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Abstract

Despite the impressive gains in food production, food security, and reduction in
rural poverty in South Asia in recent times, problems such as degradation of
natural resources, water scarcity, and low productivity persist in the region. The
threat of marginalization of agriculture and livelihoods of the poor looms large in
South and West Asia, where agriculture is the dominant economic activity. The
emerging global challenges, paucity of resources, and the need for greater and
quicker impacts now compels organizations to prioritize research. This workshop
was organized as part of APAARI, ICRISAT, and ICAR’s ongoing effort to establish
a demand-driven research agenda based on a participatory approach. The objective
was to identify research priorities based on gap analysis by national programs.
Representatives of five South and West Asian countries (India, Sri Lanka,
Bangladesh, Nepal and Iran), CGIAR institutes, donors, NGOs, farmer
associations, agricultural universities, and the private sector presented their
research needs and emerging challenges, on the basis of identified critical gaps and
alternative approaches for addressing these. This book is a compilation of the
country papers presented, and spells out specific priorities at macro-, meso-, and
micro-levels under the broad themes of genetic improvement, natural resources
management, and socioeconomic and policy research.

The views expressed are those of the authors and not necessarily those of ICRISAT,
APAARI or NCAP. The designations employed and the presentation of material in this
publication do not imply the expression of any opinion whatsoever on the part of ICRISAT,
APAARI or NCAP concerning the legal status of any country, city, territory or area, or its
authorities, or concerning the delimitation of its frontiers or boundaries. Where trade
names are used, this does not constitute endorsement of or discrimination against any
product by the Institutes.
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Preface

Agricultural research is no longer what
it used to be a few years ago. Today,
emerging global challenges, paucity of
funds, competing demands and the need
for greater and quicker impacts propel
organizations to prioritize research.
Rampant poverty, low productivity,
degradation of natural resources, water
scarcity and a host of global issues jostle
for urgent attention. They threaten the
very fabric of our lives.

The threat of further marginalization
of agriculture looms large in South and
West Asia, where agriculture is the
dominant economic activity. In this
context, stepping up public investments
in agricultural research and technology
development assumes great significance.
However, this calls for a more focused
approach to research rather than a
sprawling one.

This book — APAARI, ICRISAT, and
ICAR’s ongoing collaborative effort
to establish a demand-driven research
agenda based on a participatory
approach — reports on priority research
interventions for South and West
Asia. The result of a workshop, it sets
out to identify research priorities at
the micro level based on gap analysis
by national programs. It builds on
APAARI’s previous attempts to
promote collaborative research among
member institutions and encourage the
establishment of cooperative research
and training programs in accordance
with regional, bilateral, or national
needs and priorities.

Representatives of five South and
West Asian countries (India, Sri Lanka,
Bangladesh, Nepal and Iran), CGIAR
institutes, donors, NGOs, farmer
associations, agricultural universities and
the private sector have presented their
research needs, emerging challenges,
identified research gaps and spelt out
activities that need to be taken up to
bridge these gaps. The overall aim is to
enhance productivity, profitability and
employment in agriculture, which are
vital for improving the well-being of the
poor. There is a deliberate narrowing
down of local priorities within the ambit
of broad priorities for a more focused
approach to research need assessment.

The book spells out macro, micro and
zonal priorities under the broad themes
of genetic improvement, natural
resource management (NRM) and
socioeconomic and policy research.
Under genetic improvement, diversi-
fication with emphasis on legumes,
genetic resource management including
postharvest technology, value addition
and agri-business-marketing aspects
were identified as crucial issues. InNRM,
integrated watershed management,
soil fertility/health management, and
salinity/quality of water were seen as
being important. Under socioeconomics
and policy, higher investment on
infrastructure, marketing, credit, and
pricing came out as priorities.

I acknowledge the power of partnerships
here. Without working together, without
a common thread running through our



efforts, our work would be meaningless.
Also, this exercise will be complete
when we catalyze policymakers for
enhanced support to R&D in agriculture
in general and priority areas under
different agroecosystems.

vi

Food and nutrition security, risks and
vulnerability, inadequate resources and
so many others look like insurmountable
problems. Meeting them head on is a
challenge we face today. With the best
efforts on all sides, I am sure we can do
it together.

~
William D Dar
Director General
International Crops Research
Institute for the Semi-Arid
Tropics (ICRISAT)



Welcome Remarks

William D Dar

As Director General of ICRISAT, I
extend a warm welcome to all the
participants at this workshop, which is
part of APAARI, ICRISAT and ICAR’s
ongoing collaborative efforts to establish
a demand-driven research agenda.

ICRISAT aims to alleviate rural
poverty in Asia. As part of its research
integration process, it was agreed to
formalize the establishment of a Future
Harvest Alliance of 15 centers of the
Consultative Group on International
Agricultural Research (CGIAR) with the
objective of enhancing the efficiencies
of centers and partners as a group. The
purpose of the exercise was to reinforce
the notion that collective action is the key
to tackling major global issues. ICRISAT
has always explored such alliances
that enhance partnership. I have been
elected Chair of the Center Directors
Committee (CDC) of the CGIAR and
will be holding this position for one year
starting January 2005. I believe this is a
good opportunity for the centers to work
together along with APAARI towards a
common goal — that of improving the lot
of the poor small farmer in South and
West Asia.

The CGIAR’s Science Council has
listed ten systems priorities with the
intention of developing a more cohesive
and better focused research program.
They are as follows:

1. Conservation and characterization of
genetic resources

2. Genetic improvement of specific traits

3. Improved water management and
use in agriculture

4. Better management and use of
forests and forest landscapes

5. Better soil and land management
and use

6. Improved production and processing
systems for high-value commodities

7. Enhancing resource efficient and
equitable forms of livestock sector
growth

8. Improved management and use of
aquatic resources

9. Policy and institutional innovation
to reduce poverty and hunger and
to enhance competitiveness of small
holders

10. Strengthening national and regional
capacities for agricultural research
and rural institutions

The aim of the systems priorities is for
the 15 CG centers to align themselves
within this consolidated research focus.
In the case of South Asia, we need to look
at priorities/subpriorities within these
10 priorities. This consultation will have
a tremendous impact since it will clearly
identify the research needs; thereafter a
focused approach can be formulated for
better results.

I would like to dwell on hunger, a
global tragedy in which 852 million
people still go to bed hungry every night!
The seven basic recommendations made
by the Millennium Task Force on Hunger
to the UN Secretary-General Kofi Annan
aim to reduce hunger by 2015. The Task
Force recommends:



Move from political commitment to
action

Reform policy and create an enabling
environment

Increase agricultural productivity for
food insecure farmers

Improve nutrition of vulnerable
groups with chronic and hidden
hunger

Reduce vulnerability of the acutely
hungry with productive safety nets
Make markets work for and increase
income of the food insecure

Restore and conserve natural assets
of the food insecure

We should be able to institutionalize
our research and development efforts
within these recommendations. Steps
are being taken in all directions to better
the lives of the poor. The UN Secretary-
General is making efforts to increase the
budget to fight hunger and malnutrition.
An annual budget of $1 billion is being
projected for the CG system as against
the present $460 million, to be increased
to $500 million in 2005.

Let us not forget that it is in South
and West Asia that most of the poor live.
We owe it to the poor in these regions to
show them the way to a better future.



Introduction

Cynthia S Bantilan

The countries of South and West
Asia have significantly benefited from
investment in agricultural research,
in particular through the adoption of
high-yielding crop varieties, soil fertility
management methods, efficient use of
water, and integrated pest and disease
management. Having said that, the need
to focus and set research priorities cannot
be overemphasized, as these countries
have limited resources for agricultural

research for development. The extensive
consultations organized by APAARI in
collaboration with ICRISAT and ICAR
in 2001 and 2002 helped identify
broad research priorities for agricultural
research and development. Ranked in
order of importance are the research
areas on cereals, livestock, horticulture
crops and plantation crops. The sectoral
priorities identified for the region were
summarized as follows:

Sector Priority research themes
Crops 1. Development of crop varieties for
* Tolerance to abiotic and biotic stresses
* Improving crop yield ceilings in irrigated areas
¢ Better product quality, nutrition and value addition
* Dual purpose (food and fodder) crops

2. Short-duration varieties of rice and wheat to incorporate
other crops, especially legumes in cropping systems

3.  Diversifying production systems

4.  Improving input use efficiency through ICM, IPM, INM,
precision farming, etc.

5. Improving cropping systems for higher yields through pest
management, natural resource conservation, and integration
with livestock and trees

6. Sustainable seed and technology transfer systems

7. Small farm mechanization

Horticulture 1.  Postharvest handling, value addition through processing and

storage

2. IPM and INM in orchards, vegetables and floriculture
3. Improving root stocks and rapid plant propagation methods

in fruit trees

4.  Integrated management for off-season vegetables, flowers
and peri-urban cultivation

Continued



Sector Priority research themes
5. Development of varieties for better quality, nutrition, and
shelf life and suitable for processing
6. Protected cultivation of vegetables and flowers
7.  Development of arid (hot and cold) horticulture
Livestock 1.  Technological options for sustainable crop-livestock systems
including 2. Improving nutrition through
poultry * Quality of crop residues and removal of anti-nutritional
factors
¢ Strategic supplementation
¢ Development of improved varieties of fodder crops and
feed balance
3. Animal health:
* Epidemiology, diagnosis and vaccine production for major
diseases based on biotechnology
* Disease-nutrition interactions
* Genetic resistance to major diseases
4.  Characterization and improvement of local breeds through
selective breeding
5.  Factors influencing adoption and impact of improved
technologies
6. Market development, product processing and biosafety of
products, with focus on smallholders
7. Socioeconomic and environmental impact of crop-livestock
systems, including pastoral systems
Fisheries Coastal
1.  Sustainable management of coastal systems and marine
protected areas
2. Sustainable management of marine shrimp farming (feed,
nutrition, health and seed distribution), including effluent
management
3. Crab and ornamental fish culture
Inland
4. Genetic improvement for growth enhancement and disease
resistance
5.  Fish health management, particularly for intensive culture of

fish and crustaceans

Continued



Sector Priority research themes
6. Deepwater rice-fish, fresh water prawn culture
7.  Integrated fish farming, and open water culture-based fishery
8.  Cold fish water culture
General
9.  Postharvest issues, and biosafety of seafood products
10  Socioeconomic issues, environmental impact analysis and
institutional issues pertaining to aquatic resources and
aquaculture
Forestry 1.  Sustainable management of second-growth forests
2. Inventory, evaluation and development of forest resources
3. Tree and forest health management
4. Promotion and management of agroforestry
5.  Improvement of medicinal and aromatic plants
6. Market development for non-timber and minor forest
products
7. Policy and institutional issues in forest management
8.  Ecotourism and landscape forestry
Natural 1.  Conservation of genetic (crop, livestock, fish, tree), water
Resource and land resources
Management 2. Improving efficiency of the distribution and use of irrigation
water (policy, technology and institutional issues)
3. Technological and institutional options for harvesting and use
of rainwater (e.g. watershed management)
4.  Sustainable land use, organic recycling and soil fertility
management
5. Reclamation of degraded/sodic lands, control/management
of saline and arsenic-contaminated water
Socioeconomic 1.  Poverty mapping and investment priorities
2. Market integration and trade liberalization with focus on
smallholders
3. Risk management
4. Empowerment of women and labor migration
5. Policy and institutional aspects of agricultural R&D

Source: These are based on recommendations of working groups formed during the expert consultations.




This workshop on “Research need
assessment and  prioritization  of
agricultural research for development in
South and West Asia” was conceptualized
to address the recommendations made
during the two stakeholder consultations
on the Asia Pacific held in July and
November 2001 and a General Assembly
meeting of APAARI in December 2002.
The overall assessments of the working
groups during these consultations led
them to recommend that local priorities
under the broad categories listed above
need to be determined based on an
assessment of research requirements
of the countries in the region, and also
according to the needs and goals of the
research system. These specific needs
should be brought to the attention of the
national agricultural research systems,
CGIAR, nongovernmental organizations,
civil societies and other concerned
partners so that they can be addressed.

An important suggestion that is being
pursued for this workshop is undertaking
a gap analysis and study of research needs
following a bottom-up approach, with
active participation from stakeholders
such as farmers, NGOs, farmer
organizations, development workers
and extension agents. Grassroots level
perspectives are essential to understand
the resource base and agroecological
situations, infrastructure and farming
systems as well as the local experiences
and opportunities. A  participatory
elicitation process assures identification
of specific research gaps and potential
opportunities, taking into account the
relevance of the problem as well as the
ownership and accountability of the local
implementer.

Thus, the workshop has the following
objectives:

¢ To identify research needs based on
gap analysis by national programs in
South and West Asia.

¢ To synthesize the regional research
needs and priorities for South
and West Asia and draw up a set
of recommendations on research
priorities that may influence the
global research agenda.

The workshop was organized to
facilitate the development of country
papers among participating countries
in South and West Asia, including
Bangladesh, India, Iran, Nepal and Sri
Lanka. A framework underpinning the
research need assessment and gap analysis
was designed to guide the exercise. All
five countries responded positively and
developed their analysis according to the
following outline:

* agricultural scenario analysis;

* significance of agricultural research
for development in the NARS;

e emerging  agricultural  research
challenges;

* research needs—evidence from micro-
studies by agroecologies, sectors,
classes of farmers, and research
themes;

* gap analysis — comparison of research
needs and current efforts;

¢ steps required to bridge the gap —
role  of research institutions,
extension agencies and development
department; and

¢ implication on agricultural research
priorities.

The setoffive country papersproduced
through this consultation exercise is an
important milestone. A synthesis of these
assessments in different ecologies, and
subsectors (crops, horticulture, animal



science, fishery, forestry, natural resource
management and  socioeconomics)
provides a basis for research institutions
whereby they can examine their research
portfolios and address the research gaps
in future national research programs.
The active participation of the
IARCs, NGOs, farmer organizations
and the private sector also enhanced
the process of identifying the priority
needs by commodity and agroecology,
both regionally and internationally. The
brainstorming meeting benefits not only

the national programs in South and
West Asia, but also APAARI, GFAR,
and the CGIAR centers by achieving a
better programmatic focus and a more
participatory identification of priorities.
Ultimately, the
and recommendations help the donor
communities

above assessments

and decision makers
plan their funding, human resource
development, formulation,
and development programs and other
interventions.

policy



Research Prioritization Initiatives by APAARI -
Genesis for the Present Exercise

Rajendra Singh Paroda’

This section presents a detailed
background of the research priorities
initiative, highlighting the objectives,
functions, strategies and action plan
of APAARI, and featuring the major
issues for consideration that include
gap analysis, implications of the existing
network, development of new proposals
and partnerships, and funding strategy.
The vision of APAARI is to promote
agricultural research for development in
the Asia-Pacific region and facilitate it
through novel partnerships among NARS
and other related organizations so that it
contributes to sustainable improvements
in the productivity of agricultural
systems and to the quality of the natural
resource base that underpins agriculture.
This will help enhance food and nutrition
security, and economic and social well-
being. The main objective of APAARI
is to encourage the establishment of
appropriate cooperative research and
training programs in accordance with the
identified regional, bilateral, or national
needs and priorities. The key functions
include promoting collaborative research
among
strategies are regional collaboration on
priority programs and action plan is to
form networks and consortia.

The important expert consultations
APAARI had in the recent past include

member institutions. The

* Priority setting by NARS in the Asia-
Pacific region, 1996

* Management and strengthening of
research networks in the Asia-Pacific
region, 1997

¢ Research management mechanisms of
NARS, 1998

e Development of APAARI Vision
2025, 1999

¢ Strategies to implement APAARI
Vision 2025, 2000

¢ Development of a regional agricultural
information system, 2000

¢ Regional  priority  setting  for
agricultural research for development
in the Asia-Pacific Region, 2001

¢ Status of biotechnology in agriculture
in Asia and Pacific, 2002

¢ Development of second phase of the
Asia-Pacific  Agricultural Research
Information System (APARIS), 2002

* Strengtheningofresearch partnerships
through networks and consortia,
2002

¢ Strengthening regional agricultural
information system and research
networks, 2003

* Postharvest technologies for ensuring
food security and value addition for
enhanced income, 2004

The goals of APAARI as envisioned in
Vision 2025 are

¢ Harnessing agricultural science for
better future

* Engineering (capacity building) the
NARS

* Growth-oriented and
governance

responsive

'Executive Secretary (APAARI), ICARDA-CAC, PO. Box 4564, Tashkent 700 000, Uzbekistan
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The following mechanisms will
be wused to achieve these goals:
Partnership, networking, information
and communication technology, human
resource  development,  improving
research  management, publication
enhancement for technology transfer,
setting strategic directions, policy
dialogue and advice, impact assessment,
and sustainability of APAARI’s efforts.

APAARI is planning to implement
its Vision 2025 through various expert
consultations on different strategies. The
various issues for consideration are

* Gap analysis: identifying gaps
between present collaborative efforts
and regional needs/priorities

* Implications for existing regional
networks and regional collaborative
programs

* Development of new proposals for
regional and/or global partnerships

* Funding strategy through resource
sharing by the stakeholders and
mobilizing additional funding from
donors

* Guidelines for
proposals

developing new

The earlier priorities identified were:

e Technology: biotechnology, post-
harvest technologies, integrated pest
management (IPM) and information
and communication technology (ICT)

* Crops: soybean, mungbean, lentil,
cotton, minor fruits and vegetables

* Forestry: agroforestry

* Livestock:improvementand conserva-
tion and disease management

* Natural Resources Management
(NRM): soil conservation, soil fertility
management, water management

Networks have to be formed
based on regional relevance, after
identifying common regional priority
issues. Knowledge, materials, research
responsibilities and costs need to be
shared — weaker NARS can benefit
more through regional collaboration.
The catalytic role of International
Agricultural Research Centers (IARCs)
needs to be understood. The objectives
of APARIS are

¢ Advocacy to promote ICT/ICM in
agricultural research for development
(ARD)

¢ Capacity building in weaker NARS

¢ Integration of national, regional and
global information resources

APAARI s
through

sharing  knowledge

¢ Three ICT/ICM expert consultations
for members and National Informa-
tion Nodal Points (NINP)s, and
one training of NINPs from Least
Developed Countries (LDCs);

¢ APAARI homepage and publication
dissemination;

¢ ARD-related databases;

¢ APAARI on CD (including 20 success
stories);

¢ ARDinformation gateway and experts
database;

¢ Regional status report on ICT/ICM in
ARD; and

¢ active participation in regional and
international agricultural information
networks.

Under the theme of biotechnology,
the main issues are ethics, food and
environmental safety, economic con-
sideration, intellectual property
rights (IPR) and diverse stakeholder



involvement and the following strategies
have been followed:

* Asia-Pacific consortium on agri-
cultural biotechnology (APCoAB),
an APAARI initiative established in
January, 2004

* First steering committee meeting held
on 8 April 2004 at Bangkok, Thailand
to finalize road map and work plan

APCoAB activities include policy
advocacy, research networking,
capacity building, and dissemination of
information. APCoAB serves as a neutral
platform that works as a facilitator with
the involvement of all stakeholders,
which include public institutions, inter-
national centers and organizations,
private sector and foundations, NGOs
and farmers’ organizations. The mission
of APCoAB is to help achieve the mission
of harnessing the benefits of agricultural
biotechnology for the achievement of
society in the Asia-Pacific region. The
main issues considered here are

* Agricultural productivity and
environmental safety

* Ethics and biosafety

* IPR and access

* Capacity building

* Partnership — public and private

* Public awareness

The vision of APCoAB is “to enhance
the benefits of biotechnologies for the
sustainable agricultural development in
the Asia-Pacific region, through greater
stakeholder  partnerships, improved
policy environment, enhanced capacity
building and greater public awareness”.

10

The main research functions of

APCOoAB are

* Services-oriented focal point

¢ Research prioritization involving all
stakeholders

* Facilitating  promotion of  ag-
biotechnologies through partnership
initiatives

It plays an advisory role to policy
makers on biosafety issues of GMOs and
other biotech products, forms policies for
the exchange of material and technology,
facilitates  public  awareness, and
conducts training programs/awareness
campaigns on biosafety, bioethics and
related issues, and issues related to
IPRs, patenting, and benefit sharing.
It provides basic information and links
with other Web sites, and disseminates
knowledge and information at all levels
based on scientific information in a
reader friendly way.

APAARI proposed an expert con-
sultation on postharvest technologies for
improved food security and enhanced
income through value addition at
Bangkok on 1-2 December 2004.

The objectives of the current exercise
are stated to be

* Identification of
research gaps

¢ Identification of necessary partner-
ships to address the research gaps

e Well-defined work plans and
responsibilities

* Resource mobilization within NARS
and CG centers

¢ Ensuring policy support

* Proposals for donor funding

clearly defined



Research Need Assessment and Prioritization
of Agricultural Research for
Development: India

Mruthyunjaya', LM Pandey? and AK Jha?

1 Introduction

The last four decades have witnessed
impressive gains in food production, food
security, and reduction in rural poverty
in developing countries, thanks largely
to the use of modern technology, high-
yielding varieties (HYVs), intensive use
of irrigation, and fertilizers. However,
there has been a skewed distribution
of such gains. Low productivity, water
scarcity, degradation of natural resources,
widespread poverty, globalization and
World Trade Organization (WTO) issues
are threatening to further marginalize
agriculture and the livelihoods of the
poor. Since agriculture is the dominant
economic activity in these countries, it is
vital to enhance productivity, profitability
and employment in agriculture for
improving the well-being of the poor.
In this context, stepping up public
investments in agricultural research and
technology development assumes critical

significance.
Given the limited resources available
for public research investments;

competing demands including research
investment demand; and the need for
greater, wider, and quicker impacts; it is
essential to prioritize research. APAARI,

after developing broader research
priorities for member countries in the
Asia-Pacific region, felt that a critical
gap analysis is needed for a clear and
comprehensive assessment of research
needs that require attention on a
priority basis. In earlier studies, APAARI
had prioritized broad research themes
covering soil and water management,
commercialization and diversification of
production systems, market integration,
livestock (including health and nutrition),
mapping of poverty, and sustainable
seed and technology systems. However,
it was felt that subsequently local
priorities under these broad research
themes need to be identified, based on
research need assessment studies in the
member countries of the region and also
according to the needs and goals of the
research system. These should be given
focused attention by national agricultural
research systems (NARS), international
agricultural research centers (IARCs),
and nongovernmental organizations
(NGOs). Such need assessment and
gap analysis studies have to be bottom-
up group exercises involving farmers,
NGOs, farmer organizations, research,
extension, development workers, etc.
The present study on India (limited to

'Director, National Centre for Agricultural Economics and Policy Research (NCAP), New Delhi 110 012

"Research Associates, NCAP, New Delhi 110 012
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28 of 602 districts) has been designed
by following these broad directions. The
objectives of the study are to:

* provide a scenario analysis of
agriculture in India vis-2-vis the rest
of the globe,

* highlight the significance of agri-
cultural research for development,
particularly in the context of emerging
challenges,

* identify research needs at micro-
level,

* attempt research gap analysis-research
needs vs. current research efforts,

* prioritize the research gaps, and

* suggest strategies to bridge the
prioritized research gaps through
involvement of research institutions,
extension agencies, and development
departments.

2 Agriculture in India:
Scenario analysis

World

The global scenario has changed
substantially in the past few decades.
World population is projected to be
about 11 billion by 2050. It is projected
that the food grain production has to
increase by 185% to meet the needs of
the population, and this will have to come
through a 100% productivity increase
and 85% increase in area. However, high
volatility in world commodity prices,
restricted movement of genetic materials
(including knowledge on account of
the emerging IPR regime), strict food
quality standards, and fall in investment
in CGIAR institutions are some of the
hard realities to be faced that will create
obstacles to achieving these goals. It

12

is predicted that hundreds of millions
will remain food insecure and millions
of children will die of malnutrition
if environmental degradation goes
unchecked. Globally, productivity losses
due to soil erosion, nutrient depletion,
and salinization are 0.1-0.2% per year.
By 2025, almost two-thirds of the world
population will live in water-scarce
regions in developing countries. Owing
to climatic changes, heat waves, heavy
precipitation events, floods and droughts
are projected to increase. Today only
about 15 plant species and 8 animal
species supply 90% of our food. Heavy
biodiversity loss is predicted.

South Asia

The South Asian countries comprising
Bangladesh, Bhutan, India, Maldives,
Nepal, Pakistan, and Sri Lanka,
although they have similar sociopolitical
institutions and economic, agricultural,
and  governance  systems, differ
considerably in terms of their population
size, geographical area, and economy.
They are all classified as low-income
countries. All these countries, although
they have improved their economic
performance in the 1990s, are facing
the problems of unchecked population
growth, higher percentage of population
below the poverty line (particularly in
rural areas), and the fact that a significant
proportion of women and children are
malnourished (Mruthyunjaya et. al.
2003). Despite all these odds, these
countries have made tremendous
progress in terms of achieving self-
sufficiency in food grain production.
Another notable achievement has
been the increase in milk production,
which has increased more than three



times during the last 3 decades.
Notwithstanding these achievements
crop vyields are still low in the region,
productivity of agricultural workers is
also very low, fertilizer consumption
is moderate, level of mechanization
is low, there is limited area under
irrigation without any further scope of
expansion, and per capita availability
of land is declining. Furthermore, all
these countries are facing the problems
of declining farm size, creation of
limited or no additional employment
opportunities in agriculture, natural
resource degradation, and management
and new challenges from the global
developments in trade. Institutional
and policy responses to address these
issues have also been either inadequate
or almost ineffective. Research intensity
is very low in these countries (except
India) with expenditure of less than
0.3% of the AgGDP on agricultural
research and education (Mruthyunjaya
et. al. 2003). Since agriculture is the
dominant activity, agricultural develop-
ment holds the key to overall economic
development and prosperity in these
countries. Agricultural research should
play a central and pivotal role in this
task.

India

India, by virtue of its size and relatively
advanced development, holds a key
position among the South Asian
countries. Agriculture has been and will
continue to be the lifeline of the Indian
economy. The country is not only self-
sufficient in food, but also commands a
strong position in world markets for some
commodities. This has been possible
through the uptake of modern technology

combined with supportive policies and
the hard work of Indian farmers. As the
largest private enterprise (single largest
industry) in India (>10 crore farm
holdings), agriculture contributes nearly
one-fourth of the national gross domestic
product (GDP), sustains the livelihood
of about two-thirds of the population,
contributes about 13% of total national
exports, and is a major supporter of agro-
based industry. Agriculture is also a social
sector where critical concerns like food
and nutritional security, employment
and income generation, and alleviation of
poverty are addressed. The agriculture
sector acts as a bulwark in maintaining
food security and in the process, national
security as well. The allied sectors are
horticulture, animal husbandry, dairy, and
fisheries, and in the context of emphasis
on diversification, they are important
in improving the overall economic
conditions and health and nutrition of
the rural masses. Besides, the rural areas
are the biggest markets for a variety of
consumer goods, including consumer

durables.

No doubt, the direct effect of
agriculture on GDP has fallen from
around 50% during the 1940s to 24%
during 2003. But in the future, as average
agricultural incomes increase, the
indirect effects of agricultural income
on nonagricultural growth, particularly
the industry and service sectors, will
become progressively stronger as the
bulk of the incremental income in rural
areas will be spent on nonagricultural
goods and services and not on food. One
of the major concerns, however, is that
the proportion of people dependent on
agriculture has not come down along
with fall in its share in GDP.
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Small farms dominate Indian agrarian
structure. During 2000-01, nearly 81%
of the farms were small farms (<2ha)
and this is projected to be 83% in 2010-
11. India has about 16% of the world’s
population as against 4.2% of the world’s
water resources and 2% of the world’s
geographic area. It has about 108 million
ha degraded land. Postharvest losses are
enormous (estimated tobe 25%) and only
2% of the agro-produce is estimated to
be processed. The value addition is only
7%. There has been continuous decline
in public investment in agriculture from
1995-96; decreasing from 1.6% of GDP
in 1993-94 to 1.3% in 2000-01.

During the 1990s (1989-90 to 1999-
2000), the growth rate of crop production
declined from 3.72% per annum to
1.21% per annum. In the same period,
the growth rate of food grain production
declined to 1.92% per annum from 3.54%
per annum. Similarly the growth rate of
productivity in food grains decelerated to
1.32% as compared to 3.33% per annum.
Furthermore, during the years 2000-01
to 2003-04, wide fluctuations in annual
agricultural GDP growth rate has been
observed. For example, it was negative
during 2000-01 (-0.1%) and 2002-
03 (-18.18%) whereas it was positive
during 2001-02 (8.18%) and 2003-04
(21.01%). The period of bad monsoons,
thought to be a thing of the past, appears
to be reemerging. Furthermore, studies
have indicated widening of regional
and socioeconomic class disparities.
Agricultural development has been
unable to address this issue. Thus, the
challenge for Indian agriculture is not
only raising productivity and profitability,
reducing instability and increasing
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resource use efficiency, improving
equity, and improving quality, but also
in meeting demands for increasing
agricultural ~ commercialization  and
diversification. Furthermore, on account
of increasing stress and uncertainty
owing to the world trade regime under
WTO including IPR and SPS (sanitary
and phytosanitary measures) issues,
Indian agriculture is under tremendous
pressure. All-round depressed prices,
combined with successive droughts
and floods, inadequate and ineffective
extension, credit and other service and
support systems have shattered Indian
farmers, particularly in the last 4-5
years. The National Agricultural Policy
(NAP 2000) envisages a growth rate
of 4% per annum in agriculture in the
next few years. This growth rate, never
realized earlier, demands considerable
scientific and technological input. It is
generally held that agricultural research,
institutions and policies are the drivers
of change. The Indian agriculture
research system as well as its policies
must respond to these complex national
and global problems. Replicating past
achievements in today’s changed and
more complex environment will require
increase in the effectiveness of the
public expenditure in the research and
extension system. Doing business as
usual will not be appropriate for attaining
such a goal. Enhancing productivity,
resource use efficiency, using cutting
edge science, creating state-of-the art
experimental facilities, and above all
producing and maintaining a stock of
first-rate human resources to service
knowledge-intensive  agriculture has
become critically important.



3 Agricultural research for
development

Advances in agricultural science and
technology have played a critical role
in alleviating hunger and rural poverty
in India, like elsewhere in the world.
Agricultural practices of today came
about through increased scientific
and technological knowledge that led
to mechanization, improvements in
cultivars and management practices,
and improved plant nutrient and crop
protection technologies. These practices
resulted in both increased food supplies
and higher incomes. For example,
with the introduction of HYVs of rice,
wheat and other staple cereals, yields
begin to rise; they increased even more
as fertilizer use along with irrigation
became common, beginning with the
Green Revolution in the mid-1960s.
The impact on productivity of these
practices has been enormous. In 1968,
there were just 2 rice-growing districts
in the country accounting for 10% of the
rice area and producing more than 2 mt
ha'. Butin 2002, 44% of the rice-growing
districts (of a total of 103 districts) were
realizing yields more than 2 mt ha''. The
Green Revolution followed by white,
yellow, blue and other revolutions have
significantly raised productivity and
income, reduced prices, and enhanced
nutrition of the farmers (Acharya and
Chaudhari 2001). The incidence of
rural poverty substantially declined as
agricultural growth and the purchasing
power of the rural households rose.
Such a growth in food production and
agricultural growth in India has been
driven by significant public agricultural
research expenditures by successive
governments.

Overall public research funding for
agriculture in India grew at 3.16% in
the 1970s, 7.03% in the 1980s, and
slowed to 4.61% in the 1990s. Closely
following this trend, agricultural research
expenditure as a share of AgGDP
increased significantly during the 1960s
and 1980s, but remained around 0.3%
during the 1990s. Thus, there appears
to be a clear case of under-investment.
China, a country of comparable size and
stage of development, spends 0.43% of
AgGDP on research (Pal and Byerlee
2003).

Although India has one of the largest
research systems in the world, the public
sector still under invests relative to other
developing countries. In the late 1990s,
India invested 0.31% of agricultural
GDP in research; if not as much as
China at 0.43%, significantly lower than
the average for all developing countries
of 0.62% (Pardey and Beintema 2001).
Industrialized countries spent a much
higher figure — 2.64% of agricultural
GDP -on agricultural research, reflecting
their relatively higher tax base, smaller
agricultural sector in relation to the
economy, and often politically powerful
farm lobby groups.

However, India appears to be catching
up with the rest of the world in terms
of growth rate of overall spending on
agricultural research. Over the period
1986-95 the growth rate of spending
was higher at 5% than for all developing
countries, and comparable with the
rest of Asia, which had a relatively
high growth rate. One notable feature
of spending for agricultural research in
India is that growth rate has accelerated
through the 1990s, in contrast to a
worldwide slowdown and even decline
in some countries. If India can continue
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this trend, research intensity in the
country could reach the average for all
developing countries in the next few
years (Pal and Byerlee 2003).

The NARS in India has evolved
over the years and now comprises 189
institutes/projects under the Indian
Council of Agricultural Research
(ICAR), 100 private and voluntary
organizations (VOs), 34 agricultural
universities, farmers organizations, 23
general universities having agricultural
faculties, related scientific organizations/
departments, and more than 105
scientific societies involved in agricultural
research. The total number of scientists
in the Indian NARS exceeds 25,000
(ICAR/DARE 2000).

Many studies have empirically shown
impressive performance of the system
with annual rates of return to investment
in research ranging from 35% to 155%
(Evenson et al. 1999). Notwithstanding
these achievements, the NARS is having
to deal with the following issues and
problems (Mruthyunjaya 2000):

1. Increasing household food and
nutritional security and reducing
poverty

2. Complex and demanding research
agenda of sustaining natural resources,
enhancing product quality, and
ensuring food safety

3. Development of knowledge- and skill-
intensive agriculture

4. Lowered  agricultural
intensity

5. Organization & Management (O&M)
system sickness and second generation
issues in institutional development

6. The realization that the agricultural
research system needs to be reoriented

research
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in the changed context is not shared
by all

7. Facilitating and  enabling rules,
procedures, incentives and rewards,
autonomy, flexibility, human resource
and O&M support

The NARS have profoundly changed
in the developed countries during the
last 25 years. In the majority of the
developed countries, the changing role
of the government, public administration
reform, and the shifts in agricultural
policies have induced institutional
changes in the NARS. The most
important changes that have taken place
are:

1. The mandate has moved away from
the traditional productivity focus
towards issues of wider social interest
such as the environment, animal
welfare, and food safety.

2. Increased emphasis has been given
to client orientation, and demand-
driven and decentralized planning of
agricultural research.

3. Emphasis is given to improved
efficiency through consolidation,
separation of agricultural research
policy formulation and execution,
and use of more private sector-like
management principles.

4. Public funding of agricultural research
has become more competitive.

A comparison of organization of NARS
in developing countries and developed
countries (Paroda and Mruthyunjaya
1998) showed that NARS in the former
are in the process of transformation
whereas NARS in developed countries
are more independent, autonomous,
effective, and efficient.



Recognizing the importance of such
changes elsewhere, ICAR has also
emphasized O&M reforms, particularly
during the National Agricultural
Technology Project (NATP) period
(1998-2004) by stressing on competitive
grant programs, greater focus on applied
production research system research,
and targeting research institutes to
mobilize greater financial resources
through commercialization. However,
it is strongly realized that India should
also move towards a market-oriented
economy with focus on high-technology
fields such as biotechnology and
information and communication
technology (ICT), besides stress on food
and nutritional security. Thus, a further
round of reforms aimed at changing
the NARS into an internationally
competitive, state-of-the-art, merit
based, “quality oriented” organization
with the core goals of (i) increasing
the research output and the adoption
of that output, (ii) upgrading research
staff competence and provision of
increased resources, and (iii) focus on
breakthroughs in cutting-edge areas like
biotechnology are necessary and being
focused on in the proposal for the next
phase of NATP.

It is also strongly felt that these issues
have to be resolved and ICAR, being
the premier apex body, should take the
lead in addressing these problems jointly
with other partners of NARS, regional
organizations like APAARI and IARCs at
the earliest.

4 Emerging challenges in
agricultural research

By 2020, India’s population is likely to be
around 1.3 billion, and its contribution

to overall employment is not likely to
increase significantly. With opportunities
for area expansion being almost
exhausted, the required additional food
output of 4 to 5 million mt annum™ will
have to come primarily through increased
productivity. The challenge to increase
productivity growth is more acute now
than ever before, as all favorable factors
have been exhausted. For instance, by
the year 2020, to meet the projected
demand, the productivity must increase
to the level of 2.9 mt ha'! for rice, 3.92
mt ha'! for wheat, 1.33 mt ha' for
coarse grains, 1.2 mt ha! for pulses, 28.4
mt ha?! for vegetables and 24.1 mt ha’
for fruits. In other words, the average
yields at national level are required to
be increased by 56% for rice, 62% for
wheat, 36% coarse cereals, 116% for
pulses, 104% for vegetables, and 134%
for fruits by 2020. The production of
livestock and poultry products must be
improved by 136-157% by the year 2020
(Paroda and Kumar 2002).

Such a trajectory of high growth rates
has to be achieved while keeping sight of
environmental impacts asimmense biotic
pressure is already felt on India’s natural
In the Green Revolution
belt, intensive agriculture is now seen
as a major cause of the problems of
soil salinization, groundwater pollution,
nutrient imbalances, and environmental
degradation. In the fragile and marginal
environments including vast rainfed
areas, rising biotic pressure and the
lack of soil management systems and
inputs to realize the optimum potential
of land threaten the sustainability of
agriculture. The consequence of these is
degraded lands, loss of biodiversity, soil
erosion, waterlogging, pollution of water
deforestation, and overall

resources.

resources,
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environmental pollution and diminishing
farming efficiency resulting in falling
productivity. Changing consumption
and demand patterns and new market
and trade opportunities have provided
impetus to greater diversification of
farming systems with emphasis on
horticulture; animal husbandry; milk;
poultry; fisheries; nonfood  crops
like fibre mushroom, spices, and
condiments; medicinal and aromatic
plants; and agroforestry. In the context
of diversified agriculture, value addition
postharvest technology, agri-business,
credit, market, food safety, and quality
assurance and customized policy support
assume critical significance (Kumar and
Mruthyunjaya 2003). Similarly, (lack
of) availability of energy will become
a crucial factor in the future. More
research and development on power and
energy has to be emphasized. Research
on alternate bio-energy resources such as
bio-diesel, alcohol, fuel cell technology,
and gasification of biomass should receive
serious attention.

Knowledge becomes central to
advancing in agriculture, but increasing
difficulties are seen in free flow of
knowledge in the future on account of
the emerging IPR regime. Therefore,
human resources development (HRD)
programs to plan and train more
manpower in frontier areas and re-orient
education to develop entrepreneurship
should receive priority attention.
Similarly, innovations in technology
dissemination should receive attention,
as the public extension system is
largely inadequate and ineffective. The
main challenges before the agricultural
research system are water crisis, soil
degradation and fatigue, genetic erosion,
increasing biotic and abiotic pressure,
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slow pace of diversification, high
postharvest losses, inefficient energy
management, inadequate markets and
unfavorable trade, increasing knowledge
lag, and non-customized policy support.

5 Research needs: Evidence
from micro-studies

In the backdrop of the agricultural
scenario at the global, South Asian
and country levels, addressing the
specific  challenges stated above
through agricultural research requires
identification of research needs at the
farmer’s level. Such research needs were
assessed during the implementation of
a mega World Bank supported project
(NATP) at micro-level in 28 districts
of 7 states of India while preparing
strategic research and extension plans
(SREP). It may be of interest to see how
this model was conceived and executed
for further action. The location of the
selected districts in different major
agroecosystems as classified under NATP
is provided in Fig. 1.

SREP methodology

Selection and training of extension
personnel

A number of multidisciplinary teams of
extension personnel were identified from
government departments like Agriculture,
Horticulture, Soil Conservation, Animal
Husbandry, Fishery, etc, and also from
Agricultural  Universities, NGOs,
and Krishi Vigyan Kendra (KVK) for
preparing SREP. These identified officers
were trained by National Institute of
Agricultural Extension Management
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Figure 1. SREP districts under different agroecosystems in India.

(MANAGE) experts for collection of
information and the preparation of
SREP.

Identification of states, districts
and major agroecological
situations

The Department of Agriculture,
Ministry of Agriculture, Govt. of India

decided to select seven states based on
the broader considerations of variations
in states with respect to agroecologies as
well as development perspectives. For
instance, the agroecologies like irrigated
as well as developed state (Punjab),
hill and mountain (HP), coastal (east),
irrigated and rainfed (AP), arid,
irrigated, horticulturally important and
coastal (west) (Maharashtra), potential
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for development but not visible (Bihar &
Orissa), and tribal farming (Jharkhand)
were considered.

The selection of the districts within
the state was left to the respective state
governments. The states selected the
districts on the basis of availability of
institutional facilities as well as local
agroecological and crop/ enterprise
variations.

The secondary data on district level
information on rainfall topography, soil
type, etc. were gathered from various line
departments, publications, and periodical
reports of Government agencies and
used for identifying the agroclimatic
zone of the district. Each district was
further divided into agroecological
situations (AES) using information on
rainfall, topography, soil type, etc. Such
situations varied from 2-6 in each district.
As can be seen in Table 1, there are 25
agroclimatic zones represented by these
28 districts. The details of AES under
each selected district/ agroclimatic zone
are given in Table 2.

Field survey and techniques used
for participatory rural appraisal

For collection of data at grassroots level,
representative villages were identified
from each AES, which represents the
agroclimatic zone of the whole district. A
multidisciplinary team was formed from
trained personnel for each representative
village. The team visited representative
villages and collected primary data with
the help of participatory rural appraisal
(PRA).

The tools and techniques used for
PRA included social mapping, resource
mapping, transact walk, matrix ranking,
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seasonality, trend analysis, Venn diagrams,
and wealth ranking.

Thefield visitswereused tounderstand
field problems, and social and economical
backgrounds of the villagers and villages.
The components of the farm women,
landless women, and women engaged in
other activities were also covered in the
survey. The secondary data on villages
were collected from various government
agencies and department publications,
revenue officials, village department
officers, agricultural assistants, teachers,
gram sevaks, anganwadi sevikas, etc.

Verification and analysis of
collected data

The primary data collected during
field visits were checked with various
farmers’ groups in the village and also
through verified information available
from published sources and from
different departments. The farmers from
representative villages and consultants
from State Agricultural Extension
Management and Training Institute
(SAMETI) and MANAGE were also
involved in the review and verification
of data. The technological gaps were
identified in each AES for different crops
grown and enterprises taken on the basis
of perception, experience, and wisdom
and discussed with farmers for reasons
and solutions, both local and external.

Finalization of SREP

A one-day district level workshop was
organized, in which findings of the
field experiences were discussed and
shared with farmers from representative
villages, district level officers, scientists



Table 1. Details of selected districts.

S.No. State District Agroclimatic zones Major crops
1 Himachal Kangra Submountain & low hills subtropical, Wheat, mung, paddy, ragi
Pradesh mid-hill subhumid, high hill wet subtemper-
ate (AES 6)
Hamirpur Submountain low hill (AES 4) Wheat, maize, paddy
Shimla Subhumid hill to temperate (AES 5) Wheat, maize, paddy,
millets, pulses
Bilaspur Submountain low hill-subtropical Wheat, maize, vegeta-
(AES 4) bles, paddy
2 Punjab Gurdaspur Hilly-semi hilly-undulating-central plain Wheat, paddy, maize
(AES 5)
Faridkot Southwestern region (AES 3) Wheat, paddy, cotton,
pulses
Sangrur Central-western plain (AES 4) Wheat, paddy, maize
Jalandhar Central-undulating plain (AES 2) Paddy, wheat, pulses,
maize
3 Bihar Munger South Bihar alluvial plain (AES 4) Wheat, paddy, maize
Patna South Bihar alluvial plain (AES 4) Wheat, paddy, maize
Muzaffarpur ~ Northwest alluvial plain (AES 5) Paddy, wheat, pulses,
oilseeds
Madhubani Northwest alluvial plain (AES 5) Paddy, wheat, pulses
4 Jharkhand ~ W.Singhbhum  Southeastern plateau (AES 3) Paddy, maize
Dumka Central & northeastern plateau (AES 4)  Paddy, maize, pulses
Jamtara Eastern plateau & hills (AES 4) Paddy, maize, pigeonpea
Palamau Western plateau (AES 5) Paddy, maize, wheat
5 Orissa Ganjam East & southeastern coastal plain & north- Paddy, mung, ragi
eastern ghat (AES 8)
Koraput Eastern ghat highland-Southeastern Paddy, small millets,
ghat (AES 7) maize, oilseeds, pulses
Khurda Southeastern coastal plain (AES 6) Paddy, pulses, groundnut
Sambalpur High rainfall-rainfed Paddy, pulses, oilseeds
6 Andhra Prakasam High-moderate-scanty rainfall (AES 6) Paddy, pigeonpea,
Pradesh tobacco, cotton
Kurnool Scarce-rainfall zone (AES 4) Groundnut, sunflower,
cotton, paddy
Adilabad North Telangana (AES 6) Jowar, cotton, paddy
Chittoor Southern zone (AES 5) Groundnut, paddy,
sugarcane
7 Maha- Amravati Assured to high rainfall zone (AES 5) Cotton, jowar, wheat,
rashtra pulses
Ratnagiri Very high rainfall zone (AES 6) Paddy, pulses, groundnut
Ahmadnagar  Ghat hilly-plain transition-scarcity (AES 3) Jowar, bajra, pulses
Aurangabad  Assured-scarce rainfall zone (AES 5) Jowar, cotton, pulses,

oilseeds

Numbers in parentheses indicate number of agroecological situations defined within the districts

21



Table 2. Agroecological situations of SREP districts.

District and
S. No. State agroclimatic zones  Agroecological situations within the districts

1 Andhra  Chittoor
Pradesh  (Southern zone)

. Red sandy loam

. Red soil irrigated dry — northeast monsoon influenced
. Red soil - southwest monsoon influenced

. Clay loam

. Red sandy loam irrigated

OB wND -

2 Andhra  Kurnool 1. Noncommand, high/normal rainfall, black soils
Pradesh (Scarce rainfall 2. Noncommand, high/normal, rainfall, red soils
zone) 3. Noncommand, low rainfall, black soils
4. Noncommand, low rainfall, red soils
3 Andhra  Prakasam 1. Medium to deep black soils with canal irrigation NSP &
Pradesh (High-moderate- KWD
scanty rainfall) 2. Medium to deep black soils under tankfed and lift irrita-

tions
3. Medium to deep black soils under rainfed conditions
4. Red sandy soils under canals, wells and tankfed irriga-
tion
. Red sandy soils under rainfed conditions
. Coastal sandy loams with irrigated and rainfed condi-
tions

o O

4 Andhra  Adilabad
Pradesh (North Telangana)

. Black cotton soils-rainfed-high rainfall
. Black cotton soils medium rainfall

. Red soils-rainfed-medium rainfall

. Irrigated tanks

. Irrigated canals

. Life irrigation-wells/borewells

ook, wWwN -

5 Bihar Muzaffarpur 1. Upland rainfed saline
(Northwest alluvial 2. Upland irrigated
plain) 3. Upland rainfed

4. Midland irrigated
5. Low land-chaur/monn

6 Bihar Munger 1. Diara
(South Bihar alluvial 2. Tal
plain) 3. Plain

4. Hilly

Continued

22



Table 2. Continued.

District and
S. No. State agroclimatic zones  Agroecological situations within the districts
7 Bihar Madhubani 1. Eastern flashflood affected kamala-kosi zone
(Northwest alluvial 2. Middle south plain zone
plain) 3. Middle north undulated zone
4. Western waterlogging zone
8 Bihar Patna 1. Tal (Waterlogging, heavy-textured soil)
(South Bihar alluvial 2. Diara (undulated light textured land)
zone) 3. Jalla (peculiar situations, water stagnation problem)
4. Irrigated plain (well-irrigated plain land)
5. Rainfed plain (nonirrigated plain land)
9 Himachal Hamirpur 1. High altitude gravelly sandy clay loam
Pradesh (Submountainlow 2. Medium altitude sandy clay loam
hill) 3. Medium altitude gravelly sandy clay loam
4. Low altitude sandy loam
10 Himachal Shimla 1. High hill (H1)
Pradesh  (Subhumid hill to 2. Mid hill-1 (M1)
temperature) 3. Mid hill-2 (M2)
4. Mid hill-3 (M3)
5. Low hill-1(L1)
1 Himachal Bilaspur 1. Govind Sagar’s basin soil areas
Pradesh (Submountain low 2. Valley areas
hill-subtropical) 3. Changer areas
4. Mid-hill areas
12 Himachal Kangra 1. Rainfed moderately plain zone
Pradesh (Submountain & 2. Riverbed, high temperature, low rainfall areas
low hills subtropical, 3. Rainfed, subtropical changer area
mid- hill subhumid, 4. Moderate rainfall, irrigated area
high hill wet sub- 5. High rainfall, acidic soils, hailstorm-prone area
temperate) 6. Grassland, meadow and other areas
13 Jhar- Palamau . Upland rainfed light soil
khand  (Western plateau) . Upland rainfed heavy soil

BN -

. Medium rainfed light and heavy soil
. Irrigated medium heavy soil
5.

Sot (low land) rainfed gray yellowish heavy soil

Continued
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Table 2. Continued.

District and
S. No. State agroclimatic zones  Agroecological situations within the districts
14 Jhar- Jamtara 1. Upland (tar)-eroded soil-rainfed
khand  (Eastern plateau & 2. Medium land-sandy loam-rainfed
hills) 3. Medium land-sandy loam-tank irrigated
4. Lowland-alluvial soil-rainfed
15  Jhar- West Singhbhum 1. Kolhan Porahat upper plateau rainfed moderately high
khand  (Southeastern & forestry based
plateau) 2. Kolhan lower plateau rainfed moderately high & forestry
based
3. Kolhan comparatively plain and rainfed
16 Jhar- Dumka 1. Upland rainfed
khand  (Central & north- 2. Midland rainfed
eastern plateau) 3. Midland irrigated
4. Lowland irrigated
17 Maha-  Amravati 1. Hilly marginal land, heavy rainfall and high altitude
rashtra  (Assured to high 2. Medium to deep soil and assured rainfall
rainfall zone) 3. Shallow to medium soil, assured rainfall and plain
topography
4. Plain area deep soil and assured rainfall
5. Plain area, shallow to medium soil, assured rainfall and
command irrigation
18  Maha-  Ratnagiri 1. North coastal
rashtra  (Very highrainfall 2. South coastal
zone) 3. North plateau
4. South plateau
5. North hilly
6. South hilly
19  Maha-  Aurangabad 1. Low rainfall, light to medium soils
rashira  (Assured-scarce 2. Low rainfall medium to heavy soils, non-CADA area

rainfall zone)

3. Assured rainfall medium to heavy soils
4. Assured rainfall hilly terrain
5. Command area heavy soils
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Table 2. Continued.

District and
S. No. State agroclimatic zones  Agroecological situations within the districts
20  Maha-  Ahmadnagar 1. Command area with unassured irrigation and medium
rashtra  (Assured-scarce soils
rainfall zone) 2. Command area with assured irrigation and medium
soils
3. Command area with assured irrigation and light soils
4. Noncommand hilly zone with shallow soils
5. Noncommand transition zone with medium to shallow
soils and well and lift irrigation
6. Noncommand area with medium soils and well irrigation
7. Noncommand with medium soils and rainfed
8. Noncommand area with shallow soils and rainfed
21 Orissa  Ganjam 1. Coastal alluvial noncommand
(East & southeast- 2. Coastal alluvial noncommand
ern coastal plain & 3. Coastal alluvial saline
northeastern ghat) 4. Rainfed laterite
5. Rainfed red and laterite
6. Block, medium rainfall and irrigated
7. Alluvial low rainfall and irrigated
8. Laterite, moderate rainfall and irrigated
22 Orissa  Koraput 1. High elevation, high rainfall & noncommand
(Eastern ghat high- 2. High elevation, medium rainfall & noncommand
land-southeastern 3. High elevation, low rainfall & noncommand
ghat) 4. Medium elevation, medium rainfall, & noncommand
5. Low elevation, medium rainfall, command
6. High elevation, medium rainfall, command
7. High elevation, medium rainfall, & noncommand
23 Orissa  Khurda 1. Noncommand laterite
(Southeastern 2. Coastal alluvial noncommand

coastal plain)

3. Coastal alluvial saline noncommand
4. Black alluvial noncommand

5. Coastal alluvial command

6. Black alluvial command

Continued
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Table 2. Continued.

District and
S. No. State agroclimatic zones  Agroecological situations within the districts
24 Orissa  Sambalpur 1. High rainfall laterite soil noncommand
(High rainfall- 2. Tableland canal irrigated
rainfed) 3. Tableland rainfed
4. Undulating submountainous tract rainfed
5. Plateau rainfed
25  Punjab  Gurdaspur 1. Undulating rainfall with loamy sand soil
(Hilly-semi hilly- 2. Tube well irrigated with clay loam soil
undulating-central 3. Tube well irrigated with alkaline soil
plain) 4. Tube well irrigated with loamy soil
5. Canal irrigated with sandy loam soil
26 Punjab  Faridkot 1. Faridkot Hathar-sadig-sandy plain
(Southwestern 2. Faridkot: Uttar-dhudhi-sandy loamy
region) 3. Jaitu area : sandy loam to loam
27 Punjab  Jalandhar 1. Central plan region |
(Central-undulating 2. Central plan region |l
plain)
28 Punjab  Sangrur 1. Plain topography, tube well and canal irrigation, sandy
(Central-western loam soil with saline sodic in nature
plain) 2. Plain topography, tube well irrigated supplemented by

canal water, sandy soil

3. Plain topography, tube well and canal irrigation, sandy
loam soil with sodicity

4. Plain topography, tube well and canal irrigated, flood-
prone area, sandy loam soil with saline sodic in nature

from SAUs, KVKs, NGOs, etc. and
observers from SAMETI and MANAGE
to obtain their feedback for suitable
improvements in research and extension

gaps and SREP.

6 Gap analysis

The major agroclimatic zones and crops
of the pilot districts are provided in
Table 1. The research needs and gaps
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by agroecologies are displayed in Table
3 (Annexure I). It can be seen from
Table 1 that wheat, maize and paddy
are the three major crops in the selected
districts of HP, Punjab and Bihar. Besides
paddy, pulses, oilseeds, and cotton are
the major crops in the selected districts
in Orissa and Andhra Pradesh whereas
in Maharastra, jowar is also an important
crop besides cotton and pulses. However,
there were other enterprises that were



taken up by the farmers in different AES
of the selected districts. It may be noted
that districts in arid agroecosystems were
not selected under the SREP project and
therefore, this exercise does not provide
insights on this important ecology, which
forms around 8% of the net cultivated
area of India (Saxena et. al. 2001). This
is one of the limitations of this study. .

In Table 3 (Annexure 1), the research
needs are provided along with the gaps.
[t may be noted that, as desired, research
needs have been identified and stated in
a focused manner for immediate action.
The gap analysis is attempted by looking
into the research portfolio of one of
the largest recent projects in India, the
World Bank-funded NATP. All the state
research institutions including private
institutions participated in this project
under different modes of research. It was
envisaged that the research needs felt by
farmers was explored during this project
and therefore, a comparison of research
needs with the research portfolio of this
project should provide a broad picture of
the gaps that exist at the moment. The
most ideal way would have been tolook at
the research portfolio of all the research
institutions in the country (relevant
districts) to see whether the gaps find
place in their projects, but this was not
possible for lack of time. However, it is
strongly felt that comparison with NATP
is least objectionable as it provides not
only information about gaps but also
an opportunity to address these gaps in
future, particularly in the next phase of
NATP.

Nine themes have been identified for
the purpose of research prioritization,
and major gaps exist in genetic
improvement, NRM, IPM, andintegrated

pest and nutrient management (IPNM).
It may be recalled that in the earlier
study of broad priorities, six themes
were identified, namely soil and water
management, commercialization and
diversification of production systems,
market integration, livestock, mapping
of poverty, and sustainable seeds and
technology systems. The identified gaps,
if classified under this scheme, mostly
fall under the themes of sustainable seeds
and technology systems, livestock, and
commercialization and diversification
of production systems, in that order.
As regards different ecologies, research
gaps are largest in hill and mountain and
irrigated agroecology followed by coastal
and rainfed agroecologies. Although
NATP is a project of great opportunities
for bridging the research gaps, the analysis
indicates that many gaps still exist at
least from the point of view of needs at
the farmer level. It may be inferred from
this that the process and mechanism
of reflection of research needs in the
research agenda are still not perfect
and require improvement. Perhaps, as it
generally happens, the selection of the
research projects under NATP was more
through scientists’ perception/wisdom
than farmers’ felt needs.

7 Bridging the gap

The gaps identified can be bridged
through  participation of research
institutions, extension agencies, and
development departments. As can be
seen through the success stories in
NATP under Innovations in Technology
Dissemination (ITD) component, the
Agricultural Technology Management
Agency (ATMA) model exemplifies a
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workable but participatory mechanism
for continuous effort in bridging the gap.
It may be noted that after identification
of gaps, a research and extension
strategy involving all the concerned
agencies was finalized to bridge the
gaps. The research strategy included re-
synthesis of the technological package
as per farming situation, strengthening
of on-farm research and strengthening
of on-station research. Similarly, the
extension strategy involved improving
the productivity and income of the
existing enterprises and commodities,
diversification and intensification of
existing farming systems, improving
sustainability in production and income,
improving the financial sustainability,
strengthening of farmer organizations,
strengthening of marketing infrastruc-
ture, and strengthening of private
institutions for extension. For each one
of these strategies, different crops/
commodities/tasks, suitable unit size,
unit cost, number of units, and total
cost were identified, and the agency
implementing the strategy on a pilot scale
was defined and directed to implement
the task. As regards research strategies,
it was impressed on research institutions
(SAUs and ICAR institutions) that they
should address long-term issues utilizing
their own funds. In respect of short-term
issues like on-farm field trials, limited
financial support was extended to KVKs
by ATMA.

Although SREPs were prepared well
with all details and involvement of all
the concerned people, many practical
difficulties were experienced while
implementing them. Some of these
difficulties arose on account of not
fixing the relevant targets (like area to
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be covered) for tasks to be performed;
alternative options were not explored
and assessed while deciding on activities;
production constraints/ gaps were
mostly identified and addressed while
ignoring processing, marketing etc; only
linkage between research and extension
agencies was visualized but not the
broad spectrum of issues and agencies
involved in rural development; etc.
These limitations must be overcome in
the next phase for effective functioning.
This requires improved coordination,
understanding, and functional mode of
action of all concerned. Fully realizing
the potential of the ATMA model for
decentralized  agricultural  planning,
the Government of India proposes to
implement the model in 250 districts
of India during the 10 Five Year Plan
(2002-07).

8 Implication on
agricultural research
priorities

The research gaps identified need to
be systematically prioritized using the
methodology of constraint analysis,
which involves estimation of yield loss
and value loss considering target domain,
intensity, and frequency of occurrence of
the problem - constraints are prioritized
in accordance with the value loss. For
want of time, this was not done in this
exercise. In the instant exercise, relating
to 28 districts, the ATMAs have toanalyze
economic significance of the identified
gaps using standard tools. Depending
on the resource availability and the
mandate of the consortium institutions,
the research gaps must be addressed by
the research institutions, extension gaps



by extension agencies, and development
gaps by development agencies. In this
paper, we have highlighted only the
research gaps. It may be noted that in
the project, extension and development
gaps were also studied and suggestions
made for redressal.
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Research Need Assessment and Prioritization
of Agricultural Research for
Development: Sri Lanka

HPM Gunasena'

1 Sri Lanka’s agricultural
sector

The fundamental challenges facing
agricultural development in Sri Lanka
are first to increase domestic food
production in a sustainable manner to
feed the gradually increasing population,
and second, to increase the volume of
exports of both traditional as well as the
nontraditional commodities, to increase
foreign exchange earnings. The present
population is 19.25 million, which is
expected to increase by an additional 5
million in the next 30 years, and food
production has to be geared to meet
the consequent increase in demand. To
achieve the required level of production,
the domestic agricultural sector has
to be revitalized. As expansion of land
area is limited, the only way to achieve
this is by intensification of current
agricultural production through use
of modern technologies. Agricultural
intensification must undergo a paradigm
shift from current practices to orient
the production-utilization chain to meet
the new challenges. This will require
development of new technologies that
are applicable under local conditions.

At the same time, we should not ignore
our continuous commitment to less
glamorous but essential programs such

as reducing postharvest losses, focusing
on renewable energy, agrarian reforms,
and empowering small-scale producers
and rural women in agriculture. Hence,
both the public and private sectors
need to play an active role focusing on
agricultural research and technology
development. This is a formidable
challenge and requires appropriate policy
and program interventions to mobilize
human, physical and financial resources.

The share of agriculture in GDP was
19.5% in 2002 and 15.5% in 2003. Direct
employed population in agriculture,
livestock and fisheries was 35%, while
those dependent on the agricultural
services sector expands the figure to
70% in 2003. There has been a shift
of agricultural labor to industry due to
low profitability of agriculture as well as
diversification of the national economy.
This sector has shown poor growth due
to a number of factors such as the open
economic policies that have permitted
uncontrolled import of consumer goods
after trade liberalization.

Agriculture has been the dominant
sector and mainstay of the economy
since 1948. It consists mainly of rice
and other field crops, vegetables and
fruit crops; agricultural crops for export;
forestry; plantation crops (mainly tea,
rubber, coconut and spices); fisheries;

'Executive Director, Sri Lanka Council for Agricultural Research, Colombo, Sri Lanka
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and livestock; and the newly emerging
floriculture,  environment-controlled
agriculture, and organic agriculture.
The area under rice cultivation has
declined over the last two decades due
to urbanization; lack of labor, irrigation
water, and incentives for cultivation;
and marketing of high value product
diversification. The current area under
paddy is about 820,000 ha, of which
only half is cultivated in the yala
(dry) season due to lack of water for
irrigation. Abandoned paddy lands
are a common feature in rural areas.
Approximately 32,200 ha of paddy
lands were abandoned in 1998, which
had a negative influence on paddy
production. The high cost of production
in peri-urban areas also deters farmers
from cultivating rice. The best option
for increasing rice production would
be to pay more attention to the main
production areas, while diversifying the
marginal paddy lands. The adoption of
HYVs covering over 90% of the paddy-
cultivated areas of rice has increased the
average yield up to 3.8 mt ha' (2003)
from 1.6 mt ha' in 1962 (Table 1).
The yield potential of these varieties
ranges from 10 to 12 mt ha' and the
realizable yield under farmer conditions
is only one third. Bridging this yield
gap will be a good option to increase
the national rice vyield. Batalegoda
Rice Research Institute is currently
conducting a hybrid rice program
jointly with Chinese scientists to
further enhance paddy yields. The yield
increment is expected to be 15-20%
of the existing paddy yield. However,
hybrid rice production must be carried
out continually to maintain superior
parental lines. The National Policy for
rice is to achieve self-sufficiency and

Table 1. Rice extent and production, 1952-
2003.

Paddy
Extent  production
Year (ha) (mt) mt ha
1952 478,292 603,000 1.26

1962 621,570
1972 726,238
1982 844,648
1992 803,174
1999 877,000
2000 877,994
2001 798,000

1,001,000 1.61
1,312,000 1.81
2,156,000 2.55
2,340,000 2.91
2,855,000 3.26
2,958840 3.37
2,695,000 3.38
2002 852,000 2,860,000 3.36
2003 817,000 3,071,000 3.76

Sources: Central Bank report. 2002, 2003.

use the surplus grains for rice-based
industries.

In most of the other field crops (chilly,
onion, potato, groundnut, soybean, green
gram, black gram, maize, cowpea, etc.)
production was lower than the previous
decade (Table 2). In 2003, production
was 40% less than in the previous year
(Central Bank Report 2003). These crops
face massive competition from cheaper
imports, which have discouraged the
farmers from growing them (Table 3).

The cultivated area of these crops
has also gradually reduced due to low
profitability. The low yields are also
associated with the cultivation of low-
yielding varieties and use of substandard
management practices. Use of high-
yielding hybrid seeds and planting
materials,  postharvest  processing,
storage, value addition and marketing
have been completely neglected in these
crops. High quality seeds and planting
materials, improved technology, and
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Table 2. Annual production of major field crops, 1999-2003.

(Figs. in mt)

1999 2000 2001 2002 2003
Kurakkan 4807 4849 4196 4701 5267
Maize 31471 31052 28755 26417 29645
Sorghum 138 121 50 148 201
Green gram 13825 11695 9716 10324 10605
Cowpea 12106 12121 9839 10436 12900
Soybean 797 648 622 1156 2957
Black gram 6730 5420 5127 5094 5941
Gingelly 4775 4598 4205 4070 5485
Groundnut 6540 7065 6461 8737 6587
Potato 27171 48409 57681 88709 71744
Red onion 42648 42502 36863 35334 35513
Big onion 62729 36560 31966 31560 32301
Chilli (green) 60031 55860 49042 46349 461181
Chilli (dry) 15008 13965 12261 11587 11548

effective delivery systems are crucial to
improve the productivity of these crops.

The vegetable sector also faces the
problems of lack of superior seeds and
planting materials, poor management
systems, high postharvest losses, and
lack of proper marketing mechanisms,
all of which adversely affect sustainable
productivity and supply of quality
products to the market. The high
cost of inputs such as fertilizer and
agro-chemicals have aggravated these
problems. The wuse of hybrid seed
technology will be crucial to develop
this sector, but research in this direction
has only just begun. The vegetable sector
has immense potential for export; hence
the National Policy aims at improving
the production systems and investments
on high tech precision agricultural
techniques to encourage the production
of exportable vegetables.

Sri Lanka produces very small
amounts of fruits compared to other
Asian countries. At the same time, Sri
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Lanka imports large quantities of fruits
such as grapes, oranges, apples, dates,
and pears. Of the 20 common fruits, 12
have been prioritized for research and
development (R&D); these are shown in
Table 4.

The total area under fruit cultivation
is about 100,000 ha, with an annual
production of 560,000 t. Postharvest losses
in fruits are relatively high compared
to those of other developed countries,
and in some cases such as papaya,
losses exceed 40%. Fruit production is
not satisfactory due to use of inferior
varieties, poor quality planting materials,
poor management, high incidence of
pest and diseases, low quality produce
and inadequate storage. Development of
dwarfing rootstocks and hybrid fruit trees
and high density planting of compact
trees can form the basis for developing
the fruit sector. As the National Policy
states, the fruit sector will be expanded
on a commercial basis to develop a fruit
industry for promoting exports.
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Table 4. Annual production of major fruit crops, 1999-2003.

(Production in mt)

1999 2000 2001 2002 2003
Banana 397272 403404 366900 280628 395964
Cashew 5200 4610 5304 5335 5489
Lime 3530 3879 3952 3240 5087
Mango 71150 71123 75733 80393 82595
Orange 3000 3328 3331 3510 3159
Papaya 17468 15806 1711 17102 19267
Passionfruit 527 872 601 1139 453
Pineapple 40783 43254 53243 53040 50895

Source: Division of Agricultural Economics, Department of Agriculture, 1999-2003.

The floriculture sector in Sri Lanka,
mainly comprising private firms, hasmade
rapid progress in the last two decades by
entering into the export markets. There
are about 50 export-oriented nurseries
that have been organized with the
assistance of the Export Development
Board, which offers attractive incentives
to the exporters. The main products
exported are ornamental foliage plants,
cut flowers, flower seeds, flower buds,
aquatic plants, landscaping plants and
tissue-cultured plants. The National
Policy promotes expansion of this sector
for local and international markets with
financial and infrastructure supports
coupled with several incentives.

Overall  agricultural  production
has declined in the last decade and its
performance has been unsatisfactory.
As a result, food imports have been
gradually increasing and export earnings
are used for purchasing these imports.
The expenditure on food imports in
1995, which was around Rs. 26 billion
(US$ 33 million) increased to Rs. 48
billion (US$ 53 million) in 2003. This
trend must be reversed by enhancing
domestic food production. Thus, the
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key issue of sustainability will revolve
round and depend on the small farmers,
who constitute 70% of the population.
To wuplift the farming community,
cooperation of all agricultural research
institutions, universities and the private
sector will be required. Ironically
scientific advances such as biotechnology
are coming at a time when the farming
community is not able to adopt them
due to high cost and complexity of new
technologies or information. A shift of
labor has occurred from agriculture
to industry and youth avoid farming,
preferring to look for better employment
in the cities. The agricultural labor, which
was 50% of the population, has declined
to 35% in 2003. Attracting youth to
farming through modern technologies
will be a path that must be pursued if
domestic agricultural production is to
be improved. If agriculture is innovative,
intellectually attractive and financially
rewarding, it will attract youth. It is
here that agricultural research will be
called upon to play the important role
of developing and disseminating user-
friendly technologies to develop a vibrant
agriculture sector.



2 National agricultural
policy

Since Independence, the NAP has
remained almost wunchanged, with
emphasis on self-sufficiency in essential
foods (mainly rice) and dependent on
traditional exports such as tea, rubber,
coconut and spices for earning foreign
exchange. The NAP 2004-2010 has
taken a different direction toward
increasing domestic food production and
self-sufficiency, with the primary aim of
reducing widespread poverty in the rural
and estate sectors. Pockets of extreme
poverty exist in some regions, reaching
levels as high as 37% (Central Bank
Report 2003). The present policy also
focuses on household food and nutrient
security, sustaining environment and
natural resources and expanding rural
employment. This is a direct reflection
of the widening disparities in income
between the urban and rural areas.

3 National agricultural
research policies

Agricultural research has made sub-
stantial contributions to the overall
productivity growth since Independence.
However, the most significant growth
occurred following the Green Revolution
with the development of high-yielding
rice varieties, which cover over 95% of
the sown area at present, reflecting the
high investment made on rice research.
Rice yield increased from 1.5 mt ha' in
1960 to 4.0 mt ha' in 2004. No such
significant breakthroughs have been made
in the case of other crops. In all cases,
including the plantation sector, crop-
livestock-resource management research

has been less successful. The use of high
external inputs to exploit the potential
of crops has been fast, often leading
to land degradation with consequent
environmental pollution. There is no
doubt that agricultural research will have
to play amore dominant role in the future
due to increasing population and scarcity
of land and water, and to be competitive
under the prevailing open market policies
and trade liberalization. Agricultural
research will have to respond to the new
challenges by generating technologies to
increase productivity of the agricultural
sector.

Despite the pastinvestments on public
sector research, the Sri Lankan NARS is
uncertain of future funding to address
demands of the agricultural sector,
mainly due to lack of priority-setting
mechanisms, inefficient management
of available resources and insignificant
output. Therefore, agricultural
productivity has to be increased through
various institutional innovations for
which farsighted research policies will
be required. This is a complex task. The
research policies should complement
the overall goals and objectives of the
NAP of Sri Lanka and reinforce and fill
the gaps in R&D that constrain enhanced
agricultural production. In this effort,
the roles of the state and the private
sectors are equally important.

The Sri Lankan NARS consists of
12 main research institutes/departments
that operate under six Ministries:
Agriculture & Livestock, Plantation
Industries, Environment and Natural
Resources, Fisheries and Ocean Re-
sources, Tertiary Education, and Train-
ing and Cooperatives. Research and
development investment as a propor-
tion of the agricultural GDP, as in
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the other developing countries, has
been low with hardly any increase
over the past 25 years. The research
investment in the developed countries
now approaches 5% when compared
to 0.6% in the developing countries,
an almost ten fold difference. The Sri
Lankan annual recurrent agricultural
research expenditure in the year 2000
was Rs. 905 million with a research
investment of only 0.52%. Strategically,
it is necessary to attract more funds to
NARS for research by convincing policy
makers, while also canvassing for funds
from other sources. Although the NARS
has developed sufficient capacity, it has
not performed well and a decline in
quality is observed. Research institutes
currently lack commitment and hard
work in the existing poor research
environment, and increased motivation
and commitment will determine the
effectiveness of NARS. Consequently
the impact of research at farm level is
insignificant. Therefore, the bottomline
for revitalizing the agricultural sector
is to attract funds to the level of 1.0%
of agriculture GDP to reinvigorate the
NARS.

The main national agricultural
research policies focus on research
prioritisation, capacity building in the
agricultural sector, financing, improving
the efficiency of NARS, international
linkages and policy research (Anon
2003). Due to the changes in the national
agricultural policies, mandates of the
research institutes have also drastically
changed from production with emphasis
on vyield increases to postharvest
processing and value addition. The role
of the private sector has diminished to
a considerable extent with emphasis
on farmer organization as the focal
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point for implementation of production
programs. The fund allocation for
agricultural research is based on the
above priorities rather than on research
projects. The focus is on cutting edge
research in areas that have immediate
impact such as biotechnology, plant
breeding, postharvest technology, and
labor-saving machinery and equipment.

4 Prioritization of
agricultural research
programs/projects, 1996-
2003

As a basic input for research planning,
agricultural commodities were
prioritized on the basis of their
economic importance. The task was
carried out in two distinct steps. The
first was the definition of the national
agricultural development strategy in
terms of selected objectives, indicating
their relative importance by assigning a
weight to each of them. Five objectives
were selected and they were weighted
as shown in Box 1.

The next step was to assess and
prioritize these commodities on the
basis of their capacity to contribute
to the attainment of the development
objectives identified.

The first approximation of a ranked
listing of commodities was obtained
by applying a formal priority setting
methodology  (weighted  objectives
methodology) to commodities for
which data on past performance was
available. The list was then discussed
and revised, taking into consideration
factors such as the potential for future
development of these commodities,
potential for an effective contribution



Box 1. Weights of the objectives.
Percentage
S.No. Objective Weighting
1. Income and employment generation 30
2. Generation of foreign exchange 24
3. Economic efficiency 18
4. Satisfaction of future domestic demand 18
5. Satisfaction of nutritional requirements of low income 10
groups

from research in the medium term, and
the availability of trained scientists at
the various research institutes. In this
process extensive discussions were held
with the Department of Agriculture
whose research encompasses a large
number of commodities.

5 Prioritization of
agricultural research
programs/projects 2003-
2006

The following priority research areas
have been identified for 2003-2006
after several rounds of stakeholder
consultations. This procedure enabled
many of the stakeholders to comment
on the previous procedures attempted
at prioritization of research programs,
and to give advice and suggestions. The
priorities are client-oriented and demand
driven; hence the findings are expected
to lead to implementable solutions. They
are as follows:

* Plant breeding/genetic improvement
of commercially important crops and
underutilized crops

* Hybrid seed development

* Biotechnology

* Conservation and utilization of
genetic resources

* Integrated pest management

* Biopesticides and biofertilizers

* Irrigation water management

* Soil fertility management

* Intensive crop production systems

* Agroforestry and NRM

* Fruit and floriculture development

* Foodtechnology, postharvest process-
ing and value addition

* Livestock improvement/breeding

* Integrated farming systems

* Aquaculture and fisheries

* Ornamental fisheries

* Labor-saving machinery and equip-
ment

* Agricultural marketing

* Agricultural information and com-
munication technology

* Socioeconomic and policy issues

Research prioritization at the micro
level has been attempted through
holding cluster meetings for different
crops (e.g. Cinnamon Cluster, Organic
Agriculture Cluster, controlled environ-
ment agriculture cluster). In this
process the stakeholders (cultivators,
researchers, extension agents, marketing
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agents, wholesalers, processors and
exporters) of individual crops were
called for a brainstorming session to
identify the gaps in research. Their
immediate problems were discussed
and researchable problems identified.
This is a direct procedure that can be
used for specific crops or agricultural
systems such as environment-controlled
agriculture and organic agriculture or
plantation crops such as tea, as the
interest groups are homogenous and
crops are grown extensively in specific
regions. It is not applicable to farmers
involved in growing the several crops
spread over different ecosystems.

Sri Lanka has been classified into
three major agroecological regions and
several subregions, mainly based on
rainfall and factors such as major soil
groups, terrain and land use patterns.
These are: Dry zone (DL: low country
650-1100 mm), Intermediate zone
(IL: low country 1100-1400 mm, IM:
mid country 1100-2000 mm, and IU:
upcountry 1400-2400 mm) and Wet

zone (WL: low country 1700-3200 mm,
WM: mid country 1400-3300 mm and
WU: upcountry 1800-3100 mm). The
major crop research institutes (Rice,
Horticulture and Field Crops Research
Institutes) have prioritized research for
each ecological region (Fig 1).

These research priorities are listed
below in brief.

Rice Research and Development
Institute

The two major problems in rice
production are low productivity and
high cost of production, which make
rice  cultivation an uneconomical
enterprise. High production costs
are associated with high cost of labor
and power amounting to 70% of the
total cost. Low productivity is mainly
attributed to varying levels of biotic
and abiotic stresses in different rice
production ecosystems in the country
(Abeysiriwardene 2004).

The research thrusts identified are as
shown in Box 2.

Box 2. Identified research thrusts for rice research.
Research thrust Gaps in research
Variety improvement ¢ Identification of varieties for different ecosystems,
(Countrywide) dry, wet and intermediate zones,
* Development of varieties resistant to blast, bacterial
blight, gall midge and brown plant hopper
* Incorporation of tolerance to salinity and iron
toxicity
* High yield and quality
* Improvement of nutrient quality of grain in all varieties
aimed at higher milling and quality cooked rice
Plant protection * Breeding for resistance and development of IPM
packages
Agronomy * Fertilizer use and water use efficiency of crops
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Figure 1. Agroecological regions of Sri Lanka.

Horticultural Crop Research and
Development Institute

The major research issues are the lack
of improved varieties of vegetables
and fruit for local consumption and
export. Varietal improvement through
selection and breeding is the main area
of research required. In addition, plant

protection is given priority to produce
fruits and vegetables with minimum
use of pesticides; hence development of
biopesticides and biofertilizers is a major
research activity. Postharvest processing
is another area receiving special attention
with reference to vegetables and fruits
(Kudagamage 2004). (Box3)
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Box 3. Research thrusts for horticultural research.

Research thrust Gaps in research

(Central region, vegetables
mid-country) * [PM packages

region, upcountry) * IPM packages

Vegetables * Varietal development, hybrid seed development in selected

* Breeding and multiplication of sweet potato and root crops
* Soil fertility management, fertilizer usage and bio-fertilizers

Vegetables (Central ¢ Exotic vegetable production (Potato, cabbage etc)

* Postharvest storage

Vegetables * Low country vegetable production packages
(Northwestern * Breeding for high yield

region)

Fruits (Central * Papaya and durian improvement

region) ¢ Artificial flower induction for off-season production,

Under-utilized fruit improvement
* Processing and value addition to fruits and vegetables

Fruits (Central * Development of temperate fruits: strawberry, pear and
region, upcountry) mandarin
Fruits (Western * Germplasm collections and breeding
region) * Crop management systems
* Hybrid variety development
Fruits * Banana: germplasm collection and evaluation, and
(Northwestern agronomic studies
region) * Pineapple: agronomic studies, Anona mutation breeding

Field Crop Research and
Development Institute

This institute is engaged in dry zone
agriculture mainly growing coarse grains,
pulses, fruits and local vegetables. Water
conservation and augmentation is a main
emphasis in agricultural production due
to irregular rainfall. Low yields, severe
pest and diseases attacks and marketing
are the main problems faced by the
subsistence farmers in the dry zone
(Samaratunga 2004) (see Box 4).
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Further analysis of the ongoing
research programs in terms of future
needs highlighted that there are many
other emerging unidentified gaps in
research that are not addressed by the
research institutes. This has arisen due to
lack of research focus based on demands
of the stakeholders. Prioritization of
these based on stakeholder demand
and availability of resources is of crucial
importance to enhance agricultural
production and improvement of farmer
incomes. These areas are listed below.



Box 4. Research thrusts for field crop research.

Research thrust

Gaps in research

Field crops (Dry zone)

Fruits (Dry zone)

Mango, banana, grapes:

Development of coarse grains (maize, sorghum,
millets)

Agronomic packages and pest management
Development of hybrid maize with high-quality
protein

Postharvest processing and storage of coarse grains,
Development of high-yielding, pest-resistant varieties
of chilly

Development of high-yielding and seed setting
varieties of onion

Development of high-yielding, pest-resistant varieties
of pulses

Agronomic studies
Postharvest storage

* Value addition to fruit products
* Marketing studies

* Marketing and market intelligence

* Postharvest processing and value
addition

e Collection, conservation and
evaluation of genetic resources

* Crop improvement using conven-
tional and modern biotechnologies

* Land wuse planning, classification
and land demarcation based on
suitability

* Augmenting water resources, water
harvesting and water management

* Integrated pest management, bio-
pesticide use

* Natural resources management,
mainly soil conservation and preven-
tion of land degradation

* Agroforestry development and crop
diversification

* Dairy cattle breeding and integrated
farming systems

* Improved feed resources and
utilization of local feeds

* Underutilized crops and
domestication of selected species

* Development of SMEs with farmer
participation

These gaps cover the whole pro-
duction-consumer continuum, hence
a holistic approach to research priori-
tization is needed. These issues must be
prioritized by the concerned institutions
as multidisciplinary, interinstitutional
research projects. As several institutions
are involved in the implementation
of these projects, a mechanism for
coordination has to be developed. As the
agricultural research system in Sri Lanka
is dispersed over several ministries,
interministerial coordination is essential
in resource allocation for successful
implementation of these projects.
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Taking all these facts into considera-
tion, the Ministry of Agriculture and
the State Council is in the process of
developing a strategic national research
plan and a human resource development
plan to consolidate the NARS on a long-
term basis.
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Research Need Assessment and Prioritization
of Agricultural Research for
Development: Bangladesh

Md Ismail Hossain!, Cynthia S Bantilan?,
M Matiur Rahman’ and MA Razzaque*

1 Introduction

Agriculture is the mainstay of the
Bangladesh economy, contributing to
about 25% of GDP (Table 1). About
70% of the people are directly engaged
in agriculture. Since the performance of
this sector affects overall progress of the

Table 1. Total agricultural production as
percentage of GDP.

Current Constant price
Year price (base = 1984-85)
1991-92 34.47 36.86
1992-93 30.47 35.92
1993-94 29.69 34.58
1994-95 30.88 32.77
1995-96 28.96 32.24
1996-97 29.34 32.41
1997-98 28.65 31.58
1998-99 29.24 31.55
1999-00 25.51 27.53
2000-01 23.31 25.15

Source: BBS, 1994, 1998, 2001.

economy and the livelihood of a majority
of the population to a large extent,
modernization and growth of agriculture
has always been a national priority for
Bangladesh.

Agriculture has the potential to
reduce food deficit as well as shortage
of industrial raw materials, and also to
provide employment opportunities with
reasonable income that will help improve
the standard of living of the majority of
poor people living in the villages. The
growth potentials of the major crops and
other agricultural commodities are two to
three times higher than the present levels
of production, thus offering substantial
scope for increase in productivity. With
this increase in productivity and income
as well as self-reliance in food, a more
desirable socioeconomic and institutional
framework could emerge as part of the
development process. Thus the country’s
progress and  prosperity  primarily
depends on agricultural development.

The agro-based industrial develop-
ment of the country again largely
depends on the raw materials obtained
from the agriculture sector, such as

"Principal Scientific Officer (Ag. Econ), Bangladesh Agricultural Research Institute, Gazipur, Bangladesh
2Global Theme Leader, SAT Futures and Development Pathways, ICRISAT, Patancheru, Andhra Pradesh,

India
Director (Res), BARI, Gazipur, Bangladesh

“‘Director (Crops), Bangladesh Agricultural Research Council (BARC), Farmgate, Dhaka, Bangladesh.
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sugar, food, jute, textile, tea and leather.
Agriculture accounts for about 87%
of all exports (Hasanulla et al. 1996).
Agricultural development is thus crucial
for the enormous, rapidly-growing
population to maintain a minimum level
of living and to procure enough food, and
to provide labor and capital to the very
poorly developed industrial and service
sectors of the economy.

The research system, however, still
suffers from a number of weaknesses that
tend to reduce its efficacy in supporting
further growth and its sustainability.
There is ample scope for improvement to
make the research system more relevant
and responsive to the needs of a highly
productive, sustainable, intensive and
diversified agriculture. In particular, the
research system needs to re-examine its
focus and re-order its priorities; avoid
fragmenting its efforts; change its approach
from a commodity-based to a farming
system or integrated production system
approach; and strengthen its planning,
programming, monitoring, evaluation
and coordination of research activities in
different centers. It should also strengthen
its linkages with the extension system. In
short, agricultural research should be given
proper attention for overall development of
agriculture. The present study, therefore,
includes the following objectives:

i) To provide a scenario analysis of
agriculture in Bangladesh;

ii) To highlight the significance of
agricultural research for develop-
ment, particularly in the context of
emerging challenges;

iii) To identify research needs at micro-
levels;

iv) To attempt research gap analysis for
research needs vs. current research
efforts;
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v) To prioritize the research gaps; and

vi) To suggest strategies to bridge the
prioritized research gaps through the
involvement of research institutions,
extension agencies, and development
departments.

2 Agriculture in
Bangladesh: Scenario
analysis

Agriculture provides employment

Agriculture is the largest employer in
Bangladesh. Since 1974, the absolute
numbers in the employed sector, both
male and female, have increased by 70%
eventhoughthepercentage declined from
79% in 1974 to 64% in 2003. Moreover,
agriculture is by far the largest employer
of women. In 1995-96, 79% of the total
number of employed women 15 years or
older worked in the agriculture sector. In
addition to persons employed directly in
agriculture, significant numbers work in
industries dependent on agriculture.

Agriculture provides food

Rural agriculture dominates the economy
of Bangladesh because it produces 96%
of the food. Bangladesh has recently
achieved near self-sufficiency in rice, the
dominant food staple, in spite of the land
holding structure dominated by small
and marginal farmers, and the growing
pressure of population on limited land
resources. Although the area under rice
has remained stagnant at around 10 to
11 million ha, rice production (in paddy
units) has increased from 16 million tons
in 1972 to 27 million tons in 2000-01
(Table 2). This implies a growth rate



of 6.96% per year, much faster than
the growth in population. The per
capita availability of rice from domestic
production has increased substantially in
recent years.

Rice dominates agricultural land
use in both seasons (kharif and rabi).
Since 1983, the agricultural land use
has declined by almost 1 million ha.
It is essential therefore that research
continue to develop technologies to
increase productivity from each hectare
sown to rice and other minor crops. The
farmers have adopted modern varieties
to increase their income (Table 3). The
yields of HYVs were found higher than
low-yielding varieties in the farmers’

fields (Table 4).

Contribution of non-agriculture
sectors

The livestock and fisheries sectors
experienced substantial increase in
physical output as well as in prices
relative to other agricultural produce.
These sectors were highly neglected in
the past but have been given considerable
emphasis in recent years as there are
huge wuntapped potentials in these
sectors. These will generate on-farm and
off-farm income earning opportunities
together with the development of
rural nonfarm economic activities. The
income from fisheries grew by 7.8% per
year in the 1990s compared to 2.3%
during the previous two decades. The
income from livestock activities picked
up in the 1980s and continued to grow at
a robust rate of 7.3% in the 1990s (Table
5). Only the forestry subsector grew at
a moderate rate of 3.8% per year. The
share of livestock, fisheries, and forestry
in agricultural incomes was only 20%

during 1973-74, but they contributed
nearly 44% to agricultural incomes by
2000-2001 (BBS 2001).

In recent decades, significant changes
have taken place in the structure and
composition of agriculture in Bangladesh:
First, agriculture’s share of GDP has
dropped from 51% in 1973/74 to 25%
in 2000/01. While the share of the crop
sector in GDP has diminished from
19% in 1990/91 to 14% in 2000/01, the
contribution of fisheries has increased
from 4.5% to 6.2% during the same
period. Also, while the crop sector
output growth was less than 1% per
annum during the early 1990s, it has
risen to over 4% toward the end of the
decade. Some of the noncrop subsectors
such as fisheries, livestock, and forestry
have demonstrated accelerated growth
rates.

Second, the number of farmers
holding land increased from 10.1 million
in 1983/84 to 11.8 million in 1996. If
this trend continues, the total number
of farmers in the year 2005 is likely to
surpass 13 million. Consequently, the
average farm size has declined from 0.81
ha in 1983/84 to 0.61 ha in 1996. As
this trend continues average farm size is
likely to be reduced to 0.34 ha by the
year 2015.

Third, the degree of fragmentation
and subdivision of agricultural holdings
will increase, implying that there
will be more and more small farms.
In 1983/84 small farms (up to 1 ha)
constituted about 70% of total farms
and accounted for about 29% of total
farm area, but these proportions rose to
80 and 41% respectively in 1996. While
the number of small farms has actually
increased at 2.7% annually, the number
of medium and large farms has actually
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Table 3. Rate of adoption of high-yielding varieties of different crops.

Crop Adoption rate (%)
1. Wheat 100
2. Potato 75
3. Maize 98
4, Tomato 70
5. Summer tomato 31
6. Radish 33
7. Mung bean 56
8. Kazi Peyara (Guava) 31
9. Okra 40
10. Mustard 40
11. Eggplant 20

Source: Survey Reports, Agril. Econ. Div, BARI, Gazipur, 2000-03.

Table 4. Yield gap between high-yielding and low-yielding varieties in the farmers’ fields.

Percent increase

Crop HYV (kg ha) LV (kg ha) over LVs
Wheat 2910 734 582
Maize 10500 (hybrid) 6280 (composite) 67
6280 (composite) 2250 (LV) 179
Eggplant 6444 3117 107
Radish 58500 37000 58
Tomato 40710 20433 99
Potato 5630 2720 107
Mustard 1088 976 1"
Mung bean 1040 609 7
Chickpea 1820 791 130
Black gram 1089 806 35

Source: Survey Reports, Agricultural Economics Division, BARI, Gazipur, 1992-2001.
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Table 5. Long-term growth of agriculture and economy.

1973-74 to 1989-90 to 1973-74 to
Sector 1989-90 2000-01 2000-01
1. Agriculture 2.6 35 3.0
Crop 1.7 2.5 2.0
Forestry 3.8 3.8 3.8
Livestock 52 7.3 6.0
Fisheries 2.3 7.8 4.5
2. Non-Agriculture 6.0 6.2 6.1
Gross Domestic Product 4.1 53 4.6

Source: Estimated from BBS, Statistical Yearbook of Bangladesh and Monthly Statistical Bulletins.

fallen over the years. This means that
the future agriculture of Bangladesh
will be dominated by even smaller-sized
farms, which are unlikely to remain
economically viable. There is a need
for eventually evolving a new form of
production mechanism that will integrate
small-scale production with the private
sector, providing technologies, credit,
extension, and marketing services.

Fourth, while the average farm size
has declined, average homestead area
per rural household has increased from
0.08 acre in 1983/84 to 0.09 acre in
1996. This may mean that opportunities
for home-based production systems have
increased.

3 Agricultural research for
development

The economy of Bangladesh draws
its strength and stability mostly from
agriculture, so efficient management
of agriculture is very crucial for socio-
economic  development. Increased
productivity of agriculture requires the
continued support of useful, timely, and

relevant modern agricultural research.
This led to the development of a NARS,
which uses the tools of modern science
to help farmers in the productive use
of natural resources. The Bangladesh
Agricultural Research Council (BARC)
was established through the Presidential
Order No. 32 during April 5, 1973
to provide impetus to more dynamic
research in  agriculture (including
livestock, fisheries and forestry).

BARC is the apex organization for
the NARS in Bangladesh. It has the
responsibility of strengthening the
national agricultural research capability
through planning and integration of
resources, and is the umbrella under
which the entire Bangladesh agricultural
research effort is now coordinated. This
involves collaborative activities of several
government ministries like Agriculture,
Forests, Livestock and Fisheries, Educa-
tion, Industries and Commerce. BARC's
mandated work areas are as follows:

e Planning, developing, and funding
agricultural research programs;

e Establishing a system of priorities for
agricultural research and providing
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mechanisms for these

priorities;

updating

¢ Providingand updating the mechanism
for assessment of progress and
updating the programs;

e Coordinating and evaluating
agricultural research programs;

e Studyingthe humanresourcesposition
in agricultural research and developing
appropriate training programs;

e Liaising with other countries in
matters of scientific research;

e Holding national and international
conferences, and work-
shops;

seminars,

e Publishing and disseminating scientific
information, transfer of technology,
and monitoring,

e Exploiting  scientific  principles,
especially  recent advances in
frontier sciences, in order to create
technologies that  will enable
agricultural production to increase by
means that are both efficient (more
output from the same or less input)
and sustainable (without degrading
the natural resources required by the
production systems); and

e Exploiting advances in management
sciences to improve both the effec-
tiveness and efficiency of research
resource use.

BARC also collaborates with other
organizationslike extension departments,
universities and development institutes
in the country, and with several regional
and international organizations around
the world committed to poverty
alleviation and rural development.
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BARC is the coordinating body of the
ten NARS agricultural research institutes
(ARIs):

i) Bangladesh Agricultural Research
Institute  (BARI),  Joydebpur,
Gazipur

ii) Bangladesh Rice Research Institute
(BRRI), Joydebpur, Gazipur

iii) Bangladesh Jute Research Institute
(BJRI),  Sher-E-Bangla  Nagar,
Dhaka

iv) Bangladesh Livestock Research
Institute (BLRI), Savar, Dhaka

v) Bangladesh Forest Research Institute
(BFRI), Chittagong

vi) Bangladesh Sugarcane Research
Institute (BSRI), Ishurdi, Pabna

vii) Bangladesh Tea Research Institute
(BTRI), Srimangal, Sylhet

viii) Bangladesh ~ Fisheries  Research
Institute (BFRI), Mymensingh

ix) Bangladesh Institute of Nuclear
Agriculture (BINA), Mymensingh
and

x) Soil  Resources
Institute  (SRDI),
Nagar, Dhaka

Development
Sher-E-Bangla

Each of the primary institutions in
the NARS has a specific mission and is
involved generally with a wide range of
applied and adaptive research activities.
These are complemented by educational
support in the form of workshops and
seminars for scientific personnel; in-
service training for supporting staff
and field-days; and related efforts to
communicate research recommendations
to extension agents, farmers, and other
users of information. Another innovation
during the past decade has been the
strengthening/establishment  of  the



network of regional research stations
and substations under these institutions.
These units work on regional and local
problems and also conduct studies
on the adoption of new technology in
different agroecological areas.

A related development is the
expansion of  participatory on-farm
research in which researchers work with
local farmers who try out new practices
under actual farming conditions. This
ensures that new technology is practical
for adoption by farmers. The on-farm
trials help bridge the gap between
technology generation and adoption.
The linkage with extension service
organizations provides the potential for
the two-way flow of communication.
Researchers evaluate new findings
through the extension network so that
they will reach farmers, who can then

put them to practice. In turn, farmers
can use the extension network for
feedback to help researchers become
more aware of the real problems they
are facing.

Several studies were conducted in
the NARS Institutes on the impact of
research and extension in several crops.
Foreign exchange savings or earnings
were also calculated for different crops.
The annual rate of return to investment
in maize research was found to be 23%,
ranging from 11% to 29%. In addition to
generating economic benefits to farmers
in the form of higher incomes and to
consumers in the form of lower product
prices, the research and extension on
maize varieties released after 1987
saved Tk. 291.59 billion ($5.02 billion)
in foreign exchange (Table 6). Without
the research and extension activities

Table 6. Impact of investment to research and extension.

Range of Benefit Cost Foreign exchange
Crops IRR (%) IRR (%) Ratio saving (billion Taka)
1. T. Aman Rice 59 48-73 1.74 127.00
2. Boro/Aus Rice 28 0-43 1.67 65.00
3. Wheat 32 27-41 41.00 7.90
4. Potato 41 31-51 11.00 -
5. Jute 15 12-22 11.95 3.30
6. Sugarcane 16 1-27 NA 4.00
7. Maize 23 1-29 11.00 291.59
8. Tomato 57 44 -70 10.30 -
9. Radish 19 14-28 3.03 -
10. Mungbean 29 7-45 541 4.34
11. Kazi Peyara (Guava) 29 23-35 22.23 -
12. Okra 27 17 - 46 2.68 -
13. Mustard 26 17-30 3.74 11.14
14. Eggplant 49 33-35 5.20 -

Source: Survey Reports, Agricultural Economics Division, BARI, Gazipur, 1998-2001.
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that were responsible for the additional
maize production, Bangladesh would
have had to import maize equal to this
value to satisfy domestic demand. A
similar analysis was also done for the
other crops mentioned in Table 6. These
types of studies indicated the benefits
of agricultural research for overall
development in agriculture sector.

4 Emerging challenges in
agricultural research

Agricultural research has contributed
significantly to the development of
agriculture and the economy of the
country, but it still has to meet many
challenges for agricultural development
in the coming decades.

Food and increasing population

The projected population for Bangladesh
by the year 2025 is about 169 million,
which would require about 27.8 million
tons (Mmt) of rice (equivalent to 41
Mmt paddy) to feed the population. This
is about 21% higher than the production
level of 2000. This increasing demand has
to be met from the limited and shrinking
land resources. Bangladesh Government
has developed a NAP for the development
of agriculture to meet the emerging
challenges.

Food security

Food security for all means that each
individual has access to food securing
adequate calorie and protein intake.
Increased food production is a necessary
but not sufficient condition for sustained
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improvement in household food security
and nutrition in Bangladesh. So, the
government has taken it as a prime
responsibility to ensure food entitlement
for everybody in the country. New
production systems are needed in which
the complementarity of crops and
livestock and fish production enterprises
are captured to increase as well as
diversify income sources for women in
the homestead areas.

High variability in rainfall

The annual average rainfall of the country
ranges from 1194 mm to 34543 mm. The
uneven distribution of monsoon rains
over different parts of the country tends
to lead to periodic drought and flood
situations. Therefore, high variability of
rainfall is the single environmental factor
which influences the fluctuations of crop
yields in different parts of the country.

Flood and drought

Flood is a common feature that severely
affects Bangladesh and causes crop losses
every year. Periods of drought occur
frequently during the kharif season.
Moreover, rabi seasons are virtually
rainless. Drought annually affects about
2.3 million ha in the kharif and 1.2
million ha in the rabi season.

Salinity

Over 30% of the net cultivated area is
in the coastal zone, of which nearly 1
million ha is salinity-affected. The high
but somewhat unpredictable intensity of
salinity during the rabi season, coupled



with associated tillage problems, makes
cropping difficult during that period.

Cyclones and tidal waves

Cyclonesandtidalsurgesarealsocommon
in the coastal area and they cause severe
loss to the crops and lives. Salinity and
tidal submergence tolerant rice varieties
and appropriate cropping pattern with
proven soil reclamation methods need
to be developed to increase the cropping
intensity of the coastal saline area.

Soil fertility

Soil is the medium of all agronomic
activities. Erosion and depletion of soil
fertility are the two main causes of low
productivity of soil in Bangladesh. Within
the last one decade, over a million ha
(11.1%) of cropped land disappeared
mainly due to creation of infrastructures
for the increasing population and river
erosion. It is estimated that the net sown
area decreased by 1% from 1990/91

to 2000/01 and single cropped area
decreased by 12% in the same period
(Table 7). The situation is alarming
because more food needs to be produced
from less land.

Maintaining germplasm

Plant genetic resources (PGR) are
precious new materials which breeders
use to develop improved new varieties.
BARI, BRRI and BJRI maintain sub-
stantial samples of germplasm in gene-
banks of many accessions. Germplasm
characterization as well as genetic
preservation is an important activity of
these institutes.

Hill agricultural research

Large areas of the hill tracts have been
denuded of trees by mismanagement and
unlawful tree cutting. Because the hill
has been denuded, topsoil has eroded,
which worsens the land productivity
problem.

Table 7. Land utilization under forest and other crops from 1990-91 to 2000-01.

(Areain ha)
Area
Land Type 1990-91 2000-01 % Changed
1. Forest 1900000 2627935 38
2. Single cropped area 3295547 2891093 -12
2 Double cropped area 3900405 4167206 7
3. Triple cropped area 981377 1026721 5
4. Net sown area 8177328 8085020 -1
5. Total cropped area 14082591 14305668 2

Source: BBS, 1994, 1998, 2001.
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Rural infrastructure
development

The increased network of rural roads
linked with peri-urban and rural growth
centers facilitates movement of people as
well as agricultural inputs and produce.
It also leads to the establishment of
shops, repair workshops, hotels and
restaurants on roadsides. It is axiomatic
that the aggregate volume of local
nonfarm activities in various trades,
services, production, and consumption
will increase with improvement of
infrastructure.

Crop diversification

With rice occupying almost 81% of the
cropped area followed by wheat (5%),
only about 20% of the cropped area
is devoted to a range of other crops.
Therefore, crop diversification with
other crops like wheat, maize, oilseeds,
pulses, fruits, spices, jute, cotton, etc
should also be included in the cropping
system.

Agricultural diversification

Agricultural diversification, e.g.,
commercial poultry farming and pond
fishery in the private sector has also
pushed up nonfarm activities in rural
areas. Backward linkages in poultry
farming include activities such as
preparation of poultry feeds, and
manufacturing and marketing of poultry
feeding and poultry rearing equipment.
Forward linkage activities include
marketing of poultry products from
production points to urban and peri-
urban centers. Pond fishing also generates
rural nonfarm activities in production
and marketing of fingerlings and fish
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feeds, manufacture of fishing equipment
and fishing net, and processing and
marketing of fish.

Re-application of biomass

Available data indicate that the re-
application of biomass such as rice stalks
and animal wastes to cultivated lands
has dropped drastically. The organic
matter content of some arable lands has
dropped to below 1% as compared to
the minimum of 3% required to sustain
productive capability. Hence efforts
are needed to collect and compost the
biomass to produce organic manure for
replenishing soil health.

Poverty alleviation and
malnutrition

About 50 million people are categorized
as poor in Bangladesh, where poverty
is manifested in several ways, including
low income, inadequate calorie intake,
poor health and low level of educational
attainment, and limited access to social
services. The incidence of hard-core
poverty is higher among agricultural
households. Reduction in poverty is
critical to food security. Moreover,
enhancing the ability to buy food
contributes to the sustainability of
accelerated growth in agriculture.

5 Research needs: Evidence
from micro studies

There are 30 agroecological zones (AEZs)
in Bangladesh and agriculture research
stations and substations of BARI and
BRRI are located in different parts of
the country based on the AEZs so that



the regional problems can be addressed
as per the specific need of the areas.

Crop subsector

During the past two decades, the total
production of food cereals increased
steadily from 18.94 million tons in
1990/91 to 28.58 tons in 2000-01 at a
growth rate of 3.60% per annum (Table
2). Per capita grain production rose from
137.6 kg to 207.7 kg. The principal
sources of growth came from Boro and
Aman rice and wheat. The major source
of growth in rice production was the
shift of area from local rice varieties to
HYVs or expansion of HYV rice onto
newer areas.

Productivity of pulses and oilseed
crops remained stagnant during the
1990/91-2000/01 period despite a
significant increase in production during
this period. Productivity in sugarcane also
recorded a consistent downward trend.
The area under jute decreased at 2.4%
annually during the 1990/91-2000/01
period but production remained static
despite considerable year-to-year varia-
tion and the productivity decreased by
15.61% annually over this period (Table
2). Of all noncereal food crops, potato
showed an impressive growth in its
aggregate production. From 1990/91 to
2000/01, the area under potato increased
at 101% and production at 160% annually
(Table 8).

Table 8. Change of area and production of different crops from 1990/91 to 2000-01.

1990-91 2000-01 % Changed
Area Prodn Area Prodn

Crops (ha) (tons) (ha) (tons) Area Prodn
1. Rice 10439676 17852000 11574834 26758750 10.87 49.89
2. Wheat 599190 1004000 772992 1673280 29.01 66.66
3. Maize 3109 3040 25530 152384 72116 4912.63
4. Sugarcane 191161 7681940 168960 6741690 -11.61 -12.24
5. Pulses 728340 523000 473684 366000 -34.96 -30.02
6. Oilseeds 569636 448000 421053 385000 -26.08 -14.06
7. Spices and 147368 319000 253441 397000 71.98 24.45

condiments
8. Potato 123887 1237000 249099 3215570 101.07  159.95
9. Jute 583806 5302000 448178 821000 -23.23 -84.52
10. Fruit 167611 1447000 191547 1484310 14.28 2.58
11. Vegetables 171660 1090000 255789 1588260 49.01 45.71
12. Drugs & 87045 125000 122144 164158 40.32 31.33

narcotics

Source: BBS, 1994, 1998, 2001.
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Between 1990/91 and 2000/01,
the aggregate production of vegetables
increased from 1.09 million tons to 1.59
million tons recording an annual growth
rate of 10.22%. The growth performance
of all principal fruit crops decreased.
Between 1990/91 and 2000/01, the
area under fruits increased at the rate of
1.23% and production at 0.04% (Table
2). Among the major fruits, the area
and production of banana, mango, and
jackfruit are much higher than others.

Enhanced productivity should come
from increased emphasis on hybrid
varieties and super rice varieties that
would be available in the first decade
of the 2lst century. Biotechnology
can support the conventional crop
improvement process by eliminating the
natural barriers to hybridization among
distantly related plants. It would also
reduce the time lag needed to develop
new breeds.

Livestock subsector

Inadequate diets and poor animal health
are the major constraints to sustaining
recent rates of production growth in
the livestock subsector. For commercial
poultry enterprises, quality feeds are
imported but for large ruminants, crop
by-products are the major source of
feed. Research to improve the nutritional
quality of crop by-products will help
to sustain the recent growth of animal
production as well as increase crop
values.

Fisheries subsector

Fish catches from open water capture
fisheries have consistently declined. It
is, however, projected that the shares
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of fisheries sector in total agricultural
output will grow from 10.8% in 1992
to 13.2% in the year 2010 (Mandal and
Asaduzzaman 2002).

Yield gaps in pond culture of fish are
in the range of 50% or more. Perhaps this
gap can be easily overcome in the near
term if certain measures are taken. Ponds
can be stocked with fast growing breeds
and species, and pond management
can be improved (better water quality,
feeding rates, disease control, optimal
stocking ratios) to increase output.

Forestry subsector

The share of forestry in agricultural
GDP stands at around 10%. At present,
medium to dense forests cover 2.62
million ha and on a per capita basis,
every person has 40 m? of state forest.
Besides, there are about 0.30 million ha
of private homestead tree-covered land
and 0.68 million ha unclassified state
forest. Put together the share of forest
area comes to just 5-6% of total land
area. By any standard, this ratio is grossly
inadequate to provide a basis for longer-
term ecological security.

The present emphasis of forest
research is on developing plantation
techniques for various fast-growing
exotic species to meet the demand for
fuel wood. Physiological research on
several mangrove species is underway
and vegetative propagation techniques
for 15 mangrove species have been
developed. Rapid propagation techniques
for bamboo need to be developed.

Socioeconomics research

Socioeconomic study is an integral part
of each research. It helps to collect and



analyze agricultural production and
resource data and generate the analyses
required to set research priorities
and evaluate impacts of research
expenditures. An essential part of
socioeconomic research is databases,
including from primary and secondary
sources. Primary data  collection
skills including data management and
analytical capacity should be developed,
in which expected costs and returns are
discounted to present values to update
commodity priorities. In the near
term, research priority setting as well
as very broadly-scoped impact studies
that estimate returns to research and
extension are the most pressing needs.
Collaborative research work will broaden
the capability in this area, which needs
to be strengthened further.

Farm category

Agriculture is an economic activity based
on land. Since land resources are limited,
agricultural development necessarily
aims to increase the productivity of land.
In Bangladesh, almost one-third of the
households donot own any cultivable land
and 17% own only up to 0.2 ha (Hossain
and Shahabuddin 1997). Measures need
to be taken to improve the livelihood of
the people who do not own any land and
constitute the vast majority of the poor.
It was found that the small, medium and
large farm holdings were 70%, 25% and
5% of the total during 1983-84, whereas
by 1995-96 these were 80%, 18% and 2%
respectively, i.e., the small farm holdings
are increasing and medium and large farm
holdings are decreasing. There are also
differences in technology adoption and
use of inputs as well returns from crop
cultivation among the farm categories.

Export markets

Bangladesh’s current share of global
trade is only 0.1% and this is dominated
by imports, rather than exports. Dairy
products, sugar and edible oils are the
major imports. Export markets are
largely limited to tea, jute, hides and
skins, although significant progress has
been made in shrimp exports in recent
years. Exports could be enhanced by:

i. Establishing specialized agro-export
processing of zones, linked with
required support services including
quality control facilities.

ii. Establishing national quality standards,

with modern quality control lab-

oratories.

.Further development of commu-

nication and port facilities, more

airfreight space for perishables, and
efforts to increase access of the
international cargo flights.

=

ii

Soil and water management

The rate of depletion of soil and water
resources has increased during the past
few decades and as a consequence,
nutrient deficiencies are a major cause
of declining crop yields. To reverse the
trend, SRDI, BARI and BINA have
collaborated in the Thana Nirdeshika
Program. SRDI has completed land and
soil resource surveys of 418 thanas. The
areaserviced byirrigation canbe extended
from the present 40% of the cultivated
area to more than 80%. To achieve this,
irrigation efficiency must be improved
so that the available limited water can
be distributed over a larger area. The
Bangladesh Government has formulated
NAP and Irrigation Policy where soil
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improvement and efficiency of overall
irrigation management, supplementary
irrigation, and impact of irrigation have
been given emphasis.

Commercialization

Agricultural commercialization would
be a key avenue for transforming the
largely subsistence-oriented farming by
providing new opportunities for growth
in horticulture and promotion of export-
oriented processed food products.
There are emerging signs of commercial
elements in Bangladesh agriculture.
Further growth of agriculture and rural
economy as a whole largely depend on
the commercialization of agriculture.

Agricultural mechanization

Due to gradual decrease of the
availability of draft animal power, the
use of power tiller for land preparation,
threshing, irrigation, transportation,
etc. is increasing. Mechanization must
facilitate cropping intensification by
overcoming peak demands for labor and
draft power. Mechanization will increase
overall demand for labor but not displace
it. Farmers’ cooperatives and credit
support may be considered for the
purpose. The Bangladesh Government
has given emphasis for agricultural
mechanization.

6 Gap analysis

There are different constraints and
limitations in agricultural research that
hamper the enhancement of vyields,
and certain requirements to be fulfilled
for minimizing yield gaps. Some of
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these constraints and requirements are
discussed below.

Soil-related problems

The organic matter (OM) content of
most Bangladesh soils is low and different
studiesshow thatitisdecliningalarmingly.
More than 50% of our cultivated soils
have OM content below the critical level
(1.5%). Besides, there are deficiencies of
sulfur in almost 4.0 million ha and of zinc
in 2.0 million ha of arable land. Salinity,
soil erosion, micronutrient deficiency,
waterlogging, and alkalinity are some of
the problems that limit the yield gains
and productivity.

Irrigation-related problems

Insufficient and inefficient irrigation
facilities are major causes of low crop
yield. Prices of irrigation appliances and
inputs are also high. Availability of spare
parts, fuel and electricity for low lift
pumps and deep tube wells and timely
and efficient operation of both public
and private irrigation projects need to
be ensured. Irrigation regulatory rules
and regulations are to be formulated
and enforced for efficient use of scarce
irrigation water. The high cost of irrigation
discourages the farmers — subsidized
irrigation would encourage them to bring
more areas under irrigation.

Research-extension linkages

Effective extension service could help
farmers reduce the gap caused by
different constraints and create appro-
priate physical and social infrastructures
to achieve a more rapid rate of growth
and development, which would result in



better levels of living. Strong research-
extension and  research-extension-
farmer linkages should be developed
for continuing technology identification,
field variation, suitability assessment,
adaptive modification, and packaging for
large-scale dissemination. At present,
there are District Technical Committees
(DTC), Regional Technical Committees
(RTC) and National  Technical
Committees (NTC) for dissemination
of improved technologies in which the
scientists and the extension personnel
work jointly. Another important fact
is that there are too few extension
workers (Block Supervisors) at the field
levels — one reason for this being lack
of accommodation. Improved facilities
would ensure the presence of more
extension workers at the field level.

Feed for livestock

Feed scarcity is a major constraint to rapid
growth of livestock and better livestock
health. Poor animal health constrains
animal survival, high reproduction rates,
and high growth rates.

Land resource constraints

BARC has developed a geographic
information system (GIS) that is used to
estimate areas prone to drought, salinity,
inundation, and ephemeral flooding. GIS
can be used to analyze, summarize, and
display many features of land and soil.
Other GIS applications are preparing
maps of available soil P and S status. The
Soil Resource Development Institute
is also responsible for soil testing and
land zoning program, and maximum
utilization of land for crops by AEZs.

Bangladesh Government has a Land
Policy for this purpose.

Exploitable yield gap

There are wide gaps between the
potential and realized yields for all
crops in Bangladesh because of poor
crop management, gap in technological
know-how, and other socioeconomic
constraints. The yield gap averages
about 1.6 mt ha for rice and 2 mt ha’
for wheat. The yield gaps for Aman rice,
onion, lathyrus (Khesari) and turmeric
were found to be very high (Table 9).
It is essential to minimize this yield
gap by improving farmers’ knowledge
base, addressing farmers’ socioeconomic
constraints related to HYV cultivation,
and appropriate technology transfer
and input support for increasing overall
production of the country.

Enhancing crop improvement

Conventional breeding systems can
play a key role in enhancing the yield
potential of crops but the availability
of biotechnology tools could accelerate
the transfer of genes from one species
to another. This would open up new
opportunities for developing HYVs
that can produce high yields in varied
agroecological ~ zones.  Germplasm
enhancement to increase yield potential
will be needed to bring more efficiency
in breeding program.

Integrated crop management

Farmers need to follow the proven
integrated crop management technol-
ogies for higher yields. Location-specific
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Table 9. Potential and existing yields.

(Figs in mt ha')

Potential Attainable Yield in
Crop yield yield farmers’ fields Yield gap
Aus rice 9.00 4.00 3.50 0.50 (14)
Aman rice 9.00 6.75 4.00 2.75 (68)
Boro rice 9.00 7.00 4.80 2.20 (46)
Wheat 4.00 3.00 212 0.80 (38)
Mustard 1.50 1.00 0.73 0.27 (37)
Groundnut 2.20 1.70 1.26 0.44 (35)
Onion 14.00 10.00 410 3.90 (95)
Turmeric 30.00 22.00 3.10 18.90 (610
Lentil 1.65 1.20 0.75 0.45 (60)
Mungbean 117 0.88 0.68 0.20 (29)
Blackgram 1.50 1.12 0.76 0.36 (47)
Khesari 1.63 1.21 0.84 0.79 (94)

Source: BARI Annual Reports & Field Surveys, 1990-2003.

Figures in parentheses represent the percentage of yield gap in the farmers’ fields to the available yields.

AFEZ-based production management
technology packages for different crops
should be developed and disseminated
so that farmers can utilize these
technologies easily. The Bangladesh
Government has a Crop Production
Policy where all issues relating to crop
cultivation are well addressed.

Timely supply of quality seeds

Farmers keep their own seed for most of
their crops. The supply of high quality
seeds by the Bangladesh Agricultural
Development Corporation is limited to
4% for rice, 22% for wheat, and 5% for
potato. NGOs are also supplying some
quantities of seeds. The present supply
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of quality seeds is only 6%, which is
much less than the total requirement.
The private sector covers only 14% and
government sources 86% of the total
seed requirement (Table 10). Timely
availability and supply of ample quantity
of quality seeds of desired varieties
need to be ensured. The National Seed
Policy promotes seed production and
distribution.

Balanced and integrated use of
fertilizer

Organic matter content of soil is very low
and farmers seldom use balanced doses of
chemical fertilizers. Farmers need to be
trained and motivated to apply balanced



Table 10. Seed production and requirement, 2003-04.

(Figs. in mt)
Supply*

Seed Govt Private Total Requirement Deficit **
Aus rice 20624 (94) 1246 (6) 21870 337750 315880 (7)
Aman rice 12446 (97) 336 (3) 12782 79200 66418 (19)
Maize 160 (24) 500 (76) 660 980 320 (206)
Jute 367 (36) 650 (64) 1017 4560 3543 (29)
OQilseeds 247 (93) 20 (7) 267 9033 8766 (3)
Pulse 125 (68) 60 (32) 185 18182 17997 (1)
Vegetables 14 (2) 614 (98) 628 1923 1295 (48)
Seed potato 9123 (72) 3625 (28) 12748 430500 417752 (3)
Total 43106 (86) 7051 (14) 50157 882128 831971 (6)

fertilizer doses in appropriate time as per
requirement of the soil and crop.

Technology for biofertilizers

Biofertilizer is a cost-effective and
renewable source of plant nutrients to
supplement the chemical fertilizers.
Bangladesh has made considerable
progress in the development of bio-
fertilizer technologies for lentil, chickpea,
mungbean, cowpea, groundnut, soybean,
and dhaincha production. Yield due to
adoption of biofertilizer ranges from
15% to 200% in different crops, besides
improving chemical fertilizer use
efficiency. Steps may be taken for large
scale manufacturing of inoculums in the
country with the help of private sectors.

Integrated pest management

The main aim of IPM is to adopt
environment-friendly plant protection
measures that harmonize with other crop
husbandry practices for attaining higher

crop productivity. Farmers’ training
should be organized for improving the
knowledge base of the farmers about
the ill effects of chemical insecticides.
A system should be implemented for
managing different pests with minimal
use of pesticides. The farmers should
be encouraged to use IPM technologies
like the use of poultry refuse and
mustard oilcake, bishop traps and
pheromone traps, grafting of tomato
and eggplant, solarization, and sawdust
burn for vegetable cultivation. Zones
for insecticide-free vegetables should
be developed and they can be linked up
with exporters. The Government has a
National IPM Policy to control pests and
diseases to maintain ecological balance as
well as grow healthy crops.

Nonconventional food crops

Cultivation of nonconventional food
crops like yams, aroids, beans (e.g. bush
bean, French bean, sword bean, winged
bean, velvet bean), aquatic food crops
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(e.g. lily, lotus, ghechu), and buckwheat
can be popularized for enhancing of
farmers’ incomes. The extra income
can subsequently be used for buying
inputs for the major cereals, pulses and
oilseeds.

Tenant-cum-absentee farmers

Absentee farmers do not take proper
care of their lands or crop production
management, which tends to reduce
soil fertility, crop yield and quality. On
the other hand, tenant farmers are often
uninterested or reluctant to follow good
management practices such as the use
of high quality seed and recommended
doses of fertilizers as they retain only 33-
50% share of the produce. The system
should be changed by suitable policies to
enable peasants to own the land.

Agricultural credit and farmers’
security

Most poor farmers cannot afford the high
management expenses at different stages
of crop production. Short-term credit at
reasonable terms and conditions need to
be provided to the needy farmers — this
can be realized after crop harvest. Crops
should be insured to save farmers during
severe crop loss due to unpredicted
natural calamities. It is necessary to
expand the Grameen Bank scheme
to cover most of the poor farmers in
different Thanas.

Human Resource Management
Information System (MIS)

of professional
resources is an

The development
scientific  human
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important factor for receiving the full
benefit of technological innovations.
Human resources are the main assets of
a scientific institute, and well-educated,
competent scientists who are trained
well have high potential for enhancing
agricultural development in the country.

Agribusiness

Agribusiness refers to the business that
deals in agricultural produce, including
the trading of raw materials used in the
agroprocessing industry. The agribusiness
industry benefits from research and
development when it improves the
competitiveness of its  products.
Agroprocessing and food processing
industries need to be established at
appropriate locations to utilize additional
produce during peak harvesting time,
which will minimize loss of perishable
items and add value to the produce.

7 Agricultural research
priorities

The research gaps identified by each
research institute need to be noted and
prioritized for implementation. There
is tremendous scope for contribution of
agricultural research to the development
of HYVs and production technology
packages that will help farmers increase
production. Some possible areas of
contribution could include:

i. Developing high-yielding varieties
and hybrids with drought resistance,
salinity  tolerance, and flood
tolerance

ii. Crop management practices and
farm tools and machinery



iii. Different poverty alleviation and
income generation programs

iv. Agro-based processing industries

v. Improved nursery, breeding, and
hatchery management of carps

vi. Improved technologies for the
production, storage, and distribution
of seeds

vii. Cost benefit analyses of modern vs.
traditional technologies for different
crops

viii. Identification of constraints to
marketing of different crops and
suggestions for improvement

ix. Soil improvement programs

x. Cattle breeding and cattle feeding
programs

xi. Plantation technique for forest

It is imperative that production per
unit of land, labor, and water must
increase dramatically if the growing
demand for food is to be met by the
agricultural sector. Other challenges
like food security, crop diversification,
environmental sustainability, poverty
alleviation, and agricultural diversifica-
tion must also be addressed for
optimal agricultural development. Farm
mechanization, commercialization of
agriculture, and rural infrastructure
development need to be emphasized.
At the same time, all factors relating to
yield gaps must be tackled seriously. The
collaborative work of national institutes
must be developed and the technologies
they develop should reach and be applied
in the farmers’ fields through research-
extension and research-extension-farmer
linkages. To achieve these essential goals,
new production technologies and other
measures must be developed. It is the

obligation of the NARS to develop the

majority of the technologies required to
modernize the agriculture sector.

Development of scientific and
professional human capital is another
important determinant for harnessing
benefits from technological opportuni-
ties. There should be a clear policy
framework for implementing an HRD
program that especially addresses
lacunae in high-technology areas. In
order to realize the maximum benefit
from the manpower resource, there is
also the need to create a proper working
environment conducive for the scientists
so that they can give their best to the
country. The incentive and reward system
should be restructured in a way that
inspires creativity, promotes excellence
and sustains scientists’ morale.

Further growth of agriculture and rural
economy as a whole will depend largely
on policy reorientation e.g. agricultural
diversification, carefully selected input
subsidies, output price support, credit
supports, production of high value
crops, processing and value addition of
food crops, export of crop and noncrop
products such as vegetables, spices, and
shrimp.

Policies need to be streamlined
to increase incentives for the private
producers, marketers, processors, and
distributors so that they respond quickly
to domestic as well as international
market opportunities.
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Gap Analysis and Agricultural Research
Priorities in Nepal

SL Maskey', HK Manandhar? and D Gauchan®

1 Introduction

Nepal is an agricultural country with
two-third of its population of 24 million
engaged in agriculture, predominantly
subsistence level of farming. Despite
continuous effortsin agricultural research
and development, poverty alleviation
and food security have been the two
major challenges facing the country. At
present, 38% of the population lives
below the poverty line. The agriculture
sector is often blamed for not meeting the
challenges in the name of less available
technology and ineffective technology
delivery system. However, the fact is
that the overall impact of agricultural
research and development in the country
has been greatly affected by the rugged
topography, poor infrastructure (road,
communication, electricity, market,
etc.), small land holding size, limited
arable land, low income, and high
commodity prices in hills and mountains
compared with terai and urban areas

(Fig 1).

As Nepal's economy is largely
agrarian, agriculture-led growth strategy
is the only option for the country’s
broad-based economic development.
This has been well stipulated in the
Agriculture Perspective Plan (APP) and
the current Tenth Five Year Plan (2003-
2008) (NPC, 2003a), the latter focusing
on poverty reduction strategy program
(PRSP) (NPC, 2003b) through economic
growth, equity and good governance. At
the end of the Tenth Five Year Plan, it
is envisaged to reduce the poverty level
to 30% with an economic growth rate of
6.2% or to 33% with an economic growth
rate of 4.3%. The objectives of the Tenth
Five Year Plan are:
¢ Increased agricultural production,

productivity and incomes for achieving

food security and reducing poverty.

* Sustainable agricultural production
through extension of adaptive
research, protection and wuse of
agricultural biodiversity and wider
use of on-farm research.

¢ Promotion of agro-based industries
and agro-business with effective
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Figure 1. Physiographic regions of Nepal.

Source: Soil Science Division, NARC

participation of private and coopera-
tive sectors.

2 Agriculture scenario

Agriculture is the mainstay of the
Nepalese people. It presents the highest
potential for growth and poverty
alleviation, as the vast majority of people,
and especially of the poor, lives in rural
areas. Agriculture accounts for 39% of
the GDP and 66% of the employment.
Crops, horticulture, livestock and
fisheries share 41%, 31%, 26% and 2%
in GDP, respectively. Crop coverage is
dominated by rice (35%), followed by
maize (20%), wheat (16%), cash crops
(10%), legumes (7%), minor crops
(7%), and horticultural crops (5%). Area
coverage by improved varieties of rice is

74%, by maize 69%, and by wheat 91%.
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Productivity of most of the crops is
far below their yield potential. Despite
the increasing trend of rice, maize, wheat
and potato yields (Table 1), the national
average is below 50% of the attainable
yield. Two-third of the agriculture is
under rainfed conditions. Agriculture
growth rate is 2.3%, which is slightly
above the population growth rate of
2.24%.

The overall production
and requirement of cereals is more
or less in balance (+80,022 mt). The
total requirement is 4,463,027 mt.
However, the production of cereals in
different geographic regions has led to
food deficit in mountain (-73,560 mt)
and hills (-330,908 mt), and surplus
in terai (484,490 mt) (Table 2). This

has caused severe food and nutrition

national



Table 1. Growth rate of major crops of Nepal, 1993-2003

(Figs. in kg ha™)

Year Rice yield Maize yield Wheat yield Potato yield
1993/1994 2410 1663 1470 8352
1994/1995 2124 1688 1508 8593
1995/1996 2391 1681 1550 8475
1996/1997 2455 1659 1607 8998
1997/1998 2417 1711 1610 8356
1998/1999 2450 1678 1695 9244
1999/2000 2598 1765 1793 9644
2000/2001 2703 1800 1806 10182
2001/2002 2745 1829 1886 10902
2002/2003 2675 1877 2009 10925
Growth rate % 3.57 2.67 1.85 244
Source: MOAC 2003
Table 2. National requirement of cereals, 2001/2002.

Population Total edibles Requirement Balance
Belts (millions) (million mt) (million mt) (million mt)
Mountain 1.702 0.251 0.329 -0.735
Hills 10.344 1.750 2.082 -3.309
Terai 11.363 2.542 2.057 0.484
Nepal 23.408 4.543 4.463 0.0800

Source: Marketing Development Directorate, Department of Agriculture

insecurity for people in the remote hills
and mountains.

3 Emerging challenges in
agricultural research

Agricultural research in Nepal has
changed over the last 15 years, having
become more complex and challenging.
Apart from increasing food production by
narrowing the yield gap the present issue
for Nepal is also to conserve valuable
natural resources while sustaining

agricultural production. Conventional
thinking about agricultural research
as a public good has changed and the
involvement of nongovernmental and
private sectors as partners in developing
and promoting technologies has become
today’s demand. Some major strategic
challenges are:

e Wide gaps in crop yields, research
knowledge, information and linkage

* Partnerships in technology develop-
ment and dissemination

* Socially responsible research agenda
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* Commercialization of agriculture

* Environmental concerns

* Institutional rationalization

* Diversification of funding resources

* Globalization (World Trade Organiza-
tion (WTQO), The South Asia Free
Trade Agreement (SAFTA), etc)

4 Agricultural research
strategies

Nepal’s current agricultural research and
development scenario has evolved over
the past 50 years. In the past, agriculture
research was limited to sectoral and
subsectoral research. It lacked a coherent,
holistic and national system approach
and the research remained mainly within
the public domain. It was only in 1991
that the Government of Nepal, realizing
the importance of agricultural research
to the national economy, created the
Nepal Agricultural Research Council
(NARC) as an apex institution for policy
coordination and implementation of
agricultural research and development
in the country.

NARC has developed its 20-year
vision (NARC, 2001 NARC Vision
2021), which outlines a broad strategy
for addressing the agricultural research
needs of Nepal. The vision provides
broad policy guidelines and direction
for implementation of the program and
activities of the agriculture, livestock,
and natural resource research in Nepal
over the 20 year-period of 2002-2021.
It is a rolling plan, and so will require
refinement and modification to address
the changing needs of the agricultural
research system in Nepal as demanded
by the national policies and priorities.
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The NARC vision focuses on poverty
reduction through effective and efficient
utilization of scientific information in
agriculture and natural resources. The
major agricultural research priorities as
envisaged by NARC vision include field
crops, horticulture, livestock, fisheries,
and related natural resources issues, and
socioeconomic aspects of the farming
systems, price analysis and marketing,
on-farmwater management, agrofore stry,
gender, and above all, policy research.

For the implementation of its vision
NARC has recently drafted a strategic
plan (NARC 2004) that includes:

¢ Demand-driven and appropriate
technology developed for priority
client groups and fed into uptake
networks.

¢ Demand-driven agricultural policy,
trade, marketing and socioeconomic
research conducted and fed into
uptake networks.

¢ Coordination and networking
enhanced to maximize the impact of
agricultural research.

e Ability of NARC to achieve its
objectives improved.

¢ Mandated direct services delivered

appropriately.

NARC is promoting adaptive and
applied research programs that are need
based and demand driven. Priority has
been given to research topics generated
from village level workshops participated
extension workers,
development agencies, and farmers’
groups and supported by Regional
Technical Working Groups (RTWGs).

by researchers,



5 Research priorities

Presently NARC is allocating its research
resources in priority themes and
commodities identified by the long-term
Agricultural Perspective Plan (1997-
2016) of His Majesty’s Government of
Nepal and the NARC Vision 2021. The
priorities identified by the APP are:

* Major food crops: Rice, maize, wheat
and potato

* High value crops and commodities:
Citrus, apple, off-season vegetables,
vegetable seed, sericulture and
apiculture

* Dairy production: Animal nutrition,
high-value fodder crops

* Development of soil fertility and
shallow tube-well farming system

* Human resources development

* Development of a strong outreach
research system

* Development of scientific research
information system

* Development of close cooperation
with other agencies of agriculture
research

NARC Vision 2021 and the new
NARC Strategic Plan have identified the
following major research areas in Nepal:

* Hybrid varieties and breeds

* High value commodities

* Postharvest storage, handling and
value addition

* Comparative advantage technology

* Biotechnology

* Policy, socioeconomic and market
research

* Gender-related research

6 Research needs

There is a need for development
of location-specific demand driven
technologies employing system based
participatory approach for improving the
livelihood of the rural poor. NARC has
identified research needs in the following
commodities and research themes:

Food crops: High-yielding disease-
and stress-tolerant varieties, including
hybrids; high quality and nutrition-rich
varieties; product specific varieties;
low cost and resource conservation
technologies (zero/minimum tillage).

Fruit crops: Orchard management,
postharvest handling, processing and
marketing, hybrid varieties.

Vegetables: Hybrid varieties, off-season
production, integratedcrop management,
processing and product diversification.

Livestock: Dairy research and product
diversification; crossbreeding for meat,
milk and other products; low cost feed
technology and animal health.

Fisheries: Enhancement of productivity
of pond aquaculture; conservation and
utilization of wet land/ghol; genetic
improvement of aquaculture species for
sustaining production and productivity;
standardization and development of low

cost feed and fish health.

Socioeconomic and policy research:
Identification and analysis of comparative
advantage commodities, research on
marketing and value addition of high
value crops, technology adoption,
diffusion and impact studies, research
prioritization, and policy analysis.
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Biodiversity, genetic  conservation
and utilization: Diversity assessment,
ex situ and in situ conservation, con-
servation cost-effective technologies, and
value addition through breeding and
nonbreeding approach.

Natural resource management: Agro-
forestry, sustainable soil and water
management.

7 Gap analysis

The gapsinyield, knowledge, information
and linkages and research are as follows:

Yield gaps

Generally, productivity  (farm-level
yield) of most food crops and livestock is
low and falls below 50% of the attainable
potential. The case is the same for priority
crops like rice, wheat, maize, and potato.
For example, the experimental yield of
maize is 5 mt ha'and the national average
is only 1.8 mt, while the attainable yield
is 3.5 mt, which is two times more
than the average yield. Similarly, the
experimental yield of wheat is 4.8 mt
ha?! and the national average is only 1.8
mt, while the attainable yield is 3.2 mt.

a Yield Gap in Maize
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Figure 2a and b show the yield gaps for
maize and wheat.

Knowledge, information, and
linkage gaps

Knowledge and information gaps exist
at different levels among scientific
communities of different disciplines,
between scientists and extension/
development agencies and between
scientists and farming communities and
agro-entrepreneurs. This is evident by
the limited focus of research themes
on the livelihood of rural poor, and lack
of effective program level linkages and
participatory research with farming
communities and private sectors.

Research gaps

At present, the research program has
given very little attention to the broad
natural resources issues, technology
adoption and impact studies, gender
issues, market price analysis, policy
research, water management, and
agroforestry, postharvest operations, and
value addition research. There is a need
to shift the present focus of research
from commodity and farming systems

Yield Gap in Wheat

Yield in mt ha™

National Attainable

Experimental
Yield Average Yield

Figure 2a and b. Yield gap in maize and wheat.
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(which focus on the components and
structure of the on-farm activities) to
the enhancement of the rural livelihood
of poor people in which technologies
developed and recommended need
to fit into the livelihood strategies of
the farming households. This shift is
also imperative to meet the country’s
poverty alleviation goal as envisaged
by the Tenth Five Year National Plan.
Research and technology development
need to meet the needs of small-scale,
marginal, and resource-poor farmers and
agroentrepreneurs who constitute the
majority of the rural community and face
their own specific set of problems and
constraints in securing their household
food requirements and undertaking
commercially oriented activities. This is
especially pertinent to those belonging
to the deprived and minority ethnic
groups. Technological development and
dissemination need to be sensitive to
the conditions of rural women whose
contribution is often greater than that
of men in the production, storage,
processing, and marketing of crops and
livestock products, and in the collection,
utilization, and management of natural
resources. Under the new strategy,
agricultural research will be focused in
such a way that gender concerns are
properly accounted for while conducting
research.

Steps needed to bridge the

gaps

* Adequate investment in research and
development with diversified funding
sources

* Establishment of national level
data/information knowledge bank
(technology data bank, web page etc)

¢ Multidisciplinary participatory and
livelihood-focused research approach

e Use of biotechnological tools for
the speeding up of technological
advances

* Integrated crop/breed management

¢ Collaboration among key stake-
holders for research prioritization and
implementation

¢ Upscaling and delivery of research-

generated and locally developed
technologies
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Research Need Assessment and Prioritization
of Agricultural Research for Development:
The Islamic Republic of Iran

Mohsen Mohsenin'

1 Introduction

Today, the global community faces
serious challenges. Spiralling population
growth, degradation of natural resources,
water shortage, hunger, and poverty are
among the complex issues that challenge
the developing countries. In most of
these countries, the most efficient way
to solve these problems is to strengthen
the agriculture sector. Sustainable
agricultural  growth is essential for
improving the welfare of the vast
majority of the poor in the developing
countries who depend on agriculture.
Even those who do not live in rural
areas depend heavily on increase in
agricultural productivity to lift them out
of poverty. Thus, both urban and rural
poor consumers depend heavily on the
efficiency and productivity of farmers.
Farm productivity and production costs
largely determine the prices of basic
foodstuffs, which account for 60-70%
of total consumption expenditures
by low-income groups. Consequently,
significant reduction in poverty will
hinge to a large extent on the collective
ability of farmers, governments, and

agricultural specialists to stimulate and
sustain broad-based agricultural growth.

Overwhelming  evidence  from
both the developed and developing
world demonstrates that agricultural
science and technology development is
essential for agricultural growth. Public
investment in research plays a vital role
in this context.

The objective of this paper is to study
the research needs, identify the research
gaps and prioritize agricultural research
activities in Iran within the broad
research themes specified by APAARI.

2 Agriculture in Iran

Agricultural GDP

Agriculture is the second most
important economic sector of Iran after
the petroleum oil sector. It accounts
for more than 25% of the GDP, 25%
of the employment, 33% of the nonoil
exports and about 90% of the raw
material for industry. More than 40%
of the population is directly engaged in
agriculture. Therefore any improvement
in agricultural productivity will directly
affect their livelihood.

'Senior Economic Researcher, AREO, PO. Box 19835-375, Tabnak Ave., Evin, Tehran, Iran
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Climate

Iranian climate is characterized by
several different microclimates. Iran is
a land of extreme temperatures, with
differences between the lowest and the
highest temperatures of around 35°C
across seasons and in different regions.

One of the basic features of the
climate in Iran is its extreme dryness in
summers. Even in cooler seasons (fall,
winter and the beginning of spring)
there is limited rainfall, particularly
in the plateau section of the country.
The annual precipitation ranges from
above 1,400 mm in the coasts of the
Caspian Sea to 25 mm in the southeast
of Dasht-e-Lut desert. The average
precipitation of the country is about
240 mm yr'.

Agroclimatic zones of Iran

On the basis of the three criteria of mois-
ture regime, winter type and summer
type, 28 agroclimatic zones have
been differentiated, of which only 6
(A-C-W, A-CVW, A-M-VW, SA-K-W,
SA-C-W, and SA-K-M) occupy nearly
90% of Iran (Fig 1 and Table 1).

Water

Water has always been a critical
problem in Iran. Of the 400 billion m?
of rainfall, 75% falls on only 27% of
the land, and evaporation is also very
high (70%). Of the total rainfall, 120
billion m*® per year is surface runoff
or percolates as groundwater, and the
agriculture sector uses 82 billion m* of

Figure 1. Agroclimatic zones of Iran
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Table 1. Agroclimatic zones of Iran and their extent.

Moisture Temperature Temperature % of Approx. area

Symbol regime regime winter  regime summer  country (km?)

HA-M-VW Hyper-arid Mild Very warm 25 41,647
HA-C-VW Hyper-arid Cool Very warm 0.2 3,687
A-M-VW Arid Mild Very warm 16.7 286,822
A-M-W Arid Mild Warm 0.6 9,705
A-C-VW Arid Cool Very warm 18.7 305,814
A-C-W Arid Cool Warm 26.2 429,257
A-C-M Arid Cool Mild 0.0 "
A-K-W Arid Cold Warm 2.3 36,485
A-K-M Arid Cold Mild 0.2 2,758
SA-M-VW Semi-arid Mild Very warm 0.3 5,380
SA-C-VW Semi-arid Cool Very warm 1.6 26,454
SA-C-W Semi-arid Cool Warm 7.3 117,526
SA-C-M Semi-arid Cool Mild 0.0 8
SA-K-W Semi-arid Cold Warm 17.2 271,593
SA-K-M Semi-arid Cold Mild 3.0 47,039
SH-C-VW Subhumid Cool Very warm 0.0 344
SH-C-W Subhumid Cool Warm 05 8,380
SH-K-W Subhumid Cold Warm 0.8 12,248
SH-K-M Subhumid Cold Mild 1.0 15,529
SH-K-C Subhumid Cold Cool 0.0 33
H-C-W Humid Cool Warm 0.3 4,682
H-K-W Humid Cold Warm 0.0 395
H-K-M Humid Cold Mild 0.0 419
H-K-C Humid Cold Cool 0.0 53
PH-C-W Per-humid Cool Warm 05 8,502
PH-K-W Per-humid Cold Warm 0.0 48
PH-K-M Per-humid Cold Mild 0.0 8
PH-K-C Per-humid Cold Cool 0.0 19

Source: E. De Pauw, A. Ghaffari, V. Ghasemi (2004). Agroclimatic Zones Map of Iran. Agricultural Research and Education

Organization, Iran

the remainder (about 94% of the total
water consumption of the country).

Despite limited water resources,
which are the main constraint to
agricultural development, the climatic
diversity, soil, and trained manpower
give Iran a considerable potential for
agricultural development.
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The water used for irrigation has
increased from 49 billion m® in 1970
to 82 billion m*® in 2000. Review of
the water balance sheet of the country
reveals that even if all the country’s
exploitable surface water is controlled,
the agricultural sector will face a severe
shortage of water in the near future,



due to population growth, expansion
of urban areas, and development of the
industry and services sectors. However,
the efficiency of irrigation is very low - it
has been calculated to be about 34%. It
is planned to increase this rate to 47% by
the end of the Fourth Development Plan
(March 2010).

Land

About 90 million ha (54%) of the 164.8
million ha that constitute the total area
of Iran are covered by pastures. Nomads,
semi-nomads, and villagers use the
pastures to graze their livestock. Nearly
12.3 million ha (7.5%) is covered by for-
ests, of which 3.4 million ha is under
natural forests of direct economic
importance. According to some esti-
mates, during the last three decades the
forest area has decreased by more than 6
million ha due to overexploitation, over-
grazing and conversion to arable lands.
The current area under agricultural
production is 18.8 million ha (11.4%)
(Table 2). Annually, 75% of farmlands
are cultivated (both irrigated and
rainfed) and 25% is fallow. Studies have
shown that 32 million ha of land areas
are fertile and suitable for agriculture,
of which 10 million ha are classified as

suitable for irrigation. During 1980-95,
arable land and land under permanent
crops have increased due to the pressure
of population and growth in demand.
However, due to expansion of urban
areas and a spectacular increase in price
of urban lands, the best agricultural lands
surrounding the cities have been put to
nonagricultural uses.

Crop production

The most important part of the agriculture
sector (55% of the total value) is comprised
of crop and horticulture production,
excluding forage production. During the
last 25 years, the volume of agricultural
production (crops and orchards) has grown
by about 5.7% annually.

Food grains (wheat, barley, and rice)
are the most important crops that
are cultivated in about nine million
ha of land each year. The area under
individual crops fluctuates from year
to year, depending on rainfall and other
conditions. However, wheat alone
occupies between 6.5 million ha and 7
million ha, followed by barley (about
two million ha), and rice (0.6 million
ha). Other crops grown are legumes
(chickpea, lentil and fababean) and oil
seeds (brassicon and safflower).

Table 2. Area under cultivation and production, 1977-2002.

Area Production Yield Per capita production
Year (million ha) (million ton) (kg/ha) (kg)
1977 9.3 18.7 2,010 530
1992 14.4 514 3,569 900
2002 14.5 71.3 4,920 1,080

Source: Ministry of Jihad-e-Agriculture, Agricultural Yearbooks
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Livestock production

Livestock contributes about 43% to the
total value of the agriculture sector. In
addition to supplying meat, milk, milk
products and manure, the livestock
sector provides wool for the carpet
industry, which is an important source
of foreign exchange earnings.

The biggest role in livestock
production is played by about two
million transhumant pastoral migratory
tribal people who move their herds and
flocks to the mountains in summer and
to the plains in winter. Between one-
third and three-fourths of the sheep and
goats fall in this category. Some of these
pastorals have settled in the plains, where
they grow cash crops. The government
is helping nomads to settle on farms
and is encouraging them to grow more
feed and other agricultural products
with the objective of slowing down the
degradation of rangelands.

By and large, the pastures in Iran
are overgrazed and have been depleted
extensively. According to studies, 9.3%
of rangelands are classified as grade 1
(good), 37.3% as grade 2 (medium) and
43.3% as grade 3 (weak). Not only are
the rangelands being overgrazed, but
the area under ranges is also gradually
decreasing. Large areas of ranges have
been plowed, either to prove or to gain
ownership rights. If this trend continues,
the end result will probably be barren
lands, which will lead to critical soil
erosion problems. High meat prices
and weaker controls on grazing have led
the nomads to increase the numbers of
their sheep and goats. It is estimated
that grazing is three times the carrying
capacities of pastures.
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Farm holdings

Iranhasahigh proportion of small farmers.
Although there is no official classification
of farmers in Iran, the widely accepted
criterion is the farm size. With regard to
fallow and rainfed lands, a large number
of farms (78% of the total of 3 million)
with an area of less than 10 ha fall under
the category of small farms, of which
11% are below 1 ha. Farms under 10 ha
occupy about 37% of the cropland and
produce almost the same proportion of
the agricultural output. However, they
produce less than 10% of the marketed
agricultural products. Small farmers are
operating purely at subsistence levels,
with no surplus for sale. Farms over 10
ha provide about three-quarters of the
marketed supplies. Large farms (over
100 ha) are very few and make only a
small contribution to the agricultural
output of the country. The national farm
size distribution for agricultural land is
shown in Table 3.

The farms of the majority of
farmers are dispersed in 5-6 plots. In
small farms, the owner and his/her
family supply most of the labor force.
Therefore, women play an important
role in food and agricultural production.
Women's role differs in different social
and cultural settings, cropping patterns
and farm sizes. In the northern part of
the country, women play a major role
not only in farm management but also
in meeting the labor requirements. The
women'’s participation in other parts of
the country is not as high as in the north.
Itis estimated that women'’s participation
in planting is 27% and in other activities
as high as 37%. In livestock production,
women’s share is 20% in grazing, 45% in
feeding, 87% in milking, and 47% in other



Table 3. Size distribution of irrigated and rainfed farms.

Average Total area Percent of Percent area Average size
size (ha) (ha) total area irrigated rainfed (ha)
Under 1 196 1.6 3.1 0.3 0.4
1-2 423 34 5.7 14 1.1
2-5 1630 13.5 174 9.3 24
5-10 23171 18.5 20.4 17.6 4.8
10-25 4467 355 29.1 40.7 9.8
25-50 1585 12.6 10 14.7 21.2
50-100 961 75 6.2 8.8 41.8
Over 100 947 75 8.0 7.1 118.5
Total 2580 100 100 100 49

Source: Statistical Center of Iran, Crop Sample Survey 1992, Tehran, 1993.

activities. In dairy production, women’s
share is as high as 86%. Also, women
produce handicrafts and weave carpets
in their free time. These percentages
have not changed much during the past
20 years.

3 Agricultural research for
development

Agricultural research in Iran dates back
to more than 50 years. At that time,
some pioneer research institutes were
established: Razi Vaccine and Serum
Research Institute (1924), Animal
Science Research Institute (1933), Plant
Pests and Diseases Research Institute
(1943), and Seed and Plant Improvement
Institute (1959). These institutes aimed
to enhance the agricultural production
by combating animal and plant pests
and diseases, to mitigate the cyclical
droughts, and toimprove the productivity
of agriculture. Later on, other institutes
such as the Soil and Water Research

Institute were established. In addition
to these Institutes, the agricultural
colleges conducted research projects on
agriculture. However, the largest apex
body for agricultural research in Iran is
the Agricultural Research and Education
Organization (AREO), which has a
well-distributed network of 23 research
institutes, 60 provincial research centers
and 300 research stations that cover all
AEZs of the country.

AREO has contributed greatly to the
sustainable development of agriculture
sector of the country by releasing large
numbers of improved crop varieties;
decreasing the application of pesticides;
and introducing new soil management,
crop, and animal nutrition methods to
farmers and herders. Sixty new cultivars
of various crops were released during the
period 1996-2000 (before the merger
of the Ministry of Agriculture and the
Ministry of Rural Development). About
790,000 tons of breeder seeds and

certified seeds of basic crops (such as
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wheat and rice) were produced and made
available to the farmers. AREQ staff also
inspected about 740,000 ha of private
seed producing units in this period.

The agricultural research policies in
Iran during the last four decades went
through 3 major stages.

The 1 Stage: 1961-1978

The first stage began in the mid-
1960s with a significant land reform
that abolished the old feudal system.
This involved the creation of 70 large
agricultural production units with land
holdings of more than 500 ha each,
and 250 semi-large units with farms
between 300 and 500 ha each. These
units included agribusinesses, farm
corporations, production cooperatives
and large commercial farms that used
the most modern methods of farming
to enhance productivity. These were the
pioneers of the green revolution in Iran.
There were also 645,000 farmers with
medium-sized land holdings of 10 to 300
ha. These farms were semi-mechanized
and used tractors and harvesters for
wheat and barley. The third group
included the 2.2 million farmers with
small farms ranging in size from 0.5 to
10 ha; these were not easily mechanized
because of their small size and the
shortage of financial resources. At this
stage the research institutes focused
almost all their activities on the needs of
the large farms.

The 2 Stage: 1979-1989

The second stage was the post-revolution
and post Iran-Irag war period. Due
to these two important events and
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fluctuating policies, the agricultural
productivity remained stagnant. The
infrastructure investments for the
agriculture sector were neglected. But
the research on the production of high-
yielding varieties, weed/pest control,
and optimum fertilizer application
continued using classical methods of
research. During this stage, the concepts
of better environment and sustainability
of agriculture were almost forgotten,
and all efforts were concentrated on
increasing the production of staple food
crops. The main concern was to provide
subsidized food for the increasing urban
population.

The 3™ Stage: 1989 to date

By the commencement of the First Five-
Year Development Plan in 1989, the
renaissance of the agriculture began.
More funds were allocated to research,
training, and extension. New HYVs for
field crops, and in particular for wheat
and rice, were released from research
institutes; new vaccines and serums for
animals were produced on a massive
scale. Research projects were conducted
for plant and animal improvement, better
farming practices, pests and disease
diagnosis and control, and soil and water
improvement. During the Second Five-
Year Development Plan that ended on
March 2000, much attention was paid
to restructuring of the organization,
capacity building, and renovation of
the agricultural research and extension
body, there were many scientific
achievements which helped to increase
agricultural production. The result was
a growth in productivity of field crops
and orchards during this period. But



the dry farming (wheat, barley, pulses)
did not show any significant increase in
productivity, because research efforts
were concentrated on irrigated farming
till 1992 and the available technology
could not address the need in increasing
the productivity of dryland farming.

4 Emerging challenges in
agricultural research

Despite the improvements in the last
two decades, Iran’s agriculture system
has not yet achieved full efficiency and
stabilization. The reasons for this are
many:

* Poverty is widespread in rural areas,
especially in dry farming areas.
The research findings and the new
technologies are rarely adopted by
farmers, because of their unawareness
of these technologies, lack of financial
resources, and the unsuitability of the
technologies for the small farmers.

* The huge migration of rural youth
to urban areas and the aging of rural
population have caused the villages in
dry areas to become ghost villages.

* Thetransfer of capital from agriculture
sector to other sectors is still under
way.

* Natural resources have become
vulnerable to shocks and stresses,
affecting the livelihood of poor
farmers in dry areas. Desertification
and deforestation are still the main
issues of concern.

* Ecological integrity and biological
diversity has reduced, especially in the
dry areas, leading to the downward
spiral relationship between poverty
and natural resources.

¢ Despite shortage of water, the water
productivity is too low. The water use
efficiency is less than 35%.

¢ Due to overexploitation of ground-
water and improper irrigation the
salinity problem has become more
and more critical.

e The foodstuff storage, processing,
and distribution systems are still
elementary, resulting in high prices for
consumers, low income for farmers,
and high rate of wastage of produce.

5 Research needs

The National Document of Agricultural
Research and Training (henceforth
referred toasthe Document) prepared by
AREO is considered the base document
of the Fourth Five-Year Development
Plan for Agricultural Research (March
2005-March 2010). It has been compiled
and presented to the Ministry of Jihad
Agriculture. The Document will then
be presented to the Management and
Planning Organization and then to the
Parliament for final approval. Thisisavery
important document as it covers more
than 90% of the agricultural research
in Iran. Therefore it is worthwhile
to mention the main sections of the
Document here.

Objectives

The objectives set by the Document
are: the achievement of food security,
environmental sustainability, relative
self-sufficiency in  main foodstuffs,
higher level of income for farmers,
and a balanced development between
agriculture and other sectors of the
Iranian economy.
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Increased mechanization and
extensive use of modern technology will
be promoted to support and drive the
desired changes in farm and agricultural
production systems.

6 Agricultural research
strategies

The long-term growth and development
objectives for the creation of a modern
and competitive agriculture sector will
be achieved through the implementation
of the following strategies:

* Increasing the food security indices,
by giving priority to livestock and
fisheries.

* Increasing the production of
agricultural products especially the
strategic products (wheat, barley,
rice, oil seeds, sugar-beet).

* Dry farming. The importance of
nonirrigated production and rainfed
farming, which cover more than 40%
of the cultivated area of the country,
have opened new horizons for research
in dry farming and arid areas. Since
most of the research efforts in the
past have concentrated on the areas
with prime lands having irrigation
facilities, the nonirrigated areas have
benefited little from research in
optimizing their production potential.
Fortunately, research in this direction
has already begun in research/
extension farms in collaboration
with international research centers.
New varieties have been released
and are being adopted by farmers. In
the Document, enhancement of dry
farming and development of crop
varieties compatible with unfavorable
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conditions of marginal lands are
emphasized.

Developing new technologies
(biotechnology, nanotechnology and
genetic engineering) in production
and processing of agricultural,
horticultural, livestock, and aquatic
products as well as medicinal plants.
Improving the nutritional quality of
food, including biofortified crops.
Increasing water productivity. The
agriculture sector is facing the
increasing limitations of available
water resources due to an increase in
competing demands for water (urban
and industrial).

Development, utilization, and con-
servation of plant genetic resources
and genetic diversity.

Strengthening the role of the private
sector. Considering the fact that 90%
of the agricultural production results
from private sector activity, promoting
the investment of this sector is
essential for the development of
agriculture. Therefore, improving the
rate of capital return and enhancing the
competitiveness of the private sector
through the application of knowledge
is essential and is regarded as one of
the most important incentives for
increasing productivity. Promoting
the development of private extension
and training services as well as due
attention to women's educational
needs are among the priorities of the
Document.

Developing new methods for increas-
ing the productivity of agricultural
inputs and production factors in a
sustainable way, without degrading soil
and water resources. Working on soil
plant relationship with the objective
to achieve balanced plant nutrition



and to maintain soil productivity,
decrease pesticide use, and conserve
genetic resources of the country
continue to receive high priority.

* Developing intensive cropping
(greenhouse production).

* Enhancing the productivity and
decreasing the losses of agricultural
produce. A sustained growth of
agriculture in coordination with other
economic sectors will ensure food
sufficiency including proper storage,
value-addition, and food processing.
Efficient waste management including
recycling the wastes to produce useful
products such as enzymes and feed
has become a priority in the future
R&D.

* Improving the exportable products.

* Increasing resistance of horticultural
crops to abiotic and climatic stress
with priority to cold stress.

* Developing technologies for control
of major plant and livestock diseases,
pests, pathogens, weeds, and harmful
animals.

* Enhancement of applied and
development research activities in
forests, rangelands, and watershed
management.

It is planned to reach the above-
mentioned objectives by implementation
of 41,000 research activities through 10
Master Plans.

Main research activities

* Horticultural research

* Poultry and livestock research

* Aquatics and fisheries research

* Forests, rangelands, and watershed
management research

¢ Biotechnology, nanotechnology, and

genetic engineering research
productivity  and
agricultural waste management of
basic products

¢ Research on

¢ Research on quality of agricultural
products
* Combating livestock and aquatic
diseases, and diseases common
between animals and human beings
collection, assessment,
revival, and  development  of
agricultural, horticultural, rangeland,
livestock, poultry, and aquatic genetic

resources

¢ Protection,

* Information and communication
technology
¢ Development of agricultural and

natural resources research parks

Water challenge: Karkheh River
basin challenge program project

A new approach to agricultural research
is being applied in the western part of
Iran to address the water challenge and
rural poverty in the area. These projects
are among the 16 projects that have been
approved by the CGIAR in the Water for
Food Challenge Program. The projectsare
to be implemented by the International
Center for Agricultural Research in the
Dry Areas (ICARDA) in Karkheh River
Basin in collaboration with AREO (as
main partner) and other international and
national agricultural institutions. One of
these projects is designed for improving
onfarm agricultural water productivity,
while the other is for strengthening the
livelihood resilience in upper catchments
of dry areas.
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7 Gap analysis

Despite the attempts made by the
concerned authorities of the agricultural
research sector to compile a wide-
ranging program for the development of
agricultural research in the Document,
there are still a multitude of issues that
are either not mentioned or emphasized
in the Document:

* Setting priorities for
research and rural
issues

* Research on socioeconomic issues

* Research on gender issues and
women'’s participation in agricultural
practices

* Integrated farming system approach

* Marketing and postharvest tech-
nology

* Integrated soil and water manage-
ment

* Integrated
system

» Agroforestry, especially in the dry
areas

* Optimization of resource utilization
and exploitation

agricultural
development

crop-livestock  farming

* Integrated natural resources
management (INRM)

Bridging the gap

The following activities should be

performed in order to bridge the
mentioned gaps:
* Strengthening research systems
% Restructuring the agricultural
research system
% Higher research investment
% Human resources development:
enhancing the capacities of
planners and researchers by
training
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% Applying logical methods for
research priority setting based on
a bottom-up approach

% Multidisciplinary research and
adoption of holistic approach in
agricultural research planning

% Strengthening the link between
research, extension, and end users
(farmers and consumers)

% Participation of stakeholders in
planning, implementation, and
monitoring of research activities

% Strengthening the monitoring
and evaluation mechanisms by
establishing a data collecting
system to be used in M&E
activities

% Establishing a follow up and
impact assessment system

% Changing the mode of system
from research oriented to demand
oriented

¢ Upscaling and outscaling of research
findings

* Enhancement of research on socio-
economic and gender issues

* Setting theme priorities for each of
the identified agroecosystems.

8 Implication on
agricultural research
priorities

Systematic  prioritization of  the
activities to bridge the gaps is of prime
importance and should be done as soon
as the identification of gaps has been
completed. Some of the gaps may
need a multidisciplinary approach to
be bridged and some of them are out of
the domain of agricultural research. All
the related institutions should take the
responsibility of their related issues and



at the same time keep their activities in
concordance with other stakeholders.
In all the phases, an independent group
should apply an efficient system of
monitoring and assessment.
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Synthesis

Cynthia S Bantilan' and Mruthyunjaya?

The last four decades have witnessed
impressive gains in food production,
food security and reduction in rural
poverty in developing countries thanks
largely to the use of modern technology,
development of high-yielding varieties,
and intensive use of irrigation and
fertilizers. However, there has been a
skewed distribution of such gains. Low
productivity, water scarcity, degradation
of natural resources, widespread
poverty, globalization, and WTO issues
are threatening to further marginalize
agriculture and livelihoods of poor
people. Since agriculture is the dominant
economic activity in these countries,
enhancing productivity, profitability,
and employment in agriculture is vital
for improving the well-being of the
poor. In this context, enhancing public
investments in agricultural research and
technology development assumes critical

significance.
Given the limited resources available
for public research investments;

competing demands including research
investment demand; and the need for
greater, wider and quicker impacts;
research prioritization is essential for
optimal development of agriculture. The
Asia-Pacific Association of Agricultural
Research Institutions, after developing
broader research priorities for member
countries in the Asia-Pacific region, felt
the need for a critical gap analysis for
a clear and comprehensive assessment

of research needs that require priority
attention. In earlier studies, APAARI
had listed certain broad research themes
that should be prioritized in all the
developing countries (See Mruthyunjaya
et al., this volume) However, since
the need was felt to further identify
local priorities within the framework
of these broad priorities, APAARI, in
collaboration with ICRISAT and NCAP
of ICAR organized an international
workshop on “Research need assessment
and prioritization of agricultural research
for development in South and West
Asia”, on 7-8 October 2004 at ICRISAT,
Patancheru. The primary objective of
the workshop was to identify research
priorities at the micro-level based on gap
analysis by national programs in South
and West Asia. The specific objectives
of the workshop were (a) to develop
a set of recommendations on research
priorities based on gap analysis for South
and West Asia and influence the global
research agenda, and (b) undertake a
synthesis of the regional research needs
and priorities for South and West Asia.
The workshop was structured into five
sessions: an inaugural session, three
technical sessions and a concluding
session (see Annexure-IV). There were
40 participants including country re-
presentatives of South and West Asian
NARS (India, Sri Lanka, Bangladesh,
Nepal, and Iran), CGIAR institutes,
donors, NGOs, farmer associations,

!Global Theme Leader, SAT Futures and Development Pathways, ICRISAT
?Director, National Centre for Agricultural Economics and Policy Research (NCAP), New Delhi 110 012
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agricultural universities, and the private
sector. The list of participants is given in
Annexure-V.

In the inaugural session, the Director
General of ICRISAT, Dr William Dar,
extended a warm welcome to the
participants and featured this workshop
as part of APAARI, ICRISAT, and ICAR’s
ongoing collaborative effort to establish a
demand-driven research agenda based on
a participatory approach. Dr RS Paroda
presented a detailed background of the
research priorities initiative, highlighting
the objectives, functions, strategies and
action plan of APAARI, and featured
the major issues for consideration that
include gap analysis, implications of the
existing network, development of new
proposals and partnerships, and funding
strategy. Dr Cynthia Bantilan, leader
of Global theme on SAT Futures and
Development Pathways of ICRISAT,
highlighted the objectives of the
workshop. Representatives of five South

and West Asian countries presented
country papers on research needs and
priorities.

Socioeconomic profiles

The South and West Asian countries have
similar sociopolitical institutions and
economic, agricultural, and governance
systems although they differ considerably
in terms of size of population, geo-
graphical area, and economy (see Table
1). All these countries are classified as
low-income countries. Though these
countries have improved their economic
performance in the 1990s, they suffer
from other problems such as unchecked
growth in population; a large percentage
of the population below the poverty
line, particularly in rural areas; and
malnourishment (particularly among
women and children) (Mruthyunjaya
et. al. 2003). Despite all these odds,

these countries have made tremendous

Table 1. Basic socioeconomic indicators for South and West Asian countries, 2003.

Indicator Bangladesh India Iran Nepal  SrilLanka

GDP, current (billion US$) 51.90 599 137 5.80 18.50
GDP growth (annual %) 5.33 8 5.90 2.98 5.50
Agriculture, value added (% of GDP) 21.73 22.68 10.80  40.14 19.72
Export of goods and services 14.22 14.86 2506 14.38 34.96
(% of GDP)

Trade in goods (% of GDP) 29.45 20.78 43.08 35.81 65.21
Population, total (millions) 138 1060 6640 24.70 19.20
Population growth (annual %) 1.74 1.49 1.29 219 1.18
Literacy rate, adult female 31.40 7040  26.38 89.62
(% of females ages >= 15)

Literacy rate, adult total 41.09 44.01 92.08

(% of people ages >=15)

Source: World Bank 2003
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progress in terms of achieving self-
sufficiency in food grain production and,
increased milk production. Crop yields
and productivity of agricultural workers
are still low in the region, irrigated area
is limited, and per capita availability of
land is steadily declining. Furthermore,
declining farm size, creation of limited or
no additional employment opportunities
in  agriculture, natural resource
degradation, and management of new
challenges from the global developments
in trade are all taking their toll in
these countries. Health issues are also
affecting the often uneducated and poor
agricultural labor segment. Institutional
and policy responses to address these
issues have also been either inadequate or
not effective enough. Research intensity
is very low in these countries (except
India) with a spending of less than 0.3%
of AgGDP on agricultural research and
education (Mruthyunjaya et al. 2003).
High population growth, degradation
of natural resources, shortage of water,
hunger and poverty are among the
most complex issues that challenge
these countries. Agriculture, being
the main source of income in all these
countries, must address such critical
concerns as food and nutritional security,
employment and income generation, and
alleviation of poverty. The allied sectors
of horticulture, animal husbandry, dairy
and fisheries must also be promoted and
tapped in order to improve the overall
economic conditions and health and
nutrition of the rural masses. In most of
these countries, the most efficient way
to solve these problems is to strengthen
the agriculture sector and ensure its
sustainable growth and thus improve the
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well-being of the poor, both in rural and
urban areas.

In this scenario, stepping up public
investments in agricultural research and
technology development is of critical
significance. In India, use of modern
technology, HYVs, and intensive use of
irrigation and fertilizers led to impressive
gains in food production, food security
and reduction in rural poverty. In Nepal,
despite continuous efforts in agricultural
research and development, poverty
alleviation and food security have been
the two major challenges facing the
country. Agriculture is blamed for not
meeting the challenges in the name of
less available technology and ineffective
technology delivery system. But the
overall impact of agricultural research
and development in the country
has been greatly affected by rugged
topography, poor infrastructure (road,
communication, electricity, market etc.)
smaller land holding size, limited arable
land, low income and high prices in hills
and mountains compared with terai and
urban areas.

In Bangladesh, the growth potentials of
major crops and agricultural commodities
are two to three times more than the
present levels of production. Therefore,
developed and sustained agriculture
would go a long way toward providing
increased production, helping to reduce
food deficit and shortage of industrial raw
materials, and providing employment
opportunity with reasonable income.
The consequent increase in productivity
and income, along with self-reliance in
food, could result in a more desirable
socioeconomic and institutional frame-
work as part of the development process.



In Sri Lanka, agricultural production
has been declining over the years and the
food imports are going up. The traditional
crops of rice and rubber are losing areas
while an upward trend is noted in case of
coconut, floriculture, tea, and spices.

Country papers

The country paper of India, entitled
“Research need  assessment and
prioritization of agricultural research
for development: India”, provided a
comprehensive model framework for the
other country papers. The presentation
mentioned that India achieved an
impressive agricultural growth in the
postindependence period but there were
increasing concerns about the skewed
regionaland economicclassdistribution of
benefits and the long-term sustainability
of agriculture. To improve the relevance
of research, research priorities have to
be set both at the macro level as well as
at the micro level, with a mechanism to
bring out convergence between the two.

The disturbing trends on the
agricultural front such as decelerating
publicinvestmentsand declinesin growth
rates of production and productivity,
along with the increasing problems of
growing water scarcity, land degradation,
lack of service and support systems were
stressed. Amidst all these challenges, the
research system has to cater to location-
specific problems and needs. The
Innovations in Technology Dissemination
(ITD) component of the NATP followed
the bottom-up approach to prepare the
SREP for 28 districts drawn from seven
states of the country. These districts
covered four major production systems
in the country with the exception only of
the arid agroecosystem. In each district,

separate prioritization of research and
extension problems was attempted for
each of the AES (2 to 6 per district).
When the research needs were identified
and compared with the research portfolio
of about 850 projects funded under
NATP, considerable gaps were noticed
between them. Major research gaps
existed in the theme areas of genetic
improvement and NRM (including
IPM and IPNM). The identified gaps,
if classified alternatively, mostly fall
under the themes of sustainable seeds
and technology systems, livestock, and
commercialization and diversification
of production systems in that order.
As regards different ecologies, research
gaps are highest in hill and mountain and
irrigated agroecology followed by coastal
and rainfed agroecologies. Under each
of these categories, the specific research
gaps that have been identified need to
be prioritized and assigned to research
and extension institutions located in the
regions to be appropriately addressed.
The country paper of Sri Lanka
highlighted the drastic changes going on
in Sri Lankan agriculture. Agricultural
production is declining, food imports are
going up, the traditional crops of rice and
rubber are losing areas, and an upward
trend is noted in coconut, floriculture,
tea and spices. Uncertainty of funding,
lack of priority-setting mechanisms and
inefficient management of available
resources plague the research system
in Sri Lanka. There are problems of
coordination as six ministries deal
with agricultural research. Priorities of
research are set based on five criteria
with 30% weight given to income and
employment generation. The formal
priority  setting methodology  was
complemented by discussions with the
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agricultural department to arrive at the
National Agricultural Research Priorities
for the period 2004 to 2006. A process
has been initiated to develop a strategic
research plan and a human resource
development plan to consolidate the
NARS on along-term basis. The priorities
identified have been listed in the paper,
and are as varied as plant breeding/
genetic improvement of commercially
important crops and underutilized crops,
hybrid seed development, biotechnology,
conservation and utilization of genetic
resources.

The country paper of Bangladesh
highlighted the good progress made
in agriculture by Bangladesh after
independence, but also brought out
the fact that there is a supply gap of 6
million t with respect to food grains and
that 87% of the export earnings come
from agriculture. The research system,
which is functioning under the umbrella
of BARC, is working on the regional
and local problems. The government
has targeted a 21% increase in food
production between 2000 and 2025,
for which the growth rate of agricultural
production has to be stepped up from
the present level of 2.6% per year
to 3.6% per year. About 30% of the
net sown area is saline and hence soil
health issues need to be addressed on
a priority basis. The food security of
the 50 million poor is also a matter of
concern. The government is planning
to increase the irrigation coverage to
80% from the present level of 40%.
The research and extension linkages
need to be strengthened to achieve the
short-term and long-term objectives
of the agricultural sector. The returns
to investment on agricultural research
and extension need to be assessed.
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The major research priorities include
(i) development of modern, hybrid and
super varieties, (ii) crop management
practices (iii) farm tools and machinery,
(iv) poverty alleviation, (v) agro-based
processing, (vi) breeding and hatchery
and nursery management of carps, (vii)
technologies for the preservation and
storage of seeds, (viii) identification
of constraints to marketing of crops
and suggestions for improvement, (ix)
development  of  drought-resistant,
salinity-tolerant, flood-tolerant, and
short-durationvarieties, (x) tissue culture
propagation, (xi) soil improvement,
(xii) cattle breeding and cattle feeding,
(xiii) plantation technique for forest,
and (xiv) development of MIS and GIS
system.

The country paper of Nepal
highlighted the progressive increase in
rice and wheat yields and the fact that
food production at national level is in
excess due to surplus in the terai region
that covers the hill/mountain deficit.
Since Nepal has joined WTO, trade
has become a challenge. The research
priorities of the APP (1997-2016)
include food crops, high value crops,
dairy production, soil and water, human
resources, outreach and developing
scientific research information system.
In the vision of NARC, the research
priorities  include  crops, natural
resources, marketing human resources,
and gender. The research needs that
were enumerated include food crops,
fruit crops, vegetables, livestock,
fisheries, socioeconomic and policy
research, biodiversity and NRM. The
research gaps prioritized were in yields,
knowledge and research, disciplinary
focus and linkages between science—
extension and research-farmer. The



steps needed to bridge the gaps were
investment in R&D, knowledge and
information, livelihoods analysis, biotech
tools, IPM, stakeholder consultation, up
scaling and delivery of research tools.
Despite several constraints, Nepal has
achieved distinction in decentralization,
participatory forestry, and marketing. Yet
less favorable production environments
(mountain and hill regions) and leveling
of production disparities across regions
vis-2-vis subsidies for agriculture and
inputs need to be given priority.

The country paper of Iran mentioned
that climate and water scarcity are
significant limiting factors for agricultural
production in Iran. Horticulture,
especially dry fruits, is important in
Iran but postharvest and marketing
problems exist. Gender distribution of
labor in various agricultural activities is
discussed in detail. Emerging challenges
in agricultural research were noted as
poverty, agricultural wastes, rural-urban
migration, capital flight from agriculture,
natural resource degradation, low water
productivity  salinity, desertification,
food safety, storage, climate change and
drought. The main agricultural research
needs were emphasis on food security,
increase in agricultural production
through dry farming and increase in
water productivity. Agricultural research
gaps were identified as were the activities
required to bridge these gaps.

During discussions on the country
papers, it was suggested that research on
small areas be considered the basis for
maximum impact, matching research
needs of farmers (particularly small
and marginal) with research agenda of
research institutions, more objective
research prioritization, effective and
functional feedback system for on-

course correction of research, balanced
allocation of research resources, and
considering futuristic needs while
prioritizing research.

Research priorities of
IARCs, NGOs, and the
private sector

There were nine presentations by IARCs
and six presentations by different NGOs,
Farmer Organizations, and Private Sector
and Research Institutions.

The presentation on IFPRI highlighted
the Institute’s vision and focus on
technology, institutions, infrastructure,
and policy. IFPRI’s South Asia strategy
process is yet to be launched. The
Institute’s priorities are in line with the
priority areas identified by Global Forum
on Agricultural Research (GFAR) and
CGIAR. The GFAR priorities are:

¢ Genetic resources management and
biotechnology

* NRM and agroecology

e Commodity chains (production and
consumption) and underutilized
species

¢ Policy management and institutional
development

* Sustainable financing mechanisms

The CGIAR priorities for Asia are

* Enhancing  germplasm  through
conventional approaches and
biotechnology

* Sustainable production systems
% Integrated crop and livestock
systems
% Systems for drought-prone areas
¢ Strengthening of NARS and other

rural institutions
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% Building the organization and
management capacity of NARI
* Improving policies
% Postharvest value addition and
processing
* Germplasm collection and conserva-
tion; saving biodiversity
* Crosscutting activities

< Better and stronger impact work
in and on systems

% Developmentofnewresearchtools
(biotechnology and genomics)

< Development of new information
tools

< Identifying poverty:

location

mapping

The International Potato Center
(CIP) highlighted priority needs for
potato improvement in South Asia. The
mandate crops and activities of CIP
include potato and sweet potato, and
NRM. CIP’s activities in Asia mainly
focus on Bangladesh, Bhutan, India,
Nepal, Pakistan, and Sri Lanka. CIP’s
research areas in the different regions of
the world are:

* Germplasm supply to participating
NARS

* Assistance in evaluation of germ-
plasm

* Dissemination of improved tech-
nology

* Crop diversification issues involving
potato

* Mountain agriculture

* Peri-urban agriculture

* Socioeconomic analysis of the
transfer process and impact of new
technologies

The International Plant Genetic
Resources Institute (IPGRI) high-
lighted research need assessment and
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prioritization of PGR activities in South
Asia. IPGRI essentially works on crops
that other CG centers are not addressing
on, including coconut, banana, plantain,
tropical fruits, and forestry species.
The research priorities are germplasm
collection, characterization, exchange
and conservation, HRD and capacity
building. The future thrust of the
Institute is on

¢ Diversity for livelihoods

¢ Understanding and managing bio-
diversity

* Improving livelihoods in commodity-
based systems

¢ Global partnership

e Public awareness

* Policy and law

¢ Capacity development

¢ Knowledge management

The International Livestock
Research Institute (ILRI) highlighted
the assessment and prioritization of
international  livestock  research-for-
development. ILRI positions its research
at the dynamic interface of poverty
alleviation and livestock to sustainably
enhance the livelihoods of the poor.
ILRI’s research addresses three pathways
out of poverty:

* Securing the assets of the poor,

¢ Improving the productivity of their
livestock systems, and

¢ Improving their market opportu-
nities.

ILRI and its partners address five
priority interdisciplinary themes:

* Targeting research and development
opportunities

* Enabling innovation

* Improving market opportunities



* Biotechnology
* People, livestock, and the environ-
ment

The International Water Management
Research Institute (IWMI) highlighted
South Asia regional strategy for 2004-
2008. The overarching research question
for IWMI is “How can we grow more
food and rural livelihoods
with less water in a manner that is
socially acceptable and environmentally
sustainable?” The centerpieces of
IWMI'’s strategy in South Asia are:

sustain

* Develop and strengthen strategic
partnerships within the region and
internationally to exchange cutting-
edge approaches to research and
policy,

* Undertake applied and policy-
oriented research while effectively
building on regional research capacity
(conventionally defined NARES,
universities, knowledge-based NGOs,
and civil society organizations), and

* Disseminate IWMI’s and partners’
outputs in order to achieve policy
impact at a range of levels.

The three central priorities for
agricultural water and land management
in the region are:

* Water resources and land use
implications of water scarcity,
particularly focusing on institutional
responses to river basin closure.

* Minimizing the tradeoffs between
water use by agriculture and the
environment, assessing upstream-
downstream tradeoffs in watersheds,
smallholder management options,
compensation for  environmental

services, ecological amenities, and
water security.

e Urbanization and the impacts of
mega-cities on water for agriculture
and the environment in a river basin
context.

The following are first-cut priority
focal areas for theme/ cross-theme
programming by IWMI in South Asia:

¢ Krishna, Rechna Doab, Ruhuna
Benchmark Basins: focusing on
improving water productivity

*  Smallholder land and water
management (“watershed manage-
ment”) potential in the light of
historical canalirrigationinvestments
and future river linking in India.
Nepal-North India linkages are
evident in watershed-irrigation co-
management.

*  Smallholder “watershed manage-
ment” across regional South Asia-
Africa  South-South partnership
particularly focusing on institutiona-
lizing community-based approaches

¢ Northern and eastern region
development in Sri Lanka

e Multiple uses of water, focusing
primarily on productive (irrigation)
+ domestic (drinking)

e Wastewater use and growing
urbanization: Faisalabad, Musi, and
other locations

e Irrigation sector reforms, particu-
larly 2nd generation IMT/PIM
issues: A.P,, Gujarat, Maharashtra

e Surface irrigation — groundwater
conjunctive use and management,
salinity and sustainability trends,
particularly  relevant for NW
India and Pakistan, and further
development of groundwater in
Eastern India and Bangladesh.
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* Irrigation impacts and assessment of
the Indian experience
* Fluoride and arsenic in groundwater,
healthimpacts, sustainability: Central-
western India, Indo-Gangetic Plains,
and Bangladesh

The Asian Vegetable Research and
Development Center (AVRDC) high-
lighted opportunities for smallholders in

fruits and vegetables. The priority thrust
areas of AVRDC are:

* Postharvest losses/technology

* Integrated pest and disease manage-
ment

* Safe vegetables

* Small farmers and supermarkets

* Organic vegetables

These priority areas are focusing on
developing high nutritional content, high
value vegetables.

ICRISAT highlighted on research
need assessment and prioritization of
agricultural research for development
in SAT Asia. ICRISAT’s goal is to
harness the power of technology for
development, food security, poverty
alleviation, and environmental protec-
tion targeted at poor rural families in
general, and women in particular. This is
Science with a Human Face: research not
for its own sake, but targeted at specific
goals and implemented through genuine
partnerships. In line with APAARI Vision
2025, the goal of ICRISAT for SAT Asia
is to contribute to sustainable improve-
ments in productivity of agricultural
systems and to the quality of natural
resources in SAT Asia. A multi-pronged
approach for sustainable livelihood in
SAT Asia identified water as an entry
point with strategies for diversification,
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marketing and  commercialization,

institutional innovations, strengthening

of basic infrastructure, better targeting
of the poor, and building partnerships,
focusing on salient problems of SAT.

Based on a comprehensive needs

assessment in SAT, the priority research

outputs are:

* Improved germplasm, parental lines
and HYVs for SAT crops developed
and available

¢ More sustainable soil, water, crop and
nutrient management and innovative
watershed  management  options
developed and available

¢ Strategies to improve product market
linkages developed and disseminated
in SAT Asia

* Institutional and policy
mendations to support livelihoods
developed in SAT Asia

¢ Best-bet technologies for diversified
and  sustainable  crop-livestock
production systems developed and
disseminated in SAT Asia

* Strategies for efficient seed delivery
systems for mandate crops developed
for SAT Asia

¢ Validated research methods for
rainfed agriculture relevant to capacity
development of partners in SAT Asia
promoted

recoms-

The International Rice Research
Institute (IRRI) presented “Rice re-
search need assessment and prioritiza-
tion”, covering the following:

* Challenges and opportunities for rice
research

* Rice research need assessment and
prioritization

* Program highlights



e Assessment of IRRI's research
priorities and the mode of conducting
research.

Integrated Mountain Development
(ICIMOD), spoke about the research
areas and  priorities. ICIMOD’s
functional mandate is to provide
secure and sustainable livelihoods for
mountain people. The mountain areas
are characterized by fragility, marginality
(resource-wise, politically, etc.), and
diversity. ICIMOD collaborates with
client countries in the Himalaya-Hindu
Kush region, and impacts of ICIMOD'’s
work are evident in India, Nepal, and
Tibet.

Bharatiya Agro-industries Foundation
(BAIF), an NGO, highlighted the
transfer of technologies for improving
agricultural production in developing
countries. It further emphasized that
agricultural research should focus on
the problems of the poor farmers and go
beyond crop productivity. The following
areas were noted to be important:

o Agri-horti-forestry  models  for
different regions;

* Economics of mixed farming with
different species of livestock;

* Farming systems for arid and desert
regions;

* Varietal selection of fruit and vegetable
crops for processing;

* Economicsofaromatics,and medicinal
and cash crops for waste lands and
arid lands;

* Economics of low external input
sustainable agriculture;

* Organic farming: Economics and
impacts;

* Biopesticides and biofertilizers; and

¢ New varieties of food crops for stress
conditions.

India Natural Resource Economics
and Management (INREM) Foundation,
another NGO, highlighted agricultural
research needs in India as perceived by
them. The main problems that should be
urgently addressed in Indian agriculture
are

* Rural poverty and unemployment

* Water scarcity and recurrent
droughts

¢ Land degradation

e High risk and uncertainty and
vulnerability

¢ Low level of agricultural productivity

¢ Small size of land holdings and lack of
financial viability

* Low public investment in agriculture

* Inappropriate property rights in land
and water

¢ Irrational pricing of water and
electricity used for pumping water

e Lack of access to markets and
marketing facilities

* Weak  problem-solving  action-
oriented applied research, extension
and training systems in agriculture

e Lack of professionalism in admin-
istration and management of agri-
cultural research

MS Swaminathan Research Founda-
tion (MSSRF), another NGO, stressed
the fact that extension and adoption
are critical factors and in this context
the debate on relationship between
farm size and financial viability assumes
significance. The uncertain structural
changes in the future, particularly on
institutional arrangements and their
adaptability, need to be addressed.

93



A farmer organization based in the
Philippines (Federation of Free Farmers
Coops. Inc.) highlighted that the
major policy issues that can influence
prioritization of research needs are

* the need for demand-driven tech-
nology,

* access to technology,

* globalization,

* sustainability, and

* partnerships

The Federation of Farmers Associa-
tions highlighted the pressing research
needs of dryland agriculture. A farmer
organization representative from
Indonesia highlighted a case study of
action research in Mesir Dwi Jaya,
Indonesia.

BIOSTADT MH Seeds Ltd., a private
sector firm, highlighted that there
should be organizational, structural, and
procedural changes in the mandate of
IARCs, ICAR, and NARS. The major
focus should be on

* New parental lines

* Germplasm augmentation

* Identifying new sources of resistance

* New gene constructs

* Biotic stresses

* Integrated crop production tech-
nologies.

Finally it was pointed out that the
private sector has an important role in
producing, distributing, and marketing
end products.

To arrive at a clear picture of research
priorities at the zonal level, four working
groups were formed, namely, Coastal
agroecosystem, Hill and mountain
agroecosystem, Irrigated agroecosystem,
and Rainfed agroecosystem (including
SAT and arid ecosystem). The reports of
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groups under enterprises improvement,
NRM, and institutions and policies are
as follows:

Coastal agroecosystem

The group report highlighted the salient
features of the agroecosystem followed
by discussion on the following themes:
enterprises improvement, NRM,
and institutions and policies. Under
enterprise improvement, coconut-based
cropping system, fisheries enterprise and
mangroves, and agroforestry systems
were mentioned as priorities. Under
NRM, the priorities to be addressed are
rainwater harvesting and management
of groundwater, maintaining soil health
and avoiding seawater ingress, water
pollution, and coral reef destruction.
Under institutions and policy, priorities
included  processing, cold chain,
anchorage and landing facilities in the
coast, credit support to fishermen
extension system and the research-
extension interface.  During the
discussion, it was suggested that the
model should consider homestead
production models for communities; and
processing units have to be integrated
with production catchments.

Hill and mountain agroeco-
system

Under enterprise improvement, it was
suggested that the emphasis should be on
high-value, low-volume and low-weight
products like horticulture, livestock,
medicinal plants, and vegetables locally
produced and wused as food crops.
Tourism and mountain handicrafts were
highlighted as additional priorities. Both
traditional and modern methods and



practices, along with need assessment
of infrastructure should be given
importance. Success stories should be
used for replication of good ideas and
best practices. Under NRM, treating
watershed as the functional unit for
assessment, linking NRM with enterprise
improvement activities, and involving
local people should be explored. Under
policy and institutions, review and
shift policy paradigm, identification of
institutions and programs, and validation
and spread of policy changes are
important. It was suggested that policies
should match with features, involve local
leaders, and intercountry networking,
equitable high and lowland linkages and
suitable compensation mechanisms to
the people to be in place.

Irrigated agroecosystem

Irrigated agroecology occurs in all
agroecosystems. However, it is basically
land and water management ecology.
Under enterprise improvement,
diversification (on farm and off farm),
food quality, and safety issues were
stressed upon. Under NRM, water
scarcity, soil degradation and water
quality issues were emphasized. Under
institutions and policies, food quality and
global markets, participatory irrigation
management and food procurement/
pricing were highlighted.

Rainfed /arid agroecosystem

Under enterprise improvement, breeding
for tolerance to abiotic and biotic stresses,
evolving diversified cropping systems and
integration of livestock with crops and
agri-horti-silvi-pastoral systems were

stressed upon. Under NRM, harvesting
of surface runoff on a watershed basis,
improvement of soil health, selective
mechanization, and conservation of
biodiversity were emphasized. Under
institutions and policies, input price
distortions, collective action, alternative
livelihood opportunities, suitable public-
private partnerships and safety net
mechanisms were mentioned.

In each of these group reports
strategies for implementation with
emphasis on  networking, multi-
disciplinary approach, planning and
monitoring,  participatory  approach,
capacity building, and improved delivery
of services were stressed upon.

A representative from the donor
community, after endorsing the group
reports, said that factoring future
challenges into the present and the
priorities have to be matched with the
millennium goals. We have to make rapid
progress with the prioritized agenda
to address the issues of widespread
malnutrition, stagnating agriculture,
risk and vulnerability, globalization,
threats of HIV/AIDS on agriculture,
and socially excluded groups like SC/
ST population.

The workshop, as expected, was able
to flag broad macro-priorities, zonal
priorities and also micro-priorities of
some member countries under the broad
themes of genetic improvement, NRM,
and socioeconomic research. There were
wide variations in the methods used to
identify priorities, from congruence
approach to PRA/RRA and collective
wisdom of groups of experts and
research managers. The country papers,
after recognizing the progress made in
agriculture in their countries, highlighted
the persistent problems and emerging
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challenges. The problems included food
and nutrition security at household level,
risk and vulnerability, dwindling and
degrading natural resources, plateauing of
yields, inadequate resource and support
system, poor governance, marketing
problems, quality human resource, and
problems of socially excluded groups. The
new challenges mainly related to WTO
regime, IPR, quality and safety, global
market, etc. By and large, the identified
priorities are common across member
countries. Some of them include genetic
improvement; hybrid seed development;
biotechnology; IPM; IPNS; irrigation
water management; food technology;
postharvestprocessingandvalueaddition;
livestock improvement; aquaculture;
labor-saving machinery and equipments;
organic farming; diversification; precision
farming; agricultural information and
communication technology; capacity
development; socioeconomic, gender,
and policy issues; public-private sector
partnership; and O&M reforms. The
multidisciplinary, =~ multi-institutional,
and farming system approach in
agroecosystem mode is emphasized.

The CGIAR institutions are generally
alive to these needs and gearing up to
meet the emerging challenges of the
sector and the region. Perhaps they need
to focus more on facilitating exchange
of genetic resources, capacity building,
sharing cross-country experiences and
success stories, and enhancing the
capacity of the member countries for
policy dialogue with policy makers and
planners.
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During the concluding session, the
need for a short but focused list of
priorities for effective implementation
and systemwide impact, south-south
collaboration, matching the priorities
with millennium development goals,
climate change, integrated genetic and
NRM management, regional information
management, and quality and cost
competitiveness were highlighted.

Thus, the workshop has been
able to spell out specific priorities at
macro-, meso- and even micro-level
in some cases under the broad themes
of genetic improvement, NRM, and
socioeconomic and policy research. In
genetic improvement, system approach
with  agri-horti-silvi-pastoral ~ system,
diversification with emphasis on legumes,
and genetic resource management
including postharvest technology, value
addition, and agri-business-marketing
aspectsareimportant. InNRM, integrated
watershed management, soil fertility/
health management, and salinity/quality
of water are important. In policy, higher
investment on infrastructure, marketing,
credit, and pricing are important.
The private sector has to be brought
in for capital investment. Extension
mechanisms have to be strengthened
for effective R-E-F linkages at the grass
root level. Partnership of key players at
all levels is very important. However,
separate brainstorming sessions for
each one of the four agroecologies and
lower level ecologies wherever possible
have to be undertaken to fine-tune the
priorities for maximum uptake and
implementation. Finally, we have to



panuuoy
(INYN) 1043U0D Paam Jo} BPIJIPSaM
Z l JO UOI)EPUSWWOI3) pUe Uolen|eA] aziep
(Nl1) Ay inay
£ l 10 |01)U0D J0J [\ d| JO UONEBZIpIEPUBIS BABNO)
(IN4) spuod ur sBuipabuy
6 o yst Jo Juswabeuew pue Buipss saliaysl4
6 g (IN4) Ja3em onyeys Ul Bulluiey ysi4 sauaysl4
(ANdI) siiy anjnoipoy
v G MO] 0} ILOH-LBY-IAIIS JO JuswdojpAsg  JO UONBDlISIBAIQ
(19) wsedwuab yueis|o)
L l -)yBnoup pue ayije Jo Jusidojeasq sniy
(INYN) 1Yoy pue snio
VA o ul s801pul A)Linjew Jo uonezipJepuels sniy
(IWYN) spoye Bunyelb jo uoy
VA G -ezipJepue)s pue ABojouyos) AiasinN B|uoy
alesadwaigns 19m
Y yb1y ‘piwinygns
[IIYy-piw ‘[eaidouy
(19) wsejdwuab jueis|o}-jybnosp -gns S|y Mo|  ysapeld
L L pue a8 8|geyns Jo Juswdojarsq gluoy eibuey g ulejunowgng  [BYdRWIH
sdeb «dLVN Jepun ,sanuoud Sposu YoJesssy 10095 Joumisig $8U0Z aels
yoleasay pajdwaye 0J0BW 0} Josudisyug ljlewjooby
Yolessay paijjuapl /Aypowwo)
sawiay |

"eIpU| JO SaUOZ d1jewi|d0iBe Juaayip ul sdeb pue spasu Yoseasay ‘¢ ajqel

|-2JNX3auuy

97



panunRuo)

(INYN) sa|qejeban uosess-yo

z o 1o} swiy Bumos Jo uonezipJepuelsg so|qejebiop
(INYN) swn uonejueld pue

z o Juswieas; Buiyojnw Jo uolezipiepuels Ausgmeng
(19) sanauea Ausqinw BuipjsiA

l l -yby Buimoub isey Jo yuswdojarsg ainynoues
(LHd) sdiyo oyerod 1509 mo|

G G Buiyew Joj adAjoj0.d e o yuswdojprs 0jejod
(NEN)

aimsed ayy ui sasselb buissaiddns Jusw

l G pasm pue panoiduil Jo uononposu]  -dojaasp ainjsed
(19) senauena juejsisal

l l -J0J Jej|0 pue }S0J} JO UONO8|eS efeded

} } (I19) SAAH @igeyins jo Juawdojaraq Apped
(19) wsejdwusb

| | Jueajo}-jybnoip pue a}ije Jo UoIB[eS Iyoy|/oBuey
(LHd) auoydaue yim
Buiuadu g ‘|00 “ABojouyos) Buixem

g g pue glosAy}3 jo uonezipiepuels Iyoy|/oBue
(NEN)

Z G $82Ipul AJlunjew Jo uolezipiepuels Iyoyj/obuepy
(WYN) ABojouyosy

Z G uonoajoid 1S0J} JO UOHEZIPIEPURIS Iyoyj/obuepy
(WYN) sjued 1yoy| '3 obuew ul Ayjepow

Z G Buionpai Joj enbiuyosy AlesinN Iyoyj/obuepy

sdeb yoieasay ,dlVYN Jepun  ,sanuoud Spaau yoJeasay 101088 JouisIg S8U0Z ajeis
paydwene 0JoBW J0} /esudiag aewjpolby
Yoleasay paunuspl /Rypowwo)
saway L

‘ponuRuUOY "¢ slqeL

[ee}
(o)}



panunuo)

G G (LHd) Buibexoed pue Buipeis obuepy
¢ | (INdll) wiomno Jo [03u0D azle|\
€ | (Ndl1) 101 ¥els Jo [ou0) azIep\
Z l (INYN) wswabeuew paspp azle\
] g (4d3s) douo yseo se uoeAnnd azle\
} } (19) SAAH Jo Juswdojaneg azlej\
8 € (INv) paa} paouejeg M)
(V)
8 I s|ewiue Jo} a|npayds Buipesy Jedoid Mo)
(19) o018
l l 100J JueJB|0}-yBnoIp Uo Yolesssy sniD
(4d3S) seneloos
l ¥ ojul siamoub azjuebio 0} yoleasay s
g 4 (LHd) Buibexoed pue Buipeio sy
l ¢ (19) @oueysisal 3sad Joj Buipaaig s
8 ¢ (W) Juswabeuew jen oleyng
(19) IInq ojeyng sa1B1pad ybiy
l ¢ JO uswes ybnouyy uonepelbidn pasig oleyng
(N) [ewiue yojiw Joj Yy moj  ysepeld
8 I a|npayos Buipas) Jjedoid-pas) psoueleg ofeyng Indiiwey ulelunowgng  [BYoBWIH
(LHd) seigeiaben jo buibeyoed
o o 10} suoped g40 Jo uoezipiepue)s sa|qejalap
VA G (INYN) @snoyAjod ui Buisies AiasinN so|qejebap
sdeb yoseasay ,dIVN Jepun  ,sanuoud SpasU YoIeasay 1009S  Joumsig sau0z aels
pajdwane 0J0BW 0} /asudiaug aewjpolby
Yoleasay paijuapl /Rypowwo)
sawiay |

‘panuijuoy "¢ 9qeL

99



panunuon

L l (19) senauen jueysisas Ainful 831y 15014 a|ddy
(NIN)
VA l a|dde ui buuieaq ae| /ajiuaan( Buo a|ddy
€ l (INd) seyw sjdde jo joAuoQ a|ddy
(NEN)
z G Buiieaq Jeinbaul ¥oayd 0} Yyoleasay a|ddy
(NEN)
Z G |[e} Jea| ainjewaud Jo ainsesw [0J3U07) a|ddy
(19) sanauea sjdde buunjew gjeladwsa) 0)  ysapeld
b | Aiea BupjaiA-ybiy jo uswdojereq addy ewys [y pwnygns  [eyoewiH
4 | (INYN) Juswabeuew pasp) JeayMm
(INMN) seonoe.d Juswabeuew
Z L douo pue sanaien panoidw 1BaUM
(INd1) Juawabeuew
£ l 9SBasIp Jung [BUIBY PUB INWS 85007 1B3UM
4 S (WHN) uoneiidde sazi|ia) paouejeg Blo|
(NEN)
z G uonejndod jueid Jadoud Buiurejurepy euol
4 g (NYN) jueyy Buunp ysew jo uojeAnnd asind
(nd)
¢ l soseasIp % 1sad Joasul Jo Juswabeuep obueyy
e I (INd1) uonewuoyew jo Juswabeue obueyy
(4d3S) sanaioos
i ¥ ojul siamolb aziuebio 0} yoleasay obuepy
sdeb yoseasay ,dIVN Jepun  ,sanuoud SpasU Yolessay 10)09S  Joumisig saU0Z aels
pajdwaye 0.I0BW IO} /asudisug anewjpolby
Yolessay paijjuapl /Rypowwo)
sawiay |

‘panupuoy "¢ 9qeL

ol
o

—



panuNUoY

(19) spiyde pue swiomno ‘qnib aypym

l l 0} Juejsisal saljalieA Jo Juswdojansq 0Je10d
(Id1) spiyde pue swiomno
e L ‘qnJB 8)IyMm Joj BINSeaW [01U0D 0Je10d
(NN sileds
Aip pue mous Buoj ‘swioys|iey ‘1o
Z G Jsuiebe sa1bojouyos) pue seieLe) Apped
| | (19) senaueA uonenp-poys Buipssig fpped
(INYN) Sl10S painxa} pue pain} ojejod
z 9 -onu)s 10od jo Ananonpoud Buisessou ‘leaym ‘azie
(19) swajqoud Buipasiq jeadal
L I pue Ajjajul ‘Ajunjew aje| Uo YoJeasay anen
(W) uonusial
8 I ejusoe|d jsuiebe ainseaw [04U0D ame)
(v) eunjewsy
8 I BUIAOG DIUOJY O} 8INSBSW [013U0D) ame)
(NYN) uonusyal
8 £ ejusoe|d jsuiebe ainseaw [04U07 oeyng
8 I (INV) euNjeWaY 21UCIYD UO Y2Ieasay oleyng
(INv) seaue [009
ul Buinjeayuondsouod Joj seojeyng
8 £ 1O UOIJeZI)eW[29. UO U2Ieasay oeyng
(19) swajqoud Buipasiq jeadal
L £ pue AyjiJajul ‘Anjew aje| uo yoeasay oeyng
sdeb yoseasay ,dIVN Jepun  ,sanuoud SpasU YoIeasay 1009S  Joumsig sau0z aels
pajdwane 0J0BW 0} /asudiaug aewjpolby
Yoleasay paijuapl /Rypowwo)
sawiay |

‘panuijuoy "¢ 9qeL

101



panupuoy

(19) Apped

J0 Aauiea Buibpojuou Jo yuawdojeaaq
(19)

101 Y[els [BLB10B( O} JUe)SISal SalaLeA
(19) sanauen aziew

pugAy pue aysodwoo BuipjaiA-ybiH
(INd1) weJB ur Jsioq pod pue jjim

Apped
azle\

ozl

¢ l |03U09 0} ABojouyosy jo Juswdoreg  ysewlel R wels)
(19) seseasip pue jsad joasul
l l 0} Juejsisal saljalieA Jo Juswdoprsg  yseuwlel g weis
(INdlI) Jau0q
e l pod pue }jim Joj Sainseaw [0ju0)  ysewlel g wels
(19) weib pue ysewleJ jo Buiddosousyul
l l pue aind Jo} sanaueA jo Juswdopasq  ysewlel g weis
(N4) sleunsy/sianiy/sja|nau
6 G ul Buiwiey ysiy Jo [enuajod payiojdxaun selaysl
() smo9 paigssouo ul wajqoud
8 ¢ Buipas|q sniysaojow Joj ABojons JoBXT  SMOD PalgssoI)
(NYN)
SMO02 Pa.gssold Ul wajqoud asdejoud [eoidongns-iy  ysepeid
Z € pue ‘Ajjajul ‘Buipssiq jeadey  SMOD paigssol) Jndsejlg Moj ulejunowgng  [eydewiH
wnd
(INNdI) sunyy pue sajgejeban  -Isded ‘Jamojyiined
v | Ul NI PUe |Nd] uo yolessay  ‘ebeqqes ‘ojewo]
(Wv) sesessip
Z € ddD? PUE Ydd 10} sainsesw |0uo) jeob g deays
sdeb yoseasay ,dIVN Jopun  ,sapuoud SpasU YoIeasay 10098 jouisig S8U0Z a)e)s
pajdwaye 0.I0BW IO} /asudisug anewjpolby
Ydieasay paijuap! /Rypowwod
saway|

‘panupuoy "¢ 9qeL

102



panuiuoy
(19)
l l soljalien uoseas Ajles Jo juswdojarsq so|qejebap
(19) senauen buiuooyes poob jue;
l l -sIsal }sad ¥ aseasip Jo Juswdojersq aueoJebng
(19) sanaueA
l l uoljenp-uoys ajqeyns Buiajoag aueoJebng
(19)
l l soljaLIeA uoeInp-Joys Jo Juswdojeasq sos|nd
(19) bliq Jea) [eusjoeq o}
l l Jue)SISal SajeleA 891 JO Juswdojans( Apped
(19) seseasip pue sjsad 0}
L l JuB}SISal 991 lewseq Jo Juswdojaasq Apped
(19) spue| pajurel
L l Jo} Ayalien a|qeyns Jo Juswdojansq Apped
(IWYN) oBuew uf
z g Bulieaq ajeuls)|e SSaIppPE 0] YoJeasay obuepy
ureld |esusd
(INYN) Juswabeuew ind -Bune|npun
4 g douo ur Y1 Jo uoeplieA 0} yosessay ML -seping Al lwes-AjiiH qefund
(19)
L L 1B8YM JO AAH B|geNNS Jo Juswdojaraq 1BaUM
(19) newseq Ajqe.syaid ‘Apped Jo sal
l l -JelieA aul} jo Bunse) pue juswdojeasqg Apped
sdef yoleasay ,d1VYN Jepun  ,sanuoud Spasu yoieasay J0j08g  Jouisig sau0z aels
pajdwane 0I0BW IO} /asudigug alew|o016y
Yoleasay paijuapl /Rypowwo)
saway

‘panuijuoy "¢ 9qeL

103



panuNUoY

(WYN) sepioigay mau Lyim jeaym

z o pue 8911 Ul SPaaM JUBJSISaI JO [0JU0D 1eaym/Apped
(19) 921 jewseq pajusds pue

} l Ayjenb jo uonezipugAy pue uojosjes Jeaym/Apped
(INVY) SwualnuosoIw pue swsiuebioo.d
-lW JO s|aAd) d|qissiwiad yym syonpoud

9 ¢ Yiiw pue yjiw Jo Ayjenb ul juswanoidw YO0)SOAI
(YY) waysAs Buisnoy pue Jeppoy

8 ¢ ‘pasy ybnouyy pjaiA ul yuswanoidw| YO01SaAIT
(19) Bunsay Ausbo.d pue Jaysues
ofiqwa ybnouy) Se0jelNq pue Smod

| ¢ Jo |enuajod ajausb ul jJusanoldu| Y00)S8AIT
(NSN)

Z G B10}} Jeak-ay}-punou JO UoRINPOIU| 890/£auoH
(IN4) Jeyem auijes

Z o u ea.e pabBojiajem up aanynd ysi4 salaysl4
(19) seseasip pue sjsad 108sul suiebe

L L Jue)sISal SaljaLeA Jo Juawdojana uojon

(19) sanauea uesuswy Ayjenb uoibal
l l ybiy pue Buipjaif-ybiy jo Juswdojersq uojon joyple4 uis}samyjnos qelund

(19) souessisal

l l PaaM JO |013U0D UO YoJeasay 1eayM
(19) wnunp Ayenb
Hodxa g uejsisal-aseasip ‘Buipjaih

l l -ybiy Jo yuswdojanap Uo Yoieasay 1eayM

sdeb yoseasay ,dIVN Jepun  ,sanuoud Spasu YoIeasay 10)08g  jomsig sauo0z aels
pajdwaye 0I0BW 10} /asudiaug Jewjoolby
Yoieasay paiuap! /Rypowwiod
saway|

‘penupuo) °¢ alqeL

<
)
—



panuijuo)
(INW) uonunyed Jaye sjeay 810w Jo §
8 ¢ Buines| 0y anp pouad Buiajeassiul Buo 0|eyng 3 amen
(19) sanouen (jeoo| B
l e Jappoy uonenp-uoys Jo Juswdojpasg  paigssoln) ajpeD
(INYN) elwaondas a16ey
8 € -loway Joj Apawail Jo yuswdojpra oeung
(AY) pouad jeay [euosess pue jua)is
8 ¢ 10 uonoaap Joj ABojouyos) Buinjon ojeyng
(ANY) Se0[eENq Ul SWIOM JO 8dUsp ueld
8 ¢ -1ou1 yb1y Joy Apswal Jo yuswdojeraq oeyng Jnibueg  uisysem-|esUS) qelund
(LHd) Hodxa pue
g G Juswabeuew jseateyisod Uo salpmg so|qelabap
(19) sanaLeA
L l Juejsisal-asessip Buuniew Aje3 aueosebng
(LHd) BuiBesioed
G ¥ pue Buissa20.d uo yoleasay sas|nd
(19)
BadY01Y0 JO SaIIBLEA JUB)SISBI-9SeaSIp
L I pue Buipjaif-ybiy jo Juswdojeasq sos|nd
(19) Bunw jo
L L SaljalieA uopeinp-1oys Jo jusdojeasq sas|nd
(INdI) aueaiebns ‘uopod
¢ | ‘Apped ur \d| jo uonezipiepuels Jeaym/Apped
sdeb yoseasay ,dIVN Jopun  ,sanuoud SpasU YoIeasay 10098 jousig S8U0Z a)e)s
pajdwaye 0.I0BW IO} /asudisug anewjpolby
Ydieasay paipuap! /Rypowwod
saway|

‘panupuoy "¢ 9qeL

105



paNuNUoY

(A1) Him
£ L 0} Juejsisal saljalieA Jo Juswdojans( aueolebng
8 ¢ () syeob ui Ayjjepow piy jo [05u0Q Jeob g deays
(AINdI) waysAs jeaym-aou
¥ l SNONUINUOD Ul [\N] UO Yolesssy JBaUM-801Y
(Ndl) dHg isurebe
£ L Kiolien Jueysisal Jo Juswdojans( 201y
‘sas|nd pue
pieysnw ‘passede.
‘inuead ‘eou iew
-seq ‘ouawn} ‘welb
‘Uon09 UBdLBWY
pue Isep ‘ojejod
(dl) saibojouyosy  ‘enjo “Ajjiyo ‘feluuq
¢ l INdI @|gelins jo Juswdojans ‘ojewo} ‘azie|y
(Ndlt) (Al apym
€ | ‘wiomjjog) ABojouyosy d 8|qeNns uonon
(INdIN) uonod
4 g PLAAY Jo Buimos Jo} ||up pass s|qelng uoyo9
(19) hauen
l L uoy09 gAY a|geyns Jo Juswdojers( uoyo9n
(19) senbiuyos) Buipsaiq
panosdwi joAiquia ybnoiy) moo pue
L I 0leynq Jo |enuajod anausb Buinoidu| olegng ¥ ame)
sdeb yoseasay ,dIVN Jepun  ,sanuoud SpasU Yolessay 10)09S  Joumisig saU0Z aels
pajdwaye 0.I0BW IO} /asudisug anewjpolby
Yolessay paijjuapl /Rypowwo)
sawiay |

‘panupuoy "¢ 9qeL

©
o
—



panunUoY

(NEN)

z L SPoOM JUB)SISaI JO [0JJUOD UO UDIeasay 201y

) | (Nd1) eBexoed |\d] Jo Juswdojersq 801y
(19) senauen juejsisas Bulb

L L -Bojisiem g asessip Jo JuswdojpasQ 201y
(19) ses|nd jo

L L sefjalieA uoeinp-Loys Jo juswdojeasq ses|nd
(W) 8sessip ynow

8 I pue 00} Jo} [eu} yoJeasal Bunonpuon Y00}
(19) senauen juejsisal

L L x8|dwo9 j01 3001 Jo Juswdojprsq Jnupunolg

6 g (W4) S3v Jod se sanalen ysi jo Apmig salaysi4
(NUN) weshg sajqejaban

Z o -WOOJYSN|\-e9g Ul Juswanoidwi a0g
(INEIN) Buideay

z o 99 J0 spoyidl mau Jo juswdojpasq s0g

(INYN) weysAs sag-Lby Jeyp uied Buieinpun
Z o ul eJoy} Jeak-ay3-punol Jo uoieolnusp] oog  -ueper -lenua) gelund

(IWHN) sepioigiay

z L 0} SPadM JO 8OUB]SISI U0 UoJeasay 1BaUM
(INEIN) Jouiw susjeyd

z l Jo Alenaiyed ‘uswabeuew paspp 1eauM
(1Hd)

G G Aianooai Jebns ybiy oy yoseasey aueolebng

sdeb yoseasay ,dIVN Jepun  ,sanuoud SpasU YoIeasay 1009S  Joumsig sau0z aels
pajdwane 0J0BW 0} /asudiaug aewjpolby
Yoleasay paijuapl /Rypowwo)
sawiay |

‘panuijuoy "¢ 9qeL

107



panuHUoY

(V) (stmsew ‘esdejoud)
SOSEaSIP SAONPOIda) pue ayN|} JBAI
(0g) Jepen Yoelg ‘(SH) elwsondas

olbeylioway ‘yeuns a1 seseasip urerd [eianje
8 I 10} S8INSBAWW [0J)UOD UO UoIessay oleynq % apen  Jebunpy Jeyig yinog leyig

(4d3S) yeaym

i ¥ wnunp Jo sjoadse Bunexiew jo Apns 1eayM

Z l (INYN) Spasm JO [013U02 UO oIeasay 1By
(19) sanauen juejsisal

L L 1sad pue asessIp Jo Juswdojans 1Ay

€ } (INd1) s08sul Jo [013u0D a|qejabap
(19) sajqeisban jo

L L saljaLieA uolelnp-loys Jo Juswdojers( a|qelabap
(dI) sueo

¢ l -lebins u1 abeyoed P\ d| Jo Juswauyey aueolebng

¢ l (INdI) Ym Bued1E6NS 10 [01U0D auealebng
(19) sanaiea

l l Kianooai Jebns ybiy Jo yuswdojerag aueolebng
(4d3s) eou

i ¥ lewseq Jo syoadse bunaytew jo Apnig 201y

| | (19) ®0u pHaAy jo Juswdojereq 301y
(INdI) sepooasul

e l JO 8SN 9jes pue snolIpnf Uo YoIeasay 201y

sdeb yoseasay ,dIVN Jepun  ,sanuoud SpasU YoIeasay 1009S  Joumsig sau0z aels
pajdwane 0J0BW 0} /asudiaug aewjpolby
Yoleasay paijuapl /Rypowwo)
saway

‘panuijuoy "¢ 9qeL

(e8]
o
—



panupuon

(INW) uononpoud ysi} suLIBAL B|qe

8 ¢ -uieisns Joy Abojouyday Jo Juswdojersq Y00)S8AIT
(INV) SluaLynuosoIW
pue swsiuebioosolw ajge|ieAe Aj[eao|

8 £ W0} Pad) 1D 1S09 MO| UO Y2IBasay ¥00}SAI
(INYN) se|qejeban pue swioolysnu

Z o Joj saon0eid uoneAn|nd panosdu| a.n)noIloH
(INYN) siueid onewode pue [euldipau

Z o Jo} seanoeid uonean|nd panosdu| a.n)NoIOH
(NYN) spseyoio

VA G ul weyshs buiddoiaiaiul uo yoseasay 2IN)|N2ILIOH

(INYN) 88143 wesis jo buikip ureyd [elanjje
Z l peaidsapim Jo sasnes ay} Buiipnig ainnoloH  euled Jeyig yinog Jleyig

(NYN) @injsiow

Z 9 [IOS JO UOI)BAJBSUOD NYIS Ul UO UY2Jeasay  }ind 3 sajqelafiap

14 ’ (INNdI) INNI Pue d Jo Juswdojens@  1inyj @ sajqejebia
(19) sa|qeyabon pue syni} Jo spess

l l Ayauien panoiduil Jo AjjigeieABuON  1nJj @ sajqelebap
(19) ojewo}

l l 10 Ayauen panosdwi jo Juswdojane ojewo]
(19)
deb pjaiA aonpai 0} saseasip pue jsad

l L 108sU| 0} JueJs|0} SejeLeA Buipsaig 201y
() eseasip

8 ¢ Jayyiuey Jo Juswabeuew pue [0J3u0) Annod

sdeb yoseasay ,dIVN Jepun  ,sanuoud Spasu YoIeasay 10)09S  jomsig SaU0z a)els
paydwene 0JoBW J0} /osudial aewjpolby
Ydieasay paijuap! /Rypowwod
saway|

‘ponunuoY "¢ s|qeL

109



paNuNLOY

(19) aziew uigjoud

l l Ayjenb pue w102 198ms Jo Juswdojenaqg azilep\
(INY) Juswabeuew
8 ¢ Aiep pue %00}saA]] Jo Buipaa4 }O0]$8AIT
8 € (Wv) Asjnod piefyoeq H00}SOAIT
(NYN)
VA ¢ soslidiajue Aliep Joj uoneaind abeio4 abelo4
(NYN) salqeaban
Z o [BUORIPEAUOU ‘UOSEaS-O JO UORBeARND  $8|qelaban ¥ Jini4
(LHd) Buissaooud pue Buibexoed
g G ‘Buneyiew ‘uonippe anjeA uo yoseasay  se|qejebian % Jini4
(Y43S) Bunayew Indiey ureyd [elanjje
l ¥ 1yoy| pue By sjowoud o) yoseasay  sajqelsbon R uni4  -jeznjy 1SOMULON Jleyig
(INYN) soiuebio
4 | l10s yBnoayy yyeay |ios Buinoiduw Jeaum/Apped
(INYN) Buiinpayos sjus
z l -LnuosoIW paseq Aysusjul buiddo 1eayp/Apped
(19) uonosyes |ejolea
L l pue Buipsa.q jueid Aiojedionied 1eayp/Apped
(NNdI) Yeaum
14 | pue 801 Ul \dI /SN BuizipJepuels Jeaym/Apped
(LHd) eadxoiyo usaib Joy
o o 1awdojaasp anbiuyos) uolieAlasaid eadyoIyn
sdeb yoseasay ,dIVN Jepun  ,sanuoud Spasu YoIeasay 10)09S  jomsig SaU0z a)els
paydwene 0JoBW J0} /osudial aewjpolby
Ydieasay paijuap! /Rypowwod
saway|

‘panuRUOY °¢ v)qel

0

—
—



panupuon

(19) 1nupunoib
PUE ‘BUWESaS ‘JaMOJUNS JO SaljaLeA
Jawiwins Jo Uoneoliuap! Uo YyoJessay

(IN¥N) puey
pJeyalo Japun (jeo) snjeydoydiowe

sa|qejelen g yni4

VA l pue Jabuib ‘ousuLIn) Jo soueWIOked  Sa|qelsbian @ 1nig
(19) senaLeA
a|qeleBon pue JInJj JUBIS|0)-pOO])

l L ‘JueJs|o}-aJnjsiow Jo Juswdojerag  sa|qejebion R Nl
(INA) 8dnynoenbe Joy

9 o $9IPOq JS1BM JO UONEZI|IIN UO YoJeassy saliaysl4
(W) Auanonpoud

Z I YW Buiroadwi Joy yolesssy ofeynq x sme)
(19)

L I spaa.q [eo0] Buiroidwi Joj yolesssy o[eynq % sme)

(NYN) lueq urerd
Z L IqeJ Ul yseuwlel pue Jeyle Uo Yoieasay ysewlel pue Jeyly -Nypejy [elAn|je 1semyloN Jleyig

(IWNdI) (Joutw suseyd) yusw

b | -abeuew psam pajeiBajul 3 \NI /NI Jesym
(NEN)

z L Jeaym Jo Buipass aoepns; abey|n 0197 1BaUM
(d34S) syuey sapaysy jo

i G £a1j0d Buises| Buinoidwi uo yosessay selaysl

sdeb yoseasay ,dIVN Jepun  ,sanuoud SpasU Yolessay 10)09S  Joumisig saU0Z aels
pajdwaye 0.I0BW IO} /asudisug anewjpolby
Yolessay paijjuapl /Rypowwo)
sawiay |

‘panupuoy "¢ 9qeL

111



paNuNUOY

(19) [enusiod pjeik ybiy
pue YA Yim Ajiqnedwod

L l poob Buiney sanaleA swesas awesas
(19) wayshsooa Jajem desp
ur dAH Yim uonebuojs bBuiney sanaliea

L 9 pue sapalieA Juelajo} sousbiowgng 201y
(19)

L L Sl1alIeA 921 010 JUBIS|0)-P|02 JO YoBT] 201y
(INYIN) seaue pajoayye pooyysel jo Ajay

z 9 -onpoud ay) Buiseasoul Joy ABojouyos| 801y
(19) 89U U H4g Jo} sainsesw

L l [0Ju09 pue Ajauen Jo Juswdojeasq 201y
(INYN) puey preyoio
Japun (jeo) snjeydoydiowe pue Jabuib

VA l ‘OuawN} Jo souewlopad bBuisa) pass Ajend
(19) lenuajod pjeif ybiy
pue ¥Ma uyim Ayjignedwod

l l poob Buiaey sapeleA Bunpy Bunpy
(19)
obuew ui Buleaq sjeuls)je ssaippe

L l 0} ABojouyoay /A1eLieA Jo Juswdojans obuep
(LHd) ABojouyosy

o L uoijenasald pue | Hd Uo yolesssy 1yoI
()

e L Jalog pue sayiw 1yoy| Jsuiebe sainsespy Y9I

sdeb yoseasay ,dLVN Jepun  ,sanuoud Sposu YoJesssy 10108S  Joumisig $8U0Z Q.S
paydwene 0JoBW J0} /osudial aewjpolby
Yolessay paijuap! /Aypowwo)
saway|

‘ponunuoY "¢ s|qeL

2

—
—



panunUoY

(LHd) Buissaooid-oibe g uonippe anjea

G G ‘Bupuey jsenteyisod uo yoleasay  sojqejobian g Jini
6 g (IN4) uswabeuew asessiq sallaysl4
(¥d3s) seopoeud
i I Juswabeuew u sdeb [ealbojouyds]  SMO2 pPaISSOID)
€ l (1) (23 “piyde ‘wiomjjoq) NdI UoRoY
9 9 (M) JuBWabeuew Jajem uo yoJeasay uoyon
(INdI) (1eqgem
€ l yes| pue sduy} ‘yjow abeqqed) Wdl abeqqed
(NdI) (eseasip
e l 101 100Y) Juswabeuew asessiq abeqqen
(W) uonepesbdn
paaiq pue ojeyng ul Ayanonpoid
8 I Jueubejs pue Mo| Uo yoJeasay saojeyng
8 I (INv) uswabeuew pas4  Annod pieyoeg
1eyo) ulsises
-Uinog-puejybly
8 I (INv) Juswabeuew aseasiq  Annod piefyoeg indeloy 1eys uisiseq esslQ
(INYN) ebeyn oiaz pue Buipass
4 | 80BLINS 0} Jeaym AAH uolieinp-Hoys 1eayM
(19) 1nupunoib g Jnupunosb B
L L 9WEeSaS JaMOJuUNS JO SANBLIBA JSWWNG SWEBSSS ‘Jemojjung
sdeb yoseasay ,dIVN Jepun  ,sanuoud SpasU Yolessay 10)09S  Joumisig saU0Z aels
pajdwaye 0.I0BW IO} /asudisug anewjpolby
Yolessay paijjuapl /Rypowwo)
sawiay |

‘panupuoy "¢ 9qeL

113



panuNUoY

(19) s1sed Aay pue Jayjeam uopo9 ‘el
l l 9SJBAPE 0} JUBIS|0} Sal}BlIBA JO YOET ‘azlew ‘Apped
(19) fauen
L l 9011 plgAY B|qeyns Jo Juswdojersq Apped
(19) Ayoixoy uoa yym
sllos pue (iqes pue jueyy) spue| ejjoy
I 9 10} 8|qeyIns AJaLieA 891 U0 yoJeasay Apped
(19) fis1ieA 821 )jEWOIE JO UOHEZLIB)
L L -0BIBYD pUB UOIJEdlIUSp! U0 UyoJeasay Apped
(IANdI)
wa)sAs buiddoso paseq-sou ul Alddns
v l jusiinu jueyd pajesBsjul uo yoieasay Apped
(¥d3s) uoneAnnd wooysnw
i g Jo} [enusyod oiwouods Buisa) woolysnp
14 l (INNdI) INNI Uo Yoseasey azle)\
€ l (NdlI) IdI uo YyoJeasay azle)\
(INY) Buneau
dasys pue ‘Buiw.e} Jigqe. pue Buies.
o ¢ 1e06 Jo uoisuedxs Joj AjunyoddQ Jiqgel ‘deays ‘yeos)
Jqqeu
8 € () yeob ui sajel Ajjerow ybiH % deays ‘Jeo9
(4d3S) salqerabon
i G uosess-}jo Jo Ayjiqises) Bunsa]  se|qejebian % Jini4
sdeb yoseasay ,dIVN Jopun  ,sanuoud Spasu YoIeasay 10j08g  jomsig sauo0z aels
pajdwaye 0I0BW 10} /esudiaug aewjoolby
Yolessoy payjusp! /Rypowwo)
saway

‘panuRuUOY "¢ dqeL

<r
—
—



panuNUoY

(INd) 4e10q
e l 100Us pue }inyj jo jonuod [eaibojolg  sajqelaban B Jni4
(WYN) uonenyis Bujw.ey
UO Paseq SUOepuUsWWOIa)
z o UoJeasal Wiojal 0) YoJeasay — so|qeiaban g Jini4
(LHd) sso| 1senseyisod
o o $S80X0 9Z|WIUIW 0} YoJeasay ssjqejobian g Jini
(IN3) s[eusiew sjqeieAe Ajjeao
6 o Buisn pasy ysiy Jo UonezZIpJepuels saliaysl4
(IN3) Apoq Jajem jo eale
un Jad Ayaonpoud ysiy Buiseaioul
6 G Jo} ABojouyoay Jo Juswdojersq sallaysi4
(Nv) (018 sisep ‘SH ‘0g ‘aiNd) swa)
8 £ -qoud aseasIp snouss 1o} ABojouyos| oleynq g ame)
(INV) 003s8AI| Ul BdUBBqI [BUON
8 I -ynu Buionpa. Joy ABojouyos) Buinjong 0|eyng B amen
(W) 1oppoy puEJo|qE) [e]USD
usalb syenbapeul 0} anp sjewiue Aliep indeq  jsom ¥ negje|d
8 I ur Auanonpoud asesuoul 0] Yoseasay oeungp eme)  -weg UJ8)SaMUYLION esslO
12 } (ININdI) WINI uo yoseasay 1bey
€ | (Nd1) NdI uo yoleasay 16ey
(INMN) spuej jeuibiewgns uopod ‘el
Z 9 ul Burddouo paseauoul Joy ABojouyos] ‘aziew ‘Apped
sdeb yoseasay ,dIVN Jepun  ,sanuoud SpasU YoIeasay 1009S  Joumsig sau0z aels
pajdwane 0J0BW 0} /asudiaug aewjpolby
Yoleasay paijuapl /Rypowwo)
sawiay |

‘panuijuoy "¢ 9qeL

115



panuNUoY

(19) Jaioq 100ys % JinJy 0)
JuB)SIS8l SaljeLIeA [BI0] JO Juswaroidw

(19) Ja10q pod pue olesow Ayjusys

ojewo} 3 efuug

l L 0} JUejsisal SaljolIeA JO UONBIlnUSp| leyly
(INd1) Ja10q pod pue apaaq ured |ejseod
e L J9)s1|q jo53u09 0} abexoed [ealbojouyos] Jeyly  epinyy| ulsjseayinos esslO
(INYN) 8imsiow |jos
z 9 JO UOI)BAJSSUOD NYIS Ul UO U0Jeasay 201y
(4d3S) siurensuoo
l o JO UOIBDLUSPI UO YoJeasay 201y
(19) senaueA
| | Juelajo} dfjoige pue djjolq Buipssig 801y
(INYN) gounu Buryoayd
z 9 Jo} ABojouyoay 1509 moj Buinjon 201y
(19) Apped u buinesjerd
l l plalA ssalppe 0} ABojouyosy /AaLep 201y
(19) senouea juels|o} (1eye ‘mg
L L 1sad pue BuipjaiA-ybiy Buipsaig ‘Bunw) sas|nd
(NdN) esind jo (eyte ‘g
Z l Aynnonpoud ayy Buinosdwi Joy sainsesyy ‘Bunw) sas|nd
(19) sanauen juejsisal
l l -)sad Buipjaif-ybiy jo Juswdojersq jnupunols
(nd)
e l UIXO}e|je JO UOeUIWIIS UO UdJeasay Jnupunolg
sdeb yoseasay ,dIVN Jepun  ,sanuoud SpasU YoIeasay 1009S  Joumsig sau0z aels
pajdwane 0J0BW 0} /asudiaug aewjpolby
Yoleasay paijuapl /Rypowwo)
sawiay |

‘panuijuoy "¢ 9qeL

©
—_

—



panupuon

(NYN) Buines

Z G Jogey Joy Jejue(d Jnupunoib a|geyng Jnupunolg
(19) jueyy Joj uoneinp Jopoys

L L UyM SaaLieA Jauund Jo yuswdojara( Jnupunolg
(1LHd) uosess Auies ybnoiyy

o l Spaas Jnupunoib Jo uoieAlasald Jnupunolg

L g (4d3S) uoneapno semoy anjea ybiH ainj|nauol4
(4d3s)

l o 2.N)NOLIO} [BIDJBWIWIOD UO APN)S JoyJe|y aJn}nauo|4
() sleuajew

6 g a|qeytene A|jeao| Buisn Buipasy [elolpy seliaysl4
(IN4) spaem

6 g puod o [05u09 [eaiBojoiq uo Apms selaysi
(Ind1) Jejidisyes papeay yoelq

¢ l 1NU0909 Jo Juswabeuew pajelbsy| 1NU090Y

¢ l (INdI) Inuo209 jo doup unyg uo Apnig 1NU0209
(INv) sjuaipaibui ajqe|ieae Ajjeao| buisn

8 £ Aq pas} a1eD 1500-M0) J0 Juswdojers( ame)
(4d3s) uonejndod

i I [11ed Ul 9SBa108p 0} SUOSEal Uo Apnig amen
(V) swelboud

8 ¢ Buipsalq uo Apns [eaibojoihn oleyng
(19) xa1dwioo jim

L l 0] JUB)SISa. SaljoLieA JO UoNeoliusp]  ojewo) R [eluug

sdeb yoseasay ,dIVN Jopun  ,sanuoud Spasu YoIeasay 10j08g  jomsig sauo0z aels
pajdwaye 0I0BW 10} /esudiaug aewjoolby
Yoieasay paiuapl /Rypowwo)
saway

‘panuRuUOY "¢ dqeL

117



paNuHUOY

(19) senaueA

L l JueJa|0}-Jybnolp Jo Juswabeue 201y
(INYN) Bunsaniey Buunp urel
Aneay 0y anp ajaiued ur bunnoids pioae

VA l 0} sainseaw ajeldoidde uo Apnig 201y
(NYN)

VA G wajsAs Buiwuey pajesbaul ysy-o0ry 201y
(NEN)

Z l Juswaiinbal jusLynuoidIw Jo Apng 301y
(NYN)

Z l pazipiepue}s aq 0} sadoeld uoneAnn) Wwooysniy
(LHd) sanes) eluohag

o S Buisn juswabeuew jsenieyiSOd Bunpy
(19) mepjiw A1apmod

L L 0} Jue)sISal saljalien Jo Juswdojersq Bunpy
(LHd) Jeye pue

G G Bunuwi ul sasso| ysenseysod jo Apnis Bunpy
(j9) buneaq Jejnbal

l l 10} spugAy arendoidde jo uoneaynuap obuepy
(INYN) pleyolo mayses

Z G ur washs Buiddouossyul uo Apng obuep
(INYN) aimnoruioy

Z l puejkip 1o} saonoeld jo abexoed 2N} N2IOH
(19) saseasip jo1 Jejj02

l l 0] Juejsisal salalieA Jo Juswdojars Jnupunolg

sdef yoleasay ,d1VYN Jepun  ,sanuoud Spasu yoieasay J0)08g  Jouisig S8U0Z aels
pajdwaye 0I0BW 10} /esudiaug aewjoolby
Yolessoy payjusp! /Rypowwo)
saway |

‘panuRuUOY "¢ dqeL



panunUoy

(INYN) InupunoJb ui uonebi

Z 9 Japjuuds jo yuswdojansp uo yoleasay Jnupunolg
(INMN) spJeyalo obuew
Z G BunoA ul Buiddosolajul uo yoseassy  ss|gelaban 1 Jini4
(IWYN) UoR0d ypm 8uoz  ysspeld
Z o ueagAos jo Buiddosossyul uo yoeasay UONOD |o0UINY|  ||Bjulel B80IBdS BIYpUY
(NYN) sdIT/sliom
Z 9 -Bnp Jo JnoeAe ul uoneannd s|qejebap so|qelabap
z G (INMN) Wwaomyjis Jo Buleay ainynoues
(INMN) Jadeal pue |jup pass
z o ‘Jajue|dsuel} 8|qeyns JO UOKEeILIUSP) 201y
} l (19) 8ou pugAy jo uoneann) 301y
(19) senauea juelsjo}-auijes
L 9 pue Buuniew Ajes Jo yuswabeuey 801y
(19) senauea juejsisal-Ayuljes
L L pue Ja10q Wa}s Jo Juswiabeue|y 201y
(Ind1) 218 ‘sanes| epley) Buisn
€ g Aq 1sad 40 [0:3U00 UO Y || JO UOHEPIIEA 801y
(IWNdI) ssonoeld
14 | jo abesoed NdI/NNI JO Juswiauyey 301y
(19) sanauen juejsisal
l 9 Buibbojiayem pue poojj jo Juswdojars( 201y
(ININdI) 82U puejmol
v L ur Aousiolye asn Jazi|ia) Buiseslou| 201y
sdeb yoseasay ,dIVN Jepun  ,sanuoud Spasu YoIeasay 10J08g s saU0z aels
pajdwaye 0JoBW 10} /asudiaug aewjoolby
Yoseasay paipuapl /Rypowwo)
sawiay |

‘panuuo) ¢ aqeL

119



paNuNUOY

(nd)
e L S9SBaSIp 8UIOgPaas UO 0Jeasay Jnupunolg
auiwsel
pue elpuesse)
(INd1) sesessip ‘suojow ‘sueaq
e ¢ pue jsad jsuiebe |\d| jo Juswdojpasq  ‘spanob ‘salIyo
(Av)
8 SWIOM JO Juswabeuew Uo YyoIesssy oleyng ¥ ame)
(INv) sanea
8 I Jo Ayjerow Buiziwiuiw uo yolessay oleynq ¥ ame)
(19) Auayonpoud usapeld
L ¢ Yliw pue [ejuajod onsush Buisessou ofeyng X epeD JOOWIYD  8UOZ UIBYINOS BIYpUY
(WYN) Jemof
Z l pue ueaghos ui uswabeuew paspy ueaghog
(INNdI) ‘emol pue ueagkos ui
v l Juswabeuew jusunu sad pajelbayy| ueaqghos
(19) uesghos
L L 10 saleLieA panosdui Jo Juswdojgrsg ueaghog
(nd1)
¢ L Juswabeuew Jauiw Jes| uo Yyoiessay ueaghog
(INA) Apped ul yuswabeuew
9 9 JUSLIINU pUB J8)BM UO 0Jeasay Apped
(INNdI) Siusinuoioiw ysapeid
v l Buipnjour sJazi|iua) Jo asn paouejeg 2InynoIIoH peqe(ipy  euebuels] YLON elypuy
sdeb yoseasay ,dIVN Jopun  ,sanuoud Spasu YoIeasay 10)08g  Jouisig s8u0Z Qe
pajdwaye 0I0BW 10} /esudiaug aewjoolby
Yoieasay paiuapl /Rypowwo)
saway

‘panuRuUOY "¢ dqeL

120



panunuoy

(ANdI) sioiejnba. ymoub pue

v l Juswabeuew JusiNUOIOIW UO SBIPNIS uojo9n
VA G (INYN) ABojouyosy uoonpoud }s09-mo] uopon
(NYN) (IWHN) pasy ojeo
VA ¢ Se meJjs Uuojj09 Buisn 1o} ABojouyos| uoyon
(INYN) I1eyutes seinBaur 0} anp AlAonp auoz ||ejulel Blysel
Z 9 -01d Buiuijoap aWOo2IBA0 0} Y2Ieasay uojnon neaeswy  ybiy o) painssy -eUel\
(LHd) A1ob6e( jo Ayjenb Buideay
G G pue Jojo2 Buinoidwi Joy ABojouyos| aueolebng
(19) 101 pal pue Jaiog J00ys 0} JUelId|0}
l l AaueA uoojel auedaebns Jo Ajjige|ieAy aueolebng
l l Sol}alIeA JUBJS|0}-P|09 JO EoEQo_m\A/_monv_ Apped
(INNdI) WNI 4o} siezijiiajolq
v l UO YoJeasal JO UOIeILISuUa| Apped
| | (19) Ayouen juesisal-jse|q Buipaalg fpped
(I oBuew oy sinpayos
9 9 uoneBil sulLLIB)ap 0} YoIeasay obuepy
(19) Bunuerd Aysuap ybiy pue Ayjenb
l G Hodxa 0} payns AjaLien Jo yuswdojeasqg obuepy
(19) senaLeA
l l Buweaq sejnbai Jo Juswdojersq obuep
(IN¥N) Buveaq
Z l JejnBaull Jo Juswabeuew uo yoJeasay obuep
l l (19) sanauen AAH Jo uswdojarsq nupunols
sdeb yoseasay ,dIVN Jepun  ,sanuoud Spasu YoIeasay 10)08g  jomsig sauo0z aels
pajdwaye 0I0BW 10} /asudiaug Jewjoolby
Yoieasay paiuap! /Rypowwiod
saway|

‘penupuo) °¢ alqeL

121



paNuNUOY

(INNdI) ABojouyosy Jusw
¥ l -abeuew jusiynu pajelbisjul Buinjong elleg
(19) suoipuod pajutes Joj
L l elleq pugAy uoneinp-1oys Jo buisa) elleg
AoJeos
(INYN) Jebeu 9 UONISUB) eJysel
z L plalA Buiuijoap aaoidui 0} sainses|y elleg -pewyy ‘uield Ay eyo -eyel\
(INd1) yotessal
e l Juswabeuew asessip pue sjsad uesghog
(INMN) ueaghos
z L JO 8IN)|NO0UOW SWOIIBAO 0} Y2Ieasay uesghog
(19) senaLeA
[euoiipely/|eao| aoe|das o} Apped
L l 10 AAH/PaA0Idw Jo Juswdojersq 201y
(NYN) sfios
9SJaAPE. U0 $881) 86URIO JO B)I| JILoU
VA 9 -099 8y} buibuojoud oy ABojouyos| abuelp
(INYN) 8buelo
VA l ul Buliesq Jejnbai Joj ABojouyos) abuelp
(NEN)
abeurelp Jood pue Ajuijes ssaippe 0}
Z 9 UoJeasal Juswiabeuew Jsjem pue [10S abuelQ
(19) steanno jueis|o}
| | (Al 8yym ‘wiomjjog) }sad Jo UoRN|OAT uopo9
(IN&IN) uon09 Jo Buruuey
z g ajueblo Joj ABojouyds) uoloNpold uopon
sdef yoleasay ,d1VyN Jepun  ,senuoud Spasu yoieasay J0j09g  Jouisig s8U0Z DI
paydwane 0JoBW J0} /osudial aewjpolby
yolessoy paynuspl /Rypowwo)
sawayL

‘ponupuoY "¢ s|qeL

22

—



panuiuoy

(19) so0)s0A]

L I ul uonepeJBdn paaiq Uo Yoleasay  8med Paigssol)

L I (19) Buipaaiq jeadey  8eD PBIGSSOID
(INd1) uonod

e l JO 9SOUDBIYIUE JO [0J)UOD JO} BINSBBJ uojo9n
(19) waomjjoq

L l Jsurebe soue)sisal Jo Juswdojers( uonon
(INMN) SUIWe)A pue [eJauiw Jo
¥oE| 0) np p[alA Y|iLu MO pue uoienua

VA I -Jayyip aAnonpoidal ‘qi\4 Uo yolessay amen
(V) senjed ojeyng

8 I ul AJljeloWw [0Jju09/sonpal 0} SalpniS ofeung
(19) @21n8s 4o} ojeynq ay jduos
-apuou Jo asn 0} anp snye)s onauab Jo

l I uoijeJolg)ap Bunuanaid Uo yoseasay ofeyng
() Moo)sany|

8 I Joj uones psoue|eq Jo JuswdojansQ ofeyng
(INW) @1es uondasuod
J0 Juswanoidwi Buipnjour ‘sanbiuyosy

8 ¢ uonosjep Jeay Jo juswdojpasq oeyng
(nv)
Ayige saonpoadas paonpai /pouad

8 ¢ Buinjeausul Buo| aziwiuiw 0} sainses|y oeyng

sdeb yoseasay ,dIVN Jepun  ,sanuoud SpasU YoIeasay 1009S  Joumsig sau0z aels
pajdwane 0J0BW 0} /asudiaug aewjpolby
Yoleasay paijuapl /Rypowwo)
sawiay |

‘panuijuoy "¢ 9qeL

123



paNuNUOY

(j9) nupuno.b

l l Jawwins Jo sanaliea panosdwi buipsaig nupunols
(LHd) sesso| Hd Buiziwjuiw
loj saibojouyos) uonepodsuer)
g g pue Buissaoo.d ‘abeio)s uo seipng sadels
e l (INd1) @l Jo uonediidde uo yosessey sadels
(INdI) sJapaosip [eaibojoisAyd pue
¥ L Aousiolep JUBLINUOIOIW UO YoJessay sadelg
(NEN)
Z L s)inJ} Jo BuoeIO %089 0} S3INSES| sadeln
(INdl) uonendod jue|d
£ l Buionpai-snbuny [10s Jo Juswabeuey sadels
(19) saibojouyos)
/saliBLieA Juesisal map|iw Alepmod
L l pue mapjiw Aumop Jo Juswdojarsq sadels
(NEN)
Z L sayounq Ayjenb Buiroidwi uo yoieasay sadels
(INNdI) weib jo (AdN) siaziiusjolq
v L PUE |0J)UOD SIjJOIf8H UO UyoJeasay welo
(19) siyjoleH
L L 0} Juejsisal saljaleA Jo JuswdojaraQ welo
(nv)
8 £ S8SeasIp auioq Yol Jo Juswabeueyy  9[NEI PaIGSSOID
sdeb yoseasay ,dIVN Jepun  ,sanuoud SpasU YoIeasay 1009S  Joumsig sau0z aels
pajdwane 0J0BW 0} /asudiaug aewjpolby
Yoleasay paijuapl /Rypowwo)
sawiay |

‘panuijuoy "¢ 9qeL

-+
o~

—



panuNUoY

(j9) uosess
doso Buunp suoienjonyy ainjesadwa)

l L 1o} 9|qeyIns sanaleA Jo uswdojers( 1BaUM
(nNv) a4

8 I JO |0J}U0D pue uopuaAaid Uo salpng 1eob 9 deayg

| ¢ (19) syeob pay-[e)s Buipssig Jeob g deays
(nv)

8 I Aynonpoud moj pue ureb jybiam mo|S 1eob ¥ deaysg
(NEN)

z l uoneanna Apped ajej Joj ABojouyoa) Apped
(INd1) sdouo ynyy Jolew

e l ul Juawieau Jeyeq Joy ABojouyos| abuelp

e l (INdI) yiow Buiyons JinJy 0} anp $8sS07 abuelQ
(INd1) sisowwinb oy anp

e L obuelo ul sess0| AABaY UO YoJessay abuelQ
(19)
saljeLieA Jnupunolb Jo sjenusjod piaik

L L Buinosdwi Joy AAH J0 Juswdojansq jnupunol9
(INd1) 8Bpajmou snousbipul

e o uo paseq abexoed |\d]| JO Juswauley Jnupunolg
(INMN) paulal aq 0y sdoso

z 9 Jualayip jo ABojouyos) Jsjem auies Jnupunolg
(Nd1) sejiidisyed

e l Aiey Aq sasso| aziwiuiw oy ABojouyos| nupunol

sdeb yoseasay ,dIVN Jepun  ,sanuoud SpasU YoIeasay 1009S  Joumsig sau0z aels
pajdwane 0J0BW 0} /asudiaug aewjpolby
Yoleasay paijuapl /Rypowwo)
sawiay |

‘panuijuoy "¢ 9qeL

125



panunUoy

(19) 8ziew jo Ayeuen juejsisal-)ybnoip

l l Buipjaif-ybiy ‘uoneinp Hoys dojensg aziep\
(19)
1nupunoJb Jo sanalieA Juejsisal-jybnoip
l L pue uoleinp-Joys Jo Juswdojarsq Jnupunolg
£ l (INd1) weib ur siyjoljsH 1o} Ndl weio
(INMN) ‘uono9 Ul SImoj) pue
Z l alenbs Jo Buikip Jo sesned Buifpnig uoyon
(V) sisew Jo [0u0d
8 ¢ Joj sBnup s|qeyns Jo juswdojarsq amen
(nd1)
€ } Jybi|q uojuo pue sduy} jo uonelsayy| uoo
(W) Yeay jusjis 0} enp snjejs
alausf Jo uoljeloLs}ap pue saojeyng
8 I ul Buiajealsjul BuO| [043U02 0} Yoieesay oleyng
8 € () shisew Joj uojuadld oleyng
(Av)
8 € uonoajul ‘Ajjieyul ‘uontnuew ‘a4 oleyng
VA 9 (INYN) seseasip pue ssauis ainsIop elleg
peqge auoz |jejulel Blysel
l l (19) eileq AAH J0 Juswdojerag elleg -Bueiny 821eds B painssy -eyep
(19) Buimos
L l e Jo} Ajalea Jeaym Jo Juswidojana( 1Ay
sdeb yoieasay ,dlVN Jepun  ,sanuoud Spaau yoleasay 10109S  Jouisig S9U0Z 2.l
pajdwaye 0I0BW 10} /esudiaug aewjoolby
Yolessoy payjusp! /Rypowwio)
saway

‘panuRuUOY "¢ dqeL

126



panuiuoy
(B
6 G yue} abeyjjia ul aanyno Aojd uo salpng selaysi4
(n4) saipoq Jsyem wnyq nesje(d
6 G ur ainynoosid aisodwod Uuo salpnjs sauaysi4 -ybuis ‘M ule}sesyinog  pueynleyr
(NEN)
so|qeleban Jayjo pue A|jIyo ‘ojewo)
z g ‘abeqqeo Joj saibojouyos) buires-1s0) so|qeebap
(NdI) sesessip
e l [eJiA JsuleBe sainsesw [0J3U07) so|qelabap
(nd)
e L ABojouyos} uoosyoud jueld 1s09-mo Jeyry
(INd1) xejdwioa Jaioq pod
e l 10 Uonelsajul Jsuiebe sainseaw (000 Jeyry
(INMYN) wnybios
ur uoneBbiul anIssaoxe 0} anp swajqoud
Z 9 abeulelp pue Ajuijes uo yoleasay wnybiog
(INv) sasodind Buipsaiq
10} s)eof IpeqeuBwSQ pue [eao)
ul18|du} Jo uons|es pue yonq
-ysnq ueoupy Buisn jeob IpeqeuewsQ
8 I pue [e20] J0 BuIpaaIgssoId Uo SaIpniS 1eob ¥ deaysg
(NYN) spuejajsem
pue }saio} pape.Biap Japun UoieAlNo
z o 10} sasselB snopuinu Jo uoieaunuap|  A1salo) @ ainised
sdef yoleasay ,dI1VYN Jepun  ,senuoud Spasu yoieasay J0j09g  Joumisig saU0Z aels
pajdwaye 0.I0BW IO} /asudisug anewjpolby
Yolessay paijjuapl /Rypowwo)
saway

‘panupuoy "¢ 9qeL

127



panunuon

(NYN) sweyd [euoipaw

Z g pue ainynouas ‘Ausginw jo uoneanny  sdouo uonejueld
(INYN) Ansauo) wiey @ Aisalojoibe

z G UIM 8sh pue| aAljeussyje uo saipnig  sdouo uonejueld
(IWYN) sasind pue sjajjiw

VA S Joy douo 901 pueldn Jo uonnyisqns Apped
() Aynod paekxoeq pue Aisbbid

8 I JO Juswabeuew Je)ag uo saIpnig YO01S8AIT
(19) siing sa16ipad ybiy ybnoiyy

l ¢ slewiue Aliep ul uoijepelfidn pasig }001$8AIT
(NYN) 88gkauoy

z G JO UonoNpoud [eIoJaWWod Uo Yoseasay — sojqejabian % Jinig
(LHd) uonippe anjea g

g G Juswabeuew jsanleyisod uo Yyoleasay  sejqeiabon g jini4
(NEN)
WooJysnw pue ainynouoj ‘salds

z G 21uBBlO JO UONBARIND [BIDJISWWOY  S3|qejabian R ni4
(NEN)

z o an)noiJoy puejAip uo yoJessay  sejqejobian g Jini4
(WYN) se|qerebon

z G JO UONBAND UOSBaS-10 UO Ydieasay — sa|qejaban g yni4
(IN4) sBuisabuy

6 o Jo uononpoud pazijeusosp uo saipnis sauaysi4

sdef yoleasay ,dI1VYN Jepun  ,senuoud Spasu yoieasay J0j09g  Joumisig sau0z aels
pajdwaye 0.I0BW IO} /asudisug anewjpolby
Yolessoy payjuspl /Rypowwo)
saway

‘panunuo) ¢ sjqeL

28

—



panunuo)

(Nd1) spiyde jo uonejsajul

e l J0 Juswabeuew uo yoiessay paejsniy
l l (19) sanauea s|geyns jo buiusalog pieisniy
(NEN) Anngndeosns
z 9 1yBnoup pue ssalis Uo Yyoseasay azle|
(19) 101 ways Jsuiebe sainsesuw
l l pue saljalieA Juels|o) JO Juswdojers azle|
(g1 seqidisyen qoo pue Jsloq wia)s
e l 1O uonejsayul ybiy Joj sainsesw |00 azie|
(WYN) Ayoriea pue
Z L ABojouyos) doua Ige. puooss Buinjong azlep\
(INdI) 18109 qOD pue Wa}s 4O Jusl
e l -obeuew ABoj0ods pue |-eziew esiig azle\
(19) sanaLeA [euonipes)
L g Buipjeif-mo| aoe|das 0] AAH BuInjoA] aziep\
abeqqes ‘joyy
7 l (INNdI) YoJeasai jusinuosolpy  [louy ‘Jamopnes
abeqqgen ‘joyy
14 | (INdI) NI pue N d o Juswidojeaeg  [louy Uemojyned
(19) senaueA abeqqe ‘jouy
l o panosdwi Jo Buiysa) pue Juswdoeasg  ||ouy Jamojnen
1806 9 doays
8 € (INv) Buipsa} paoueleg ‘oleyng ‘apeD
1806 R doays nesje|d uieises
l I (19) spaaiq [e90] Jo Juswanoidwi ‘Oleyng ‘oen  BYWNQ  -YMou ¥ [eAus)  pueyeyr
sdef yoleasay ,d1VYN Jepun  ,sanuoud Spasu yoIeasay 10)08S  Joumsig saU0Z aels
pajdwaye 0.I0BW IO} /asudisug aewjoolby
Yolessay paijjuapl /Rypowwo)
saway

‘Panupuod ¢ 8|qer

129



panunUoy

(1Hd) ABojouyosy

g G Buibexoed jo uoiezipiepuels  ss|qejebian % Jini4
(IN3) s[eusiew s|qeieAe Ajjeao

6 g Buisn pasy ysi jo uonezipJepuels usi4

siy %
8 I (INv) Buipasy paouejeg oleyng elejwer nesjeid uisise  pueyeyr

(INdlt) s1uBiq [eBuny pue

e L [eLB10Bq JO JuswabeueW UO UdIeasay 0Je10d
(19) senaueA

L L panoidwi jo Bunss) pue juswdojpasq 0Je}0d
(nd)

e L 2/eSOW JeyJe J0j 8INSeaw [0JU0) eaduosbig
(19) senaLeA

L l Jue}sisal Jaioq pod Jo Juswdojarsg eaduoabiy
(INd1) 48109 pod jo Juswabeuew

¢ l pue [e2160j028 Uo |iel} aAdepy eaduoabig

I L (19) AAH uoneinp-poys jo bujusaiog eaduoabld
(19)

L 9 saljeLeA Juelsisal-ybnoup Buipasig Apped
(19) seibojouyosy sanauea

| 9 JUe)SISaI-$$313/AYBNOIP JO UONN|OAT Apped
(19) sanaiea

| L Juejsisal jsad aseasip Buinjon] Apped
(19)

L l salalieA uoneinp-Loys Jo juawdojeasq Apped

sdeb yoseasay ,dIVN Jepun  ,sanuoud SpasU YoIeasay 1009S  Joumsig sau0z aels
pajdwane 0J0BW 0} /asudiaug aewjpolby
Yoleasay paijuapl /Rypowwo)
sawiay |

‘panuijuoy "¢ 9qeL

o
o

—



paNUNUOY

(LHd)
"so|qelafion pue sjnJy Ul SasSO| Jisuel)

g g Buionpai pue ay| jjays Buiseasou|  ssjqejeban g Jini4
(INV) siselwoseydAs
[B21UI]OQNS PUE SIIISEU [B2IUI[OQNS [lejuies fjuedos  ysepeld
8 I ay} asoubelp 0} spoyjaw a|dwig oeyng -9)eJepow-ybiH eIypuy
(NEN)
z o 98J} ysejed UO UONBARIND 987 QLUBIS Je7 newejeq nesjeid Wsisap|  pueyeyr
(INNdI) se|qejeben pue syiny
14 | ‘8014 Ul NI/INNI JO uoezipJepuels 801y
(19) Bunwi g pin ‘yeye ‘eziew ‘Apped jo
L L saNalieA Jue)sIsal-aseasip pue Jybnoiq 201y
(Nv) paalq
o ¢ Aaynod uekaig pay Jo Juswabeuep Aanod
8 € (W) xod moj pue @y jo [oAu0D Ainod
(19)
l G sa10ads Buionpoud jes| Ayijenb poog Ausqinp
(INMN) syuerd [euoipaw pajos|as
4 o Jo wsejdwuab jo uonezusoeiey)  syue(d [euidIpajy
(NYN) siue(d [euolpaw
4 g a|qelrene £|[eoo] jo uoneoynusp|  sjueld feuldlpajy
| g (19) pass 2| Ajjenb poos %8
8 € () Ayepiow pij 8anpay sjeo9
14 g (IWYIN) spuahy mau Joj sieuy eandepy  ssjqejebion g Jini4
sdeb yoseasay ,dIVN Jepun  ,sanuoud Sposu YoJesssy 10108g  Joumisig $8U0Z Q.S
paydwane 0JoBW J0} /osudial aewjpolby
Yolessay paijjusp! /Rypowwo)
saway|

‘ponupuoY "¢ s|qeL

131



panunuon

(1I9) oegnq
l ¢ SM09 N Jo dn axew onauab Buiroidw) pue aen
(V) 8med ur N4 pue ejwexoy oeynq
8 I -0J8)U8 JO YBaIqiN0 Y28y 0} yoJeasay pue spe)
(INV) 1duosspuou pue o[eynq auoz |[ejurel eysel
8 ¢ SMO02 g9 Ul 8)el uondaouod Buinosdw pue aen uibeuiey ybiy Assp -eyep
Z g (INYN) @1nyno |ead Jsjem ysai4 ainyno |iead
(ANdI)
so|qejeban pue syinyy pue Apped ul
14 | saojoeld [\d /INNI JO Uoiezipiepuels fipped
(NYN)
Z 9 S|I0S pajoaye }jes Jo uoneweoay Apped
(¥d3s) Apped
210J9q Welb »oe|q pue weib usaib ay|
i ¥ sdouo Buimoib Jo Ayjiqises) uo saipnis Apped
(INd1) Aueginui ur Juswabeuew
e I 9SBasIP J0I-J004 IO} \d] UO Ydieasay Ausqini
(INNd) uoneAnno
v g Auaginwi ur s1azijiyajoiq Buronpodu Ausqin
(NYN) siejsansey
z g obuew |eaiueydsw o yuswdoprag  ss|qejeban g Jini4
(19) se|qe1ebon
© 1InJ} JO SalBLIBA JUBISISBI-aUI|eS pue
l l 1ybnoup ‘Buipjeif-ybiy jo Juswidojpaeg  se|qelebon g Jini4
sdef yoleasay ,d1VYN Jepun  ,sanuoud Spaau Yolessay J0j08g  Jouisig sauo0z aels
pajdwane 0J0BW 0} /asudiaug aewjpolby
Ydolessay paijuspl JAnpowiwio)
saway

‘panuijuoy "¢ 9qeL

o
o

—



panuiuoy

(19) ABojouyosy

l L pue Ajaliea 801 pugAy Jo yuswdojgrsg 201y

(19) SAAH uoneinp-Hoys jnupunolb ‘piejsnw

L L ‘Juess|o}-jybnoup jo juswdopasg  ‘wnwesss ‘JabiN

eadyoiyo

(19) senauen ‘lyjew ‘uesq qejae|

L 9 JueJa|0}-)ybnolp Jo Juswdojana ‘eadmod ‘weln

eadyoiyo

(19) ‘lyrew ‘uesq qejqe|

L l SAAH uoneinp-Loys Jo Jusidojeas ‘eadmoo ‘wels)

sjueld [euroipaw

pue s88J) 18810}

pue SIsmojj pue

(INYN) sanbiuyosy sejqejeban ‘Bawnnu

Z l uonebedoud ajgeyins Jo Juswdojaraq ‘saalds ‘siagn ni4
(19) uoponpoud
ainynaenbe paseasoul 4o Bulsasuibus

L G ansuab pue ABojouyasiolq Jo asn solaysl
(IN4) ABojouyos)

6 o uoonpoud |ead Jo Juswauyey salaysi4
(IN4) sesessIp ysl aulew Joj

6 o sanbiuyoa} ansoubelp Jo juswdojeas salaysi4
(INv) (1) JuswaBeuew Jappoy

8 £ pajelBiajul pue \N| U0 Ydieasay oleynq ¥ ame)

sdeb yoseasay ,dIVN Jepun  ,sanuoud SpasU YoIeasay 1009S  Joumsig sau0z aels
pajdwane 0J0BW 0} /asudiaug aewjpolby
Yoleasay paijuapl /Rypowwo)
sawiay |

‘panuijuoy "¢ 9qeL

133



panunuoy

(INYN) 1802 uononpoud

VA l 8onpai 0} sjuswia|dwi wJey Jo asn Apped
14 } (INNdI) Apped ur SNd| uo selpnis Apped
(19)
l G Spaas pugAy Jo uoionpoid uo saipnig azle|
() s1eob pue ojeynq ‘smoa
8 I 10 Juswabeuew asessip pue Buipssy YO01S8AIT
8 ¢ (INv) syeob ui Ayjepow pi Butonpay H00}SOAIT
(19)
l l soljeLieA [eflulig 8|geyns Jo uonosjes  sejqejebian % Jini4
(NEN)
s9108ds Joppoy pue poom [anj JO Uol
2z G -Jodo.d juaiayip Buisn uonejueld paxip douo uonejueld
(W4) ysy
6 G Jajemysaly ul Juswabeuew asessiq salaysi4
(N4) seusjew sjqejieae
6 g Al1eao Buisn pasy ysy Buizipiepuels sallaysl4
(NYN) ozew
VA l pue uoj02 ul Buiddosoisyur uo saipnig uonon
1eyb uisises
-ypou g urerd
[BISEOD UIB)SED
€ | (INdlI) uonod ur \d Jo uonezipJepuels uopod  wefueo yinos @ iseg BsslO
(19)
L l 9011 Jo AjaLie pajuads Jo Juawdojeas( 201y
sdef yoleasay ,d1VYN Jepun  ,sanuoud SpasU YoIeasay 1009S  Joumsig sau0z aels
pajdwane 0J0BW 0} /asudiaug aewjpolby
Yoleasay paijuapl /Rypowwo)
saway

"panunuoy *¢ s|qeL

<
o

—



‘Juawabeuew sausysiH |\ ‘6 Jusiabeuew
[BUIUY ;|\ '8 ‘yoJeasal Ao1jod pue so1wou09a0100S :Hd3S -/ ‘Juswabeuew Jayem M 9 uswabeuew JSeABYISOd i1 Hd °G Juswabeuew

B9 1 .

(19)
S9SeasIp 104 pal pue Jaiog 100ys Ales

l l 1suiebe jue}sisal sadLIeA JO UOIJ08[8S aueolebng

l l (19) eaduoabid pue uiq ‘Bunw Jo SAAH ses|nd
(nv)

8 ¢ Aaynod ul xoj |Moy pue Y 4O [03U0) Aaynod
(1) 1nuo20d

e l Jo} abexoed |\d| Jo uoiezipiepuels uoneeld
(NNdI)

14 | douo sulA 838aq Ul Nd| Pue SNd| uonejue|d
(NYN)

Z G SPJBYDI0 MBYSED PIO JO UoneusAniey uonejue|d
(Ind1) sisad jo [osu0

€ | 10} S} 1] JO UOHEPI[EA PUEB UOIEILRUSP] Apped
(WYN) sAep 0G|, jo uoneinp Ajunjew

Z 9 Uum A)aLIeA JueIS|0}-}[es JO UONI8|eS Apped
(19) 9ou onewole

L l JO UONBZIIB)0BIBYD PUEB UOIBDIUSP) Apped
(INM) yBnoup 1surebe puejdn

9 9 pajulel Ul Juswabeuew Jajemuiey Apped
(19) uoneusage Jayjeam

l l 1suieBe uonosjes A1aliea Aiojedioned Apped

sdef yoleasay ,d1VyN Jepun  ,senuoud Spaau yoieasay J0j09g  Jouisig s8U0Z DI
paydwene 0JoBW J0} /osudial aewjpolby
Yolessoy paijuap! /Rypowwod
sawayL

‘ponunuoY "¢ s|qeL

135



Annexure-ll: Acronyms and Abbreviations

AES
APAARI
ATMA
CGIAR
CLAN
FAO
GDP
GIS
GNP
HA
HRD
HRH
HYV
IARCs
ICAR
INM
IPM
IPNM
IPR
ISH
ITD
IWM
KVK
MANAGE
NAP
NARS
NATP
NGO
PRA
SAMETI
SAU
SPS
SREP
VO
WTO

136

Agroecosystem

Asia-Pacific Association of Agricultural Research Institutions
Agricultural Technology Management Agency
Consultative Group on International Agricultural Research
Cereals and Legumes Asia Network

Food and Agriculture Organization

Gross domestic product

Geographical information system

Gross national product

Hot-arid agroecosystem

Human resources development

High rainfall humid (agroecosystem)

High-yielding variety

International agricultural research centers

Indian Council of Agricultural Research

Integrated nutrient management

Integrated pest management

Integrated pest and nutrient management

Intellectual property rights

Irrigated subhumid (agroecosystem)

Innovations in technology dissemination

Integrated water management

Krishi Vigyan Kendra

National Institute of Agricultural Extension Management
National Agricultural Policy

National Agricultural Research Systems

National Agricultural Technology Project
Nongovernmental organizations

Participatory rural appraisal

State Agricultural Extension Management and Training Institute
State agricultural universities

Sanitary and phytosanitary measures

Strategic Research and Extension Plan

Voluntary organization

World Trade Organization



Annexure-lll: Partners

Acharya NG Ranga Agricultural University (ANGRAU), Hyderabad, India

Agricultural Research & Education Organisation (AREQO), Tehran, Iran

Asian Vegetable Research and Development Center (AVRDC), Taiwan, Republic of
China

Bangladesh Agricultural Research Institute (BARI), Gazipur, Bangladesh

Biostadt M.S. Seeds Ltd.

Council for Agricultural Research Policy (CARP), Sri Lanka

Centro Internacional de Mejoramiento de Maiz y de Trigo (CIMMYT), Mexico City,
Mexico

Centro Internacional de Agriculture Tropical (CIAT), Cali, Colombia

Center for International Forestry Research (CIFOR), Bogor, Indonesia

Federation of Farmers Association, Hyderabad, Andhra Pradesh

Federation of Free Farmers Coops. Inc., The Philippines

International Center for Agricultural Research in the Dry Areas (ICARDA), Aleppo,
Syria

International Centre for Integrated Mountain Development (ICIMOD), Kathmandu,
Nepal

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT),
Patancheru, India

International Food Policy Research Institute (IFPRI), Washington D.C., USA

International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria

International Livestock Research Institute (ILRI), Addis Ababa, Ethiopia

International Plant Genetic Resources Institute (IPGRI), Rome, Italy

International Potato Center (CIP), Lima, Peru

International Rice Research Institute (IRRI), Los Bafios, The Philippines

International Service for National Agricultural Research (ISNAR), Addis Ababa,
Ethiopia

International Water Management Institute (IWMI), Colombo, Sri Lanka

National Centre for Agricultural Economics and Policy Research (NCAP), New Delhi,
India

Nepal Agricultural Research Council (NARC), Kathmandu, Nepal

West Africa Rice Development Association (WARDA), Bouaké, Céte d’Ivoire

World Agroforestry Centre, Nairobi, Kenya

World Fish Center, Penang, Malaysia
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Annexure-IV: Program

Thursday, 7 October
08:30  Registration

09:00 Welcome remarks - William D Dar
09:20  Objectives of the Workshop — Cynthia S Bantilan
10:00  Research Prioritization Initiatives by APAARI
— Genesis for the present exercise - RS Paroda
EMCEE(MC): - CLL Gowda

10:30  Group Photograph and Coffee break

Technical Session 1: Research Needs and Priorities
Chair: Dyno Keatinge, ICRISAT

Rapporteur: KPC Rao, ICRISAT
11:15 Presentation of country paper — India — Mruthyunjaya
11:35 Discussion
12:30  Presentation of country paper — Sri Lanka — H Samaratunga

12:45 Discussion
13:00 Lunch

Technical Session 2: Research Needs and Priorities

Chair: Shanmugasundaram, AVRDC
Rapporteur: Chris Scott, IWMI

14:00 Presentation of country paper — Bangladesh - Md. Ismail Hossain
14:15 Discussion

14:30  Presentation of country paper — Nepal — Surya Laxmi Maskey
14:45  Discussion

15:00 Presentation of country paper — Iran — Mohsen Mohsenin
15:15 Discussion

15:30  Coffee break
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Technical Session 3: Comments and Contributions from IARCs and NGOs
in South Asia Region

Chair: Cynthia S Bantilan, ICRISAT
Rapporteur: Mruthyunjaya, NCAP

15:45 IFPRI, CIP, IPGRI, ILRI, IWMI, AVRDC, ICRISAT, IRRI, ICIMOD
(10 mins each.)

17:15 NGOs — NG Hegde

- K Singh

— M Velayutham
17:45  Closure

18:00 Cocktails and Dinner

Friday, 8 October
Technical Session 3 (continued): Comments and Contributions
from Stakeholders in South Asia Region

Chair: JS Kanwar
Rapporteur: CLL Gowda, ICRISAT

08:30 Farmer Organizations - Raul Montemayor,

— D Ramakrishna Reddy
09:00 Private Sector — KR Chopra
09:15 Research Institutions - EA Siddiq

09:30 Formation of discussion groups and guidelines for discussions
— Need assessment and priorities by agroregions/ commodities.

10:00  Coffee break

10:15  Group discussions
12:30  Lunch

14:00 Concluding Session

Chair: RS Paroda, APAARI
Rapporteur: S Pande, ICRISAT
* Presentation by groups
* Chairperson’s synthesis and main conclusions

* Concluding remarks — Kevin Crockford, DFID
— Dyno Keatinge, ICRISAT
Vote of thanks - Cynthia S Bantilan
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Annexure-V: List of Participants

Bangladesh

Dr. Md. Ismail Hossain,

Principal Scientific Officer
(Economics, TCRC)

Bangladesh Agricultural Research
Council

Dhaka, Bangladesh

Fax:  88-02-9262713

Email: barires@citechco.net

India

Dr. Mruthyunjaya

Director

National Centre for Agricultural
Economics and Policy Research
(NCAP),

Library Avenue, Pusa,

PO. Box 11305, New Delhi 110 012,
India

Phone: (O) 011-25843036

(Dir)011-25847628

Fax:  011-25842684

Email: Dir_ncap@iasri.delhi.nic.in;
jaya_ncap@iasri.delhi.nic.in

Iran

Dr. Mohsen Mohsenin,

Senior Economic Researcher

AREO

P.O. Box 19835-375

Tehran, Iran

Phone: (O) 98-21 240 15 00
(R) 98-21 808 13 82

Fax:  (98-21) 808 65 87

Email: areeo_isra@dpimail.net;

mmohsenin@hotmail.com
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Nepal

Dr. Surya Laxmi Maskey

Director, Crop and Horticulture
Nepal Agricultural Research Council
Singh Darbar Plaza

PO. Box 5459

Kathmandu, Nepal

Email: mgshrestha2003@yahoo.com

Sri Lanka

Dr. H Samaratunga

Director, Field Crops Research
Ministry of Agriculture, Sri Lanka
Email: dirmi@sltnet.lk

APAARI

Dr. RS Paroda

Executive Secretary (APAARI)
ICARDA-CAC, PO. Box 4564
Tashkent 700 000, Uzbekistan
Phone: +998-71-1372169

Fax: +998-71-1207125

Email: pfu-tashkent@cgiar.org.uz

Dr. Vibha Dhawan

National Agricultural Science Complex

1% floor, CG Centers Block

Dev Prakash Shastri Marg (near
Todapur)

Pusa, New Delhi-110012, India



CG Centers
AVRDC

Dr. S Shanmugasundaram

Deputy Director General for Research
Asian Vegetable Research and
Development Center (AVDRC)

The World Vegetable Center

Yi-Ming Liao 60 Shanhua

(PO. Box 42, Shanhua)

Tainan 741, Taiwan, ROC

Phone: 886-6-5837801 ext 120

Fax: 886-6-5830009

Email: sundar@netra.avrdc.org.tw

CIP (International Potato
Center)

Dr. Sarath Ilangantileke

Regional Leader of SouthWest and
Central Asia(SWCA)

Regional office

CIP

NASC Complex

DPS Marg, Pusa Campus

New Delhi, 110012, India

Phone: 91-11-2584-0201; 2584-3734

Fax:  (91-11) 2584-7481

Email: s.ilangantileke@cgiar.org

ICIMOD

Dr NS Jodha

Policy Analyst

International Centre for Integrated
Mountain Development (ICIMOD)

G.PO. Box 3226

Kathmandu, Nepal

Email: Njodha@icimod.org.np

IFPRI

Dr. P Anandajayasekeram
Senior Research Fellow
IFPRI-ISNAR Program
ILRI, PO. Box 5689

Addis Ababa, Ethiopia
Phone: +251-1-463 215 ext.286
Fax: +251-1-461 252 / 464 645

Email: p.anandajayasekeram@cgiar.org

ILRI

Dr William Thorpe

ILRI Regional Representative, Asia

International Livestock Research
Institute

c/o ICRISAT, CG Centres’ Block

National Agric. Sci. Centre

Dev Prakash Shastri Marg

New Delhi 110012, India

Phone: 91-(0)11-25849552, 25842553,

25849554

Fax:  91-(0)11-25841294;

Direct line: +91-(0)11-25840813

Email: w.thorpe@cgiar.org

IPGRI

Dr. Bhag Mal

IPGRI South Asia Coordinator

NASC, DPS Marg, Pusa Campus,

New Delhi 110 012, India

Phone: +91-11-25847537,
25847546-47

Fax:  +91-11-25849899

Email: b.mal@cgiar.org

IRRI

Dr JK Ladha

Soil Scientist and Coordinator,

Rice Wheat Consortium

IRRI, PO. Box 3127

MCPO, 1271 Makati City, Philippines
Email: j.k.ladha@cgiar.org
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IWMI

Dr. Christopher Scott

Regional Director

International Water Management
Institute (IWMI)

ICRISAT, Patancheru P.O.

Andhra Pradesh 502 324, India

Phone: +91 40 23296161

Fax: 491 40 23241239/23296182/

84552828/84552829
Email: C.Scott@cgiar.org

Donors

ACIAR

Dr. Kuhu Chatterjee

Country Manager, South Asia

Australian Centre for International
Agricultural Research (ACIAR)

Australian High Commission

1/50G Shantipath, Chanakyapuri

New Delhi 110 021, India

Phone: 91-11-51399925;

Fax:  91-11-26887492;

Mobile: 9810350810

Email: email:kuhu.chatterjee@dfat.

gov.au

DFID

Mr. Kevin Crockford

Senior Rural Livelihoods Adviser

Department for International
Development [DFID]

British High Commission

B28, Tara Crescent

Qutab Institutional Area, New Delhi,
India

Email: n-jacob@dfid.gov.uk
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Farmers’ Organizations

Mr. Arief Lukman Hakim
Perumahan Tanjung Mas Raya
JI. Tanjung Mas Utama B8/8
Tanjung Barat - Jagakarsa
Jakarta 12530, Indonesia
Email: fieldind@indosat.net.id

Mr. Raul Montemayor

Federation of Free Farmers Coops. Inc.
The Philippines

Fax:  (632) 6471451

Fmail: freefarm@mozcom.com

Sri D Ramakrishna Reddy

Federation of Farmers Association -
Andhra Pradesh

Flat No. 209, Vijaya Towers

Shantinagar, Hyderabad 500 028, India

Sri PC Subbaiah Chowdhary

Federation of Farmers Association -
Andhra Pradesh

Flat No. 209, Vijaya Towers

Shantinagar, Hyderabad 500 028, India

NGOs

Dr. NG Hegde

President

BAIF Development Research
Foundation

Dr. Manibhai Desai Nagar

National Highway No. 4

Warje, Pune 411 029, India

Dr. M Velayutham

Executive Director

MS Swaminathan Research Foundation

3 Cross Street

Institutional Area, Taramani

Chennai 600 113, India

Phone: 044-266490521, mobile:
094440 12668

Email: velayutham@mssrf.res.in



Dr Katar Singh

Chairman

INREM Foundation

C-3, Shri Krishna Park

Near IRMA Campus

Anand, Gujarat, India

Phone: (0)91-02692-264759
(R)91-02692-261341

Email: inrem@earth.planet.net.in

Private Sector

Dr. KR Chopra

Managing Director

Biostadt M.S. Seeds Ltd

W-4 MIDC Industrial Area
Chikalthana, Aurangabad 431 210,
India

Agricultural Universities

Dr IV Subba Rao

H.No. 1-10-315

Hasmathpet Road, Manovikasnagar PO
Secunderabad 500 009, India

Phone: 27750631

Mobile: 98480 54326

Dr GP Reddy

Sr. Scientist

NAARM, Rajendranagar
Hyderabad 500 030, India
Phone: 24047994

Email: gpreddy@naarm.ernet.in

Research Institutions

Prof EA Siddig

81, Happy Homes Colony

Upparapalli, Hyderabad-500 064, India
Phone: 24018625

ICRISAT

Dr William D Dar,
Director General
Dr D Keatinge
Deputy Director General
Dr Cynthia S Bantilan
Global Theme Leader, SAT Futures
and Development Pathways
Dr CLL Gowda
Global Theme Leader
Crop Improvement
Dr Farid Waliyar
Global Theme Leader, Biotechnology
Dr BI Shapiro
Director, Project Development and
Marketing
Dr IR Nagaraj
Director, Human Resources and
Operations
Dr R Agrawal
Director, Finance
Dr S Pande
Principal Scientist, Pathology
Dr KPC Rao
Principal Scientist, VLS
Dr P Parthasarathy Rao
Senior Scientist, Economics
Dr SP Wani
Principal Scientist, Watersheds and
Regional Theme Coordinator
Dr. JS Kanwar, Deputy Director
General (Emeritus)
Ms R Padmaja
Senior Scientific Officer
Global Theme on SAT Futures and
Development Pathways
Ms GV Anupama
Scientific Officer
Global Theme on SAT Futures and
Development Pathways
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‘g About ICRISAT i é}

@ The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) is a non-profit, < .«
non-political organization belonging to the Future Harvest Alliance of Centers supported by the
Consultative Group on International Agricultural Research (CGIAR). Established in 1972,
ICRISAT generates and shares cutting-edge technologies that support the livelihoods of more
than 300 million people — the poorest of the poor in semi-arid areas of the developing world.

Contact information

ICRISAT-Patancheru Liaison Office ICRISAT-Nairobi ICRISAT-Niamey

(Headquarters) CG Centers Block (Regional hub ESA) (Regional hub WCA)

Patancheru 502 324 NASC Complex PO Box 39063, Nairobi, Kenya BP 12404

Andhra Pradesh, India Dev Prakash Shastri Marg Tel +254 20 7224550 Niamey, Niger (Via Paris)

Tel +91 40 30713071 New Delhi 110 012, India Fax +254 20 7224001 Tel +227 722529, 722725

Fax +91 40 30713074 Tel +91 11 25849552/25842553/25841294  icrisat-nairobi@cgiar.org Fax +227 734329

icrisat@cgiar.org Fax +91 11 25841294 icrisatsc@cgiar.org

ICRISAT-Bamako ICRISAT-Bulawayo ICRISAT-Lilongwe ICRISAT-Maputo

BP 320 Matopos Research Station Chitedze Agricultural Research Station c/o INIA, Av. das FPLM No 2698

Bamako, Mali PO Box 776, PO Box 1096 Caixa Postal 1906

Tel +223 2223375 Bulawayo, Zimbabwe Lilongwe, Malawi Maputo, Mozambique

Fax +223 2228683 Tel +263838311to 15 Tel +265 1 707297/071/067/057 Tel +258 21 461657

icrisat-w-mali@cgiar.org Fax +263 83 8253/8307 Fax +265 1 707298 Fax +258 21 461581
icrisatzw@cgiar.org icrisat-malawi@cgiar.org icrisatmoz@panintra.com

Visit us at www.icrisat.org

ISBN 92-9066-478-9 Order code CPE 155 279-2005





