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INTRODUCTION AND OBJECTIVEOF THE STUDY

Ghana'’s agriculture sector accounts for 35 percent of the country’s gross domestic product (GDP) and nearly two thirds (60
percent) of the employment (Breisinger et al. 2011). Ghana is one of the top five performers in the world in terms of
agricultural growth. Benefiting from favorable weather conditions, the world market prices for cocoa, and an abundance of
arable land, its agricultural sector has been growing at an average annual rate of 5.1 percent over the past 25 years (ODI
2010). However, agricultural production growth patterns have been erratic over a longer period and yields of most crops
have not grown steadily (Breisinger et al. 2008). Rather, yields for most crops are 20-60 percent below achievable yield
levels (Breisinger et al. 2011). Reaching the productivity targets that Ghana has set for different crops will require growth
rates in productivity far higher than that achieved in the past (Breisinger et al. 2011).

0 INTERNATIONAL
\ FOOD POLICY

Additionally, agricultural performance has not been uniform within subsectors. The forestry and cocoa subsectors were
growing more rapidly (at double digit rates) between 1991 and 2005 than crops other than cocoa (1.5 to 4.5 percent). While
agricultural production growth rates in Ghana have been impressive, these have come mainly from area expansion rather
than yield increases. Gaps exist between current and achievable yields for various crops. For major crops in Ghana such as
maize, rice, millet and yam, estimated yield gaps are between 38 and 47 percent, and as high as 58 percent in cassava. By
closing these yields gaps, agricultural productivity can be increased significantly. Howewver, tapping into the vast potential of
Ghana as well as West Africa to expand its agricultural production requires greater availability and wider use of existing
knowledge (Nin-Pratt et al. 2011). More specifically, reducing yields gaps and increasing agricultural productivity can be
achieved in part through the adoption of existing crop technologies; the use of improved crop varieties and recommended
levels of fertilizer; and the application of adequate farm, nutrient, water, and pest management practices (Nin-Pratt et al.
2011).

The critical role of science, technology, and innovation in promoting economic growth, food security, and poverty
reduction in the deweloping world has become very clear, especially in the agricultural sector (IFPRI 2009). At a time when
land and water are becoming increasingly scarce, agricultural growth will increasingly need to come from gains in
productivity. At the same time, globalization and new supply chains have obliged farmers to respond quickly to changing
market demands (Alcadi et al.2009). Technologies are needed to increase the productivity, stability, and resilience of
sustainable production systems. At the same time, farmers find themselves in need of new uses of science and technology
to mitigate and adapt to emerging challenges like climate change.

Thus the generation, dissemination, and adoption of agricultural technologies play a critical role in increasing yields
(Nin-Pratt et al. 2011). This has been explicitly recognized in Ghana's revised Food and Agriculture Sector Development
Policy (FASDEP lI), the framework for the implementation of strategies to modernize the agricultural sector. Developed in
2007, FASDEP Il aims to enhance the overall environment for all farmers, while specifically targeting the poor, wlnerable,
risk-prone, and largely subsistence farmers. The policy objectives outlined in the FASDEP Il address critical constraints in
Ghana’s agricultural sector and fully align with the goals set forth in both the Ghana Powerty Reduction Strategy (GPRS) I
and the Comprehensive Africa Agriculture Development Program (CAADP) of the New Partnership for Africa’s Development
(NEPAD). The six main objectives laid out in FASDEP Il are:

Food security and emergency preparedness

e Improved growth in incomes

e Improved competitiveness and enhanced integration into domestic and international markets
e Sustainable management of land and environment

e Science and technology applied in food and agriculture development

e Improved institutional coordination (MOFA 2007)



Technology development and dissemination is one of seven main constraints to increasing agriculture productivity
identified by FASDEP II:

Human resource and managerial skills
Natural resource management

Technology dewvelopment and dissemination
Infrastructure

Market access

Food insecurity

7. Irrigation dewvelopment and management
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Some of the technology dewvelopment and dissemination constraints in Ghana include limited availability of appropriate
technologies, low adoption of existing technologies, and a supply-driven approach to technology generation and
dissemination that has led to low technology adoption (MOFA 2007).

Acknowledging these constraints, FASDEP Il emphasizes the enhancement of productivity in the commodity value
chain through the application of science and technology. This is why science and technology applied in food and agriculture
development was adopted as a policy objective. High priority will be given to applied research with research initiatives
focusing more on supporting on-farm and off-farm innovations for improved production systems, higher productivity, and
greater small- and large-scale industrialized processing. The Ministry of Food and Agriculture (MOFA) partners with the
national agriculture research system to ensure that research focuses on the development of value chains of commodities
targeted for food security, income growth and diversification, external markets, and linkage with industry.

FASDEP Il specifically points out that the supply-driven approach totechnology generation and dissemination (top-
down planning) is associated with low technology adoption and application. For this reason, the Government seeks to
improve the uptake of technologies by improving the relevance of technologies to users as well as improving potential users’
access to these technologies. The Government also aims to promote demand-driven research, improve the effectiveness of
research-extension-farmer linkages (RELCs)l, and to integrate this concept into the agricultural research system to increase
participation of end users in technology development. Moreover, FASDEP Il has given considerable importance to effective
transfer of available technologies and additional investments in research mainly to develop new varieties that can withstand
harsh conditions (MOFA 2007).

This study was motivated by a request several years ago from the MOFA to support a dialogue between MOFA and the
Council for Scientific and Industrial Research (CSIR) on technology development issues and to take a stock of technologies
deweloped by CSIR to facilitate this dialogue. Because of disagreements concerning the availability of technologies on the
shelf, this study was meant to be a peek at the shelf. A desk study, it was decided, would not yield a complete and accurate
stock of technologies. The project therefore grew to include a survwey of scientists, in which scientists were asked why they
deweloped the technologies, how they did so, and what they thought about the outcomes.

To gain further insights into how technologies are deweloped and disseminated, the authors of the present study
suggested that case studies of a few technologies would be useful. This background material helped design a more rigorous
analysis of the governance and effectiveness of the agricultural research system. This study is being followed by a study on
the adoption of maize and rice varieties in Ghana.

The objectives of this study:

1. Obtain a list as complete as possible of technologies generated by agricultural research institutions in Ghana
over the past decade; and
2. Gain some insights into how the research system functions as part of an owverall innovation system through a

surwey of scientists and case studies of a selected few technologies.

This study uses the definition of technological innovation by Sumberg and Reece (2004): a “new or improved product or
process that is based on new (or a reinterpretation of existing) technical knowledge about the production of goods or
senices.”

The remainder of the report is organized into six sections. Section two outlines the methodology used to conduct the
study. This is followed by a brief review of literature on the ewolution of thinking about agricultural research systems, which
culminates in section three on innovation systems. Anoveniew of the organization and resources of the agricultural system

'RELCs were created to ensure that research work addressesthe problems of fishers and farmers.
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in Ghana is presented in section four, which also includes a short description of the agricultural technologies for which IFPRI
and STEPRI jointly administered follow up surveys. Section five contains 10 agricultural case studies that highlight the
results of both the scientist survey and on-farm consultations. The concluding section provides a summary of findings and
lessons learned.

METHODOLOGY

Stock taking began with a search for information from annual reports of the 13 institutes of the CSIR from 2000 to 2009. It
also drew on several earlier stocktaking exercises:

) R&D Projects on Capital Goods, Food Processing and Energy Sectors, published in 1990

o Technologies Deweloped Withinthe CSIR, published in 1998

. A technical publication by Aryeetey (2000) that provides an oveniew of the national agricultural research
systems (NARS)

. Agricultural Innovations: Technological inputs for enhancing agricultural production in Ghana, published by

STEPRI-CSIR in 2008. This book provides a compilation of 38 of the major agricultural innovations in Ghana
deweloped by CSIR research scientists (particularly ARI, CRI, OPRI, SARI, and WRI); the University of
Ghana-Legon, KNUST, and UDS.?

Newsletters and reports on national agricultural projects that included the dewvelopment of agricultural technologies also
served as good sources. The Ghana National Agricultural Information System newsletters, quarterly bulletins on agricultural
information, were reviewed. Other reports such as performance audit reports and sectoral oveniews of the Ghana National
Agricultural Research Project (NARP), the National Agricultural Extension Project (NAEP), the National Livestock Senices
Project, and the Agricultural Sector Investment Project were also examined. Related documents obtained from the
respective libraries of the Department of Crops and the Animal Science and Nutrition Department of the University of Ghana
were reviewed to solicit information on agricultural technologies dewveloped by the university. Among these are papers that
document research projects and the corresponding agricultural technologies produced from the projects. The heads of these
departments were also consulted to provide documents on technologies that were deweloped. From these and other online
sources, a total of 159 agricultural technologies were identified.

The desk survey was followed by a survey of all the scientists inwlved in the development of the identified
technologies. This exercise was conducted in the CSIR institutes and a few universities. Structured questionnaires were
used to collect information on the characteristics of the agricultural technologies dewveloped by the scientists, including:

o Ideas behind their development

o Motivating factors for their development

) Problems addressed by the technologies

o Challenges in technology development

. Collaborations

. Evaluations of the technologies

. Availability of the technologies

. Scientists’ perceptions on both the extent of adoption of the agricultural technologies and the factors that

can inhibit adoption

By eliminating duplications and clubbing similar technologies together in discussion with scientists, the list was whittled
down to 109. This list of technologies, which is presented in the Appendix, has been fully screened by the CSIR directors.®

From the list of 109 technologies, 10 were selected for case studies. Based on the responses of scientists from the
sunwey, the technologies were grouped into three main categories: high-, medium- and low-adopted technologies. The 10
selected for case studies were considered high-adopted. Discussions were held with key informants—farmers, scientists,
agricultural extension senice agents, and private sector stakeholders. District agricultural extension agents and
representatives of institutions who dealt directly with the scientists/scientific institutions were subsequently inteniewed
through phone calls to validate the categorization of the technologies. For the case studies, discussions with farmers were

> ARI = Animal Research Institute; CRI = Crops Research Institute; OPRI = Oil Palm Research Institute; SARI = Savanna Agricultural Research Institute;
WRI =WaterResearch Institute ; KNUST = Kwame Nkrumah University of Science and Technology; UDS = University of Development Studies

*The list of 109 technologieswas presented to the CSIR directors for their screening during their 11-12 May 2011 meeting. A presentation of this
report’s preliminary findings wasgivento the directors on 12 May 2011.
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held in selected communities identified by the scientists as areas of high adoption. The farmers were also identified by
district extension officers as those who had adopted the 10 technologies described in the case studies below.

The case studies were drafted and sent individually to the scientists responsible for the development of the various
technologies for their review, feedback, and approval. All 10 case studies received approval for dissemination and all
comments and feedback provided by the scientists are reflected in this report.

A FRAMEWORKFORRESEARCH: INNOVATION SYSTEMS

An ewlving debate has taken place over the past several decades on how to foster agricultural technology development and
promote the successful adoption of these innovations to achieve sustained agricultural and economic growth (World Bank
2006).

One of the initial perspectives on agricultural research was a linear approach to technology dewvelopment and diffusion
commonly referred to as the ‘central source of innovation’ model (Biggs 1989) or the ‘transfer of technology’ (TOT) approach
(Chambers and Jiggins 1986). This approach assumes a one-way flow of knowledge in which information originates from a
single, or central, source. Alsoreferred to as a ‘knowledge pipeline’, this one-way flow of information describes the process
in which technologies are developed and transferred to farmers (Douthwaite et al. 2001). Research centers at one end of this
pipeline determine the research priorities, scientists then develop technologies in controlled conditions, and extension agents
transfer the agricultural technology to farmers. This model took form with the development of national agricultural research
institutes.

According to Chambers and Jiggins (1987), four distinct forces sustained the TOT model:

o Education and training

o Gowvernment and commercial funding and influences
. Research methodology

. Professional and personal rewards and incentives

Science and technology were situated at the core of these forces and the notion of ‘learn from above and teach to
below' prevailed. This model may have benefited resource-rich farmers because their farming conditions are more similar to
the conditions under which technologies are dewveloped in research stations. Additionally, they are able to effectively
articulate and even influence or set the priorities for agricultural research (Chambers and Jiggins 1987).

An example of the TOT model in Ghana is the government-run NAEP, which used a training-and-visit (T&V) approach.4
In 1992, as part of NAEP, multiple extension organizations were fused together under a national hierarchical system to
provide modern, technical knowledge to farmers. Although T&V contributed to increased growth, productivity and high rates
of return, it proved unsustainable and quickly became associated with a bulky bureaucracy that consumes excessive costs.
Furthermore, although one of its initial goals was to empower farmers through the provision of information, T&V was
criticized for assigning farmers a passive rather than an active role. As Cramb (2003) notes, the replacement of the TOT top-
down model with more participatory approaches was more evident in literature than in practice. The linear paradigm ewvolved
into what Eponou (1993) refers to as a ‘chain-link’ model, which maintained a sequential flow of information but allowed for
linkages between farmers and scientists in the form of feedback mechanisms that promoted the testing and redesign of
technology innovations. While this model was found to be somewhat successful for individual export crops in developing
countries (such as cotton, rubber, and palm oil), it had a negligible impact on smallholder subsistence farming communities
(Eponou 1993).

Increased pressure from governments and development agencies to meet unmet expectations for technological change
in agriculture produced a greater awareness of the deficiencies of central source models, from which the second distinct
perspective on innovation in agricultural technology ewlved. This was the ‘multiple source of innovation’ model (Biggs 1989).
Recognition of a range of sources contributing to agricultural development helped replace the single source paradigm with a
systems perspective. Under this perspective, agricultural research institutions and extension agencies, public and private
universities, non-governmental and farmers’ organizations, and non-agricultural government ministries all represent
components of a NARS framework (Rivera et al. 2006).

*The T&Va pproach, introduced bythe World Bank inthe 1970s inover 50 developing countries, sought to unify existing agricultural agenciesinto
centralized government systems. The approach assumed a knowledge gap between ruralfarmers and professional extensionagents. The extension
agents, whowere trained by theirgovernments, used their knowledge to assist farmers in modern technologies during on-farm visits. They often did
so byencouragingfarmers to adopt certain agricultural practicesover others (Anderson et al. 2006).
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Through its identification of three distinct systems, the NARS framework was able to pave the way for a slightly more
nuanced perspective that drew on principles of knowledge economics; specifically, the agricultural knowledge and
information systems (AKIS) perspective (Spielman 2006). This perspective highlights the critical linkages between research,
education and extension. Viewing NARS, NAES, and NAETS (National Agricultural Education and Training System) as sub-
systems of a larger agricultural knowledge system triangle, the AKIS perspective focuses on the process in which knowledge
flows between and among these sub-systems (Rivera et al. 2006; Spielman 2006). Through this triangular depiction of
knowledge flows and its promotion of greater integration among all relevant actors and organizations, the AKIS perspective
has been able toraise the appreciation of farmers and stakeholders from that of end user or pipeline recipients to central
actors in the agricultural development process.

The systems perspective broadened further to accommodate a more central focus on innovation. Moving beyond
production and the identification of linkages, an innovation systems approach examines the nature of interactions within a
network of actors and organizations that affects efforts to generate, disseminate, and utilize useful knowledge or
technologies (Hall et al. 2001, 2006; Spielman 2006). Multidirectional and multifunctional knowledge flows among a wide
range of actors with the potential to influence or contribute to agricultural innovation processes present open opportunities for
generating feedback, supporting interactive learning, and advancing progress (Hall et al. 2006). According to Hall et al.
(2006), the “innovation systems framework recognizes that (i) a broad spectrum of actors outside the State have an
important role; (ii) the relative importance of different actors changes during the innovation process; (iii) as circumstances
change and as actors learn, roles can ewlwe; and (iv) actors can play multiple roles—sometimes as a source of knowledge,
sometimes as a seeker of knowledge, sometimes as a coordinator of linkages between others.”

In promoting the concept of innovation as a change catalyst for development, the innovation systems approach has
gone further than earlier approaches to acknowledge the complexities involved in agricultural innovation development,
diffusion and adoption. Howewer, it has not gone far enough in terms of operationalizing these concepts into implementable
mechanisms (Rivera et al. 2006). Gijsbers and van Tulders (2011), who conducted an assessment of management practices
that drive agricultural innovations, identified as critical an institution’s capacity to:

) Select research priorities

o Plan strategies

o Respond to changes in the environment

) Evaluate research results

o Manage linkages and partnerships with a range of different actors (government, private sector, farmers, etc.)

The findings of Gijsbers and van Tulders demonstrate that the most significant weaknesses result from ineffective
linkages.

Though some gains have been made ower the past two decades, research in developing countries—West Africa in
particular—have on the whole been unable to achieve this desired outcome (Nederlof et al. 2007; Fafchamps 2009; Yengoh
et al. 2009). Understanding why greater advancements in innovation are not taking place has become all the more urgent in
view of the overwhelming consensus on the vital role of innovations in agricultural science in boosting productivity,
increasing economic growth and development, and reducing poverty (Doss 2006; von Braun 2009; Pratt and Fan 2010).

. In their attempt to identify indicators for innovation system, Spielman and Birner (2008) identified three
domains in an innovation system:

. a knowledge and education domain comprising agricultural research and education systems in which
technology generations may take place;

. a business and enterprise domain that makes use of the knowledge domain but also innovates
independently; and

. bridging institutions such as extension senices that facilitate transfer of information and knowledge between

the first two domains.

These domains interact in the broader context of policies and informal institutions that govern innovation. They identify
indicators related to inputs, outputs or outcomes for the three domains largely to enable comparison with other systems.

Although innovation systems necessarily include farmers in the complex network of actors engaged in innovation
process, this study is limited to innovations emerging from a research system. Since this study examines only the outputs of
research institutions, we want to know if the research system operates as part of a larger system. Our focus is therefore on



the indicators that suggest multiple agents acting together as parts of national and international networks, forming
collaborative linkages, working with extension systems, and above all nourishing a culture of working together.

THE AGRICULTURAL SYSTEMIN GHANA

The NARS in Ghana is composed of various agencies. CSIR, established in 1968, is the largest and oldest government
research and development (R&D) institution in Ghana and is part of NARS. It has its origins in the National Research Council
that was established in 1958 to coordinate scientific research.® The mission of CSIR is to generate and apply innovative
technologies which efficiently and effectively exploit science and technology for socio-economic development in the critical
areas of agriculture, industry, health, and environment and improve scientific culture of the civil society (CSIR 2010). The
CSIR coordinates all aspects of scientific research in Ghana and aims to encourage and promote the commercialization of
research results. Through Act of Parliament (Act 521) in 1996, CSIR’s objectives were reoriented towards private-sector
concerns and the commercialization of research.

The CSIR encompasses 13 research institutes, 9 of which conduct agricultural research: the Animal Research Institute
(ARI), the Crops Research Institute (CRI), the Forestry Research Institute of Ghana (FORIG), the Food Research Institute
(FRI), the Oil Palm Research Institute (OPRI), the Plant Genetic Resources Research Institute (PGRRI), the Savanna
Agricultural Research Institute (SARI), the Soil Research Institute (SRI), and the Water Research Institute (WRI). The CSIR
Secretariat is the central administrative body for CSIR agencies. The CSIR falls within the Ministry of Environment, Science
and Technology and is headquartered in Accra. Each CSIR institute and center is managed by a council-appointed board.
One main task of the board is to evaluate, authorize, and examine research and commercialization programs proposed by
the institute and center directors (Gage and Sarr 2001).

Non-Csir Agriculture-Related Research Agencies

Other government agencies not coordinated by CSIR but which conduct agriculture-related research include the Cocoa
Research Institute of Ghana (CRIG), the Biotechnology and Nuclear Agricultural Research Institute (BNARI), and the Marine
Fisheries Research Division (MFRD) of MOFA (Flaherty et al. 2010).

CRIG, which was established in 1957 and currently managed by the Ghana Cocoa Board (COCOBOD), is the largest of
these three non-CSIR agriculture-related research organizations. Although its mandate for research on Ghana’s primary
export crop, cocoa, is by far its most important commodity focus, CRIG also conducts research on coffee, kola, shea nut,
and other indigenous oil tree crops (CRIG 2003).

BNARI, which was established in 1993, focuses on the use of biotechnology and nuclear technologies to address
sustainable agriculture, health, and industrial needs in Ghana (BNARI 2010). MFRD, established in 1963 under MOFA,
conducts fisheries research for the rational exploitation of Ghana's fisheries resources and assists in the design/update of
marine fisheries management plans.

Agricultural Higher Education Agencies

Agricultural Science and Technology Indicator (ASTI) (2011) identified 15 higher education agencies in Ghana, many of
which conduct agricultural research. That list did not include some private universities such as Valley View University and
Central University College, which have agricultural degree programs. However, in the ASTI suney of 2009 (Flaherty et al.
2010), the higher education institutions were sampled to follow up both on previous surweys and on what kind of research the
institutions were engaged in at that time. Based on full-time equivalent (FTE) research staff, the largest agricultural higher
education agency was the College of Agriculture and Consumer Sciences at the University of Ghana (UG). Other agricultural
higher education agencies are various faculties and departments at the Kwame Nkrumah University of Science and
Technology (KNUST), the University of Cape Coast (UCC), the University for Development Studies (UDS), and the
University of Education, Winneba (UEW). The longer established colleges and faculties of agriculture, biological sciences,
and natural resources at the UG, KNUST, and UCC are the main providers of agricultural research.

> From 1968 to 1979, CSIR was underthe supervision ofthe Ministry of Finance and Economic Planning. In 1979, it was transferred to the new Ministry
of Industries, Science and Technology. It was then placed under the aegisof the Ministry of Education, Science, and Sports untilthe recent ministerial
restructuring in 2009 placedit underthe Ministry of Environment, Science and Technology.

6



Agricultural Research and Development Resources

In Ghana, expenditure on agricultural R&D more than doubled between 2002 and 2008, climbing from 151 billion Ghana
cedis (GHC), equivalent to $41 million®, to GHC 352 billion7 ($95 million) (Figure 4.1). The reasons for this rise in spending
on agricultural R&D are twofold: first, the increased funding for CRIG from growing revenues in the sector; and second, the
increase in personnel emoluments of all civil servants in the country (Flaherty et al. 2010) (Figure 4.2). The CSIR currently
employs about 4,000 workers of all categories.

Figure 4.1—Agricultural R&D spending (constant prices), 1981-2008
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introduced on 1 July 2007, is equivalent to 10,000 old cedis.
Source:Flaherty etal. 2010.

The share of capital and operating costs, howewer, has continuously declined. The picture that emerges is that staff is
employed without providing the means to engage in research. World Bank and UNCTAD (2010) report that CSIR is running
down its assets and is faced with problems such as inadequate funding, particularly with regard to equipping labs and
workshops, as well as inadequate and late release of funds and unsatisfactory resources for infrastructure and farm
machinery.

Figure 4.2—Cost category shares of CSIR, 2001-2008

Source:Flaherty etal. 2010.

Between 1971 and 2008, the total number of agricultural staff in FTEs increased steadily (Figure 4.3) with the largest
increase having taken place within the CSIR, where FTE researchers jumped from only 87 researchers in 1971 to 358 in
2008 (Flaherty et al. 2010). Ghana’s total agricultural R&D FTE researchers reached 537 in 2008, of which 67 percent were

¢ ¢ =Usdollars.
7 Prices adjusted forinflation.



employed by CSIR. While there has been a growth in research staff overall, many agencies are faced with an aging pool of
scientists, recruitment restrictions, limited support for training, and a government proposal to significantly cut salary costs
(Flaherty et al. 2010). For CSIR, a main concern is finding a way to retain existing staff and to attract young staff.

Figure 4.3—Public agricultural research staff in full-time equivalents, 1971-2008

Figures in parentheses indicate the number of agencies in each category.
Source: ASTI 2011.

AGRICULTURAL TECHNOLOGY CASE STUDIES

Specialized agricultural research institutions account for bulk of the agricultural technologies generated in Ghana. Most of
the 109 agricultural technologies that we identified through desk review and the scientist survey (91 percent) were developed
by CSIR researchers. Only a small percentage of the 109 identified technologies cowvered in the survey were from academic
institutions. About 5 percent of the technologies cowered were developed from the University of Ghana, 2 percent from
KNUST, 2 percent from UDS, and 1 percent from UEW.

Table 5.2—Distribution of technologies by research institute

Item No. %

Agency

CSIR 99 91.8
UG 5 4.6
KNUST 2 1.8
ubs 2 18
UEW 1 0.9
Total 109 100
CSIRinstitute

SARI 28 28.3
CRI 25 24.2
ARI 13 13.1
FRI 9 9.1
OPRI 7 8.1
SRI 7 7.1
FRI 4 4.0
Institute of Industrial Research 4 4.0
PGRRI 1 1.0
WRI 1 1.0
Total 99 100

Source:IFPRI-STEPRI survey 2010.

The majority of the technologies (64 percent) related to crop production (Table 5.3). About 16 percent were agro-
processing technologies, 14 percent were applicable to livestock and poultry production, and only about 2 percent were
fisheries-related. Roughly 4 percent of the technologies are grouped together as “others”. Examples of agricultural
technologies that fall under this category include sediment filter technology, development of mushroom seedlings,
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development of clones of Odum resistant to the pest Phytolys lata, improved planting materials for teak, and geo-spatial
modeling for agro-ecological assessment.

Table 5.3—Distribution of agricultural technologies by application and classification

Item No. %
Category
Crops 70 64.2
Agro-processing 17 15.6
Livestock/poultry 15 13.8
Fisheries 2 1.8
Other 5 4.6
Total 109 100
Crop -related technology by type of research area/theme
Introduction of new high-yielding or pest-/disease-resistant varieties 33 47.1
Soil fertility improvement/land management 12 17.1
Pest management 11 15.7
Field management practices 7 10.0
Plant breeding 4 5.7
Intercropping 3 4.3
Total 70 100
Classification
Hard technology 65 59.6
Softtechnology 44 40.4
Total 109 100

Source:IFPRI-STEPRI survey 2010.

Most of the crop-related technologies (47 percent) are improved varieties with potential for higher yields and greater
resistance to diseases and pests. The second largest group of crop-production related technologies includes those designed
to improve soil fertility and land management practices. Agricultural technologies are also classified as either a “hard” or
“soft” technology. Hard technologies refer to physical technologies that have been deweloped. Examples include crop
varieties, machines, and animal breeds. Soft technologies refer to non-physical technologies and mainly inwolve techniques,
farming methods, knowledge, and management practices. Out of the 109 technologies in the suney, 60 percent were hard
technologies.

The technologies selected for case studies represent various subsectors, and types. Of the 10 studies, five are crop
production oriented, three of which are varieties (cowpea, cassava and soybean) and the other two are integrated pest
management (IPM) practices (oil palm and groundnut). One is on industrial processing of cassava. The remaining four fall
into livestock category: snail farming, local breed of poultry, improved brooding for guinea fowl, and fish farming. Of the ten,
only four require commercialization. The rest represent knowledge that can be disseminated. The case studies cover the
motivation for dewveloping the technology, the nature and extent of collaboration, the technology dewvelopment process,
dissemination or commercialization, and the outcomes in terms of adoption.

Improved Cowpea Variety Asontem

Local varieties of cowpea cultivated in Ghana are low-yielding and particularly susceptible to infestations by the cowpea
weevil Callosobruchus maculates. Asontem, which was released in 1987, was one of seweral high-yielding, disease- and
pest-resistant varieties released in the late eighties and early nineties.

The variety was dewveloped by CRI in collaboration with the International Institute of Tropical Agriculture (IITA), SARI,
FRI, and MOFA. IITA supplied the germplasm and offered technical backstopping, which included training for some CRI
research staff. SARI tested the variety in northern Ghana while CRI tested in the south. FRI examined the chemical
composition and conducted nutrition and sensory evaluations. MOFA assisted in the organization of trials on farmers’ fields.
The Women in Agriculture Division (WIAD) of MOFA worked on incorporating the new variety into some of the local dishes.

The variety was selected for release after testing for nearly two years on research stations and farmers’ fields in five
different agro-ecological regions. It was found suitable for all ecological conditions except for deciduous forest areas in the
western region. Agronomic evaluations were conducted by external reviewers. The socio-economic group at CRI also looked
at the costs and benefits before the variety was released by the national varietal release committee. In addition to offering
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higher vyields, the variety proved to be resistant to major diseases and insect attacks. The variety was found to be early-
maturing and produced more pods per seed than other varieties. Asontem’s grain yield was 200 percent higher than the
farmers’ traditional varieties and roughly 44 percent higher than the most improved variety in the same maturity class. Some
trials indicated that the yields could be as high 3 t/ha compared to 0.5 t/ha obtained by farmers. The scientists felt that the
variety itself accounted for about 30 percent of the increase in yields.

The principal scientist indicated that although it was not priority then, if they had an opportunity to expand the scope of
their research, they would have tried to dewvelop varieties with higher protein content and would have looked for high sulphur
amino acid content in protein profiles. They would also hawe liked to develop cowpeas resistant to pod-sucking insects. The
project, howewer, was implemented without any funding.

The Grains and Legume Board (GLDB) produced foundation seed for distribution to certified seed producers for further
multiplication. Asontem also informally entered the market as the farmers who participated in on-farm demonstrations
passed on or sold the seeds to fellow farmers. The technology was disseminated through publication of varietal release
reports and on-farm demonstrations. The scientists inwolved in the dewvelopment also participated in radio discussions about
the variety. WIAD suggested ways to incorporate the variety into local dishes.

The principal scientist felt that adoption of the variety was high, particularly in the first five years after release, as it met
farmers’ expectation of yields and resistance to major diseases. It was also early-to medium-maturing and possessed seed
characteristics that yielded a premium in the market. By 2005, Asontem was the most widely cultivated improved cowpea
variety in Ghana and was particularly popular in the coastal savanna regions (Asafo-Adjei et al. 2005).

The principal scientist also indicated that the variety had been successfully adopted throughout the country, but that
adoption was particularly high in the three northern parts of Ghana as well as in Ejura, Kenyase, and Ofinso. Howewer in
2009, the research team at Ejura was informed that the cultivation of the Asontem variety had been abandoned long before,
although the informants during the focus group discussion organized by the research were unable to say exactly when. It
had been replaced by better varieties. According to the informants, the seeds of Asontem broke easily when the pods were
threshed. Also it did not meet the consumer preference for white cowpeas with black eyes and a thick coat. The informants
also felt that the variety took longer to cook than other varieties such as Mallam Yahaya and also released an unpleasant
aroma during cooking.

From discussions with the informants, it became clear that getting an indication of the extent of adoption was difficult
because Asontem had been replaced better varieties. Another problem was that farmers use various names for their cowpea
varieties.

Owerall, few farmers in the districts visited still cultivate Asontem, preferring varieties such as Mallam Yahaya, Yaamini,
Uganda, and Allan Cash, among others. It was also noted that insects and pests remain a persistent challenge as the
insects that attack the cowpea have deweloped resistance to popular insecticides.

Early Warning System for the Control of Oil Palm Leaf Miner

The oil palm leaf miner (Coelaenomenadera lameensis) is the most destructive pest of oil palm in West Africa, causing great
havoc on oil palm plantations if not checked during early stages of infestation. Both larval and adult forms of the miner
damage the palm, leading to rapid desiccation of fronds and arresting of photosynthetic activity. Defoliation of up to 90
percent of fronds in sewerely attacked trees has been reported, resulting in a 50 percent loss in fresh fruit bunch yields over a
1-2-year period. The larvae mine through the leaves and reside there until they dewelop into adults. As a result, chemical
control of larvae is very difficult. Oil palm farmers use hazardous pesticides mainly to control external adults. In addition to
being ineffective against larvae, external application of pesticides raises environmental concerns and heaw use may lead to
the pest deweloping resistance to insecticides. Additionally, the costs of these pesticides have become prohibitive to
smallholder oil palm farmers, who produce a signification portion of Ghana’s oil palm output. As part of developing an IPM
regime for leaf miner control, an early warning system was deweloped (Appiah et al. 2007; Yawson et al. 2009).

The early warning system for the control of oil palm leaf miner inwolves the sampling of representative fronds for a
thorough visual assessment and for counting the number of pests in various stages of development to work out a live index
for further action. The early warning system helps to detect incipient or low lewvels of infestation before the pest builds up to

levels that cause economic damage. Early detection of the pest results in great savings in resources—both human and
material—needed to affect control in the event of an outbreak of the pest. Main features of the technology include:

o Visual assessment of the plants to obsene defoliation and browning due to activity of the pests
o Sampling of lower fronds, a lower leaf that is still green (i.e. 1 frond/tree/ha)
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o Pulling of fronds if easily accessible for observation or cutting of fronds where the trees are tall

) Assessing the presence of leaf minor in various stages of development

) Working out a live index or the average number of live insects per frond

o Undertaking a special census with larger sample, if the live index exceeds the economic threshold of 1.5

OPRI established 1.5 as the economic threshold at which further control action needs to be taken. Depending on the
extent of infestation, the next line of action could be early pruning and burning of the lower fronds complemented with
selective use of insecticides. Pesticide use involves the use of recommended insecticides, appropriate equipment and proper
timing of application to ensure minimal destruction of non-target species, but maximum effect on the target species.

OPRI dewveloped an integrated application for the management of leaf miner with the early warning system as the basis
for triggering appropriate action. Early warning systems are fundamental for sustainable crop protection and various centers,
including the Centre de coopération internationale en recherche agronomique pour le déweloppement (CIRAD), have
deweloped such systems for economic pest management. The work got under way with a review of literature on pest
monitoring systems. The project was funded by NARP and the Agricultural Senices Sub-Sector Improvement Program
(AgSSIP). The principal scientist involved felt that if additional resources were made available, the research could be
extended to studying the prospects of using biological agents, parasitoids, and pathogens in the management system
(Obirihn-Opareh et al. 2008). Also, because of inadequate funding, the team was unable to work on small plantations without
direct links to larger plantations (Obirih-Opareh et al. 2008).

The technology was demonstrated at the Twifo Oil Palm Plantation (TOPP). It has been disseminated through technical
reports, journal publications, seminars, and agricultural shows. Personnel from some of the larger plantations such as Benso
Oil Palm Plantation (BOPP) and Juaben Oil Palm Plantation were trained on the monitoring system. According to the
principal scientist, four large plantations (BOPP, TOPP, Juaben, and NORPALM Ghana Limited) tried the technology and
were satisfied with the outcome. All four plantations still use the technology. The plantations were expected to transfer the
technology to smallholders who work with them. MOFA staffs in Ashanti, Central, and Western Regions were also trained to
transfer the knowledge to both large and small farms. RELC also has been used to transfer the technology.

Discussion with TOPP suggests that the company views the technology favorably, and that almost all large plantations
are using it. But some challenges to the use of the technology were reported (Obirih-Opareh 2008). Although the plantations
appreciate the value of monitoring, they are unclear about making decisions on the basis of information collected through
observation. Previously, the large dewelopment estates hired consultants at substantial cost to advise them on monitoring
and control. OPRI now offers such senices itself upon request and also as part of its R&D activities. This experience has
enabled OPRI to collate data from both estates and smallholder farms to avert potential threats, thus ensuring profitability
through sustainable oil palm production. However, the OPRI is constrained in its effort to deliver timely senices owing to
insufficient funds and logistics to conduct regular visits to advise and guarantee work quality on the plantations.

Owerall, results suggest that the early warning system for management of oil palm leaf miner is being used and is
perceived favorably. The remaining challenge is to scale up the innovation. Because the early warning system involves a
process that must be taught, its effective dissemination requires significant resources and funds for extension senices. In
terms of the innovation user population, illiteracy and a lack of appreciation by other key management staff to provide a
budget line for crop protection senices appear to be the two main obstacles impeding further adoption of the early warning
system.

Aribro Broiler Nucleus Population

The breed was deweloped to reduce the high cost of importing day-old chicks, broiler hatching eggs, and broiler parent stock.
The near collapse of Ghana's poultry industry was the number one motivating factor behind the development of the Aribro
broiler chicks. Ghana’s overreliance on foreign hatcheries contributed to high input and production, the nation’s inability to
compete in the poultry industry, and resultant losses in the Ghana'’s foreign exchange. The country’s Veterinary Senices
Directorate estimated that about 220,000 hatching eggs and 1.5 million day-old chicks were imported into Ghana in 2008
(GNA 2009).

In 2009, ARI introduced the Aribro broiler, a new breed of chicken well-adapted to the local environmental conditions of
Ghana. The first phase of the project sought to produce rapidly growing birds (2kg in 6 weeks) and relatively cheaper birds
with a comparatively low mortality rate. When recommended husbandry practices were followed, the Aribro birds had less
than 2 percent mortality, as they were accustomed to the Ghanaian environment. The husbandry practices were not
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markedly different from that already practiced: for one to three weeks the birds were given starter feed, followed by
deweloper feed for two weeks, and finisher until sold.

The dewvelopment of the Aribro parent lines made it possible to produce day-old chicks domestically at a lower cost than
those produced by imported parent lines. In 2009, parent lines cost a minimum of three euros (equivalent to 4.29 USD) per
parent chick (GNA 2009). Aribro chicks were sold at GHC 1.6 (1.10 USD) compared to GHC 2.2 (1.52 USD) for imported
chicks, saving farmers GHC 0.6 (0.41 USD) per bird.

ARI dewveloped the technology with its own resources. Dr Kwame Boa-Amponsem, the Aribro project leader,
acknowledged that due to the limited availability of research materials, it took the ARI roughly 30 years to accomplish what
could have been achieved in about 4 years given adequate resources (GNA 2009). Nonetheless, he indicated that the
technology has been highly adopted.

Since its development, the technology has been disseminated through mass media. The second phase of the project
sought to build sheds and expand existing facilities to increase housing capacity to accommodate a 3,000-bird nucleus flock
and a hatchery. The current facilities can only accommodate 800 birds.

The principal scientist produced a list of poultry farms that have used Aribro chicks: Tako Farms, JB Farms, Adom
Farms, MP Farm, and Friends City Farms, as well as the ARI Credit Union (ARICUS) farm. The research team held
discussions at the ARICUS farm, an umbrella body (credit union) under ARI governed by a project committee. The farm is
owned jointly by ARI and the credit union, each with a 50 percent share. The discussion with informants suggested that
farmers are willing to buy the chicks if they are made available, but to date the supply of birds has been limited.

ARICUS farmers explained that they took three batches of 300 chicks and recorded a 100 percent sunival rate. Though
objective tests have not yet been conducted to confirm this, the farmers also indicated that the broilers seem resistant to
gumboro, a devastating disease of poultry. Aribro broilers are able to withstand the disease even when vaccination is
delayed by about a week. They were also reported to be less susceptible to paralysis. Compared to other stocks, which
might have one paralyzed bird out of every 100 birds, the Aribro records only 5-10 paralyzed birds out of every 500. Though
growth rate is dependent upon the feed used, the farmers claimed that ARIBRO broilers also grow faster than imported
breeds. Aribro broilers exhibit outstanding feed efficiency and are expected to reach 3kg in about eight weeks; howewver, they
appear capable of reaching that weight in only six weeks.

Additionally, adoption of Aribro broilers remains constrained since production and supply of the breed remain strictly
within the domain of ARI. ARI reports that, similar to all breeds, the Aribro broiler undergoes annual selective breeding and
that they were able to produce about 2,300 chicks a week for the market. If the institute were to receive greater assistance
from the government, however, it could produce even more (GNA 2009). Until production and supply of the Aribro broiler is
commercialized, market demand will not be met. This situation is exacerbated by poor planning. The day-old chick market is
seasonal, lasting only two months a year (September and October). Also, the number of hatcheries is insufficient, and the
Aribro parent stock is aging. It should be noted that the project is in the process of acquiring its own hatchery, and with
control of a nucleus population, production of day-old chicks can be expanded if demand continues to increase.

Integrated Approach to Pest Management of Groundnut

Groundnut is an important leguminous crop in Ghana. It is estimated that more than 90 percent of households residing in a
typical northern farming community cultivate groundnuts (Tsigbey et al. 2004). In the mid-1970s and early 1980s, Ghanaian
farmers were turning away from the groundnut cultivation because of high disease and pest incidence. The diseases that
cause the most damage are early and late leaf spot, rust, rosette, root rot, and southern stem rot. Major pests are leaf
hoppers, soil arthropods (particularly termites), earwigs, white grubs, symphilids, millipedes, wireworms, and mealy bugs
(Tsigbey et al. 2004). In extreme cases, uncontrolled diseases, especially early and late leaf spot, have been found to
defoliate up to 80 percent of leaves on groundnut plants. During very wet years, in crops affected by several diseases, yield
losses can be as high as 100 percent (Tsigbey et al. 2004). In less extreme cases, diseases result in yield losses of up to 50
percent (Nutsugah et al. 2007).

Dr. Mike Owusu-Akyaw, the groundnut research coordinator for the Peanut Collaborative Research Support Program
(Peanut CRSP) at CRI, put together a multidisciplinary team of 13 scientists to develop an IPM approach (Obirih-Opareh et
al. 2008). The team included entomologists, virologists, nematologists, weed and soil scientists, and plant pathologists
(Brandenburg 2003). Collaborators on the project included:

o SARI, which provided both knowledge and expertise
) MOFA, which participated in the conduct of on-farm farmer field schools
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o NCSU, which provided knowledge, expertise, access to publications, as well as funding from the United
States Agency of International Dewelopment (USAID)
) KNUST, which supported the dewvelopment of the technology with knowledge and expertise

Funding from USAID through NCSU provided the research team with use of vehicles and other items to facilitate the
project activities, such as digital cameras and global positioning system devices. NCSU/USAID funds were also used to
provide team members with memberships in the American Peanut Research and Education Society. The program cowered
three phases: 1997-2001, 2002-07, and 2008-12.

The integrated approach to pest management of groundnut is an environmentally friendly technology designed to
control soil arthropods (invertebrates) and foliar pests (particularly aphids). The aphid is the vector that introduces rosette
virus into the plant, which has a debilitating effect on the plant. The IPM regime also inwlves the use of local alata or
amonkye soap instead of agro-chemicals to control aphids. The soap is dissolved in water and sprayed on the plant four
times, at bi-weekly intervals, starting from four weeks after planting. The soap spray Kkills the aphids by dehydrating them.
The sprays also hawe a limited effect in controlling early and late leaf spot. In addition, a small quantity of sugar is
incorporated into the soil along the rows of the groundnut plants at planting and 50 days after planting. The sugar attracts
black ants to the root zone of the plants where they act as natural predators of soil arthropods.

The local scientists led in the identification of the problem, choice of methodology and the development and
dissemination of the technology. The technology was evaluated by external consultants hired by USAID. On the whole,
groundnut fields recorded increases in yield that met and even surpassed the research team’s original expectations. The
team anticipated a fivefold increase in groundnut production over production without IPM. They were correct. Yields were
indeed five times greater and some farmers even recorded yield increases nearly 15 times more than previous yields (Obirih-
Opareh et al. 2008). These findings were also evaluated by a socio-economic group in CSIR-CRI. The major benefit of this
technology is the reduced cost of production and the environmentally sound practice of controlling pests and diseases without
the use of synthetic agro-chemicals. The project did not face any major problems in its implementation. The team leader,
however, felt that with more resources, the technology could have been extended to most of the groundnut-producing areas
in Ghana.

The groundnut IPM approach was publicized and disseminated through a variety of channels. Transfer of the
technology, however, officially started in 1999 when the interdisciplinary research team selected approximately 500 different
locations for research (Obirih-Opareh et al. 2008). Farmers, extension officers, and researchers participated in the
development of the technology through on-station research trials, on-farm demonstrations, and farmer field schools. These
participatory approaches were used to introduce the technology to farmers as well as to train them in the specifics of the
management approach to enable them to train other farmers in their communities (Obirih-Opareh et al. 2008). The
technology was discussed on TV and radio and at field days. Electronic (DVD) and hard copies of documents for training
farmers were also prepared, and seweral journal articles were published.

As a result of this extensive publicity, the project coordinator estimated that by 2009 groundnut IPM was used by
roughly 3,000 farming households. He also indicated that the technology had been adopted widely throughout the areas
where it was demonstrated, such as Hiawoanwu in the Ejura Sekyeredumase district, Somanya in the Yilo Krobo district of
Eastern Region, Atebubu in the Asutifi district of the Brong-Ahafo Region, and Derma in the Brong-Ahafo Region.

The research team visited and held consultations with informants in three districts: Asutifi, Ejura Sekeredumasi, and
Offinso. The technology was demonstrated in two of these districts, Asutifi and Ejura Sekeredumasi, and the technology was
highly adopted in both. In all three districts, the local MOFA representative was also inteniewed. In all three areas, neither
the farmers nor the extension officers were able to report that the groundnut IPM technology was practiced. Indeed, this
technology is still not well-known in the \isited areas. The farmers continue to use chemicals despite the fact that it costs
virtually nothing to adopt IPM.

Of all the places visited, groundnuts are still cultivated on large scale only in Ejura, where the farmers were not using
the technology although they were aware of it. They believe that since they have cultivated groundnut on the same fields for
years, pests and other infections are so high that they can only be controlled with agro-chemicals.

Snail Farming

In 2004, the annual consumption of snails by Ghanaians was over 15,000 tonnes (GNA 2004). Less than a quarter of the
consumption came from domestic supplies. The vast majority of the snails consumed by Ghanaians came from Céte d'Ivoire,
with imports of about 13,000 tonnes (GNA 2004). Snails are a popular food in West Africa and they remain in high demand.
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Snails are high in protein (12-16 percent), iron (45-50 mg/kg), and low in fat (0.05-0.8 percent). They are also believed to
have medicinal value for treatment of anemia and whooping cough. Snails are vegetarian and feed largely on fruits and
vegetables that are rich in protein and low in fat (GNA 2008).

Wild snail populations have been rapidly declining because of deforestation, spontaneous bush fires, traditional slash-
and-burn farming, indiscriminate applications of pesticides, and the continuous harvesting of wild snails including juveniles
for consumption and trade. The principal scientist who dewveloped the technology at FORIG was inspired by an award
conferred on him by the Italian Snail Farming Association through FAO in 1988 following a research paper published in the
Snail Farming Research Journal. The snail farming technology development was supported by the then Development of
Appropriate and Intermediate Technology of Ghana’s Ministry of Science and Technology. The technology includes
comprehensive management practices that include snail breeding, production, marketing, and consumption. Providing snails
with a diet of leafy greens and vegetables, fruits, tubers, and calcium supplements ensures healthy and optimal growth.

Snail management practices include housing, feeding, and disease and predator control. A suitable site needs to be
selected to construct a snailery. About 20 fully grown snails can be housed in a 1m2 space. Optimum stocking density
depends on the age and size of the snails. They hawe to be fed twice a day with greens, usually with pawpaw (papaya)
leaves, which are plentiful in humid areas. The housing units need to be observed closely for dead snails and predators. Any
eggs found should be picked up and buried in fresh sterilized soil for hatching. The newly hatched snails take about one year
to mature. Because snails can multiply very quickly, provision should be made to accommodate expected population
increases. A snail farmer in Offinso started snail rearing with only one hutch box, but within 18 months he had 12 boxes filled
with snails.

Snail farming technology has been disseminated widely through workshops, journal publications, and books. The books
have been translated into all major local languages in Ghana by the Institute for Scientific and Technological Information, a
CSIR institute. In 2004, a MOFA employee disclosed that she was receiving an average of three calls per week from people
from different churches and organizations across Ghana asking for information and professional advice on snail farming
(GNA 2004). Snail farming has been promoted as a livelihood initiative through various training programs to farmers and
youth in particular by NGOs such as Action Aid as well as by MOFA itself.

The principal scientist indicated that the technology has been adopted widely not only in humid forest areas in Ghana
but also more broadly in Africa. The research team continues to organize focus group discussions with snail producers to
share new findings and address farmers’ problems. Snail farmers have formed various associations in the Offinso district.
One such group, the Amonwi Cooperative Association, has been nurtured by the local WIAD officer. The women farmers,
numbering about 230, have been receiving regular assistance and training from the WIAD officer as well as from the district
agricultural officer. Snail farming is also widely practiced in Kenyase and surrounding communities in the Asutifi District,
primarily supported by Action Aid. In certain communities such as Gambia No. 1 and 2 within the Asutifi District, snail
production is a serious occupation.

According to informants, snail production is profitable because the farmers do not have to buy the feed. The only cost
they incur is in building a simple structure and an initial 20 snails. Though the construction of the structure is not overly
difficult, the cost of startup capital is the main hindrance to the adoption of the technology. Snails havwe a large market and
command high prices. The technology has provided lucrative livelihoods to many people in the forest belts and transitional
zZones.

Improved Cassava Variety Afisiafi

Cassava and cassava starch products make up an important part of many Africans’ diets. In Ghana, cassava is the main
starch staple for approximately 80 percent of the population (Gibson 2005). The cassava crop occupies more farmland than
any other crop in Ghana, and after Nigeria, Ghana is the second largest cassava producer in the African continent (Gibson
2005). Cassava remains an important source of Ghana's food security since it is cheap, easy to transport, can withstand
storage for long periods, and compared to other staples has minimal problems with weeds. Howewer, a range of pests and
diseases attack the cassava crop and contribute to periodic epidemics nationally as well as regionally (Gibson 2005).

The Afisiafi cassava variety was developed to replace low-yielding local varieties in 1993. It yields two and a half times
the traditional varieties and is also disease and pest-resistant. It is also more suitable for making gari, a granular flour of
varying texture made from cassava tuber, and agbelima, a fermented cassava meal, but is not as suitable for making fufu.

In the development of the Afisiafi variety, CRI collaborated with several national and international organizations and
programs. These collaborating institutes included MOFA, FRI, the International Fund for Agricultural Development (IFAD),
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IITA, and the IFAD-sponsored Smallholder Rehabilitation and Development Program. These various institutions and
programs contributed by conducting on-farm trials, identifying and selecting farmers, funding credit to farmers, food
processing, providing germplasm and planting material, technical backstopping, and training.

Afisiafi was disseminated through the Business Development Unit of CRI. In 1993, CSIR-CRI, in collaboration with
MOFA, officially released Afisiafi to farmers, along with two other improved varieties, Abasafitaa and Gblemoduade (Gibson
2005). Discussions with MOFA, exhibitions and the mass media all played a role in the dissemination of the variety. MOFA
extension agents supplied cassava sticks free of charge. Though evaluations were undertaken nationally through on-station
and on-farm trials at selected farms, from the variety’s release in 1993 until 2001 there was little documentation about its
diffusion and adoption (Nweke 2005). In 2001, however, CRI researchers reported that Afisiafi, as well as the other two main
varieties released in 1993, cowered large portions of farmers’ fields in Ghana’s Eastern, Volta, and Greater Accra regions—
all important regions for processing much of the gari sold in Ghana’s urban centers (Nweke 2005).

Afisiafi has also been among the varieties used for the Presidential Special Initiative (PSI) on cassava. PSlis a
Ghanaian government initiative launched in the following areas: cassava starch production, oil palm production, salt mining,
garment and textiles, and distance learning. This initiative was designed to diversify Ghana’s economy and to transform
smallholder production methods, thereby increasing the nation’s foreign exchange earnings (Tonah 2006).

The CSIR-CRI scientist inteniewed for this report indicated that Afisiafi is cultivated throughout the country, especially
in Kenyase, Ejura, and Offinso districts in the Ashanti Region. The research team \isited these three places to gain insight
on the extent of adoption.

Discussions with informants in these regions revealed that approximately 12 varieties of cassava are cultivated in Asutifi
district of the Brong Ahafo Region. These include Afisiafi, Esi Abayaa, Debo, Nkabom, IFAD bankye, Bankyehemaa, and
Essam bankye.8 Cassava is widely cultivated in the region and the research team was informed that the Afisiafi cassava was
one of the more popular varieties. The informants gave varied reasons for their preference: early maturity, high starch
content, high yields, and suitability for making gari. Although many farmers cultivate Afisiafi on a large scale, MOFA
continues to distribute planting material free of charge. One of the limitations to its wider adoption may be its unsuitability for
fufu, a staple food in Ghana. Also, varieties that mature faster have been released since then. Since 1993, the cassava crop
underwent further improvement. CSIR-CRI released four new varieties in 2005 and three more in 2010. KNUST and UCC
also released new cassava varieties. But owverall, Afisiafi appears to have been well received.

Development of Fufu Flour

Fufu, which is usually made from a combination of plantain and cassava, is a staple diet for most Ghanaians in the south and
the middle belt. The traditional method of preparing fufuinwlves pounding boiled cassava roots together with
cocoyam/plantain/yam pieces in a wooden mortar using a pestle to turn the substance into a thick paste. This process is
laborious, usually requiring two individuals. Normally, one worker stands and thrusts the pestle downwards into the mortar in
rhythmic movements with full force while the other sits at the mortar inserting the cooked foodstuffs along with water,
continually turning the fufu inside the mortar while taking care to awid getting her hands crushed by the pestle (Yeboah
2008).

Fufu flour, although usually made with cassava and plantain, can also be made by substituting cocoyam or yam in place
of plantain. It was deweloped by FRI after a three-year R&D program in 1989 (Yeboah 2008). FRI deweloped the process
without any collaboration with other institutions. Fufu flour is not only a product innovation® but a process innovation as well.
Process innovation inwlves a new way of making a product or a new/modified method in which business organizations
respond to changes in the market prices, resource endowment, or economic change (Owusu-Bennoah et al, 2007).

The preparation of fufu flour, depicted in Figure 5.1, inwolves dehydration of pre-cooked cassava and cocoyam followed
by milling to required particle size and mixing with a small proportion of cassava starch to improve the binding of the fufu
flour when reconstituted.

® The latter two varieties were released by CSIR-CRIin2005.
9 . . . .
Productinnovationinvolves a new or modified product.
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Figure 5.1—Flow chart for preparation of fufu flour

e

The stickiness of the final fufu product, however, is not at the level that is usually desired by all consumers. While the
technology is now being adopted by a number of food manufacturers, itis currently being improved upon in two main ways:
(i) the addition of potato flour at the blending stage of fufu flour production; and (ii) the substitution of cassava starch with
cassava flour at the blending stage of fufu flour production.

The addition of potato starch was undertaken not by CSIR-FRI but by some fufu flour manufacturers because the
properties of the added starch contributed to the final quality of reconstituted fufu. Some people feel that when potato starch
is added, the properties of the reconstituted flour are closer to traditionally prepared (pounded) fufu. Though the addition of
potato starch to fufu flour production is viewed favorably, it is important to note that potato starch must be imported.

The substitution of cassava starch with cassava flour was carried out by CSIR-FRI. The preparation of cassava flour

also inwlves blanching and drying. The team subjected cassava slices to three different blanching time and temperature
variations:

) Blanching for 7 minutes and drying at 54.1°C
. Blanching for 10 minutes and drying at 60°C
. Blanching for 15 minutes and drying at 60°C

All drying took place in a mechanical dryer until a moisture content of 8-10 percent was attained. The dried slices were
then milled into flour. The innovation of substituting cassava starch with cassava flour was evaluated nationally and the
evaluations included panels to assess the taste, texture, and appearance. The results were positive. The innovation was
promoted and received publicity through the organization of workshops, exhibitions, and mass media. Training was also
offered to food manufacturing companies such as Amasa Agro-processing, Elsa Foods, Praise Foods, and Neat Foods. Now
that the process has become available, the annual potential demand for fufu flour is estimated at 1,000 —17,100 tonnes
(Collinson et al. 2003). The lower figure already represents a substantial new opportunity for Ghanaian food manufacturers.

According to Mr. Joseph Gayin, four companies—Amasa Agro-processing, Elsa Foods, Praise Foods, and Neat
Foods—have all adopted fufu flour technology and are currently selling their products in both local and international markets.
Amasa is a subsidiary of Motherwell Farms and located at Ayikai Doblo, a village 25km north of Accra, near Amasaman in
Ga district. Aside from fufu flour, the company produces and supplies intermediate products such as cassava flour,
fermented cassava flour, gari, agbelima, and kokonte flour to other agro-processing firms such as Elsa Foods, Western
Veneer, and Lumber Company Limited at Takoradi, Rimon Haijiar in Burkina Faso, and Cabisco Company Limited. The
manager of Amasa indicated that they produce fufu flour three times per week and each time approximately a tonne of flour

is produced. He also reported that it was a challenge to meet the demand for fufu flour due to lack of raw materials such as
cassava.

16



Although the principal scientists felt that adoption was not high, individuals in the food processing industry, those in
Amasa Agro-processing in particular, suggest that even small firms are making use of the process and the demand for the
product is high. The manager indicated that the company has continuously worked with researchers and technologists from
FRI, the universities and other organizations.

The availability of cassava, on the other hand, was mentioned as a major constraint to flour production. The manager
added that the Ayensu Cassava Starch project,10 if implemented successfully, could have provided the raw material needed
for making cassava flour. Places where cassava is available are often inaccessible, leading to high transportation and raw
material costs. To ensure adequate supplies, Amasa has established cassava farmer groups in Kwaha Tafo, Nteso, Ankoma,
Abisu, Kwadukro, and Asikam. The company also plans to establish similar cassava farmer groups in Brong Ahafo.

Improved Brooding Management of Local Guinea Fowl

The local guinea fowl (Numida meleagris) is an important source of meat and eggs for many Ghanaians. Traditionally,
guinea fowl are allowed to scavenge freely and fend for themselves. In such a system, the mortality of keets (newly hatched
guinea fowl) is high, ranging from 63 percent (Karbo et al. 2002) to 100 percent (Adam 1997) before they are 10 weeks old.
Causes of mortality have been attributed to adverse weather conditions, predation, poor nutrition, accidents, and diseases,
all of which are related to the environmental management of the birds (Dei et al. 2009).

An improved system of brooding management of local guinea fowl was therefore deweloped. The system essentially
consists of a set of recommendations on artificial brooding, which calls for the confinement of birds from O to 8 weeks of age,
such as practiced in the commercial poultry sector. This artificial brooding was expected to reduce the effects of some of the
causes of keet mortality. On-farm research was therefore conducted on proper housing, feeding, and watering of keets. In
this practice, keets are confined in cages made of hardwood, wire-mesh, and aluminum roofing sheet. The cages, which
have a one square meter floor space and are raised 0.25 meters from the ground, can house between 20 and 40 keets (Dei
et al. 2009). The cages are constructed so that they can be opened from either the top or the side and fitted with padlocks to
prevent theft. Birds are fed with broiler chicken starter mash (210 g/kg crude protein) made of 300 g/kg broiler starter
concentrate, 500 g/kg maize and 200 g/kg wheat bran. Feed and water are provided ad libitum. Heat is provided in the night
and during cooler periods of the day using kerosene lanterns.

The improved brooding management of guinea fowl was a collaborative effort between the Animal Science Department
of UDS, ARI, the Department of Animal Science of KNUST, and the School of Agriculture of UCC. During experimentation
and post-experiment stages, the Agricultural Senices Sub-Sector Investment Project provided funding.

The work was based on articles on mortality of guinea fowls and earlier work done at ARI. However, according to Dr
Herbert Dei, the scientist involved in the development of the guinea fowl technology, funding was a major challenge. Funding
was inadequate to finance both the development and extension/transfer of the technology. According to Dr Dei, due to
limited funding his team could not go beyond the demonstration stage.

To dewelop this technology, on-farm experiments were conducted in three \illages near the Nyankpala campus of the
University for Development Studies in the Tolon-Kumbungu district of the Northern Region of Ghana within the Guinea
Savanna Zone. Two experiments were conducted on-farm to determine the viability and growth performance of confined
local guinea fowl of 0-8 weeks of age. In both experiments, confined keets exhibited steady growth at similar rates and
mortality rates that were markedly lower than free-range keets. Owerall, artificial brooding of local guinea fowl improved their
liveability and growth performance as well as increased owerall cost effectiveness).

The technology was disseminated by MOFA and a few NGOs working with smallholders. As the researchers did not
have the resources to take their technology to potential adopters, they depended on the ministry and some NGOs to transfer
the technology to farmers. The scientists published a couple of papers and also wrote in the Savanna Farmers Journal. The
principal scientist felt that the technology was adopted widely, although he acknowledged that the considerable resources
required for construction and feeding of birds would discourage adoption.

In the Kpaachi communities, where the scientists conducted the research, four respondents who participated in the
experiments took part in discussions with the research team. It became clear that the brooding management of local guinea
fowl was not used in the community beyond the experiment stage. The reason given for this was that farmers could not

° The Ayensu Cassava Starch Projectis an indicative and integrated employment program that emanated from the PSls. PSls are economic
development strategiesbased on initiatives whereby Ghana could cultivate a competitive advantage. The employment generating potential of these
initiatives is large due to linkages with labor-intensive production processesalong the supplychain. The Ayensu Starch Companyinthe Central Region
of Ghanawas thefirststepin the overall planforthe cassava starch PSI (Heintz 2004).
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formulate feed for the keets. Apparently they were not taught how to formulate the feeds. In the on-farm research that was
conducted, the researchers prepared the feeds and the farmers were not inwolved. Farmers mentioned that in addition to this
knowledge gap, there also was an economic reason—the high initial capital outlay for the procurement of the cages.
Consequently, farmers went back to the traditional ways of keeping guinea fowl. Farmers did acknowledge the usefulness of
the technology in relation to the sunivability and better growth of the keets; howewer, they were unable to adopt the
technology.

Improved Soybean Variety Jenguma

Soybean is gaining prominence in northern Ghana because of its multi-purpose usage. Howewer, soybean farmers have
been faced with a problem of early shattering of pods with existing varieties, particularly Salintuya | and Il. Pod shattering
can cause complete loss of the crop on the field if it is not hanested in a timely fashion, leading to a loss of investment by
farmers. For individuals and oil mills to maintain sustainable and high soybean production, Jenguma variety was developed.
Jenguma’s pods do not shatter significantly (only up to 3 percent) even after several weeks following maturity. Another
advantage is that it grows well even in the phosphorous-poor soils frequently encountered in northern Ghana. Other notable
characteristics of Jenguma are its high protein and oil content (40 percent and 14 percent, respectively) making it suitable for
industrial use. Its yield is superior as well—at least 25 percent over previous varieties. Jenguma matures at 110 days and
yields 8-10 bags per acre as against 5-8 bags for Anidaso and Salintuya I. Finally, it acts as a trap-crop against Striga
hermonthica, which causes yield losses in cereal crops estimated at $7 billion annually in Africa (Kim et al. 2004).

Deweloped by SARI, Jenguma came about in response to farmers’ requests through the Research and Extension
Linkage Committee for a solution to the early shattering problem in soybean. SARI dewveloped the technology in collaboration
with several institutions including IITA, FRI, CRI, the Food Crops Dewvelopment Project and MOFA. Specifically, IITA provided
technical backstopping and germplasm, while FRI was inwlved in testing of nutritional qualities. SARI introduced early
generations from IITA and advanced them through seweral generations, identifying suitable lines selecting for yield, shattering
resistance and stability of yield through genotype x environment interaction studies. On-site evaluation, varietal selection, and
testing were conducted using CRI data at four SARI stations—Nyankpala, Damongo, Yendi, and Manga.

Jenguma is suited to Ghana's varied agro-ecology and tolerates the specific stresses of the climatic conditions of the
region. MOFA provided support in on-farm testing and conducted demonstrations on farmers’ fields. The Food Crops
Dewelopment Project, funded by the African Dewelopment Bank, provided financial support to FRI for suitability for proximate
or chemical analysis and to MOFA (through WIAD) for food preparation. The National Varietal Release Committee’s
inspection visits were also sponsored by the Food Crops Development Project.

Scientifically, the new soybean variety was designated TGX 1448-2E, but upon its release in 2003, it was christened
Jenguma, which in the Lobi dialect means "stay and wait for me." To promote large-scale production of the crop in the three
northern regions, SARI introduced Jenguma to farmers at Nyankpala, near Tamale (Modern Ghana 2003). Upon examining
the performance of the Jenguma variety—which is suitable for cultivation throughout Ghana, and indeed, the whole of West
Africa—the National Varietal Release Committee approved its release. It should be noted that it took SARI 12 years to
dewelop this variety (from 1991 to 2003) due to breaks in funding of the research process and for due diligence in generating
the relevant scientific data to support its release. According to Dr Nicholas Ninju Denwar, the lead scientist involved in its
development, testing could have been done faster but was delayed due to lack of funds.

Currently, seeds are made available for cultivation by a few seed growers, and by three public sector agencies: the
Ghana Grains and Legumes Dewelopment Board (which produces foundation seed from breeder seed supplied by SARI),
the Crops Senices Department, and MOFA's extension senices. Moreover, the current block farming program of the
government, which inwolves targeting large tracks of arable land for the production of commodities with comparative
advantage in specific areas and locations, created an avenue for the cultivation of Jenguma. In the program, beneficiary
farmers are supported with land preparation and inputs. Recoweries from the farmers' produce are based on the amount of
support the farmers receive. In the case of Jenguma, its adoption has benefited from the program as farmers are provided
with seeds and other inputs by Ghana Seed Company for cultivation. Because Ghana Seed Company deliberately phased
out previous soybean varieties, farmers have no option but to use this variety under the soybean block farming program of
MOFA.

The research team visited the West Gonja District of Northern Region to learn more about the adoption of the
technology. Discussions with a seed and chemical dealer within the province rewealed that soybeans were no longer
produced by commercial farmers in the district because of recent surpluses in the area. Observations and discussions by the
research team confirmed that Jenguma was not present in the district.
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The research team then visited Tamale, the regional capital, and held discussions with representatives of Ghana Seed
Company to find out where the variety is being adopted. The team was directed to the Savelugu-Nanton, Yendi, and Karaga
districts in the Northern Region. At Savelugu-Nanton, the team asked the District Agriculture Director to identify a community
where further discussions on Jenguma could be held. He suggested the Tibale community for the exercise. In Tibale, 12
farmers joined discussions with the research team. They informed the team that previously they cultivated Salintuya Il
variety, which was associated with shattering. Joining with other farmers with similar problems in the area, they formed a
farmer-based organization (FBO). In 2009, their FBO received financial support from the Millennium Development Authority
(MiDA) to cultivate soybeans, and Jenguma was recommended to them by the Ghana Seeds Company.11

According to the farmers, Jenguma can be stored for four and half months without shattering, which was very good for
the type of farming practiced in the community. Farmers practice crop rotation of maize and soybean. The maize is
harvested first, followed by the soybean. The non-shattering characteristic of Jenguma is thus beneficial. Aside from
resistance to shattering, other benefits of Jenguma mentioned were its fast growth and ability to be used in different ways
(e.g. for local foods such as kooshe and tubani).12 On the other hand, Jenguma was reported to be labor-intensive. Also,
chemicals are needed to eliminate pests. Finally, timing is very important. If itis not sown at the right time (15 June to 10
July), itis unlikely to perform well.

While there was no adoption in West Gonja, the situation was quite different in Sawvelugu-Nanton (Tibale). It was highly
adopted in Tibale since it was the recommended variety from Ghana Seed Company to both individuals and farmer groups.
Jenguma seed is produced by the Seed Growers Association of Ghana and sold to Ghana Seed Company for onward
distribution to the market or to farmers. Jenguma seed is cultivated according to the rules and regulations of the inspectorate
division of MOFA, which monitors seed production. Currently, Jenguma is the sole variety used under the Government of
Ghana's soybean block farming scheme in Northern Region. Formerly, Anidasu variety was used under this scheme but it
was replaced by Jenguma in 2009 due the latter’'s non-shattering and high-yielding traits.

Owerall, Jenguma has been well received due toits good qualities. Importantly, the development of Jenguma was a
demand-driven response to farmers’ expressed need for a non-shattering variety. Through the Research and Extension
Linkage Committee, farmers were able to communicate their request for such a technology. The Government’s block farming
scheme also contributed to the variety’s adoption.

Polyculture of Tilapia with Catfish

The polyculture technology focuses on producing two fish species—Oreochromis niloticus (Nile tilapia) and Clarias
gariepinus (catfish)—in a single pond. The objective is to identify stocking practices that improve productivity and incomes
through better utilization of natural food resources in a pond. Though cultivating tilapia and catfish together is not a new idea,
this project sought to find appropriate stocking ratios to achieve higher lewvels of productivity. The culture of catfish:tilapia in
the ratio of 1:2 per square meter was found to be most appropriate (Obirih-Opareh 2008).

WRI dewveloped this technology through a project funded by AgSSIP. The project was implemented in two phases. On-
station trials were first conducted at the CSIR-WRI Aquaculture Research Dewelopment Center at Akosombo. The trials
featured polyculturing Nile tilapia with various species: Clarias gariepinus, Heterobranchus longifilis, prawns, and grey mullet
in various combinations (Dankwa et al. 2006). Several experiments were conducted, and the polyculture of tilapia with catfish
produced the highest yield. The reason is that while catfish make use of the resources at the bottom of the pond, tilapia
makes use of the food resources, especially algae, in the water column. After on-station trials for seven months, on-farm
trials were carried out in collaboration with local farmers.

The AgSSIP project, which funded the work, also organized an evaluation of the technology, which found that
polyculture was more profitable than monoculture. The findings of the research were disseminated through a workshop. In
addition to on-farm demonstrations, \isits to Akosombo were organized. The principal scientist indicated that insufficient
resources were available to organize adequate demonstrations, but felt that the adoption of polyculture would likely be high,
particularly on small farms.

The polyculture technology is widely practiced Sogakope in Volta Region. The team organized a discussion there with
280 pen and cage fish farmers who formed an association. The discussions revealed that apart from one informant who was

1 MiDA, together with its partners, trains farmers invalue chain approaches to agriculturalproduction and assists in the growth and development of
FBOs. Farmers receive three weeks of field trainingon a specificcrop and are also assisted with a starter kit ofinputs forthe chosencrop (MiDA
undated).

12 kooshe is a fried cake made from bea ns; tubaniis a steam-cooked bean cake.
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advised by a Volta regional agriculture officer to introduce catfish to feed on tilapia fingerlings, no one had received any
information from extension officers on polyculture. Moreover, the lone fish farmer who received extension information was
told to add catfish to ponds to keep down the population of tilapia fingerlings (so as to produce the desired fish size). He was
informed that catfish can be used as a predator to regulate the number of tilapia to prevent owercrowding. This is not the
same as the polyculture technology from WRI. None of the fish farmers had heard of the WRI polyculture technology. It is
worth noting that some of the fish farmers already rear catfish and tilapia together based on their own experimentation.

When told about the polyculture technology, the farmers expressed interest in finding out more. It is possible that the
technology has not been widely adopted because it has not been disseminated through the extension system, which usually
focuses on crops and livestock. Fish farmers also indicated that it is difficult to obtain catfish fingerlings in their locale. The
farmers proposed that MOFA give as much attention to fisheries as they do to crops and livestock. They also suggested that
local hatcheries should be established.

SYNTHESIS AND LESSONS

To achieve success, an innovation system must sustain the technical changes it introduces. Successful innovations are
brought about by groups of organizations and individuals working together or through mediating organizations under an
appropriate policy environment that fosters efficient improvements. These actors from both the public and private sectors
include both those who generate the ideas and technologies and those who find ways to profit by applying them. Although a
system that sustains technical change through innovation is necessary for agricultural transformation, it is likely to be as
much an outcome of the exercise as a contribution to its development. In any case, it is important to consider which features
are essential to a system regardless of what is being examined. In this section, we examine Ghana’s research system in
terms of indicators of an innovation system using information gleaned from the case studies and the scientist suney.

Responsiveness and Mediating Institutions

Are the research organizations responsive tothe needs of the sector? A significant majority—nearly 70 percent—of the
scientists surveyed indicated that they deweloped the technologies in response to demands from MOFA as well as from
farmers. This response level was followed by their career interests (31 percent), availability of funds (28 percent), and the
interest of collaborating institutions (27 percent). Their key objectives in developing agro-processing technologies were to
reduce the drudgery inwlved in the current practices and to reduce the costs of production. For crop-related technologies,
41 percent were developed due to recognition by the scientists on the limitations or undesirable traits such as size, color, late
maturation, susceptibility to pests/diseases, low yield, non-suitability for industrial purposes, and low multiplication ratio.

The motivation for dewveloping technologies reflects the quality of linkages within the system. In all cases, technology
development efforts got under way once an existing problem had been observed or when an opportunity to increase farmers’
incomes presented itself. The articulation of the problem did not always emerge from farmers but from scientists who were
aware of the situation faced by farmers. An exception was the case of Jenguma, where the need for the technology was
articulated through a RELC. One possible reason for such a focus on problem solving may be because in most of the cases,
technologies are dewveloped through projects and external funding, which might require far more stringent articulation of the
need than in gaining access to internal funds.

Funding and Institutional Adequacy

In the suney, the scientists complained of familiar difficulties:

) Inadequate and untimely release of funds (25)
o Lack of laboratory facilities (41)
o Inadequate technical knowledge and institutional support (22)

When asked what activities were not implemented because of inadequate resources, 30 percent mentioned that they
should have carried out further analysis or testing. About 13 percent indicated they could have conducted trials at other
locations to better identify the most suitable areas for a given technology. However, 20 scientists did not respond to this
question and 15 percent indicated that nothing need have been done differently. Though the question pertained strictly to the
technology dewvelopment process, seven scientists gave answers relating to technology transfer. These respondents
mentioned that they should have had the resources to go to other communities to disseminate information or to extend the
technology to other areas.
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The bulk of the technologies studied were deweloped with funding from special projects or sources outside the research
system. Many were funded by projects managed by MOFA. Only in two cases were the technologies deweloped with funds
from internal sources, but these took much longer to develop—20 years in the case of Aribro and 10 in the case of Jenguma.

Linkage and Collaboration

The bulk of the case technologies were produced under collaborative arrangements between organizations within the
country and international research organizations. Collaboration was guided by the need to bring together organizations with
mandates over different ecologies and those with specific capabilities. These collaborations were particularly evident in the
case of efforts funded by external sources. It is quite likely that the funding organizations required collaboration between
relevant organizations.

Collaboration was also common among the larger set of technologies identified. The collaborations may take the form of
one organization funding the other, or knowledge sharing by providing equipment and technical support. Of 109 agricultural
technologies cowvered, 43 percent had both national and international collaborating institutions engaged in the development
of the technologies. Roughly 24 percent of the technologies were dewveloped through collaborations with other institutions in
the country, and 11 percent were developed with only international partners. Noteworthy is that a significant percentage (22
percent) of the agricultural technologies were deweloped with no collaboration at all.

Approximately 85 agricultural technologies were deweloped through collaboration with at least one partner. MOFA was
also considered a partner in the development of nearly all the technologies, often providing support by conducting on-farm
testing and demonstrations, and by identifying and selecting farmers. The next most common collaboration was with lITA in
the form of funding, sharing of knowledge and expertise, and in the provision of germplasm. As one might expect,
collaboration with internal organizations was more common in the development of crop technologies.

Technology Development Process

Are technologies dewveloped under sufficiently rigorous processes and do they include mechanisms to elicit producer
perceptions? Almost all (94 percent) of the agricultural technologies were agronomically or technically evaluated. Only 5
percent did not undergo any technical evaluation. Additionally, a little over half of the 109 technologies (53 percent)
underwent both on-station and on-farm testing. Conducting on-farm testing is important since it can separate the effects of
natural field variability from the effects of treatments being compared. On-farm testing also provides an accurate basis for
farmer management decisions. Farmers are able to participate in identifying problems and priorities, managing the
experiment, and evaluating results. It is usually used as a means to ensure that technologies dewveloped on-station will be
relevant to the targeted client adopters (AFNETA 1992). Thus, on-farm testing facilitates the adaptation of the technology to
the needs of farmers. About 18 percent of the technologies in the surey were only tested on-station.

It is difficult to find out how many of the technologies in the suney were economically evaluated since 37 percent of the
scientists did not provide any response to this question. Roughly 57 percent were economically evaluated, while 7 percent
indicated no economic evaluation was done.

Perceptions on Adoption and Availability of Technologies

Fifty-three percent of the scientists inteniewed indicated that the technologies they developed are or were available on the
market, while about 31 percent responded that the technologies were unavailable (Table 6.1). About 18 percent of the
respondents, howewer, were not aware of the availability of the technologies they deweloped. The scientists were further
asked if they were aware of whether or not farmers were using the technologies. Eighty-nine percent of the scientists
claimed they were aware, and 11 percent were not (Table 6.2). The scientists were also asked to report their perception of
the extent of adoption of the agricultural technologies they developed. Roughly 30 percent rated the adoption of their
technologies as high (Figure 6.1). The same percentage of scientists also rated the adoption of the technologies as medium.
About 24 percent responded that the technology had low adoption. It should be noted that about 5 percent indicated that
their technologies were not adopted at all, and 11 percent claimed to have no knowledge about the adoption rate.
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Table 6.1. Scientists’ perceptions on availability of technology in the market

Iltem No. %
Perceptionon availability of technology in the market
Available 58 53.2
Not available 31 28.4
Not aw are 20 18.4
Total 109 100
Aw areness on farmer technology use
Yes 97 89.0
No 12 11.0
Total 109 100

Source:IFPRI-STEPRI survey 2010.

Figure 6.1—Perception of scientists on adoption of agricultural technology
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Source:IFPRI-STEPRI survey 2010.

The scientists also identified some factors that hindered the adoption of the agricultural technologies they deweloped.
Approximately 28 percent of the scientists identified limited publicity as a major factor hindering adoption (Table 6.2).
Moreover, about 21 percent indicated limited supply or poor distribution of technology as a limiting factor. Another 28 percent
indicated high cost of adopting the technology (either high cost of the technology itself or the required inputs for its use) as
inhibiting adoption. This was particularly true for hard technologies such as high-yielding varieties. A number of scientists
mentioned poor seed distribution networks in Ghana and the inability of GLDB to produce enough foundation seed as an
impediment to adoption. GLDB, the sole producer of quality foundation seed in Ghana under the National Seed Program,
obtains breeder seed of cereals and legumes from CRI at Kumasi and from SARI at Nyankpala to produce foundation seed.
The foundation seed is then supplied to registered seed growers to produce certified seeds for farmers.

Table 6.2. Scientists’ perceptions of critical factors that hinder adoption and transfer of agricultural technologies in
Ghana

Factors that hinder adoption

Cost of adopting the technology 31 28.4
Limited supply or poor distribution of technology 23 21.1
Undesirable characteristics of the technology 17 15.6
Unavailability of necessaryinputs to use technology 9 8.3
Attitude of farmers to new technology 8 7.3
No response 9 8.3
None 4 3.7
Others 15 13.8

@ Multiple responses.
Source:IFPRI-STEPRI survey 2010.

22



Technologies can be categorized as soft or hard. Soft technologies essentially inwolve knowledge, the adoption of which
can be sustained by producer-to-producer exchanges or sustained dissemination by extension agencies. Hard technologies
require that a product made available for adoption, the typical example being a new variety. To guarantee continued
adoption, the technologies must be either publicly distributed or commercialized and made available to producers at a
reasonable cost so that making a profit is possible.

Many of the soft technologies appear to have fallen through the cracks (such as IPM) although some were found to be
very profitable. This is despite the fact that MOFA itself is a partner in technology development because it facilitates field
trials. Project orientation of these technology dewvelopments could be one source of the problem. When asked what they
would like given additional resources, a common answer was to put more effort into dissemination of technologies. This
suggests that they feel that if they do not oversee the technology’s dissemination themselves, no one else will. Grasscutter
production, a soft technology, has done well because it was taken up by NGOs as well as MOFA. Technology development
is invariably followed by workshops, production of brochures, meetings, radio talk shows, and so forth, but these efforts are
not always sustained. They are not mainstreamed into technologies that are promoted by the extension system.

Hard technologies require commercialization. An example of an effective technology whose dissemination is
constrained by the absence of commercialization is Aribro. One policy that in fact may discourage public research
organizations to dewelop partnerships with private companies is the pressure on the former to become financially
independent or generate more of their resources. Without the property rights that might bring royalties, genetic material in
particular may not be commercialized. Where the hard technologies are made available to producers through public or
private channels, they are disseminated better (Jenguma, cassava).

23



REFERENCES

Adam, M. 1997. The constraints and the prospects for guinea fowl production in the Northern Region of Ghana: a case study
of the Damongo Area. BSc Dissertation, Faculty of Agriculture, University for Development Studies, Tamale, Ghana.

Alcadi, R., S. Mathur, and P. Rémy. 2009. Research and innovation for smallholder farmers in the context of climate change.
Discussion paper prepared for the Round Table organized during the 32nd session of IFAD's Gowerning Council, 18
February 2009. Rome: International Fund for Agricultural Development.

Anderson, J. R., G. Feder, and S. Ganguly. 2006. The rise and fall of training and visit extension: an Asian

mini-drama with an African epilogue. World Bank Policy Research Working Paper 3928. Washington, DC: World Bank
Agriculture and Rural Development Department.

Appiah, S. O., S. O. N. Dimpka, K. Afreh-Nuamah, and G. K. Yawson. 2007. “The Effect of Some Oil Palm Elaeis guineenis
Jacq. Progenies on the Dewvelopment of the Oil Palm Leaf Miner Coelaenomenodera lameensis Berti and Mariau
(Coleoptera: Chrysomelidae) in Ghana. African Journal of Science and Technology. Science and Engineering Series 8
(2): 92-96.

Asafo-Adjei, B., B.B. Singh, and G. Atuahen-Amankwah. 2005. Registration of “Asontem” cowpea. Crop Science Society of
America 45: 2649.

ASTI (Agricultural Science and Technology Indicators). 2011. Ghana data in focus. www.asti.cgiar.org/ghana/datatrends.
Accessed 6 Nov 2010.

Bandiera, O. and I. Rasul. 2002. Social networks and technology adoption in Northern Mozambique. CEPR Discussion
Paper No. 3341. London: Centre for Economic Policy Research.

Beal, G. M. and Bohlen, J. M. 1957. The diffusion process. Special Report No. 18. Cooperative Extension
Senice. Ames, lowa: lowa State University of Science and Technology.

Biggs, S.D. 1989. A Multiple Source Model of Innovation of Agricultural Research and Technology Promotion. ODI
Agricultural Administration Network Paper 6. London: Overseas Dewelopment Institute.

Brandenburg, R. 2003. “Award for Peanut CRSP Collaborator in Ghana.” International Arachis Newsletter 23.
http://168.29.148.65/newsletter/ian23.pdf. Accessed 8 Dec 2010.

Breisinger, C., X Diao, J. Thurlow, and R. M. Al-Hassan. 2008. Agriculture for Development in Ghana: New Opportunities
and Challenges. IFPRI Discussion Paper No. 784. Washington, DC: International Food Policy Research Institute.

Breisinger, C., X Diao, S. Kolavalli, R. M. Al-Hassan, and J. Thurlow. 2011. A New Era of Transformation in Ghana: Lessons
from the Past and Scenarios for the Future. Research Report 171. Washington, DC: International Food Policy Research
Institute.

Chambers, R., and J. Jiggins. 1986. Agricultural Research for Resource Poor Farmers: A Parsimonious Paradigm.
Discussion Paper 220. Brighton: Institute of Development Studies, University of Sussex.

. 1987. “Agricultural Research for Resource-poor Farmers Part I: Transfer-of-Technology and Farming Systems
Research.” Agricultural Administration and Extension 27: 35-52.

Conley, T.G., and Udry, C. R. 2010. “Learning about a New Nechnology: Pineapple in Ghana.” American Economic Review,
100 (1): 35-69.

Cramb, R. A. 2003. “Processes Affecting the Successful Adoption of New Technologies by Smallholders.” In: Hacker, B.
(ed). Working with Farmers: The Key to the Adoption of Forage Technologies, pp.11-22. ACIAR Proceedings No. 95.
Canberra: Australian Centre for International Agricultural Research.

CSIR (Council for Scientific and Industrial Research). 2010. www.csir.org.gh/index1.php?linkid=79.

Dankwa, H.R., F. Attipoe, K. Agbogah, and J.N. Padi. 2006. “AgSSIP Polyculture Project—Polyculture of Nile Tilapia
Oreochromis niloticus, Clariasgariepinus, Heterobranchus longifilis, prawns and grey mullets.”

Dei, H.K., I. Alidu, E.O. Otchere, A. Donkoh, K. Boa-Amponsem, and |. Adam. 2009. “Improving the Brooding Management
of Local Guinea Fowl.” Family Poultry 18(1&2):3-8.

Dosi, G. 1982. “Technological Paradigms and Technological Trajectories: A Suggested Interpretation of the Determinants
and Directions of Technical Change.” Research Policy 11: 147-162.

24


http://www.asti.cgiar.org/ghana/datatrends
http://168.29.148.65/newsletter/ian23.pdf
http://www.csir.org.gh/index1.php?linkid=79

Doss, C.R. 2006. “Analyzing Technology Adoption Using Microstudies: Limitations, Challenges, and Opportunities for
Improvement.” Agricultural Economics 34: 207-219.

Douthwaite, B., J. D. H. Keatinge, and J.R. Park. 2001. “Why Promising Technologies Fail: The Neglected Role of User
Innovation during Adoption.” Research Policy 30: 819-836.

Eponou, T. 1993. “Integrating Agricultural Research and Technology Transfer.” Public Administration and Dewelopment
24(3): 269-318.

Fafchamps, M. 2009. Vulnerability, Risk Management, and Agricultural Development. Agriculture for Development, Center of
Evaluation for Global Action Working Paper No. AfD-0904. Berkeley: University of California Berkeley.

Feder, G., R. Just, and D. Silberman. 1985. “Adoption of Agricultural Innovations in Developing Countries: A Surwey.”
Economic Development and Cultural Change. 33 (2): 255-298.

Flaherty, K., G. Owusu Essegbey, and R. Asare. 2010. Ghana: Recent Developments in Agricultural Research. Country
Note. 2010 International Food Policy Research Institute and Science and Technology Policy Research Institute.

Gibson, R. W. 2005. Participatory Breeding of Superior, Mosaic Disease-resistant Cassava: Validation, Promotion and
Dissemination. Final Technical Report. R8302: Crop Protection and Plant Sciences Research Programme. London:
Department for International Development. www.fao.org/teca/system/files/R8302_FTR.pdf. Accessed 9 Dec 2010.

Gijsbers, G., and R. van Tulder. 2011. “New Asian Challenges: Missing Linkages in Asian Agricultural Innovation and the
Role of Public Research Organizations in Four Small- and Medium-sized Asian Countries.” Science, Technology &
Society 16(1): 29-51.

GIPC (Ghana Investment Promotion Centre). n.d. President’s special initiatives. www.gipc.org.gh/otherpages.aspx?id=4.
Accessed 9 Dec 2010.

GNA (Ghana News Agency). 2002. “Ghana cassava is safe for consumption—MOFA.” Modern Ghana. 18 Jan 2002.
www. modernghana.com/news/19732/1/ghana-cassava-is-safe-for-consumption-mofa.html. Accessed 9 Dec 2010.

. 2004. “Ghana making millions from snail farming.” Modern Ghana, 24 Sep 2004.
www.modernghana.com/news/63556/1/ghana-making-millions-from-snail-farming-.html. Accessed 7 Dec 2010.

. 2008. “Discowering viability of snail farming.” Ghana Web. 11 Dec 2008.
www.modernghana.com/news/194322/1/discovering-viability-of-snail-farming.html. Accessed 9 Dec 2010.

Hall, A., G. Bockett, S. Taylor, M. V. K. Sivamohan, and N. Clark. 2001. “Why Research Partnerships Really Matter:
Innovation Theory, Institutional Arrangements and Implications for Developing New Technologies for the Poor.” World
Dewelopment 29(5): 783-797.

Hall, A., L. Mytelka, and B. Oyeyinka. 2006. Concepts and Guidelines for Diagnostic Assessments of Agricultural Innovation
Capacity. UNU-MERIT Working Paper No. 2006-017. Maastricht, The Netherlands: United Nations University.

Heintz, J. 2004. Elements of an Employment Framework for Poverty Reduction in Ghana. Working paper series 85. Report
of a joint ILO/UNDP mission. Political Economy Research Institute, University of Massachusetts. Amherst. Amherst,
Massachusetts.

IFPRI. 2009. Agricultural Science and Technology Indicators (ASTI) Initiative. Summary Report of the Consultation
Workshop on Identifying Supplementary Indicators. 20-21 Jan 2009, Entebbe, Uganda.

Karbo, N., F.K. Awornyo, and S. Atiiga. 2002. “Preliminary Studies on the Pattern and Causes of Guinea Fowl (Numida
meleagris) Keet Losses in Garu and Bawku of the Bawku East District.” Savanna Farmer 3: 15-17.

Leeuwis, C., and M. N. C. Aarts. 2010. Rethinking Communication in Innovation Processes: Creating Space for Change in
Complex Systems. In Proceedings of the 9th European IFSA Symposium, 4—7 July. Vienna: International Farming
System Association.

Lundvall, B. 1985. Product Innovation and User-Producer Interaction. Industrial Development Research Series No. 31.
Aalborg, Denmark: Aalborg University Press.

Mignouna, H.D., M.M. Abang, G. Omanya, F. Nang'ayo, M. Bokanga, R. Boadi, N. Muchiri, and E. Terry. 2008. “Delivery of
Agricultural Technology to Resource-poor Farmers in Africa.” Annals of the New York Academy of Sciences 1136: 369—
376.

Millennium Development Authority (MiDA). Undated. Investment Opportunity in Ghana Maize, Soya and Rice. Accra, Ghana.

Modern Ghana. 2003. m.modernghana.com/mobile/44853/0/ new-soya-bean-varieties-released.html.

25


http://www.modernghana.com/news/19732/1/ghana-cassava-is-safe-for-consumption-mofa.html.%20Accessed%209%20Dec%202010
http://www.modernghana.com/news/63556/1/ghana-making-millions-from-snail-farming-.html
http://www.modernghana.com/news/194322/1/discovering-viability-of-snail-farming.html
http://m.modernghana.com/mobile/44853/0/new-soya-bean-varieties-released.html

MOFA (Ministry of Food and Agriculture). 2007. Food and Agricultural Sector Development Policy (FASDEP II). Accra,
Ghana: Ministry of Food and Agriculture.

. Directorate of Agricultural Extension Senices. Agricultural extension approaches being implemented in Ghana.
http://mofa.gov.gh/site/wp-content/uploads/2011/03/Extension-approaches-in-Ghana-.pdf. Accessed 10 Jul 2011.

Moore, G. A. 1991. Crossing the chasm: Marketing and Selling High-tech Products to Mainstream Customers. New York:
Harper Business Essentials.

Nederlof, E. S., N. Réling, and A. van Huis. 2007. “Pathway for Agricultural Science Impact in West Africa: Lessons from the
Conwergence of Sciences Programme.” International Journal of Agricultural Sustainability 5 (2&3): 247-264.

Nin-Pratt, A., M. Johnson, E. Magalhaes, L. You, X Diao, and J. Chamberlin. 2011. Yield Gaps and Potential Agricultural
Growth in West and Central Africa. Research Report 170. Washington, DC: International Food Policy Research Institute.

Nutsugah, S. K., M. Abudulai, C. Oti-Boateng, R. L. Brandenburg, and D. L. Jordan. 2007. "Management of leaf spot disease
of peanut with fungicides and local detergents in Ghana." Plant Pathology Journal 6, No.3: 248-253.

Nweke, F. I. 2005. “The Cassava Transformation in Africa.” In A Review of Cassava in Africa with Country Case Studies on
Nigeria, Ghana, the United Republic of Tanzania, Uganda and Benin. Vol. 2 of the Proceedings of the Validation Forum
on the Global Cassava Dewelopment Strategy. Rome: International Fund for Agricultural Development and the Food and
Agriculture Organization of the United Nations.

Obirih-Opareh, N., E. K. Tetteh, G. A. Yamga, K. M. Sulley, R. Omari, G. O. Essegbey, R. Ampadu, and G. Frempong. 2008.
Agricultural Innovations: Technological Inputs for Enhancing Agricultural Production in Ghana. CSIR-STEPRI Innovation
Studies Series 1. Accra: Council for Scientific and Industrial Research-Science and Technology Policy Research
Institute.

Oleas, C., K. E. Dooley, G. C. Shinn, and C. Guisti. 2010. “A Case Study of the Diffusion of Agricultural Innovations in
Chimaltenango, Guatemala.” Journal of International Agricultural and Extension Education, 17(2): 33-45.

ODI (Owerseas Dewelopment Institute). 2001. Ghana's Sustained Agricultural Growth: Putting Underused Resources to
Work. Owerseas Dewelopment Institute.

Owusu-Bennoah, E., Anno-Nyako, F. O., Egyir, I., and Banful, B. 2007. Analyzing the Agricultural Science Technology and
Innovation (ASTI) Systems in ACP Countries - The Ghana Case Study on Plantains. Report submitted to CTA,
Netherlands.

Pratt, A. N. and S. Fan. 2010. R&D Investment in National and International Agricultural Research: An ex-ante Analysis of
Productivity and Powerty Impact. IFPRI Discussion Paper 00986. Washington, DC: International Food Policy Research
Institute.

Rivera, W. M., G. Alex, J. Hanson, and R. Birner. 2006. Enabling Agriculture: The Ewlution and Promise of Agricultural
Knowledge Framework. Proceedings of the 22nd Annual Conference of the Association for International Agricultural and
Extension Education, 14-19 May 2006, Clearwater Beach, Florida.

Rogers, E. M. 1995. Diffusion of Innovations. 4th Edition. New York: Free Press.

Spielman, D. J. 2006. “A critique of Innovation Systems Perspectives on Agricultural Research in Developing Countries.”
Innovation Strategy Today 2(1): 41-54.

Sumberg, J. 2005. “Systems of Innovation Theory and the Changing Architecture of Agricultural Research in Africa.” Food
Policy 30: 21-41.

Sumberg, J., and D. Reece. 2004. Agricultural Research through a “New Production Dewelopment” Lens. Experimental
Agriculture 40: 295-314.

Sunding, D., and D. Zilberman. 1999. “The Agricultural Innovation Process: Research and Technology Adoption in a
Changing Agricultural Sector.” In Handbook of Agricultural Economics, ed. B. L. Gardner and G. C. Rausser. Elsevier,
Edition 1, 1(1).

Tonah, S. 2006. “The Presidential Special Initiative on Cassava: A Bane or Blessing to Ghana's Smallholder Farmers.”
Ghana Journal of Dewvelopment Studies 3 (1): 66—84.

Tsigbey, F. K., R. L. Brandenburg and V. A. Clottey, 2004. Peanut Production Methods in Northern Ghana and Some
Disease Perspectives. World Geography of the Peanut Knowledge Base Website.
www.caes.uga.edu/commodities/fieldc rops/peanuts/pins/documents/GhanaP roduction.pdf. Accessed 8 Dec 2010.

26


http://mofa.gov.gh/site/wp-content/uploads/2011/03/Extension-approaches-in-Ghana-.pdf
http://www.caes.uga.edu/commodities/fieldcrops/peanuts/pins/documents/GhanaProduction.pdf

UNCTAD (United Nations Conference on Trade and Development). 2007. The Least Developed Countries Report 2007.
New York and Geneva, United Nations.

USAID (United States Agency for International Dewelopment). 2005. “The Peanut Collaboration Research Support Program.”
External Evaluation Report. www.oecd.org/dataoecd/57/63/36079702.pdf. Accessed 8 Dec 2010.

van Huis, A., J. Jiggins, D. Kossou, C. Leeuwis, N Rdling, O. Sakyi-Dawson, P. C. Struik, and R. C. Tossou. 2007. “Can
Conwergence of Agricultural Sciences Support Innovation by Resource-poor Farmers in Africa? The Cases of Benin and
Ghana.” International Journal of Agricultural Sustainability 5 (2&3): 91-108.

won Braun, J. 2009. Owvercoming the World Food and Agriculture Crisis through Policy Change and Science. Fourth
Foundation Day Lecture, 6 Mar. New Delhi: Trust for Advancement of Agricultural Sciences.

World Bank. 2006. Enhancing agricultural innovation: How to go beyond the strengthening of research systems. Washington,
DC: The World Bank.

Yawson, G. K., S. Ichi Tebayashi, C. Kim, H. E. Davis, and E. O. Owusu. 2009. “Parastoids of the Oil Palm Leaf Miner
Coelaenomenodera lameensis Berti and Mariau (Coleoptera: Chrysomelidae) and Prospects for Biological control.”
African Journal of Science and Technology. Science and Engineering Series 10 (1): 24-31.

Yengoh, G. T., A. F. Ato, and M. G. E. Svensson. 2009. “Technology Adoption in Small-scale Agriculture: The Case of
Cameroon and Ghana.” Science, Technology & Innovation Studies 5 (2): 111-131.

27


http://www.oecd.org/dataoecd/57/63/36079702.pdf

APPENDIX: 109 AGRICULTURAL TECHNOLOGIES

No. Technology Institution Objective/description
1 Scouting system for managing SARI The technology is a management practicein which the farmer scouts the
bollworms on cotton cotton planton the farm to detect bollworm before spraying. This
technology leads to lower production costs for both cotton companies and
farmers.
2 Bio-control of Striga hermonthica Crop The technology, which enables the use of a biological agentto control
with soybean Science weeds, is a cultural practicethatinvolves growingthe soybean line TGC

Dept, UDS 1834-5E0n a piece of land for 2years to reduce the seed-bank population
of Striga hermothica before growing sorghum. Plantsorghum, maize, or
milleton the land after 2years of growing soybean for another two years
andrepeat the cycle. With the technology, neither hand-pulling nor
sprayingis needed.

3 Bud manipulation technology CRI Developed to increase both the availability of healthy planting materials
and the multiplication ratio of plantainsand bananas, this technology
comprises three different propagation techniques: splitcorm, decapitation,
andtissueculture.

4 Cotton-cowpea relayintercropping SARI The technology ensures crop diversification, thus enabling farmers to
harvestatleastone cropifthe other fails,as well as encouragingfarmers
to incorporate cotton into their cowpea farm to improve cotton production
in Ghana. The practiceinvolves three stages:

e Plantingcotton at a spacingof90cm from May to June

e Skippingarow after every two rows of cotton to make room for
strips of cowpea

e Plantingcowpea ata spacingof60cm by 20cm, 2 WAP cotton;
and applying 200 kg (4 bags) of 15-15-15 NPK/fertilizer/ha. 14 days after
planting cotton.

5 Cowpea variety Bawutawuta SARI Bawutawuta is resistantto Striga and pestinfestation. It is high-yielding
and tolerates drought. It alsoimproves soil fertility and has high biomass
potential.

6 Cowpea variety Padi Tuya SARI The variety was developed to improve yield and resistanceto aphids.lthas

large white seeds, is early-maturing (65 days),and requires a shorter
cookingtime.

7 Cowpea variety Songotra SARI The varietyis high-yielding, early-maturingandis resistant to Striga
gesnerioides.
8 Cowpea variety Vallenga SARI Vallenga is a red-seeded, early-maturing (60-65 days) cowpea variety with

highyield potential (about 2.0 t/ha).lt is also drought-tolerantand tends to
have green leaves after harvesting, thus providingfodder for livestock.

9 Cowpea variety Zaayura SARI The new variety is high-yielding, early-maturing, and resistantto aphid pest
infections.
10 Mako Ntoose CRI Mako Ntoose is a crop that shares features from both tomatoes and

peppers. Itis very highin vitamin C, mildintaste, and can be use to feed
children. Itgrows with little moisture, has a longshelflife, and can be
cultivated throughout the country. It is often usedin place of tomatoes
duringleantomato seasons.

11 Cowpea variety Bengpla CRI Bengpla is an early-maturingvariety (65 days) derived from a complex cross
([TVx 33-1J xTVu 6203] x TVx 33-1J) x TV x 6332. The parents of TVx 33-1J
are TVu 37 and TVu 530, which represent Pale Green from South Africa and
Ibadan.ltcontains 29.75 percent protein and 1.91 percent oil andis
resistantto pod shattering, lodging,and various diseases (anthracnose,
web blight, brown blotch, Cercospora leafspot, Septoria leafspot, bacterial

blight, etc).
12 Drought-tolerant maize varieties CRI The drought-tolerant maize varieties are Quality Protein Maize (QPM)
Enii-Pibi, Omankwa, Aburohemaa, varieties. They areearly-maturing (75-90 days) and Striga-resistant.

and Abontem




13  Oil palmfood crop fertilizer OPRI The technology is a fertilizer application and management strategy
management strategy developed to maximizeyield of oil palmintercropped with food crops. It
involves the following steps:

e Llineand peg field at 8.8m triangular for oil palm.

° Plantoil palmwith protective collarsaround them.

e  Systematically plantfood crops inthe inter rows of the oil palm
1m, 1.5m, 2.m away from the oil palmrows in the first, second, and third
years after establishment of the oil palm.

° Broadcastfertilizer atthe followingestablished rates:oil palm
with plantainatN25-P35-K50; oil palmwith maize at N50-P75-K100.

e Qil palmwithcassava atN75-P115-K150.

14  Groundnut variety F-Mix SARI The variety has high levels of resistanceto earlyand lateleaf spotand is
well-adapted to the high rainfall belts of northern Ghana. The variety has
high oil content (about 49 percent), matures in 120 days,and yields an

average of 2500 kg/ha.
15 Plant-derivedinsecticide FORIG Neem and jatropha are mixed together to form an insecticidefor use on
cereal, grain,and vegetable crops.
16  Earlywarningsystem for the OPRI The technology involves the early detection of warningsigns or symptoms
control of oil palmleaf miner and employing non-chemical and environmental friendly means of

curtailingthe spread. The technology works as follows:

e Assess plants visually to observe defoliation and browning due to
activity of pests.

e Samplelower fronds that are green (i.e. one frond/tree/ha).

e Pullfrondsifeasilyaccessiblefor observation of stages or cut
fronds where the trees are tall.

e Assess the various stages of the leaf miner by countingthe stages.

e Work out the index by dividing each number of stages by the
representative frond number. Ifthe index is beyond 1.5, then the tree
should be fogged with the appropriatechemical.

17  Field management of plantain CRI The technology, developed to address high susceptibility to nematodes in
nematodes using Pueraria plantain, uses Pueraria phaseoloides, a leguminous cover crop, as a
phaseoloides cover crop component in plantain-based croppingsystems. Exudates from P.

phaseoloides roots are toxic to nematodes, which causeroot damage. This
technology resultsinanincreasein plantain’s uptake of water and

nutrients.
18 Golden Jubilee maize variety for CRI The Golden jubilee maize varietyis a yellow version of the Obatanpa, which
use as human food andinindustry isa QPM variety. Itcontains lysine, carotene, and tryptophan — all essential
aminoacids necessary for normal growth and development in both humans
and animals.
19  Graftingof nutmeg PGRRI The technology involves the grafting of a known sex of matured plants that

have flowered. It reduces the flowering period and enables female plants
to be known. The technology increases the number of plants.

20  Groundnut variety Sinkarzei SARI Sinkarzei was developed to improve yield and oil content of groundnuts. It
originates fromvariety ICGS 114, which was derived from a three-way cross
between two adapted cultivarsinIndiaandanintroduced germplasmline
([GAUG 1 x NC Ac 17090] x Kadiri 3).

21  Herbicideuse and efficacyin oil OPRI The technology was developed to make scientific recommendations for

palm local farmers in order to reduce the costof weed management inoil palm
farms and to protect the environment. Itinvolves the use of 2 liters of salts
to 1 liter of herbicide (Roundup). The mixtures were: Roundup + sodium
chloride, Roundup + ammonium sulphate, and Roundup + urea.
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23

24
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26

27

28

29

30

31

32

33

34

Identification of soil suitable for
economical oil palmproduction

Improved fallow systems for soil
fertility maintenance

Improved groundnut variety
Nkatesari

Improved production of groundnut

through deployment of IPM
practices

Improved rainwater productivity
through combination

Improved ricevariety Sikamo

Improved cassava variety Afisiafi

Improved cassava varieties
Ampong, Broni Bankye, Sika
Bankye, and Otuhia
Improved cassava variety
Dokuduade

Improved variety of cowpea

Improved cowpea variety Apagbala

Improved cowpea varieties
Bengbla, Ayiyi, Anidaso,and
Bengbie

Improved cowpea variety Marfo
Tuya

OPRI

SARI

SARI

SARI

SARI

CRI

CRI

CRI

CRI

CRI

SARI

SARI

SARI

The technology provides aninventory with descriptions of soils atKusi,
Twifo Praso,and Adum Banso—allareasclimatically suitablefor optimal oil
palmproduction. The soil descriptions cover land characteristics and
physico-chemical properties. The soils were evaluated for their suitability
for oil palmcultivation. The technology includes production forecasting,
which considers notonly climate (rainfall and water deficits) but also soils.
The agro-management practices necessary to manage the limitations
associated with the soils areoutlined and recommended for
implementation.

The technology addresses lowsoil fertility due to N deficiency, high cost of
purchasinginorganicfertilizer, environmental pollution,andissues of
releasing carboninto theatmosphere (carbon concentrationin the soil).
The technology involves the cropping of fallowlands with legume
Calopogolitan mucunoides for a year or two, then plowingitinto the field.
The landis thus ready to be planted with crops. Through this practice,
fertilizer costs can be reduced 40 percent.

Developed to diversify varieties suitable for confectionary, the variety
shows improved resistanceto foliar diseaseand good field dormancy. Itis
medium-maturing (110 days), has a kernel yield potential of approximately
2 t/ha, and has an oil content of 47 percent.

Developed to counter pest attacks in groundnut production, the
technology uses neem powder to control pest infections in the soil and, as
aresult, increases groundnut productivity.

Developed to address the problem of erratic rainfall pattern on agriculture
andits effect on soil productivity. The technology increases rainwater
productivity by 200 percent, reduces soil erosion,and prevents silting of
dams.

Developed to replacenon-performing ricevarietiesininlandvalleys and
irrigated ecologies acrossthe country, Sikamo is a disease-resistantand
high-yieldingvariety. Though it is less tolerant of drought, Sikamo has a
potential grainyield of 5.5 t/ha.

Afisiafi isa disease-and pest-resistantvariety thatyields about 2.5 times
the traditional varieties.

These varieties resist African cassava mosaicdisease, aredrought-tolerant,
andyield as much as 35 t/ha. They also demonstrate the highest starch
yield ever recorded in Ghana.

This varietyis resistantto African cassava mosaic disease, has lowcyanide
content, and produces yields of about 2.5 times traditional varieties.

The technology is best suited for the forest savannah, foresttransitionand
savannah zones. It solves the problems that accompanied existing varieties
like Soronko, which although high-yielding makes harvesting difficultsince
it spreads on the ground.

Developed with the aim of improvingthe yield of local cowpea varieties,
Apagbala matures 60—65 days and the percentage of harvestinthe first
round is 70-80% of the pods.

Developed to providealternatives to low-yieldinglocal varieties susceptible
to pests and diseases.

Marfo Tuya matures in 65—70 days and can stay erect without the use of
runners. Ithas the potential of yielding 2.5 t/ha andyields 10 percent more
than the Bengpla variety (the most common improved variety) and 13
percent more than the traditional variety. Ittolerates high night
temperatures duringreproductive development and has a higher content
of ironand calciumthan Bengpla.
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36

37

38

39

40

41

42

43

44

Improved cowpea varieties Nhyira
and Tona

Improved cowpea variety Asontem

Improved groundnut variety
Kpanielli

Improved groundnut variety Mani
Pinta

Improved groundnut variety
Edorpo-Munikpa

Improved groundnut variety Jusie
Balin

Integrated approach to pest
management in groundnuts

Integrated practiceto control pest
and diseases of citrus

IPM for control of sorghum head
bugs

IPM packagefor controlling pests
and diseases of cowpea

CRI

CRI

SARI

SARI

SARI

SARI

CRI

CRI

SARI

Crop
Science
Dept, UG

Tona, variety IT87D-2075, is resistantto leaf hoppers, Cercospora leafspot,
and other viruses.ltis medium-maturing (71-80 days), tolerates drought,
and has high nutritional content (mainlyiron, phosphorus, and energy).
Nhyira, variety IT87D-611-3, is early-maturing (65—68 days), high-yielding
(2.3 t/ha), resistantto anthracnoseand Cercospora leaf spot, tolerates
drought, resists leaf hoppers,andis highiniron, phosphorus,and energy.
Asontem is anearly-maturingvariety (65—-70 days) that resists diseases like
anthracnose, web blight,and brown blotch. Ithas narrowleaves, red color,
anda medium-sized seeds.
The variety matures in 120 days and has a potential yield of 2.4 t/ha. Itis
resistantto Cercospora leaf spotand has high oil content (51 percent).
The variety has high oil content (about 53 percent) andis high-yielding. It
resists common diseases, particularly leafspot.Itis late-maturing (120-130
days)and has a kernel yield potential of approximately 2.2 t/ha. With good
field management, farmers caneasilyobtainanadditional 1.7 t/ha.
This variety has higher oil content than earlier varieties such as Mani Pinta.
Itis high-yielding (kernel yield 1.2 t/ha), early-maturing (100 days), and
moderately resistantto earlyandlate leaf spot. The pods aretypically two-
seeded, slightly beaked, and the constriction between the seeds is slight
with seed weight of 65 grams.
Developed to improve yields in groundnut production, Jusie-Balin hasa
high level of resistancetoleaf spotdisease,is early-maturing
(approximately 104 days), and the kernel yield potential is approximately
2.0 t/ha. With good field management, farmers can easily obtain additional
1.5 t/ha. The kernel is particularly suitablefor a range of confectionary
products and contains about46 percent oil.
The technology employs an environmentally friendly pest management
approach thatconsiders the phenology of the plantas well as the lifecycle
of the pest andits interaction with the environment. The practiceinvolves
the use of local soap (alata) instead of agro-chemicals to control aphids.
The soapis dissolved in water and sprayed on the plant4 weeks after
planting. The solutionis applied four times at bi-weekly intervals.The soap
dehydrates the aphid until iteventually dies. Although minimal,italso has
an effect on earlyand late leaf spot diseases.
Improves citrus productivity and solves the problem of indiscriminateuse
of insecticidein citrus production.
Developed to counter the damage caused by head bugs (a perennial
problem insorghum production), the IPM involves plantingsorghum early
inthe croppingseason,intercropping sorghumwith cowpea, and spraying
with either 5% neem extract or 10% Hyptis extract.
The technology is anintegrated crop production and pest management
strategy for cowpea, which involves the followingsteps:

o Select weedy sites with deep loamy soil.

e Do minimum tillagebyapplyingcontact(systemic) herbicide.

e Conduct germination tests to select healthy seeds.

e Planton time andat optimum plantpopulation.

e Use recommended resistantvariety.

e Control weeds on time.
e Applyinsecticidewhen necessary.
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45 Management of acid soil SRI The technology involves the following steps.
Step 1. Soil should be analyzed to determine the pH. Asoil pHbelow 5.0
needs to be improved. The situationis critical when the pH falls below4.5.
Step 2. Materials necessary for improvement of soil pHinclude:

e Lime (agriculturallime, oyster/clamshells,ash fromricestraworsaw
dust): improves soil pH, neutralizes aluminumand other ions,and improves
levels of exchangeable calcium—proper limeshould beused when pH is 45
or below

e Organic materials (farmyard manure, manure, compost): adds some
nutrients inthe soil, binds aluminum, mayimprove the soil pH

e Rock phosphate: improves soil pH,adds phosphorus, calciumand
other nutrients, is more solublewhen pH is below4.5

e High amount of singleortriplesuper phosphate: overcomes P-
fixation capacity of the soil and makes phosphorus available
Step 3. Application of liming materials —itis safeto use 0.5 t/ha limein
combination with organic materials or phosphorus; however, 1.0 t/ha lime
should be used when the pH is below4.5.

46  Management of banana weevil CRI Developed to reduce the population of the banana weevil,increasethe
number of banana suckers produced, and facilitate more vigorous growth
and higher yields. The technology involves the following steps to manage
weevils:

e Paringas ameans of reducing weevil load on plantingmaterials

e Trappingsplitpseudostems

e Soakingparrel suckersinpesticidesolution prior to planting

e Use of neem extract as a botanical insecticide

e Clearingfield of dead leaf material

e Plantingsuckers immediately following removal from mother stands

47  Minisetttechnology CRI The technology, developed to increasethe ratio of yam produced, involves
cutting yam stored for 3 months at room temperature intosets (50 g each)
from the head, middle, and tail portions. The cut surfaces of the sets are
treated with sawdustor ash containinganinsecticide (Cymethoate at 2ml
L'l), fungicide (Dithane M45 at5g L'l), andwood ash (5g Lt water). These
sets arethen air-dried for 24 hours. To induce sprouting, the sets are each
dipped into ethephon solution for 1 hour. Whereas traditional methods
produce a 1:6 yam propagation ratio, the Minisett technology has the
potential to produce a 1:40 ratio.

48 Neem-incorporated management SARI Developed to reduce the use of synthetic fertilizer and minimize
strategy as aninsecticidefor environmental pollution frompesticideusageand insecticidespraying by
cowpea pest farmers, this technology uses neem seed power (at 10 percent by weight or

neem seed oil at 2-3 ml/kg) to protect stored cowpea/bambara seed.

49  Oil palmintercropped with rice OPRI The technology was developed to enhance the outputs of oil palm
plantation farmers by determining which ricespacing with oil palmcould
permanently sustain rice production without constraining oil palm
production. It recommends the following steps:

e Lineand peg valley bottom fieldat8.8m triangular.

e Plantoil palms with protective collarsaround them.

e Kill weeds inthe inter-rows of oil palmusing200ml Roundupin 15
liters of water to provide a 3-month weed-free cover.

e Plantricelm, 1.5m, and 2m respectively away from oil palmrows in
the first, second, and third years of the establishmentof the oil palm.

e Spacericeat20x20cm by dribbling.

o Apply fertilizer to rice N»o.Pgo.Kgg -
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Optimum date of planting, plant
population and fertilization of
soybean

Organic production of yard-long
bean

Post-harvest maize and seed
production

Procedure for producing healthy
citrus seedlings

Rate andtiming of N fertilizer
application forimproved
production

Rock phosphate recapitalization: A
phosphorous fertilizer for matured
oil palminthe semi-deciduous
forest zone of Ghana

Sawah technology: for lowlandrice
production (effective land, water
and nutrient management)
Selective use of insecticidefor oil
palmleaf miner control

Soil databaseandinformation bank

Soil, plant, water, and fertilizer
testing calibration/correlation

Sorghum variety Naga white

Sorghum variety Kapaala

Soybean varieties Salintuya 1 & 2

Soybean varieties Jenguma and

Quarshie

Timing and frequency of weeding

SARI

Crop
Science
Dept, UG

CRI
CRI

CRI

SRI

SRI

OPRI

SRI

SRI

SARI

SARI

SARI

SARI

CRI

The technology helps in weed control and better seed quality.Itinvolves
the following recommendations:

e Plantingdate: 15 June to 15 July

e Plantpopulation: 16 kg per acre/45 kg per ha

e Fertilization:25kg of N, 30kg of KO and 60kg of P,0s per ha
Developed to supply nutrients to boost the production of yard-long beans
(which do not respond well to inorganic fertilizer), the technology
addresses the difficulties farmers facein terms of costly fertilizers, poor sail
fertility, and the high demand for organically produced commodities.
A drying process developed to improve the storage capacity of maize and
cereals andto reduce post-harvestlosses.
Procedural steps developed and publishedina book to serve as a reference
for farmers.
Research determined the optimum N rate for improved production of rice
ininlandvalleyandirrigated systems. By followingthe proper rate and
timing of N fertilizer, drought- tolerant, fine grain qualityriceis produced.

The technology—a recommendation to incorporaterock phosphate in the
production of oil palm—is an environmentally friendly and affordable
phosphorous fertilizer thatimproves soil nutrients.

Seeks to improve lowland rice production in Ghana through effective
management of land, water and nutrients.

The technology reduces the indiscriminate use of insecticides. It
complements culture control (e.g. early pruning) and natural enemy action
of leaf miner larvaeto tolerablelevels.

This technology is a databasethat manages soil, geology, and
environmental resources information generated from field soil surveys,
classification, and soil productivity research activities. The technology
provides information on the properties of soil resources for the
development of appropriatesoil management interventions for agriculture,
forestry, and general land use planning.

Determines the presence of N and phosphorus insoil,importantfor
determining the amount of water and fertilizer necessary for effective
growth of a particular crop.

Naga white is a white-seeded, early-maturing (95 days)sorghum variety
with the potential to yield 5/ha andis easyto cook.

Developed to give better results foryieldand quality compared to
previouslyreleased varieties like Naga white and Kadaga.The varietyis
high-yieldingand has good grain, maltingand brewing qualities, is slightly
tolerableto drought, and has high ability toimprove soil fertility.

Salintuya 1 & 2 soybean varieties have high-yielding potential of 1.8-2.5
t/ha. They aredisease-resistant,creambold seeded, and have good
storability. Salintuyalisa medium-maturing (115 days) variety, while
Salintuya 2 is late-maturing (130 days).

Developed to solvethe problem of early shattering associated with
Salintuya 1 and 2, the varieties do not shatter easily and they grow better
in phosphorous-poor soils compared to Salintuya.Jenguma has 40 percent
protein and 20 percent oil andis suitableforindustrial use. Ithas a high-
yielding potential (1.8-2.5 t/ha), is field resistantto pod shattering, and has
the ability tokill Striga. Quarshieis drought-tolerantand suitable for
cultivationinthe Upper East Region because of its erratic rainfall pattern
and poor climatic conditions.

The technology involves weeding in the 3 weeks after sowing (21days after
planting) to coincide with fertilizer application. If land preparation is done well,
weeding would be done once followed by hand removal of only a few weeds.

33



65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

Undercropping oil palmwith cocoa

Use of crotalaria/calopegenium
with rock phosphate for improved
soil fertility

Maize variety Abeleehi developed

Maize variety Obatanpa developed

Maize variety Okomasa developed

Regime for Newcastle disease
vaccine

Aribro broiler nucleus population

AF Bosbek grandparent stock
(broiler and layer breeds)

A three-stage feeding regime for
broiler production

Gumboro vaccination schedule

Use of sugarcaneas a vehiclefor
administratinganthelminticsin
grasscutters

Evaluated pasturefor animals:
drought-tolerant plantspecies and
nutrient value

Improved feed packages and
housingfor small ruminant
production

DNA technology for plant
identification

Pelletized feed for domestic
grasscutter

OPRI
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CRI

CRI
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Crops are spaced effectively to obtain maximum yield from both crops.
Recommended triangular spacing of the oil palmsis 9.9 and 10.5 meters,
with the cocoa being under-planted at a spacing of 2.4 meters triangular
(using mixed hybrids).

Developed to improve soil nutrientby usinga leguminous plantfor a short
period of fallow coupled with the use of rock phosphate.

Abeleehi is animproved maize variety thatis streak-resistant, has a white
dented grain/seed, matures in 105 days,and canyield5 t/ha.

Obatanpais anopen-pollinated QPMvariety. It matures in 110 days and
has high levels of lysineand tryptophan.

Okomasais a streak-resistant maizevariety that matures in 120 days, yields
6 t/ha, and can be grown throughout Ghana.This variety addresses the
problem of low yield resulting from major production constraints, including
maize streakvirus.

The vaccinewas developed in 1973 to counter Newcastle disease, a
previously pandemic poultry disease. Vaccinations wereadministered at 2,
6, and 8 weeks of poultry growth.

Aribro is a new breed of chicken that is well-adapted to local
environmental conditions. The technology was developed to reduce the
high cost of importing day-old chicks, broiler hatching eggs, and broiler
parent stock.

The technology was developed to provide day-old commercial layers and
broiler chicks for the poultryindustry.

The technology involves the use of three different poultry feeds: starter,
developer, andfinisher feeds. The technology facilitates a faster broiler
growth rate and demonstrates a better feeding conversionratio thanthe
two-stage system.

The vaccination schedulewas prescribed to poultry farmers to counter the
high mortality rate of poultry from the infectious bursal disease (gumboro).
Developed to address problem of high grasscutter mortality rates on
account of the helminthic parasite, the technology uses sugarcaneto
administer anthelminthics to grasscutters and results in better grasscutter
growth and reproduction.

Identify highly nutritious forage materials thatcan survivedroughts. The
technology resulting from these experiments is a mixture of nutrient-rich
indigenous and exotic plantmaterials.Itleads to better growth
performance of animalsand makes feeding materials availablein dry
seasons.

Farmers were assisted to establishfeed gardens of leguminous forages
(Gliricidia sepium and Cajanus cajan) to serve as proteinsources. These forages
were harvested, wilted and mixed with dried cassava peels proportionally and
fed as supplementto the animalsata rate of 100 to 150 g/adultanimal/day.
This improved growth rates of both sheep andgoats. Using local material,
farmers were assisted technically to put up improved houses with two
partitions: does/ewes occupied one pen with their kids/lambs and the ol der
animals occupied the other pen. The houses hadruns where the animals were
fed, observed and handled. Houses were designed to avoid the young ones
beingtrampled uponby the older animals to reduce mortality. They were also
easy toclean, thus ensuring good sanitation. They also protected the animals
from adverse weather conditions and predators.

The development of this technology was inresponseto the lack of
technology for diagnosingbiological poisoningin livestock.

Developed to relieve grasscutter farmers from the drudgery of feeding
their animals and also enabled faster growth of grasscutters.
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80 Local mineral saltlick block ARI The technology is composed of a special clay (alluvial clay), common salt,
dicalciumphosphate, anthill and forage. The saltlick blockingredients are
mixed in predetermined quantities to give a final productwhose mineral
compositionis beneficial to ruminants. Non-poisonous binding agents of
plantmaterial such as cassavaand okra aredissolved in water to make the
water slimy.The solutionis then poured on the mixture of ingredients and
the resulting productis mixed into a semi-solid paste. With the helpof a
mould, the pasteis cutinto various shapes and allowed to dryinthe open.
The final product contains calcium, magnesium, phosphorus,iron,
potassium, sodium, sulphur, chlorine, cobalt, copper,iodine, manganese,
selenium, zinc,and lead in varying quantities but within the maximum
tolerablelimits for ruminants. The saltlick blockincreases animals’ access
to minerals essential for proper growth and development.

81 Combined starter/finisher broiler ~ Animal Prior to the development of this broiler feed, poultry farmers were
diet Science administering two main feeding phases. The technology resolves these
Dept, feeding regime challenges by providinga singledietfor broiler chickens.
KNUST
82 Intensiveproduction of keets at ARI The technology involves the following process:
brooder stage e Up to one week old guinea fowl eggs areset inforced-air electric

incubators (300 guinea fowl egg capacity). The temperature withinthe
incubator is maintained at38°C until the eggs begin to pop, then the
temperature is reduced to 36°Cuntil the eggs complete hatching.

e Wateris providedina bowl placedinsidethe incubator throughout
the incubation period.

e The eggs areturned roughly 5 times —each time uniformly spaced
over every 24 hours—fromthe second day to the day the eggs begin to
pop.

e Newly hatched keets surviveon water with glucoseand vitamin C for
3 days, after which feed is introduced.

e The keets are intensively kept on deep litter for a minimum of 4
weeks. Drugs are given to the keets duringthis period (antibiotics,
coccidiostat, dewormer, minerals-vitamins mixture).

e The keets are stocked at 35 keets/mz. Room temperature is
maintained at 35°Cin the firstweek, 33°Cinthe second week, 31°Cin the
third week, and 29°C from the fourth week.

e Feed andwater should be changed dailyand containers properly
washed. With this approach, a keet survival rate of 95% should be
expected.

83  ARIPEED ARI The technology produces pigfeed with local materials with the aim of
preventing poor pigfarming practices. ARIPEED consists of ingredients such
asricebran, maize mill wasteflour, pitomash, fishmeal, soybean meal,
oyster shell, common salt,and a mineral-vitamin premix. The feed is given
at 5% of pig body weight per day justlike with the commercial feed.

84  Improved brooding management Animal The technology, a combination of housing, heating/lighting, medication,
of local guinea fowl Science andfeeding is designed to ensure the survival of keets. It is recommended
Dept, UDS that keets are kept in confinement for 8 weeks before they are released on
free range.
85 Snail farmingtechnology FORIG The technology is a set of management practices thatincludeidentifying

suitablespecies, choosinga site, constructing a snailery (hutch boxes, etc.),
feeding and breeding practices,and more. The technology encourages
profitablesnail rearing.

86  Polycultureof tilapiaand catfish WRI The technology involves management practices for producingtilapiaand
catfishthatincreasepond productivityandincome. The resources required
for this technology are ponds, feed, and fingerlings availablelocally
throughout Ghana. Stockingratiois 1 mudfishto 2 tilapia.Thefisharefed
twice daily, morningand evening, at 10 percent body weight for the initial
2 months and 5 percent body weight for the succeeding months.
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Preservation of wagashi (soft
cheese)

Fufu flour

Agronomic recommendation for
seed maize production

Hot air cabinetdryer

Natural convention solar dryer

FRI smoking oven

Improved kokonte flour

Bindryer

Chorkor smoker

Afrismo 150 smoker
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FRI

CRI

FRI

FRI

FRI

FRI

FRI

FRI

FRI
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Nutrition
&Food
Science, UG
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20 grams of Xylopia aethiopia and 40 grams of Piper nigrum areblended
and added to one liter of water to produce brinefor prolongingthe shelf
life of wagashi. 10-15 percent brine concentrations are optimal for
extending wagashi shelflifefrom 3 to 12 days.

Fufu flouris dehydrated pre-cooked cassavaand cocoyammilled and
mixed with a small portion of cassava starch.

The technology involves three sets of farm management
recommendations: the use of modern varieties, plantingin rows, and
appropriateapplication of fertilizer.

The technology, a replica of a foreign-made food dryer, partly solved some
of Ghana’s problems associated with post-harvest losses and food security.
Itis usedto dryroots, tubers, fruits,and vegetables (dehydratablecrops)
and can be used nationwide.

The technology, constructed from local materials, helps extend the shelf
life of perishablefood crops, making fruits available over a long period of
time even duringleanseasons.

Developed to eliminatelaborinputs needed forinterchangingtray
positions during smoking, the ovens alsoreduceheat loss whilereducing
tar deposits.

Kokonte flouris made from sun-dried and mechanically dried fermented
cassavachips, whicharemilled and sifted into flour. This technology has a
shelflifeof 1 year and has the potential to reduce post-harvestlosses of
cassava.

The technology is designed for dryingall dehydratablefoods, including
roots, tubers, fruits,and vegetables. The bindryer is a replicated version of
the maize dryer originally developedin Alvan Blanch (England).Itis
constructed with local materials,animputed heat exchanger, and a control
system for use with local food products.

The chorkor smoker was developed to enhance traditional ways of smoking
fish.ltis a rectangular structure with openings atthe basewhere fireis set.
On top of the rectangular structurearetrays on which the fisharearranged
for smoking. The trays form a chimney-like structure and they must be
interchanged many times to ensure that the fishis well smoked. This
technology accommodates large volumes of fish; however, itis quite labor-
intensive.

The technology improves on the chorkor smoker. The curved design of the
oven, the positioningof the slidingshelves, and the build of the chimney
guarantee uniform smokingand serve to eliminatethe laborious process of
interchangingtray positions during smoking with the associated heatloss
andthe formation of excess tar deposits.

Developed to promote healthy eating habits due its sugar-free nature, this
technology, which uses the sweetener Maltitol, aims to add valueto local
raw cocoa andincrease employment.

Developed to increaseproductivity andincreasetheshelflife of groundnut
paste, the technology separates roasted groundnut into dehulled
groundnut and chaff. The latter is removed from the machineby means of
a blower and the dehulled groundnut is collected via a chute ready for
grindinginto groundnut paste.
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Integrated cassavaprocessing
plant/machine

Refining process for crude soy oil
Liquidsoap

Improved iced kenkey
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The technology is a complete factory set up with basic food processingand
handling equipment with high production efficiency. The equipment
includes grater, slicer, hydraulic processor, manual pressers, disintegrator,
sifter, electronic dryer, sealing machine, hammer mill, dispenser, solar
dryer, shredders, pelletizers, centrifuge, roasters, and fixed mixers.The
technology produces diverse products from cassavasuch as cassavaflour
for human consumption, cassava starch for textileindustry, dry cassava
meal for animal feed, and dry chips in addition to the traditional products
(gari and agbelima). The resulting solid wastes could be used as inputs
material for biogas production.

The technology involves degumming, neutralization, bleaching,and
deodorization of crude soy oil to obtain ediblerefined oil.

The technology diversifies traditional soap (alata) and has a desirable
pungent scent, enhanced color,and a reduced amount of totil-solid.
Developed to improve the texture, aesthetic appeal, quality, consistency,
and safety of iced kenkey (a beverage food) by improvingthe nutritional
contents, bottling, and pasteurizingin order to increasethe shelflife of the
kenkey.

Developed to address the low availability and high costof animal milk
products, the technology is a vegetable milk-based infantformula that
serves as a substitute for animal milk. The milk follows a 3 x 2 factorial
design, with enzyme treatments and peanut—cowpea ratios of1:1, 1:2, and
1:3. The milkis dehydrated and then milled usinga hammer mill (mesh size
40).

The technology helps prevent post-harvestlosses by extending the shelf
lifeand ensuringthe continuous supply of vegetables. Using the traditional
method of drying, toxins are prevented duringdrying. The technology
features white polythene sheets which concentrate the sun’s radiation
onto the drying products and black polythene sheets that retain heat to
prolongdryinginthe panels.

Grass filters, sand bags, mosquito nets or cement are placed atthe
boundary of water banks to protect water bodies from sedimentation and
to enhance catchment protection and erosion control on farmlands. This
technology also helps with settlement erosion control and flood mitigation.
Clones of Odum resistantto Phytolyma lata were developed to increasethe
survivability of the Odum species, to reduce extensive damage to younger
plants,andto salvagethe timber industry as a whole.

The technology uses several clones of teak selected from plus trees to
establish a clonal seed orchard.

Inits simplestform, the model contains three elements:

e Selection of agricultural production systems with defined
input/output relationships, and crop-specific environmental requirements
and adaptability characteristics (land utilization types [LUTs])

e Geo-referenced landresources data (climate, soil and terrain data)

e Procedures for the calculation of potential yields and procedures for
matching crop/LUT environmental requirements with the respective
environmental characteristics contained inthe land resources database, by
land unitandgrid cell. The suitability model functions as a spatial model
operating entirely withinan ARC-INFO GIS environment. A set of ARC-INFO
macros was designed to implement the logic and essential elements of the
model.
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109 Development of mushroom FRI Technologies to produce mushroom seedlings were developed to address

seedlings nutritional deficiency and unemployment inthe 1990’s. Two main methods
of production were developed: the plastic bagandthe low bed method.
The plastic bag method, which uses sawdustas the mainsubstrate,is used
to produce oyster, woodear, and monkey seat mushrooms. The low bed
method, which uses ricestraw, banana leaves, cotton waste, sorghum
stover, and peelings from root tubers as substrates, is used to produce oil-
palm mushrooms.

IIR =CSIR’s Institute of Industrial Research
UG = University of Ghana
UEW = University of Education at Winneba

38



ABBREVIATIONS AND ACRONYMS

AgSSIP Agricultural Services Sub-Sector Improvement Programme
AKIS Agricultural Knowledge and Information System

ARDC Aquaculture Research Development Center

ARI Animal Research Institute

ARICUS Animal Research Institute Credit Union

ASTI Agricultural Science and Technology Indicators

BNARI Biotechnology and Nudear Agricultural Research Institute
BOPP Benso Oil Palm Plantation

CAADP Comprehensive Africa Agriculture Development Programme
CIRAD Centre de coopérationinternationale enrecherche agronomique pour le développement
CRSP Collaborative Research Support Program

COCOBOD Ghana Cocoa Board

CRI Crops Research Institute

CRIG Cocoa ResearchInstitute of Ghana

CSIR Council for Scientificand Industrial Research

FAO Food and Agriculture Organization ofthe United Nations
FASDEPII Food and Agriculture Sector Development Policy

FBO Farmer-Based Organization

FORIG Forestry Research Institute of Ghana

FRI Food Research Institute

FTE Full-Time Equivalent

GDP Gross Domestic Product

GLDB Grainsand Legume Board

GNA Ghana News Agency

GPRS Ghana Poverty Reduction Strategy

IFAD International Fund for Agricultural Development

IIR Institute of Industrial Research

ITA International I nstitute of Tropical Agriculture

IPM Integrated Pest Management

KNUST Kwame Nkrumah University of Science and Technology
LUT Land Utilization Type

MFRD Marine Fisheries Research Division

MiDA Millennium Development Authority

MOFA Ministry of Food and Agriculture

NAEP National Agricultural Extension Project

NAETS National Agricultural Education and Training System
NARP National Agricultural Research Project

NARS National Agricultural Research System

NCSU North Carolina State University

NEPAD New Partnership for Africa’s Development

NRC NationalResearch Council

OPRI Oil PalmResearch Institute

PGRRI Plant Genetic Resources Research Institute

PSI President Speciallnitiative

QPM Quality Protein Maize

R&D Research And Development

RELC Research-Extension-Farmer Linkage

SARI Savanna Agricultural Research Institute

SRI Soil Research Institute

STEPRI Science and Technology Policy Research Institute
TOPP Twifo Oil Palm Plantation

TOT Transferof Technology

T&YV Training-And-Visit

ucc University of Cape Coast

ubs University of Development Studies

UEW University of Educationat Winneba

UG University of Ghana

UNCTAD United Nations Conference on Trade and Development
USAID United States Agency for International Development
WIAD Women in Agriculture Division

WRI WaterResearch Institute
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