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Introduction

The world’s food supply depends so much on agricul-
ture. Thus sustained agricultural production is synonymous
to food security. However, recent findings reveal that the
situation of agriculture supply worldwide has worsened
and if food production is not improved to meet demands,
the food shortages would affect not only the prices of ag-
ricultural goods and services, but also would have impacts
on the environment and more so on people living in abject
poverty. Many studies by different organizations (/FAD,
FAO, UN Task Force, and WFP) reveal the following key
facts (IFAD, 2012):

e There are an estimated 925 million hungry people
in the world.

* Around 1.4 billion people live on less than US$1.25
a day.

» The world population is expected to reach 9.1 billion
by 2050.

* Food production will need to nearly double by 2050
in developing countries.

» About 40 per cent of the world’s arable land is de-
graded to some degree and will be further affected
by climate change.

* There are about half a billion small farms in the
world, supporting around 2 billion people.

e GDP growth generated by agriculture is up to four
times more effective in reducing poverty than
growth generated by other sectors.

» Poor people spend between 50 and 80 per cent of
their income on food

According to a research team of the University of
Minnesota, U.S.A. and McGill University, Montreal the
demand for food globally is expected to double by 2050
due to increasing population and living standards. The
team posits that with seriousness and dedication, solving
the world’s food supply problem and at the same time
taking care of the environment can be done. The team’s
research revealed initial findings that by combining
information from crop records and satellite images
gathered around the world, new models of agricultural
systems and environmental impacts can be created,
which then showed patterns from which they based their
recommendations on approaches on how to confront the
problem and help policy makers in making decisions
(University of Minnesota, 2012).

To meet the increasing demand for food over time,
agriculture productivity needs to be substantially increased
through improved agricultural practices, development and
promotion of innovative technologies, and efficient and
effective scientific agricultural research. And of course,
this should not be done at the expense of the environment.

Researchers at McGill University came up with a plan
that laid down recommendations on approaches that can
provide solutions to the problem confronting global food
supply with less impact on the environment. The 5-point
plan is quoted hereunder from the Science Daily, October
2011:

1. Halting farmland expansion and land clearing for agri-
cultural purposes, particularly in the tropical rainforest.

! Paper presented at the International Symposium on Human Resource Development in Agricultural Science on the theme, “Toward Fostering
Japanese Researchers to Play an Active Part in International Agricultural Research, held at ESSAM Head Office, Chiyoda-ku, Tokyo, Japan
on 9 November 2012.
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This can be achieved using incentives such as payment
for ecosystem services, certification and ecotourism.
This change will yield huge environmental benefits
without dramatically cutting into agricultural production

or economic well-being.

2. Improving agricultural yields. Many farming regions in
Africa, Latin America and Eastern Europe are not living
up to their potential for producing crops— something
known as “yield gaps.” Improved use of existing crop
varieties, better management and improved genetics
could increase current food production nearly by 60 per
cent.

3. Supplementing the land more strategically. Current use of
water, nutrients and agricultural chemicals suffers from
what the research team calls “Goldilocks’ Problem™:
too much in some places, too little in others, rarely just
right. Strategic reallocation could substantially boost the
benefit we get from precious inputs.

4. Shifting diets. Growing animal feed or biofuels on prime
croplands, no matter how efficiently, is a drain on human
food supply. Dedicating croplands to direct human food
production could boost calories produced per person
by nearly 50 per cent. Even shifting nonfood uses such
as animal feed or biofuel production away from prime

cropland could make a big difference.

5. Reducing waste. One-third of the food produced by farms
ends up discarded, spoiled or eaten by pests. Eliminating
waste in the path that food takes from farm to mouth
could boost food available for consumption another 50
per cent.

Given the aforementioned projections and the possible
solutions presented, can one just sit back, relax and adopt
a wait-and-see attitude? Can governments, especially in
developing countries, just put off for tomorrow what they
should start doing today, adopt a business-as-usual stance,
and wait if these will really happen in 2050? Or should the
best human resources involved in agriculture development
be mobilized to proactively address this bleak scenario?

Il. Challenges in agricultural human
resource development

Application of technological advances in agriculture
development necessitates the development of qualified
human resources to conduct scientific researches to
improve agricultural production. The commercialization
of agricultural systems, increasing trade liberalization,
changes in the role of public and private sectors,
technological advancements, and a whole new world
of challenges have strongly affected the capacity
development needs of the agricultural workforce. These
require policy and institutional reforms and the need to
review agricultural education systems, and institution of
innovative approaches to strengthen the knowledge and
enhance the skills of agriculture personnel.

Capacity building is an important key to improving the
capability of agricultural researchers, research managers

and extension workers in identifying priority research
and development issues, formulating research projects to
address these issues, and disseminating research findings
for use by scientists, academicians, trainers, extension
workers, and policy makers. Capacity building takes the
form of formal degree, short term training, participation in
study tours, conferences, seminar-workshops, on-the-job
training, field work, hands-on practice, academic mobility,
and exchange programs. There are a number of training
institutes and organizations that provide these types of
capacity building programs. However, universities and
training institutions that are mandated to provide formal
and non-formal training must keep pace with the fast
changing global needs by equipping students and research
staff with the up-to-date knowledge, skills and the right
attitudes to help them compete and be responsive to new
challenges.

Recent studies reveal the following top challenges to
agricultural HRD:

e Aging agriculture research/scientific and academic
staff
This happens when there is no well-defined and
institutionalized medium to long-term succession and
replacement plan under the human resource development
program of the university system.

* High staff turnover

Fast staff turnover is normally due to low incentive
system, lack of opportunities for advancement or
promotion, low morale among the staff, absence of career
development program for the staff, and attractive offers

outside the organization.

* Wide age and qualifications gap in the succession

hierarchy

A well-designed and well-planned succession hierarchy
should spell out clearly the chain of command and
delegation of authority within the organization. It should
define the qualifications needed for a certain level of
responsibility and authority. The problem arises when
the very senior supervisor (in age, qualifications and
experience) has a very junior staff next in line that cannot
make firm decisions or recommendations in behalf of
the supervisor for lack of experience. This is an issue
that should be earlier addressed at the recruitment stage.
However, if there are no highly qualified applicants, some
organizations resort to hiring very young staff with a plan
to train the staff when already on board. Unfortunately for
some, the learning curve takes longer, and training takes a
while for the young staff.
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* Low budget for research and training activities

This is often experienced by government-funded
institutions. This is an issue that needs to be addressed by
governments that recognize the importance of research
and training activities as vital to the enhancement of skills
of those comprising the agricultural workforce.

* Outdated curricula not addressing agricultural

HRD needs of the times

This is an ongoing concern among agricultural higher
education institutions. The agriculture curriculum needs
to be reviewed and modified to address the needs of the
job market. Every curriculum must be designed with the
students and learners in mind, that is, what kind of skills
should this curriculum teach, what learning outcomes, and
what kind of students is the university expected to produce
for which sector. The curriculum must reflect the vision
and mission of the university. In addition, agricultural
education must include dimensions of broad-based agro-
ecological systems (R.J. Salvador, et al, 1994).

* Outmoded research and academic facilities

New or modified curricular programs attuned to the
times must be matched with up-to-date research and
academic facilities in order to compete with or complement
those available in other universities offering the same
programs. Sufficient budget is needed to upgrade the
laboratory, experimental stations, IT facilities for teaching
and learning, etc.

e Agriculture as a profession not attractive to

students

This has been a continuing problem everywhere. The
review of the agriculture curricula starting from the
high school to the graduate school level to incorporate
practical projects in agriculture has been recommended
by some universities in selected countries in the African
(FARA, 2011) and Asian (2010) regions. This is because
the proponents believe that cultivating appreciation for
agriculture as a profession and connecting it to food and
nutrition should start at least with students at a young
age. In the Philippines, projects on school gardening and
nutrition-sensitive agriculture are being introduced at the
elementary and high school levels.

It is also worth looking at the reasons why agriculture has
lost its luster and what other courses related to agriculture
are now in demand. A study conducted in the Philippines on
the supply and demand for agriculture, forestry and natural
resources graduates projected the decline of traditional
agriculture courses (agricultural education, agriculture,
forestry) by 2020 but identified growth centers in the

nontraditional courses such as agribusiness/agribusiness
management, food technology, agricultural engineering,
and veterinary medicine (Briones, 2010). August Temu
of the World Agroforestry Center (ICRAF) who chaired
a panel session in a conference on development of
human resources in Africa in December 2011 said that
“agriculture is not popular with young people, and most
students only come to agriculture when they fail to get into
other programs and that most agriculture graduates do not
get access to jobs. (FARA, 2011).

e Agriculture graduates are not well-equipped with
knowledge, skills and attitudes to compete globally
Agriculture students must be able to develop skills to

solve problems in multiple-goal situations (Salvador,

1994). On the other hand, universities and faculties teach-

ing agriculture must be aware of the current issues and

problems confronting agriculture development and what
knowledge, skills and attitudes are necessary in order to
prepare the students to face these challenges. Programs
for continuous training and upgrading of student and staff
competencies must be institutionalized in the university.

There are a number of training service providers and

agencies that offer short courses for skills enhancement.

Examples of these agencies in Japan are the Japan Interna-

tional Cooperation Agency (JICA), the Japan Society for

the Promotion of Science (JSPS), the Japan International

Research Center for Agricultural Sciences (JIRCAS), and

the Ministry of Education and Training, which provide

training scholarships and grants for research fellowships.

I11. Initiatives to address agricultural
HRD challenges: the SEARCA way

In most developing countries in Southeast Asia, skills
mismatch is an attendant problem in education service
delivery. Thus, to ensure that the right people are trained
for the right jobs, it is highly important for each country to
carefully identify the appropriate critical skills necessary
in mapping out development plans for agricultural and
rural development (Cedicol, 2010).

How do we address these challenges at SEARCA?
SEARCA believes that the capacity of the human resource
base to broadly articulate and respond to the changing
demands of the global economy largely influences the
development directions of any country. Human resources
serve as catalysts in ensuring that development reforms
and initiatives are effectively implemented and managed.

SEARCA operates on the basis of a five-year strategic
plan. Thus, for its Ninth Five-Year Plan, covering fiscal
years 2009/2010 to 2013/2014, a task force on external
analysis was created to find out the needs of SEARCA’s

J Intl Cooper Agric Dev 2014 5




Table 1. Estimated number of agricultural graduate scholarship needs of SEAMEO from FY 2009/2010 to FY

2013/2014
Fiscal year Total
Country 2009/2010  2010/2011 2011/2012 2012/2013 2013/2014

MS PhD MS PhD MS PhD MS PhD MS PhD MS PhD

Brunei Darussalam 10 3 10 3 10 3 10 3 10 3 50 15
Cambodia 15 5 15 5 15 5 15 5 15 5 75 25
Indonesia 25 15 25 15 25 15 25 15 25 15 125 75
Lao PDR 20 12 18 14 16 16 14 18 12 20 80 80
Malaysia 10 15 10 15 10 15 10 15 10 15 50 75
Myanmar 19 7 19 7 17 7 17 7 17 7 89 35
Philippines 170 59 180 61 190 66 190 66 200 72 930 324
Singapore 1 1 1 1 1 1 1 1 1 1 5 5
Timor-Leste 15 2 15 2 15 2 15 2 15 2 75 10
Thailand 10 15 10 15 10 15 10 15 10 15 50 75
Vietnam 25 15 25 15 25 15 25 15 25 15 125 75
Total 320 149 328 153 334 160 332 162 340 170 1654 794

clients in the SEAMEO region and how SEARCA could
serve them to the utmost. A quick survey was then con-
ducted in October-December 2008 on agricultural human
resource development needs for graduate study (Table 1).
The survey also included focal priority areas in research as
well as customized training for scholars as input to its 9™
S-year development plan. Respondents of the survey were
Ministries of Education, Agriculture and Forestry and
Rural Development, agricultural technical agencies, the
University Consortium, and agricultural colleges and uni-
versities in Southeast Asia countries, namely: Cambodia,
Lao PDR, Vietnam, Myanmar, Indonesia, the Philippines,
Thailand, Malaysia, Singapore, and Brunei Darussalam.
Results of the external analysis pointed to the following
specific needs (grouped by subject matter):
1. Natural Resource Management
o Strengthen NRM portfolio
o Watershed management
o Forest/agro-forest resource management
o Marine/water resource management
o Climate change and adaptation/mitigating
measures to address them
o Land utilization and conversion to non-food
production
o Management of green/open spaces
2. Agricultural Competitiveness

o Impact of increases in commodity process on
agricultural transformation

o Commercialization of agriculture

o Improvement of livelihood

© Value chain analyses

o Market enhancement: value adding/food
processing

3. Cross-cutting themes

o Biofuel-net gain, impact on land use and
agricultural produce

o Rural-urban linkages; urban agriculture

o Diversification of farming systems

o Food security and safety

o Real issues in agricultural science need to
increase crop production, reduce poverty

SEARCA’s vision is to be a leading enabler in the
science and practice of agriculture and rural development
for Southeast Asia. Its mission is to “build the capacities of
Southeast Asian institutions working toward agricultural
and rural development through graduate scholarship,
research and development, and knowledge management.

For SEARCA to continuously and effectively do this in
the face of complex global challenges, it has to vigorously
look for ways to support young and highly qualified
nationals to acquire excellent graduate education that will
not only buffer the impact of a graying workforce and fill
in the skills gap, but also take on the cudgels of leadership
as their more senior colleagues leave the workplace upon
retirement.

Among the strategies to achieve the objectives of the
SEARCA Graduate Scholarship Program are: 1) provision
of more graduate scholarships and grants; 2) exploration
and implementation of new scholarship program
modalities; 3) provision of opportunities to scholars for
customized training; 4) dissemination of scholars’ research
outputs and achievements; and 5) matching of suitable
academic programs of scholars with the needs of member
countries. Based on a percentage of the identified needs
in Table 1 and within the limits of SEARCA’s resources,
169 scholarship slots have been allocated for nationals

6 J Intl Cooper Agric Dev 2014




Table 2. Distribution of new scholarship slots per country and proposed priority fields of specialization from 2009/2010 to
2013/2014

Country No. of slots Priority Fields of Specialization

Agronomy; Agribusiness; Agricultural Extension and ICT in Agriculture; Community
Development; Development Communication; Aquaculture; Halal food production and
processing

Brunei Darussalam 4

Cambodia 7 Agronomy; Plant Breeding; Land and Water Resources Management; Agricultural Economics;
Climate Change and Risk Management; Biodiversity Conservation; Agro-forestry Management;
Agricultural Entrepreneurship; Veterinary Science; Fisheries and Aquatic Resources; Irrigation

Technology

Agribusiness; Agricultural Extension; Land and Water Resources Management; Environmental
Management; Biodiversity Conservation; Climate Change and Risk Management; Natural
Resources Management and ICT; Animal Nutrition; Agricultural Economics; Development
Communication; Public Administration and Governance; Food Science and Technology;

Indonesia 14

Farming Systems; Rural Development; Crop and Livestock Production; Forestry Resources
Management

Lao PDR 11 Animal health and nutrition; Agronomy; Agricultural Engineering; Land and Water Resources
Management; Irrigation Engineering; Agribusiness; Food Science and Technology; Food
Processing and Postharvest Technology; Farm Management; Farming Systems, Community

Development; Development Communication

Malaysia 9 Agricultural biotechnology; ICT in agriculture; biodiversity conservation; food science and

technology; postharvest technology; production of high value crops; nanotechnology

Agricultural policy development; rural development and governance; food safety standards;
agricultural economics; agronomy; soil science; biofuels development; agribusiness; supply
chain management; trade and investment; agricultural biotechnology

Myanmar 8

Philippines 86 Agronomy; food and nutrition; animal health; agricultural economics; development economics;
land and water resources engineering; environmental management; veterinary medicine; public
management and governance; strategic leadership; climate change and risk management;
environmental economics; biotechnology and microbiology; animal breeding; agro-forestry;

agribusiness; agricultural entrepreneurship; food processing and marketing;

Singapore 1 Nanotechnology; urban agriculture

Thailand 9

Agricultural biotechnology; trade and investment; Environment and natural disaster management;
biodiversity conservation and management; agricultural economics; communication technology;

Agronomy; Animal Science; Veterinary Medicine; Fisheries and Aquatic Resources; Agricultural
Economics; Forestry and Natural Resources Conservation; Environmental Science; Land and
Water Resources Management; Community Development; Development Communication and
ICT; Public Administration and Governance

Timor Leste 6

Vietnam 14 Agricultural biotechnology; Food Processing; Postharvest Technology; Rural Development;
Research Management; Integrated Water Resource Management; Climate Change Risk

Management; agribusiness; agricultural economics; animal science; veterinary medicine

Total 169

of SEARCA member countries in different priority fields
as identified by the respective ministries of education
(Table 2). The total number of scholarships over the five-
year period may increase depending on availability of
partnership funding from other collaborators of SEARCA
that are interested in helping these countries.

Other program modalities and schemes to enhance
student’s and staff’s skills

Table 3 presents the estimated number of SEARCA
scholarships for other program modalities to enhance
a student or faculty’s skills such as sandwich program,
PhD research, academic bridging, and joint and double
degree program, and student/faculty exchange program.
Members of SEARCA’s University Consortium (UC)
are tapped to host students and faculty who visit other

J Intl Cooper Agric Dev 2014 7




Table 3. Number of scholarships for new program modalities for FY2009/2010 to FY 2013/2014

FISCAL YEAR

Scholarships for new program modalities

Total

2009/2010 2010/2011 2011/2012 2012/2013 2013/2014
Sandwich PhD program 6 6 4 5 18 39
Academic Bridging Program 10 10 10 10 10 50
Double degree/Joint degree (MS) 2 2 2 2 - 8
PhD Research Scholarship Program 10 10 10 10 10 50
Student and Faculty Exchange Program 10 10 10 10 10 50
Total 38 38 36 37 48 197

universities under the UC student and faculty exchange
program. For students who attend courses in another
UC member for a semester or two, the tuition waiver
and credit transfer arrangement are applicable. Bilateral
arrangements may be explored with the UC members for
the sandwich program and joint/double degree program.
Established in 1989 through the auspices of SEARCA,
the UC is a network of leading agricultural universities
in Southeast Asia, Australia, Canada, Germany and Japan
whose aim is to enhance graduate education and research
in agriculture and natural resources in Southeast Asia.
Members of the UC are Institut Pertanian Bogor (IPB) and
Universitas Gadjah Mada (UGM) in Indonesia; Kasetsart
University (KU) in Thailand, Universiti Putra Malaysia
(UPM) in Malaysia; University of the Philippines Los
Bafios (UPLB); University of British Columbia (UBC)
in Canada, University of Queensland (UQ) in Australia;
University of Goettingen (UG) in Germany; and Tokyo
University of Agriculture (TUA) in Japan. Other partner
universities that may serve as host institutions of scholars
for short-term program modalities and where SEARCA
has signed memoranda of understanding include the
University of Hohenheim in Germany; Nagoya University
in Japan; National Taiwan University, Republic of China;
Montpellier SupAgro in France; Maejo University in
Thailand, and University of Hawaii at Manoa, Hawaii.

Customized training

SEARCA also provides opportunities for customized
training to its scholars in order to: 1) enhance their
technical knowledge and skills while undergoing rigorous
academic and research tasks as graduate students; and 2) to
prepare them for leadership and management roles when
they return to their respective institutions upon completion
of graduate studies. Aside from the priority topics for
customized training for SEARCA scholars identified in
the survey and presented in 7able 4, the new scholars are
required to attend the following basic training courses:
1) Intensive English Course for International Graduate

Students; 2) Technical Writing Course; and 3) Training on
Research Methodologies.

To enhance the SEARCA scholars’ capacities to do
research and extension work, the Center provides grants
for re-entry projects for new alumni in order for them
to immediately apply what they learn from the university
upon their return to their respective home institutions.
The re-entry grant provides start-up money for small
research or extension projects with counterpart funds from
the alumni’s home institution and local government or
community.

To provide opportunity to outstanding/excellent faculty
of partner universities or advisers of SEARCA scholars,
the Visiting Fellows/Senior Fellows Program allows
the faculty members to carry out their researches while
enjoying their sabbaticals. On the same tone, SEARCA
also offers sabbatical leave for its technical and academic
staff within the supervisory/managerial level after 7 years
of continuous service to the Center to spend 6 months
to one year in another institution (partner or otherwise)
for the purpose of 1) rest and renewal, which is a much
needed break for intellectual and physical “re-charging; or
2) to do research or write and produce a publication. In
both, SEARCA provides research funds, and salary for a
maximum of 6 months.

Learning Events and Executive Forum on various
topics such as Leadership Excellence in Academe Program
for Southeast Asia; Research Management for Executives,
Round Table Meetings on current issues in agriculture
development, and a range of other topics on food security
and safety, impacts of climate change on agriculture,
climate change vulnerability assessment, etc. provide
avenues for discussion, exchange of ideas, and expression
of opinions that challenge the students and young faculty
to engage in intellectual discourse.

8 JIntl Cooper Agric Dev 2014




Table 4. Customized training needs in agriculture of SEAMEO member countries (2009-2014)

- Agribusiness/enterprise development
- Agricultural credit and microfinance

- Agricultural knowledge management and ICTs for poverty
alleviation

- Agricultural Policy Formulation

- Agricultural Systems for Poor Communities

- Agriculture Technology Management

- Agroforestry management

- Avian influenza/ transboundary animal-borne diseases
- Biodiversity conservation and rural livelihoods

- Biofuel development and financing

- Bioinformatics

- Community-based natural resources management

- Cross-border trade arrangements

- Disaster Risk Management

- Dynamics of land use change

- Economic and legal aspects of GE applications/GMOs
- Environment & climate change

- Environment Biotechnology

- Food safety and phyto-sanitary measures

- Good Agriculture Practices

- Good Governance

- Impact assessment and poverty alleviation

- Knowledge Management

- Knowledge systems and biodiversity management

- Leadership and management in academe and R and D

- Managing risks for sustainable agriculture in response to
climate change

- Natural Resource Management

- Natural Resource Management

- Options for clean development activities in agriculture
- Participatory methodology

- Planning and project management

- Plant Biotechnology

- Policies on commodity markets

- Policy and regulatory issues, including capacity building
and biosafety implementation

- Program Management

- Public-private sector partnership in technology management
- Research management

- Resource Generation

- Re-thinking agricultural extension

- Small farmers and their integration in the supply chain

- Socio-cultural, ethical, and political issues in GE
applications/GMOs

- Strategic Leadership

- Strengthening rural institutions

- Transition Management

- Use of ICT in agricultural development

- Various application areas for genetic engineering

Institutional development assistance to selected
universities in Cambodia, Lao PDR, and Myanmar
Recently, SEARCA initiated aninstitutional development
assistance program focused on capacity-building and
curriculum enhancement in three universities in Lao PDR
(Savannakhet University), Cambodia (Royal University
of Agriculture), and Myanmar (Yezin Agricultural
University). After the initial phases of the project
starting with the reconnaissance visits to each of the three
universities, SEARCA mapped out the plan for assistance
within the limits of SEARCA’s resources but helping out
in tapping other sources of funds to implement a three to
five - year project in each of the university. The dearth of
agricultural human resources to teach and do research is
strongly felt in Savannakhet University (SKU), which is
a very new university established only in 2009. SEARCA
initially responded to this by providing scholarships for
academic bridging and master’s program to five young
faculty of SKU. The need to field experts to SKU in the
areas of irrigation engineering, agronomy, plant breeding,
soil science, veterinary science, environmental science,

curriculum development, and university management is
also urgent.

In Royal University of Agriculture (RUA), the issues
to be addressed urgently are the aging faculty, fast staff
turnover, and lack of agricultural manpower for teaching,
research and extension. In response to the request
of RUA, SEARCA recently conducted a mentoring
workshop for RUA strategic planning attended by RUA
top executives in charge of university management,
curriculum development, research and development,
financial administration, and linkages and international
program. This mentoring workshop was intended to
guide them through the process of visioning, direction
and goal setting, as well as in assessing their strengths,
weaknesses, opportunities available and threats to their
existence. The top executives are expected to do their own
strategic planning exercise together with key personnel at
the university after completing the mentoring workshop.
SEARCA also provided graduate scholarships to three
young faculty members of RUA.

In Yezin Agricultural University, the immediate concern
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to be addressed is the review of the agriculture curriculum
as well as the need for training on delivery of extension
services to farmers and development of programs for
responding to the 9-point agenda for reform of the Ministry
of Agriculture, namely: Reform for Land Management
and Administration; Reform for Advanced Agricultural
Practices and Seed Industry; Reform for Water Resource
Management; Reform for Agricultural Mechanization;
Reform for Advanced Agro-based Industry; Reform for
Human Resource Development; Reform for Research and
Technology Development; Reform for Credit Services;
and Reform for Market Information Service.

IV. Developing the next generation of
Japanese agricultural scientists
and researchers: How?

There is no perfect recipe for this. However, there are
lessons that can be gleaned from the experiences of other
human resource development organizations like SEARCA,
as discussed in the previous Section, on strategies and
modalities to enhance the capacities of agriculture personnel
to increase their chances of getting employed and involved
in international agricultural research. SEARCA’s ongoing
projects on institutional development assistance to other
universities could serve as windows of opportunities for
young Japanese researchers to practice their profession by
being attached to these institutions with funding from the
Japanese government. As well, there are options for young
Japanese agricultural scientists and researchers in crafting
their career paths towards contributing to finding solutions
to the world’s food supply problems starting with the East
Asian region.

One is the
observation that there are very limited agricultural

There are two issues in this Section.

human resources in Japan that could play active roles in
the international agricultural research. The other is the
employability of Japanese agriculture graduates.

The first issue should be directed to higher education
institutions, policy makers and organizations concerned
with developing manpower for the agriculture workforce.
The following may be taken into consideration with the
aim of increasing enrolment in agriculture and producing
more agriculture graduates:

1. Improvement of the agriculture curriculum at the col-

lege and graduate school levels to include problem-
based experiential teaching and learning to help
develop the problem-solving and critical thinking
skills of agriculture students. The curriculum must
teach appropriate methods of inquiry, and systems
analysis. More coursework must be introduced to

provide the theoretical foundation to support research

applications. New areas of major specialization at
the graduate level must be introduced to cater to cur-
rent needs and problems.

A recent SEARCA study (Arboleda, 2012) on Enhance-
ment and Strengthening of Graduate Agriculture Educa-
tion Curricula in Southeast Asia revealed that...

“ASEAN universities typically offer the traditional
major specializations (for example: animal science,
agronomy, entomology and plant pathology, soil science,
and agricultural economics) at the MS and PhD levels.
However, they differ largely in the range of new areas
of major specialization offered by their graduate school.
Some universities tend to offer major specialization at
the disciplinal level such as agricultural biotechnology,
plant breeding and genetics, animal reproductive physi-
ology, and so on. Others, however, tend to offer major
specialization at the commodity level like, plantation
management, poultry production, swine production,
water management and so on. At the PhD level emphasis
tend to be at the disciplinal more than the commodity
orientation. Consequently, there are significantly wider
varieties of major specializations offered at the MS than
at the PhD level. This is understandable since at the PhD
level, students are expected to focus more on deeper un-
derstanding of as well as finding new knowledge about
the discipline through scientific research.

2. New schemes or other modalities of learning such as
North-South and South-South mobility for students
and faculty, practicum or hands-on experiences
through on-the-job training activities, field visits/
study tours, sandwich programs, exchange programs
with transferrable credits must be designed and em-
bedded into the curriculum. Through these modali-
ties, students are expected to open up, adjust socially,
speak up, learn other people’s cultures, understand
other people’s perspectives, and start thinking out of
the box.

3. Have a manpower plan. Coordinate with industry,
non-government organizations, private companies,
international research agencies that are potential
employers of agriculture graduates; find out their
manpower needs, and set target numbers to match

This would
then set the enrolment and graduation targets for each

graduates with the job market needs.

school year.

4. Provide opportunities for training in leadership,
agribusiness management, entrepreneurship, project
development and management, resource generation,
ICT, computer skills, data banking, language training,
technical writing, as add-on to the academic program
of the students.

5. Provide sabbaticals to faculty and research staff/

scientists for a period of six months to one year to
allow them to upgrade their knowledge and skills,
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expand their horizon, establish contacts and explore
opportunities for joint projects with other universities
or institutions. Whatever new knowledge and skills
that these faculty and research staff will gain from
doing sabbaticals outside the country will redound to
the benefit of the students and the university in Japan.
6. Monitor and track down the alumni. They can be
partners in training and development of would-be
scientists and researchers. They can be an addition
to the pool of short-term staff that can be tapped as
consultants, experts, mentors, and student advisers.
7. Provide support for career counseling and the conduct

of job fairs. Graduating students must be taught how
to write their resumes, construct application letters,
present themselves properly during interviews, and
answer interview questions. An office at the univer-
sity devoted to scouting for job opportunities must be
set up to coordinate with domestic and international
companies in providing work for agriculture alumni
and young researchers.

For all of the above strategies, sufficient budget and

policy support are essential.

The second issue is both a concern of the higher education
institutions and the student. The student must first ascertain
his/her career choice by answering the question: WHAT
DO I WANT TO BE? For this, the student has several
career options: to be a researcher, scientist, academician,
entrepreneur, manager, administrator, farmer, agriculturist,
Whatever it is, the
student must aim to be a well-rounded person, who knows

economist, extension worker, etc.

how to perform multiple tasks, and a person who values
man and nature. The student’s career choice would then
be his/her basis for seriously considering the road to
take towards achieving his goal-—academic program,
specialization, training and other learning tools, what type
of skills to develop, and plans for international exposure.
A survey conducted by a team of experts among potential
employers of agriculture graduates in the Philippines (de
Vera, et al, 2010) reveal the preferences of employers
to candidates that have the following skills: excellent
written and verbal communication; organizational
development; critical thinking; advanced computer skills;
customer relations and people skills; teamwork; English
proficiency; leadership skills; business orientation; project
development management; negotiation skills; proficiency
in another foreign language; monitoring and evaluation;
coaching/mentoring; planning and organizing; goal setting
and resource allocation; ability to translate theory into
practice; data analysis; mathematical/statistical skills;

proposal writing and technical report writing.

On the other hand, the recent SEARCA study led by
Arboleda, et al (2012) revealed the following findings
from respondent- employers in the ASEAN region:

“When hiring applicants, the employers consider the
following qualifications as most important: academic
performance records (96%), record of accomplishments
(72%), graduated from highly prestigious institution
(72%), and overall personal character (60%). For the
employers, the most desirable sets of abilities that
the graduate degree holders in their staff to have are:
technical knowledge (82%), leadership skills (60%)
and communication skills (47%). When asked which
combination of abilities and skills that were character-
istic of their employees possessed, the overwhelming
majority of them indicated that those with high field
specific knowledge and skills as well as those that a
good balance of field specific skills and the skills com-
mon to related disciplines — communication, leadership,
computer literacy — contributed most to the attainment of
their organizational goals and objectives. And more than
just academic records, the other abilities that the respon-
dents indicated as most preferred include: ability to take
leadership roles in opportunities that are related to his/
her field (80%), ability to work professionally with oth-
ers (76%) and ability to bring bright ideas on appropriate
situations (76%).”

In the study, Arboleda emphasized that in the practice of
any profession in agriculture and related disciplines, it is
imperative that skills that could sharpen the awareness and
ability of students to common challenges and opportunities
in their career be acquired, such as communication,
management and entrepreneurship and accounting skills
(e.g., applied statistics and scientific method, principles
of management, leadership, ethics and entrepreneurship,
international agriculture and trade and policy, among
others).

V. The Way Forward

Universities, government agencies, private companies
concerned with agriculture, and even the parents must
work together to craft the future of agriculture students,
graduates, and young Japanese researchers if they are
expected to play a significant role in fighting global
hunger. A scenario-building exercise on world food and
agriculture may spark the interest of Japanese students and
young researchers on their “rightful place” in the interplay

of actors in this interesting planet.
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Abstract. Republic of the Union of Myanmar is located between Indochina peninsula and Indian subcontinent and has
a long coastline along the Indian Ocean. Myanmar people easy to obtain the sea food from ocean around their country.
These fishes are traditionally their important animal protein source. Recently, fishery commodities have been treated as
international merchandise. For the purpose of this study, we revealed the current status of the fisheries and related industries
including distribution industry and tourist business in rural costal area. Several international enterprises control the fish
market especially shrimp market even though very small fishing village. On the other hand, some fisher folks have started
tourist boat after tourism development of coastal areas. For Sustainable resource use, it was suggested the importance of
social approaches together with biological resource management, such as provision of alternative employment opportunity
of traditional fisheries.
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Abstract. This paper considers the possibility of the diffusion of NERICA, new upland rice varieties, in the Kenya’s central
highlands, where few farmers have ever grown upland rice, particularly focusing on the role of irrigation schemes. The data
we use were collected from 160 member farmers of 4 irrigation schemes and 80 non-member farmers living in the same
command area of the irrigation through our own survey conducted in March 2012 at the beginning of the long rain season
of 2012. We find that among the member farmers those who have more irrigation taps tend to adopt NERICA, implying that
water availability from irrigation is an important factor that encourages farmers to grow NERICA. As for the knowledge
about upland rice, we find that those who have heard about upland rice and/or have seen rice growing on upland are more
willing to purchase or receive NERICA seed. If we compare farmers belonging to an irrigation scheme and farmers not
belonging to any irrigation scheme, the former have better knowledge about upland rice. Thus, the irrigation schemes have a
role of information dissemination among members, which may reduce the risk of the failure of new crop.

Key words: NERICA, Kenya, supplemental irrigation, farmers’ group, dissemination
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1. Introduction

In sub-Saharan African countries, demand for rice has
been increasing rapidly since 2000 when their long stag-

Corresponding author: Takeshi Sakurai, email: atsakura@mail.ecc.u-  nated economies finally started growing. It led an increase

tokyo.ac.jp in rice import, but an expansion of domestic rice produc-

J Intl Cooper Agric Dev 2014 29



30

tion at the same time (Fig. 1). Kenya is not an exception.
In terms of rice producing ecology, however, Kenya is
special; 70% of rice field is irrigated and 80% of total
domestic rice is produced in the irrigated ecology (Kenya
Ministry of Agriculture, 2008). The figures are much
higher than the average of sub-Saharan African countries
where 17% of rice field is irrigated (Somado et al., 2008).
The Kenyan situation may have caused relatively low
interest in the development of rain-fed rice. In the case of
NERICA (New Rice for Africa), a group of new upland
rice varieties developed by Africa Rice Center (formerly
known as WARDA) in the 1990s, it had not been officially
registered as new rice varieties until March 2009 in Kenya.
On the other hand, in neighboring Uganda NERICA was
formally released as early as in 2002 and the government
began distributing NERICA seed widely in 2004 as in-kind
credit (Kijima et al., 2006). Because rain-fed rice can be
grown without irrigation facilities, NERICA was easily
adopted by replacing other upland crops such as maize and
beans, but it was easily abandoned at the same time. Fujiie
etal. (2010) and Kijima et al. (2011) pointed out that erratic
rainfall is one of the reasons of the discontinuation of NER-
ICA production in Uganda. In addition, Fujiie et al. (2010)
found that farmers belonging to farmers’ groups tended
to continue NERICA probably thanks to social leaning in
the group (Conley and Udry, 2010). Thus, the objective of
this paper is to explore how the new upland rice varieties
are adopted and spread in the central highlands of Kenya,
where farmers have never grown upland rice before.
Given the experiences in Uganda as mentioned above,
this paper focuses on two factors that may affect the
adoption of NERICA in Kenya. One factor is the role of
supplemental irrigation facilities that have been developed
in the central highlands in Kenya unlike in Uganda where
no such irrigation is available for upland crops. The other
factor is the role of farmers’ groups, particularly the groups
managing the irrigation facilities, in obtaining information
on new crops. We hypothesize that supplemental irriga-
tion will have a critical role in growing upland rice partly
because it can reduce the problem of erratic rain. Since
our dissemination of NERICA seed was conducted after
farmers experienced severe droughts in 2010 and 2011
that affected the entire East Africa, they may be afraid that
upland rice production will fail without irrigation. But an-
other reason why we consider that supplemental irrigation
is important is that it will allow farmers to plant NERICA
seed a little earlier than the rain starts so that the upland
rice can avoid cold temperature at the stages from panicle
formation to flowering that may sterilize it. As for the
farmers’ group, we hypothesize that irrigation group mem-
bers have better information through interaction with other
members and hence are more willing to adopt NERICA
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. 1. Rice production and consumption in sub-Saharan
Africa (paddy equivalent).
Source: FAOSTAT (7% August 2012)

(but only if the information is positive).
2. Study site and data collection

As part of “Practical Study on Rice Promotion in the
East African Highlands” implemented from 2009 to 2012
Japanese fiscal year, we selected our NERICA dissemina-
tion study site at altitudes between 1,200 and 1,500 meters
above sea level in Embu county on the southeastern slopes
of Mount Kenya in the central highlands of Kenya. Its cap-
ital city, Embu, is located approximately 120 km northeast
of Nairobi; its coordinates are Latitude 0° 32° South and
Longitude 37° 27’ East; and its elevation is about 1,400 m.
Annual average temperature and precipitation is 19.6°C
and 1,189 mm, respectively (Fig. 2). There are two rainy
seasons in a year: “long rains” (March—June) and “short
rains” (October—December). High altitudes receive more
rainfall and there are many small rivers on the slopes of
Mount Kenya. However, this area suffers from drought
two or three times a decade, and erratic rainfall pattern
affects the crop yield (Hirose, 1988).

Farmers conduct agriculture under rain-fed condition
and harvest twice a year except for a few farmers who have
access to irrigation water, as described later. Their main
crops are maize, beans, banana (plantain), yams, cassava,
millet, sorghum, vegetables, coffee, and tea. As mentioned
in Introduction, upland rice had never been grown in this
area until the recent introduction of NERICA. However,
there are a few farmers who grow rice in rain-fed low-
land probably influenced by the large irrigated rice field
in Mwea located 25 km south of Embu. The Mwea irri-
gation scheme is the largest irrigation scheme in Kenya
(7,860 ha) and produces about 50% of Kenya’s total rice
production according to Kenya’s Ministry of Agriculture
(2012). The influence of Mwea irrigation scheme may
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Fig. 2. Mean monthly rainfall and mean minimum, average
and maximum temperatures (°C) in Embu.

be either positive or negative for upland rice production
in the Kenyan central highlands: positive effects may be
(1) upland farmers have ever seen rice growing at Mwea
site and (ii) rice milling facilities are available around
Mwea; but negative effects may be (i) upland farmers may
consider that they cannot grow rice since rice grows only
under irrigated condition and (ii) upland rice may not be
competitive with lowland rice produced in Mwea in terms
of productivity and quality.

Unlike the large-scale irrigation scheme in Mwea for
lowland rice production, there are a number of small-scale
irrigation schemes that distribute water in the streams to the
upland plots of member farmers through pipes by gravity
in Embu county.! In order to study the role of such small-
scale, supplemental irrigation on the adoption of NERICA,

we visited as many irrigation schemes listed by local agri-
cultural offices as possible and interviewed the presidents
and other responsible members in November 2011. Then,
based on the information obtained by the interviews, we
selected 4 irrigation schemes that showed general inter-
est in growing upland rice. Then, in January and February
2012 we offered NERICA seed at 100 Ksh/kg (equivalent
to 1.24 USD/kg as of February 2012) to the members of
the selected 4 irrigation schemes taking the occasion of
their member meetings.? Based on the results of NERICA
seed sales, we randomly selected 20 member farmers who
purchased NERICA seed and another 20 member farm-
ers who did not purchased NERICA seed from each of
the selected irrigation schemes. In addition, we randomly
selected 20 non-member farmers from the command area
of each irrigation scheme. Thus, the number of sample
farmers amounts to 240, among which 80 members who
purchased NERICA seed, 80 members who did not pur-
chase NERICA seed, and 80 non-members living in the
neighborhood. We conducted a household survey includ-
ing questions about the knowledge and experience of rice
production over the 240 sample farmers in March 2012.?

3. Irrigation schemes in the central
highlands

In our study area, most farmers produce crops under
rain-fed condition. But some farmers have access to ir-
rigation systems to supplement water in cases of shortage
particularly in the dry season (Photo 1). There are several

Photo 1. A sprinkler irrigation system to supplement water to farmer’s fields in Embu (left), and NERICA

seedlings grown under irrigated conditions (right).

' A small-scale irrigation scheme in the study site refers to a set of irrigation facilities and a farmers’ group managing the facilities.
Since an irrigation scheme includes a farmers’ group, scheme members and group members are used interchangeably in this paper.

2 We purchased “NERICA 4” seed from Mwea Irrigation Agricultural Development (MIAD) Centre in Mwea. They multiplied
NERICA seed under irrigated condition to supply to farmers in the irrigation scheme. The seed were not certified because when we
purchased the seed in February 2012, Kenya had not yet had a seed certification system for rice. Since our purchase price was about
75 Ksh/kg, our sales price of 100 Ksh/kg is considered to be closed to the market price that takes account of transportation cost.

* Due to some missing information, we use 157 member households and 76 non-member households in the following analyses.

JIS™
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ways to get water. Some farmers use private ponds con-
structed by themselves to store water and culture fish.
Other farmers who live close to river fetch water from the
river to water their fields. But being a member of an irriga-
tion scheme is the most popular way to access irrigation
water in this area. The irrigation schemes are organized
and managed by farmers’ groups to provide river water to
the members through pipes.

3.1 The history

Since our study site is located on the foot of Mount
Kenya, streams from the mountain usually have a plenty
of water throughout a year. But only a few farmers could
fetch water for crop production. Thus, in order to construct
water distribution system from the river, farmers formed
farmers groups called Self Help Group (SHG) during
the 1990s, and registered under the Ministry of Gender,
Sports, Culture and Social Services.

But a SHG was too small to collect enough money to
install irrigation facilities, and hence they increased the
number of members and finally formed a bigger organi-
zation, or an irrigation scheme (i.e., a group of farmers
sharing irrigation facilities),* to be eligible to receive a
financial assistance from donors.> As shown in Table 1,
the number of members of sample irrigation schemes is
between 200 and 400, which is much larger than a stan-
dard size of SHG (20-30 members). For the construction
of irrigation facilities, each irrigation scheme got financial
assistance from a different donor as shown in Table 1. As
a result, the financing condition varies: Some received a
grant, but others received a combination of loan and grant.

3.2 Fee and maintenance

Farmers must pay membership fee once when he/she
becomes a member and maintenance fee each month. The
membership fee does not differ much among the 4 groups
as shown in Table 1.

The members pay a fixed amount to the irrigation
schemes every month as a maintenance fee. The monthly
payment varies as shown in Table 1, depending on the
amount of loan and interest, since the maintenance fee
is not only used for maintenance of the facilities but also
allotted for loan and interest payments of the irrigation
schemes. The irrigation schemes hire plumbers to maintain
the piping system. If any accessory is stolen or damaged,
the farmer who uses it is liable for the expense.

Although the gravity irrigation from rivers is cheaper
than large irrigation systems that require dam and/or
pump, the membership and monthly payment seem to limit
the members to relatively wealthy farmers. However, its
implication on poverty alleviation and income distribution
is beyond the scope of this paper (for example, Burney and
Naylor, 2012).

3.3 Water use regulations

The irrigation schemes set some rules to avoid water
shortage. With respect to the watering methods, only sprin-
klers and dripping are permitted, and the use of drip irriga-
tion is recommended. But actually, the farmers use other
methods also. It does not come from farmers’ ignorance of
the rule, but rather they choose the best way depending on
crops. For example, they use spot irrigation for bananas
because bananas are sparsely planted. The sprinkler is said
to be effective in spreading water widely, especially for
french beans.

As for field size, each member is allowed to irrigate only
one acre field (0.4 ha) for one membership even if he/she
has bigger fields. As shown in Tables 2 and 3, average plot
size under irrigation is 1.26 acres and average number of
taps is 1.74. Almost half the sample households have two
taps although some of them have only one acre plot under
irrigation.

There are also restrictions in water use to avoid water
shortage. First, members are not allowed to let non-
members use water. Second, during a water shortage
period, water use is limited. Farmers can irrigate only two
or three days per week and are encouraged to use private
ponds/reservoirs to avoid water shortage. Although this
paper does not deal with water allocation problem among
the members, it is always an important issue with any
collective irrigation systems (Burney and Naylor, 2012;
D’Exelle et al., 2012).

3.4 Penalty

If a member violates the rules/regulations, penalties
will be applied. In case where a member fails to pay
maintenance fee, his/her pipe will be disconnected, and
eventually he/she will have to withdraw from the irrigation
scheme. Then a new member will be placed to the vacant
position once he/she pays membership fee.

If a farmer shares his water with a non-member or ex-
pands his/her fields over one acre, he/she will be charged a

* Trrigation schemes are different organizations from SHGs. SHGs still exist in the study site and some farmers belong to an irriga-

tion scheme and one or several SHGs.

° In the case of GTZ-funded “Smallholder Irrigation Program,” a farmers’ group must pay an up-front contribution of 10% of total

finance (loan and grant) before receiving the loan. In addition, the farmers’ group must be registered as a cooperative society with a

legal personality to receive the loan.
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Table 1. Finance and management of irrigation schemes in Embu district

Irrigation scheme Group A Group B Group C Group D

Year of establishment 1992 2005 2003 1998

Number of members 300 255 378 220

Year financed 2002-2006 2008 2009 unknown

Donor Plan International ~ Deutsche Gesellschaft Deutsche Gesellschaft International Fund for
fiir Technische fiir Technische Agricultural Development
Zusammenarbeit (GTZ) Zusammenarbeit (GTZ)  (IFAD)

Grant (M. Ksh) 29 31 30! 18

Loan (M. Ksh) 0 312 30? 0

Membership fee (Ksh) 2,000 2,200 1,050 1,100

Maintenance fee (Ksh) 5,000 only once 500 per month 50 per month 200 per month

Maintenance Group members  Consigned to an outside Group members Hiring plumbers from
company outside
Penalties for misuse of None 10,000 fine and 50,000 fine 1,000 fine

disconnection
(500 for reconnection)

water (Ksh)

! Before receiving the fund from GTZ, the group received 3 million Ksh from Constituency Development Fund (CDF) in 2005.

2The loan carries interest.

Table 2. Plot size among members

Plot size in acres Frequency Percent
0.25 6 4.2
0.5 9 6.3
1 87 61.3
1.5 2 1.4
2 34 239
2.5 1 0.7
3 1 0.7
4 1 0.7
5 0 0
6 1 0.7

Total 142 100

Mean (SD) 1.26 (0.71)

fine and his/her pipe will be disconnected.

3.5 Crop production under irrigated conditions

The size of irrigated plot held by sample households
belonging to an irrigation scheme is distributed from 0.25
to 6 acres (Table 2). Although the distribution seems to
be wide, about 60% of members have 1 acre of irrigated
plot, and the average size is 1.26 acres. As for the number
of taps for irrigation, most farmers have one or two taps
and only 10% of sample households have more than 2 taps
(Table 3). Thus, in general, their plot under irrigation is not
so large and it will be impossible for most of them to grow
NERICA on a large scale, for example 1 acre, unless they
are sure of its success.

Although the size is small, their use of irrigated plot is

Table 3. Number of taps among members

Freq. Percent

1 59 42.1

2 66 47.1

3 11 7.9

4 1.4

5 0 0

6 2 1.4
Total 140 100
Mean (SD) 1.74 (0.85)

quite diversified. As shown in Fig. 3, maize and banana,
staple foods in this area, are the most popular crops (more
than 40% of farmers grow one of or both of them), but
a lot of different types of vegetables such as beans, kale
(sukuma wiki), and french beans are also grown under
irrigated conditions. It is interesting to notice that 7.5%
of farmers grew rice including NERICA using the irriga-
tion systems in either long or short rainy season of 2011.
Probably because the irrigation schemes had rice growers
even before our intervention, some members already had
information about upland rice and some of them already
had seen it growing under upland conditions as discussed
in the next section.

4. Adoption of NERICA

4.1 Sales of NERICA seed
We sold NERICA seed to the members of the selected
4 irrigation schemes. Among the 80 member farmers who
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Fig. 3. Crops member farmers grew on their irrigated plots
in 2011.

purchased or received NERICA seed before the planting
season in 2012, 67 farmers purchased from Jomo Kenyatta
University of Agriculture and Technology (JKUAT) as
shown in Table 4 (55 farmers purchased directly from
JKUAT staff and 12 farmers purchased indirectly through
an irrigation scheme). We expected that all the farmers had
purchased NERICA seed from JKUAT, but some farm-
ers purchased or received the seed from other sources as
shown in Table 4. The seed received from Agricultural
Office or Kenya Agricultural Research Institute (KARI) is
the evidence that Ministry of Agriculture started NERICA
dissemination in Embu county in 2012, which was unex-
pected for us. In such cases, farmers received the NERICA
seed free. As for non-members, on the other hand, only 4
out of 80 farmers purchased NERICA seed in 2012.

Out of the 67 farmers who purchased NERICA seed
from JKUAT, 64 farmers reported the amount of seed pur-
chased. 42 farmers purchased only 1 kg of the seed (Table
5). And hence, the average amount is 1.14 kg, slightly
above 1 kg.® Because standard seeding rate for NERICA is
20 kg/acre, 1 kg is only for 0.05 acre (or 0.02 ha) of land.

Table 4. Sources of NERICA seed among members!

Sources Number of Farmers
JKUAT? 55
Irrigation scheme 12
Agricultural office 8
KARI? 1
Farmers group 2
Other farmer 1
Market 1
Total 80

! Total number of member farmers who specified the
sources of NERICA seed is 75. But since 5 farmers
obtained the seed from two sources, total number of
seed sources amount to 80.

2 Jomo-Kenyatta University of Agriculture and
Technology.

3 Kenya Agricultural Research Institute.

Table 5. Results of NERICA seed sales from

JKUAT!
Amount (kg) Number of Famers
0.5 12
1 42
2 7
3 2
4 0
5 1
unknown 3
Total 67
Mean (kg) 1.14

'As shown in Table 4, 67 member farmers
purchased NERICA seed from JKUAT (55 cases
are directly from JKUAT staff and 12 cases are
indirectly through irrigation schemes).

As shown in Table 2, since most members have 1 or 2 acres
of irrigated field, the land allocation to NERICA implies
that it is just a small scale trial for most of the farmers. On
the other hand, farmers received 1.75 kg of NERICA seed
on average if they receive it free from KARI.

4.2 Who obtained NERICA seed?

Among the 157 sample farmers belonging to an irriga-
tion scheme, 75 farmers purchased or received NERICA
seed and 82 farmers did not, as described above. Now the
question is whether the two groups of farmers are different.

In terms of the size of irrigated plot and the number of
taps, those who obtained NERICA seed have a larger ir-

® The direct selling price and the indirect selling price of NERICA seed are the same (100 Ksh/kg) and hence the amount purchased

does not differ much on average.
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Table 6. Irrigation and obtaining NERICA seed among members'

Farmers who obtained ~ Farmers who did not Significance
NERICA obtain NERICA level
Size of Irrigated Plot (acres)? 1.35(0.85) 1.18 (0.51)
Number of taps? 1.93 (0.99) 1.53 (0.63) 1%

! Means and standard deviations (in parentheses) are presented.
2 The same data used for Table 2.
3 The same data used for Table 3.

Table 7. Having heard about upland rice that were released recently?

Purchased or received

NERICA seed
Yes! No Total?
Having heard Yes 72 48 120
about Upland Rice No 1 32 33
unknown 2 2 4
Total® 75 82 157

! Total number of member farmers who purchased/received NERICA seed

from any sources is 75 as shown in Footnote 1 of Table 5.

2 Total number of member farmers whose data are used for the analyses in this

paper is 157 as described in Section 2.

Table 8. Having seen rice growing on upland?

Purchased or received

NERICA seed
Yes! No Total?
Having seen Yes 59 23 82
Upland Rice No 14 56 70
missing 2 3 5
Total? 75 82 157

! Total number of member farmers who purchased/received NERICA seed
from any sources is 75 as shown in Footnote 1 of Table 5.

2 Total number of member farmers whose data are used for the analyses in this
paper is 157 as described in Section 2.

rigated plot and more number of taps on average, as shown
in Table 6. In fact, all the farmers whose plot size is above
2 acres and all the farmers who have more than 3 taps ob-
tained NERICA seed. However, the difference is statisti-
cally significant only for the number of taps. Thus, having
enough irrigation facilities seems to be an important factor
to grow NERICA rather than the size of irrigated plot.
Tables 7 and 8 compare the knowledge about NERICA
between farmers who obtained NERICA seed and farmers
who did not. Tables 7 and 8 provide the knowledge about
upland rice including NERICA, based on the questions
“Have you ever heard about upland rice that has been
released recently?” and “Have you ever seen rice grow-
ing under upland conditions?” respectively. Both tables
show farmers who obtained NERICA seed tend to have

more knowledge about upland rice. Their knowledge rates
are statistically significantly higher than farmers who
did not obtained NERICA seed at 1% significance level.
Therefore, knowledge is also an important factor for farm-
ers with irrigation to try NERICA. Although the analysis
above can tell neither which knowledge nor what kind of
information really matters, considering that upland rice is
a new crop in the study site, knowing that such a crop ex-
ists seems to make farmers interested in it.

4.3 The role of irrigation scheme

As shown above, within irrigation schemes, knowledge
is important for adopting NERICA. In this section we
compare the members and non-members in terms of the
knowledge of NERICA. Table 9 shows that 78.4% of the
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Table 9. Knowledge of and interest in upland rice

All the Members Members not Non-Members Total
(N=153) purchasing NERICA (N=76) (N=229)
(N=82)

Having heard about an upland rice that 120 (78.4%) 48 (58.5%) 16 (21.1%) 136 (59.4%)
has been released recently
Having seen rice growing on upland 82 (54.0%) 23 (28.0%) 5 (6.6%) 87 (38.0%)

Table 10. How did you know about NERICA for the first time?

Information sources Members Non-members Total

SHG member 9 (8.2%) 2 (18.2%) 11 (9.1%)

Irrigation scheme member 93 (84.6%) 2 (18.2%) 95 (78.5%)

Neighboring farmer, but neither 0 (0%) 4 (36.4%) 4 (3.3%)

SHG nor irrigation scheme member

Member of the same church 1(0.9%) 2 (18.2%) 3 (2.5%)

Government extension officer 1(0.9%) 1(9.1%) 2 (1.7%)

Relative 3 (2.7%) 0 (0%) 3 (2.5%)

Radio 1 (0.9%) 0 (0%) 1 (0.8%)

Other 2 (1.2%) 0 (0%) 2 (1.7%)

Total number of farmers who

know NERICA 110 11 121

members have heard about upland rice and 54.0% of the
members have actually seen it, while only 21.1% of non-
members have heard about it and 6.6% of non-members
have seen it. As described in section 2, the 4 irrigation
schemes we selected for our NERICA dissemination study
are those had expressed general interest in growing upland
rice, the better knowledge among the members may not be
generalized for all the irrigation schemes. However, even
if we use the members who did not purchase NERICA
seed, the figures are still much higher than non-members.
Thus, we could expect that the irrigation scheme members
are likely to have better knowledge about upland rice than
non-members. It implies that the two groups might have a
different information source about new technology even
though they live in the same area.

Table 10 shows how the farmers first heard about
NERICA. Over 84% of the members obtained information
through the members of irrigation scheme or SHG. Inter-
estingly, 36% of non-members also obtained information
through neighboring farmers, but they are neither SHG
members nor irrigation scheme members. On the other
hand, government extension officers and public media
like radio are not popular sources of information among
farmers. However, it does not necessarily mean that they
have little role in information dissemination to farmers.
Government extension officers tend to contact with only
leaders of farmers’ groups, hoping that the information
should be transferred to member farmers. In the case of

radio also, it may be only innovative farmers who catch
new information from the radio, but they will transfer the
information to other members. Therefore, in the case of
NERICA information, we still do not know the exact role
of government extension officers and radio. However, it is
clear that irrigation scheme has a significant role in infor-
mation dissemination.

5. Conclusions

In this paper, we focus on the role of irrigation schemes
in NERICA dissemination in the central highlands in Ke-
nya. It may be obvious that since farmers who can access
to supplemental irrigation water would be able to reduce
the risk of the crop failure, they are more willing to grow
NERICA.

However, the role of irrigation schemes is not only to
supply water during the water shortage period, but also to
provide place for social learning to the members to com-
munity. By social learning in a community of the irrigation
scheme they belong to, farmers might be able to minimize
the risk of crop failure caused by insufficient information
about a new crop. This may be another reason why mem-
bers have more information and are more active to adopt a
new crop like NERICA.

In order to be a member of an irrigation scheme, farmers
have to pay intimal membership fee and monthly mainte-
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nance fee. It means that only relatively wealthy farmers can
have benefit from the irrigation water and the information
shared among the members. Information may be spilled-
over from the members somehow, but the presence of an
irrigation scheme is critically important if upland rice is
steadily produced. In this sense, irrigation schemes could
be good targets of NERICA dissemination. In other words,
promoting affordable small-scale irrigation facilities man-
aged by a farmers’ group can be an effective strategy to
disseminate NERICA widely in the central highlands in
Kenya.
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ABSTRACT. Bangladesh has achieved a big growth of agricultural production highly depending on chemical fertilizers and
pesticides in the last few decades. Recently the demand for chemical-free agriculture products has increased among the health
conscious people in the country. It is considered that this tendency of health consciousness might be an opportunity for the
rural farmers to break away from their poverty if they could grow and supply chemical-free agricultural products. Most of
the farmers in Bangladesh belong to BOP (Base of the Pyramid, the largest but poorest economic group in the world) layer.
Considering the above situation, Kyushu University has proposed and initiated a grass-roots project, “Income Generation
Project for Farmers using ICT (IGPF)” with the financial assistance from JICA (Japan International Corporation Agency).
The project aims to generate income for BOP farmers in rural Bangladesh by using ICT as information management tools
for “semi-organic” farming. By “semi-organic” farming, we mean to use no/minimum amount of chemicals in the farming
process. In this article, we introduce our experience and knowledge gathered from the project and share the possibility of
advanced agricultural activities by using ICT in Bangladesh.
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19 | How to power on a computer, How they indentify power switch

How to use mouse, Tell about button, Which button is for why ?

Discussion about Internet

How go to internet + Manual

How to use Google for Search

May |16 Revise all class Task again

How to use Skype

Farmer trial use Skype by own + Call Office

20114E 227 G A T—=NWHDICT + L—= " 7l
2T N—FFE2 AT L v v =TS

G FFEIET 7)) r—=3 3 » (IGPF C2D)

IGPF C2D (Click to Dial) 1. ik ¢ IGPF e-agriculture
DO—FE L THEE SN, BERIEFHE D web Br1E21)
THWEFGICL 2 WFELWRICTLE2DDOTH S, A
W Z2FHB & LTk, FIHHZEDIGPF e-agriculture (248
RENTVDREYEA X HET 256, TRBAA
2HEpPur A4 LEREED LS EAEE 7Yy s
52 EICEoT, WRBAMER L EEREOEE
AR EERTL I LK D REFEITH T L EHEC
T 5, TNETHOIGPF Tl 2N, IGPF R % »
THRBRFICHBERERZ T LA OAA L7,

DED52o07 7Y r—yari2k b, IGPFEF IV
BROBFNEZHETHZ L ICMA, IGPFEF IV
K — IGPF IR E - I EMARGLE MO HILA B X
OS2 338 L 72,

[BRICXBICTT 7 r— a3 Y Fi)

Ty y—mfEt LCHido7 7)) r—yar%
FHLEIA—F=y 7 \ERERE - WMe LT
DIZIE, ETFNVERYEHLHET  Ea—F—IlHT 5
MikzFH, ICT7 7)) r—a v e ) oo %238
BT LUEND D, &2 TIGPF Tld. FERIHLE,

ETNVHA NCHEHET AT 7 =2 A NVFRL—F —% G
Bl L2BRICTHBZ 7L X v ¥ —CEMINICHEN
L7z (RABH), COICTHHMBICE L CTid, FERH
BHRIE, FEALEDEFIVERPICTICMNL Z &S
DT Thorzlzd, & PRE FE2RWRK S WIS,
OB Z ERLIZON T, FFICEVETIVERN
AV E2—F—BXWICTT7 7Y 7r—3 3 v FIAIICHR
ERBHIEDT, KAITRT LI METVHA FED,
Fhehor 7)) r—ya v AR —2 5k
SN TNDEZEDH, BRICTHHMESERITH L
HOLMREDOWER G2 2L, TLEYF—h5
BONLEREFD I L CRFFHZERL LS 2
%o

F72, Skypell X B Ebgii DI I 2= Fr—2a I
M3 205 %17 > 72 DI, HEBOETFVERS T L
try—%Eih, YU NEEAY 7 EDSkypell kb
322 —Yarxtb L)ootz 20124E3 HLL
FElE, ZoDFTF VYA FERRELIC X 5 Skype 2 &
5 RREEREAR S ENICHEL. T IVER
Fl LAt I A=A =y 7 B3R b 5 8B X O
RIZOWTHBMICE R ZIT 5720 2 D Skype (2
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. N/ \ / \ pexc

= DN
(= -]
\\

EFNVEZT LR F IR

L

104 ]
117
127

20104 20114F

M4 EFNVERIZIBIGPFT 7)) r— 3 AT EIBOHR

IY 5 A T— VK TOICTHHE

EH4

iy

MR E TN A5 v 71T XD Skype
(=7 9 A TF—IVH)

3B BRREOEM D 5. Skype D X 9 12 5a @ HUI A7 AE
FTOMPEHENICHZ 52 EHNTE S & MRS
NTELY—VIE, DI lr—2aryz2F
WCRYICT AN 7S Fva N2 ->T, REBEKD
HBHICTYV—=NVD—DTHbEfilz b, TOMT, ICT
FHVEB I I 2= =Y a ik, N T ITT VA
BRI LE K oWtz T e E 2 6N 5,

I @ T T I T 0 0 0
— AN M <H L O D~ 00

XM T KKK KK KKK KKK K
20124F

R ICT Wi a7+

V== TR TOICTHHE
GEFEHI D ERRO O, Bk L—= v 7% %)

Skype 12 & % BEHAMHES
(v y==7H)
BBE5 RBRICXDSkype I Ia=r—a vl

Q) EZA—HZVIOBHERE - Bi5t

[t 3 F—F = 7 WA i e I ]

IGPF Tld. Bkt I +—F=v 7 BEA %
BEIGLLOOFEBITY—MIZE), BRO
Al a Hig L7zo 20134E3 ] £ TORabi =B L O
Karif-1 ~ oI 3, Boekiiks X 09 LM%
5127 T, Rabi ZICoWTid, MUBHEZEREL
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&5 UHEEFSR, WOTHER B & U5E kg

7275, Karif-1 12D W TIEE W TA ISR L7247
FIEHE TR L hotze * 7 FHEERMOI
iz, E—WIZBWTETIVY A P ZHIIZBWTH
RFvEY A 7 714V A (Watermelon mosaic virus) 7%
BIHEL, AL 7 94 VAW Z o747 ST %
FHLZZCHEL S TEEEZD T b/l 81l 5,
%3, IGPF X 3 F—F =y 7 B AR5 M1
1%, BSMRAU 3 & " BARI THFZEBA%E & 72 & Hif s
Vi D 5T 2 R L 720

WFEREEIZ oW T, sy A EEOH AN
B X O — b F—BRE T 2 ARGEL L O
EFNVHA MEBOT—H N <—4y N TORTEAH L
Tholzo ZOU—H V<=4 v b TOWIEIX, EF NV
FA NELTOIGPF HELB O JH M & HHlE TR
ROEHRZHME LT To7205% a—h <=2 MiC
BIFBWMEDPHBE T VERERIIO LD o/ &1
Mz, BHiees 5 27—V <Tid, IGPFEIF—F=v
TBREOERPANDTTIHFH LY, FFICHEHE LT
Wi OB ESCHEEICE DN, WERAGA S A 1 il
BEYEHEICREr—Ab % Botze B TIE,
FoyhHiNDOL A+ T v B XM e-commerce 55
DB ERD LIze TOME, HE WD
Fe 0 TR R RIBIAET 2 S IR L 72,

[ 5eTmc 3B ) % AEE]
DEDXHic, 7uvyzy bosEfTE & 112, IGPF
A M USRI LERAEMET S L2 EBITE
A5 MR B & FEEE L 7288 T o2 0 3 b iR
T&77o UTIZ, ER=Z200FEIZOWTRT,
—oOHIZ [KOEE (K7 - Wik & of0sk
L] Z2&THbH, IGPF TiE, “HUBODRERK T

Vo= TR | =y 5 RS =k
HHE e bl I HE U7 By 3 72 RTERR w5 b e | BT .
gor) | REEC| Ty | BERH
AR - R - _
g 2OFUA oy o5y | [ Local Market 37,325 11| 10,175 9
-1141H HRF ¥ - fE AR T
AR - F Y . cLANTV
LE | BIH ?;SEH r<heBYTFU—- | «e-commerce 53, 299 14| 48,970 15
BRF ¥ « Local Market
AN - Fp Y CLARNTV
FH=H ??éif;ﬁﬂ Fr~b - HVT7T7TU—- * e—commerce 52, 995 18| 74,202 15
HRF ¥ + Local Market
- N » Local Market
3 ﬁgﬁwq f?i%j_jé;;ﬁ - e—commerce (RREREA) | 18,775 12| 9,685 15
RPN T
HiE
o ) S LRARTY
g . | %(;IHZESH i;ﬁ . j;;;{ f;i:?mﬁﬁiet 28, 009 18| 57,925 15

BZHICBRE LT — b 4~5fHot I 47
v BERERE LD, KEAED X OER % 8
L 72 B SRR A5 L o7 SO RTL REMICHE
A2 KD B ROABEE LD ==y F 5 LN
TETHHEESOmE T L7z,

ZOHIE [JEETIGPF I A —F =y 7 BHEOKE
SUREEZTE-NVTE W[ ETHL, TG, B—
AN<—2 v b TOWRIEB & e-commerce THHF5E T
KERL7Z2ZETHED, Ny 7o T7Fvanoua— Vg
Fx—rv TR ZOHBRIIE L 72530588
IZHIBE SN D, T OFIEE S NHFRITIE, 2l HAT
BEHELFEBICHBEINTBY), £IF—H=v7”
BETHHZLAEEELTHIELZZELTH, Thz
FET B IR R T STH BB O OEEE L 2 &
F 7 L R MRATARER B SR I A & R E L
72IGPF X I A==y 7 BEDPTHNIRD L) r—2R
b dHolz.

% 72, e-commerce Tl WITHHK L 72 e-commerce
KA & e T 5 S TH o2 72O BT R
BRI L CTHTEEND 2 Lid e horzds, M
RRBEE FRICTE SN D 20, IGPFMBE DY I +—
How 7 BELLTDL Y87 NI AL ENTE
Rhoiz,

=Z=0HB ¥y h~OBERiEEORMME] Th b, 5Kl
AT IRBOTZLWANY T FF L2 2B VT,
PRIk 72 28 % B K ONRATEEE I O B 720 Lk 12
AR AL Ek BRI B 55 AR LIS HE
Lol FZZ T AT —NHh 5 OFHEIZOVTIE,
ETNHTA MO FyHIZEL T mahh & Bt
fitd & ik N7 v 7 2R L 726~ 7R O ik % 58
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TEATIIGBF3E & 4 L CB5E S 5 IGPF BF3¢
(Vr==7#H)

Special Winter Products

First time in Bangladesh grab your pro

. ‘ \
resh Py rvatives iree Vegetab
from Narsingdi farmers

1. Lau (1.5kg) =34%,

2.Sheem 2 kg= 50%.

3. Begun 1kg =25%

4_Phulkopi 2 Pieces=26%

Organic fish from Mongla gha
fisherman

1. Tangra (1.5kg) =420%

2. Golda (Lobster) 1.5 kg= 1695%
3. Tilapia 1.5kg =380%

AR & —H W 5E X LB ZEit e-commerce

BEE6 FEWGEmE & Zite-commerce ¥ 1 b

WHNB 72D, FRICEHIME OB W TIE, ik
DL LSBT B2 DS h oz,

P ED3 IOV T, 4O IGPFHEHEN/ A Ty
FRETH-ZZLITMA. BROFFH EEZ BiEL
7200, HEOERPICTIZL A EIF—H=v Y
WM OER ThHholz7z0Il2, I F—F=v 7 H
FWEEIE DM THRFICH 722 £I2E D, IGPFD
RELGHHEHE L TR EINZEEZEZDOND, LALEDD,
INHOREEZ OO b, WEMIEIE IR = R
BICMIEETWE I LAEET L L, MRO=mEE
ok 4 72 UGB TENC BT 5 AR ICHRIE I ICHL ) Ml 2 &
ATENIE, 5128 LIF2MIET I e TRETDH
D, BOPHEEROEARBIIIKE { HBTE % & Hife
T& 5,

5. 8 : BOPEEZEDOMaEMY

(1) ICT [C& % BOP BRRDBEEERMTE LDOTEEE
IGPE TN Y 757V 2llBIF 5200 F VA
fOTLEYZ—IZBWT, ICTZHVWTEI A=
= 7 WRAE RN AT A 2 LI X ) BOPEEK
Bl I A==y 7 HEAERNEEGTLI L, £
72, BEINAEIF—FT oy /7 BEEHTEEEL S
LX) BOPBRROFGEN L35I 2 HEL
LTC&7 IGPERICT 2t I A —H=v 7 HED LM
HitoBEB LN EoYy—LE UTHM L#HIL,
ICT2FIHTELTF LYY Y=Y T IFF Y2 FHN
WIS R LTWEIEThHb, TLEYF—D
R HMB LRS- 210V TIZ S S K
bbb, BEELREZHWE L 0IZIEEA
ELVOPBIRTH 5.

MROFEY . NY 7 S5FvapfBmERTHL LI

2 ERDO#) 70% AR IR DL  DREKABOP
JECThHrBREEZET S L. RENRERMTEXS T
Lt ¥ —0OBOPEERICHT2EBIIEFIIRE N
L#Ez2 5N 5, SIIGPF Tl MHEICHEELZZ52D
BEERT 7)) r—va v I2X ) EFIVERO B
BB X OCAEEY OWGETEE) &2 K — T L7225 K412
R T Ly =00 BEPEREFA L2025
LWL R L DI, FHEOEFTIENT T r—T 3
SHHEHEAEMLCTBY . ETFVERNICTT 7Y
F—arOFfEEEZEB L2 2T BEEHICAH
WY —NVELTHHLBDZ L[R5, 2O
Fid. HEMICICTAHICHE D 2% 1T > T & 7o4
RTHoHLEEZOND, ICT &N 72 AT BB
2B N7-BOPREEE A, IGPFIZ X 205 % 1) 72
%I, EOXHICICTZHFE LA LT L% D
PAREHIRENE ZATEHo72 BROFFH
BAHC L Rpoialoo, g LT 2HE R K 2 ik 5
TIEHTEL, FITAWRDTOEFREO MG
L INSOFEFREVDERMBRIERT 7Y r—va
COMMBERBADLIE L HoTze BHTEFEMNICT
RS 2 R E DS W RICIE. T CICH O E
MEHWTA VI =AY M7 Z7EALTWAZ LN
BIFONDB, N7 IFFvallBWThH, EHERIN
A =%y P H—UEAPER - ZELTED., LK
W2l 2 B RG5O T4 Y ¥ —% v MIT 7L A
FTHIENTEL, ZOZEDNLY, L) IS EE
RIS T 7)) r—va v A RETEIR ICTICL S
REBACIROWMREEDL H T V. BOPREOATGKED
MECES TSNS,

(2) BOPBIC kB &= A—H = w o BB I aEE
HHES Nk I F—H =y 7 BT L B EHERA L%
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HiE3 7201213, BRIEHY (2B 3R o il I 5T % it L
HEERTDUEND L. 5O IGPF E M M2 B
Wi, BidoE B0, [ROBEZEOES [ I +—7
=y 7 \BEOTE- [BRL | Lol IF—F=y
7 B3l - BT ICE b AME AL 2. TS OH
Ik, v I A—F=v 7 BEOLME, Wb X OHGE
\2 X % BOPJE BRI+ Loz HIg3 72012,
RAIHRELRTNER LR WIERETH 5,

9. [KROBEOES] I2oVWTiE, EFVHA b
BIUOEFIWVEREEHS LT, BEAEEL N LS
FHRVRVELVWHETHL LEZONL, ARNE
AR EOFEE LTk, NI ENICH
W RLZET VA P EFESE, J8EL X
O ERREEZ T2, £/20 T
VYA roLoE, Lo R r—v, BERRERS
% Z 8 U CAE M B SERRE Rl 2 E I L RIS RIS
PODOTFENFHWIFEL B@ENETE HRELHIET
&, Uho2ma B THHEEZ B

EFNVHA PEBAELZIEL I LIZOVWTIE, 4
IGPF37 Lt vy —%ftris LT, BFEEHRT 7Y
r—a kD AEEB XOCREEE Y A—-FTE 7
ZENL, FTFLEYI—IZT T =y a YAHICH
bhFRL—F—%FHE IG5 LN TEIE, FIfE
BrECT Ly =2 e LTRREZED, £3
F—=A =y 7 WA MY MG LB TEDEE LD,
F 72, WAENHEOBREIZOWTIE, WdRo@EY, N
777V TR AERRICMA, EETTE
QAR THLZ LD, EFNVHA Mo E
RITBEE? S OFREE ZR L3I L) T

B EEDVRRIC LD LEZ b,

WIS IF—=H =y 7EHEDOT E— IZDOWTIE,
MDA RERF 3 L 2L XY . A ERF AR A - Rl
ThoHI LI L HERE L THAT 2 UEN DL

T4, BEOEPLICOWTIE, BiRo@EY N 7
T aDWEEMOBME L U THEERNICIFEEZ X
MNT DI EeDnBnIENnL, MEHOHERBEIL— 2
FEPR S5 2 LSRR L 22 A5, MEDNV— b THEML
TEWEICHRL, EEBZTRER LSy r—Y v 7
AL S LICX ), MoEERELE DRIl
ARNDLEZD, Tl BE - BLDOFEFEITONT
& BREOAEEERBERPEETH L EEZ DL, HIKE
HTNY T S9Fv21l2B0WTiE,. HARDJASIZH YT
BEEMERNRE LBERTA P T4 h 5wl L
M5, IGPF AR LZICT 7 7)) r—>a v &4 L <,
HERAMIAEEE R RSS2 2L TEE, B

DEE - FLEEIELHBEAPOORBEEZ/HL Z LI
ODRNHELEBIT, EIF—H=v I/ HFEOILR D
iz o5 2 LR TELLEZOND, TDE
FETE MO BRIZO VT, IGPFEBHIFIZB VT, £
T A MIEEET 2 74—V FA—/8—) N f =7
H % iR 2 17, kA <4 U7z B8 % IGPF
e-agriculture |27 v 7H—FLTWzZ &h b, ZOfE
3 & AR ICTE B B T IS # &2 U L e-commerce &
WS L LITE D, e-commerce 4 FNIZBWT
EEEREBRT A LI TR TH L EER D

BB RS I2on Tk, RN Y 957 v
ENOZEA ~ 7 FZREPRRT 2 2 L I3 LW EE
ZHND DT, EEO KRR O#H% % S BV T
REHBEEEZEZRTINE RS RV, BREMEXEICHT 5
FEORETTFITOWTIE, RS H B X OPRG/8y r—
VHBENTHE L) ICBZEHN. INLDFERIFNY
77TV alBW TR TRWZ EIZMAFH 3 A
DB T EN G, BOPEEROLI ;A —H=v
BP3RAE - BOEORKFIEDTE 22 5 A THHEMW TR W
EEZONL, RBFBEL LT, IGPFHENRM TR
ITEERIITHCY o 72 RIRFEM & T80 r— T 05K
MThDEEZD, BAMRALE LTE, KA b
< M AR CUAMEZMERT 52 L IX ) EEFIC
WS P HHwiE, VIV ROBHEEZNFFO
ETHUOI LI VLR 2 HESE NV 7T
T2 T, B L DS AEb B R O R T
SHBAMENRTVE, TROSDHEICID, W%
HoOLILERIIET 5 & & I a A b roRekin] g7
WREETEBTELEEZEIOLNLD, SHRELLD
FHAM e BGE D LETH 5,

(3) BOP BERDMEME_EDATAEME

T, IGPF2SHEIR L C& 7B r KT L L
TEDOREF R EASIFE TE 2DONITONWTHELET 5,

5%, IGPFZME TV RK D REA L) %217 -
7oRMEAREICE T 2 EHRE. TRERORIZE ST
BoND—ERMOEENAIOW T, 20124F B O FEHK
ZHDEFEOLLDTH D,

T, BHAHICOWTIE, NV T TF Y aTIE,
KR L E LBWEREDPEATHL I LD,
TVEROTHWAHOBWH L hoTWwb, 72,
IR DM Y . BT T IV RR DL Z 1T B0
F115~20% D EMEFH LT I+ ==y 7 BFEA
BEEREELIZZEDRDDI S,

KIZPWAIZDWTIE, 17 F—)V 4720 D REEIA
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EF YA b T TATS—) V=T
N N HH

) IGPFLAS: D 2 3646 PE 2 Hh e IGPFLASN D B 36 A e th [CPFEF 0>

SR A FE P HE AEPERE M
FRM | BRI A B | B

BRI R (ha) 0.31 0.16 0.04 0.42 0.16 0.03
—4EM D BT
(o757 m 5 9) 82, 514 13, 063 63, 124 15, 765
INT Z—=)LHT-Y D
== N 172, 831 359, 846 109, 029 456, 680
AV AR EY. &)

H5 E7IVRROVI MR & FI9E A

AT 5 e, EITREEECHRZ S FA TV T
R 2M5, V=T TR ARG O RERA Z 1555 %
Elrolze TOTENS, BIF—H v WA ER
WAEMRLTZLICLY S5 NANMSHRETE S
TEWbhb, 72720, WERD D VITARWE I
FTHVAZITA=V AV NOBENIS. BROBFHE
PEREMD 0% FHEE FRE LTI A —F =y 7 B3R
RIS ENF L VWEE R D, B, T FAT—
VBEOY == 7 M TOMRMEROEN I, D
LT &M ENZLDTHEEEZ SN, BET
WM HICHERELWETEDY =T O K
BB TH B 57y A~ O3 2 ik UIE
TELZENFRICBNEEZONL, ZOTED
<=7y MIxHT AR TOFRMEIEZ, N TTTYa
DHE ST, TRTORFEREDB X O [ T [F Ak 1)
L2 enb, A 77 O%li: BOPEER O
M ExHETICHA) BELBETHLLERX 5,

(4) BOP BERRODEFEKEM_ LD EEM

Z 2 Tid. IGPFZIEFNVEZRDIGPE 2SN L 2
HERM B LINAZIME /-2 LI T, 4
DERDOHEFEDBED X HITEA L 72222 T, IGPF
FEHEIAR 0 20134FE4 HI2E&BMETFTVER (=75
AT—=VIGEFE, VT I8EE) 24t LTiTo
7oEER) FEOKREZHLERET %,

72613, IGPF BAALART & #% T (20134E4 HRgRD) T
DETNVERVEETLRBOEB L OZB R —
CADEAIZOWTTE LD DTHS, TTREI
DVWTIE, NI F a0 BRNICBITARER, L
BEORE, by VEORE, MILEOREONEIZ, i

FEASEA TR AT LI 4 5 725, IGPF Bifsmif <. -
BEDD by VREDORBENYSE L2 REDVB LY F AT —
VBLUOY vy==7 b2, b & UEED SR
ANUELLBRENL Y SAT— VT3, Vv T
TR TE e TNODERBREZWEL-ERDT
NTHS IGPFIZBML 722 L2k o TR ZIAIC &
DT B R T2 BZEETIT, RS MY
VREDRBENOYHENKI15,000 7 H. b T UBEH S B
FLEED R B~ DOUHELH 30,000 & #1555,

WICZEERF—Y 2120V T, T oA
AD I, WEZ~DZZ, #HHEREEE~DOZZ O
NELZ 5 fill 7 PRIFRH— A & 70 B o FEHIMEA DAD R,
VIREZTD2EOARTHH72H IGPFHE THEIIZT
RTCOBERD, WEB~NDOZLZU EOERIr—E 2%
ZIAH LI o7z, EHIT, T7 T AT—=IVTHA,
VYT CIEDOBRRD, A EEREEE AN %S
#4719 T TIZE 72,

ULORBOUEL L 2B EHY—E 2D H
5, IGPFIZBINL7-Z L2 EoTEBMETFT VERZN
ZFNBIWAZRMNE S5 LD TEZMER, ANoY
N ECE/Z AR %,

—H. BMETIVRREOEAE, WA»HMLZ
Lo THONBZALZT TR, BEEEF L L
TOHFZFRPH) ML LI B RSN/ LAt
WO ho7ze RTIZ, WA TOSINE TV
BREOEALZODVWTREN DD EF LD 5,

9. BEEREICHEDbLIELE LT, AL
& 2 MO E B X OFIHE ) WO E D
BALICH T BHEDN S holze EFNVERDE LI,
IGPFH#EDIHT b RIFRELZEATETE), 2Ok
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&6 IGPFFIAHI % CORBAE DL L 2B EROEAL

ET AR T T AT =)L Vo= =T
TEEDF R 3 1 2 0
ég L& UBEDFE 11 10 13 13
PRELBE DR R 1 4 3 5
R TOHEHITEAD 7 0 0 2 0
éﬁ WTEHE~DZD 15 10 15 14
B SRR ~ DR 5 1 4

B3 RR R

IGPF & T fliid, 20144E4 A ol

R7 WARDATORFEATFOZEAL

AL 521k

iR OE (HBIERE - fRAKMESE) NEDboT
- WHEMDE NI - Tz

BHEVEFEE L L COEEOEL

RHNEEMERATR S LE L 20, BB OEEREmL -
c RFEAEPER L UTOREANRAETRD Y X LR EDoT

2RI DL

- ILFEW DR,
EF%&L(@774F#%$0K

HEEEMONCRBD NI LITRD,

EEBRLTEAEIBVTLY AR X OB EZ K
BICHAHLCE A2 Lh0, BREGDEEYORE
EIZOWTHEBELDD D, EIb 2 AR5 Tk
BESEBANINT ThHholz. 4l 34EM @ IGPF
EIXBML2Z210E-T, BT BEL AREE
FREICEE L, NWEYORNE L2 LIEHD
UG ONWZ ETIEH AL, Iz, L
O, ERESECRLELDDL o722 LI,
FTRTOETFVREEVPHEAHLEZRNATB), 3T
DETNVREDIGPF & T % S IGPF 232 fit L 72 Rk %
ML CEBRT A EE2EATVS,

WIS, BERFH L L TOAEIEOZEILIZO W TIE,
EATHIE REOL A, WHERDOIEEN o722 &
S, EBMIZEEDAMCLYVINAZELERL S o
72 L22L7%255, IGPF CIZERMofEEE LT, 2
YRR M X DA IR & SR PE (1R 72 R
OHEMGZ K S 7272012, BREICBVTHERE
AR EERFERFHIWEIML 7z SOZ e, EEH
ELTOEFED) X LRWRAN L&A bo7z &l
BT HRENE L ONTz,

—Ji\ AERHA D ZEALIZ DOV TIE, IGPF THAET
LZHEOENPENEDOITT I TELANESL Z LI2X
0. BRI TR O S VERSFOHIC
bV, UKD BIMETVERES S, 14—
Koy s BEAEZ L LTOBVHELH) 280X
AT, Tl EE SV E I ITEEZE LTED
AL L9 LEAATRRL L AL NI,

PEDXHIT, BIMEFIVEEIIGPFIC & 5 ¥
ARG 7> T LT, B ZNESE5 L
LB, BEEREZLLTCOHREEARLTIL FER
D TolzZ &id, FHER THROBA OfkHME L v
Birin o, IGPFHEEORD KRERWRTHo72EHE R
bMd, Tbb, ZMETVERAG»EERL L
THOTI5A4 RaFFo Ly Ilho/zZ bi2 k), FER
THL, IF—H =y /B0l 2% & Sk H 12,
H%t I =A==y 7 BB Lk L CE I
WMtz & LT 5,
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6. 3bHIC

IGPF Tld. BOPRERBERICELIA—F=v 7 HFED4E
PERAN & BT S, RS A APl fE B2 E & LT
W5ed 5212k, BOPREEROEN L, 512
AT AKHEYGEE HIE L 2o 204 EFEMEEB LV
A PEBPSEIGE & BT A Y —v & LT, IGPEAHIC
BELAZICT 7 7)) r—Ya v &ALz

BEM D IGPF OB S, T Ly y—n L L
ICT7 7V —2aryofMick b, BOPREEEH
IF—Hov I BREOEEEMEEGT LI LET
TR THILEFRA b, 20 BHNEBTFLEY S —
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Abstract. Rice production and consumption have been increasing in Tanzania. Since arable land per person is declining
due to rapid population growth, it is important to increase paddy yield by introducing new rice cultivation technologies for
further production increases. With the household level data set collected in three major rice producing regions in Tanzania,
we analyze income and profit of rice cultivation by comparing the adopters and non-adopters of new technologies such as
modern varieties, chemical fertilizer, construction of bunds, leveling of plots, and transplanting. We find that farmers who
adopt bund construction or leveling of plots in rain-fed areas and farmers in irrigated areas achieve positive profit, suggesting
the primary importance of a stable supply of water in rice cultivation. We also find that farmers who adopt modern varieties
and chemical fertilizer in irrigated fields enjoy higher profit than those who do not adopt them. For policy measures, we
recommend an expansion of irrigated area, including the rehabilitation of existing irrigation schemes and promotion of bund

construction and leveling in rain-fed areas.
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(18.9) (1.2) (39.5) (41.4)
FIMATIETH 2 5ICH T 2 t B OFEH 19.2%%* 86.6 60.8%%* 71.2%%%
(BEHEER )
TV 470 43 100 47

WL RO A IS L B KL B, W EIL 1% A BKRETE RS, ** WPt
5% HEKETHL Lo *TEHMEIZ10% A EKRETE LD, [FESIETH 202285 t ED
oW TIE, FEAIETH 2A 0ABKEZ RS (B HIKE) -

W2 Ay aNOfIE. EATEHORIES SO HE (BEHKYLT) 2R,
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TP L W=7 LT, BRINEB L O
EFNERHEHESFREICRE o T b, T,
ek Al & H U RIS o & ARl A % £
TLITN=TREN L LR Z T 52 LT,
EVHRIE 2 ER L TWAZ L2 RIB L Twh, T2,
I AREMEE LTHRE LEA T, R A S
BT N—=TDME LI =T L RTHE L oTnb,
PR AR L ) — ISR TH D, 4 2D
B CET 2 E V20, BEEOEBICAHFTD
LWz b, LDEGIETER LR, TRkl
EHT A7V T I3 L) BRI R STV —T,
AR DO, RG2S CBWR AR, 7
WEAPIKEL 25, FICHEHBEBOMMIFEL <.
ERWEZ RS 206, EHL2WEEORKH Lo
BRHz»2TTBY. FEEMOERY =7 b 63.6% 5
588.6% L 25%E L o TWwWh, Zhid, A
AR LEA. L) ZOMeh 2T Th
TWA72HDTHA ) F/2. RAKMKEIZE W THiE
AR 2§ 5 7 V=T DT L 7\ 7 )L—
TEDBKREL BTV DT, FEICIEHEICH
BhETER SN v, RARKKRIZ BT 25 EO
EHIZH20 . RIEFBORANKRE ML, &
DB Z I FIFWILL 727200, DX ) HERICH-
72EFEZHNE, RAKMKEHIZB T, A% Al
M L% AEOFEIZY O EHRHYICAH B R 2D 7V,
COfERIT, AR Ko TRIE 2 3ER L
FHWHEE S 720020k, KEBPEECTCHL L
ARBEL TS, B, Ll L7X )12, Fllds
POHEHA AR, R EREZAE LTIV
DTHDHH. 77 ) AZBWTIEAFICB W T
e LEETHERI D% L RFICRENOREBE SN
KETTBOBEORIBHICH L TELLoTWaET
REVED D 5o Z DfER. HEE S 7 FIE ASE /N EFAT &
NTVLHREENH L LIZDOWTHENLETH S,

FEM AR LT d, R & [/ U A5 2
s, IR AT 2 BEIL L DS bR
AL, LOECHRINEEZRS EFHFEIC, 220
THMER L DBV CERL TV b, FFIZ, I A0
TR EHE T 5 E A A3.0% 200 5 68.1% N & KIEIZ
Lo TWwWade L) EWHRIEZERL TWb72
O, AR TS 7 V=T IE L) BRI
HFTwar—F, ERBEOM . EERELEOH
WBEABH. FEHEHPRE L RoTnb, Fifs. #l
WIZBE L Cix, oA I LT, et
WCHE R AR TE o7 BB, MEiCHERL

729z, R E T S uMoOBERKEIZB VT
87.3% L B VERAEZFH D~ AV INOHEREK
TIE22% LR SN TV, ZORESE, il
DA O LR N O s O % 2 T L F
VL TR E FIEICEE LA R R DR T X o 7]
BEMED 2 5N 5 272 L, A Z 3 5 B
XD ECHETCTHEEZTToTB Y., MfErois
A ARG, AT ERREEZEH L 727 v—7 D
FHBKEL DB ENTFHREINS BEFHIT BT,
RS Z G 7 V—F, LanwZ )b—7FDwng
NHET LD SMEICHERICE FEEZRTB Y .
PEBEHLIT S B B EDONGEED R C & AR S
725

(2) AL2= R DI 2

F LA IR O A 12 & 2 8RR (tha) . b
FIEMEH R (kg/ha), EFEII (US Fv/ha), #
FrxT (%) EHEFARBRENORLZLOTH S,
KA BT, ALFER 2 EH T 5 7V —7 1
P393 kg/ha DALFEB AMEH L. FHL 27 r—
T EHBL TlthaSlWHPKIE 25 T b, KKK
W BT EER 2 L2 7 Vv — T3 L 7%
WL —T LT, RIGE. B AR AE
WCKEL o TWD—HT, S8 H. BREHIZO
WTREDPRON RV, IRICEL 2D 7 V=70
BCTHBEZEDPRON WA, 2t {bir %
AT 2 7 V=128 THWBEAE KL ORE N ANS;
B OHEAKIEIZ EA>T WS Z LSRN T S &
EZHNb, M), FREIZOWTIE, A2k % fi
FTLTN=TIEER L 2w V—7L LT, AR
2110 FVE L o T b, #EMKEIZENTYH, 1L
B AR L2277 V—T1E, LW V-7
Wl U CHRIGE DS L1 tha K& { 2o T b, fL2EAE
RO EIL132.5kg/ha TH O | HEREEIEL T b,
I OB MA B A BT OB & 1) K Z iR,
LR 2S5 7 V=73 L 2w 7 b—7 X
Db ECET S &R A ER LTV 5,

WAC AR LA RN D IS ARV EDSK & 7
BMEoTwh, T, WISEAMNHE &AL
B AR ISR L7256 08 RICOWTHER L 72V,
F41x, OmiE, Lo EE S QL 2w
Yitr. QMmO AMEH L7256, @fbF e o A
AR L7286, @RGSR & ALEREE oW 7 % [ IR
WA L 72856 ORPKIE (tha) . Arfs (US FoV), F)
H (US FV) % REERRENICAZLDOTH D, W
RSEAERBER I BT, AN &AL IR & R RE 2
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=3

ALZE IR O A I AT SRR RN (tVha) | AL IERHE & (kg/ha) . ZEFSCHA(US BV /ha), B2 =7 (%)

_— KA b HEPEK
= 13 1LY e 7 S I e =3 T 2 5 N €= =3 ¥ & =15 2 e 3 L% S |
BRI & (t/ha) 1.7 2.7¥¥% 3.4 4 5k
b=k i (kg/ha) 0.0 93.0%** 0.0 132.5%%%
#IZE (US KV /ha) 496.2 757 5% 1,028.2 1,375.9%%*
(100) (100) (100) (100)
WP AEH (US RV /ha) 9.1 98.9%#:* 6.7 110.0%**
(1.8) (13.1) (0.7) (8.0)
BAREH (US FV/ha) 70.2 70.4 110.5 63.7%%*
(14.2) 9.3) (10.7) (4.6)
FrAEARE T (US KU /ha) 35.5 11.0%%* 46.1 19.3%x*
EANEREHH (US RV /ha) 34.8 59 3%k 64.4 44 4
578 H (US KV /ha) 338.3 399.5 534.8 542.4
(68.2) (52.7) (52.0) (39.4)
Kk H (US KV /ha) 246.8 196.3 348.3 216.7%*
EANGFHEEH (US KV /ha) 91.5 203.2%%* 186.4 325. 7%
115 (US RV /ha) 360.9 396.1 770.6 895.7*
(72.7) (52.3) (74.9) (65.1)
F134 (US RV /ha) 78.6 188.7* 376.1 659.7%%%*
(15.8) (24.9) (36.6) (47.9)
FREDSIETH 0T 5 t BUE DS H 18.8%%* 105.2%%* 55.3%%% 81.0%%*
(L3R %)
A% 476 37 110 37
W ALFROMFEH A X 5 KB OIEL, =+ W Tt 1% A ZKETER R D, ** W TEMHI 5% F 2K

HETHR D, *WFHMHIZ10% A REAKETEL S, [FIEASIETHE2ICHT S t REDOFHE R IZOWTIE,
FREASIETH 5 H6 OF BK#Ex R3 (FHRE) o

W20 Ay INOMEIE, LTRSS SO 2 HEG (BEEVLT) 27T,
F4  EATE &AL IR O AR R (Vha) . Frfs (US Fov/ha), FliE (US Kb /ha)
R Hh HEEAK

R B AT, IR A7 ¥ N K== L SR AW 10 R/ A7, IR I A1 73 O [ =9 % S U AW e

LFEHE L DA D& b2kt AbFIEHEL A DI ALEHIE}
BRI (t/ha) 1.7 2.6 25 3.1 33 3.6 43 47
1% (US KV /ha) 353.8 466.0  386.2 4144 774.5 760.7 945.3 830.4
FIiE (US KV /ha) 83.8 09 2771 25.6 374.1 381.2 627.9 701.4
FIEAIETH B0 19.4%%* 758  101.4%*¥* 2339 68.5%** Q] GFk*  253%k% Q3 gk
B9 % t #oE ORE R
(e )
¥ TN 446 30 24 13 79 31 21 16

L FEIL 1% A BKETIEDETH 5,
DOMETH A (FRRE) o

w5 FEIL 5% A HERKETIEDETH 5o *FIEIZ 10% A BEKHETIE

R L7258, ROMRNENE L RoTWnb, 7272
L. R Tl ArisoMinEBercd . Fl
HizXo L ABICER S v, —J, ERAKHIZBW
Tk, RIFZRBRBEZFM L <. BRI ML

FHEA R L72hE IRk bROAEZ ERK L Tw b,
NS OFERIE IR mAED L ML AR O Lo
TEWWIDREZER T 5 720 ORife s LT, KiEH
MIRFEICHETHD Z L ERIEL T 5,
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®/E  MERFOREA MEHIFRIPUE (Vha) AL HEEME T B (kg/ha)  ZE36 334 (US Fob/ha) 2353 =7 (%)

RIAKME i Hb s
B (3 = > S b
REE IR 1 A D REE P 1 EEA D
BRI (t/ha) 1.7 2.8%H% 32 3.7
L ERHE & (kg/ha) 8.7 35, %% 14.0 35.7
IS (US KU /ha) 484.1 822.0%** 1,030.6 1,126.1
(100) (100) (100) (100)
WP A (US KV /ha) 24.1 37.0% 15.5 34.8
(5.0) 4.5) (1.5) (3.1
BAREH (US K /ha) 68.2 59.3 120.2 96.1
(14.1) (7.2) (11.7) (8.5)
A &AREH (US KV /ha) 18.0 29.1%* 28.3 40.7
JEAIEARLH (US KL /ha) 50.1 30.2%* 91.9 55.4%
S (US KL /ha) 387.6 490.6%* 623.1 526.1
(80.1) (59.7) (60.5) (46.7)
KIE5r8E M (US KL /ha) 265.7 273.9 427.8 301.4%
AT @ (US KV /ha) 121.9 216.7%** 195.3 224.7
% (US )V /ha) 2879 538. 1% 727.9 811.1
(59.5) (65.5) (70.6) (72.0)
FI{ (US Kb /ha) 42 235, %% 271.8 469.0%
0.9) (28.6) (26.4) (41.6)
FRE2SIETH 2 221289 % t MUE DGR 26.3 100.9%* 157.9% 49 2%
(FRHERR)
FrTVE 251 30 16 131

TE D BERFOREA M X5 K ZBO B, *** WP HI 1% A REKETRZ 2, **WFIEid 5% 4
RAKHETRZR Lo *MFIIMHEIE 10% A BAKETR LS, [FHEDIETH 2012 5 t REEDHHR
IZoWTIE, FEAIETH 26 0 A BAMEZ RS (B HBRE) o

2 Ay aNofiid, FLEHOBIERIC LD LG (BRI =T) 2R3,

RO MERFORE A MR 55 N (US BV ha)

(T =x IS

N =]
RIKIEIEH VEEK

M f L IERFEAT 1) M i L IEERYAT 1)

[Fil 35 44l (US KL /ha)
Az (US KV /ha)
I3 (US F )V /ha)
I (US Kb /ha)

Z O (US ¥V /ha)

90.0 1153 151 141

19.0 82.2%%* 181 110%*

122.4 121.8 95 99
170.8 191 174

154.2

0.6* 6 2

BTV

30 16 131

L BEREOREA M L 2 KEBOIE, W FIgHIL 1% A BKETHR R 5,

IS 5% ARAKIETER R 0 *MPPIIMEIL 10% A BAKETHRR S,

(3) WEED NS
F5ITHEMOF M L 2 KRIE (tha) . (LR MORREIIRINEE & A% L, BEHEREICH»H» 2
& (kg/ha), EEZI (US Fv/ha), BRI =7  HIEIERT—FIZHEATV R W, FBIffiIZEE L L9,

(%) ZRELREBEENIRLIbDOTH D, b, B
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R7 PO IERA RPN (Vha) LA IEEE & (kg/ha) L B3R SCHA(US RV /ha)  E3E S =7 (%)

KRB 3

=8 (v =% > ALY AT
B el BHELAED WP LaE L BHPALE D
BRI (t/ha) 1.8 1.9 3.4 3.7
(LA RERHE = (kg/ha) 9.0 17.7%% 51.9 27.8%%
LS (US RV /ha) 4993 573.4% 1,061.8 1,131.9
(100) (100) (100) (100)
¥ A (US KU /ha) 23.7 30.2 41.1 30.2
4.7) (5.3) (3.9) 2.7
EAREH (US KV /ha) 63.8 76.0% 71.6 106.9%*
(12.8) (13.3) (6.7) (9.4)
A (US N /ha) 14.7 30.7%%% 225 44 4%
EANEAREM (US RV /ha) 49.1 453 49.1 62.5
578 H (US KL /ha) 420.5 342.5%% 521.0 541.4
(84.2) (59.7) (49.1) (47.8)
KI5 EE M (US KU /ha) 298.3 185 4% 288.6 323.2
AN E M (US KL /ha) 1223 157.0%%* 2324 218.2
% (US Kb /ha) 304.3 340.8 739.1 821.0
(60.9) (59.4) (69.6) (72.5)
FIiH (US KV /ha) -8.7 124.7%* 428.0 453.4
1.7 (21.7) (40.3) (40.1)
FREAIETH B0 5 t g O R 323 40.8%%* 117.2%%% 50.5%**
(BRHe )
H TV 202 79 34 113

T IPPALDFERGA IS & 2 KA E, WML 1% A BAKETR R Lo *MFIgMEiE 5% A

RAKHETRR Do * MM 10% A BAKETHR L 50 [FIHDIETH 50012

B9 % t BOEDRR

IZOoWTIE, FEAIETH 2P Ea0HEKEEZTT (BHRE) .
H2 Ay aNOEIE. FHRBEHOBIZHED 286 (BEIVT) 2RT,

RIKAR I H 0 e I 5% IOWTIE Y =x v T %E
&L’Cm<&ofwé Hlilﬂ#a) R A Mo LAY, V=
YHME FNUSNOM OB L 25 2 b %
WEVT B 7200  RAKIEBHIC OV T Y = Y I Z B &
FoIaME LAXYINIZBT RO EICET 5
21190

KRB I BV CIld, HEREZAL TS 7V —7
AL TWARw I I)b—7 & g L CHRIGE. b
BHEHEDSHEEIZKRE S R>T b, BEREZ FRE L C
WA TIX, KEIDAERCHHT 2 L & 012, 1t
PR AL T A2 ETy X0 EURIGE %2 5%
BLTW5EEEZEZLNL, RIGEDORMA B AR
MRS @ERHOMNE LRl 27-0, EHEELHT S
TN—=713 L) SR R OCRRE 2 LT b, t,c
B, FEEHIZOWTIE, BEANEH ORI KIEIZ
(o TWwde R6DIFBEHONRE AL L, KK
HTHERZHT L7 V—T13%9) Thwr -T2k

LT, HZBHAPE L RoTWBE I D00 h, 2

. BEREZ A L. KO L) RWEFEAREZ BT
&, HAEZ 2 ERT2EENEHL R blzdeEz b
5o RIAKMIBHIZ BV THERE 2 32 L 72356 O FE 2
ATIC A TEICIE & 72 2 DI L WERE % %18 L 72 2o
I ey @*IJzF‘icivhnkﬁﬁ IRRO0. 2O END
RSB MNP S 7 W IR I B VT ﬂW)
ﬁmmﬂ BT HREREORRE S EE e A R LT
WL ZEDPIRIBEEN DS,

WERKHIZBWTIE, EREE AT 2 7 0—T13, B
WEZ A LR\ )b—7 & L, MRRIGE, b2l
AR L BITKE L BTV, WIid HEly
AR TIE 2V, BIEE. BWHRABHIZOWTIEFE
TN—=TDFHBREL, FEHEMH., EREHIZOWT
FHEEREEZ T 5 7 V=T DOHHB/NE DT I R
WICHEE R ZTIE R Ve RIS 5 —77. B’
AR L 725 8 FHEIC DWW TR 2 A 5 7 )L—
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®8 I PALOFEREA M I HTNER (US PV ha)

R 3

2 (v =% v MBI ki
WEALmEL  BFEAE D YL L LA
[Pl 35 84 (US KL /ha) 103 66%* 165 136
HAE 2 (US KV /ha) 26 24 95 125%
B35 (US RV /ha) 136 gk 87 102
1A% (US Kb /ha) 154 162 172 177
Z O (US KV /ha) 2 2 1 3
HrTVE 202 79 34 113

1 AL DFERA M X B L RO *** WP 1% A BAKETRZ 2,
HRHETHRZ 20 * WFI9MHIZ 10%

S 5%

TORHPMEAICAHBIIRELL ZoTBY), 22TH
KEBLOEEMITRIE SN TN D,

(4) AL DI
RTIHPALOAFEEIC X B2 KIE (t/ha) . (L2
BHE & (kg/ha) . BEH#ELH (US Fv/ha), BEH#E D«
7 (%) & ERFEARRENIRLZLOTH S, R
FC L 72 &9 120 RARIGRH DI PALRIC OV TIZ Y = v
YAMAZEH L TR oTWwbo ¥ PAL D E A i
DM, ¥ =x v M E Z LSO O Hiss 5k o
WigE 22 2 L2 itlT A7-0, RKKKEHIZOWTIE
SoxrAMAEBRE, TugulE AXRYIHICBIT S
YA OA BB T 5 A 4T o

KRR BT, BT V=T D
TN AT b otz 7 Vv—7 & g L TH RIE, b3
JERMEHEDKRE L 2oTHBY, 5 b, ALIEEEH
EDOEDAIRIICEETH 5. FrEETITY L%
1otz V—=T7DFr/NE L, BlGE. B AEA.
BAREH L 7 V=T DHFRE R, ZORE, HF
CZ2AT 072 7 N—T DI 3%, FIEAKE o Twn
Lo FEHONRE RS THERL TAL L, FME
fii. BREIZ 2D BV AL ZAT 072 7 V=T DF
B ATDO RPNV —=T LN LRSS,
WAL Z ATV, L) R IKOE BT E 72 F35 Tl
A 3O - WHERF A2 & 72 0 . VESERE R 2355
SENDHZTENZOIHE L TEZOLNSL, /2. KK
PR HE 12 B\ TP & 20 L 72 R O FRE S at
WABICIEL 25D L, WP bZER L T\ 2w
RBEOFBEIIEO EHBIIR ROV, 2O LD,
KGRI SN W RAKEBHIZB W T, KD
BRIFIHIE T 2L FE A, BERED & & [k
WCHEERBEE 2R L TWDE I EATRBEIN S,
HEPKHIZBWTIE, Wbz iro72 7 V=T D)

% i
HKMETHRR S,

AT O hofz 7 V—7 L R L THRIE DS E W —
Fy AL OFHEIZNS o Tw D, WIHED T
N—=TIZBWT, AR OEHE» D% %o
TWABBEBHIIWES 2 TlE RV B LE T o727 V—
TORDBAT DR olz 7 V—T L B L T, B A
BHPNS LS b= BRABEHROEHEIEKRE
{BoTWhe LALAEDS, BRI %2 M
DEMED REVTD, WP EIT o727 V=T D
Tinsiiis, FEAKRE L HoTW0hb, 72720, BAR
HVAMIHETICEE R L o T v, OB
LTI, BEFAKHIZBWTRIEOBRR (77%) H39F
bx4To T b 720, MEHHICA R R ZSEIIdWwE
EDEZOND, 72, HEMKHIZBWTEAY»D S
BEREL THBEINDE 20, BP0 E I IE D
Binz b 7253 7200100%, RAKMEE &L TXD
TR RDO HN L, LOLARDSH, U CTH
BKHIZBU 25 PO - 720, P bx LT
WRWEE L L TIEOZEDSHIZ o Tn 5
WHEED ZE 2 b,

(5) HIAE 2 DI

FOITHME Z O MR ORE (FLAERE 2 . IESHi 2 )
A X B HKRIGE (tha) . (LS IEEME & (kg/ha), %
FH (US Fov/ha), EFEI 27 (%) & REAREER
BEINZR L7720 D TH Do 7272 LERKIIZ DWW T,
HAEZ % FER L 2T V=T D% v T VED 8K &
BRETd oD T, BLEMZ *FEid 57 V-7 LIE
SR ZERT B 7 N—TDORBOHTH o KAKEKR
Ml BVCid, BLAERL 2 . IE4ehl 2 & S0 LT\ 2
BB Hs. BIRIGE ., ALFIERHMEH &A% v 2 & A%
RTE D, FLMMZ, ELRMZZEKL TVW2REO
BRILE J OSRDAR (T AR R 24T h e W ER &KL
TEl b0 M5B EMLKREL kb,
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RO WA ORI KGR (tha), (b2AI0EME & (kg/ha) . BEFETHL (US v /ha), EEIV =7 (%)

B KA HL HEPEKH
Azl SLMeAE z 1E4ehi 2 L AERH 2 E4eHH %
BRI (tha) 1.6 2.3k 2.8kx 3.5 4.1%%
AL MEHME & (kg/ha) 5.5 7.5 19,8 133 85. ¥
#INEE (US KL /ha) 440.9 668.5%%* 818. 1% 1,082.3 1,189.8
(100) (100) (100) (100) (100)
B A M (US KV /ha) 17.4 9.6%* 19.2 14.3 78.3%%*
(3.9) (1.4) (2.3) (1.3) (6.6)
BAR (US v /ha) 72.6 66.5 55.1%% 118.3 56.9%*
(16.5) (10.0) 6.7) (10.9) (4.8)
A &AL (US KV /ha) 30.4 43 6%** 33.0 46.6 19.8%*
JEANEAREH (US FL/ha) 422 22 9% 22 2% 71.7 37.1%%
S %M (US KL /ha) 303.8 401 8%** 604.0%%* 529.7 588.3
(68.9) (60.1) (73.8) (48.9) (49.4)
KIEITEEH (US KV /ha) 206.9 306.7%%* 446.9%** 326.3 297.0
AN (US FU /ha) 96.9 95.1 157.0%%* 203.4 201 2%k
5 (US KV /ha) 284.4 540.9%** 619.7%%* 792.9 783.2
(64.5) (80.9) (75.8) (73.3) (65.8)
FI# (US KV /ha) 472 190.6%** 139.8 419.9 466.4
(10.7) (28.5) (17.1) (38.8) (39.2)
FMEDSIETH B2 5 t BUE DR B 19. 1% 46.7%%* 134.2 60.4%%% 84 7%
(BRHERRE)
Fr TNV 363 124 26 93 43

1 FARERHIZ OV T, HALRIE L 06 B R . IESMR % 9206 L 72356 OB E RO . BRI

DWTIIEUHERE R & IEGM 2 2 520 L 7235 5 O BB R, *+* WP 1% A BAKE TR %,

WX 5% A ROKIETEZ 5, *WFEEHIZ 10%

FRETE LD, [FIEFIETH 20T 5 t Bug DR ]

2o Tid, FEAIE TS 536 OH HAKMEZRT O HIBRGE) o

2 1y ANl

CORER, RIS LIRS 2 9 L 72
Wb E L b=, FEIC OO TIEEUMERE 2 % 9206 L
AR EWEL 2o T D,

WEMEKH IS BT, BUAERE 2 2 FEfE 9 % B & 1ES:
MR 2T 2 REe BT 5L, EEMA T ET
B 7 N—T ORI KRR, bR B B
BN EDERRT E o FRIALFIER O A% <
o TWABD, AT 22 BRIESM 2 LA
RO G ZHHLTWAEI E2RBLTWS, WXk
WESE V2D, IESM 2 % Ei L 727 )V — T O
WIIHEMN R ZERL 27 V=T L) K&, LaL,
FIRELC, AL IR O, ROMESMZ L) XD
B T R AT o 7R IEShl 2 & M5 % 7 v —
TOBWEABH ETHERN O RE L 2oT0D, Fr
FHIOWTIIELMR 2 2 TR T2 7 N—T Dl KR EL
FREIZ O WCTIIESM 2 2 Efi S 5 7 V=T DH K
WS, WHITHETMICHE B2V, ESMz &

FMBH ORI G0 5EE (EFR Y 2T) 2RT,

FEidT 5 7 N—THBRECANT BT L)L EALT
WL ZED, HTN—T O R LT s BT E
EZOND, M7 NV—7OMT, itk FAEICHER
WM OENZ N LA 5, BEMEKHIZ BV THEAERL 2
EHHE L CIESRM 2 2SR ENBLE 2 6 A TH RO &
BEMTHDED) PIZOWTIES R L) RE 2 E
AT MENH L7259,

5. %

o TIIBWT, WHMLO#EITOR R, T 2D
HBERIZE A WERICH D). ERROREED & L
THEHERMEWE ZoTwb, I ADOHEROWMZ L
b, EERIEIML VL, HEEOETE T
M INEES T, FEM100T b O RBREZEAICE ST
Whe TD72O X ) —BOAERE XD LEN D DA,
ANO—ANG7-0) O] PR FAEARA T 5. B 54
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BRI OIRITEE L v $6oC. SR HEA AR Y7
D OPEED FIZ L) AEFEAIERKL T BBER D 5,

AR TIE. MBI 2 8Bl (OO
AL O, OEEMORKE, @H L. G
) OFMAAEEC L 2 PG g I2 2w CRlab ET
Fx VTR L7zo KRR B C ERED R E
BPALOE T LTV WEROMEIZE T & FEIC
Rl b n—07T, WEizRE L w2 BRITHE
BICIEOFEAZER L T b, ZhUd, ¥ v F=7D
FEIZ BV CTKOMERPPRENICEETH D) . KOE
AR DIFE T & 2 WRRKEGR I BV TIE, KOFH
BRI % X % WERE DO B E 3 PAL D FE AT 2 2 5 E
ARIZLTVDLIEERBL TS, ZORFRITKK
IR HL T OFRE I B v THERE & KBS O BBV 4 4845 L
7z Sakurai” O L EEWTH o M. #ERAKHT
EFHAMT O OB D S T IE ORI AN ER S
THY . HEHAKEICB T DMIEOPIRAE T &AM
RBENTze THUE, B THNT - T T HICBWTHE
MREDSE VR T Y v V2B LTS I L 2L
72 Nakano et al.'” D5 L BEWTH 5,

FEMA HNZ B\ CREAR R & AL R 2[R RE L2 A
THRRIE., ML LIFELSL—HOKAZHH
LAWVREREREKL T, )& WIE, FlEZE L
TWwhb, I LT, RKAKH T, fb k& mR
anfE A FERRCERA L Ch, 37 LI muAEIE S
BHEFBRS VI EHWS 224D, A LA
RS RT > v Ve RIS 72005 LT, #
MAOTEDNEETHDHZ EDIRENT. 72 KAKH,
HEPKHOW T IC B CERSTELZ T 2 BRIEE
W T TMIE R ER L TH Y . EFHM OBV
mfE2S, ZHIMERWREIC T 5 2 & T EH ORREIT
D FIZHEBKL T2 TREEDSRIE S 720 AIFZED
RRPO/ONDBORMEE L LTI, B
BROPEBBET 5N L, ¥ F=TI2B T HHEMD
KT X VidE < BRI HERETT 78 2 R 13 29.4
Hlhabk&hTwa W, ¥ o¥F=7Tid, EMHLLT
e BEE R R LTV e WM TR S S BFAE T A 2
Lo MAEOMBEMM O D o T, BRI
EWRT B G HOFEORIERILIZ & > TEE
THrHH)o FLOBORMEE L L TIE, RAKEEBIC
BT LRERED R E & TPAL AR L TV 2 e 3BT
SIE 9o T2, #ERAKE T, Lk o
RPN EOWIMNCERST 2 2 LAWIfEENL 2 &n
b, INSHMERAOBEY 2 HZRET D Z & b
FHCAES %

FlRL72& 912, ROHoREE, RAKKRBIZEB W
TREREDRRE ., ¥ P % Fofti L 72 BR. #EMKHEIZS
WA, AL IER A R L - R R TS WA A
BTWDBZEPMREINZ, 2720, AT, &
WHEFE VOME B b &b & DOLEMAE R Mk T
Vo ZZHEM R E N T WS v ) RN G E
T&ET, Hifr& 20NN D W TR 2 R BIR D
ERHIEITE RV, T2, [4-1. F v =TI2BIF
B OFIRM ] CHER L7z & 912, RAKMKEHIZE
VBB O E R, W LOEERITE N 21149.1%.
55.0%- HEMEAKHIC B 2RO R, (LT
BoOMHEIZZN21283%. 33.3kghaThh., Zh
SOHEMMDIEL ERLTWBEEIZE RV, BIEC R
5 OFM AT L T e WU T B B0 I % 2%
TEX500, EXTED LTI, ZERRIIING
OEM AR L 2052w, L0 HE IS
LIRS GHREEN S,

5

VDB, AREICBWT, 77 A kR LA,
YNNG - T TN AEEERT Do

PORERAIE. EBR IO R, RO EN& A v F -
FAYMHOBEETIRICL Y ERS Nz, WMEEOAR
AT B LA I LTS L2,

PORGHITIZ, HAER OB E L CHRLMERE 2 & IESeH 2
O THI L. BEE L0 &R RIER &
BT,

* 1998 4E 4 5 2002 4E DI [22]o

ST 7 AIEB HRREIRE A SR T S 720, 2008 4F
ICREE SN E B R 2V — 7 JICA. AGRA, it
#. FAO. WFP, IFAD% ® F+—. IRRI. AfricaRice.
JIRCASSEDOWIFEEANZML., ¥ v =T 2 &4 7
FoNT T T ) A 23ENHR L THEEITI -

® had 7z 0 R 120 kg~250 kgo

T BARE IO W TIFHIE O TS BV B B -
REDI—H—Y7-0DL» ¥ VE, FRFGEHEMHIZD
WTIE—H 720 o AT o 54 GRIESE, B 20)
WX TRHIE L7z e ds. BHIEIX2009FE D25 L —
} (1 US Fv=1320.3 Tsh) THL5E L 726

S FEL YU TICBT AL, BV T
DR SN D D2 TIOM Ed ) . FOBEL—
MIEMHIZIZGD 5 2 VORBIRTH 5. #E-oT. ok
AR & FERR S AT B LS T TS S B S O R AT
EENTVLIREEIIHETE 2\,

T+

J Intl Cooper Agric Dev 2014 67




10.

I1.

51 F>ZER

. Africa Rice Center. (2007) Africa rice trends 2007.

Cotonou, Benin.

Africa Rice Center. (2009) Annual Report 2008.
Cotonou, Benin.

Benedito, Cunguara, Kajisa K. (2008) Determinants
of household income and schooling investments in
rice-growing provinces in Mozambique, 2002-5. In:
Otsuka K, Estudillo JP, Sawada Y (eds.), Rural Poverty
and Income Dynamics in Asia and Africa. Oxford:
Routledge: 174-195.

David C, Otsuka K. (1994) Modern Rice Technology and
Income Distribution in Asia. Boulder: Lynne Rienner.
Esther D, Kremer M, Robinson J. (2008) How high
are rates of return to fertilizer? Evidence from field
experiments in Kenya. American Economic Review
98(2): 482-488.

Evenson RE, Gollin D. (2003). Assessing the impact of
the green revolution, 1960-2000. Science 300 (5620):
758-762.

FAO (Food and Agriculture Organization). (2012)
FAOSTAT. http://faostat.fao.org/. Rome, Italy.

Foster AD, Rosenzweig MR. (2010) Microeconomics
of technology adoption. Annual Review of Economics
2 (September): 395-424.

Kajisa K, Payongyong E. (2011) Potential of
and Constraints to the Rice Green Revolution in
Mozambique: A Case Study of Chokwe Irrigation
Scheme. Food Policy: forthcoming.

KijimaY, Otsuka K, Sserunkuuma D. (2008) Assessing
the impact of NERICA on income and poverty in central
and Western Uganda. Agricultural Economics 38(3):
327-337.

Kijima Y, Otsuka K, Sserunkuuma D. (2011) An inquiry
into constraints on a green revolution in sub-Saharan
Africa: the case of NERICA rice in Uganda. World
Development 39(1): 77-86.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Matsumoto T, Yamano T. (2009) Soil Fertility, Fertilizer,
and the Maize Green Revolution in East Africa. Policy
Research Working Paper 5158. The World Bank.

. Ministry of Agriculture, Food Security and Cooperatives

of the United Republic of Tanzania (MAFC). (2009)
National Rice Development Strategy. Dar es Salaam,
Tanzania.

Ministry of Water and Irrigation of the United Republic
of Tanzania. (2009) The National Irrigation Policy. Dar
es Slaam, Tanzania.

Nakano Y, Kajisa K. (2011) The Impact of Access to
Credit and Training on Technological Adoption: A
Case of the Rice Sector in Tanzania. Selected paper
prepared for presentation at the Agricultural & Applied
Economics Association’s 2011 AAEA & NAREA Joint
Annual Meeting, Pittsburgh, Pennsylvania, July 24-26,
2011.

Nakano, Y, Bamba I, Diagne A, Otsuka K, Kajisa K.
(2011) The Possibility of a Rice Green Revolution in
Large-scale Irrigation Schemes in Sub-Saharan Africa.
Policy Research Working Paper 5560. The World Bank.
Otsuka K, Kalirajan KP. (2006) Rice green revolution
in Asia and its transferability to Africa: an introduction.
The Developing Economies 44(2): 107—122.

Otsuka K, Kijima Y. (2011) Technology policies for
a green revolution and agricultural transformation in
Africa. Journal of African Economies 19(2): 60-76.
Sakurai T. (2006) Intensification of Rain-fed Lowland
Rice Production in West Africa: Present Status and
Potential Green Revolution. The Developing Economies
44(2): 232-251.

Suri T. (2006) Selection and comparative advantage in
technology adoption. Econometrica 79(1): 159-209.
United States Department of Agriculture (USDA).
(2008) USDA Rice Projections, 2008—17. Washington,
D.C., United States of America.

USAID Tanzania Economic Growth Office. (2003)
Assessment of the Agricultural Sector in Tanzania. Dar

es Salaam, Tanzania.

68 J Intl Cooper Agric Dev 2014




J Intl Cooper Agric Dev 2014, 13: 69-74

“ . Journal of
= International Cooperation for
1“5@? Agricultural Development

Trial on Hybrid Method of Rice
Cultivation (HYMERIC) in Mwea, Kenya

Hikaru Niki", Raphael Wanjogu? and Vincent Kipngetich?
1) Japan International Cooperation Agency
2) Mwea Irrigation Agricultural Development Centre, National Irrigation Board, Kenya

LA 2013453 H 7 H

Abstract. A new rice cultivation method called Hybrid Method of Rice Cultivation (HYMERIC) was introduced in Timor-
Leste in 2009 for the first time. This new method was tried at Mwea Irrigation Scheme in Kenya in 2010 main season (short
rain). In a word, this HYMERIC is a modification of “Rice Cultivation by Using Broadcastable Seedlings” which was
introduced by Dr. Seizo Matsushima in 1975 (Matsushima 1980) using nursling seedlings (Hoshikawa 1994). The features
of this method are; utilizing local materials such as husk charcoal, minimum cost of seedbed and transplanting, high number
of productive tillers, and eventually low-cost high yielding could be anticipated. As a result of the trial and the measurement
of whole harvested rice, 6,000 kg ha™', 6,160 kg ha™! and 7,333 kg ha! were obtained by normal puddling, normal puddling
in economic scale and minimum tillage, respectively. Besides, four samples were harvested from each treatment by three-
diagonal method, and those results were analyzed statistically. Harvested area for each sample was 4 m> (2 m x 2 m). The
analysis indicated that there was a high coefficient correlation between number of hills per m? and yields. All in all, regression
curve was obtained. HYMERIC method could be used by small scale poor farmers.

Key words: CARD, Cultivation Method, HYMERIC, Kenya, Rice

BE H7T 4T IETHRSNICHLOBRIBEZ S ZPELD T 7ESSTEHMX THIT LIS 2IINCXUBIRMEILS
NIcEZ, MBICKYBRSNICRTBABIBECIUBIBA T BRIBETH D, MENICIIEBEBBOMREICH
<. > THybrid Method of Rice Cultivation (HYMERIC) &2 SNz, IR ETRESIIARIBREFDEM Z HA L,
BEY - BIEAHNZEXBICHETE, RAOBID T DRERNEZ THBICHEIR L - SNEVRFT TS 5RHDE
SEDRETH D, 2010 F/\FHHA, BEB=R ) Hh@@E% BRAL HYMERIC A'ETS NI, BRIGIBEAREEICELY 6,000
kg ha™', ERBICHHDEEICELY 6,160 kg ha''. FHERFHIBICLY 7.333 kg ha' H8BNTz. CHOEAMYIRED
fb. ZRHREICKUBTOY hDB A4SV TIVHIRESN, METDTOBR, LXBCU OB EREDEICIFEVOEDHE
BEERN SN, ORI ONT.
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1. Introduction

Rice cultivation was introduced in Kenya in 1907 from
Asia. It is currently the third most important cereal crop
after maize and wheat. It is grown mainly by small-scale
farmers as a commercial and food crop. About 95% of the
rice grown in Kenya is from irrigation schemes established

Corresponding author: Hikaru Niki, E-mail: Niki.Hikaru@jica.go.jp

by Government while the remaining 5% is produced under
rain-fed conditions. National rice production over the last
ten years has been in the range of 60,000 to 100,000 metric
tones per year against a consumption of 400,000 metric
tones. The deficit is met through imports.

The Ministry of Agriculture of Kenyan Government
recently launched National Rice Development Strategy
(NRDS) with the coordination of Coalition for African
Rice Development (CARD). Setting the target at 178,580
metric tons of paddy production until 2018, NRDS covers
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most of the fields related to the rice sub sector in order to
promote rice. However, constraints to increase rice are so
complicated that rice farmers hesitate to increase their cap-
ital to rice production. One of the reasons for impedance
in rice expansion is low competitiveness of local produced
rice with imported rice which is cheap and high quality.

This current farmer’s dilemma motivated the Ministry
of Agriculture to pursue low cost and high yielding rice
cultivation method. Hybrid Method of Rice Cultivation
(so-called HYMERIC) is one of the promising ways to
solve the problem. The method was introduced and tried
at Mwea Irrigation Agricultural Development Centre
(MIAD) in Kenya at short rain season in 2010. This paper
tries to give the idea of HYMERIC and analyze the results
of the trial.

2. Outline of the method

In a word, this HYMERIC is a modification of “Rice
Cultivation by Using Broadcastable Seedlings” which was
introduced by Dr. Seizo Matsushima in 1975 (Matsushima
1980). There are two major modifications from original
method, i.e. (1) seedling-box is not used, and (2) using
nursling seedlings (Hoshikawa 1994). Each cultivation
practice is explained as follows;

2.1 Seed treatment

There is no special difference as other methods as this
method also uses sprouting seeds which are uniform and
vigorous. Optimum germination degree is about one mil-
limeter white bud coming from lemma, which might take
one day for soaking seed and two days for germination
treatment (incubation).

2.2 Seedbed preparation

Carbonized husk (Husk charcoal) is used for bedding on
top of ordinary seedbed and no other material is used for
seedbed. Two to three centimeters thickness of charcoal
bed is appropriate (see Photo 1). Sowing should be as
dense as 2 kg of seed per m? that will cover whole seedbed
such that no bed is seen at all (see Photo 2). Seeds are to
be covered by same rice husk charcoal with the thickness
of one centimeter.

2.3 Broadcast transplanting with guide

After two to three days, sprouting is coming up from
covered bed. This sprouted seeds, or seedlings, should be
broadcasted with a guide of 25 cm or 30 cm width (see
Photo 3, 4 & 5). Four days seedlings are already too long
and tangled each other, eventually broadcasting become
difficult. Two days seedlings are most suitable for broad-
casting. In case of using guide, it takes two days to finish

Photo 2. Rice seeds sown on the rice husk charcoal bedding.

one hectare by two persons including uprooting, how-
ever, one day may be enough without using the implement

(guide).

2.4 Land preparation

Main field should be carefully puddled and leveled as
any other rice cultivation method, and no other special
method is necessary. However, deliberate land prepara-
tion promises uniform growth and eventually assures high
yield. If land is well leveled, zero tillage method could be
applied.

2.5 Seedling stand

Almost all broadcasted seedlings are lying down just
after broadcasted. Nevertheless, they start standing vigor-
ously from the next day after broadcast and most of them
stand completely within three to four days. Since each
seedling has roots and sprout, it may not sink in mud,
which will keep out of seed rotten. Calper (calcium per
oxide: Ca,0,) is not necessary to be coated in order to give
oxygen to broadcasted seedlings. This is a salient advan-
tage of this cultivation method.
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Photo 4. Nursling seedlings 3 days after sowing, sprout can
be observed and ready to broadcast.

Photo 5. Broadcasting two days-old seedlings with trans-
planting guide.

2.6 Water management of the main field

It is recommendable not to irrigate the field until all
seedlings stand that is about three to four days. However,
flush water may be tolerable because young seedlings are
resistant to submergence for sometime. Same irrigation
method as other cultivation methods should be applied in
case of normal lowland rice varieties and minimum irri-
gation for NERICA varieties. Intermittent irrigation may

Photo 6. Rice seedlings 3 weeks after broadcasting.

Photo 7. Rice seedlings 4 weeks after broadcasting.

ameliorate rice field in order to supply oxygen to root zone.

2.7 Tillering ability

Tillering can be observed two weeks after broadcasted.
It starts from the second leave of rice plant. Therefore,
high proportion of productive tillers than non-productive
tillers could be expected in this cultivation method (see
Photo 6 & 7). That is to say, more panicles per hill can be
expected that assure high yield eventually.

3. Pre-conditions

3.1 Countermeasure for weeds — planting in line

Just broadcasting of seedlings without planting guide
may be acceptable when herbicide could be used. Howev-
er, herbicide is not recommendable where negative impact
is anticipated for environment as well as human beings.
Combination of line planting and weeder is practical and
recommendable. Therefore, a guide will be useful for line
planting in such a case.

JIS™
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Table 1. Major farm operations conducted for each plot

y  Minimum tillage plot (A) Normal puddling plot (B) Normal puddling plot (C)

Days from
trans:plar'ltingI
-15 Application of round-up

q
7
-4 Nursery preparation, sowing seed

-4
-1

5

lanting by broadcast

Flush irrigation

14 Start of intermittent irrigation

15 Basal fertilization

Y Transplanting date was 24" September 2010.

Trrigation Canal

Minimum Normal

Tillage || Puddling
Plot Plot
A) (B)

Normal Puddling
Plot

©

40 m

“—— 10m — «— 1 0m —m878MM—

_—

80 m

Figure 1. Plot allocation for the trial.

3.2 Land preparation

Ifrice field is not uniform in topography, lower part will
be submerged and rice plant may be retarded to grow or
damaged fatally. Therefore, mechanized land preparation
means, especially with rotary cultivator, is appropriate.
Land preparation by animal traction may not assure uni-
form topography so that plant growth is not as expected.

4. Field trial

4.1 Procedure

The trial was conducted at the onset of short rain season.
Seed of NERICA 4 was sown on 20™ September 2010 at
MIAD farm as shown in Table 1. One whole plot was sub-
divided into three smaller plots, i.e. minimum tillage plot
(A), normal puddling plot (B) and the same treatment with
bigger plot (C) as illustrated in Figure 1.

Minimum tillage plot was sprayed with Round-up
(the main active ingredient is the isopropylamine salt of
glyphosate) 15 days before transplanting in order to clean

the field. The other cultivation methodology including
fertilization was followed to the standard method of Mwea
Irrigation Scheme Area.
<Fertilization>
*N, P, K (25 kg N, 25 kg P, 25 kg K ha™') at basal
application
*25 kg N ha™! at tillering stage (15 days after trans-
planting)
*25 kg N ha™! at booting stage (20 days before heading)
<Seed amount>
*20 kg of NERICA 4 was sown to 10 m x 1 m (2 kg m™2)
* Seed from three quarters of the seedbed (15 kg) was
used for one acre (35.7 kg ha™)

4.2 Results

Yield data was obtained from the measurement of
whole harvested rice. The harvest operation of whole plot
started on 20" January and finished on 25" January 2011.
Against the anticipation, Plot A (minimum tillage plot)
yielded highest compared to other treatments. Actual yield
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from each plot are; Plot A = 7,333 kg ha™', Plot B = 6,000
kg ha!, Plot C = 6,160 kg ha™!.

Beside the measurement of whole harvested rice, yield
of 4 m? (2 m x 2 m) was measured. Plants were harvested
from 4 portions per plot by three-diagonal method (objec-
tively random method). Number of hills per m? and grain
weight were measured and adjusted for 14 percent grain
moisture contents. All the results of sample measurements
are shown in Table 2. Unlike in the case of whole har-
vested rice, yield was higher in normal puddling plots than
the minimum tillage plots. This inconsistent result may be
due to uneven fertility of the soil and rough topography of
the trial field.

According to statistical analysis of the trial results, it
is obvious that there is quite high positive correlation be-
tween number of hills per m? and yield. The correlation
coefficient (r) was as follow;

r=0.882514746

The result of t-test of significance was as follow;

t=12.61828181

Since the value of t with degree of freedom 10 at
P=0.001 is 4.59, it could safely be concluded that there is
a high positive correlation between number of hills per m?
and yield. Meanwhile, regression coefficient was calcu-
lated and the result is as follow;

b (Regression coefficient) = 20.45627066

Since the average yield is 7,538 kg ha™!, a = 7,538, and
the average number of hills per m? is 48.5, x=48.5. All in
all, regression curve is expressed as follow (see Figure 2);

y (regression curve) =a+ b (x — X)
=7,538 +20.5 x (x — 48.5)

4.3 Future issues

Although positive correlation between number of hills
per m? and yield is confirmed, ideal number of tillers per
m?, or most suitable number of tillers per m?> in order
to obtain highest yield is remain unclear yet from this
trial. The plot with highest yield with 11,090 kg ha™! was
achieved by 96.8 hills per m?. There is no doubt that the
regression curve will be bent down by increasing number
of hills per m? from certain point. It remains as future is-
sue and another trial should be carried out to clarify most
ideal number of hills per m?, or seed amount per ha, in
order to obtain highest yield of NERICA 4 at short rain
season. Although the ideal number of hills per m?> may
differ according to the season, short rain or long rain, or
by soil fertility or fertilization method, relatively higher
numbers, i.e. 80-90 per m?, may be desirable. If seedlings
stand rate after broadcast is assumed to be 70%, 115-130
grains number (seed) per m? or 33 kg-38 kg seed amount
per ha is required (1,000 grains weight of NERICA 4 is 29
grams). Cost analysis remains unclear and further study

Table 2. Number of hills per m? and yield of rice grown by
Hybrid Method of Rice Cultivation (HYMERIC) un-
der minimum tillage and normal puddling conditions

Plot Sample Number of Yield
number  hills per m* (kg ha'!)

Minimum tillage plot (A) 1 36.8 6,893
2 343 5,553
3 433 8,199
4 36.0 5,419

Nommal puddiing piot (5) e 11’090 -
2 49.0 7,035
3 56.0 8,443
4 56.0 9,450

Nommal puddiing piot (C) TS 7,064 -
2 34.0 6,615
3 44.8 7,596
4 52.5 7,103
Average 48.5 7,538

D Size of harvested area was 4 m?> (2 m x 2 m).

12,000
10,000

8,000 r

6,000 Y=7,538+20.5 x (X-48.5)

R?=0.779%*

A~

Yield (kg ha'!)
k=)
=

2,000

0 20 40 60 80 100 120

Number of hills per m?

Figure 2. Relationship between yield and number of hills
per m2. ** significant at P<0.01

may be essential in this field. Simple cost comparison with
ordinary transplanting method may be beneficial.

5. Conclusion

Hybrid Method for Rice Cultivation (HYMERIC) with
NERICA is easy, low-cost and high yielding. Consider-
ing slightly higher yield than the conventional cultivation
method in Mwea irrigation scheme that is 5.0-6.0 t ha™!
(Mati 2011), HYMERIC could be an alternative cultivation
method in Kenya. The trial at Mwea in 2010 verified this
constant performance. This method may suite for second
crop in Irrigation Scheme Areas where irrigation water is
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not sufficient. Therefore, this method should be promoted
to the farmers in Mwea and other irrigation scheme areas
where there is shortage of irrigation water in second crop.
However, experiment on sowing density and cost analysis
may be required in order to stabilize HY MERIC method.
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