and G. Thottappilly

only be achieved if agricultural and biological research come up with novel tech-
nologies, both conventional and biotechnological, which will increase food yields
substantially in present and marginal environments.

The missions and goals of agricultural research vary between highly developed
and developing countries, and between countries in each category. Generally it
can be said that the overall mission of agricultural research is to increase efficiency
of agricultural production and its quality, enabling a decent income and living to
the farmer, and taking into account the ecological and social constraints.

An example of the mission of agricultural research in an industrial nation is
that from the United States (http://www.cprl.ars.usda.gov):

* Protecting crops and livestock from pests and disease

» Improving the quality and safety of agricultural products

» Determining the best nutrition for people from infancy to old age
* Sustaining soil and other natural resources

* Ensuring profitability for farmers and processors

» Keeping costs down for consumers

In other developed countries missions are not presented in such detail. For
example, the French Agricultural Research Organization (INRA) defines its
mission thus: “To provide solutions to current and potential (agricultural) prob-
lems of major significance. To ensure better nutrition for people and preserve
their health. To sensibly develop and manage land and the environment. To
promote scientific and technological innovation, particularly in the life sciences,
while remaining vigilant and responsible. To understand and control the com-
plexity of our biological, economic, and social systems”.

It is interesting to note that development of knowledge for long-term needs,
versus current and medium-term knowledge needs, is now being more and more
emphasized, as in the United States and the Netherlands (http://www.agro.nl/nrlo/).
Thus, new terms are now being introduced such as “sustainable development” in
addition to economic, ecological, social, cultural, technological, and spatial
elements. New possible combinations of highly diverse functions (agriculture,
recreation, nature, housing, infrastructure, water collection, etc.) will have to be
integrated, and agribusiness and green space will be part of the mission of agri-
cultural research. Thus, in the future, distinctions between fundamental researches,
strategic research, applied research, and practical research will decrease.

In developing countries the mission varies according to their, mostly short-
term, needs. In the last 40 years food availability in the world has changed in
both quality and quantity. Regions like Asia which were considered to have
attained self-sufficiency are again becoming importers of food, due to their rap-
idly increasing populations. Africa remains deficient in local food supply, and
the gap between food production and need is widening markedly.

The primary goal of agricultural research is to support agricultural and rural
development by proposing technical innovations adapted to the physical and
socio-economic conditions and providing technical information as soil maps,
inventory of biological resources, surveys of farms, pests and diseases, etc.
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(Asopa and Beye, 1997b). Thus, for example, the mission and mandate of agri-
cultural research in India includes inter alia increasing agricultural production
and productivity, to ensure food security for the rising population; developing
areas of untapped potential, thereby correcting imbalances in growth in eastern
hilly rain-fed and drought-prone regions; meeting challenges of degradation of
land and water resource, and emerging ecological imbalances, due to increases
in biotic pressure on land; addressing problems of underemployment and mal-
nutrition through diversification of agriculture and promotion of horticulture,
fisheries, dairy, and livestock; encouraging use of marginal lands and biomass

production through forestry (Asopa and Beye, 1997).

The mission of agricultural research in Kenya may serve as an example for
Africa. Some 80% of the Kenyan population lives in rural areas, and 75% is
somehow involved in agriculture. Kenya’s economy is therefore heavily depend-
ent on its agricultural productivity. Over the last decade, however, agricultural
productivity has declined and poverty has increased. The agricultural research
mission is designed to cultivate more efficient market-driven production of
maize, dairy, and horticultural commodities by (a) increasing agricultural pro-
ductivity through research, development, and transfer of improved agricultural
technologies including support for improved technologies in maize, dairy, horti-
cultural varieties, as well as biotechnology, biosafety, and appropriate technolo-
gies; and (b) conservation of sustainable natural resources for agriculture.

The Mission of the Consultative Group on International Agricultural
Research (CGIAR) is to mobilize science to benefit the poor. The individual
institutes have listed the following missions:

* ICARDA: Science that improves and integrates the management of soil,
water, nutrients, plants, and animals in ways that optimize sustainable agri-
cultural production.

* CIMMYT: To act as a catalyst and leader in a global maize and wheat innova-
tion network that serves the poor in developing countries. Drawing on strong
science and effective partnerships, we create, share, and use knowledge and
technology to increase food security, improve the productivity and profitability
of farming systems, and sustain natural resources (http://www.cimmyt.org).

* ICRISAT: To help the poor of the semi-arid tropics through Science with
a Human Face and partnership-based research for development to increase
agricultural productivity and food security, reduce poverty, and protect the
environment in semi-arid production systems (www.icrisat.org).

* IITA: The theme is “working to enhance food security, income and the well-
being of the people in Sub-Saharan Africa”.

In certain countries the mission for agricultural research may also include the
development of crops and technology for settling new areas and research for
developing crops and methods for exports.

It is also important to indicate in the mission statement whether projects
come under short-term (less than 3 years), medium-term (3-10 years), or long-
term (over 10 years) objectives as shown in Figure 1.
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Figure 1. Short, intermediate and long term projects. (see Color Plate 1 following p. xiii.)

IN CONCLUSION

The mission of agricultural research as a science is to increase productivity of food
and fibre crops (and in the foreseeable future also bio fuel), which are consumer-
sensitive and profitable to the farmers in environmentally safe systems. However,
each organization has to define its specific comprehensive mission adapted to its
particular environment. The definition of mission in every organization is always
broad including all the aspects and areas needed. Nevertheless, a wise administra-
tion of the particular system will in addition define from time to time priority
areas, which should be strengthened and supported preferentially.
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CHAPTER 2

THE MISSION AND EVOLUTION
OF INTERNATIONAL AGRICULTURAL
RESEARCH IN DEVELOPING COUNTRIES

FRANCISCO J. MORALES

Coordinator Tropical Whitefly IPM Project, Head Virology Research Unit, International Centre for
Tropical Agriculture (CIAT), AA 6713, Cali, Colombia

THE DAWN OF AGRICULTURAL RESEARCH

The history of all nations began over half a million years ago, when different
groups of primitive people left Africa to populate the rest of the world. It took
almost that much time before Homo sapiens could initiate the process of
domestication of plants, in order to feed a growing, sedentary population. In fact,
this process began ¢.10,000 years ago, because 70,000-13,000 years ago, most
of the water was in the form of ice sheets (glaciations) that covered the current
temperate regions, while the tropics were dry (Goldammer and Seibert, 1989).
Once the ice melted and the rainfall and temperature increased, the process of
plant domestication could be initiated to produce the first staples: einkorn wheat
(Triticum monococcum), emmer wheat (7. turgidum), and barley (Hordeum
vulgare) in the Near East; rice (Oryza sativa) in Asia; maize (Zea mays), beans
(Phaseolus spp.), and potato (Solanum spp.) in Latin America; African rice
(Oryza glaberrima), pearl millet (Pennisetum glaucum), and sorghum (Sorghum
bicolor) in Africa, that made possible the emergence of the first civilisations of
the world (Smith, 1998). The early inhabitants of the tropical, subtropical, and
Mediterranean regions were the real artifices of the first “agricultural revolution”.
The civilisations that developed later on in Europe, appropriated most of the
domesticated plants and agricultural knowledge developed in the regions currently
occupied by the so-called “developing nations”.

If agriculture and agricultural research were first developed in today’s developing
nations, one wonders what truncated the process of agricultural research and
development (R&D) in these nations? Perhaps the answer can be found in the history
of the first great civilisations, which eventually succumbed to aggressive migrant

9

G. Loebenstein and G. Thottappilly (eds.), Agricultural Research Management, 9-36.
© 2007 Springer.



10 F.J. Morales

tribes in search of food and riches. Even the Greeks and the Romans, conquerors
of other foreign cultures, eventually succumbed to the invasion of nomadic tribes
that originated in Asia, Northern and Eastern Europe. These migrant hordes were
fortunately contained in Western Europe and, ever since, this region has prevailed
over the rest of the devastated early civilisations of the Old World. Following the
defeat of the Moors by Charles Martel at the battle of Tours in 732, the victorious
Carolingian dynasty of Western Europe became the leading power in the Western
world. This victory changed the course of history and made possible the accumula-
tion of the knowledge generated by the major ancient cultures of the Middle East,
North Africa, Greece, and Asia, in Western Europe (Kreis, 2006). The application
and further refinement of this knowledge, eventually allowed the main European
nations to conquer and colonise the rest of the world in order to seize control of
their natural resources and expand their dominions.

History books say that America was “discovered” in 1492 by Christopher
Columbus, in the name of the Spanish Crown, and some say that the American
natives were still in the “Stone Age” when the Spaniards conquered this conti-
nent. These historical accounts neglect to mention the fact that the aboriginal
cultures of the Americas had been in this region for over 12,000 years before
the Spanish arrived in this continent. Highly advanced pre-Hispanic cultures,
such as Valdivia, Chavin, Olmec, Mayan, Toltec, Aztec and Inca, had independ-
ently developed basic astronomical, mathematical, and architectural knowl-
edge, at least 2,000 years before Spain became a nation. More important, these
civilisations had domesticated and genetically improved some of the major crops
grown today in the world, including: maize, beans, potato, cucurbits, cocoa,
pineapple, sweet potato, cassava, peanut, papaya, tomato, peppers, cotton, and
rubber, just to mention some important neo-tropical crops. The European con-
quest of less-developed nations in the Americas, Africa, and Asia, continued
well into the 20th century, and eventually led to the industrialisation of Europe
(Harris, 1972; Mason, 2000). In the 1920s, the British Empire occupied nearly
25% of the surface of this planet. Europe had thus increased its main produc-
tion factors: land, capital, and labour, the latter being provided mainly by native
American, African, and Asian slaves.

AGRICULTURE IN COLONIAL TIMES

Following the voyages of “discovery” undertaken in the 15th century by
European explorers, practically all of the developing countries of Asia, Africa,
and Latin America became colonised. As mentioned above, the purpose of
colonisation was to appropriate valuable natural resources, mainly minerals
(e.g. gold, silver, gems) and agricultural commodities, such as spices, coffee, tea,
cocoa, cotton, tobacco, and medicinal plants. To this end, large areas of land
were invaded and then assigned, leased, or sold to European settlers, who used
slaves and primitive technologies to exploit the newly conquered and extensive
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landholdings. In Latin America, the “encomienda” system allowed Spanish
settlers to exercise total control over the aboriginal communities reducing them
to total slavery. The productivity of these extensive “haciendas” was usually low
per unit area, and was characterised by a “subsistence” agriculture practised by
the enslaved local population. This inefficient agricultural system, referred to as
“latifundismo” in Latin America, was still common in the middle of the 20th
century. The more intensive “plantation” agriculture, also involved rather primi-
tive agricultural practices, even though the use of draft animals to till the land
was considered a major improvement in Latin America, where pre-Hispanic
societies did not have draft animals. Furthermore, agriculture was heavily taxed
in colonial Latin America, to discourage the development of an agricultural
industry that could eventually compete with agricultural products imported
from Spain (Halperin, 1990).

As in the case of Latin America, the colonial system in Africa gave
land to settlers, who could make use of the cheap labour provided by the
dispossessed local communities. European policy favoured white settlers,
particularly in countries such as Kenya, South Africa, and Zimbabwe. In
the Belgian Congo, the land was owned by the state, and African labourers
who did not meet their harvest quotas, could be severely punished and even
executed (Harris, 1972).

In 1498, the Portuguese reached India, thus beginning European infiltration
of Asia. Towards the end of the 18th century, India was under British control.
The British extended their dominion to Malaysia. In 1618, the Dutch took over
Indonesia, and the French took over Vietnam, Cambodia, and Laos (French
Indo-China). The Philippines were already a Spanish colony since 1565.

The belief that Asians, American aborigines, and blacks were inferior human
beings was the central dogma of the European colonial mentality. Philosophical
rationalisation for the exploitation of other races in the 18th century was widely
accepted and supported even by the notable Swedish botanist Carolus Linnaeus
(Hudson, 2002).

INDEPENDENCE AND AGRICULTURAL DEVELOPMENT

Latin America was the first region, after the United States, to gain independence
from Europe, namely Spain and Portugal. Understandably, a vast impoverished
region without any industrial capacity, had to fall back into the commercial
dominion of other European powers, such as England and France. In fact,
unpaid commercial debts contracted by Mexico with France and other European
powers in the 19th century, led to the invasion of Mexico by the French army,
and the establishment of an imperial government headed by Maximilian of
Austria in 1864 (Halperin, 1990).

Towards the mid-1900s, the United States emerges as the dominant power in
the Americas. Independent Latin America had not recovered in 1850 from three
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centuries of colonial exploitation. Only Argentina managed to recover thanks
to their cattle industry and the production of cereals. In most of Latin America,
the “latifundio” system persisted.

The independence of Latin America from Spain and Portugal was the beginning
of a prolonged series of internal conflicts, civil wars, and territorial aggressions
among neighbours. Moreover, the dominant “criollo” class (Europeans born in
the Americas) consolidated their occupation and control of the large areas cor-
responding to the colonial “resguardos” or “encomiendas” (native reservations
exploited by Europeans). The independent countries and their landlords con-
tinued the “plantation” agricultural system in the 19th century. For instance, in
Brazil, 40% of the commercial trade was based on the export of sugar to Great
Britain, with cotton and coffee being in second and third places. During this
period (1830-1850), labour was provided mainly by black slaves (Morner, 1970).

In 1910, Mexico was at the brink of civil war over the distribution of agricultural
land. The extensive “haciendas” still maintained a “legalised” system of peasant
labour in exchange for food and other basic needs of the rural poor. In Central
America, independence did not bring any improvement in the livelihoods of mil-
lions of aborigines practising subsistence agriculture. In the rest of Latin America,
traditional export crops, such as tobacco, cotton, and cocoa, formed the basis of their
incipient economies. The southern cone of Latin America, particularly Argentina and
Chile, had a predominant European population and extensive holdings that produced
more profitable crops, such as wheat, grapes, and other fruit crops, besides the large
cattle industry that occupied the extensive “pampas” of Argentina (Halperin, 1990).

The independence of many Asian and African countries took place around the
mid-1990s, but the situation was very similar to that of Latin America. Impoverished
countries left to their destiny, without much education in the rural areas, industry, or
a land tenure system that allowed any significant agricultural development.

In summary, most developing economies entered the 20th century with over
50% of their population in rural areas, and over 40% of the landholdings
occupying less than 2% of the agricultural land. In Latin America, 50% of the
farms had less than 5 hectares in 1990 (CEPAL, 2001). Export commodities
were few and often accounted for over 90% of total agricultural exports, as in
the case of coffee. The scarcity or lack of land has been identified as one of the
main causes of persistent poverty in developing countries. In Africa, the short-
term effect of education in rural communities was the migration of the educated
to urban centres (Odhiambo, 2001). The traditional food staples were left in the
hands of the small-scale farmers, without any technological assistance, just to
satisfy the internal demand (Colombian Ministry of Agriculture, 2001).

NATIONAL AGRICULTURAL RESEARCH SYSTEMS

The history of agricultural research in Latin America is closely linked to the history
of agricultural sciences in Europe. In the 16th century, several European uni-
versities, such as Heidelberg, Leiden, Pisa, and Montpellier, included the study
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of plants as part of the career of medicine, mainly for their pharmaceutical
properties. In the 1790s, the Universities of Edinburgh and Oxford, in the
United Kingdom, taught some elementary courses on agriculture and agricul-
tural economics. In 1840, a publication entitled “Organic Chemistry and its
Relation to Agriculture and Physiology”, published by Justus von Liebig at the
University of Giessen, Germany, is considered one of the first treatises on agri-
cultural research in Europe. The Experimental Agricultural Station of Alsace,
France, was founded in 1834. In England, the first independent agricultural
research stations, such as Rothamsted (1843), were founded towards the middle
of the 19th century. These stations were later financed by the state and industry,
because they were created mainly to conduct research on the use and commercial
applications of plants (www/rothamsted.bbsrc.ac.uk).

The search for plants of commercial value began in colonial times, when
botanical expeditions planned in Europe in the late 18th century (1777-1786),
explored countries such as Chile, Peru, Ecuador, Colombia, Central American
nations, and Mexico. These expeditions included some Latin American staff,
which learned the rudiments of botanical science on the job. One of the most
famous directors of the botanical expeditions that took place in Colombia, was
Jose Celestino Mutis, a Spanish medical doctor, who initiated the teaching of
agricultural sciences in Colombia in 1802 (Restrepo et al., 1993). The voyages
of “discovery” also continued well into the 19th century, and usually included
botanists. Exotic plant species began to be collected and studied in various pri-
vate and state-owned botanical gardens of Europe in the 15th century.

The newly independent countries of Latin America, and the overseas colonial
possessions of the leading European nations in Africa and Asia, attracted a large
number of European and North American scholars, who initiated the study of
agricultural sciences in these continents towards the second half of the 19th century.
The National Agricultural School of Chapingo, Mexico, founded in 1854, is one of
the pioneering agricultural schools of Latin America, together with the National
Agricultural Institute and the Superior School of Agronomy (1916), where French
scholars played an important role. In the late 19th century, the Agronomic Institutes
of Chile and Brazil (Campinas) were founded by European scientists. In Peru, the
first “Institute for Agriculture” was conceived by decree in 1869. The “National
School of Agriculture and Veterinary” of Peru was inaugurated in 1902 under the
direction of the Belgian Agricultural Engineer Georges Vanderghem; 14 Belgian
professors from the Agricultural Institute of Gembloux (1901-1913); and six
French professors from the Agricultural School of Montpellier. Two Italians, one
German, and one North American professor, completed the foreign Staff of the
school (Olcese, 2002).

The creation of the Land Grant Colleges (LGC) in the United States (Morril
Act of 1862), with the purpose of providing technical support at the state level,
had a significant influence in the agricultural research system of Latin America.
The University of Vigosa in Brazil, was crafted after the American LGC system,
with the help of North American scientists. In Argentina, a Belgian scientist, Lucien
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Hauman, initiated the teaching of physiology, genetics, and plant pathology, and
many of his students obtained advanced training abroad. The German profes-
sor, Karl Fiebrig, taught in Bolivia and Paraguay, and founded the Agricultural
School of Asuncion, Paraguay, in 1916. The Swiss botanist Henry F. Pittier
founded the first Agricultural School of Venezuela in the 1890s, and the North
American Charles E. Chardon, of Cornell University, Ithaca, New York, founded
the first Faculty of Agronomy in Palmira, Colombia in the early 1900s. The
impulse given to agricultural education in Latin America by European and North
American scholars, resulted in the first generation of Latin American agricultural
scientists and educators at the break of the 20th century. These Latin American
scientists were further educated at US universities, such as California, Cornell,
and Wisconsin (Morales, 1999).

In Asia, particularly in India and Malaysia, the British made an effort during
the end of their colonial period, to educate local people in business, administra-
tion, and general sciences. Numerous agricultural universities, and one of the
most well-organised national agricultural research systems in the developing
world, attest to this historical development. The creation of a communist state
in China in the mid-1990s, lead to the redistribution of land to approximately
300 million peasants, who were later organised into state-owned “communes”.
This system was not very successful, and food shortages in the late 1950s and
early 1960s provoked its collapse. China has almost 23% of the world’s popula-
tion, but only 6% of its arable land. China has now implemented a “socialist
capitalism” that has opened up the country to foreign investment and know-
how, including modern agricultural production techniques (Mason, 2000).

The British also made significant contributions to agricultural development
in colonial Africa. Makerere University, first established in Kampala, Uganda,
as a technical school in 1922, became the University of East Africa in 1963. This
university offered courses leading to general degrees of the University of London.
It became an independent national university in 1970 when the University of
East Africa was split into three independent universities: University of Nairobi
(Kenya), University of Dar es Salaam (Tanzania), and Makerere University.

THE INTERNATIONAL AGRICULTURAL DEVELOPMENT NETWORK

In 1930, the United States Department of Agriculture (USDA) created the Office
of Foreign Relations for Agriculture, with the purpose of creating experimental
stations in tropical countries and thus “collaborate with Latin American coun-
tries in the development of crops complementary to those produced in the United
States”. The plan included the training of Latin American agronomists in the
United States. In 1942, the Inter-American Institute of Agricultural Sciences
(ITCA) was created (based in Costa Rica) by the Secretary of Agriculture of the
United States, with the purpose of “promoting a more balanced agricultural econ-
omy in the Western Hemisphere”. In 1949, the USDA established the Technical
Cooperation Office. This office had the capacity to employ up to 120 agricultural
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technicians in Latin America. The Act of International Development of 1961
resulted in the creation of the Agency for International Development (AID) to
“provide technical assistance in the fields of teaching, human health, housing or
agriculture” (Wortman and Cummings, 1978; Dil, 1997).

Since the 1940s, private Foundations, such as the Rockefeller, Ford, and Kellogg,
played a key role in the training of agricultural scientists in Latin America. In 1943,
the Rockefeller Foundation initiated the first agricultural programme in Mexico,
which in time became the most successful agricultural development project in the
history of agriculture. Hundreds of Latin American scientists obtained post-
graduate training in agricultural sciences thanks to this initiative that also led
to the creation of the first National Agricultural Research Institutes (NARIs)
in Latin America. The Ford Foundation initiated its assistance for agricultural
development in Latin America in 1959, with a view to strengthening Latin
American NARIs. The Kellogg Foundation started its programme in Latin
America in 1946, with the establishment of the Central American Institute of
Nutrition (INCAP) based in Panama, targeting mainly protein deficiencies. In
Peru, the Agricultural Mission of the University of North Carolina also made
a significant contribution to training and the teaching of agricultural sciences
(Dil, 1997; Olcese, 2002).

The Food and Agriculture Organization (FAO) of the United Nations
was established in 1945 to fight world hunger. FAO proposes to emphasise
cooperation with the private sector, and promotes the use of internet technology
to distribute information on food, agriculture, fisheries, forestry, and rural devel-
opment. However, closer cooperation with the private sector implies greater
pressure from organisations such as the World Trade Organization, considering
that FAO is the body in charge of enforcing a “code of conduct” for commerce
of agricultural products. This pressure is evident in the area of plant quarantine,
which has been significantly relaxed to facilitate the free trade of agricultural
commodities (FAO, 1999, 2000).

The United States Agency for International Development (USAID) began as
a technical assistance programme in 1961. USAID follows the dictates of the
Secretary of State and, therefore, its agenda includes “the expansion of democracy
and free markets”. Bilateral technical and financial assistance are often directed
towards developing countries that are under the sphere of influence of the donor
country. However, USAID assistance includes sub-Saharan Africa, Asia and the
Near East, Latin America, and Europe-Eurasia. USAID used to have a large
technical staff, but now relies on US universities and other US institutions to pro-
vide technical support in developing countries (Wortman and Cummings, 1997).

THE PRINCIPLE OF POPULATION

In 1817, Malthus published his “Essay on the Principle of Population”, arguing
that the exponential growth of human population would overtake the world’s
capacity to produce food; which increases linearly. His predictions seemed to
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have become a reality in the 1950s, in countries such as India and Pakistan, had
it not been for major advances in agricultural research that allowed the rapid
deployment of high-yielding wheat varieties. These improved wheat varieties
were the product of over two decades of intensive research initiated in 1943
as a collaborative training and agricultural research programme initiated by
the Rockefeller Foundation and the Ministry of Agriculture of Mexico. The
improved wheat varieties were the basis of the “Green Revolution” and the seed
for the emergence of the International Agricultural Research Centres (IARCs).
Had that serious food shortage been handled by the present-day detractors of
the “Green Revolution”, millions of poor men, women, and children would
have died from hunger at that time. Unfortunately, food shortages continue to
kill and disable millions of people in developing countries, while industrialised
nations generate food surpluses.

What Malthus did not foresee, even though he witnessed the dawn of the
“Industrial Revolution” in the 18th century, was the major technological
advances that were to increase agricultural output in industrialised nations
above the birth rate. However, the industrial revolution widened the gap
between the economies of industrialised and developing countries; and the
latter continue to provide the raw materials that industrialised nations need to
manufacture products that continuously increase in price, while the value of the
traditional agricultural commodities produced by developing nations continues
to decrease, often below production costs. Nevertheless, the Malthusian warning
remains real in many developing countries where poverty is linked to high popu-
lation growth rates, as a result of improvements in overall health and sanitation
standards. Population growth for 2050 is projected between 8 and 11 billion
people (low- and high-fertility scenarios) who represent an average 50% increase
from the 2000 census. But more important, most of this growth will take place in
developing countries. By 2050, industrialised nations would have about a billion
people, and the developing world over 8 billion. This trend will be more notice-
able in Africa, the poorest continent of the world. In 1959, the United Nations
Expanded Program of Technical Assistance and the Special Fund were created
and later merged in 1966 to form the United Nations Development Programme
(UNDP), as the financial body dealing with technical assistance in the UN
system. FAO staff members have acted as agricultural advisors to UNDP in the
past. (UN, 2007)

THE GREEN REVOLUTION

The exponential growth of the human race was nowhere more visible than in
Asia, particularly in countries such as India and Pakistan. Yet, food production
only increased in a linear manner in these countries, thus, creating the conditions
for a famine of catastrophic proportions. Fortunately, a team of international
scientists financed by the Rockefeller Foundation, had developed in Mexico
high-yielding dwarf wheat varieties that produced four times more grain than
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the existing varieties. The deployment of these varieties to India and Pakistan in
1963-1966 averted famine in those countries. By 1970, Pakistan had increased
wheat production from 4.6 million to 8.4 million tons, as the new varieties
continued to replace the local wheat varieties. By 1971, India was at the point
of reaching self-sufficiency in wheat production. This major achievement was
recognised with the Nobel Prize in 1970, bestowed upon Norman E. Borlaug,
Director of the Wheat Improvement Project in Mexico. In his acceptance
speech, Dr. Borlaug said: “I shall not dwell upon the personal honour, for I have
not done so even within myself. Instead, I want to devote my remarks to com-
mendation of the Nobel Committee which had the perspicacity and wisdom to
recognise the actual and potential contributions of agricultural production to
prosperity and peace among the nations and people of the world” (Dil, 1997).
The “Green Revolution” started by Dr. Borlaug, lived on with the release of
high-yielding rice and maize varieties created by IRRI in Asia, and CIMMYT in
Latin America, respectively. Furthermore, the “Green Revolution™ inspired the
creation of the CGIAR system and its international agriculture research centres,
which have made major contributions to the alleviation of hunger and poverty
by improving the world’s major food staples: maize, common bean, cassava,
potato, sweet potato, tropical and temperate legume crops, such as cowpea,
lentil, chickpea, groundnut, and broad bean. The IARCs have also played a
very important role towards assuring food security in the future, by collecting,
conserving, and utilising valuable plant genetic resources all over the world.

THE INTERNATIONAL AGRICULTURAL RESEARCH INSTITUTES

The International Rice Research Institute (IRRI), was created in 1960, in Los
Baiios, Philippines, and soon made a significant contribution to the “Green
Revolution” by developing high-yielding rice varieties for Asia. The Rockefeller
and Ford Foundations promoted next the creation of the International Maize
and Wheat Improvement Centre (CIMMYT) at El Batan, Mexico, in 1967.
USAID, UNDP, and the Inter-American Development Bank (BID) also
contributed funds for the establishment of CIMMYT. The initiative to create
regional international centres continued and, in 1967, the International Institute
for Tropical Agriculture (IITA), was founded at Ibadan, Nigeria. The following
year, the International Centre for Tropical Agriculture (CIAT), was established
in Palmira, Colombia, to increase the production of various tropical crops and
some animal products. The International Potato Centre (CIP) became the third
centre in Latin America in 1970.

In 1971, these IARCs were administratively grouped under the Consultative
Group on International Agricultural Research (CGIAR or CG for short) with
Headquarters in Washington. The CGIAR Secretariat is closely linked to one of
the major sources of funding for these centres, the World Bank, and the
various donor countries that contribute to the CG system. Technical guidance
was initially provided by a Technical Advisory Committee (TAC), which later
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evolved into the current Science Council. By the mid-1990s, 13 international
agricultural research centres (IARCs) had been established around the world
with funding from industrialised nations, Foundations, and international devel-
opment banks and agencies. The commodity-oriented CG IARCs conducted
research on the improvement of important staples in developing countries, and
each crop was attended by a multidisciplinary team of specialists at the doctoral
or Master’s level. Despite the regional distribution of the IARCs, crop mandates
were global, with the exception of some commodities, such as rice and cassava,
which were shared by different IARCs. A sine qua non condition imposed on
the CG ITARCs, was that research was to be conducted and transferred through
their hosts’ national agricultural research system. Training of national staff
was a major objective in the beginning of the IARCs, thus, gradually replacing
the role of the Foundations and other institutions that financed the training
of agricultural professionals from developing countries in the past. However,
the training was done on specific crops and not so much with a view to train
national professionals at the graduate level. By 1980, very few fellowships
were available to undertake postgraduate work in the United States or other
industrialised nations (Dil, 1997; IDRC, 1983).

The crop improvement research conducted by the CG IARCs was extremely
successful. By 1990, more than 300 wheat and rice varieties had been released
to farmers, adding more than US$50 billion to the value of global food supplies
between 1961 and 1981. More than 200 new varieties of maize had been released
in over 40 countries. Over 60 new varieties of cassava had been released in
Africa and Latin America; and more than 100 new varieties of beans had been
adopted by farmers in Latin America and East Africa. (CGIAR, 1994).

THE IMPACT OF MOLECULAR BIOLOGY ON AGRICULTURAL
RESEARCH AND DEVELOPMENT

The dawn of Biotechnology had rather humble beginnings in developing
countries, basically the adoption and implementation of tissue-culture tech-
niques. The main impact of this technology was initially made in the area
of in vitro conservation of plant genetic resources. Tissue culture made pos-
sible the conservation of land- and time-consuming crops, such as cassava, in
reduced laboratory spaces. Other tissue-culture techniques, such as embryo
rescue and anther culture, were also regarded as highly promising at the time
for crop improvement purposes. Finally, tissue culture was also used to produce
pest-free plant germplasm, and facilitate the international exchange of plant
genetic resources.

But, perhaps the greatest contribution of tissue culture was to set the stage
for the development of advanced molecular biology techniques that eventually
led to the genetic transformation of plants (GMOs). The rapid development of
several innovative molecular biology techniques, such as PCR, cloning, RAPDs,
QTLs, SCARs, further facilitated the characterisation of plant germplasm,
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pathogens, pests, etc. These molecular techniques projected human knowledge
to unsuspected levels, and were soon matched by equally spectacular advances
in computer technology; catapulting biological research to new heights (Persley
and Doyle, 2001).

Unfortunately, these breakthroughs eventually proved to be both a blessing
and a curse for crop improvement purposes. Many experienced agricultural
scientists who had missed the era of molecular biology, were eventually dis-
missed as part of the downsizing policies implemented in the 1990s at some CG
centres, on the grounds of not being “molecular” scientists. Some traditional
breeders were forced to either resign or take a crash course in molecular tech-
niques, such as “marker-assisted selection” (MAS), forcing them to spend more
time in laboratories than in the field. The widespread belief that molecular
markers are able to detect all genes associated with superior agronomic traits in
crops (e.g. resistance to biotic and abiotic stresses), accelerated the dismantling
of multidisciplinary teams previously entrusted with the responsibility of evalu-
ating plant germplasm. The rapid advances in crop improvement promised by
molecular plant breeders have yet to be realised, after more than a decade of
highly costly molecular-breeding projects.

Biotechnology has also provided more fuel for environmentalists to attack
modern food production technology. In fact, most scientists recognise that
the early plant transformation technologies were rather crude and risky. The
negative perception of GMOs has not gone away despite notable advances in
the area of plant transformation, which render GMOs as safe as any cultivar
improved by traditional plant breeding methods (Persley and Doyle, 2001;
Pinstrup-Andersen, 2001).

Nevertheless, biotechnology has survived various “pogroms” launched against
agricultural sciences in the last decades, because of the considerable potential
benefits that this technology holds for humanity at large, not only in the field of
agriculture but in the medical sciences as well. However, the generous availability
of funds for biotechnological research has also had some additional negative
consequences for food production in general. First, most students of biological
sciences, are currently trained in molecular biology. This fact would be a positive
development if this training did not occur at the expense of basic agricultural
sciences (e.g. botany, genetics, pathology, entomology, and physiology). Once
students are trained in molecular biology, they can choose to work in any area
of the biological sciences, be it mycology, bacteriology, entomology, virology,
etc., sometimes without any previous course work in the basic principles of
these disciplines. Consequently, their performance as “molecular” mycologists,
bacteriologists, entomologists, or virologists, often leaves a lot to be desired, and
their ability to solve field problems is usually compromised. This trend continues
at most agricultural universities, to the extent that basic courses, such as Plant
Pathology, have become “electives” for agronomy graduates. The negative
implications of the emphasis on molecular biology training are more apparent
in students from developing countries. Once they go abroad to obtain advanced
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degrees, they ecither do not return to their countries, or, if they do, insist on
working only in this area, despite the lack of well-equipped biotechnology
laboratories in developing countries, and the high costs associated with these
technologies.

THE COLLAPSE OF NATIONAL AND INTERNATIONAL
AGRICULTURAL RESEARCH

The world recently witnessed the price of oil climb to unthinkable levels in
response to acts of war, terrorism, and natural disasters, and lately, the increasing
demand of fuel from emerging Asian economies. As the cost of producing man-
ufactured and agricultural products goes up, the negative impact of speculative
oil prices on developing countries becomes increasingly apparent.

The oil crisis of 1973 sent shock waves throughout the entire financial system
of the world, affecting the economies of both developed and developing nations.
Support for agricultural research was one of the first victims of that economic
crisis, starting with the agricultural research institutions of the industrialised
nations. Suddenly, agricultural scientists were laid off in Europe, and their
research institutions were “downsized”. US universities, particularly those
belonging to the Land Grant System, saw their funds diminish in significant
proportions. However, this economic crisis did not seem to affect developing
regions, such as Latin America, until the late 1980s. The delayed effect of the
economic oil crisis of the 1970s, was related to the exorbitant sums of money
made by the Arab oil-producing countries, which eventually found their way
into the major banks of the western hemisphere. As a consequence, banks
had an unexpected surplus of deposits that had to be put to work. The main
victim of the readily available, high-interest (6-20%) loans was Latin America,
unfortunately, at a time when this region was beginning to experience a positive
economic growth. As a result of the onerous loans contracted, the external debt
of Latin America climbed rapidly from US$45 billion in 1973 to US$481 billion
in 1993 (Roddick, 1989).

In order to make sure that Latin American countries paid their suffocating and
ever-increasing debt, the World Bank and its executing arm, the International
Monetary Fund (IMF), imposed strict austerity measures throughout Latin
America, to curtail “public spending”. Unfortunately, this fiscal item includes
basic infrastructure, health services, education, and agricultural research.
Consequently, in the late 1980s and 1990s, most NARIs in Latin America suf-
fered a severe process of downsizing that resulted in the departure or early
retirement of most of the experienced agricultural scientists; the closing of
many research programmes; and the gradual deterioration of their material
infrastructure. This situation, which also affected Africa, persists to date, with
the exception of countries such as Brazil, China, and India, the emerging
economies of the world.
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Even though the CG system’s core budget only grew modestly in the 1980s,
from US$143.8 to US$173.2 million, it had to witness the gradual deterioration
of the entire agricultural research network it had created in their target coun-
tries. This crisis rapidly reached the CG centres in the period 1989-1994, reduc-
ing core funding by more than 20% (O.D.I., 1994; CGIAR, 1996). The impact
of these cuts amounted to a reduction of an average 30% in commodity-oriented
research, and the departure of up to 25% of the scientific and support personnel
in some IARCs. By 1996, the situation had worsened and the operational budget
and staff of some TARCs was reduced again by 50%.

Surprisingly, amidst this economic crisis, the CG system managed to increase
the number of member centres to 16 in the 1990s, and some centres actually
increased the number of projects, in hopes of counteracting a phenomenon
that they interpreted as “donor fatigue” and even “donor dissatisfaction”. This
decision was also taken in response to the creation of the UN Fund for the
Environment, perceived as a new strategy to fund research on natural resource
management, in response to the “failure” of the CG centres to address the
negative impact of the “green revolution” on the environment. In fact, atten-
tion to environmental issues was unequivocally paid by some of the CG IARCs
and their commodity programmes prior to the financial crisis of the 1980s. For
instance, in 1984, the Director General of CIAT, Dr. John L. Nickel, delivered a
lecture at the State University of New Jersey, entitled: “Low-input, environmen-
tally sensitive technologies for agriculture” (Nickel, 1987).

The centre and programme diversification of the CG System has not been
a fortunate strategy, as the CG’s core contributions continue to fall year after
year. It has simply become a redistribution of limited resources among a
scattered group of actors and activities. This fact confirms the presumption that
the main factor responsible for the CG crisis was purely economic in nature.
Unfortunately, the continuing loss of core funding has undermined the capability
of both NARIs and TARCs to generate improved germplasm for resource-poor
farmers, because this is a long-term undertaking that cannot be done with
dwindling and erratic funding. In the absence of improved cultivars that do not
require high inputs, mainly pesticides, small-scale farmers have not been able
to improve their livelihoods. Their most basic need, access to improved varie-
ties, is simply not available anymore. In the mean time, old cultivars demand
an increasing amount of pesticides and fertilisers, as new pathogens and pests
attack traditional crops.

THE GREEN COUNTER-REVOLUTION

The “Green Movement” was born in 1972 in New Zealand; and then gained polit-
ical status in Germany. The first World Conference on environmental issues, held
in Stockholm, in 1972, lead to the creation of the Environmental Programme of
the United Nations. In 1987, the Brundtland Comission published their report
“Our Common Future”, where the term “sustainable” appeared for the first
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time. However, this report did not share the radical views of the “Green Party”,
but, rather, advocated a “sustainable development” approach. In 1991, a special
fund was created for environmental studies with support from the World Bank,
the United Nations Development Programme, and the UN Environmental
Programme. This development prompted the incorporation of more IARCs
to the CG System, specifically IARCs that were already working in the area
of natural resource management:: agroforestry, aquatic resources, and forest
management. The famous Rio Conference convened by the United Nations in
1992, with the participation of over 30,000 people of 170 countries, changed
the agricultural research agenda of industrialised and developing nations until
today (Conway, 1998; Cordeiro, 1995).

Once in power, the Green Party members and followers in the western
hemisphere influenced their international development agencies to prefer-
entially fund projects in the area of natural resource management. National
and international institutions in developing countries reacted rapidly to the
new research agenda of the donor agencies. Natural resource management
projects (NRMP) dealing with forestry, hillsides, water conservation, the
Amazon, etc. were created overnight throughout the agricultural community.
Unfortunately, the new projects required new staff, mainly social scientists,
that had to be hired at the expense of the already downsized crop improve-
ment programmes. Moreover, the new NRMPs were launched as independent
ventures (from the commodity programmes) to escape the perceived stigma
of crop production/improvement programmes. As a result, two highly com-
plementary areas of agricultural research were maintained separately, instead
of joining efforts to promote environmentally friendly and sustainable food
production systems.

Whereas modern crop production has certainly contributed to environmen-
tal contamination, due to heavy reliance on various agrochemicals, applying
pressure on governments to cut funding for crop production research, ignored
the day-to-day reality of millions of poor farmers whose livelihoods depend
on technical assistance on matters related to crop improvement and crop pro-
duction. And it is precisely the disarticulation and downsizing of crop produc-
tion programmes at NARIs and TARCs, which is the reason why farmers had
to fend for themselves without technical assistance or new improved varieties.
As crop production problems increased for most farmers in the 1990s, the gap
left by the crop production scientists was rapidly filled by the agro-chemical
companies that could thus increase the sale of their products to combat the
biotic and abiotic problems that constantly evolve to affect crop production
around the world. Crop failure for lack of technical assistance to small-scale
farmers has also had an even more tragic consequence: the cultivation of illegal
crops, such as coca and poppy, in poor rural areas of developing countries.
These crops attract considerable violence and widespread aerial eradication
campaigns using herbicides. Thus, the “environmentalists” and their crusade
have actually contributed to a significant increase in the use of agrochemicals
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and their noxious effects on the environment and human health, particularly in
resource-poor rural regions.

The much reduced crop improvement work at NARIs and IARCs in devel-
oping countries, negates the right these countries have over the utilisation of
their plant genetic resources, and forces resource-poor farmers to practise
slash-and-burn agriculture in marginal lands to compensate for their low
productivity. This is yet another example of the negative impact that the radi-
cal “environmental” movement has inadvertently caused by putting pressure
on international development agencies to divert financial aid away from crop
production projects. Ironically, the replacement of crop production specialists
by social scientists, has not solved the main cause of these socio-economic
and ecological problems: the difficulty that resource-poor farmers have to grow
crops in order to feed their families and generate additional income to meet
their most elementary needs (e.g. health, education). Farmers cannot “farm” if
they do not have a suitable cultivar that they can grow at a profit. Most of the
current social projects designed to improve farmers’ livelihoods, blatantly ignore a
basic premise: if crop production is not profitable, viable, or sustainable, there is no
escape for farmers from hunger and poverty in developing countries. To correct the
current waste of farmers’ time and precious resources, crop production and social
scientists must be integrated into a coherent project with a common objective: to
help farmers implement sustainable and profitable crop production systems within
their limited resources.

THE “PROJECTISATION” OF AGRICULTURAL RESEARCH

The original concept of an agricultural research “programme” was a well-
structured and multidisciplinary group of scientists working together towards a
common and clear objective. When the first TARCs were created, the main objec-
tive was to “put food on the table of the rural and urban poor”, as it was originally
stated in blunt terms. The original commodity programmes at IARCs used to
include: a coordinator, pathologist, virologist, entomologist, microbiologist, phys-
iologist, soil scientist, agronomist, economist, and one to three breeders. These
inter- disciplinary teams were referred to by the Nobel Award winner, Norman
Borlaug, as one of the main accomplishments of the CG system. The economic
crisis of the 1970s and pressure from environmentalist movements brought
about the disintegration of these international commodity programmes and
multidisciplinary teams. Surviving scientists were asked to find their own research
money and even their salaries from special projects financed by donors willing
to support short-term research. The performance and continuity of agricultural
scientists began to be evaluated according to the amount of funds obtained from
external sources; rather than on their contribution to the development of superior
germplasm and its adoption by resource-poor farmers.

Once scientists began to be evaluated according to the number of special
projects granted and the amount of funds obtained from these external projects,
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the “team spirit” gradually disappeared. Successful scientists were given
considerable freedom to accept projects that may have never been part of the
original research agenda. Once a scientist secured enough operational funds,
he or she could work quite independently. Thus, the responsibility of search-
ing for operational funds, shifted from administrators to scientists, who soon
found themselves doing both jobs; securing the funds and executing the work.
Obviously, this new system greatly decreased the productivity of scientists, who
soon found themselves spending a considerable amount of time making con-
tacts, writing project proposals, and, if they were successful, writing technical
progress and annual reports for both the donors and their own institutions.

To date, a myriad of 1- to 3-year projects have been conducted in develop-
ing countries to address an equally large number of dissimilar research topics.
These proposals seldom provide scientists with sums above US$30,000/yr, and
US$2,000/yr projects are not uncommon in this current maelstrom of “special”
projects. Out of these funds, scientists have to pay from 15-35% in administra-
tion (overhead) costs. To further diminish the purchasing capacity of these lim-
ited funds available, the high security costs imposed by the United States on the
transportation of ‘dangerous’ chemical and biological products, has tripled the
price of importing the research materials that developing countries must acquire
in industrialised nations. In many developing countries, governments have cre-
ated their own official entities to finance special agricultural research projects on
a purely competitive basis. Thus, universities, NARIs, NGOs, IARCs, and even
the private sector may apply for the limited funds available, most of which come
from international loans that developing countries have to pay back.

The “projectisation” of research may give some donors the feeling that their
money is being spent in a transparent and accountable way, but “donor-driven
research” has been responsible for the disintegration of the highly productive and
effective multidisciplinary teams that used to produce the improved cultivars that
small-scale farmers require to produce food and income for their rural house-
holds. Spending US$50,000 to identify the causal agent of a phytosanitary prob-
lem, or $150,000 to detect a gene, will not make any significant contribution to
crop improvement if the rest of the biotic and abiotic problems that affect crops
are not simultaneously addressed and incorporated into a comprehensive crop
improvement programme. In the early stages of their history, the CG centres
were highly transparent, accountable, and productive given their relatively low
operational budgets. The “projectisation” of international agricultural research
has actually increased the total funds currently spent by most CG centres, and,
yet, their economic situation constantly borders bankruptcy because IARCs end
up subsidising most special projects. More important, the contribution of these
disbursed, short-term special projects to the alleviation of hunger and poverty is
practically nil, due to the different interests of donors and lack of coordination
among projects at all levels of their implementation.

Consequently, some of the most productive IARCs have reached a state of
bankruptcy due to this ill-conceived system and the unrealised expectations
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placed on highly unproductive projects in the area of natural resource
management and social studies, at the expense of crop improvement projects. As
a result, the World Bank (connected to the CG IARCs through its Secretariat)
had to intervene to save the CG IARCs through different schemes ranging
from complementary funds (to the amount of external funds obtained); basic
performance indicators (e.g. number of publications, conferences attended,
number of trainees), and “challenge programmes” (CPs). A CGIAR-CP is “a
time-bound, independently-governed program of high-impact research, that
targets the CGIAR goals in relation to complex issues of overwhelming global
and/or regional significance, and requires partnerships among a wide range of
institutions in order to deliver its products”. In 2001, the CGIAR decided to
implement three “pilot”: CPs: (1) the “Generation” CP, which “uses advances in
molecular biology, and harnesses the rich global stocks of plant genetic resources
to create and provide a new generation of plants that meet farmers’ needs”,
(2) the “Harvest Plus” CP, which “seeks to reduce micronutrient malnutrition by
harnessing the powers of agriculture and nutrition to breed nutrient dense staple
foods”; and (3) the “Water and Food” CP to “create research-based knowl-
edge and methods to grow more food with less water” (www.cgiar.org/impact/
challenge). Unfortunately, it is quite evident that the use of advanced molecular
techniques has not shown so far to “meet farmers’ needs” and, in the absence of
improved cultivars possessing desirable agronomic/commercial characteristics,
farmers cannot profit from “nutrient-dense” breeding lines. Regarding the need
“to grow more food with less water”, “drip irrigation” was already being used
almost a century ago, and many resource-poor farmers have already adopted
this practice. In the mean time, the main crop production problems that affect
small-scale farmers all over the world remain a major obstacle to meeting the
most basic food production needs in rural areas of the developing world. As to
the goal of fostering “partnerships among a wide range of institutions in order
to deliver products”, it is difficult for institutions suffering a continuous erosion
of their operational budgets, particularly due to the deviation of funds from
their core budgets to finance special projects (including the CPs), not to view
these undertakings as yet another series of “competitive projects”.

THE GLOBALISATION OF THE ECONOMY

The spectacular progress and lower costs achieved in the area of information
and communication technologies, has brought the nations of the world closer and
facilitated international trade. In view of these developments, the industrialised
countries of the world have been advocating the elimination of artificial barriers
to free trade, such as tariffs and subsidies, that protect the limited industrial and
agricultural capacity of developing countries, while continuing to protect their
own industrial and agricultural sector with the same measures. Nevertheless,
multilateral trade liberalisation embodied in the General Agreement on Tariffs
and Trade (GATT), has been making rapid progress (Stiglitz, 2002). In fact,
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70% of the 134 members of the World Trade Organization (WTO) in 1999, were
developing countries.

It is a well-known fact that “protectionism” often leads to the perpetuation
of inefficient, outdated, low-quality and costly production systems in develop-
ing countries. However, it is also very clear that the poor nations of the world
cannot compete with the industrial or agricultural sectors of North America
or Europe, even in the absence of subsidies. In North America, less than 5%
of the population is engaged in agriculture, and, yet, they produce enough
food to meet the internal demand, and generate significant food surpluses for
export. The high productivity of the North American and European farmers
is closely associated with the technological and industrial development of their
countries. On the contrary, the majority of the world’s poor live in rural areas
of developing countries, and depend on agriculture for their food security and
income. Thus, most developing countries remain net producers of natural
resources that fuel the industrial production of developed nations; and are avid
importers of manufactured goods, such as agricultural machinery, fertilisers,
and agrochemicals.

The main problem of “free trade agreements” is that the “terms of commercial
exchange” between developed and developing economies have greatly deteriorated
in the last five decades. That is, developing countries receive less money for their
natural resources, but have to pay higher prices for the manufactured products
they import from the industrialised nations (Stiglitz, 2002).

The fact is that all countries must export and import products according to
their absolute, comparative, and competitive advantage. Developing countries
often rely on their absolute advantages to produce and export their natural
resources and agricultural products: minerals, cotton, sugar, coffee, etc. The
quantity produced and price of natural resources depends on the interaction
between supply and demand, but there are other production factors (land,
capital, labour, technology) that determine the cost of production in developing
countries. In developing countries, land (rent) is relatively cheap, but scarce for
resource-poor farmers, who lack the resources to acquire more land or inputs
(e.g. fertilisers) to produce more food in limited areas. On the positive side,
small-scale farmers in developing countries, use a significant amount of family
labour, or have relatively lower labour costs. But these “comparative advantages”
are offset by the lack of a more important production factor, often neglected
in developing countries: technology. For instance, whereas an American farmer
in Michigan can produce 2,000 kg of common beans per hectare, a small-scale
farmer in Central America produces on average 700kg/ha. Ultimately, the
so-called “comparative advantage” of developing countries, understood as “the
production of goods at the lowest price possible”, is not realised when com-
pared to industrialised nations for which “comparative advantage” means the
production of goods that generate the highest profit, regardless of their cost of
production. Thus, developing countries, such as Colombia, produce coffee at a
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cost of US$1.00/Ib, but despite the relatively low labour costs in this country,
coffee prices in 2006 dropped to US$0.75/Ib in the international market.

The dwindling price of most agricultural commodities produced by develop-
ing countries, has been steadily falling since the 1950s, due to the manipulation
of markets by the large multinational companies of the industrialised countries.
Some of these big companies have the power to dissolve commercial agree-
ments that promote the so-called “Fair Trade”, as it happened in 1989, when
coffee prices were fixed at US$1.30, thanks to an international coffee pact that
set quotas for all coffee-producing countries. Not content with this agreement,
the few multinationals that dominate the coffee business in the industrialised
world, convinced the smaller producers of coffee in the world to support their
petition to end the international coffee pact, by promising an increase in their
coffee export quotas as soon as the pact was abolished. Once the international
coffee agreement was terminated, the price of coffee dropped to US$0.60, thus,
creating a major economic crisis for millions of small coffee growers around
the world, including the developing countries that supported the petition to ter-
minate the agreement. However, the European or American consumers never
benefited from this drastic reduction in coffee prices, even though the multina-
tional companies that instigated this crisis, made over US$12 billion dollars’
profit in the first year following the termination of the coffee pact. Not content
with these unfair practices, these multinationals have been promoting the cul-
tivation of poor-quality (robusta) coffee in Asian countries, such as Vietnam,
where labour wages are even lower than in Latin America, to bring the price of
coffee to US$0.30/Ib. In the mean time, a cup of coffee sells for over US$2.00
in any European or US city. The coffee-producing countries were also legally
forbidden to add value to coffee (e.g. producing instant, decaf, or any other spe-
cialty coffees), which was the prerogative of the foreign companies that bought
the unprocessed coffee beans. Whereas this situation has somewhat changed in
the recent past, the “competitive advantage” given by technological advances
and a recognised label in the coffee business, remains with the multinationals. In
the end, the average gross domestic product (GDP) of the 20 richest nations was
15 times greater than in the 20 poorest nations in 1960. Thirty years later, this
difference between the rich and poor nations doubled (World Bank, 2000).

CURRENT SITUATION AND OUTLOOK

The removal of agricultural trade barriers would be a desirable outcome of any
free-trade agreement, if industrialised nations removed their own protectionist
measures, instead of asking developing countries to remove theirs, unilaterally.
Another hidden face of protectionism includes the increasingly restrictive meas-
ures to the movement of citizens from developing countries into the United
States and the European Community. At present, most developing countries
are under pressure to sign free-trade agreements with industrialised nations,
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but even the boldest governments in the developing world, are understandably
trying to protect their modest agricultural and industrial sectors.

There is no doubt that some developing countries could manage to main-
tain their absolute, comparative, and/or competitive advantages in the case of
some traditional export crops, such as coffee, banana, sugarcane, and cotton
(particularly if the cost of imported inputs is reduced through a free-trade
agreement). However, developing nations will continue to be marginalised from
the non-traditional export crop market, as long as they do not generate and
provide technical assistance to their farmers, particularly in the case of high-
value crops, such as fruits and vegetables, for which some countries in Latin
America show a positive commercial advantage to compete in an open market
(Hertford and Garcia, 1999). Developing countries would also have to provide
the necessary market intelligence to manage these highly unstable agricultural
markets. Undoubtedly, some farmers and farming systems in developing coun-
tries will be negatively affected under free-trade agreements, and these may very
well be the food staples produced for the internal markets. Subsistence farmers
that produce crops, such as maize, rice, beans, and potatoes, usually have little
access to markets, and derive over 50% of their income from non-agricultural
sources (CEPAL, 2001). On the other hand, the urban poor would be expected
to benefit from lower food prices. Another big potential player in the market of
food staples is China. We have already seen its capacity to export staples, such
as common bean to Latin America. This and other socialist economies charac-
terised by low agricultural wages are also a threat to developing economies with
higher labour costs.

The role of IARCs in a globalised economy

Assuming that developing countries will eventually open their economies and
remove trade barriers, the issues of food security and competitiveness will
become extremely important. Whereas IARCs were originally created to address
the issue of food security (the equivalent of subsistence agriculture), there is no
reason why these centres cannot help farmers become competitive with their
basic food crops in an open-market situation. To this end, small-scale farmers
would require improved cultivars and technical assistance to increase average
yields to at least 50% of the crop production averages currently obtained in
developed countries. This is a modest goal, by no means impossible, if the CG
System and its donors understood that the first step in the war against hunger
and poverty is to be able to produce food and/or industrial crops in a sustain-
able and profitable manner. The CG centres were created to make this possible,
not to become centres of excellence in social sciences, biotechnology, promote
eco-tourism, save the Amazon, or fight battles against emerging diseases. There
are more capable and specialised institutions addressing those problems.

The CG centres can also evolve to take a more comprehensive look at the
diversified cropping systems that small-scale farmers have been unsuccessfully
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trying to implement for the last three decades. These mixed cropping systems
are basically a portfolio of: (1) major food crops, such as maize, beans, and
potatoes; (2) cash crops, such as sorghum, cucurbits, and peanut; and (3) high-
value crops, such as tomato, peppers, and many other horticultural crops. CG
centres can approach these cropping systems in alliances with NARIs or other
TARCs, from a regional point of view (e.g. the highlands, mesothermic valleys,
or tropical lowlands; or according to their primary mandate (e.g. legumes,
solanaceous crops). This approach would assure food security and help small-
scale farmers maximise the profitability of their limited land resources, in
order to minimise risk and improve their livelihoods. Multi-farm systems can
“improve the efficiency of the use of the land in both time and space, while
increasing the ability to preserve the environment” (CIAT, 1994). Free trade
also has a very important requirement often disregarded by developing coun-
tries that believe that any product can be exported; the high quality demanded
by consumers in industrialised societies. Undersized, blemished, pest-ridden,
or highly contaminated (pesticide abuse) produce is not allowed to enter
the food markets of developed countries. International agricultural R&D
institutions can also play a major role in this critical area of food production
and marketing in developing countries.

The role of donors in the renovation of the CG system

On the question of the financial requirements for the CG IARCs to regain its
mission and capacity to contribute to the alleviation of hunger and poverty,
there are various considerations. First, foreign aid is still largely determined
by the historical relationship between the industrialised nations and their past
colonies or current regions of influence (e.g. Europe finances R&D particularly
in Africa, Japan in Asia, and Australia in the Pacific region.). Second, industr-
ialised nations have democratic governments that are elected by diverse groups
of supporters, including farmers’ associations. These groups have enough politi-
cal clout to lobby for protection of their economic interests. Third, agricultural
R&D requires a sustained effort to achieve its goals. The CG system cannot
continue to stop and change directions every time a new “school of thought”
comes along (e.g. natural resource management, land use, farmer participa-
tory research, rural innovation, and challenge programmes). Innovation is an
important factor in human evolution, but it should not require a clean break
with past activities. If the world had to go back to the starting point every time
a new development or technology came along, we would still be in the Stone
Age. New components can be incorporated into a well-conceived, sustainable
crop improvement programme, without bringing ongoing research to a halt.
The “projectisation” of research and “donor-driven” research must come to an
end as the main causes for the collapse of the CG System, and its incapacity to
remain a major player in the R&D arena. The creation of a portfolio of attractive
projects financed by a “loosely organised association of donors”, rather than
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restructuring a centre based on carefully analysed research priorities, has been
a major managerial mistake (Reece, 1996).

Poverty and hunger should not be alleviated according to the historical or
commercial relationships between a donor country and an ex-colony or market,
because this policy only perpetuates the “economic imperialism and dependency”
discussed above. In the past, the donor community pledged their contributions to
the CG System and other IARCs involved in international R&D; and an able
body of administrators allocated the funds according to the dimension of the task
entrusted to each IARC. The World Bank acted as a financial buffer to make
sure that the research priorities identified by the Technical Advisory Committee
were addressed by centres that did not obtain the necessary financing from
the international donor community. The current emergence of populist and leftist
governments in Latin America is a reflection of a region that has been exploited
by foreign economies and yet, neglected by the international donor community in
past decades. The illegal drug trade and violence (guerrilla warfare) generated by
drug trafficking is another consequence of the long-term neglect of poor farm-
ing communities in Latin America. Furthermore, important food crops in Africa,
such as cassava, sweet potato, bananas, and many vegetables, originated in other
regions of the world, where the genetic variability and other important resources,
such as biocontrol agents, exist. Allocating most of the R&D funds to a single
region, affects the conservation and improvement of valuable genetic resources
and technology in the regions of origin of major food crops.

The fact is that the original purpose of the creation of the CG TARCs has
not changed. About 800 million people do not have access to enough food
to live a healthy life. 520 million of these people live in Asia; 180 million live
in sub-Saharan Africa, and about 90 million are in the rural areas of Latin
America (Pinstrup-Andersen et al., 2001). If farmers cannot produce crops
efficiently to meet their food requirements and generate income to improve
their livelihoods, it is irrelevant to talk about “sustainable agriculture”. This
premise becomes even more critical in view of the current trend to elimi-
nate subsidies and other protection mechanisms for agricultural products in
developing countries. Under a free market system, even small-scale farmers
will have to be highly competitive (produce high-quality goods at a low price)
to survive and prosper. The organisation of farmers into cooperatives; the
integration of farmers into the market, and the implementation of sustain-
able agricultural systems are highly relevant issues that need to be addressed
in an interdisciplinary manner where both crop production specialists and
social scientists work together as a team. To expect IARCs to become fully
funded and financially stable from a limited number of competitive special
projects, while remaining at the service of the poor, is a utopia conceived by
a donor community that does not want to make a serious commitment to the
alleviation of poverty and hunger. The continuous need for IARCs to survive
on restricted project funds, particularly projects of purely social or natural
resource management nature, has caused some IARCs to leave the financing
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of their crop improvement projects in the hands of the industrial sector that
only caters to the interests of wealthy, large-scale farmers.

Main barriers to agricultural development

The main constraint to achieving social development in the rural sector of
developing nations is the lack of investment in agricultural research. Whereas
low-income countries spent less than a dollar per capita in the 1990s, industr-
ialised nations spend almost US$9 per capita in agricultural research (Pardey
et al., 1991). Unfortunately, many developing countries fell in the trap of the
external debt that only benefits foreign banks and investors from industrialised
nations. The International Monetary Fund (IMF) has been making sure that
developing countries pay their debts by applying drastic, shock measures that
have driven many emerging and even well-founded economies into bankruptcy;
Argentina being a good example of the latter. One of the main demands
made by the IMF upon debtor countries, has been a drastic reduction of public
spending (the antithesis of Keynesian economics for countries suffering from
unemployment and economic recession). Besides public health, “public spend-
ing” includes education and agricultural research. Without economic growth,
education, or generation of technology, developing countries will never be in a
competitive position with respect to industrialised nations. Moreover, the restric-
tive measures imposed by the IMF on developing countries caught in the trap of
the external debt, create recession and unemployment. The lack of employment
(income) is obviously one of the main causes of famine and malnutrition in
urban and rural households of developing countries (Ford et al. 2003).

The lack of investment in “productive” agricultural R&D in developing coun-
tries by foreign aid agencies/departments, has further contributed to set back the
significant progress made by NARIs and TARCs up to the 1980s. Millions of
dollars in contributions to IARCs have been invested in the last two decades in
social studies that address semantic and conceptual issues, totally irrelevant to
poor farmers in the absence of improved cultivars and technology that allows
them to produce food and income for their families, in order to meet their
most basic needs. New R&D terminology, administrative charts, performance
indicators, programmes, projects, and recently, “products”, are created every
day without any regard for the real needs of resource-poor farming communi-
ties: improved food crops they can grow with minimum risk and environmental
impact; maximum yields and profit.

The reorganisation of agricultural research in developing countries

Governments and their Ministries of Agriculture in developing countries need
to understand that well-staffed, well-equipped, and well-financed NARIs are
essential for the agricultural sector to be able to compete in an open market envi-
ronment. Without technology, crop production costs and yield losses will remain
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too high to compete with either industrialised countries (high productivity) or
developing economies with low land/labour costs. In order to achieve an effec-
tive reorganisation with the limited financial resources available, agricultural
research needs to be initially centralised into research facilities representing
all the disciplines involved in agricultural R&D. The emphasis should be on
solving the main crop production problems as defined by farmers’ associations,
growers’ federations, the industrial sector involved in agriculture, agricultural
marketing specialists, and the agro-exporting sector. Thus, governments in
developing countries must understand that subsidising agricultural products
(as developed nations do), only preserves their inefficient agricultural systems,
instead of investing in agricultural technology and extension to increase their
agricultural productivity and lower the dependency of farmers on subsidies and
other artificial and costly market protection practices bound to be eliminated
under a free-trade agreement.

Financing viable agricultural projects should be the responsibility of both
the public and private sectors, depending on research priorities and socio-
economic considerations. In some developing countries, the private sector has
either created its own research branch or contracts research outside the country.
None of these alternatives has proven viable because crop production problems
require thorough knowledge of the crop, the environment, and the discipline
related to the problem; plus time, and adequate human and material resources.
Usually, the private sector has the agronomic knowledge of crops, but agrono-
mists cannot solve many complex production problems, such as emerging pests
and diseases because they have neither the training nor the necessary equipment
to diagnose exotic crop production problems. These recommendations would
only cost a fraction of the economic losses suffered by the agricultural sector in
the absence of technical know-how and permanent assistance to farmers.

Strengthening the agricultural research capabilities of a given developing
nation would not necessarily contribute to improving the livelihood of many
small-scale farmers who are not integrated into the existing markets. But, once
a strong agricultural research institution is in place, small-scale farmers would
have a better chance to have access to improved varieties, technical information,
and new markets. Small-scale farmers have some important comparative
advantages, such as the use of family labour, which has shown to be attractive
for some producers of high-value, labour-intensive export crops.

A brighter future?

Human Health is another emerging issue in the CG system, including
malnutrition, infant mortality, the spread of AIDS, and pesticide contamination
in tropical countries. The Harvest Plus (bio-fortification) Challenge Program
was particularly designed to address these issues, with financial support from
the Bill & Melinda Gates Foundation. Whereas this is undoubtedly a worth-
while undertaking, it is based on the assumption that crop production in the
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tropics has no other problems, and that we can proceed to replace the main
cultivars of several food crops with “nutrient-dense” varieties. Unfortunately, to
cite just one case, improving common beans for their iron content (which they
already have a significant amount of), does not solve the current pest, disease,
and agronomic problems that prevent farmers from growing common bean
in many regions of the world. The development of golden rice, high-quality
maize, orange-fleshed sweet potatoes, and other vitamin-A-rich crops, does
not necessarily require the creation of genetically modified crops or new varie-
ties, because many of these selected crops, as in the case of common bean, are
naturally rich in some nutrients or have specific genotypes that can provide
these traits through traditional plant-breeding schemes. However, all of these
commodities need constant improvement to counteract the evolution of diseases
and pests, and environmental changes that these crops face as there are pushed
by industrial development and urbanisation into marginal lands. CG TARCs
rapidly embraced these new initiatives in order to survive, but their current crop
improvement capacity has been so drastically reduced that the development
of agronomically desirable varieties possessing additional nutritional qualities,
becomes a chimera.

It seems that the Gates Foundation has realised the futility of continuing to
fund special projects disconnected from the complex reality of tropical agriculture,
and has now announced a collaborative venture with the Rockefeller Foundation
to rescue the CG System from its long-standing financial and managerial cri-
sis, in order to bring food once more to the table of the rural and urban poor,
through the generation of relevant agricultural technology and implementation
of environmentally friendly crop production strategies.

CONCLUSION

Agriculture is the science of cultivating plants. It took thousands of years to
domesticate plants in order to make them more productive and, thus, feed
a growing human population. Our ancestors selected wild species until they
developed higher-yielding varieties of all of the main food crops consumed
in the world today. But those primitive farmers also understood that selecting
plants was not enough; and they developed agricultural technologies to further
increase yields; water management and fertilisation, for instance. Human inter-
vention in the natural process of plant evolution necessarily causes concomitant
changes in the evolution of those organisms that interact with plants or depend
on plants to fulfil their biological needs. This is the origin of the new pests
that constantly emerge in order to adapt to new cultivars all over the world.
Agro-ecosystems also change due to natural (e.g. global warming) or artificial
causes (e.g. irrigation districts, mixed cropping systems). Thus, crop improve-
ment is a never-ending task that requires continuous attention by specialists
dedicated to the study of the main biotic and abiotic constraints that affect food
production. Equally important, in order to produce food, humans must have
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access to the elementary production factors: land, labour, capital, and technology.
Land is a scarce and fragile production factor that must be protected and
maintained in order to develop sustainable cropping systems.

Agricultural scientists must be able to generate superior germplasm and
technology to allow resource-poor farmers to produce enough food and farm
income, to satisfy their basic needs and improve their livelihoods without
damaging the environment or their own health. If farmers cannot produce
food because of crop production problems or high production costs, all other
considerations would become secondary. Environmentalists have to realise that,
in the absence of technical assistance, farmers will continue to contaminate the
environment and poison both their households and urban consumers with the
pesticides used to protect their crops.

Social projects can help protect the environment, organise farmers, set up
agro-enterprises, conduct farmer participatory activities, but if there is not
a viable and profitable food production component in these activities, farm-
ers will remain in a state of chronic misery. This is basically the situation we
are contemplating since most NARIs and IARCs in developing countries were
“downsized”, and turned into opportunistic, dysfunctional institutions that do
not solve the most elementary food or crop production problems that have made
hunger and poverty endemic scourges in developing nations.

Agricultural R&D policies and management should be dictated and conducted
by scientists who are familiar with the biotic, abiotic, and socio-economic
constraints of crop production in developing countries. Historical and political
issues or lobbying from pressure groups should not interfere with the mission of
producing more and healthier food for the poor, rural, and urban sectors of the
world in a sustainable way. We have the necessary technology to produce food
with minimal environmental impact, and still generate income for resource-poor
farmers. If the international community is seriously committed to the allevia-
tion of hunger and poverty for over 800 million people living in poverty, it has to
put an end to the current donor-driven research policies responsible for the lack
of coordination, clear mission, and accountability of the CG System. Wasting
public funds on academic social issues, or addressing purely environmental
issues in the presence of millions of people suffering from hunger, malnutrition,
and disease, is a crime against humanity.

Managing international agricultural R&D institutions in the current unstable
and ever-changing environment is a very challenging task. In the past, Directors
General and Directors of Research had a stable budget that allowed them
to pursue a clear and viable mission. Today, the donor community is divided
among different R&D strategies and, consequently, funding is allocated in an
unpredictable and competitive way. Consequently, research managers must con-
stantly keep changing their research agendas and priorities to accommodate new
projects and research strategies, in order to cope with the continuous erosion of
their core funds. As the global economic situation worsens due to wars, climbing
oil prices, social unrest, and a developed world hungry for illegal drugs, so does
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the financial situation of the IARCs that have demonstrated their capacity to
increase food production in the Third World.

The parallel collapse of the national agricultural research system in developing
countries, further diminishes the probability of making even a partial contribution
to the UN Millennium Development Goals aiming at halving poverty in the world
by 2015, considering that most of the poor people in developing countries live in
rural areas heavily dependent on agricultural R&D. The international agricultural
research community needs strong leadership from individuals committed to the
mission of fighting poverty and hunger and, more important, capable of convinc-
ing donors that their contributions have to be administered by an able body of
agricultural scientists-administrators. The current crisis of the IARCs is only a
reflection of the current failure of the CG and other international R&D systems
to demonstrate to the international donor community that their current funding
practices are the main cause for the lack of impact of IARCs in their struggle
against hunger, poverty, and disease in developing nations.

As one of the Director Generals of the International Food Policy Research
Institute, Joachim von Braun, was quoted: “No one can pretend that ending
hunger will be easy, but it must and can be done” (Ford et al., 2003). In the
same publication, the terrorist attacks to one of the most prominent symbols
of capitalism in the world, prompted the authors to mention “global peace and
stability can only be achieved by ending the deprivation of the world’s poor™.
It is up to administrators, scientists, and donors involved in agricultural R&D,
to decide in what kind of world we would like to live.
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CHAPTER 3
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INTRODUCTION

Agricultural researchers identify and apply new science, novel approaches and
innovations that could generate research breakthroughs and improve impacts to
support the development of the agricultural sector. During the past few decades,
there has been an expansion of the research agenda along the entire research-for-
development continuum, with farm- and policy-level implications. The goals and
objectives of research have broadened from primarily food production to include
sustainable resource management, equity, gender, health, and environmental con-
cerns. These changes have been in response to factors such as the changing regional
and global environments, new science and innovations, the redefinition of research
targets in the light of new findings, potential market opportunities, institutional
learning, and the strengthened capacity of research. Along with the expansion of
the research agenda, there is now greater appreciation of the need for quantify-
ing the economic returns to research investment, and other dimensions of impact
(social, environmental, and institutional). In accordance with these changes, prior-
ity setting in agricultural research has been rapidly changing too with the principal
focus shifting from yield and nutrition gains to achieving impact on likely distribu-
tive effects and the environmental sustainability of alternative research strategies.
New challenges have emerged in research management. If there is to be efficient
use of scarce resources, particularly in the public sector, research priority decisions
have to be consistent not only with informed scientific opinion or scientific possi-
bilities but also with clients’ needs and national and international concerns within
the broader policy context. In promoting policies that improve the welfare of the
people, especially in developing countries, the ability to set priorities and support
correct decisions in agricultural research is critical.
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Faced with these challenges, the pursuit of a well-balanced portfolio or a
focused research agenda has become imperative. It motivates stronger account-
ability and objective, transparent priority setting. It prompts awareness among
agricultural scientists and research managers about the expected benefits and
payoffs from research. Increasingly, researchers and managers are compelled to
provide solid evidence that they are using resources efficiently and effectively.
Thus, the establishment of a transparent, consistent, objective, and participa-
tory priority-setting process has become essential in institutional decision support
and research planning.

This chapter presents important dimensions of agricultural research manage-
ment, featuring the considerations that go into determining priorities. The first
section discusses trends that shape the agendas of agricultural research organi-
zations. A conceptual framework for priority setting in agricultural research is
presented in the second section, embodying factors influencing impacts, their
linkages, and minimum data requirements.

Another section gives an overview of priority-setting methods, ranging
from simple statistical congruencies to economic models where both objective
and subjective information are considered. Critical considerations in research
evaluation and priority setting are addressed with focus on the difficulties
encountered in practice.

Subsequent sections use the experiences of international agricultural
research centers to illustrate the commonality of priority-setting require-
ments and processes. The international dimension of the discussion clarifies
the role of international public goods and research spillover benefits across
regions, as well as the relationship between regional and global priorities.
The last section concludes with suggestions on institutionalization based on
institutional learning and targeting for an informed approach to research
decision-making.

RESEARCH PRIORITIES AS PART
OF RESEARCH DECISION SUPPORT SYSTEMS

Agricultural research priority setting is a process involving analysis prior to invest-
ment, whereby estimation and ranking of expected future benefits assist research
decision-making. Benefits from research investment in agriculture are expected to
be realized when research is undertaken and the target users adopt the technology
or the research results. The estimated relative benefit levels are compared across
alternative options in a research portfolio. There are several levels of aggregation
on which research options have to be ranked in order of priority:

» Agroecologies, regions, or countries

» Commodities, crops, or enterprise sector

» Research programs or themes

» Research projects within programs



Considerations for Determining Research Priorities 39

» Research problems or productivity constraints

» Research needs/gaps
Depending on the level of aggregation required by the research organization,

priority setting compares the relative importance of research at each level.

It involves a process of explicitly or implicitly exercising a choice over

possible research activities with the help of an array of available quantita-

tive and qualitative information. The resulting judgments are expressed
as a ranking of options within a research portfolio. Most agricultural
research institutions conduct formal or informal priority-setting exercises
to help set the research agenda, guide allocation of research resources, and
improve the quality and efficiency of research. In national agricultural
research systems (NARS), the priorities conform to national-level goals
and objectives and are examined across commodities, regions, disciplines,
and research problems. At the international level, spillover benefits across
countries and regions, and the complementarities of national, regional,
and international research objectives are additional concerns. The outcome
of the priority-setting exercise is a ranking of commodity groups or agroecore-
gional zones at aggregate level; or research programs at institute level; or

research themes within a program; or productivity constraints within a

commodity project.

The benefits of systematic formal priority setting have been reiterated by Janssen

(1995), Contant and Bottomley (1988), and Braunschweig (2000) as follows:

» Research objectives are better identified, and differences of opinion are clari-
fied, thereby facilitating consensus building; team building and communication
within the institution are improved.

» The chances of successful adoption of a new technology increase because stake-
holders are included in the decision-making process.

» Useful information is generated regarding the changes that are necessary in
the research environment; better information is used for educating the public
about sensitive decisions, and managers are in a better position to defend their
decisions, particularly against donors with a conflicting agenda.

* More emphasis is placed on longer-term impacts; informal priority—setting
exercises often focus on short-term effects.

» Negative consequences are identified and corrective measures taken early to
compensate for potential losses.

ESSENTIAL CONSIDERATIONS IN RESEARCH PRIORITY SETTING

While demands on the agricultural research agenda continue to increase, the last
15 years have seen changes in the funding environment, particularly a growing
scarcity of research resources especially in developing countries. Inadequate
funding of public agricultural research institutes is the most serious challenge
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facing NARS. For example, investment in agricultural research in developing
countries decelerated to 3.8% annually from 1981 to 1991 compared to a growth
rate of 6.4% annually in the previous decade (Alston et al., 1995).

Changing support from traditional funding sources has also affected inter-
national agricultural research centers. In fact, while the expenditure of the
Consultative Group on International Agricultural Research (CGIAR) has
continued to increase in nominal terms since its establishment in 1972, in real
terms it has stagnated, especially in the last 15 years. The rate of growth of the
CGIAR’s research expenditure has continuously declined during the last two
decades. Estimates based on CGIAR Annual Reports (1975-2005) indicate that
revenue and expenditure had begun to stagnate even before the 1990s, growing
at an annual compound growth rate of 8% from 1975 to 1990, compared with
a growth rate of 1.35% from 1990 to 2005. The nature of funding has also
changed during the last decade. In particular, the proportion of unrestricted
funding has continuously declined since the late 1980s while restricted funding
has been increasing.

Research evaluation and expected impact pathway — framework
for research priority assessment

An understanding of the whole research process is essential to facilitate agricul-
tural research evaluation and priority setting. In principle, research evaluation is
undertaken to confirm research effectiveness, efficiency, relevance, and impact.
Priority setting is the process of ranking different research alternatives in order
to identify a research portfolio in line with the mission of the organization or
the agricultural policy of the country. Priority setting includes determining the
relative importance of several research objectives.

This section illustrates the process of research evaluation and priority setting
by tracing expected impact pathways (Bantilan, 2000; Joshi and Bantilan, 2000).
The conceptualization of a framework (Figs. 1, 2, and 3) to guide the research
evaluation and priority-setting process starts with the consideration of research
investments to fund a set of specific research projects designed to develop new
technologies for use by farmers (Fig. 1 on basic parameters for priority setting).
This framework identifies the essential factors for priority setting.

If a research project does successfully achieve its objectives, it usually
generates outputs in the form of (1) some new knowledge and (2) a change
in the technology for use by farmers. To be more specific, the application of
science-based technologies resulting from research is expected to bring about
increases in yield and product quality of commodities/crops grown presently
or subsequently. Research is also expected to improve the efficiency of input
use via agronomic practices and crop management. Ultimately, these research-
induced gains or changes in the production and consumption environment
translate into an upgrading of the welfare of farmers who use the technology
as well as of consumers who use the final products.



Considerations for Determining Research Priorities 41

Area/ . Biotic/Abiotic
Production Constraints

Yield Gain [R5 [ yi01d Loss
Prob. (Success)
Adoption

| Production Gain |

!
[Research Cost|—|NPV/BCR/IRR* |

Welfare Gain

*Net Present Value (NPV)/Benefit-Cost Ratio (BCR)/Internal Rate of Return IRR)

Figure 1. Basic parameters for measurement of welfare gains.

Before the final benefits of research accrue to society (i.e. producers and consum-
ers), two important conditions must be met. First, the research undertaken must
be successful in achieving its targeted objectives. This introduces the notion of
the probability of success or relative research capability relating to the risk of an
intended technological improvement not eventuating even after a significant period
of experimentation or investigation. Thus, this framework enables judgments about
the relative strength of research (capacity building) and extension systems (human
resources) and rural infrastructure to be factored into the analysis. It also provides
space for the consideration of other sources of uncertainty with regard to research
success. Second, the increase in production promised by a new technology is ulti-
mately achieved only when the technology is adopted and utilized by farmers. If the
technology is not an improvement in some way over the existing technologies, farm-
ers are unlikely to use it. In such an instance, the technology, although developed,
is redundant. Yet, even if the technology is an unambiguous improvement, some
farmers may still not adopt it. Thus, estimates of the rate of adoption of the results
by end users must be carefully made. There may be several reasons for low adoption
or slow uptake. One could be the reluctance of farmers to give up their existing, and
in their opinion, proven practices. In some cases, adoption of technology may also
be influenced by resource endowments. This condition necessitates consideration of
the rates of technology adoption and the factors by which it is constrained.

The measurement of expected welfare gains to society is incomplete if it
does not take into account the externalities which the technology involves. The
externality consideration in this framework may either be negative or positive.
Classic examples of negative externalities in agriculture are human-induced soil
erosion and the detrimental effects of chemical-based technology. These include
the deleterious effects of pesticides on the health of farmers and their families,
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Figure 2. Linkages among four priority-setting criteria.

the transmission of chemical residues along the food chain to consumers, the
toxic effects of chemicals on fish, shrimp, frogs, and beneficial insects in farmers’
fields, the contamination of ground and surface waters, and the reduction of soil
microorganism populations that help sustain soil fertility.

The positive externalities are incorporated within this framework through the
concept of spillover effects (Bantilan and Davis, 1991; Bantilan et al., 2004),
as shown in Figure 2 which presents the linkages of the overall welfare gain
parameters (efficiency, sustainability, spillovers and other factors). Three types
of spillover effects are possible. The first type involves across-location spillovers
in which a technology developed through research for one product in a specific
location can be adapted to improve production efficiency for the same product
in another location. This type of spillover effect is relevant because the applica-
bility of the new technology may not be the same for all locations, which may be
differentiated by agronomic, climatological, or ecological factors.

The second type of spillover effect refers to across-commodity applicability of
a technology. For example, a cultural management technique developed specifi-
cally for one commodity may also improve the production efficiency of other
commodities

The nature of the first two types of spillover effects reflects the direct applicabil-
ity of a technology across different locations/production environments and across
different commodities. Thus, they are referred to as direct spillover effects.

A third type of spillover effect is referred to as indirect or price spillover
effects (Brennan and Bantilan, 2003). Technological change relating to a par-
ticular commodity in a specific location brings forth increased supply, which
may cause price changes. This is turn may have a price effect on other locations
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(if the commodities are traded) or on related commodities. This is particularly
relevant when the price responsiveness of the product demand is relatively small
and/or the rate of product transformation among commodities is significant.
Following the basic parameters and linkages described above, a simple
priority-setting procedure is outlined here to show the different phases of the

exercise (Fig. 3):
¢ Clarification of research goals including identification of research domains,
objectives/strategy, and critical constraints to agricultural production

* Identification of criteria for the priority-setting exercise (corresponding to
research goals)

» Disaggregation of alternative research options at each level

« Elicitation of criteria weights through consultation with experts

» Choice of priority-setting approach: quantitative and qualitative measures

» Collection and processing of available data and resources: research gains,
costs, probability of success, adoption levels, etc.

» Evaluation of potential impacts: assessment of expected research benefits
based on the data collected and subjective judgments (e.g. environmental
effects, impact on the poorer income groups, benefits for women)

* Sensitivity analysis using scenarios for the feasible range of parameter esti-
mates or alternative criteria weights
The variables influencing the evaluation of potential research benefits or

impacts may be based on measurable indicators as well as qualitative or subjec-
tive assessments. Quantitative or measurable indicators in agricultural research
include estimated yield gains, unit cost reduction, research lags (i.e. timeframes
for producing results), adoption lags, rates and ceiling level, and other direct and
indirect effects on target and nontarget regions or sectors. Qualitative factors
cover the probability of research success, effects on the environment or sustain-
ability indicators. These measurements seek correspondence of the research
goals and objectives, e.g. reduce poverty, improve food security, and promote
sustainable natural resource management through agricultural research.

Other factors for consideration in enhancing the framework

Government policies

Existing government policies are an important factor, which can influence the
welfare gains accruing from research. For example, governments of developed
and developing countries alike have policies which subsidize production inputs like
fertilizer, seeds, water, and electricity. In other cases, taxes are imposed on some
agricultural commodities, especially cash crops like cotton, coffee, and tobacco. To
estimate the gross social benefits of research when subsidies or tax policies exist,
detailed knowledge of the policies is required. Alston et al. (1986) have shown the
implications that various forms of price distortions can have for research evalua-
tion. These policies influence the production and/or consumption of a commodity,
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Figure 3. Essential steps in research priority setting.

or the inputs used to produce it. They can influence both the benefits flowing from
research and the distribution of those benefits.

Expansion of demand and supply over time

Supply and demand of commodities can shift due to factors other than
research. For example, population or income changes may result in a shift in
demand for a commodity. Forecasts of demand and supply shifts can be made
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to avoid underestimation of benefits if expansion of demands or supplies is
expected over time.

Equity or distributive effects

Welfare effects from research can significantly vary across research efforts,
regions, and commodities. Prioritization of research options is likely to be
influenced by the distribution of these effects. It needs to be clarified which
of these effects are important. For example, if several sectors are parts of one
country and if the total national welfare gain is the objective of the research
institution, then a measure of the potential research impact can be had by
adding all the gains (or losses) in all sectors. If, however, the objective is to
maximize gains to poor farmers only, then the subset of welfare effects in
this particular sector is considered to give a measure of how well a particular
research option may satisfy this objective. Estimates of these welfare changes,
if quantified, can be summarized in a form suitable to assist decision-makers
in setting research priorities or making allocation decisions. This information is
combined with other information before decision-makers make final judgments
about allocations.

Other aspects

Other aspects for consideration in priority setting may include: (a) effect on nutri-
tion; (b) food security; (c) human capital development; (d) institution building and
strengthening of national programs; and (e) employment generation effects. It is
clear that a spectrum of considerations has to be taken into account for an assess-
ment of research priorities. It is equally clear that a detailed understanding of the
components of the research—evaluation continuum is necessary to arrive at a com-
bined quantitative and qualitative assessment of impact. The expected outcome of
research or its impact is dependent not only on quantifiable variables but also on
others that are difficult to quantify.

Multicriteria nature of priority-setting processes

Given the multicriteria nature of the processes described above, priority-setting
methods have evolved to support the complex decisions that must be made by
research institutions. The complexity of priority setting is largely due to the
multiple criteria involved in research decisions. As discussed above, research
objectives and priority-setting criteria may include
* Productivity and efficiency
» Poverty and equity
» Gender concerns
* Environmental sustainability
* Trade-offs

Research managers must ensure the correspondence of research objectives
with the set of criteria used for priority setting. In more complex decision-making,
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a multicriteria decision-making process may be structured to consider trade-offs
among research objectives relating to economic, social, environmental, and insti-
tutional concerns. This includes trade-offs between productivity and efficiency
objectives versus poverty or equity or gender concerns or sustainability creation.
A multicriteria priority-setting framework has important implications. It
requires attaching weights to each objective. This is the responsibility of senior
research managers and policymakers. Their participation has become increasingly
critical in the decision-making process. Appropriate procedures are needed facili-
tating interaction among decision-makers and for eliciting their preferences.

Mainstreaming poverty considerations in priority setting

Mainstreaming poverty considerations is an important issue in priority setting

in the light of recent developments in the global research agendas of interna-

tional organizations, which have identified poverty eradication as a common

goal (UN, 2002; CGIAR, 2005). Mainstreaming poverty recognizes that there

are at least five ways by which agricultural research can benefit the poor:

* Increasing poor farmers’ productivity

» Greater agricultural employment opportunities for small farmers and landless
workers

» Higher wages and growth in adopting regions

* Lowering food prices; and

» Greater access to nutritive crops.

This discussion refers to some points made by Ryan (2004) regarding addi-
tional considerations that need to be clarified in relation to poverty-targeted
agricultural research priority setting. The first point is that it is not necessarily
given that research investments targeted at the locations of the poor will achieve
maximum impact on the resident poor. Many factors mediate this relationship
and make it difficult to argue that priorities at the macro level should be pri-
marily based upon the location of the poor. These factors include price effects,
migration, and research spillovers in other regions. For example, where poor
households in marginal areas are net food purchasers and the market infrastruc-
ture is adequate, technological change in more-favored areas can be an effective
way of benefiting the poor in the marginal areas. Lower commodity prices
result, and migration offers opportunities for low-income workers to participate
in the benefits of higher wages and employment. However, as Fan and Hazell
(2000) have shown, the marginal returns to research are higher in less-favored
environments and also the effect of this on poverty alleviation is greater. Then it
is not clear whether it is appropriate to neglect the less-favored areas and allow
“trickle down” forces from more favored areas to equilibrate the benefits.

The second point for consideration is that the wage and employment effects of
targeted research can be counterintuitive. In particular, if labor- intensive commodi-
ties have nonresponsive demands, then research on them could lead to mechaniza-
tion or to their substitution in production by less labor-intensive commodities.
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A third point raised is that growth linkages between agricultural and nearby
rural industry can generate significant multiplier effects benefiting the poor most
when agricultural income is a high proportion of total income. This has differ-
ential implications for targeted agricultural research in Asia and Africa. In Asia,
there is increasing village-level evidence showing that a high percentage of rural
workers are engaged primarily in nonagricultural employment. This is reflected
in the inverse relationship between nonagricultural income and farm size, with
smallholders, near-landless and landless workers deriving between one-third
and two-thirds of their income from off-farm sources. Hence, they stand to
benefit more from growth in the nonfarm sector than do the more aftfluent larger
farmers. To the extent that nonfarm income is even more important for the poor
in marginal areas, the issue arises whether agricultural R&D should give way to
other interventions. In Africa the situation seems the opposite, with the rural
poor depending more on agriculture than the nonpoor (Reardon, 1997).

By analyzing a typology of agricultural regions based upon agroecological
zones and socioeconomic factors that condition the size and distribution of
benefits from technological change, Haddad and Hazell (2001) identified five
broad areas of focus for a pro-poor research agenda:
¢ Increasing productivity in less-favored lands, especially in heavily populated

areas but also in high-potential lands constrained by poor infrastructure and

market access

¢ Increasing production of staple food in areas where food price effects are still
important and/or in areas that have a comparative advantage in growing these
crops

* Helping smallholder farms to diversity into higher-value products, especially
in areas where market prospects are good

* Increasing employment and income-earning opportunities for landless and
near-landless workers in labor-surplus regions

» Nutritional enhancement of diets by investing in agricultural technology that
reduces the price of micronutrient-rich foods; increase in physical access in
remote rural areas, or increase in the nutrient content of food staple crops via
traditional or transgenic technologies

Choosing an appropriate method

Research-evaluation and priority-setting methods have evolved from simple tech-
niques used in consideration of single research objectives to systematic and formal
mechanisms for assessing priorities corresponding to multiple objectives. A lot of
effort now goes into evaluating agricultural research, due in part to the increasing
complexity of problems, and in part to the tight research budgets and the resulting
pressure for greater accountability. A large and diverse array of criteria has been
employed by national and international organizations supporting agricultural
research. These include: efficiency, equity or income distribution, food insecurity,
per capita income, export enhancement, import replacement, among others.
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This section presents an overview of the approaches used in priority setting.
It features the various procedures used to identify and select the criteria for
prioritizing research options and to identify measurable indicators as well as
elicit subjective judgments. It includes novel techniques of quantifying the
benefits from alternative research investments in order to facilitate informed
decision-making on the utilization of agricultural research resources. This sec-
tion also discusses several factors which influence the choice of priority-setting
methods. The advantages and disadvantages of the different methods are men-
tioned as well as their suitability in different situations. In many cases, analysts
combine these methods. Ultimately, they complement the intuitive judgments of
research managers and administrators and the scientific intuition of scientists
and researchers.

Different types of approaches have been developed for establishing research
priorities (Contant and Bottomley, 1988; Davis et al., 1987; Alston et al., 1995):
traditional tools (rules of thumb: precedence and congruence; checklist and
scoring); cost-benefit analysis and economic surplus, mathematical program-
ming and simulation models, among others.

Traditional tools

Rules of thumb

This approach is simple and quick, and needs minimal data. It is usually used
as a preliminary approach ahead of a more formal priority-setting exercise. The
two most commonly used methods in this approach are precedence and congru-
ence. These methods emphasize the status quo and rely heavily on historical
data. The precedence method uses the level of funding in the previous year as
the basis for allocation of resources to project themes and projects. Allocations
are marginally increased or decreased depending on the overall funding situ-
ation. Any excess resources available are distributed proportionately across
research themes. This method can provide long-term continuity in funding of
research themes and projects. However, one disadvantage of this model is that
it continues allocating resources to arcas that have reached the limits of their
productivity even if the changing research environment may warrant a shift in
funding. The precedence method is not forward-looking; it does not take into
account emerging problems or any promising new areas of research or research
investments that are likely to give the greatest impact.

Congruence models rank alternative research areas, commodities, or regions
on the basis of a single criterion. The value of production is frequently used;
and other measures include value of consumption, impact on total population
and impact on poor people. The appropriate measure may be determined from
the objectives and criteria of the research program. A review of studies, which
used the congruence index in assessing research intensities and the relative
importance of commodities, is provided in Scobie (1984).
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Checklist

The checklist consists of a list of relevant criteria against which the research
alternatives are checked. Like the two traditional tools described above, a check-
list is often used as a benchmark or starting point in establishing the relative
importance of research options. In practice, it may be viewed as an initial rank-
ing of commodities (or research themes, projects), providing research managers
some basis for discussion and further analysis. In many cases, these methods
are combined with more rigorous methods.

Scoring

Scoring or weighted criteria are used to rank alternative research options accord-

ing to multiple criteria that reflect multiple research objectives, as follows:

» The research alternatives are scored according to each criterion by using a
discrete scale.

» The research objectives are defined, and weights are assigned to each criterion
by the decision-makers.

* The scores are then multiplied by each criterion weight and then added up to
determine the order of priorities.

Scoring models are widely used for priority setting because they are relatively
transparent. When a meaningful conceptual framework is applied in scoring
models, they can foster a dialogue considering research criteria and the weights
associated with alternative research objectives. Useful scoring models should,
at a minimum, incorporate basic economic principles into the priority-setting
exercise. For example, economic efficiency measures such as net present value
can be combined with equity criteria to rank research alternatives. A scoring
model that is based on an economic approach incorporates the need to identify
meaningful objectives, distinguish between weights and measures, recognize that
research is a blunt instrument, and attempt to approximate economic efficiency
measures (Alston et al., 1995).

Cost-benefit analysis and economic surplus

Cost-benefit analysis

The cost-benefit method for priority setting is a formal economic model that
uses efficiency as the main criterion for ranking alternative research themes.
There are three main steps in applying this model. First, the potential for gen-
eration and adoption of technologies is estimated for alternative research themes.
A prime requirement is to establish, for the target cropping systems, the actual
gains to be expected from the improved technology over and above the existing
productivity levels achieved by the existing technologies in use by farmers. In
addition, the relative value of the improved technology may be estimated from
the viewpoint of environmental protection and cropping system sustainability.
These data provide a baseline against which to estimate the gains that can be
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expected from further improving the existing technology as a result of research
or by direct application of known technologies.

Second, a stream of annual benefits and costs associated with each research
theme is identified for the planning horizon. With discounting for factors
such as probability of success, time lags, and ceiling rate of adoption, reason-
able estimates can be made for the costs and benefits of a suggested research
and/or development effort. Third, annual benefits and costs are discounted to
calculate the project’s worth. The latter is usually presented as a NPV or IRR.
Technologies are ranked according to the values of NPV or IRR.

Cost-benefit methods indicate research priorities on the basis of efficiency
criteria. This provides an insight into whether or not investment in research is
making efficient use of scarce resources. This model can also be used to assess
trade-offs in efficiency among research alternatives.

The narrow focus on efficiency is a disadvantage of this model as is its diffi-
culty in capturing changes in the agricultural research environment. However, in
priority-setting approaches based on multiple criteria, estimates from cost-
benefit models can be integrated with other criteria. Besides a consistent ranking
of research alternatives on the basis of efficiency, the process involved in applying
cost-benefit models can force decision-makers to explicitly state the assumptions
underlying technology generation and adoption for various research alterna-
tives as well as explore the different impact scenarios on the basis of different
assumptions. The basic data required for benefit-cost models are quantity and
prices, assessment of the potential for technology generation measured by net
yield gain, and the profile of adoption. Significant investments need to be made
in collecting and analyzing this data although several computer programs have
eased computation of benefit-cost estimates.

An alternative type of cost-benefit measure uses the domestic resource cost
ratio (DRC). DRC estimates a given country’s comparative advantage in pro-
ducing a certain good. It calculates the cost-benefit ratio using the concept of
opportunity cost, which indicates the social profitability of producing a certain
commodity. However, this approach has major shortcomings as a single measure
to allocate resources, ie, decisions based solely on a favorable DRC ratio tend
to be biased against research investment in commodities that at present do not
have a comparative advantage, e.g. future potential niche markets. However, the
DRC approach is a relatively easy method of calculating the social costs and
benefits of producing different commodities, and can provide complementary
information for setting research priorities.

Economic surplus

The economic surplus principle is based on the idea that improved technologies
are expected to enhance productivity or reduce the producers’ unit cost of pro-
duction, which translates into a shift representing an increase in the producers’
supply when they adopt the new technologies. The calculation of the supply shift
involves the use of available or estimated on-farm input and output data (e.g. yield
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levels and input costs). Annual gains based on the empirical market benefits from
adoption of the technologies are computed over the horizon at which the benefit
is expected to accrue at anticipated adoption levels. This estimation only covers
benefits accruing due to measurable market effects.

The economic surplus model is an enhancement of the cost-benefit approach
to priority setting. It also ranks research alternatives on the basis of economic
efficiency. Economic surplus models consider price responses to productivity
increases induced by investment in research and technical change. These models
also distribute the benefits from research investment between producers and
consumers in the form of producer surplus and consumer surplus, each of
which can be stratified by income or other socioeconomic criteria.

Approaches employing the concept of economic surplus to examine research
priorities have been used in both national and international research assess-
ments. National research programs usually assess priorities from the perspective
of maximizing benefits that would accrue to the whole nation or to specific
groups within it. These decisions may not be influenced by the additional ben-
efits that may accrue to other countries or regions outside their mandate. An
extension of the economic surplus method for assessing these international
research spillover benefits is discussed below.

Multiregional international trade model

A multiregional international trade model using the concept of economic surplus
has been developed to enable intercountry or interregional effects to be explicitly
incorporated into an ex ante analysis of aggregate commodity and regional
priorities in agricultural research (Davis et al., 1987). It employed techniques
of economic surplus couched in an international trade model to derive ex ante
measures of the relative benefits of alternative commodity and regional research
portfolios and the distribution of these benefits among consumers, producers,
importers and exporters. A novel approach of defining appropriate research
domains has been identified to assess the spillover effect research undertaken
in one region may have in other regions with similar agroclimatic and socio-
economic environments. Further refinements in empirical applications have used
Geographic Information Systems (GIS) to enhance spatial characterization and
mapping of research domains. (Deb et al., 2004). The model also factors into the
analysis the probability of success and the likely ceiling level of adoption by farmers.
An empirical analysis using this model has been conducted for a broad range
of commodities at an international level and includes all major producing and
consuming regions of the world. (Davis et al., 1987; Lubulwa et al., 2000).

Other methods in practice

Two additional approaches in setting priorities have been developed, i.e. math-
ematical programming and simulation models. Unlike the two previous classes
of research priority setting tools, which only produce a ranking of the research
alternatives, these methods aim at selecting an “optimal” research portfolio and
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establishing functional relationships between research investments and impacts.
The basic approach in mathematical programming is to formulate an objec-
tive function that is maximized subject to certain constraints such as funding
requirements, human resources, or institutional capacity. The objective function
can include multiple objectives and a weighting system to reflect differences
in the importance of the objectives. The results illustrate the tradeoffs among
objectives and implications of changing constraints.

Simulation models are based on the principles of production economics
whereby the functional relationship between the input (i.e. research investment)
and the agricultural output is estimated. A production function may be used to
represent the econometric relationship between agricultural productivity on the
one hand, and research (and extension) expenditures and additional determin-
ing factors on the other. Then, the effects on productivity of various research
expenditures, e.g. introducing different technological innovations, are simu-
lated. Simulation models are very flexible, and can be used to analyze the wider
impact of research investments. However, estimating econometric relationships
is based on time-series data, which are not always readily available.

By and large, despite substantial efforts to improve the tools used in priority
setting, only a few of the less sophisticated methods have been implemented by
research organizations. Norton et al. (1992) explain it as a failure of economists
“to communicate adequately to priority-setting practitioners the progress that has
been realized on developing research performance measures and priority-setting
methods.” In contrast, Shumway (1983) argues that “the perceived benefits to most
organizations of the more sophisticated procedures are apparently outweighed by
their cost.” Moreover, the extreme uncertainty surrounding knowledge produc-
tion further limits the potential of sophisticated methods (Shumway, 1981). As
a result, research managers often turn to simplified methods, knowing that data
errors far outweigh errors caused by imprecise procedures.

Factors influencing the choice of an appropriate method

Following the three requirements suggested by Braunschweig (2000) in choosing
an appropriate method, i.e. transparency, participation, and standardized measure-
ment, the strengths and shortcomings of the different approaches are summarized
below.

Use of rule-of-thumb approaches continues to decline with the availability of
alternative procedures that can account for new research programs and the inno-
vative nature of new science or new research areas with high potential. Alternative
approaches, including cost-benefit and economic surplus analysis, mathematical
programming, and simulation models, all require the research evaluation analysts
to play the key role in the priority-setting process. It is in the scoring model that
extensive participation at each stage, i.e. eliciting information, defining the crite-
ria, assessing the alternatives, and establishing priorities, is required.

The cost-benefit analysis and scoring models are fairly transparent because,
in both, the process of generating priorities is easily understood. Cost-benefit
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analysis focuses on the economic impact of research. The other dimensions of
research benefits are only included to the extent that they can be quantified in
monetary values. Simulation models can also take into account a wider range
of research effects. However, they do not provide a ranking of research projects
based on multiple objectives.

Applied economic surplus analysis of welfare gains is being increasingly
applied with the availability of data on yield gains, reduction of unit cost,
or increase in income based on primary and secondary sources. The measur-
able economic indicators are complemented with qualitative data on expected
environmental effects (e.g. farmers’ perceptions of long-term environmental
changes). This is also enhanced with a detailed account of both quantitative and
qualitative information provided by scientists and experts, including farmers.

Both mathematical programming and scoring can incorporate many different
impacts, including qualitative ones. The scoring model provides a systematic
procedure by dividing the process into two steps: (1) scoring the contributions of
the alternative research options with respect to each criterion; and (2) weighting
the criteria. In the programming model, the decision-maker has to attach utility
values directly to one unit of each criterion, a rather difficult task given the
different measurement units of the criteria employed.

These methods continue to be used according to the requirements of research
organizations, along with various trade-offs considered above. In the process, new
approaches continue to be developed by research evaluation practitioners to over-
come the shortcomings and methodological deficiencies experienced in practice.

Empirical applications in setting research priorities involve a combination
of approaches. In practice, these approaches serve as complementary tools to
guide research planning and resource allocation. For instance, the outcome of
a cost-benefit analysis could be used as the input for a scoring model. Also, the
programming approach could be used to allocate resources to priorities gener-
ated by the scoring model. The expected benefits that are amenable to quanti-
fication (e.g. expected yield gains or anticipated adoption rates) are quantified
while descriptive documentation is used for those that are difficult to quantify.
In the latter case, experts (including both researchers and research beneficiaries)
are important sources of detailed descriptions, which may serve as the basis
for qualitatively understanding the impact pathway and anticipated ultimate
research impacts.

Inclusion of qualitative impacts in priority setting

Since research evaluation and priority setting involve the process of making
choices in the context of scarcity, most of the studies mentioned above have
placed emphasis on the economic principles of efficiency and on costs and benefits
that can be expressed in monetary values. This has raised concerns because
externalities, distributional effects, and longer-term impacts tend to be neglected
with such an emphasis.
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For inclusion of qualitative impacts in priority setting, a systematic process
documentation of the impact pathways is useful in identifying the sources of the
qualitative effects of technology adoption. It helps in clarifying the nature of
impacts by considering whether or not the expected changes due to technology
adoption can be valued using conventional markets, and therefore identifying
variables that have market impacts and those that relate to nonmarket effects
(Bantilan et al., 2005). A listing of the potential positive and negative effects
aids in the analysis of the market and nonmarket impacts of alternative tech-
nology options. This is particularly useful for assessing qualitative effects and
relative preferences among alternatives. It records the market impacts reflecting
yield gains or reduced yield losses and changes in unit cost. The measurement
of environmental effects in monetary terms within the context of economic sur-
plus draws from changes in the social marginal cost of production (i.e. product
supply) and the demand for the marketed product. The inventory of nonmarket
effects may be substantial, e.g. significant positive effects may result in longer-
term yield stability, or increased resource availability in the future. This potential
change may adjust the farm-level benefit calculations for implicit price effects,
which may be positive or negative, reflecting the environmental benefit or dam-
age and a corresponding change in cost. A detailed account of the analysis of
possible market and nonmarket impacts is presented in Bantilan et al. (2005).
This study explains how conventional calculations that exclude environmental
effects can skew measures of the full potential benefits from an improved
technology. It illustrates the critical importance and use of qualitative infor-
mation in understanding the environmental and long-term effects that may be
expected from adoption of natural resource management technologies.

Using the results of impact assessment in priority setting:
learning cycles and feedback process

Ex post impact assessment of research boosts the confidence of scientists, research
managers, and stakeholders and makes a case for enhanced support for research.
Information obtained during the process of impact evaluation can also help in
research prioritization. For example, data from primary field studies provide a
good basis for reasonable estimates of parameters, which are used in the priority-
setting exercise. The essential impact assessment information includes: (1) levels
and speed of adoption, and reasons for nonadoption of technology; (2) farmers’
perceptions of desirable traits or features of technology options; (3) on-farm gains
due to alleviation of biotic and abiotic constraints; and (4) infrastructural, institu-
tional, and policy constraints in facilitating technology exchange.

Two categories of impact data may be developed. The first is a set of primary
data on adoption and related variables generated from formal and informal on-
farm surveys. The second is a set of secondary data based on documentation
(published and nonpublished reports). On-farm reconnaissance and formal
surveys may be primarily aimed at continuously assessing the extent of adoption
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of improved technology from the secondary database. This confirms the
extent of utilization of improved technologies by farmers in the target regions.
Research lag is a major parameter determining the present value of research,
and the cost of miscalculating it in terms of erroneous priority ranking can be
significant. Verification of research and adoption lags used can be accomplished
by cross-checking data from various sources.

Farmers’ opinions on important constraints as well as their perceptions of
desirable cultivation and management technology options may also be generated
from primary surveys. These farmers’ perspectives provide the following informa-
tion: (1) they identify the constraints and research opportunities; (2) they provide
an empirical basis for the expected ceiling levels of adoption, i.e. technologies
introduced in an environment characterized by significant bottlenecks to adop-
tion cannot be expected to have high adoption ceilings unless these constraints
are addressed; and (3) they identify the research options that directly address the
users’ needs and are most likely to be adopted.

Estimates of yield losses due to important constraints and on-farm gains due
to improved technology are also vital pieces of information for deciding research
priorities. Impact studies can be used to validate estimates of expected yields.
Furthermore, the estimates generated from these surveys (i.e. yield gains or unit
cost reductions) also provide a way of predicting the potential supply shift, a
necessary parameter for estimating potential impacts in cost/benefit analyses.

Another important outcome from impact studies is the assessment of
researchers’ perceptions or constraints, which can be technological, institu-
tional, infrastructural, and policy. Two aspects are relevant for seed policy and
priority setting: (a) standard variety release procedures of breeders’ selecting
materials that can make it through the formal release system; and (b) criteria for
varietal release do not necessarily match farmers’ needs and preferences.

In the process of documenting ex post impact using both primary and second-
ary data, it is possible to derive insights that can help better inform ex ante priority
assessment and provide grounds for additional investment in the resultant research
portfolio (Bantilan and Ryan, 1996). However, ex post experience is not the panacea
when revalidating earlier ex ante assessments. At best, ex post experience can inform
the ex ante process, hopefully in a way that helps minimize the moral hazards associ-
ated with scientists’ estimates of their expected outputs and milestones.

Measurement problems

The unique empirical challenge of understanding the expected impact pathway
is aggravated by problems of measurement. The approaches described above
(like congruence, precedence, and scoring) appeal to single or multiple indica-
tors of expected benefits, usually based on readily available, published data or
subjective estimates of the level of relative benefits. Benefit/cost ratios combine
the actual cost of research and development and technology transfer with the
expected stream of benefits based on the levels of technology uptake or adoption.
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The economic surplus principle is based on the idea that improved technologies
are expected to reduce producers’ unit cost of production which translates into a
supply shift when they adopt the new technology. Thus, different measures yield
different rankings, so the choice of criteria and corresponding measures is critical.
The impact of different research alternatives on different criteria is measured on
different scales. Some of these scales are inherently qualitative, which makes it
virtually impossible to compare a unit of one criterion against a unit of another
in a meaningful way. As Braunschweig (2000) suggests, a standardized measure-
ment procedure allows the scores for different criteria to be aggregated in order
to obtain an overall assessment of each research alternative.

Measurement problems also have a great bearing on the evaluation of more
strategic research because it does not directly change productivity or production
costs, yet this is a research area that has not been sufficiently tackled by tradi-
tional priority-setting approaches. For example, new knowledge generated by the
research process, even if it may not be directly applicable in the productive sector,
may still have substantial value in terms of strengthening scientific capacity.

Data availability and reliability

Relevant primary and secondary data are essential in ensuring objective priority-
setting processes but data availability at the disaggregated level (or even at the
national level) is usually constrained, especially in many developing countries.
The problem of data reliability is pronounced because of the forward-looking
nature of priority setting whereby expectations on key variables are required.
This raises the issue of developing suitable elicitation techniques and identify-
ing experts who can provide reliable subjective judgments on the likely costs,
benefits, and other variables of research activities.

Minimum data requirements and database development

To identify the essential data requirements for research priority setting, this sec-
tion uses the whole research—development-impact continuum discussed above.
This continuum spans all stages from initial research efforts to expected impacts
on farmers’ welfare gains.

In agricultural research, the initial stages involve basic research, such
as development of breeding populations and germplasm characterization.
Subsequently, scientists engage in both applied research (e.g. development of
seed-based technology with testing leading to an identifiable product) and
adaptive research (the stages of testing leading to release of technology by the
national agricultural research system). The final stages represent the develop-
ment of optimal seed multiplication strategies and adoption of the technology,
i.e. the final stages to achieve impact. This sketch helps in identifying the types
of information and the minimum data set required for priority setting.

To illustrate further the identification of minimum data requirements, we use
the specific example of chickpea biological nitrogen fixation (BNF) research,
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starting with the identification of the research objectives, i.e. improving the

nitrogen (N,) fixing ability of chickpea. This involves the following activities

(Bantilan and Johansen, 1995):

Stage 1 involves the development of the concept of genetic alteration of the
plant for better nodulation, through selection within existing cultivars.
This stage leads to the basic concepts and methodology for the develop-
ment of the improved technology.

Stage 2 involves the actual conduct of the prescribed selection procedure to
identify lines with superior N, fixing capability and their validation in
on-station experiments.

Stage 3 involves on-farm validation of the value of the selections. Note that
stages 1, 2, and 3 represent the basic, applied, and adaptive research
components in the development of this technology.

Stage 4 is the demonstration, extension, and adoption of the technology
among farmers. The process underlying the adoption of the technology
characterizes adoption-related variables like adoption lag, rate of adop-
tion, and ceiling level of adoption, as described below.

Introduction of a new technology is not usually met with immediate adop-
tion. The gestation period between the generation of a technology and its adoption
varies by sector, commodity, and type of technology. There are farmers who
adopt only after the effects have been convincingly demonstrated. Farmers may
hesitate to adopt a technology due to the difficulty in its use, nonavailability of
the inputs required, market uncertainty, price fluctuations or preference for very
low crop management technology. Thus, the level of adoption may be initially
low, rising at an increasing rate after sufficient diffusion is attained, and finally
reaching a ceiling level of adoption.

Based on the above sketch and the priority-setting framework described ear-
lier, the basic data requirements and the steps required to develop the support-
ing database can be identified:

1. Identify the elements of the research portfolio to be prioritized. This may
disaggregate by crops, research themes, programs, projects, or constraints.

2. In the case of commodities, assemble data by country or region on the area,

production, and consumption of these commodities.

Define agroclimatically homogeneous regions.

4. Collect data on key factors involved in the various stages of the research proc-
ess. For example, to estimate the expected impact for the BNF research illus-
trated above, previous average research experience shows that it takes around
5 years to undertake basic and strategic research, 4 or 5 more years to produce
an improved variety, and another 5 or 6 years to reach the ceiling level of
adoption (ICRISAT, 1992).

5. For computing estimates of the potential benefits of research, build on
the research objectives and corresponding measurable criteria, which may
require the following data:

* yield gain
* unit cost reduction

(O8]
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» production
e consumption
» adoption estimates

6. Estimate the probability of success of each research option.

7. Assemble data on prices and price elasticities of demand and supply for each
commodity. Include data on discount rates, exchange rates, transport costs,
and potential spillover effects for traded commodities.

8. Assemble data on research costs for measuring costs relative to research
benefits.

Structured database

Systematic calculation of the measures of the various priority-setting crite-
ria requires a structured database. The database developed from the research
evaluation and priority-setting process contains comprehensive information on
variables including research objectives, target research domains, estimated yield
losses, expected yield gains, probability of success, adoption rates and ceiling
levels, research and adoption lags, expected output, and manpower and capital
requirements. This database serves as a benchmark or reference for research
evaluation of future projects. This database should be continuously updated
through impact monitoring.

Institutionalization

Research evaluation and priority setting within an organization involves a
sustained effort to establish a built-in mechanism for setting priorities as part
of the decision-making and research management processes. In this case, the
management evolves a continuous cycle of priority setting with a defined and
regular interval to provide an avenue of feedback and timely redirection of
research. Establishing such a mechanism will require the following essential
steps: (1) adaptation of a uniform methodological framework to assure com-
parability and consistency of identified priorities; (2) regular database update;
(3) establishment of a monitoring process for performance, adoption, and
impact; and (4) training to develop the capacity of scientists associated with
priority setting. Training is essential not only to undertake priority setting
consistently and objectively, but also to achieve transparency and active par-
ticipation within the organization. Finally, in order to institutionalize and
facilitate organizational priority-setting processes, ex ante impact analysis
should be written into research proposals such that movement along the
research evaluation and impact pathway continuum can be monitored, so that
any necessary mid-course adjustments can be made and ex post impact assess-
ments done. A decentralized process using nested institutional and project
logframes may help to identify milestones for institutional and individual
project evaluations.
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Research priority setting: international dimensions

The international dimensions of research priority setting may be exemplified
by the exercises conducted by the CGIAR. Its priority-setting initiative was
driven by a determination to build an objective and transparent basis through
its Medium Term Plans (MTPs). The 15 centers belonging to the CGIAR faced
the challenge of a changing external environment where funds for research were
declining, and pursuit of a focused research agenda became imperative. This
change motivated stronger accountability and a search for an objective research
priority-setting and resource-allocation process among the CGIAR centers
operating around the world.

During the late 1980s to the early 1990s, the CGIAR Technical Advisory
Council’s (CGIAR/TAC) guidelines identified four basic factors for identifying
agricultural research priorities. These included (CGIAR, 1988):

» Comparative advantage (e.g., the advantage that CGIAR has in undertaking
projects where long-term, continuous effort is required)

* Internationality (i.e. the existence of externalities and spillover effects)

* Partnership (i.e. encouragement of intercenter and center-NARS activities)

* Efficiency and equity

The last factor especially related to total potential benefits and high expected
payoffs, with consideration to the distributive consequences of successful
research. This means identifying the area (ecological and geographical regions)
and people affected, the benefits of research in relation to costs, feasibility of
implementation and successful completion, and potential effects on the liveli-
hoods of the poorer or marginalized sections.

The CGIAR evolved a structured priority-setting strategy aimed at reflect-
ing its multiple research objectives. The determination of the priority research
portfolio was built on an analytical priority-setting methodology based on a set
of measures established for each of four criteria: economic efficiency or total
welfare gain, equity, or distribution of the total welfare gain, sustainability, and
internationality. Several CGIAR centers applied a similar set of criteria but
evolved their own systems, depending on their requirements and capabilities.
For example, a more significant effort for the 1994-1998 priority-setting exercise
at ICRISAT, one of the CGIAR institutes mandated to target semi-arid tropics
(SAT) research, involved application of a participatory approach. In this case, the
problem was one of prioritizing among numerous competing research possibili-
ties to make optimum use of scarce research funds against the background of a
strategic plan. ICRISAT used an ex ante multiobjective framework, considering
indicators for economic efficiency, equity, internationality, and sustainability,
for assessing research priorities. A supply-side methodological orientation was
used to complement the (CGIAR/TAC) demand-side analysis. The distinct
advantage of the quantitative framework that was established is that at a time
of intense competition for scarce funds, it makes explicit the benefits that would
flow from additional investments to an institute as well as the opportunity
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costs corresponding to reductions. The priority-setting methodology used for

ICRISAT was found to provide clear criteria for establishing choices among

competing research activities. It is more analytically rigorous, draws on scien-

tists’ empirical and intuitive knowledge base, and is transparent and interactive.

Research themes were identified as impact-oriented, projecting clear milestones

against which progress can be measured and evaluated. The assumptions about

prospective yield increases, research lags, probabilities of success, and adoption
lags and ceilings are tested against actual delivery of a new research-induced
technology. This forms an integral part of the research evaluation process and
facilitates revising priorities in the light of such experiences. This methodology
was also later applied in other CGIAR centers (Kelley et al., 1995; Bantilan and

Ryan, 1996; ILRI, 1999; IRRI, 1997).

In a follow-up MTP cycle 1998-2000, CGIAR centers pursued extensive
discussions with partners where broad targets were identified that captured the
areas of research and the nature of the benefits they intended to deliver through
these partnerships during this particular MTP period. For example, four targets
were articulated by ICRISAT:

Prosperity. Poverty is a fundamental cause of hunger, disease, environmental
degradation, and a host of other afflictions. Since the majority of the poor in
the SAT are engaged in farming or other agriculturally related enterprises, the
road to prosperity lies toward the development of more productive and efficient
agricultural systems.

Diversity. Poor farmers with small landholdings cannot afford the risk of
being overly dependent on just a few crops or cropping systems. Diversity
creates options; it spreads risk; it evens out peaks and valleys in labor use
and income; it enables the creation of added value by expanding the applica-
tion of farmers’ management skills to new enterprises. More diverse, com-
plex cropping systems are usually more robust and stable, and sustainable
over time.

Environment. Environmental resources are the fundamental inputs of agricul-
ture. The conscious or unconscious abuse of these resources can throw entire
societies into poverty. This target has particular relevance to the SAT where
poverty is a driving force behind short-term exploitation of the environment
to satisfy pressing food needs.

Inclusiveness. Research products must be understood and valued by those who
use them if they are to have impact. It is difficult to achieve this unless these
stakeholders are involved in the identification of relevant research priorities,
and in the research process itself.

The target of inclusiveness appealed to participatory methods to support the
priority-setting process and decision support tools that facilitate the participa-
tion of stakeholders and allow them to express their preferences.

Subsequent 3-year MTP cycles followed, and the criteria used to rank priori-
ties were more or less maintained across the CGIAR centers. The strategies and
priority guidelines offered by the CGIAR TAC (later called Science Council)
were influential in this evolution. The criteria broadened to consist of: equity,
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efficiency, internationality, sustainability, new science opportunity, relevance
to NARS priorities, and future trends which could change basic assumptions.
Notably, major efforts continue to be launched to consult NARS partners and
other stakeholders in the setting of priorities. The approaches to strategic plan-
ning and priority setting in the CGIAR continued to advance in the past few
years, where the basis of priority setting has not only become more inclusive and
participatory, but also increasingly appeals to process plans for strategic plan-
ning, impact pathways, situation and outlook analysis, periodic commodity and
sector reviews, and more systematic understanding and foresight of the external
environment and megatrends.

CONCLUSIONS

Priority-setting exercises have evolved in response to the need felt by scientists and
research managers for simple and transparent procedures for making resource
allocations to research projects. Research managers have come increasingly to
realize that in order for research resources to be used efficiently and effectively,
there should be a clear basis for setting research priorities. Complex considera-
tions have to be weighed by the priority-setting process, and guidelines that are
consistent with the broad agenda of research investment should be pursued for a
problem-based, impact-driven agricultural research for development.

This chapter covered several important considerations that have to be weighed
by the priority-setting process. It featured recent trends in the global agricultural
research-funding scenario. These trends provide compelling reasons for a seri-
ous initiative among research evaluation practitioners to provide more system-
atic guidelines for research planning and priority setting. A simple research
evaluation and impact pathway framework was discussed to identify the key
parameters and minimum datasets needed for prioritization. Factors includ-
ing government policies, expansion in demand and supply and other key issues
not covered by the simple framework were discussed to feature some potential
areas for enhancement. This chapter also discussed the multiple-criteria nature
of agricultural research priority-setting processes, making a special mention of
mainstreaming poverty.

The issue of choosing an appropriate method from among the several methods
in practice was addressed with an overview of the various approaches and a
discussion of their advantages and disadvantages and their suitability in differ-
ent situations. It was shown that in many cases, analysts combine two or more
methods and tend to complement the intuitive judgments of research managers
and administrators with the scientific intuition of scientists and researchers.
While measurable economic benefits lend strong support to the priority ranking
of a research portfolio, additional considerations involving (a) the inclusion of
qualitative impacts; and (b) utilization of ex post impact assessment in priority
setting, were also elucidated.

As the analysis presented in this chapter demonstrates, the recent method-
ologies developed illuminate not only the relative economic benefits accruable



62 M.C.S. Bantilan and J.D.H. Keatinge

from alternative strategies but also the trade-offs which might be implied in the
distribution of benefits. A good balance between theoretical rigor and practical
feasibility in the priority-setting applications is needed. According to the avail-
ability of more disaggregated data, these approaches allow the determination of
the distribution of benefits among the poor or nonpoor sections of the country.
These considerations are of interest to policymakers who are required to make
judgments on the allocation of scarce resources.

The final sections of this chapter expounded on the issues of institutionaliza-
tion and the international dimensions of research priority setting in agriculture.
It reiterated the message that in order to institutionalize and facilitate organiza-
tional priority-setting processes, ex ante impact analysis should be written into
research proposals such that movement along the research-development-impact
pathway can be monitored to enable learning so that any necessary mid-course
adjustments can be made.

The information given in this chapter serves as an exemplar illustrating the
assessment and prioritization of research projects, as per the differential nature
of specific institutes. It demonstrates the need for more comprehensive measures
that could be used to evaluate research priorities by taking into account the
broad and diverse nature of research objectives today.
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CHAPTER 4

CREATING AN EFFECTIVE PROCESS TO DEFINE,
APPROVE, AND REVIEW THE RESEARCH AGENDA
OF INSTITUTIONS IN THE DEVELOPING WORLD

RODOMIRO ORTIZ AND JONATHAN CROUCH!
CIMMYT, Apdo. Postal 6-641, 06600 Mexico D.F., Mexico

INTRODUCTION

Agricultural research should be equally driven by society’s interests and
researcher’s opportunity-creating capabilities, because economic, social, politi-
cal, cultural, and environmental needs, especially in poor rural areas, should be
addressed by the ingenuity of scientists orientated within integrated, problem-
focused interdisciplinary research initiatives. Problem-solving research requires
inputs from different parties across the entire value-chain that brings their
perspectives, and maybe changes their views during a participatory consulta-
tive process in which stakeholders (including scientists) engage in practices of
joint inquiry, collaborative and active learning, and adaptive management.
Stakeholders of a research agenda are drawn from government (national,
regional, and local), civil society (including farmers’ organizations, non-
governmental organizations [NGOs], and public concern groups), and the
private sector (particularly small to medium sized enterprises). Collectively
they should own the process for establishing the complex and evolving research
agendas required for today’s agriculture. Transparency for priority setting and
accountability through monitoring and evaluation are required to ensure an
effective research undertaking whether international, regional, national, or local.

The resource allocation process may promote a conflict against an agenda
solely driven by one of the stakeholders that, for example, may focus on science
per se (or basic research), instead of emphasizing problem-solving research
that impacts on livelihoods. The latter, known as research-for-development,
combines strategic, applied, and adaptive research agendas. Scientists today
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in many public sectors’ advanced institutions face the challenge of remaining
in “blue sky” (basic) research that lacks an obvious problem-solving focus, or
is unable to find a niche in the research-for-development continuum. Sumberg
and Reece (2004) advocate that by conceptualizing and organizing applied and
adaptive research activities, as the industry does toward “new product develop-
ment”, agricultural research will be better able to respond to enlarging agendas,
increased expectations of impact, and declining budgets. Flexibility should also
be built into the process to deal with unexpected fluctuations in funding and
other external influences, plus the occurrence of new opportunities that fit into
the mission. These factors are always present and shape the evolving agenda of
any research organization.

The research-for-development approach replaces the old disconnected
concept of “research and development” (Ortiz and Hartmann, 2003).
A more intimate and iterative partnership between technology providers and
product development and delivery agents should therefore be sought to ensure
appropriate research planning and rapid uptake of research outputs. The
research products ensuing from this approach are demand-driven, by end users
and not supply-driven by “ivory tower” scientists. Hence, this new approach
closes the gap between research and development (i.e. between innovation and
impact), and ensures that development goals are driving the research agenda. In
this approach research institutes, development organizations, the private sector,
development investors, and governments are all partners sharing the same aim
of accelerating agricultural diversification and commercialization for the agri-
cultural sector. However, what must not be overlooked in this process is the need
for substantial investments in product development research, prototype testing,
and product delivery planning if research investments are to achieve real impact
in livelihoods.

THE FORUM FOR SETTING THE RESEARCH AGENDA

Although, it seems that a participatory approach for defining the research agenda
should be the norm, it does not always happen or it may become a source of con-
flict when stakeholders do not share the same views and a matching of interest
does not occur between investors (or donors), clients (or research beneficiary), and
the scientist. Such a research agenda for agriculture needs to be sustainable and
profitable, particularly to get subsistence farmers into the market economy, and to
get small farmers to become more efficient, productive, diversified, and wealthy.
This agenda must ensure enough food and feed of sufficient quality, which may
lead to healthy and productive people at a time that the world’s population con-
tinues rising rapidly while the global profile of food demands is also dramatically
changing. Given that this may be a difficult task for any specific group within the
value chain, independent forums for research in agriculture have been established
at the regional and global levels to help determine a consensus agenda.
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The global forum for agricultural research

The Global Forum for Agricultural Research (GFAR) was founded in 1996 as a
diverse community of regional and world organizations dedicated to harnessing
agricultural research for sustainable development, a better environment, and the
alleviation of poverty (GFAR, 2004). This forum aims to identify research priori-
ties and opportunities for the various stakeholder groups participating in agricul-
tural research-for-development. GFAR draws on the complementary skills and
strengths of the stakeholders, and encourages inclusiveness while at the same time
forging alliances and partnerships: from setting the research agenda through unbi-
ased priority setting to assisting the implementation of products and measuring
the impacts, which should lead to a true ownership by the various actors engaged
in the whole process. The optimum model would then dictate that this global
agenda would feed into and align with the agendas of regional and subregional
organizations and in turn into national, thematic, and commodity-based groups.

However, the extent to which individual institutions align themselves with
this agenda depends increasingly upon the degree of reinforcement from major
donors. Moreover, the relative success of this approach is also confounded by
the impact of activities by major NGOs and the private commercial sector. Thus,
one of the greatest challenges in this area is not the defining of the agenda per
se, but alignment with (as opposed to erosion by) the strategies of other major
players in the same target domain. It is in this context, that a systematic value
chain approach becomes highly valuable, so as to define the major elements and
linkages impacting the product development, delivery, and impact following
uptake of research outputs. In the past, it has been a great challenge to coordi-
nate or converge the agendas of the many very diverse development investors.
The Consultative Group on International Agricultural Research (CGIAR) plays
a major catalytic role in coordinating these diverse agendas through science-
based advocacy within a unifying framework of specific agricultural products
and their role in stakeholder livelihoods. This role operates in two directions
along the value chain: downstream toward product development and delivery
but also upstream to encouraging advanced research organizations to focus on
issues of direct benefit to those scientific pursuits that will drive future impacts
in agricultural development. There is also an important opportunity to syner-
gize this process by fostering South—South collaboration with advanced research
institutions in the emerging economies of former developing countries.

The Global Forum operates at two levels; firstly, defining activities, projects,
and programs that stakeholders agree to undertake jointly, which constitute
the GFAR Business Plan; and secondly, supporting activities of the GFAR
Secretariat to facilitate the implementation of the Business Plan — through
dialogue, exchange of information, capacity building, and partnership facilitation.
One of the key elements of GFAR plan of action includes the development of
a global strategic agenda for agricultural research-for-development. Such an
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agenda aims at facilitating the emergence of a new normative framework for
agricultural research. The forum provides therefore a means for dialogue that
lays the foundation for better understanding of global issues such as genetic
resources management and biotechnology, natural resources management and
agroecology, commodity chains, policy, and institutional development. This type
of forum is excellent for setting priorities based on immediate needs. However,
agricultural scientists also need to make strategic decisions about investments in
activities that may have dramatic impacts in the 10-15 year time frame. Most
importantly perhaps are areas of research that will open up substantial new
private sector investments streams. Here the consultative bottom-up process
may not be the most effective.

GFAR is not itself an implementing agency and its operations rely on joint
undertakings with its stakeholders, prominently the regional and subregional
forums. At the next level, national agricultural research systems (NARS), which
should include or at least consult with, commodity groups, farmer cooperatives,
and commercialization representatives should also be active in establishing
national or local research agendas. This should be carried out in consultation
with the regional and subregional processes and should focus their roles according
to their respective comparative advantages.

Regional forums

A regional forum such as the Forum for Agricultural Research in Africa (FARA)
relies on the constituencies of the African subregional organizations (ASARECA,
CORAF/WECARD, SADC-FANR), which in turn depend on the respective
national agricultural research systems. Such systems include national agricultural
research institutes, universities, and NGOs working on agricultural development,
agricultural extension agencies, civil society (such as farmer organizations), and
the private sector (FARA, 2004). FARA and the subregional organizations ensure
the ownership of the continental and regional research priority setting that could
lead to enhanced efficiency and shared responsibility amongst their members. To
accomplish their goals, FARA and the subregional organizations work together
sharing information plus fostering and synergizing feedback mechanisms to sus-
tain resources for research in agriculture. FARA acts as a professional body that
gives advice in agriculture to policymakers across Africa. It also coordinates and
facilitates the work of other international and national research organizations in
the continent because of the strong support from its stakeholders sought through
extensive consultations.

Regional forums can also influence the funding of agricultural research
beyond its own constituency. For example, the European Forum on Agricultural
Research for Development (EFARD) used the views of its sister southern
regional forums (AARIRENA, APAARI, FARA, FORAGRO) when devel-
oping the agricultural-research-for-development component of the European
Union “6th Framework Programme” with the aim of actively integrating
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European research into the globalized environment that characterizes agri-
cultural research at the beginning of this century (GFAR, 2001). In contrast,
NEPAD (New Partnership for African Development) and the AU (African
Union) both have similar representation to FARA and both have agricultural
research agendas. However, the current challenge for these three forums is to
ensure complementarity and mutual reinforcement of their respective strategies
despite the different driving forces of their respective mandates. Similarly, many
interest groups based on nonecoregional mandates have convened consultative
priority-setting processes (particularly in the area of biotechnology research),
often with overlapping representation yet divergent conclusions. Seeing this
counterproductive process, ASARECA have consolidated these into a unified
biotechnology research agenda for their Eastern and Central Africa subregion.
Other regional or subregional forums have had less success in this area due to
lack of resources or unresolvable political divergences. Donors have at times
been the most confounding factor in this process, sometimes canceling each
other out through divergent or conflicting agendas. This raises the critical issue
of the role of forums and research institutions in educating donors to fully
understand all elements of the overall situation and the effects of their decisions.
In addition, as regional and subregional forums gain in strength, more and more
donors tend to align with their agendas.

PRIORITY SETTING AT THE INSTITUTIONAL LEVEL

Research priority setting may help research undertakings to be more relevant
and to achieve greater impacts, thereby increasing revenues (Hartwich and van
den Akker, 2000). However, it is often only when resources are becoming scarce
that research organizations make a serious and systematic effort to prioritize
their investments according to the needs of their clients (Alston et al., 1994).
Priority setting, broadly defined for agriculture research, refers to the process
of making choices amongst a set of potential undertakings to clearly outline
research options and to allocate resources between these options (Mills, 1998).
As a result of this priority setting a research system, institution, or program
should be able to select the right portfolio of time-bound research projects
to best serve its mandate, stakeholders, and comparative advantages. This
approach contrasts greatly with the parallel process in the private sector, where
market feedback is almost immediate and each change in operational process
and agenda can be easily evaluated. However, there is no doubt that public
sector research organizations such as plant breeding institutes, in their role
of providing intermediate products to their respective value chain, must find
ways of becoming more intimately and interactively linked to feedback and
quantitative-success assessments from their end users.

Appropriate priority setting should lead to both enhanced relevance and
improved efficiency in the use of research resources, especially at times of tight
budgets (von Oppen and Ryan, 1985). Research priority setting may be a difficult
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and costly activity because it requires substantial expert human resource invest-
ment in planning, consultation, and analysis of information. Nevertheless, it is
critical to carry out this process comprehensively and empower stakeholders
to guide resource allocation to result in useful knowledge and ensuing tech-
nology that address their needs. This also leads to greater transparency and
mutual understanding. In addition, this enables stronger management, as a clear
decision-making responsibility for implementing the research portfolio should
ensue from a participatory priority-setting process in addition to the defining
of clear criteria to measure research impacts when the knowledge and ensuing
technology reach clients. However, the transaction cost of bottom-up consulta-
tive priority setting is rarely quantified. Thus, managers must pursue a fine
balance between investments in consultative decision-making versus confidence
in their own abilities to define critical niche areas of dramatic potential impact
on stakeholders. This is particularly relevant for priority setting during periods
of institutional financial crisis, which as mentioned above, is often the trigger
for such processes. As in these cases, scientists are highly adept at compiling
compelling justifications for business-as-usual scenarios within a supply-driven,
self-perpetuation framework. Here, of course, is where empowered consultation
with representatives from across the respective value chain can play a critical
verification role. Unfortunately even this process is flawed by often being very
pragmatic and short-term orientated and may miss the public good priorities.
The latter can be readily resolved by the inclusion of NGOs and civil society
representatives. The alternative top-down approach should involve a consulta-
tive foresight process that involves world leaders in the respective field (irrespective
of their local experience and expertise) plus regional specialists.

A third approach is to carry out a quantitative Ex ante impact assessment-
based priority-setting process, which may provide valuable data on which to
build a priority-setting dialogue and thereby protect the process to some degree
from the natural biases inherent in bottom-up processes due to the vested inter-
ests of those involved. Ex ante analysis, as with any priority-setting process, is
highly dependent on having adequate reliable data. Such information is relevant
for any type of decision-making and resource allocation process at the institute
level. Combining Ex ante analysis with qualitative knowledge from stakeholders
may provide a particularly powerful approach.

We are increasingly advocating a value chain/business perspective to public
sector priority-setting/operational processes. However, this approach requires
a stringent approach to assessing the missing or weak components or links in
the rest of the value chain in which we are working. In particular, should some
of these be considered excessively rate limiting or unlikely to be fixed, then the
process must have the discipline to drop this part of the agenda and seek new
opportunities. Conversely, if such an opportunity is adopted then a substantial
commitment must be made to fixing those missing/weak components/links,
either directly or indirectly through advocacy or assistance of others to do
so. However, there is an essential component of due diligence and subsequent
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follow-up that is required to ensure this approach is effective. This process
must include an appreciation and monitoring of the essential roles of national
partners, i.e. that the process should result in a complementary, feasible, and
rational portfolio of activities in those partners. Moreover, that for any activities
in new areas that an intimate and iterative skills development and technical
backstopping program is established. The latter scenario is perhaps most
important for activities requiring the development of commercial strength in
existing (but poorly developed) or new product areas. There is often a tendency
to conclude that certain areas have private sector potential and thus they should
be left to market forces. However, this neglects the fact that in many developing
countries the realization of market potential (particularly in resource-poor
areas) cannot get off the ground without some initial public sector investment.
Here agricultural research has a duty to invest in the development of public
goods that will enable the indigenous private sector to develop these niche
markets.

The outputs from research-for-development must be linked to a well-
resourced, capacity-building program such that farmers will be equipped with
plant and animal genetic resources and sustainable plant and animal protection
or soil and water conservation options to cope with changing environments plus
the entrepreneurial skills to assess and take advantage of any agricultural market
opportunity. Research-for-development, keeping in mind the end users, also
operates within a continuum that uses a “means” (research) for an “end” (devel-
opment), thereby leading to impact on both, people’s livelihoods and science. In
this context, target genetic enhancement research topics can be classified into
four broad groups: stability (abiotic), resilience (biotic), productivity (yield), and prof-
itability (added value traits and crops). With this approach, a new working culture
can evolve in which managers internally reward the top performers following
this framework, and externally encourage staff to broaden research alliances or
partnerships for development. Effective networking should go far beyond the
obvious potential partners, as organizations do not necessarily need to share
the same ultimate goals in order to yield advantages from collaboration in their
immediate objective area.

The evolving role of national chief scientist or institutional director of research

The 20th century was witness to a national research system that was influenced
by chief scientists, who shaped the agenda through their interactions with
policymakers. Likewise, powerful directors of research were the drivers of
research agendas in international and national institutes. With the advent of
globalization and calls for more transparency and a client-oriented setting
of the research agenda, their roles are evolving, or sometimes they are being
replaced by national, regional, or international forums (for chief scientists)
or by councils or committees (for directors of research). For example, research
(-for-development) councils or committees are becoming the highest apex for
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policy research, institutional reform, and business development that reflects
a new administration style for organizations operating in a more globalized
research system. Such councils or committees represent the highest ideals of the
organization and serve to guard its scientific and programmatic quality throughout
the respective institutes. These councils or committees ensure quality, advise on
tactical directions, and help scientists identify relevant funding sources.

In this new context, the directors of research have moved to a new dual role as
advisors to research leaders or coordinators, and facilitators at large for imple-
menting the research agenda of the institute. Directors of research should be
therefore seen as the “catalyzers” for new initiatives. In their facilitating role for
tapping resources, the directors of research should match the institute’s strategy,
capability, and needs with donors’ interest.

These new research management arrangements also include research lead-
ers or project coordinators, who may be elected by project members, who
provide research leadership and assist in mentoring the project researchers.
These research leaders provide scientific guidance and assistance in gain-
ing funding for new project ideas, plus ensure project colleagues publish
high quality articles or readily disseminate timely research results and other
information to the broad range of clients the organization serves: farmers,
entrepreneurs, and end users, as well as other stakeholders and development
investors of the research institute.

The sections that follow provide examples on how international, regional, and
national stakeholders (including the private sector) are able to set the agendas
of their own institutions and influence the agendas of their partner organiza-
tions. In general there is a trend toward greater openness and transparency in
the priority-setting process and greatly increased emphasis on end-user-driven
priorities that are addressed through “problem-solving” research that directly
serves the needs of their clients.

National systems, farmer organizations, and participatory research

The structural adjustment programs (between the end of the 1980s and through-
out the 1990s drove a change in the organization of public research in many
national systems in the developing world. In most of the developing world, espe-
cially in Latin America, sub-Saharan Africa, and Central Asia, national agricul-
tural research systems (NARS) initiated priority-setting processes in response
to the fall in national budgets. Although many NARS continue to receive
minimal funding for institutional infrastructure and human resources, most are
now highly dependent upon project funding to carry out their research. This
inevitably means that international aid donors or national private sector directly
or indirectly skews the research agenda of these institutions. Public extension
services in the developing world were often even more severely affected, leading
to weakening or in a few cases elimination of their role. Voluntary organiza-
tions overseas (VSO) and NGOs that benefit from international aid, charity, or
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philanthropy, became major new players for the uptake, adaptation, and imple-
mentation of research results and ensuing products, while also sharing their
knowledge and exchanging technologies with farmers. Similar changes, brought
upon by free-market economic theory and globalization, were already well
underway in applied research institutions across the developed world. However,
these institutions in the United States, the European Union (EU), and Australia
were generally more robust and more able to adapt to the change. Thus, many
NARS in the developing world are no stronger, or in some cases substantially
weaker, now than 30 years ago. However, there are some notable exceptions,
where NARS have grown substantially in scientific capability and financial
strength due to dramatic increases in agricultural commodity exports (such as
Thailand and Vietnam) or substantial increases in production in response to
internal demand (such as Indonesia). This has generally been associated with a
significant increase in private sector investment.

In short, the old system of a national government, through its Ministry of
Agriculture or a national research institute, setting the agenda became old-
fashioned and a more end-user-driven approach began to evolve often largely
driven by donor demands through specific projects or project-based funding
programs. In this way civil society groups, including farmer organizations,
became particularly proactive in highlighting their needs to scientists in order
to bring more wealth and health to the end-user groups they represented. This
clearly provides a more “problem-solving” framework to research projects but
often neglects the long-term strategic research required for future generations of
applied breakthroughs. In this context, priority-setting forums, involving a wide
range of stakeholders, including governments and donors, are now an essential
element in ensuring the right balance and profile of activities within the agendas
of research organizations. Where a conventional market is often not available to
provide this type of feedback, these forums are critical for linking technology
providers and end users. Specific details of how developing country national
programs in India and Nigeria have handled this process can be found in the sec-
tion on case studies, while examples from other countries are described below.

Farmer organizations cofunding agricultural research

The “empowered cofunding end-users” approach has been successfully demon-
strated in a number of countries across a range of commodities. However, for
brevity we just describe two globally recognized success stories from opposite
ends of the development spectrum.

Wheat production in the Yaqui Valley (northwestern Mexico) during the 1940s
was devastated by recurrent stem rust epidemics. Thus, in 1945 the Rockefeller
Foundation established a resistance-breeding program under the leadership of
Dr Norman Borlaug. Although local farmers were initially highly skeptical,
they quickly adopted new cultivars based on Borlaug’s work and also became
convinced of the importance of investments in applied agricultural research and
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breeding. In 1955, the Yaqui Valley farmers received government support to
purchase land and build a research and breeding station to continue this work.
The new station was called CIANO (the Spanish acronym for Northwestern
Agricultural Research Center), and the breeding program based there developed
the wheat lines that contributed to the Green Revolution and were later acknowl-
edged by a Nobel Peace Prize (Ortiz et al., 2007). CIANO later evolved into
the Agricultural Research and Experimentation Board of the state of Sonora
or “Patronato”, and today comprises representatives of all farmers, large and
small, across the state of Sonora. Most importantly, the main source of funding
for “Patronato” for more than 50 years has been the voluntary donations from
farmers in the region which are calculated in proportion to their acreage. This suc-
cess has served as an example for farmers from other regions to join hands with
Federal and State Governments in Mexico. Mexican farmers play a key role in
the process of problem identification and in determining research and technology
transfer priorities (CGIAR TAC, 1998). Every program (or foundation) receives
matching funds from Federal and State governments to complement funds pro-
vided by farmers. Grants are then competitively allocated to projects submitted
to the State foundation boards by the National Agricultural Research Institute
(INTFAP), universities, State and international research institutions operating in
Mexico. Competition amongst research organizations for these funds has steadily
increased, indicating that the empowerment of end users in the priority-setting
process is a mutually beneficial arrangement.

A similar example but from a very different setting is provided by the Grains
Research & Development Corporation (GRDC) which was set up in Australia
in 1990 and became one of the world’s leading grains research organizations,
responsible for planning, investing, and overseeing research and development,
delivering improvements in production, sustainability, and profitability across
the Australian grains industry (http://www.grdc.com.au/). The GRDC is a
statutory corporation, operating as a research investment body in partnership
with farmers and Government. Funding is provided through a levy on grain
farmers. The funding level is determined each year by the grains industry’s peak
body, the Grains Council of Australia. The Australian Government matches this
funding, up to an agreed ceiling. The mission of GRDC is to invest in research
and development for the greatest benefit to its stakeholders: grain farmers and
the Australian Government. The Corporation links innovative research with
industry needs. GRDC seeks a profitable, internationally competitive, and
ecologically sustainable Australian grains industry.

The examples above show that this type of model for linking technology providers
with end users can drive improvements in research planning and funding in both
the emerging developing and the industrialized worlds. Today, farmers together with
their respective national and local governments are playing an increasing role in
setting the agendas and allocating their resources in agreed priority research areas
that address their national and local needs. In most cases, farmers see the value of
providing direct financial contributions to maintain this level of empowerment.
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Participatory research

Decentralized (through disaggregated distribution of responsibilities across
networks) and end-user participatory research with local partners may provide
a new means for ensuring impacts of end-user-driven research in agriculture,
especially when working in marginal, low input, stressful environments (Ortiz
and Hartmann, 2003). This decentralization requires defining target areas,
targeting local research partners for crop and resource management, and shift-
ing responsibilities from a central research station to local undertakings. This
may not only include technology testing but also new material generation
through specific research for further selection and testing. In this way, individual
research programs (irrespective of their size) will deliberately maintain diversity
across locations. Such an approach should be driven by the needs of the rural
poor to ensure such the work impacts positively on their livelihoods.

Agricultural research, aimed at increasing the cost-effectiveness and efficiency
of production, must also follow an agroecozone approach with farmers partici-
pating with professional researchers in developing locally adapted technologies,
which will need to rely on responsive local systems for dissemination to the
farming community. New technology interventions need to assemble a set of
characteristics that reduce yield loss and confer greater yield stability in the
target areas. Input and output traits are included in a market-driven research
agenda. Input traits such as resistance to insect pests, diseases (bacteria, fungi,
viruses), and weeds, or acceptable performance in stress-prone environments
(e.g. owing to drought, heat, or salinity) lead to yield stability, while output traits
affecting quality and end uses provide new options for generating or improving
people’s incomes. Decentralized country-level research programs are mandatory
because this type of research can only operate efficiently when close to the various
targeted agroecozones for each crop. International and national research organi-
zations, including VSOs and NGOs, should therefore play a facilitating role to
allow farmer-participatory research to succeed.

AN ECO-REGIONAL CLIENT-DRIVEN AGENDA SETTING

Economic growth, equity, food security, and ecology are the four criteria for
priority setting when nonresearch concerns guide scientists’ agendas, but as sug-
gested by Hartwich (1998), it may be better to use an end-user perspective when
identifying the criteria to set the research agenda. Hence, a research organization
needs to learn from the market place, and listen to farmers, retailers, processors,
and consumers, as well as to interpret their feedback. It cannot ignore society as a
whole since the state, through taxes and levies, generates income from agricultural
production and exports and redistributes this income to the society or the envi-
ronment. However, farmers and consumers are often concerned with immediate
benefits leading to overuse of natural resources, which may affect the well-being
of future generations. It should also consider other research organizations that use
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research results as inputs for their own research, and the agenda will depend on
both the geo-domain and the topic within the research undertaking.

A bottom-up priority-setting exercise for a research institute with an interna-
tional agenda in agriculture should be based on the priorities developed under
the strategic plans of the global, regional forums or subregional organizations,
which in turn are based on NARS strategic plans. This collective knowledge
and experience of both the research institute and its partners should be fully
considered in any quantitative methodology used. Such a priority setting should
be structured and justified on the basis of relevance to the target environments
and users, the institute’s comparative advantage, and the prospects for achieving
impact. For example, priorities for crop improvement research, should ensue from
expressed needs of research partners, farmers, processors, traders, and other end
users after due consultation in several forums such as networks or collaborative
meetings, symposia, workshops, and farmer field days, as well as baseline studies
for some crops in target environments. Additional objectives for crop improve-
ment research may also be included, according to market and end-user demands,
such as nutritional qualities and other postharvest characteristics.

The CGIAR conducts strategic (mission-oriented) research consistent with
its goals and where it has a comparative advantage that leads to international
public goods (IPG), which benefit all or more realistically many nations (Ryan,
2006). Traditionally, IPG that are of interest to the CGIAR are those that benefit
many countries, and seldom attract private sector investments. During the last
decade, the CGIAR system has initiated a wide range of initiatives to enhance
cost-effectiveness, science quality, and impact on the poor (Shah and Strong,
1999). Most recently, the CGIAR’s vision and strategy has focused on enhanced
collaboration with national and regional partners, within a regional approach
(de Janvry and Kassam, 2004). It is interesting to note that the founding CGIAR
centers were established under a 30-year disengagement vision whereby the
international agricultural research centers of the CGIAR would be replaced
by regional centers of excellence. These regional agro-ecozone centers of excel-
lence should reflect collaborative undertakings between international centers,
national programs, and local private sector as a result of a priority setting that
engages regional stakeholders (Ortiz and Crouch, 2004). Meanwhile, the Science
Council was created to ensure that science in the CGIAR is of high quality and
is relevant to the development goal of the System. The Science Council also
provides independent, credible, and authoritative advice and opinion on strategic
scientific issues relevant to the international agricultural research domain, helps
to develop partnerships with the wider scientific community, and assesses the
impact of knowledge and ensuing technology of the centers that reach clients
worldwide (Kassam et al., 2004). The CGIAR centers’ plans aim to align with the
Millennium Development Goals, which guide the allocation of resources by the
“international aid industry”, especially in regional or national projects.

‘While undertaking research-for-development to address the needs of the rural
poor, the CGIAR centers or similar organizations will need to dialogue with
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national, regional, and international partners from private and public sectors
as well as “civil-society” representatives. Regional centers of excellence offer
ideal hubs for building the necessary networks and partnerships. To ensure
sustainable local capacity in research-for-development in the long term, the
organizations closest to the target beneficiary must work in coordination with
those along the full research-for-development continuum In this type of part-
nership mode, everyone is then encouraged to define his or her own compara-
tive advantage niche area in the continuum and focus the maximum effort on
this area, although then retaining the necessary time commitment during their
priority setting and review processes for intimate and iterative contact with
representatives across the entire value chain. Clearly, it is most efficient and
powerful when such value chain committees are created, governed, and staffed
by unbiased third parties. In this case, all members of the value chain can most
efficiently tap into this central independent committee as opposed to creating
their own. Moreover, the power of committees is substantially enhanced under
these circumstances and offers the opportunity of closing the loop and filling
the remaining rate limiting factor regarding subscription and reinforcement of
priorities set by such committees by the major donors interested in that area.
Some donors have already committed to this process, by making it a primary
criterion for potential grantees to demonstrate how well their project proposals
align with the agendas defined by key international priority-setting bodies, e.g.
the Science Council of the CGIAR. With such community coordinating proc-
esses in place, it is then plausible that this approach will also offer leverage with
donors not previously focusing in such areas.

The need for involvement in such agenda setting organizations becomes ever-
more important as the geographical proximity between technology providers and
technology users increases. Here there is less-tendency for upstream research
institutions to become directly involved in downstream activities in their tar-
get regions. However, there is a tendency to become increasingly isolated from
downstream input in priority setting and review whereupon the impacts of
upstream research will be low if activities are not driven by downstream needs.
Thus, the overall conclusion is clear, upstream institutions are rarely good at
downstream activities and vice versa, thus partnerships operating under the
orientation and empowered feedback of value chain community bodies may
be the most effective way forward. There is therefore no justification — in terms
of costs and sustainability — for an organization to come from afar to remotely
carry out downstream activities related to its research outputs; i.e. on the devel-
opment side of the research-for-development continuum (Ortiz and Hartmann,
2003). Thus, the partnership approach must prevail, whereby the agroecozone
(or global) challenges dictate which partners and respective CGIAR centers will
collectively determine the best way to address the problem according to this
engagement protocol. This means CGIAR partnerships should be tailor-made
to meet a particular challenge rather than maintained to serve more generic and
detached goals.
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Defining the implementation team

In this regard the research organization should identify a target population of
end users in a defined agroecozone based on an analysis of rate limiting issues
adversely affecting the commodity-specific value chain to livelihoods that can
be improved through research-based activities. Together with key partners, such
research organizations must integrate the research-for-development agenda into
an achievable operating framework that leads to impacts on the war against
poverty and hunger through improved livelihoods. Such an approach must be
defined by respective comparative advantages (from local to global) based on
competitive edge (i.e. the “niche” of each partner) and bring other actors (from
indigenous to foreign) as needed in problem-solving plans. At the same time, it
is essential to define a priori the currency of the impact that is being targeted,
and will thus be used in subsequent monitoring, review, and evaluation. At
different stages along the value chain, institutions may be aiming for increased
stable and resilient productivity, reduced poverty, improved food security, and
reduced hunger, or improved livelihoods. Hence, in this model the CGIAR ful-
fills multiple roles as a catalyzer that brings new and improved technology, as a
bridge by leveraging the knowledge gap through training national and regional
manpower with the necessary new skills required to best utilize those technolo-
gies, as a broker of (proprietary) technology exchanges, as an advocate to ensure
a well-informed local leadership, and as a synergizer to help ensure that all com-
ponents and linkages in the value chain that are essential for impact of those
technologies are properly functioning. One important issue for public sector
research organizations to internalize is that of comparative advantage niches,
which dictate that, for example, the effective delivery of products from research
is usually best, achieved by NGOs and the indigenous private sector.

Driving impacts from science to improve african livelihoods

The overall rationale, for establishing the International Institute of Tropical
Agriculture (ITTA) was to find ways to enhance yields and quality of African
tropical food crops other than rice; to provide in collaboration with the strongest
university in the region (University of Ibadan), a high level of professional train-
ing, and to be a pacesetter that improved the effectiveness of research, training,
and extension of other organizations in the region. Based on this framework,
defining the most appropriate agenda of a international research-for-develop-
ment public organization such as IITA, it is critical to constantly re-evaluate
recent advances in science and new available technology options, while also
cross-comparing with other providers and actors that can supply technology,
information, knowledge, and skills development to actively synergize the work
of IITA. However, prioritization and implementation of IITA’s research agenda
also depends on the political, social, economic, and environmental factors,
both within the mandate region and globally (CGIAR TAC, 2001). This must
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incorporate both stakeholders’ views and end-user demands, within a defined
farming systems context. Moreover, this requires the formation of intimate
and iterative linkages with those NGOs, NARS, and small-medium enterprises
(SMEs) who will play a key role in delivery of research outputs from IITA and
partners. In this respect, the success of IITA’s activities is highly dependent upon
the creation and coordination of functional linkages along the entire research
to development continuum, in other words, synergizing the value chain from
advanced research institutes (ARIs) to farmer’s fields and beyond.

Changes in external pressures and opportunities plus evolving management
teams are usual for dynamic organizations that aspire to influence others
(Ortiz, 2005). Thus, the main role of science in agriculture has been to guide
the evolutionary process to allow more production with less land and less labor
(Douthwaite and Ortiz, 2001). This research-for-development philosophy also
considers a “small landholder development trajectory” from subsistence to
commercial scale in which the farmers are heterogeneous and research products
help them to move along that trajectory (Ortiz et al., 1999). Opportunity and
vulnerability factors determine what technology may be the most appropriate
in the landholder development trajectory. Researchers therefore need to offer
a broad array of products because low-input environments require a yield-
stabilizing technology, whereas matching technology to achieve high-yield
potential should be developed for high-input environments. Such a differentiated
target needs to be addressed by a heterogeneous and dynamic strategy that will
change at various points in response to changes in external pressures, client
needs, and new technological opportunities. Researchers along this trajectory
must use all available research tools to provide diverse options to help all farmers
in sub-Saharan Africa to move onto the next stage from their respective positions
in the trajectory. By stimulating consumer demand for crops and their products,
and satisfying farmers’ immediate domestic needs, farmers will be assured of
profitable outlets for their produce, and the associated cash earning opportunity.
Increasing productivity per unit area leads to more food, extra produce for
sale, and the possible inclusion of other crops due to enhanced productivity on
the land. Likewise, the higher and more stable yield potential and profitability
permits poor farmers to invest in inputs for producing more food and income,
whereas high yield may lead to reduced food prices for the urban and rural poor,
which leads to monetization of rural areas, whose inhabitants may prefer “money
in the pocket” (income generation) rather than only “a meal on the table” (food
security). Furthermore, high-yielding crops may provide employment for poor
people throughout the trade chain (from harvest to processing).

Selecting a target model of economic development

Hartmann (2004) argues for local production because it is the most stable way
to improve livelihoods, increase food security, and contribute to long-term and
broad-based economic growth. By taking this approach, IITA also addresses



80 R. Ortiz and J. Crouch

food security issues, which are directly related to poverty. Focusing on local
production is also needed because the alternative is food imports and that is
not without limitations because such an approach does not fully accommodate
nuances of geopolitics, climate, food preferences, global and regional trade,
availability of foreign currency, as well as available information and infrastruc-
ture. The wealth creation concept according to Hartmann (2004) is to take what
farmers already produce and use it to earn more income. They can be helped
to sell it at the next rung on the ladder. If farmers increase crop production,
IITA research-for-development should create outlets for their produce. Simple
agro-processing of crops such as banana or cassava can double or even tri-
ple incomes. Similarly dual-purpose crops, for food and feed (Singh et al.,
2003), lead commodities into other users and places, which provides another
powerful poverty reduction concept: the expansion of markets through the
creation of new outlets contributes to price stabilization without the need for
costly government programs. Producers face risks that need to be managed.
The poorer the farmers, the more limited their ability to deal with these risks.
Addressing them, Hartmann (2004) says, is an important strategy for poverty
reduction. Like anyone else, farmers, rural families, and the poor try to avoid
or reduce their risks. Here is a critical point where investor choices determine
options. IITA categorizes the risks faced by producers and rural communities
into four broad groups: biological, commercial, natural, and political. In the
decision process under the IITA approach, preference is given to research-
for-development methods that are less dependent on policies, inputs, costly
government programs and services.

Defining and evaluating the agenda-setting process

IITA pursued an informal priority-setting process that follows consultative
interactions with clients in the formal sector with NARS partners, but also
in direct exchanges with clients or end users such as farmers, or sometimes
consumers. The interaction with farmers and consumers shaped the need for
adding agro-processing for transforming a research output into usable forms
for both farmers and consumers. The successful biological control of crop pests
in cassava and mango, and water hyacinth are examples of this IITA approach
(Neuenschwander, 2004). The prerequisite for the success of such knowledge-
intensive programs is the nature of investor support and financing. It is dif-
ficult to implement biological control options successfully without long-term
commitment to knowledge generation. Indeed, the largest development impact
in sub-Saharan Africa came via support of long-term crop improvement and
integrated pest management research dealing with biological risks (Maredia and
Raitzer, 2006). The most recent impact report to the CGIAR Science Council
indicates that about 80% of the US § 17 billion estimated impact of the CGIAR
in sub-Saharan Africa result from the biological control of pests by IITA and
national partners across the region (Maredia and Raitzer, 2006). This is a truly
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awesome success and as such it is appropriate that one asks the question “what
factors and players were important for the agenda and priority-setting process
that led to this long-term endeavor. Not surprisingly the answer is complex,
since a broad range of actors can be acknowledged: scientists who were on
target with their ideas and translating them into research undertakings, stake-
holders/clients who guided their priority setting, managers who supported the
scientists and sought the resources for implementing their research, and donors
who were convinced by the arguments from IITA managers and scientists and
were then willing to invest in the agenda of the Institute.

The available impact research compiled in this report shows also that West and
Central African farmers benefit by growing about 2 million hectares of maize
(about 37% of country weighted average) bred by IITA and partners in the subregion
due to yield increases of 45%. Long-term research by IITA and African partners
led to the development of improved, high-yielding Tropical Manihot Selection
(TMS) cultivars that increased cassava yields by 40% without the use of fertilizer.
This Pan-African partnership throughout the cassava commodity chain impacts
crop output in the world because of the significant gains in the fields grown by
African farmers. They are not only contributing significantly to the African diet
but also propelling entrepreneur development through agro-processing of this crop
(Dixon et al., 2003). Both examples point out the benefits of having a CGIAR
ecoregional center doing crop breeding, and together with many continental part-
ners delivering the new seeds that impact on African livelihoods. Clearly, there are
some circumstances where NARS are already sufficiently developed to fulfill this
role. In such cases (and the list will hopefully be rapidly expanding), the CGIAR
centers have a duty to rapidly devolve these activities to the national partners
through technology and skills exchange.

Clearly, this ecoregional approach for research shows advantages both for the
research organizations (international centers and regional or national partners) as
well as for the clients (investors or donors, and local end users) Such an approach,
as shown by the examples from IITA, brings the advantages outlined by de Janvry
and Kassam (2004), because it achieves economy of scale in research, internalizes
the international externalities of investment in research and development, elevates
the game to maintain longer term continuity, gives coherence to donor-driven
projects, and provides accountability and resilience to capture. In this regard, by
ensuring appropriate coordination, participation, and partnership with the broad
range of stakeholders, the lack of experience, data or information, and funding
support may be overcome due to the end users’ ownership of the research-
for-development undertakings by the scientists.

INFLUENCES AND OPPORTUNITIES FROM SUPRA-ACTORS

International and national science or research councils, external reviews, inves-
tors or donors, and competitive grant systems also shape the research agenda
of scientists. In North America, Europe, Australia, and Japan, the National
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Research Councils (or similar entities) play an important advisory role to their
government on research matters, and allocate public resources to scientists
through competitive grants based on peer assessment of their research applica-
tions. Public funding is given to those proposals judged to be of the best quality
by the relevant research community, and according to the national science and
technology policy. In this regard, the US Government during President Clinton’s
term in office used the budget to refocus science and technology policy to sup-
port US competitiveness in the global market place (Nameroft, 1997). Similarly,
since the 1970s the EU (particularly Germany), and Japan have focused public
funding on applied research and adoption of technologies that will enhance their
economic growth rather than on fundamental research. There are also initiatives
from the developing world to set up their own funding mechanisms to generate
relevant agricultural research that suits economic needs. For example, the Fondo
Regional de Tecnologia Agropecuaria (FONTAGRO) was set up by the Inter-
American Development Bank and several Latin American and Caribbean mem-
ber states to allocate resources through a competitive grant system for regional
collaborative research on agriculture and food science innovations with the aim
of addressing competitiveness (especially for export trade), poverty (mainly in
rural areas), and sustainable management of natural resources (FONTAGRO,
2004). Similarly, in many countries the research grants of levy-based commodity
groups exert a highly product-driven perspective on their grantees, which in
turn influences the research framework of those institutions with substantial
commitments to this type of funding.

The Millennium Development Goals (MDG) were born after the his-
toric Millennium Declaration adopted by 189 countries at the United Nations
Millennium Summit in September 2002. The MDG called for the elimination or
reduction of poverty and hunger, universal education, gender equality, improv-
ing the health of mothers and children, combating diseases, sustainable use of
environmental resources, and development of fair and open trading regulations
and global partnerships. The MDG are now guiding the investments of the
“international aid industry”, including their funding to research organizations
dealing with international agriculture development.

The MDG and the recent CGIAR system priority setting (CGIAR, 2005a) are
having substantial influence on the shape of any strategy and medium-term plan
project portfolio of the international centers conducting research in agriculture.
The Science Council of the CGIAR initiated this system-level priority setting in
line with its aim to help develop a more cohesive and better-focused, high-qual-
ity research program to alleviate poverty, hunger, and malnutrition. The two
main reasons for this initiative were to ensure a greater impact of the CGIAR
centers through a more consolidated research focus and to avoid dispersion and
redundancy of research agendas at a time when there is pressure for the goals
of the CGIAR to widen, while at the same time its total budget in real terms
is reducing. Moreover, the considerable and widespread shift from unrestricted
to project-based funding is considerably complicating centers’ ability to retain a
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sharp focus. The multipronged approach of the priority setting followed by the
Science Council was both analytical and broadly consultative with stakeholders
(CGIAR, 2005a). The Science Council reviewed the total research portfolio of
the CGIAR projected to 2015 and sought to focus the CGIAR research agenda
on five priority areas for research: sustaining biodiversity for current and future
generations; producing food at lower costs through genetic improvement; creat-
ing wealth among the rural poor through high-value commodities and prod-
ucts; combining poverty alleviation and sustainable management of natural
resources; and improving policies and facilitating institutional innovation. The
Science Council together with the CGIAR Secretariat further review and refine
this agenda at the center level through External Program and Management
Reviews (EMPR) of the centers. Prior to the EPMR of any center, the Science
Council seeks the views from the CGIAR membership (mostly the investors for
each center), other clients, sister CGIAR centers, and the CGIAR Secretariat
that assist in defining the issues to be addressed during the review, in addition
to generic matters covered in the terms of reference of each review team (CGIAR,
2005b). The CGIAR centers also commission external reviews (CCER) on
selected research topics or management issues. Such CCER are a tool for the
Governing Boards to facilitate their oversight roles including the relevance and
quality of science. The quality and utility of the CCER may vary but surely their
recommendations can influence the agenda of the centers, especially when based
on feedback from partners and clients of the centers.

Focusing on the primary product and comparative
advantage niches of the institution

The International Maize and Wheat Improvement Center (CIMMYT) was
established in 1966 to build on the successes of the germplasm and knowl-
edge generated in relation to improved crop management by 1970 Nobel
Peace Prize winner Norman E. Borlaug and coworkers in Mexico In 2003,
CIMMYT entered an intensive “soul-searching” phase triggered by financial
constraints. As a consequence, the Center established a new program struc-
ture to bridge disciplinary and commodity (maize and wheat) divides that
often occur among most large research centers. At the same time, the new
operational vision required CIMMYT scientists to frame their activities in
the context of a value chain in which CIMMYT’s improved wheat and maize
germplasm was just one component. This strategy was the result of a highly
participatory process including empowering partners as an essential prereq-
uisite to building the trust necessary to enact the new vision. Moreover, the
new vision and strategy embraced a whole new way or working, particularly
with partners. The need for this change can be directly attributed to the need
to operate in the context of a value chain or more precisely a value web where
failure in any component, and more importantly any linkage, will affect the
overall success of every contributor.
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In its new vision and strategy, CIMMYT makes a major commitment to
assisting in the overall coordination of the value chains in which it operates
— to the extent of ensuring that all essential components are equally active and
that all linkages are fully functional. Accordingly, CIMMYT structured its
research programs to meet local needs with six thematic programs to catalyze
interdisciplinary research done in collaboration with a broad range of partners.
The programs were designed to maintain a clear focus on livelihoods and pro-
duction systems rather than on commodities or disciplines. In this way, the new
organizational structure reflected the commitment to implement research as
integratively as possible and considering the different natural, economic, and
cultural factors determining where and how maize and wheat are grown, marketed,
and consumed. However, more recently some flaws have been highlighted in
the CIMMYT strategy that led to the recommendation that the center should
pursue a business plan development process (CGIAR, 2005c).

Creating a business plan forces a very different set of introspections compared
with defining a vision and strategy based on a generic value-chain framework.
Interestingly, in defining the operational details underlying the vision and strat-
egy, it was realized that it was more important for organizational structure to
directly respond to the demands of the operational plan than to symbolically
give weight to the vision. In this context it seemed clear that the interdiscipli-
nary organization structure needed to be commodity-based (product-driven) as
opposed to ecoregionally based (client-driven). That is not to erode the influence
of client-driven priority setting but simply acknowledging a tactical operational
reality. This is also to some extent a reflection of the Science Council’s strategy
for centers such as CIMMYT to draw away from finished product development
and to increasingly focus on more upstream IPG. Although, of course, all the
while maintaining a strong value chain perspective to all aspects of their work.
This is an important insight into the consequences, both in terms of dura-
tion of transition and transactional cost, of dramatic changes in the agenda.
Nevertheless, the business plan process provided a valuable opportunity to focus
on defining comparative advantage niches around which to define the hard
structure of the organization. However, CIMMYT acknowledges that pressures
to make substantial agenda changes are an increasingly frequent event. For this
reason, the soft structure of the organization has been designed to be incredibly
flexible and easily changed.

After launching the “Seeds of Innovation™ vision and strategy, the ecore-
gional programs were CIMM Y T’s implementation units and served as the basis
for working out a conclusive, prioritized research agenda in consultation with
stakeholders. The ecoregional consultations allowed CIMMYT to define priority
investments that should result in innovations such as genetically enhanced seed-
embedded technologies or conservation agriculture to sustain African liveli-
hoods. Other priority areas included managing risk in rain-fed wheat systems
of West and Central Asia and North Africa, better income options in high-
potential areas of the intensive maize and wheat agro-ecosystems, particularly
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in South Asia, China, or Mexico, and conserving natural resources in maize
tropical ecosystems while improving the human well-being of the inhabitants of
Latin America and East Asia. These operational frameworks remain as impor-
tant now as they were during the last 2 years, except they are now implemented
in practice at the project level rather than symbolically through the organization
structure. Needless to say, in institutional cultural change terms, it was critical
to have passed through this intermediate institutional structure phase, as it
would probably have been too difficult to make the same transition in opera-
tional mindset by a single direct step. Again, it is critical when restructuring the
institutional agenda to bear in mind the plasticity of the current organizational
mindset if the change initiative is to be rapid, effective, and sustainable.

Establishing a trait-based operational framework is also the only feasible
option for ensuring effective integration of new technology innovations resulting
from reductionist research in biotechnology and bioinformatics. However, the
critical challenge for such a structure is to ensure that priority setting and review
of outputs is carried out in an end-user perspective with the context of the target
product. Equally important, of course, is ensuring that downstream feedback
also influences the agenda of those ARIs that are very often key providers of
upstream technologies. In essence, this is all a question of fully and comprehen-
sively defining the value chain, within which we are working, and then ensuring
an intensive and iterative dialogue amongst all members during priority setting,
project planning, and review. One mechanism to ensure the effectiveness of
this process is currently being pilot-tested by CIMMYT through the launch of
trait-based global initiatives, coordinated by CIMMYT but with equal input
from and empowerment of all members across the value chain towards col-
lective priority setting, fund raising, and project implementation. These global
stakeholder initiatives effectively serve many of CIMMYT’s projects, guiding
priority setting, fund raising, project implementation, and product delivery. For
other projects, entities are emerging or are already in existence that can provide
a similar multidisciplinary multiinstitutional framework.

To facilitate the management of the projects, the Business Plan clusters the
projects under two commodity pillars (Global Maize and Wheat Programs)
and two thematic support units (Genetic Resources and Enhancement, and,
Impacts, Targeting and Assessment). Such organization of the research
agenda preserves the conceptual framework of “Seeds of Innovation” in which
CIMMYT research-for-development uses the continuum formed by two kinds
of livelihoods systems: those in which maize and wheat are the staple food of
rural households and others in which maize and wheat should generate income,
foster economic growth and alleviate poverty. An overarching philosophy for
all projects is to establish intimate and iterative linkages to the other projects
through a trait-based framework.

In summary, the Business Plan 2006-2010 describes how CIMMYT opera-
tionalizes the agenda it defined through widespread consultation in its “Seeds
of Innovation” vision and strategy document. Through eight impact-oriented
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Projects, CIMMYT will create maize and wheat technologies that foster both
poverty reduction and food security, while contributing to resource conserva-
tion and sustainable development. The process by which the Business Plan was
crafted involved both the Board of Trustees and Center staff and a diverse cross
section of stakeholders — so it was at the same time bottom-up, top-down, and
highly consultative. It reflects input from development investors and partners, as
well as other stakeholders, provided through the participatory process that led
to “Seeds of Innovation”.

THE ROLE OF THE PRIVATE SECTOR AND THE IMPORTANCE
OF INTELLECTUAL PROPERTY PLANNING

Another area needing special attention, especially in international public
research organizations, refers to partnerships with the private sector, particularly
at a time in which publicly funded research has declined by more than 50%. At
the same time, the private sector has assumed an increasing share of agricultural
research and ownership of new technologies. The emergence of global markets,
biotechnology, and information and communication technologies have a strong
influence in changing the strategic direction of agricultural research. However,
the potential impact of these technologies has led to a huge emphasis on intel-
lectual property (IP) protection of the outputs from investments in these areas,
including by advanced research institutions in the public sector. In a liberalized
economy, public and private sectors must therefore work together to promote
economic growth with a shared interest to enhance markets for local and export
trade, create more employment, and generate higher incomes. However, strategi-
cally we must be careful to define how much influence private sector interests
may have in shaping the overall agenda. This relates to careful consideration
of the implications of forming partnerships, accepting funding, and carefully
investigating the IP scenarios associated with inputs to research projects.

The nature of public and private sector applied research and plant breeding is
changing, with the public sector acquiring some of the characters of the private
sector and the private sector performing some functions of the public sector.
Meanwhile, we are firmly trapped in an era of declining public investments in
agricultural research, which is most severe in near-to-market activities such as
cultivar development. This is a global trend affecting both developed and devel-
oping countries. Public investment in germplasm enhancement can be readily
justified because of the large spillover benefits to society. However, this is often
not reflected in government policy. At the same time, the global excitement sur-
rounding the genomics revolution creates substantial opportunities for private
sector funding of biotech-assisted germplasm enhancement. Unfortunately,
these usually involve some level of IP protection or confidentiality agreement
that may constrain the development or distribution of products to stakeholders.
In contrast, it is increasingly difficult to defend the use of public funds for the
development, multiplication, and distribution of new cultivars, as these are
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inherently private sector activities for many crops in most regions. Innovative
approaches to technology swapping, material licensing, contract research, and
even royalty payments all offer opportunities to counteract the effects of these
trends, and providing they are carefully and strategically managed, the net long-
term effect is likely to be beneficial.

Public—private partnerships depend on mechanisms that represent and give
voice to both private sector interest for commercial profits, and public goals to
share benefits for the society at large. Mechanisms should be sought to bring
together government policymakers and private actors to establish a dialogue that
leads to a shared vision of agriculture and rural development, which leads to a
common agenda for agricultural research, and an appropriate division of labor
and resources in joint ventures. However, the creation of effective public—private
sector partnerships should be designed to liberate additional funds for neglected
research areas that are core to the long-term sustainability and impact of germ-
plasm enhancement. In particular, investments in long-term research projects
that lack immediate financial gain. Yet this will lead to an increasing need for
public sector breeding programs to protect their own germplasm so as to have
some bargaining power with the large multinational companies (MNCs).

It is also important to appreciate the nonrevenue-based advantages of creat-
ing public—private sector partnerships. As the public sector develops a more
commercially orientated relationship with the private sector, it will be concom-
itantly building a stronger relationship with entities that will be increasingly
important for uptake of research outputs. These linkages will be important
for translation and delivery of research outputs to poor-farmer constituencies
as tangible impacts from investments in public sector agricultural research.
If properly planned and managed, these relationships should evolve into a
strong mutually beneficial collaboration between public and private sectors.
And finally, beyond the financial gains for public breeding programs, some
have long since argued that society at large (in both developed and developing
worlds) will be best served by a nonmonopolistic mix of both private and public
sector plant breeding (Simmonds, 1990; Innes, 1990). Moreover the time is
well overdue that the medium to large private sector sector companies in well-
developed commodity markets are coerced to return to the CGIAR some of
the profit resulting from their free access to enhanced germplasm from the
TARCs. However, this does not suggest that there should be any erosion of the
“free-to-all” access to wild and unimproved germplasm (such as landraces).
Although some level of cost recovery may need to be considered that has
already been implemented at ICRISAT (discussed in detail below). Conversely,
it will be increasingly seen as the CGIAR’s role to support the development of
small private seed enterprises in countries where this is not readily occurring
spontaneously. In these countries, the role in developing effective cultivar test-
ing and release systems will be as important as it is already perceived to be for
assisting the development of biosafety regulation systems for the introduction
of transgenic crops. At the same time, the increasing tendency for patenting
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plant cultivars (mostly so far related to transgenic lines) is driving a radical
change of culture in the plant breeding business where monopolization will
have a much more drastic effect than it would have done in an era where such
cultivars were just protected by plant breeders’ rights. In this context, widely
available products of germplasm enhancement will be an important IPG of
the CGIAR and one that development investors will hopefully consider to be
an important use of public funds.

Counteracting the negative impacts of consolidation in the seed sector

There has been a steady fall in the number of public sector plant breeders and a
dramatic increase in the number of private sector plant breeders. This is a global
trend with substantial implications for training of the next generation of plant
breeders and for the level of diversity maintained in our agricultural systems.
The public sector must provide a major contribution to both these areas. By
rebuilding critical mass in public plant breeding through innovative partner-
ships with the private sector, the CGIAR and NARS will be substantially more
capable of offering in-depth training in plant breeding. This will positively con-
tribute to the strength of plant breeding capacity in NARS, SME, and CGIAR
breeding programs. It is also envisaged that this would allow a great focus on
retaining genetic diversity in contemporary breeding pools. Thus, alliances with
private sector plant breeding programs would be expected to lead to sharper
focus and defined comparative advantage, more efficient breeding systems, more
proactive promotion of products, adequate plant variety protection in target
regions, and increased negotiating and legal skills.

By economic necessity MNCs focus more on crops and traits of importance
to major high value regional production areas. There is a clear rank order that
private sector investment follows; firstly, high value plants that are difficult to
propagate on-farm — such as vegetables and fruits, secondly, hybrid crops (in
view of the “biological protection system” for investors leading to a high prob-
ability of repeat sales) particularly where there is a premium for specific quality
traits, and finally wheat, rice, maize (in view of having the top three production
areas). Although commercial seed production has limited economies of scale,
it does offer economies of scope, such that once a production and marketing
system is in place for more profitable seed crops, other types of seed can be
added. Unfortunately, emerging seed systems are also very easily destroyed, thus
CGIAR centers have a crucial role to play in helping to design emergency seed
programs in ways that do as little damage as possible. It is also necessary for
public sector plant breeding to accept the critical role of strengthening SMEs so
they can successfully deliver effective products in niche markets such as resource-
poor cropping systems. In addition, consolidation threatens competition and
innovation in plant breeding. By strengthening SMEs it should be possible to
counteract this effect. At the same time, an increased proximity to SME breed-
ing programs should result in an increased adoption of outputs from publicly
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funded research. Thus, from all angles, it is increasingly clear that public plant
breeding programs must build strong links with the private sector to ensure an
appropriate product development and delivery pathway. However, the CGIAR
must also take every available opportunity to counteract global trends that give
preference to larger companies and thereby foster consolidation, in particular by
fostering SME breeding programs. Although at present the situation is perhaps
still relatively balanced. For example, in maize there appears to be a dominance
of a small number of companies but in fact there is a sizable proportion of the
market held by a large number of small regional companies, and a third portion
is held by a smaller number of companies of intermediate size.

As we approach scenarios that are perceived to facilitate greater private
sector influence, there is a critical need to introduce a substantially greater
diversity of stakeholders into the decision-making process. Research through
commodity associations works best where farmers control the level of funding
and the research agenda. Although this will undoubtedly increase transaction
costs, it should be argued (and actively pursued) that international develop-
ment investors will welcome this move and in turn be rewarded by greater
unrestricted funds allocation. There is no doubt that this mode of opera-
tion will require innovative and sometimes unique forms of collaboration.
Inevitably this will require substantial efforts in the area of innovation policy
development and advocacy. There is also a great need for the CGIAR as a
whole, to help improve the cultivar testing, release, and protection systems in
many developing countries. The inadequacy of these systems is holding back
private sector investment.

Dealing with the indigenous private sector

As the public sector develops a more commercially orientated relationship with
the private sector, it will be concomitantly building a stronger relationship with
entities that will be increasingly important for uptake of public research out-
puts and for translation and delivery of these research outputs to poor-farmer
constituencies as tangible impacts from investments in public sector agricultural
research. If properly planned and managed, these relationships should evolve
into a strong mutually beneficial collaboration between public and private sec-
tors. In this regard, the 2001 International Treaty on Plant Genetic Resources
for Food and Agriculture established a multilateral system of access to plant
genetic resources (PGR) and benefit sharing arising from the use, including
commercial, of those PGR included in this multilateral system (FAO, 2004). In
its article 13d, the International Treaty refers to sharing of monetary and other
benefits of commercialization, which is activated when someone acquires mate-
rial from the multilateral system, incorporates it into a product that is a PGR,
commercializes it, and then protects it in a way that restricts subsequent access
and use of the product. In practice, if someone takes a utility patent on the product,
benefit-sharing will be required, where if one takes out plant breeders rights,
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benefit sharing will not be required, as this form of IPR (intellectual property
rights) explicitly allows the protected cultivar to be used for further research and
breeding (Fowler and Lower, 2005).

Some level of cost sharing may also need to be considered as has been imple-
mented since 2000 by the International Crops Research Institute for the Semi-
Arid Tropics (ICRISAT) with the private seed sector in India through their crop
improvement consortia. The defining framework of ICRISAT’s research and
breeding consortia is that although consortium members contribute a modest
amount of funding, the products are all freely available to all. That this approach
can work has been demonstrated in pearl millet, pigeon pea, and sorghum where
the private sector consortium members fund a substantial portion of the costs of
ICRISATs core research and breeding agenda for India. All materials ensuing
from this public—private partnership are freely available to public sector through
the use of a material transfer agreement. (MTA) The consortia’ agreements
facilitate improved use of ICRISAT-bred germplasm by the private sector, which
in India are the most important delivery agents for improved germplasm in these
crops. ICRISAT applies a rolling scale of charges based on the amount of invest-
ment they have made in that material. The work plan of each crop-breeding
consortium is approved by their respective Advisory Committee, which serves
for a 2-year term, and consists of three professionals drawn from the private
sector members, two from ICRISAT staff, and one from the Indian Council of
Agricultural Research representing the national public sector.

OPTIONS AND RECOMMENDATIONS

This chapter advocates a participatory, all-inclusive bottom-up approach, and
warns us of the shortcomings of selective, exclusive top-down setting of the
research agenda. However, rarely do the outputs of diverse consultation result
in a unanimous consensus. Once all the input is on the table it is only an insti-
tution’s management team who can effectively assimilate all the data and create
a rational and coherent agenda that offers the best compromise between what is
needed, what can be funded, and what is the institutions comparative strength
to implement.

In recent years lobby groups have stood against biotechnology using inflam-
matory arguments. Whether the statements are truthful or not is clearly beyond
the scope of this book. However, there is no doubt that such bioethic issues must
also be addressed by both managers and scientists as they finalize the research
agenda of their organization. Voluntary codes of self-regulation for this kind of
research are not enough since as activists point out, scientists cannot be allowed
to act both as judge and jury®. Society should agree therefore on appropriate
regulatory and evaluation frameworks for such research undertakings to ensure
a working environment in which the facts of Science and its positive impact on

2 http://www.etcgroup.org/article.asp?newsid=562
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livelihoods can prevail. Clearly there is little consensus across regions, govern-
ments, and societies regarding these issues. Thus, we would argue that it is the
duty of agricultural scientists to provide a variety of options from which market
forces and social judgments can make their own choices. Not to do so would be
forcing our own personal moral frameworks on the agenda of our institutions.
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CHAPTER 5
THE RESEARCH DEPARTMENT AND INSTITUTE

SHLOMO NAVARRO AND GAD LOEBENSTEIN
Agricultural Research Organization, Volcani Center, Bet Dagan 50-250, Israel

THE RESEARCH DEPARTMENT

The researcher with his/her team of technician(s) forms the basic unit of a
research department. Often a researcher with professional and managerial skills
of leadership forms a working group, on a specific range of projects integrated
within a general concept. Researchers or research groups operate within a
department.

Departments can be organized according to scientific disciplines (discipline-
oriented departments), such as genetics, plant pathology or post harvest
physiology, or types of production (product-oriented departments) such as
animal husbandry, vegetable crops, fruit crops, etc. In both cases the common
background of the researchers and their fields of research forms the basis
for cooperation among them that often results in interaction in projects,
exchange of ideas, and better use of technology needed for the realization of
the projects. Often within a team of researchers in a department, there are
researchers with different expertises, skills, and approaches that complement
each other, which are essential to advance the projects. For example, within
a department of Plant Virology it is advisable to have an entomologist for
work with insect vectors, a molecular biologist for cloning and transforma-
tion, an electron microscopist (if an electron microscope is available mainly
for the department), a serologist for developing identification methods based
on serology, and a tissue culture specialist for obtaining virus-tested plants
and transformation. However, often, budgetary constraints limit the number
of scientific personnel. Therefore, it is often necessary for a researcher to
have more than one obligation. Thus, for example, the scientist with a specific
expertise (virologist, phytopathologist, or entomologist) should also have the
responsibility for a certain group of crops, or in a production department the
scientist will have to deal with more than one crop. In each case it is advisable
that each researcher has his/her job description, but allowing him/her sufficient
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time (about a third to a quarter of his obligations within the department) to
pursue research according to his own wish and professional interest. This is
similar to the obligations in a university department, where each staff member
has a teaching obligation and a research area, which is generally only broadly
defined.

The size of a department is determined by the needs of the farming com-
munity, government budget allocations, available grants, and history of the
department. Often the permanent staff is small but due to sudden needs
and problems, successes in grant approvals and students who come with
their own grants, it may increase several times more than the number of the
permanent staff.

Presence of students in the department are a major asset. While in university
department’s students are the norm, an effort should be made in a research
institute to attract students — for M.Sc. and Ph.D. degrees as well as postdoc-
toral students. This can be done by a liaison agreement between the Institute
and a University, fellowships and good facilities for the students. The presence
of students in the department creates a lively atmosphere, opens new vistas and
ideas, forces the research staff to keep up with the literature, and often brings
new technologies to the department.

It is advisable to locate all the researchers of the department together and not
to spread them out in different buildings. This is imperative for having better
communications between members and efficient use of equipment.

The department provides common services to the researchers such as
greenhouse maintenance, culture rooms for insects, acquisition of expensive
equipment, and media preparation.

Technicians

Qualified technicians are most important for the good functioning of
the research and the department. They participate not only in the good
execution of the research and data recording, but might also be involved
in the planning of the experiments. Once they consider themselves as part
of the team, their motivation, involvement, and observations of the results
will increase markedly and they often will see details that did not come to the
attention of the researcher. The researcher will do well if he listens to the sug-
gestion of his/her technician. When the technician actively participates in the
planning and/or makes significant contributions to the research it is advis-
able to add his/her name as an author in the publication. It is advisable to
employ technicians who have a good training, preferably with a B.Sc. or even
a Masters degree. It is also of advantage if the technician advances his/her
knowledge by attending courses, seminars, and even working on a more
advanced degree.
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COMMUNICATION IN THE DEPARTMENT

Good communication among the research staff within the department is of
utmost importance for its smooth functioning. Timely seminars and journal
clubs, and discussions of the ongoing and future research projects achieve this.
Staff members and students should give seminars, both on their own research
projects, as well as on new “hot” topics in science. Leading scientists from other
institutions and universities should also be invited, and guest scientists should
be encouraged to present their research.

An extremely important tool for discussing current issues related to the
interest of all department staff is the periodic department staff meeting. These
meetings may be maintained on a biweekly or monthly basis. This is the forum
where administrative announcements are made and routine operational rules
are discussed. These meetings may be held in the presence of researchers only,
or in the presence of the technical and research staff together. In addition, at
least once a year researchers should discuss the way that the department oper-
ates and what research directions should be encouraged or deleted. Discussions
of proposals for acquiring joint and/or major items of equipment are also
encouraged. It is highly recommended that researchers and technicians meet
once a day for an informal coffee break, where all kinds of topics (and gossip)
are brought up. Some departments make the rule of meeting at the last day
of the week where social and personal issues are discussed in an informal and
friendly atmosphere. Such meetings foster better communication among the
staff and are imperative for the operation of the department.

Allocation of facilities

It is the responsibility of the department to allocate technicians, rooms and green-
house space and decide how departmental funds should be spent. The acquisition
of new equipment has to be discussed by the staff members of the department.

The head of the department

The head of the department should be an outstanding scientist, with broad general
knowledge of the department’s research area, up to date with recent scientific
literature, familiar with the agricultural system, and with an aptitude for admin-
istration and personal qualifications for leadership. He/she should innovative and
raise novel ideas and approaches that could contribute to the advancement of the
department’s science. The head of the department should encourage and help his
scientists to submit grant applications. He/she has to be open to the other voices
and willing to hear constructive criticism. He/she should meet informally with
every researcher and technician to discuss the advancement of the research, giving
every person in the department the possibility to express their opinions.
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While he is the “head” of the department he has to realize that research
cannot be directed in the usual sense, and that the individual researcher is
largely the manager of his own project. As the contact between the head and his
researchers is extremely close, the conflict of interest between his responsibilities
to management on one hand, and the ingrained antipathy of the researchers to
management on the other hand, might give rise to strains and stresses. It is only
when the department head is also the recognized leader in the field that a work-
able relationship can be established and maintained. To maintain this position
the department head must also be actively and personally involved in research
and up to date with the literature, and simultaneously devote a considerable
amount of his time to contacts with his researchers (Arnon, 1968).

The head of the department should be sufficiently knowledgeable in the
department’s particular field of research to provide guidance to the researchers
in the department. He/she should feel comfortable of sharing his ideas with
the researchers in the department. He/she should not fear competition and
should not compete with other researchers in the department for funds or
new proposals. On the contrary he/she should promote collaboration and
whenever possible he/she should create the infrastructure for enhancing coop-
eration among the researchers within his department and with researchers
from closely related departments. The head of the department should aim
for cooperation among researchers to achieve interaction that enhances
achievements beyond the additive results of two independent researchers.
By learning the specific skills of each researcher, the head of the department
should be in the capacity to identify who, and on which subject cooperation
of one or more researcher, can bring synergism in productivity. Furthermore,
his/her leadership should expand beyond the existing research objectives and
be able to develop a visionary approach for future developments and novel
technologies. A department head without vision remains as an administrative
manager. The success of a department to carry out good quality research in
harmony is often dependent on the leadership and authority of the depart-
ment head.

There are several systems for selecting and appointing department heads. In
the conservative system, still practiced in some countries, selection and appoint-
ments are the prerogative of the administration, which may or may not consult
with the researchers of the department. The worst cases are in countries where
appointment to head of department is viewed as a political promotion. On
the other extreme, researchers in the department select and elect their head.
Sometimes selection committees, where administration and researchers from the
department and from other institution participate (and in some instances with
farmer’s representative), may evaluate candidates from within or from outside
the department for the position. In such a case it is advisable that the search
committee recommends more than one candidate for the final decision of the
administrator. Another possibility is that the head of the organization selects a
candidate for approval by the department’s council of the researchers.
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The term of office also varies in different institutions. In some of the con-
servative European research or University departments appointments may be
for life. It is however of advantage if the term of office is limited to 3-4 years,
with an option for a second term. This seems to be preferable as it gives the
opportunity for other/new ideas to be applied in managing the department.

Budgets and funds

The available budget is greatly dependent on the proportion of the national
budget devoted to agricultural research and development. As the total national
budget for agricultural research increases, the portion to the specific depart-
ment may also increase. The budget in a specific department may not be the
result of a proportional distribution of the available budget within an institute.
The budget may greatly be dependent on the convincing activities of the head of
department to justify specific expenses. For example, the purchase of scientific
equipment (mass spectrophotometer, high resolution electron microscope) that
the department is the principal user within the research institute may be initi-
ated and purchased by the institute using the budget of the institute, while the
principal beneficiary is the department that initiates the purchase.

A very common issue is the mobilization of funds for the department. In
some countries the government allocates in its budget funds necessary for
research in various fields of science. Wealthy or high GNP countries where the
national priorities for research are set, dictated, and influenced by the govern-
ment policy on R&D generally adopt this centralized approach. Such approach
in low GNP countries may be a serious barrier that necessitates a serious shift
into a decentralized policy that would allow the researcher an independent
stand to the mobilization of funds. In some countries funds are mobilized by
farmers’ organizations or agricultural chamber of commerce. These funds are
made available to agricultural research through various national instruments
developed generally within the ministry of agriculture. To benefit these national
funds greatly depends on the activity of the head of department in close col-
laboration with the researchers of the same department.

An additional significant source for mobilizing funds is through interna-
tional cooperation. The capacity of the researchers to cooperate for mobilizing
such research grants necessitates the encouragement by the head of depart-
ment to participate in these programs for international cooperation. In this
respect, the availability of funds for research within the European Union (EU)
development programs, binational or multinational cooperation programs is
worth mentioning. These programs are directed to foster collaboration among
researchers of various countries. On the other hand preparation of proposals
for some programs, for example, to the instruments developed within the EU,
is not only tedious effort but also necessitates a professional support from spe-
cialized companies. In this aspect, the stand of the head of department has an
important influence on encouraging or discouraging the researchers to devote
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a considerably portion of their time to the preparation of proposals. A careful
planning at departmental level by the head of department in collaboration with
the researchers is necessary.

In some organizations the policy to the mobilization of funds is a concen-
trated activity by the head of department in cooperation with researchers to
identify the available appropriate funding sources. In other organizations each
researcher is responsible for mobilizing his funds for research. The role of
the head of department is less pronounced. There are advantages and disad-
vantages of each of these approaches. In departments where researchers have
developed strong scientific leadership, mobilization of funds is possible without
the concentrated efforts of the head of department. Whereas, in departments
with young and not sufficiently experienced researchers, concentrated efforts in
collaboration with the head of department, should be preferable.

The department should have in addition to the permanent staff and technical
positions a core budget. This budget should be at the disposal and discretion
of the department’s head. The size of this budget should be large enough to
serve as seed money for testing new ideas and getting first results to enable the
preparation of a proposal for a granting agency. This budget might also be used
as a part of the cost for new departmental equipment.

In cases where the core budget of the department is not sufficient to cover
common expenses for maintenance and equipment it may be necessary to levy a
certain percentage on grants as departmental overhead.

University departments

The main obligation in university departments is teaching. The department is
responsible for compiling the teaching curriculum and its smooth operation. This
requires selection of courses and teachers, allocation of graduate students for
technical help in laboratory classes and help in grading examinations, and the nec-
essary equipment for teaching as projecting and laboratory equipment. In some
universities the department also has responsibilities for the research agenda, while
in others the staff within their academic freedom selects their subject for research.

THE RESEARCH INSTITUTE

In large research organizations, with numerous research areas and units, it
is generally the norm to group departments around a certain subject into an
Institute. This facilitates communication between the central administration
and the departments, enables acquisition of joint equipment, may enable inter-
departmental research, and provide services, which the separate departments
cannot afford.

Thus, in an Institute of Plant Science there might be departments of Horticulture
(fruit trees, vegetables, ornamentals), Agronomy (field crops, pasture, medicinal
and aromatic plants, industrial crops), Genetics, Physiology, and Nitrogen fixation.
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An Institute for Plant Protection may have departments of Entomology, Plant
Pathology and Virology, Nematology, and Weed research.

While the research is carried out within the departments the Institute provides
administrative and certain other services (maintenance, transport) and organizes
seminars.

HEAD OF THE INSTITUTE

The head of an institute should be a very senior scientist, preferably one who
served as head of department before. The head of the Institute coordinates work
between the departments; initiates research teams, also with research groups
from other institutes and solves personnel and other problems.

A common problem often encountered in a research department or insti-
tute is the conflict of interests that may derive from the increasing success of
a researcher and the envy developed by the less successful researcher/s. This
human behavior involving emotional responses, in many cases serves as the driv-
ing force for the conflicting decisions or for the way the department or the insti-
tute is managed. This human response should by no means be underestimated
and dealt with maximum objectivity by the head of department or institute.
They should be constantly on alert to spot and timely identify such conflicts
that have disastrous consequences accompanied by the resignation or dismissal
of gifted personnel. The head of department or institute should be as objective
as possible in such cases. A biased stand never brings a solution to the problem.
In extreme cases consultation of an industrial psychologist is most advisable.
The head of department and the institute should closely collaborate at the initial
stages to identify such conflicts as soon as possible to create a favorable atmos-
phere to prevent its expansion as early as possible. They should be aware that
such conflicts are not evident and not easily identified; they remain hidden deep
in the soul of the involved researchers. It necessitates a constant surveillance
by both head of department and institute. Discovery of such conflicts at later
stages, when they become obvious to all, might be much more difficult to solve,
and in most cases they may lead to detrimental and nonrational actions.

The head of the institute serves as a liaison between the central administra-
tion of the organization and his/her departments. In many cases he/she should
be a member of the directorate of the organization. The head of the institute is
a member of various committees of the organization and others, where his/her
knowledge of the various disciplines of the institute is required. One of these
will be the one that deals with staff promotions. The head of the institute
should coordinate work between the departments; initiate establishment of
new research teams, and promote collaboration among them and with research
groups from other institutes, and solve personnel and other problems.

The head of the institute should be involved in the reviewing process of the
research results of the members of the institute, and point out both the strength
and weaknesses of the performed research.
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As to his/her appointment various procedures exist in different institutions similar
to those outlined for department heads. It is advisable to appoint him/her for a term
of 4-5 years, with the option of another term, though in the Max Planck organiza-
tion in Germany heads of institutes are often appointed for life (until retirement).

The head of the institute is responsible for organizing and updating the
research plan of his/her departments, including budget requirements. It is
advisable that he/she has at his discretion an operating budget to encourage
new research areas and proposals as seed money until grant applications can
be prepared and are funded. This budget may be used at the initial stages of
integrating a new researcher in the institute or for encouraging specific pioneer-
ing research upon the decision of the institute directorate. He/she together with
the head of the relevant department has to approve and sign research proposals
and subsequent reports. The head of the institute has an important say when
new positions are allocated. He/she is also responsible for the smooth function-
ing of the institutes’ administration. Often in order to relieve the departments
of administrative burdens, the bookkeeping of the research budgets, personnel
files, ordering of materials, and maintenance works, etc. is handled by the
administrative staff of the institute.

The head of the institute should initiate “brainstorming” session on the main
research issues concerning his institute. Such sessions could be fruitful for bringing
up future research approaches, directions, and areas of potential importance.

REVIEW BOARDS

In many organizations it is common to review the activities and the objectives of
departments or institutes every 4-6 years by examining their performance. The
review board may consist of external and internal scientists, extension specialists
and growers, and representatives of the central administration. It is of importance
that the department (institute) prepares a detailed description of the research
projects, including materials and methods, achievements, and constraints, and
problems encountered during the review period of time. The performance of
research leaders and senior scientists should also be reviewed and they should
present an oral description of their work including plans for future developments.
This is also an opportunity to air administrative and other personnel problems.
The chairman of the committee following the review has to write a report, based
on the panel’s impressions and findings, evaluating the achievements and prob-
lems of the department (institute). This report should include recommendations
to the central administration of the organization. It is obvious that such review
panels have to be budgeted for travel expenses and lodging.
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CHAPTER 6
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WHAT IS LEADERSHIP?

Leadership is the ability to give focus and vision to others, clearly identifying
goals to which others also aspire, thus increasing productivity, efficiency, and
impact. Leadership functions at different levels and in different capacities. It
is different from management or administration. It is visionary, but also has
to be practical, and it operates at many different levels within organisations.
Leadership of small numbers of people can be as important as leading many
hundreds or thousands of people. In fact, the leadership of a large or complex
organisation cannot usually function well unless there are other leaders at a
lower level able to implement the leader’s vision by leading smaller groups of
people towards common goals.

Leadership is often confused with management, and sometimes with admin-
istration. The three often function together, although leaders should, to some
extent, be able to distance themselves from the daily routine that involves
management and administration. They are therefore able to devote more time
to their leadership role. However they must be aware of, if not involved with,
the critical managerial and administrative decisions. Leadership is most often
associated with strategic decision-making, whereas management is essential
for ensuring the vision of the leader can be achieved. Management is more
often associated with tactical decision-making. Management assures the lead-
ership that the capacity to reach the goals is available, that the human and
physical resources are sufficient, and that the organisation functions effectively.
Administration has a more mundane albeit very important role. Administration
ensures effective operational decision-making; to ensure the day-to-day opera-
tions are in place and efficient. Administration has the responsibility for the
working environment, financial records, personnel issues and activities neces-
sary to keep an organisation running efficiently.
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Leadership needs to be visionary, but also needs to be grounded in the current
reality of the organisation. It reflects the personality of the leader. Global
leaders articulate, and confer, the overall vision of an organisation. This vision
may be derived from a consensus with others, or it can also be the leader’s own
vision, which he or she feels is apposite. A person, whose ideas do not address
current needs and who cannot visualise and address emerging needs, cannot be
an effective leader. A charismatic personality advocating goals that are inappro-
priate will not succeed. On the other hand, even the most idealistic vision from
an uninspiring leader cannot hope to be reached unless another leader espouses
the same goals and drives the vision forward.

There are many different levels of leadership, but there must be an overall
leader in any organisation. The organisation may be global, continental, or
national, but the need for leadership will be as important regardless of the
size of the organisation. Agricultural research is no different from any other
organisation or system. It too requires strong and effective leadership to be
effective. If the organisation is decentralised, there must be leaders at each
individual centre, institution, or location. Within any particular institution
there is often a partitioning of research activities into programs or themes with
leaders (who may be known by other titles such as coordinator, moderator or
director), and within those subgroupings the individual projects must have
leaders. It is important to remember, even if we take research down to the field
level, leadership is critical. Leadership of technical or service staff of labour
has a significant effect on productivity and efficiency, although the impact of
leadership at these levels can be reduced through efficient and effective manage-
ment and administration at higher levels.

Some people are natural leaders. When a natural leader articulates a vision
or an idea, many people will follow that leadership through a combination
of the leader’s charisma, the vision that resounds personally with the people,
respect for the leader, and belief in the goals and the vision. Some people are not
born with leadership skills, but these can be learned and their skills improved
over time. Even though leadership skills can be learned and developed, in
many cases the leader who has acquired these skills through his or her career
may always have to work a little harder than a natural leader to ensure that
his or her vision is reached.

WHY DOES AGRICULTURAL RESEARCH MANAGEMENT
NEED LEADERSHIP?

A diverse spectrum of organisations and institutions around the world do
agricultural research. Coordinating their activities to deal with both local and
global issues requires real leadership. Formal agricultural research is done by
universities, national research institutions, independent research organisations,
the private sector, and by international agricultural research centres. Additionally,
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Figure 1. Complexity in agricultural research and the interactions that have to be orchestrated to
ensure visionary leaders for agricultural research management. (see Color Plate 2 following p. xiv.)

some farmers have always done informal agricultural research in their own
fields. This aspect is an important part of the research—development continuum.
Coordination between all of these, to reduce duplication and achieve maximum
efficiency from limited resources is not a simple task (Fig. 1).

This is starting to be addressed through multicentre, multi-institution or
multi-organisation teams addressing common issues. Unfortunately this also
exacerbates friction due to the idiosyncrasies of particular institutions or
organisations, which may be linked to political or national concerns, to different
leadership or vision, or simply to the issue of resource availability.

There are many potential areas of disconnect within research which require
leadership to overcome. There is the potential disconnect between issues which
need to be addressed and the research required to provide the information or
tools to tackle the issues. There may be a geographic disconnect (which is often
considered less of a problem in this more “virtual” environment but is real
nonetheless), or between the disciplines participating in the problem-solving
agricultural research, or a cultural/social disconnect. There may also be signifi-
cant time lags between completing the necessary research and when decisions
need to be made. These time lags also result in disconnects. Of perhaps more
concern is the potential disconnect between basic and applied research, which
is often compounded by institutional or geographic distance. Many universities
are concerned with basic agricultural research that is conducted with the aim
of obtaining knowledge — to obtain theoretical truths and to contribute to
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mankind’s knowledge and development. Universities have in the past had
relative freedom to do this although at present with financial constraints it is
progressively more difficult in some subjects to access the resources to con-
tinue basic research. In agriculture, basic research is an important starting
point for much applied research, which is concerned with specific and defined
problems rather than fundamental issues. Leadership is required to guide or
lead the diversity of organisations and institutions performing research along
this upstream, fundamental research to downstream, more applied research
continuum (and often performing a development/extension function as well) to
ensure minimum duplication and maximum synergy in a global environment.
Not simply leadership, but strong and visionary leadership.

Agricultural research must address problems (current or projected), increase
productivity while maintaining environmental integrity, provide products that
are needed and wanted and which are affordable. A great leader must always be
aware that resources are, and are likely to continue to be, a limiting factor that
must be taken into account. However a leader can also influence those that pro-
vide the resources, thus channelling the resources more efficiently to address the
vision and goals. The management and administration of those resources must
also be done effectively, but the leader is in the position to influence donors,
recognising that resources may often be directed with political or economic
motivations rather than altruistic ones, but is able to direct resources to address
his or her vision. Without visionary leaders, agricultural research would not be
addressing the current needs of the world.

In one example, a leader was able to convince a donor, over several years,
to realign some of their priorities to permit funding of some much needed
agricultural research. The leader needed to spend time to understand the
donor’s constraints and requirements. After this a further period of time was
required to develop an argument which could convince the donor to realign
some of their funds, rather than producing a conflict between the leader’s per-
ceived research requirement and the donor’s responsibilities. Of course, after
agreement from the donor, the leader then had to be able to ensure that the
research was conducted in a timely and efficient manner and that the impact
was clearly visible. However, the investment of the leader’s time and energy with
the donor achieved the goal of realigning the donor’s priorities and facilitating
additional agricultural research funding.

Need for leadership

No organisation is without some form of leadership. There will always be the
need for leaders, but in the absence of central leadership it devolves to individu-
als leading smaller units within the organisation whose vision and leadership
will be followed. An organisation without a central leader is inefficient, with
ill-defined goals, and an inability to address either its activities in pursuit of its
goals, or the needs of its members, effectively. It is also clear that in almost all
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cases, the leaders are, or have been, followers at some point. In many agricultural
research situations the role of leaders is highly flexible. Project leaders may
lead their team, but in turn they are led by a different leader to reach a higher
goal. Within any one team there may be changes in leadership depending on
the level of maturity of the particular group. This is true at all levels and in all
situations.

Leadership is essential, but a true leader knows that they are not person-
ally indispensable. A true leader can always retain the leadership role but is
able to step back from, and delegate, the leadership as and when necessary
(or appropriate), to ensure effectiveness in the organisation. This also ensures
that a new generation of leaders is groomed and able to take up the task. The
quality of leadership is sometimes judged by the leadership produced in others
(Fullan, 2001). However, some leadership styles will preclude this delegation of
leadership, and autocratic styles in particular may make this impractical.

Leadership helps a group to achieve its goals; it assists the members of the
group to satisfy needs, but also mediates, initiates actions, and maintains the
group as a functioning unit (Gibson et al., 2002) The leader represents and per-
sonifies the values, motives, and aspirations of the group. The leader is the focal
point of the group and represents their views in interactions with other groups.

Types of leadership

Many factors can affect leadership and the style expressed at a particular time.
Those who have most influence in organisations are usually those who hold
formal leadership positions. Informal leaders are often well respected, but since
they lack formal authority they usually have much less impact. However, their
skills should not be underestimated as many informal leaders have had a major
impact in many countries, as the politicians that were in power now clearly
realise. In all leadership positions, it is in the decision-making process that
leadership style is often most clearly visible.

In considering formal leadership, there are three clear styles: autocratic
(authoritative), consultative (collaborative), and consensual (delegable).

In autocratic or authoritative leadership, the leader makes the decisions. The
decisions may be made without any apparent consultation with subordinates,
or may be made with some consultation where the subordinates’ role is to pro-
vide information that may be evaluated by the autocratic leader, at which point
the decision is made. Some will consider this form of leadership inappropriate, as
group concerns are not always taken into account. Certainly some members
of the group may find it difficult to react positively to this style of autocratic
leadership. However, autocratic leadership is often effective and can implement
decisions rapidly.

With the consultative style of leadership, the leader will share the problem with
the subordinates either individually or as a group. This style makes the members
feel part of the decision-making process and is more collaborative, although in
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reality the members may have little or no authority in the decision-making
process. In an individual sharing style the leader will exchange views on a one-
to-one basis but opportunity is not provided for the subordinates to discuss the
problem amongst themselves. When this type of leader meets with the members
of the group, the leader will share the problem and obtain collective ideas and
recommendations. The final decision made by the leader may or may not reflect
the views of the subordinates, but their points of view or recommendations will
be taken into account in the leader’s decision-making process.

The third style is the consensual or delegable style of leadership where a
problem is shared with the group and the consensus of the group is taken as
the leader’s decision. This is sometimes called a group style as the leader del-
egates the responsibility for the decision-making to the members and accepts
the decision regardless of his or her personal views. This style is often slower in
implementing change and can be self-defeating as the group or members may
not have the larger centre, institutional or organisational vision as their priority
in the decision-making process.

Many leaders in agricultural research management have to combine these
leadership styles according to the particular circumstances at any one time. The
vision and goals are a prerequisite, and charisma is a very positive trait. Even
with this vision, goals and charisma the leadership style may need to be adapted
according to need. In fact, the types of participation listed by Pretty (1995)
for development programs and projects resonates well with the concepts of
leadership styles, and perhaps also has some salutary lessons which all leaders,
but particularly those in agricultural research, should be cognisant of. If we
take participation, within the context of this discussion, to be participation in a
group with a leader, the leader should be pleased if the participation is interac-
tive and/or functional. This means that the team is working together towards
common goals. At the extreme end of this continuum is the self-mobilised
participation — in some sense this is positive, provided that the member works
towards the common goal, with the team. However, the leader will have to
monitor and evaluate the direction of the self-mobilised member. Moving from
the extreme self-mobilised participation, through interactive and functional par-
ticipation, there are the less palatable parts of the leadership process: the use of
material incentives, passive and manipulative participation. Consultation is still
an important leadership tool. However, the use of material incentives is more
of a management tool to complete a task, not to build a sustainable solution.
As the incentive is withdrawn, usually participation is also withdrawn. Passive
participation comes with authoritative leadership. It has its role in certain
situations, but requires a substantial amount of the leader’s energy to maintain,
as does manipulative participation. In a team with manipulative participation, as
with passive participation, the leader will gain little from the group by way of
initiative and willing contribution to the group’s goals.

In agricultural research it is very important to ensure, as a leader, the right type
of participation by the members of the group. A common difficulty in agricultural
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research in a development context is that of ensuring effective participation by
all the partners. Partnerships with national institutions are critical to assure
funding by most donors, but many researchers fail to ensure their partners are suf-
ficiently committed. In many cases the national partners are merely a name
on a project document and a face around a meeting table. In many developing
countries, where resources are limiting not only for agricultural research but
also personally for those involved in the agricultural research, participation can
often be ensured through the provision of incentives. While this can result in
the name on the project document and a face at meetings, participation through
the provision of incentives does not mean that the participation will be positive
and contribute to the group’s goals. Of course there are always exceptions, but
in general incentives to participate are not usually as effective as some form of
incentive or reward for high quality agricultural research, its implementation
and its impact.

Some of the key issues that the leader will need to take into account in deter-
mining which leadership style to adopt at any particular time will include the
quality and acceptance of the decision (Gibson et al., 2002). Overlaid on that
is the size of the institution, the maturity of the institution and the members of
the group (in terms of professional maturity) and the timescale for the decision-
making process. A large research institution is at one level much more complex
to lead, as there are many different facets of the institution that must be consid-
ered. However, a large institution usually has more resources that can be used to
follow the vision of the leader. With respect to the maturity of the organisation,
it is clear that new institutions are often more flexible and adaptable than older,
well-established institutions. However, well-established institutions benefit from
their experience, resources, and reputation. Professionally mature staff members
are usually easier to lead, as they have more confidence in themselves and their
peers and are less likely to question their own abilities. Professionally mature
staff members know their abilities and the abilities of the institution. Although
professionally mature staff members of any age are an asset to an institution,
they can also be challenging to leadership as they question judgement and
direction. A good leader will take this in a positive manner, as a sign of maturity
and team effort as all concerned strive to contribute towards success of the insti-
tution. Much of leadership is about decision-making at one level or another,
even reactive decision-making, and therefore the process and the consequences
of any particular process are very important.

The quality of a decision is fundamentally determined by its outcomes, and
the degree of positive impact on members of the organisation concerned. This
includes aspects such as workflow, performance goals, work assignments, and
funding allocation. In order to have any impact a decision will usually need
to be implemented through action by others than the decision-maker. The
information on which the decision was based usually has less impact on group
motivation than the personal consequences of implementing the decision. The
degree to which the members will be, or need to be, committed to the decision
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is known as “decision acceptance”. The more that the execution of the decision
will require the members to use initiative and judgement, the more likely it is
that members will have to feel some acceptance of the decision. Similarly, if there
is going to be a strong reaction to the decision, then again the members will need
to feel some acceptance for the decision. If the group feels that they were part of
the decision-making process or did in fact make the decision, they will be more
likely to implement the decision effectively.

However, neither decision quality nor acceptance are sufficient to be able to
judge or determine good leadership ability, because the confounding effects of
the size of the organisation, the maturity of the organisation, the professional
maturity and self-confidence of the members and the decision-making timescale
will all impact on the decision making process and therefore the leadership style.
A large organisation does not lend itself to all-inclusive consensus building.
A small organisation can have informal group consensus based on strong, shared
vision. Young organisations are often dynamic and motivated and some mature
ones can be stagnant and introspective. However, some mature organisations
have developed the ability and confidence to continue in a dynamic growth (as
a result of effective and charismatic leadership?). The professional maturity
of the members is also a key factor. Professionally mature staff is less likely
to feel threatened by change and more able to accept new ideas in a dynamic
environment. However, professionally mature does not refer to age, as leaders
will clearly recognise. The more professionally mature the members, the more
willing they will be to take responsibility and to make judgements on accepting
the decisions of the leader with fairness and in the context of the organisational
vision. The timescale in which a decision needs to be made will also influence the
decision-making style. Where a decision needs to be made very quickly, there is
little time for consultation, and probably no time for consensus, so the decision
may have to be made in an authoritative manner. Outside factors are likely to
be outside the leader’s control and will influence the urgency of the need for a
decision. However, a good leader will not allow these forced decisions to occur
too often.

The historical context can provide a further influence to affect the leadership
style shown in making a particular decision. When a leader has made a series
of positive and successful decisions, the members are more likely to accept an
authoritative decision based on the leader’s track record and their respect for
the leader, even though the natural tendency would be for the members to wish
to participate in the process. On the other hand, one poor decision would be
enough to demotivate the members of the group, institution, or organisation
and they would be less accepting of future decisions and may challenge the
leader.

An institution that has different agricultural research disciplines working
together must find a way to separate the activities into manageable groups. In
some institutions, or at certain levels within an institution it is possible, and
sometimes necessary, to have multiple, strong leaders. This could, in the context
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of agricultural research, refer to research thematic leaders who have a strong
leadership role for their own particular group, but work within the organisa-
tion with their peer thematic leaders. For example, research activities could be
divided in a disciplinary manner, according to agro-ecological or geographical
programs, into thematic groups addressing particular targets, or a combination
of these. The leader of the centre, institution, or organisation will in some
manner, either by appointing (authoritarian) or through consensus, identify
leaders of the subgroups within the institution to provide vision and guidance
to the group. The leaders must also work together to represent all the subgroups
in a forum to the institution and its leader, both to identify success and needs,
as well as to identify longer-term goals to which all the subgroups must work
towards. These thematic leaders, when working with their peers, again most
likely will have a natural or appointed leader to express the views of the group.
Rotating leadership is also possible, but the leaders must have commitment,
vision, and skill to lead, and continuity must be ensured when the leadership of
any particular group changes.

One of the difficulties of appointing leaders through consensus or through
extensive delegated consultation is that the person identified may not have all the
necessary skills to be a good leader. In one example, where teams of agricultural
researchers who had worked together for several years in a mature organisation
voted for their team leaders, the colleagues chosen as leaders by their peers
indeed exhibited the traits of true leaders. Their colleagues chose the best person
to lead them to the common goals based on many years of experience and the
knowledge of what was required for the team to succeed and, perhaps as impor-
tantly, to be seen to succeed. However, in the same organisation, where all the
researchers were expected to vote for higher-level leaders who would have sig-
nificant decision-making authority that would affect resources and potentially
affect individual researchers activities and their perquisites, the researchers did
not always choose the best leader. Instead, in many cases it was the person who
would either most favour the individual or, in the worst-case scenario, have the
minimum negative impact. Where the group of members is not professionally
mature, or the institution is seen by the members as having some inherent weak-
nesses, the leader of the institution must take great care in allowing the members
to “elect” their own leader, so that the needs of the institution take precedence
over individual wishes or needs.

Informal leadership is present in all organisations and is a critical facet to
the functioning of the organisation or institution. An informal leader personi-
fies the values and motives of the group (Gibson et al., 2002) and is often well
respected. Without formal authority the informal leader is able to help a group
to accomplish its goals. The informal leader is often a good listener and is able
to express opinions in a positive and non-confrontational manner. Informal
leadership is very flexible and can change according to need, or to the skills
and knowledge of the leader, which may be pertinent to the current situation.
Informal leaders are an asset to the formal leadership in guiding and motivating
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the members, but informal and/or aspiring leaders can also be a major difficulty
when the group does not agree with, or follow, the formal leader of the group
or organisation.

Effective and ineffective leadership

Effective leadership is often situation-specific. Successful leadership in one envi-
ronment does not automatically confer success in a different environment, but
there are some common key elements that are more likely to make for effective
leadership across contexts. These are good communication, ethical behaviour,
and strategic thinking. A final measure of an effective leader is that they are
followed.

Good communication skills are critical for effective leadership. The leader
must be able to receive, assimilate and transmit information clearly, concisely,
and effectively. In any organisation, it is vital that the leader receives informa-
tion from the members, but similarly the members must receive information
and decisions from the leader, and also have an opportunity for feedback. This
is clearly an upward and downward flow of communication, but horizontal
communication within the group is also critical.

There are many barriers to effective communication. A good leader will
always remember that good communication (which is vital to their leader-
ship position) will depend on the frame of reference of the members, value
judgements, filtering, semantics problems and clarity, time pressure and spe-
cificity. Many of these are particularly important in agricultural research, as
there is a diversity of researchers working on numerous issues that may or
may not be pertinent to their own background or experience. In addition the
researcher’s output may or may not be implemented where they are able to
observe the effect of their research. Communication is critical. If members
of a group are unable or unwilling to communicate, the leader is already at a
disadvantage and must facilitate communication both within the group and,
often through the leader, outside the group. The receiver of communication,
whether they are the leader or the members, will also make value judgements.
The leader will assess any communication on the basis of previous knowledge
of the member or group, while the member will hopefully accord high value
to the leader’s communication and will believe the source to be credible. In a
large organisation, these value judgements will be made at many levels through
the institutional hierarchy, so there can be filtering of the communication and
information in both directions. This filtering is a vital part of management, but
poor filtering can make leadership very difficult and will be an institutional
management problem that requires attention. Within any communication,
language and semantics can pose a major problem, particularly in a global
research community — this is a challenge that any leader must overcome in
order to be effective. The leader must also be aware that too much communica-
tion can waste time and will encourage aggressive filtering in order to maintain
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productivity, and that time pressure, whether with the communicator or the
recipient, will preclude effective communication.

A leader, especially in agricultural research, must act ethically within a number
of levels of accountability to make appropriate decisions and judgements for the
organisations. There are many technologies, processes and procedures available for
agricultural research, and many global needs. However a leader must decide which
goals are most appropriate and which tools to use, bearing in mind global
needs with respect to food, the environment, health and the population, as well
as more local needs and political or resource constraints. These needs must
be interwoven in an ethical manner, and the goals presented with enthusiasm
and commitment. The leader’s decisions should be informed and strategic,
combining long-term vision, with medium-term goals and short-term work-plans
and activities. The leader will then be able to facilitate or catalyse the institution
or organisation to deliver its products.

An effective leader will be able to make decisions that will be implemented
effectively, efficiently, and willingly by the members, whether they are relatively
minor decisions or major decisions that will require institutional change. An
effective leader will be followed; an ineffective leader has to work very hard to
pull the members along his or her preferred route to achieve the organisational
vision.

Levels of leadership

As stated earlier, leadership occurs at all levels in an institution and this can
be seen throughout agricultural research. Leadership at lower levels within an
institution or organisation is a natural part of day-to-day working relationships
as vision and goals are required for all activities. If the end product of a task
is not known or envisaged, the task cannot be performed well, whether this is
simply organising experiments or whether it is to develop a global network.
Leadership at a higher level is more difficult to conceptualise, as there are more
judgement-related aspects to the leadership.

In agricultural research, leadership can be categorised at the project, program/
theme, centre/institution, network, and organisational or global levels. It is very
important to have global leadership to ensure optimum use of global resources.
Unfortunately, geopolitical realities and conflicts can make this idealistic view
the most difficult to implement.

Project leadership is by far the simplest to define. The role of the project leader
is constrained by the terms of reference of the project and predefined goals and
outputs. The leader’s task in this case is to motivate, take responsibility, and
to coordinate, and the output of the project is one indicator of the leader’s
success.

Programme or theme leadership is also fairly simple to define as it is con-
strained by institutional mission, vision, and goals. However, there is some lati-
tude in the leadership, more responsibility is required and some decision-making
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needs may challenge leaders who are inexperienced. A leader of a programme
or theme must still motivate the researchers, who are usually a diverse group
but who still work under the umbrella of the same institution or organisation
and who therefore share common goals. The main difficulty faced by the leader
will be to ensure that the diverse backgrounds and research interests of group
members can work harmoniously together to deliver the group products. There
will undoubtedly be conflicts to be resolved based on differing academic points
of view and on resource availability. Mentoring will also become another impor-
tant role that the leader must assume. This raises another issue which becomes
increasingly important at higher levels of leadership, that of delegation of
authority with the delegated responsibility. For the theme or programme leader
to be effective, higher-level management and leadership must delegate sufficient
authority to the leader to facilitate the successful implementation of the leader-
ship that the theme or programme requires.

The organisational or institutional leadership requires strong vision, in addi-
tion to the other qualities that leaders must have. Without the vision and ability
to motivate, the leader becomes a manager and, while this manager/leader may
well be able to keep the organisation or institution productive, the leader will
lack the ability to implement change to help the institution or organisation
to develop. The responsibility of leading an organisation or institution also
requires a degree of risk management in the decision-making process. Not only
are the goals and vision of the organisation or institution jeopardised by poor
leadership, but also potentially the livelihood and careers of the research-
ers and staff involved. The leader must assess the benefits of any particular
action and assess those benefits against any potential risks. At times the leader
will need to take responsibility for the negative result of some decisions, but
the damage accrued should be minimal if the leader had assessed the risks
accurately and competently.

The leader of an institution or organisation often has a yet higher-level
authority to which the leader is accountable. This can be a Board of Directors
or similar instrument, which has responsibility for the overall direction of the
institution as well fiscal as responsibility. In many cases the leader will work with
the Board of Directors or equivalent body to ensure the smooth progress of the
organisation or institution to the mutually agreed goals. However, this body can
also provide the oversight needed to manage a leader who is not perhaps taking
the institution or organisation in the expected or appropriate direction.

Networks are more complicated to lead, as they usually comprise diverse
researchers in different institutions and at different levels of professional matu-
rity. In agricultural research, these researchers are brought together by a com-
mon goal. But the cohesion of the network may be compromised if some of
the members participate only to acquire resources or because there are material
incentives to participate. Conflicts within networks tend to be more prevalent
and geopolitical motivations can complicate the leaders’ attempts to mediate.
The opportunities presented by networks are far greater if the constraints can
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be removed and the leader has the opportunity and ability to lead the network
effectively.

Organisational leadership generally requires great vision and more highly
developed skills. The leader of any organisation must have a vision and
goals that can be clearly articulated and communicated. This vision must be
communicated not only within the organisation, but must be clearly under-
stood, be appropriate and be communicated outside the organisation. This is
necessary to not only ensure that appropriate and effective partners can be
found, but that the resources that the organisation needs to do its agricultural
research can be acquired. With appropriately delegated authority (which
will include using all the necessary management and administrative tools),
the organisation can then be led to successfully achieve its goals. Figure 2
illustrates some of the complexities of leading an organisation, indicating
the many different interactions and decisions that comprise organisational
leadership.

Global leadership is a different issue. Global leadership can be by an organisa-
tion or by an individual. Sometimes an organisation is seen to lead global vision
or opinion. The common perception is that it is the organisation that sets the
standards and goals. However an organisation which is at the forefront of global
activities will always have a strong and visionary leader of its own. Where the

Vision
Goals Charisma
Agricultural Leadership style
Key attributes  [—| research Autocratic or
leader authoritative
G°9d _ leadership
communications |
- - Factors in decision-making Consultative
Ethical behaviour / leadership
decisions | Organisational maturity |
e Staff professional maturit Consensual,
Strategic thinking | | P yl group or delegable
| Quality of decision I leadership
| Acceptance of decision |
| Urgency of decision |

Figure 2. Attributes, leadership style, and decision-making in leadership at an organisational level.



114 J. d’Arros Hughes

organisation is a global leader, there will of course be that organisation’s leader
driving the vision of the organisation and its strategy. This then translates into
the leadership by the organisation in a global forum. Global leadership in agri-
cultural research influences whether certain technologies are advocated (e.g.
technologies related to genetically modified crops) and, for example, whether
development issues take up a significant part of a national budget and whether
this is reflected in national agricultural research or only through development
funding (e.g. the consensus on the Millennium Development Goals (MDGs)
and subsequent reorientation on funding priorities). It also affects the relative
proportion of investment by the public and private sectors on agricultural
research.

VISION

The key tenet of leadership is to have vision and to be able to articulate and
communicate that vision at all levels. All definitions of vision have a future
direction and an image of where the direction will lead. Vision, communicated
properly, inspires commitment. Nanus (1992) lists five principal attributes that
will make a vision acceptable, attractive, and effective. The vision must attract
commitment and energise people, it must create meaning in the members’ lives,
it must establish a standard of excellence, and it must bridge the present to the
future and must transcend the status quo. These attributes are clearly applicable
to vision as it relates to agricultural research.

All leaders will not only have a vision for the organisation, centre, or group;
a true leader will have a personal vision of which this organisational, centre
or group vision will be a part. The personal vision is what drives the leader.
They know what they want, and where they want to be at some defined point
in the future. Many leaders begin with a personal vision, which is then imple-
mented by the wider group for which they have leadership responsibility.

Shared vision is the result of communication. It is vital that the members
of the organisation or institution understand and are committed to the
leader’s vision — whether that vision was derived personally and authorita-
tively, by consultation or through consensus. Shared vision enables the vision
to become reality. Dynamic, visionary leadership shapes an image for the
desired future of the organisation or institution, communicates the vision
and motivates and empowers the members to reach that vision (Westley and
Mintzberg, 1989).

To lead the management of agricultural research, it is necessary to
have a shared vision within the organisation. Equally important is the
communication of the shared vision outside the organisation in order to secure
resources to implement the vision. It is vital that the vision is communicated
to stakeholders at different levels; to donors, partner organisations, and of
course to the end users.
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LEADERSHIP IN THE CURRENT AGRICULTURAL
RESEARCH ENVIRONMENT

Several important issues in the current agricultural research environment are
critical for higher-level leadership to address. These concern not only the func-
tion and impact of agricultural research as seen from both the global and local
farmer levels, and all other positions along that continuum, but the process by
which the research will be conducted, the resources the research will require, as
well as conclusions, and how to achieve impact with the research results.

The agricultural research environment is a rapidly changing one, perhaps more
so now than ever before. There are many global needs that are, with modern com-
munications, better known than in the past. One of the disadvantages of current
communication methods, particularly in the way that information is broadcast
through the news channels, is the highly selective choice of material and informa-
tion which is made available to the global audience. In times of natural disaster
or other catastrophes, while the initial reports may be factual, the analysis of the
cause(s) is often misleading or incomplete. This can lead to complete misunder-
standing of the issues involved and distract from more important needs.

As more and more information becomes available, it becomes difficult to dif-
ferentiate between useful information and that which is being used to inflame
public opinion. In agricultural research, the researcher must become increas-
ingly discriminating in assessing the quality of the data from the information
that is available through print, electronic, and broadcast media. The task of the
leader in providing the vision for the organisation or institution is therefore even
more complicated and must often rely on analysis of information and data made
by others to reach that vision.

Some key global issues were highlighted in the MDGs. While the needs of
the developed world are to some extent different from the immediate needs of the
developing world, there are many similarities and synergies. Sometimes the devel-
oped world already has a possible solution and the difficulty is in adapting that
solution to the needs of the developing world. An example of this could be
the ready market for goods from developing countries in the developed world.
However, the non-tariff trade barriers which are put in place as a result of the
demands imposed on the suppliers with respect to standards, by the devel-
oped countries, effectively exclude many developing countries from supplying
this market. Either some support to the developing countries to meet those
standards, or modification of some of the standards and requirements would
facilitate the entry of developing countries into these markets. In other cases,
the developing world has the answer to the needs of the developed world. In
many cases these will be natural resources needed in the developed world. This
could include plants with properties which could be utilised by pharmaceutical
companies in developed countries or, as an example related to agriculture, crop
species which could be a cheaper and more effective substitute for some the
requirements of the food industry in developed countries.
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The MDGs are not all directly related to agriculture, but given the reliance
of the world’s population on agriculture and agricultural products, the links
between all of the MDGs and agriculture and agricultural research are clear.
Of the eight MDGs, the ones most closely linked to agricultural research are to
eradicate extreme poverty and hunger and to ensure environmental sustainabil-
ity. However, the other MDGs of achieving universal primary education, gender
equality and empowering women, reducing child mortality and improving
maternal health, and combating HIV/AIDS, malaria and other discases are
also closely linked with agriculture and rural/urban development and require a
global partnership for development. The disparities in progress to meet the eight
MDGs are highlighted in The Millennium Development Goals Report (United
Nations, 2006) and may in themselves reflect the differences in leadership of the
different initiatives to tackle the different MDGs. If we examine the two MDGs
most closely related to agricultural research, it is apparent that while chronic
hunger is decreasing, the number of people who go hungry is in fact increasing.
In contrast, some environmental issues are being addressed, although it is clear
that the constraints related to agriculture worldwide are still affecting production
adversely — in particular land degradation, water scarcity, and pollution.

At a global level one of the main considerations will be how to ensure that
all the partners work together, both equitably and collaboratively, thus ensur-
ing synergy and minimising unnecessary competition for resources. A key part
of any global vision is the process for implementing the fruitful interactions
between diverse players who are dealing with differences in needs, geographical
location, political concerns, culture, language, skills and resource requirements,
and constraints. Even perceptions of goals, resource needs, skill levels, and stake-
holders can be very different, and it takes a leader with a clear vision who can
communicate this effectively to all the players who will be able to meet the chal-
lenge of harnessing such diversity to be able to make a substantial impact.

A common misconception in agricultural research is that global considerations
are donor-driven. In the short term this can be true, as short-term funding is
already targeted for certain activities. In the long term it is the responsibility
of the global agricultural research leaders to ensure that the donors will fund
the needs that are perceived and articulated by the leaders. This does not hap-
pen overnight, but is a long and ongoing process, especially with respect to
government funding. However, the grant-making foundations and other chari-
table donors are generally much more responsive. They are not accountable to
governments for the expenditure, but they are accountable to their Directors,
which may equally constrain their flexibility. In either situation, leaders of agri-
cultural research have the responsibility to be able to persuade all levels of the
urgency and the needs that they have articulated.

The persuasive skills of the leaders are not only required to directly obtain
resources, but also to ensure that innovative and forward-looking processes
are used to implement the agricultural research. Global networks, challenge
programmes, and global initiatives are mechanisms that have to be assessed and
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evaluated for their effectiveness, but new innovative ideas must also be developed,
challenged, and if judged effective, implemented. Many donors are very con-
servative and unwilling to take the risk of funding new organisations or new
mechanisms — one of the leader’s roles is to assist these donor agencies to rethink
their strategies to fit the rapidly changing agricultural research environment.

The most difficult leadership task is to maintain a determined vision to lead
global or national agricultural research through to implementations that have
an impact. But the challenges to lead an institution or organisation are not
much different whether it is a university, a semi-autonomous research entity,
an independent research institute, a government research programme, or
coordinated multipartner research. It is as critical at such levels to be able to
communicate a strong and visionary approach and to ensure team cohesiveness
among the members so that outputs are delivered and impact is made. A key
part of this is helping to create a common commitment within the team — who
are not just a group of people doing their jobs, but a group with common goals
and driven by common beliefs and values. Of course the policy, funding, and
organisational environments will affect the processes that the leader can and
will need to use, but the need to involve stakeholders at different levels of the
decision-making process and to ensure effective communication will remain
paramount goals to ensuring that the leadership can deliver.

IMPACT OF AGRICULTURAL RESEARCH ENVIRONMENT
ON LEADERSHIP

The environment in which a leader is functioning will have an impact both on
the effectiveness of the leader and the leadership style. An effective leader in one
environment may not be able to perform in another environment. This is a criti-
cal point that is not always considered when decisions are made to appoint or
confer leadership. The academic, public, and private sectors have different needs
and requirements and the specific leadership qualities that may be required may
differ, although the overriding requirement of visionary leadership and commu-
nication skills remain. Fielder (1967) proposed three factors which can influence
a leader’s effectiveness: leader—-member relations, task structure and position
power. It is clear that these three are variables that will be significantly affected
in agricultural research leadership by the type of organisation (academic,
public, private) and the organisation’s historical leadership and status. These are
challenges that any leader has to address to a lesser or greater degree.

Where a leader cannot bring an innovative approach and vision to an organi-
sation or institution, it is still possible to lead the members, but the leader will
have defaulted to more of a management role, which may be superfluous if there
is already a good management structure and supporting administration in place.
The role of management in supporting the leadership cannot be understated
either — the critical role of managers in implementing the vision effectively and
efficiently is one of the strategic tools of a leader.
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An interesting issue is the perception of a good leader. As with many facets
of life, the perception of “good” will depend on the subordinates’ beliefs and
judgement, their social environment and needs, and their aspirations, as well as
the perception of their peers. The perception of “good” by the leader’s peers or
superiors may differ from the perception of his or her subordinates or the group
being led. The peers or the leader’s superiors will have different reference points
on which to base their judgements of “good” leadership. The perception of
appropriate leadership qualities is therefore dependent on the context. And
it is important that institutions find leaders that can lead the institution and
organisation in the desired direction, but also for leaders to find institutions,
organisations or causes that can use their particular leadership skills and
experience effectively.

BUILDING LEADERSHIP CAPACITY IN AGRICULTURAL
RESEARCH MANAGEMENT

As leadership is so important in assuring successful agricultural research and
fostering effective agricultural research management, it is vital to ensure that
leadership capacity is built and maintained in the current agricultural research
environment.

Solutions that will enable agricultural research management, both globally
and locally, to achieve its aims, must be built around responsibility, incentives,
organisational support, and resources. When discussing leadership capacity
development, it is clear that this must begin early in the individual’s career when
there is strong motivation but a high level of personal management is needed
and there are fewer leadership responsibilities. As the career develops, the level
of leadership increases and management decreases as a scientist moves from a
research to leadership role. Some scientists are unsuited to a leadership role and
have no interest in being leaders, and some great agricultural research leaders
have little experience in research.

It is also possible to bring expertise from outside the organisation or institu-
tion, or even from outside the agricultural research system, with a very different
viewpoint of the organisation or institution’s goals. In many cases, depending on
the context, it may be possible to bring in leadership expertise from outside the
system. On the one hand, this brings fresh vision, new ideas, and someone who
is not constrained by the traditional systems and processes. On the other hand,
there is a very steep learning curve for someone to tackle new issues and chal-
lenges effectively. If the leader is from within the same sector, the leader will have
significant background knowledge, experience and provide continuity. However,
experience and lessons learned from other sectors will be missing.

The actual process of building this leadership capacity can be formal (through
courses and training for staff development) or informal through mentoring
and on-the-job learning. The process of building future leaders itself requires
leadership and vision. Good leadership is needed to foster this human resources
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development, and it is necessary to have defined the leadership skills required
and the challenges and opportunities that are presented. For instance, current
initiatives within the Consultative Group on International Agricultural Research
(CGIAR) include the Gender and Diversity Women’s Leadership courses and its
Harvard Management & Leadership courses. Many national governments also
run leadership training courses for different levels of staff, and many research
institutions both in developed and developing countries have recognised the
need to foster leadership potential. Development agencies are also fully aware
of the need for staftf development particularly in research leadership (University
of Toronto, 2005). The private sector has often ensured that their staff is trained
and leadership skills in particular are developed and focused on corporate needs
in order to facilitate the corporate development and the need to ensure profits,
which will pay their staff.

THE ART AND SCIENCE OF LEADERSHIP IN AGRICULTURAL
RESEARCH MANAGEMENT

A visionary leader in agricultural research management has to combine many
roles, and will probably have a lot of experience on which to draw. It is not pos-
sible to give a definitive recipe for what makes leadership work, as most good
leaders will challenge any set process or procedure. They will challenge in a
positive way, with the intention of improving it, but they will not fit into any
stereotype that could be defined.

Any shared vision must be inspiring. To know, feel, and understand what inspires
any particular group of people will depend on the environment and context — this
is part of the art of great leadership. To merely inspire is insufficient — a leader
must find a way to ensure the job is done (and done well), either by demonstrat-
ing the way, or guiding the process.

Leaders must understand themselves, not only the vision they are seeking to
communicate, but their own strengths and weaknesses. They must be able to
build on their strengths and to demonstrate confidence. If a leader does not have
confidence in his or her vision, no one will!

In agricultural research management, the members who are to be led will
generally have strong opinions, be free-thinking and may be highly critical.
However, these are characteristics of good research scientists and therefore the
leader must be willing and able to take on this challenge where even the most
enlightened and visionary leaders will be criticised by the members of the group.
There is an art to leading and managing agricultural research, where not only
the research is of critical importance, but perceptions of the end product, ethical
and political issues, and environmental concerns also influence behaviour and
therefore the task of the leader.

Leadership in agricultural research management is usually challenging, and
often with many more constraints than opportunities. However, with effec-
tive leadership of productive groups, institutions, or organisations, agricultural
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research can and will deliver products which can affect the lives and livelihoods
of every person on the planet. The leader’s role is to make sure that this impact
is positive and that the agricultural products are produced safely and efficiently,
regardless of where the product is grown and where it will be consumed, and
that a strategy is in place to address the needs of a growing population, with
disparate resources and needs, around the world.
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CHAPTER 7

BIOETHICS IN AGRICULTURAL RESEARCH
AND RESEARCH MANAGEMENT

ANNABEL FOSSEY

Forestry, Natural Resources, and the Environment, CSIR, PO Box 17001, Congella,
Durban 4013, South Africa

INTRODUCTION TO BIOETHICS

Ethics is a field of study looking at moral standards that govern the
appropriate conduct for an individual or group of individuals. Simply, ethics
can be defined as a method, procedure, or perspective, or norms of conduct
that distinguishes between acceptable and unacceptable, right or wrong,
behaviour. In the field of ethics, the term “bioethics”, first coined by Potter
in 1970, is a relatively new term when compared to medical ethics and the
philosophy of science. Potter proposed a new discipline as “the science of
survival,” which “would attempt to generate wisdom, the knowledge of how
to use knowledge for social good from a realistic knowledge of man’s biologi-
cal nature and of the biological world”. In 1998 Macer proposed a simpler
definition by referring to bioethics as “love of life” involving analysis of the
benefits and risks arising out of the moral choices affecting living organisms
for the good of individuals, the environment, and society. Today, bioethics is
an integrated discipline involving ethical analysis of participants that could be
affected by decisions taken. Ethical enquiries address ethics and life sciences
connecting new developments in technology, biotechnology, medicine, biology, and
environmental sciences with social sciences like philosophy, religion, law, and
public policies.

People obtain their values from their parents, families, and teachers, who in
turn are guided by their surrounding culture. The world’s great varieties of cul-
tures are moulded through teachings in schools, politics, television, the media,
books, the law, faiths, and philosophies present in societies. Many people’s
beliefs about what is right and what is wrong, what should be accepted and what
should be rejected, is greatly influenced by the various religions in the world,
often referred to as worldviews. We therefore find great variation in what the

121

G. Loebenstein and G. Thottappilly (eds.), Agricultural Research Management, 121-147.
© 2007 Springer.



122 A. Fossey

different peoples of the world believe is right and wrong. We may be tempted to
want our own traditions to count more than those of others, which is problem-
atic under a democracy. In a democratic society a cardinal principle is that we all
have equal rights and must respect one another’s cultural differences. It is thus
important to be ethical about ethics itself. Although it is a reality that different
societies have different moral values, there is consensus about the important
core moral values:
* Generosity and compassion
* Inclusiveness
 Fairness and justice
* Truthfulness and integrity
* Freedom
» Respect, including self-respect
 Effort and perseverance
* Responsibility
Bioethics in agriculture is a rich field of applied ethics and is viewed more
broadly, to include ethical evaluation of all actions that might help or harm
organisms capable of feeling fear and pain. Questions about animal rights,
business ethics, food ethics, genetically modified organisms (GMOs) and foods,
political ethics, land ethics, and environmental ethics all feature in agricultural
bioethics. One of the important ethical questions in agriculture is: Is there justi-
fication for the use of modern agricultural biotechnology tools such as recom-
binant DNA techniques, commonly known as genetic engineering, to create new
genetic organisms?
The four fundamental principles of bioethics include:
Beneficence, which refers to the practice of good deeds
Non-maleficence, which emphasizes an obligation to not inflict harm
Autonomy, which recognises the human capacity for self-determination and
independency in decision-making
Justice, which is based on the conception of fair treatment and equity through
reasonable resolution of disputes

ETHICAL DECISION-MAKING IN RESEARCH

Research is the methodical investigation into a subject in order to discover facts,
to establish or revise a theory, or to develop a plan of action based on the facts
discovered and includes all basic, applied, and demonstration research in all
academic and scholarly fields. Scientific knowledge gained through research and
agricultural practices are forms of power. As such power can be used for good
as well as for evil; ethical norms are needed to guide the responsible generation
and application of scientific knowledge. We can summarise the major features
that characterise the nature of scientific knowledge as follows:

* It is the result of human imagination, creativity, and how scientists visualise

phenomena.
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* It is indefinite in nature, changing constantly, and requiring constant revision
and re-evaluation.

« It is influenced by cognitive skills, practical skills, as well as scientific methods
and their limitations, used in the scientific processes.

* It is influenced by conceptual understanding and interpretation of results and
the theories and laws used to describe phenomena and relationships.

* It is dependent on the consensus view of the community of scientists. There
are, however, “grey” areas that may or may not become generally accepted by
the scientific community.

In scientific research, ethics relates to both the “values of science and
scholarship” and “standards of conduct and practice in science”. It is expected
that one exhibits honesty and reliability, designs and performs experiments with
skill and thoroughness, and is fair in dealing with students, co-workers and
competitors, and assumes responsibility to people and institutions. The vast
majority of decisions that people make in the conduct of research involve the
straightforward application of ethical rules. Research can be said to be ethical
in two different ways:

* Ethics of the topics and findings (morality)

* Ethics of method and process (integrity)

Many different disciplines, professional associations, government agencies,
research institutions, and universities have adopted professional codes that
relate to research ethics. Such a code is a statement of shared values; it con-
tains a prescription for right actions and can be seen as a framework for sound
research practice and for the protection of researchers from possible misun-
derstandings. Although codes vary and display many differences, they mostly
include the following ethical principles listed in Box 1.

Adherence to ethical norms is important to:

* Promote the aims of research, such as knowledge, truth, and avoidance of error

¢ Promote the values that are essential to collaborative research, such as trust,
accountability, mutual respect, and fairness

» Ensure that researchers are held accountable

» Help to build public support for research

* Promote other important moral and social values, such as social responsibil-
ity, animal welfare, compliance with the law, and health and safety
Agricultural research, which is highly applied in nature, is aimed at discoveries

and technology development and has traditionally been conducted by research

institutions and universities. Today many large corporations employing bio-
technologies contribute to a large body of agricultural research. In agricultural
research, ethical issues are of particular interest when examining technology,
and especially so with respect to genetic engineering and animal cloning. Ethical
issues in agriculture include problems, in part, with food safety and security,
animal welfare and production, technological change and agricultural produc-
tion techniques, pollution and environmental sustainability, and corruption of
regulators and policymakers. The view that scientists are, in general, trustworthy
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Box 1. Ethical principles

Objectivity

To avoid bias in experimental design, data analysis, data interpretation, peer review, personnel
decisions, grant writing, expert testimony, and other aspects of research where objectivity is
expected or required.

Honesty
To honestly report data, results, methods and procedures, and publication status.

Integrity
To comply with agreements; act with sincerity; strive for consistency of thought and action.

Confidentiality
To protect confidential communications, agreements, and trade or military secrets.

Carefulness
To avoid careless errors and negligence.

Openness
To share data, results, ideas, tools, resources, and be open to criticism and new ideas.

Competence
To maintain and improve your own professional competence and expertise through lifelong
education and learning.

Respect for Intellectual Property
To honour patents, copyrights, and other forms of intellectual property; acknowledge all
contributions to research.

Responsible Publication
To publish in order to advance research and scholarship, not to advance just your own career;
avoid wasteful and duplicative publication.

Responsible Mentoring
To help educate, mentor, and advise students.

Respect for Colleagues
To respect colleagues.

Social Responsibility
To strive to promote social good and prevent or mitigate social harms through research, public
education, and advocacy.

Non-Discrimination
To avoid discrimination against colleagues or students on the basis of sex, race, ethnicity, or
other factors that are not related to their scientific competence and integrity.

Legality
To know, understand, and obey relevant laws and institutional and governmental policies.

Animal Care
To show proper respect and care for animals used in research.
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and ethically sound and that agricultural research is intrinsically good has been
altered since the advent of genetic engineering. It is generally recognised that
these new technologies challenge existing values and systems and stimulate
change in traditional concepts of nature and human identity.

Four approaches that provide useful frameworks for analysing ethical issues
in agriculture have passed the test of time:

« Utilitarianism (teleology, consequentialism)
* Deontology

* Virtue ethics

* Rights ethics

Utilitarianism (also known as consequentialism or teleology) derives from
Bentham (1781) and Mill (1861). It is concerned with the outcomes of ethi-
cal behaviour, rather than the motives that underpin it. This view says that we
ought always to do whatever maximises the balance of pleasure over pain for
all affected by our action. Utilitarianism is very much a “means justify ends”
view of ethics.

Where utilitarianism focuses on the consequences of an act; deontology
(derives from Immanuel Kant, 1724-1804) focuses on the motives for it. This
is a moral theory according to which certain acts must or must not be done,
regardless to some extent of the consequences of their performance or non-
performance.

Virtue ethics derives from Aristotle and has something in common with Kant
in its emphasis on the individual. Aristotle argued that people have inherent
potential and the basic criterion for judging any human action is whether or not
it enhances this potential; mentally, morally, and socially.

The rights of the individual are regarded as supra-legal entitlements shared
equally and universally by all people. At the most basic level, people have the right
to subsistence, security, and liberty. The basic rights are seen as a precondition for
the exercise of more complex rights.

THE RESEARCH PROCESS

Ethics and integrity in the conduct of research are critical to the advancement
of scientific knowledge. As concerns about potential misconduct in the scientific
community have increased, it has become more and more important to discuss
and describe ethical standards and scientific misconduct that relate to research.
Establishment of regulatory ethical standards and procedures for inquiry
and investigation of allegations of scientific misconduct strengthens the self-
regulation of the research community. Researchers are responsible for the valid-
ity and quality of scientific data, fulfilling all scientific research and publication
standards, and orienting students, research fellows, and colleagues to scientific
standards, policies, and procedures and ensuring that they are upheld. It is
therefore imperative that researchers understand the concepts that underlie ordi-
nary morality and understand that this morality applies to scientific practice.
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A discussion of the different ethical issues that pertain to the different com-
ponents of the research process in agricultural research is the main focus of this
document.

RESEARCH MISCONDUCT

The prevalence of unprofessional behaviour in research is one of the greatest
threats to the integrity of research today. Although most cases of Research
misconduct or Scientific misconduct do not actually violate the law, the major
characteristics are the same. Honest errors or differences in interpretation or
judgments of data are not regarded as misconduct. Misconduct in research
occurs at all stages of the research process.

When the research community, funders, and decision-makers are deceived
by giving false information or the presentation of false results, this is scientific
fraud. The four categories of fraud are: fabrication, falsification (misrepresenta-
tion), plagiarism, and misappropriation. Fabrication is when data or results are
made up, thus fabricated. Falsification is when data or results are intentionally
manipulated, changed, or omitted. Plagiarism is the presentation of someone
else’s ideas, thoughts, theories, research plans, words, pictures, or data as your
own, without the appropriate acknowledgement. Misappropriation is when a
researcher illicitly presents or uses his/her own name for an original research
idea, plan or finding disclosed to him/her in confidence.

Research institutions and universities take allegations of research misconduct
seriously and have formal procedures for investigating and resolving such allega-
tions. Failure to comply with the ethiclal code of conduct may be regarded as gross
misconduct and result in disciplinary action, which could include dismissal.

Procedures that deal with misconduct have been adopted by many research
institutions and universities and are all very similar. Any person, the whistle-
blower, who knows of unethical research conduct, should raise concern to the
appropriate authority, whether involved in the research or not. The whistleblower
should be treated with “fairness and respect” by the institution and efforts should
be made to protect their job and reputation. The person suspected of research
misconduct (the respondent) should also be protected and treated with “fairness
and respect” by the institution. The representative of the appropriate authority
should make every effort to maintain the confidentiality of both the whistleblower
and the respondent. Once misconduct has been identified, all parties involved in
the research should attempt to resolve the situation by first launching an inquiry.
If this inquiry reveals potential research misconduct, a full-scale investigation is
to be undertaken. Thereafter, decisions concerning the presence of misconduct,
severity, and appropriate corrective action, should be taken, if needed.

A finding of research misconduct usually requires that:

» There is significant departure from accepted practices of the relevant research
community



Bioethics in Agricultural Research and Research Management 127

* The misconduct was committed intentionally, knowingly, or recklessly
* The allegation is proven by a preponderance of evidence

ETHICAL ISSUES THAT PERTAIN TO THE PREPARATION
PHASE OF THE RESEARCH PROCESS

Choice of research topics

Over the last 20 years or so, there has been a “revolution” in the life sciences,
recognising a dramatic increase in our knowledge and capabilities. The imple-
mentation of the newer agricultural biotechnologies has met with considerable
controversy and concern to many people across the world. Not only are the
views and opinions conflicting at a scientific level, but also in the ethical and
moral issues surrounding the use of these technologies.

At the international level, a standard definition of biotechnology has been
reached at the Convention on Biological Diversity (CBD), which defines bio-
technology as “any technological application that uses biological systems, living
organisms or derivatives thereof, to make or modify products and processes for
specific use”. Agricultural biotechnology can therefore be defined as a collection
of scientific techniques, including genetic engineering, used to create, improve,
or modify plants, animals, and microorganisms.

Using conventional techniques, such as selective breeding, scientists have been
working to improve animals and plants for human benefit for hundreds of years.
Modern biotechnology now enables scientists to clone animals and to move
genes amongst unrelated species that are not naturally able to mix their genes,
thereby producing transgenic animals and plants, better known as genetically
modified organisms (GMOs). This technology is one of the most controversial
technologies used in science today, bringing about excitement, fear, and many
concerns.

Animal biotechnology can be broadly categorised to encompass asexual
reproduction through cloning and genetic transformation. Most plant biotech-
nology, about 80%, is directed towards the improvement of food plants; the
remainder of the work being concerned with non-food corps such as tobacco,
cotton, ornamental plants, and pharmaceuticals.

Genetic modification is considered in three broad areas, namely in terms of
input traits, output traits, and value-added traits. Input traits help farmers and
producers by increasing production efficiencies, and are achieved through faster
and more efficient growth rates, resistance to diseases, and the improvement of
production traits such as increased milk or crop yield. On the other hand, out-
put traits contribute to consumers or downstream processing by enhancing the
quality of the livestock or crop product. This is achieved, for example, through
the production of leaner and tenderer meat or by producing milk or wheat lack-
ing allergenic proteins. When GMOs display completely new functions after
genetic modification, these are considered to be value-added traits.
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The technologies used in animal biotechnology are varied, complex, and
impact on many different areas in animal research, production, and breed-
ing. The cloning of the ewe named Dolly by Scottish researchers at the Roslin
Institute Scotland in 1997 marked the beginning of a new era in animal research,
bringing to the forefront the value of cloning, the possibility of extensive use
of animal transformation and its potential use in humans. It also brought i