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Introduction
Background information

Maize or Corn (Zea mays L.) is a member of the grass family (gramineae) (Oladejo  and Adetunji, 2012) . The history of maize began in 1492 when Columbus' men found this new grain in Cuba. Maize is a native of America; it was exported to Europe where it spread to France, Italy, and all of southeastern Europe and northern Africa. By 1575, it was making its way into western China, and had become important crop in the Philippines and the East Indies (Lance and Garren, 2002). It was first introduced to West Africa by Portuguese in the 10th century and later Nigeria (Oladejo and Adetunji, 2012 ; FAO, 2013). 
Although corn is indigenous to the western hemisphere, its exact birthplace is far less certain. Archeological evidence of corn's early presence in the western hemisphere was identified from corn pollen grain obtained from drill cores 200 feet below Mexico City considered to be 80,000 years old (Lance and Garren, 2002).Another archeological study of the bat caves in New Mexico revealed corn cobs that were 5,600 years old by radiocarbon determination   (Lance and Garren, 2002 )  . Most historians believe corn was domesticated in the Tehuacan Valley of Mexico. The original wild form has long been extinct .Evidence suggests that cultivated corn arose through natural crossings, perhaps first with gamagrass to yield teosinte and then possibly with back​crossing of teosinte to primitive maize to produce modern races (Lance and Garren, 2002 ). There are numerous theories as to the ancestors of modern corn by archeologists, historians, biologists’ evolutionists and botanists. Corn is perhaps the most completely domesticated of all field crop (Lance and Garren, 2002.)

Maize is an annual plant with a single stout stem, usually 2-3m high (but can vary from 1-6m), with approximately 14 nodes Crop Protection Compendium (CABI, 2012) . A pair of large leaves extends off of each internode and the leaves total 8–21 per plant. The leaves are linear or lanceolate (lance-like) with an obvious midrib and can grow from 30 to 100 cm (11.8–39.4 inch) in length. The male and female inflorescences are positioned separately on the plant. The male inflorescence is known as the 'tassel' while the female inflorescence is the 'ear'. The kernels can be white, yellow, red, purple or black in color. Corn is an annual plant, surviving for only one growing season prior to harvest and can reach 2–3 m (7–10 ft) in height ( CABI, 2012).

Maize is one of the most crucial and strategic cereal crops in Africa and the developing world in general. It is produced in different parts of the continent under diverse climatic and ecological conditions (Ado, Adamu, Hussaini, Maigida, and Zarafi, 2004). They grow in hot, humid, tropical areas through to the cool temperate region and are adapted to a wide range of soils (Iken and Amusa,  2004). One of the most important requirements for growing maize is a high quality soil which is deep, fertile and well-drained with a pH between 6.0 and 6.8. Maize plants are heavy feeders and may need to be supplemented with nutrients such as nitrogen. It requires adequate space, sunlight and moisture to grow and it is pollinated by wind (Espinoza and Ross, 1999).  
The global production of maize is estimated to be about 300 million tons per year; about 50 percent of this output is produced in United State of America (USA) (United States Department of Agriculture, 2010). Nigeria is the 10th largest producer of maize in the world, and the largest maize producer in Africa, followed by South Africa, International Institute of Tropical Agriculture  and United States Agency for International Development (IITA, 2012 ; USAID, 2010). In Nigeria, it is the third most important cereal crop after sorghum and millet (Ojo, 2000). The Nigerian savannah ecology is the major cereal production area in Nigeria. It accounts for about 665,600 square kilometres (about 67 million hectares), which als,o represent about 70% of the geographical area of Nigeria (Idem and Showemimo, 2004).

 Maize production in the Nigerian savanna has increased tremendously over the last ten years. About 5.4 million tons of maize is produced annually from the land area under cultivation. Bulk of the maize consumed in Nigeria is produced in the middle and northern belts where sunshine and rainfall is moderate (Obi, 1991; Oyewo and Fabiyi, 2008) 

Maize is an important target crop in Nigeria based on three factors: firstly, maize can be easily prepared into a variety of meals and this accounts for about 65% of the total daily caloric intake of rural people; secondly, the rising income realizable from the production of maize, and thirdly, maize not only thrives in intercropping and relay cropping of farmers’ cropping system but has quicker biomass recovery with low economy of production (Amudalat, 2015). All these attributes, including the fact that maize provides good source of raw materials for industries make the demand for maize to continue to increase (Peter, Joachim, and Anthony, 2013). 

In industrialized countries, maize is largely used as livestock feed and as raw material for industrial products, while in developing countries, it is mainly used for human consumption (Aye & Mungatana, 2010). In sub-Saharan Africa, maize is a staple food for an estimated 50% of the population (USAID, 2010). It is an important source of carbohydrate, protein, iron, vitamin B, and minerals (IITA, 2012). Africans consume maize as a starchy base in a wide variety, thus, playing an important role in filling the hunger gap after the dry season (IITA, 2007a). Maize is an important food in Africa and the main ingredient in several well-known national dishes. Examples are tuwon, masara and akamu in northern Nigeria, koga in Cameroon, injera in Ethiopia and ugali in Kenya. It is also used as animal feed and as raw material for brewing beer and for producing starch (IITA, 2008). Also, over recent years maize has been increasingly used as a feedstock for the production of bioethanol (IITA, 2011). Other industrial uses of corn include filler for plastics, packing materials, insulating materials, adhesives, chemicals, explosives, paint, paste, abrasives, dyes, insecticides, pharmaceuticals, organic acids, solvents, rayon, antifreeze, soaps, and many more (Lance and Garren, 2002). 
Many maize technologies have been developed in national and international research stations but most of them are yet to be adopted by farmers (Ogunniyi and Olagunju, 2015). Successful agricultural research in Africa has produced several high-yielding crop varieties and technologies Forum for Agricultural Research in Africa (FARA, 2006; Jones, 2005). Nevertheless, due to lack of adaptive research, large-scale adoption has been limited (Babu, Anandajayasekeram and Rukuni, 2007). Hence, agricultural research and development (R&D) in the continent is yet to address the formidable constraints that hamper agricultural production and productivity. This has led to a large yield gap between the researchers’ and the farmers (USAID, 2010)

In recent years, a new paradigm, called the agricultural innovation system has emerged to bring about innovations that better respond to the needs of farmers and other clients (World Bank, 2006). The agricultural innovation systems approach emphasizes a stronger link of knowledge systems (research, extension, education) with market and other actors in the supply chains as well as with those in broader policy environment. This system changes how research is done, with a shift in focus from research output productivity to the use and adoption of technologies being generated by research as well as to how those technologies are helping to solve the problems of farmers and to alleviate the constraints of supply chain actors (Catherine, Suresh, Aliyu and Baba, 2010).

Innovation involves using knowledge to find new ways to create and bring about change. It may require the creation of new knowledge but inspired application of knowledge to create additional value (Evans, 2004). An innovation system is a network of organizations within an economic system that are directly involved in the creation, diffusion and use of scientific and technological knowledge, as well as the organizations responsible for the co-ordination and support of these processes (Madukwe, 2004; Hall and Dijkman, 2006). The setting for institutional and organizational innovation is changing rapidly as well, often involving the entry of new players. The new world of agriculture is opening up space for a wider range of actors in innovation, including farmer organizations, the private sector and civil society. Linking technological progress with organizational, institutional, and policy innovations with markets to engage this diverse set of actors is important for future productivity growth (Kwadwo, 2008). 

The principal types of innovation for maize in sub-Sahara Africa (SSA) fall into two categories: biotechnical innovations, including germplasm improvement, crop management and postharvest techniques; and socio - economic innovations, including improvement in inputs supply, marketing and processing (Elon, Lucie, William and Marie- Therese et al, 1994).
     
 Innovation system actors primarily involved in technology generation, dissemination and utilization in Nigeria are categorized as below: Policy agencies (Federal Department of Agriculture (FDA), national agricultural research System (NARS), national seed service (NSS), national agency for food and drugs administration control (NAFDAC) and national agricultural service commission (NASC) function as regulatory agencies in the system and provide the policy direction for the system. Technology transfer agencies (agricultural development project (ADP), community based organisation (CBOs), national agricultural extension research liaison service (NAERLS) and non- governmental organization (NGOs) and farmer groups are responsible for technology transfer within the system. The marketer undertakes all marketing related activities and provides the utility aspect of the technology, while farmers group are the end user of technology (Faturoti, 2008). These actors are key players in maize innovation and are important in the development of behavioural patterns that make organizations and policies sensitive to stakeholders (Ashley and Carney, 1999). 

A number of agricultural development agencies were set up in an attempt to improve agricultural sector , special programmes and projects were launched, some of which have direct or indirect impact on maize production. Some  of the agencies and the year of establishment as identified by Ihimodu (2004) include: national accelerated food production programme, NAFPP (1973);  agricultural development project, ADP (1975); operation feed the nation, OFN (1976);  national seed service, NSS (1977); river basin development authorities, RBDA (1977); agricultural credit guarantee scheme, ACGS (1977); rural banking scheme, RBS (1977); green revolution, GR (1979); commodity marketing and development companies, CMDC (2003); Nigerian double maize production ( 2009) and maize green revolution (2010).  The emergence of these programmes and policies with their innovations have failed owing to poor access of farmers to new technology,  political instability, bureaucracy, misappropriation of funds, poor management among others (Ogunniyi and Olagunju, 2015)

This shift towards an innovation systems orientation was precipitated by the realization that despite stronger national research systems, agricultural productivity remained low as a result not only of the lack of appropriate technologies and the lack of access to those technologies, inputs, credit and access to markets and rural infrastructure, but also because of gaps in information and skills that prevented rural producers from effectively utilizing and adopting technologies. The new prevailing agricultural research paradigm entails that agricultural innovation system approaches feature highly in national strategies for many countries working towards promoting long term agricultural development (Sanginga et al., 2009).

1.2  Problem statement

In spite of the many efforts made by the government on different projects and several NGOs, adoption of maize agricultural technologies by smallholder famers had not been very successful (Giller et al., 2011). Dusengemungu, Kibwika and Kyazz (2011) argue that inadequate cooperation between the key players in the agricultural sector limits the uptake of new knowledge and technologies by the farmers. Agriculture today is evolving in an environment of rapid changes in technology, markets, policies, demography and natural environment. These challenges are putting demands on all sectors and around the agricultural sector to innovate and develop new ways of collaborating to generate knowledge and put it into use at the required pace (Danne, 2010). It has been contended that organizational and institutional problems need redress, rather than technical capacity perse (Byerlee, 1998; Byerlee and Alex, 1998; Woodhill, 2010). The Forum for Agricultural Research in Africa (FARA) has argued the root of the problem may be the way research is currently carried out (FARA, 2006). This call for change is not new. Chambers et al. (1989) argued that the way agricultural research and extension organized itself was major reason why science was failing to improve the livelihood of the poor.
Analysis at the individual level confirms limited research collaboration or interaction with farmers and other actors in the innovation system. Innovation requires a much more interactive dynamic and ultimately flexible process in which the sectors deal simultaneously with many conditions and complementary activities that go beyond the traditional domains of R&D and extension. These conditions and complementary interventions have not been consistently addressed to date, new additional ways and means of doing so are needed (World Bank, 2006). 

The problem of poor production has been attributed to the weak linkages, existing between research, extension and farmers. The present research-extension linkage scenario in the country has not been able to achieve the prescribed goal of increasing production and improving the quality of life of farmers (Oladele, 2010). The questions that come to mind are: What are the policies, acts and initiatives in maize production? Who are the actors in maize innovation system? What are the main sources of information among maize innovation actors? What are the technological capabilities of these actors in maize innovation system?  What are the levels of linkage existing among the key actors?  What are the constraints in maize innovation system? What are the strategies for improving maize innovations system?

1.3
Purpose of the study


The overall objective of the study is to examine the maize innovation system in north central zone of Nigeria. The study is specifically designed to:

1. identify policies, acts and initiatives in maize innovation system;

2. examine the technological capabilities of selected key actors in maize innovation system;
3. examine the levels of linkage existing among the key actors; 

4. determine constraints in maize innovation system and;

5. identify strategies for improving maize innovations.

1.4
Significance of the study   
An innovation system approach can help policy makers, researchers, donor agencies, famers and extension agents to identify and analyse new ways of doing things for better productivity.
The study will enhance collaboration among actors in innovation system by looking beyond scientific capacities between maize farmers and other sectors. It will also help policy makers to identify and implement strategies favourable to maize production.

The outcome of this study is expected to provide information and develop appropriate technologies that may lead to sustainable maize production. It is hoped that this study will reveal strength and weakness of maize innovation system actors thus, assisting technology transfer agents in communicating core best practices to the farmers.


The study will also reveal possible areas of government intervention to scale up maize production. Furthermore, findings emanating from this study will serve as basis for policy formation for all maize innovation actors and agricultural sector.   
The result of this study will be of immense value to future researchers who may be interested in maize innovation system in Nigeria and elsewhere.

2.0
Literature Review 

       Literature for the study is reviewed under the following sub-headings:

1. Maize production, uses and constraints in Nigeria 

2. Theories of innovation

 3.
Concepts of innovation and innovation system 

 4.
Technological capabilities 
 5.
Linkages in maize innovation system in Nigeria

6. Conceptual framework on maize innovation system.

7.      Schema for analyzing maize innovation system in Nigeria

2.1.1
Maize production, uses and constraints in Nigeria.

Maize (Zea mays L.) has a critical nutritional role to play in human as it is one of the most important cereals in the world after wheat and rice with regards to cultivation area, total production and consumption (Bello, Azeez, Abdulmaliq, Ige, Mahamood, Oluleye and Afolabi, 2012) . Maize is high yielding, easy to process, readily digested and cheaper than other cereals. It is also a versatile crop, growing across a wide range of agro ecological zones (Akinbode, 2010).  Maize has grown from what used to be a back yard crop in the forest zone to a largely commercial crop grown mostly in the savannas of Nigeria (Iken, and Amusa, 2004). The release of these improved varieties combined with the availability of subsidized fertilizer as well as improved infrastructure and extension services, contributed to the phenomenal increase in maize production in the country (IITA, 2009).

Among different income groups, maize is a relatively more important source of both calories and protein for the poorer proportion of consumers, including HIV/AIDS affected families, who cannot afford more expensive foods, such as bread, milk, or meat (Adebayo, et al. 2010).

Worldwide production of maize is 785 million tons, with the largest producer as United States, producing 42%. Africa produces 6.5% and the largest African producer is Nigeria with nearly 8 million tons, followed by South Africa. Africa imports 28% of the required maize from countries outside the continent (IITA, 2009). Elon et al (1994) noted that :  (1) in some places spectacular improvement in performance emerged from crossing local varieties with high-yielding Latin America varieties; (2) international research institutes have played a prominent role in the success of maize and donor funding; (3) the performance of improved maize varieties interested Africa Government enough to encourage investment in agricultural research; and (4) food production and food security improved substantially in certain countries .

Maize breeders have therefore devoted effort in developing superior genotypes for grain yield and adaptation to the different stress factors (Olaoye et al., 2005). To establish a sound basis for any breeding programme, aimed at achieving higher yield, breeders must have information on the nature of combining ability of parents, their behaviour and performance in hybrid combination. Such knowledge of combining ability is essential for selection of suitable parents for hybridization and identification of promising hybrids for the development of improved varieties for a diverse agro-ecology such as the Southern Guinea Savanna (SGS) of Nigeria. Combining ability of an inbred rests on its ability to produce superior hybrids in combination with other inbred. (Bello and Olaoye, 2009).
          Maize started as a subsistence crop and has gradually become important crop. Maize has now risen to a commercial crop on which many agro-based industries depend on as raw materials (Iken, and Amusa, 2004). In Nigeria for instance, maize is one of the two major crops that occupy about 40% of the land area under agricultural production and accounts for about 43% of the maize grown in West Africa (Phillip, 2001)

             Maize production in the savannas is faced with several production constraints which limit productivity. Poor soil fertility, drought, and Striga hermonthica parasitism combined can reduce on-farm yield by over 70% even with the use of high-yielding varieties. Land-use intensification in the northern Guinea savanna has resulted in serious land degradation and nutrient depletion (Oikeh et al. 2003). Nitrogen (N) is the nutrient most deficient in the soils and often limits maize yield (Carsky and Iwuafor 1995). Unfortunately, due to high cost and poor infrastructure, the availability of N fertilizers is limited.

The problem of poor soil fertility in the Guinea savanna is compounded by recurrent drought at various stages of crop growth. For maize, drought at the flowering and grain-filling stages can cause serious yield losses (Grant et al. 1989). This indicates that farmers’ fields are rarely characterized by only one biotic stress. It would, therefore, be desirable to increase the tolerance of crops to several stresses that occur in the target environment (Bañziger et al. 1999).
Rainfall is primary source of agricultural water for maize production in Nigeria. The rainfall distribution ranges from a unimodal pattern of the Sudan, Sahel and the Northern Guinea with annual precipitation of 400-600mm to the bimodal pattern of the Southern guinea with annual rainfall of 1100-1400mm (Anon, 1998). The inter-annual variability of rainfall particular in the northern part is large, often results in climate hazards, especially floods and droughts with devastating effects on food production and associated with calamities and sufferings. The frequent occurrence of drought occasioned by erratic rainfall distribution and/or cessation of rain during the growing season is the greatest hindrance to increase production of maize crops (Olaoye, 1999).

Pests and diseases infestation seriously affect the maize production in Nigeria. Maize diseases in SSA include downy mildew, rust, leaf blight, stalk and ear rots, leaf spot, and maize streak virus (MSV). Idem and Showemimo (2004), reported that downy mildew (Peronosclerospora sorghi) is a serious disease of maize in Nigeria which cause yield loss of up to 80% depending on the variety. Various species of stem borers rank as the most devastating maize pests in SSA. They can cause 20-40% losses during cultivation and 30-90% losses at post-harvest and during storage. Other pests in SSA include ear borers, armyworms, cutworms, grain moths, beetles, weevils, grain borers, rootworms, and white grubs. The parasitic Striga weed is another maize pest. In fact, weed related yield losses ranging from 65 to 92% have been recorded in the Nigeria Savanna (CGIAR, 2014).

According to Adenola and Akinwumi (1993), maize farmers in Nigeria use inadequate and inappropriate agronomic practices such as poor land preparation, wrong clearing methods, wrong  timing of weeding, fertilizer application, wasteful harvesting procedure and poor post- harvest handling. Farm operations from land clearing to crop harvesting and processing are carried out by hand using simple tools such as hoe, cutlass, axe, sickle and other local farm implements by the majority of Nigeria farmers which lead to drudgery and decrease in maize production size per farmer.

The cropping system practiced has also affected maize production in Nigeria. Cropping system is used to describe the pattern in which crops are grown in a given area over a period of time and includes the technical and managerial resources utilized (Onwueme and Sinha, 1991). Most Nigeria farms practiced mixed cropping which do not permit the use of modern implements and agro chemical like herbicides which has not encouraged large scale production of maize. 

Fluctuations in the price of maize are seriously affecting its productivity in Nigeria. For instance, the demise of poultry and poultry processing companies following the outbreak of avian influenza in Nigeria has adversely affected the demand for maize across Nigeria. With last year’s stock of grains still in the market, serious concern has been raised about the impact of the abundant supplies on grain prices. The poor demand for maize has discouraged many farmers from maize production, thus lowering production and consequently increasing the price in the subsequent years (Fakorede, 2001 ; Ismaila et al 2010). 

Traditionally, maize farmers in Nigeria save their own seeds or obtain seeds from neighbours, friends and the open market for the next cropping season. Initially, improved varieties reached farmers through the research stations that developed the varieties. Between 1966 and 1969, seed program were initiated in the different administrative regions of the country (Joshua, 1993). The Ministry of Agriculture coordinated the seed programmes in each region. Thus, for much of the period of no improvement in maize production, there was no organized seed production and distribution system for the country.
2.3.1
Concepts of innovation and innovation system


Innovation is the process by which individuals or organizations master and implement the design and production of goods and services that are new to them irrespective of whether they are new to their competitors, their country or the world (World Bank, 2006). Innovation takes place by continuous learning and opportunities to learn is a function of degree and type of interactions among organizations. Generally, it determines the rate and extent to which information and knowledge are produced, transferred and utilized (Trugul, Willem and Karimov, 2001).      

          Innovations are new ideas, practices, or products that are successfully introduced into economic or social processes. In agriculture, innovation can include new knowledge or technologies related to primary production, processing, and commercialization, which can positively affect the productivity, competitiveness, and livelihoods of farmers and others in rural areas (Kwadwo, 2008). 

 
In its broadest sense, innovation covers the activities and processes associated with the generation, production, distribution, adaptation, and use of new technical, institutional and organizational or managerial knowledge. It does not mean new technology per se, but also the institutional and organizational innovations, that emerge as new ways of developing, diffusing and using technology and knowledge that already exists (Hall, 2005).

Innovation is increasingly complex and bound up with socio-economic factors and other relevant factors within the system such as market linkages, institutional linkages, knowledge transfer linkages and linkages among contributing sectors /bodies and match with the available infrastructure (Rothwell, 1992)

2.6 Theories of innovation

Innovation theory is not rooted in a single discipline or school of thought. However, conceptual strands are drawn from a variety of academic disciplines and research areas. Beginning in the 1930s, early theoretical perspectives viewed the innovation process as a relatively simple, one-directional journey from basic research to applied research to technology development and diffusion.  (Greenacre, Gross and Speirs, 2012)

In the second half of the 20th century innovation theory was in particular furthered by three approaches to understanding technological change: induced innovation, the evolutionary approach, and the path-dependent model. The evolutionary and path dependency approaches stresses the importance of past decisions which may constrain present innovation whilst the induced innovation perspective emphasises the importance of changes in relative prices in driving the direction of technical change. These approaches are associated with several concepts that are fundamental to contemporary innovation theory

An alternative perspective, demand-pull gained traction in the 1950s, arguing that demand for products and services is more important in stimulating inventive activity than advances in the state of knowledge. Both the technology-push and demand-pull perspectives have since been challenged as over-simplistic, and more recent theoretical approaches accept the importance of both  . 

The evolutionary model includes the concept of „uncertainty at various levels  technological, resource, competitive, supplier, consumer and political and also the idea of „bounded rationality which emphasises that decision makers have a limited ability to gather and process information. The suggestion is that both bounded rationality and uncertainty result in mindsets that in general favour incremental innovations to current products or processes rather than radical and disruptive ones . 

Linear model suggests that advances in science determine the rate and direction of innovation and that the optimal way to increase the output of new technologies is to increase the input of new inventions by simply putting more resources into R&D. 
The path dependent model is underpinned by the idea of increasing returns to adoption whereby the more a technology is taken up by users or the more an institution becomes established, the more likely it is to be further adopted. The process is supported by factors such as scale effects and learning by doing and will typically give rise to cost reductions and incremental improvements. However, at both technological and institutional framework level, path dependency can result in technological dominant design, institutional inertia, and the „lock-in of incumbent technologies and systems and the „lock-out of innovations that may be more optimal.
The latter years of the 20th century saw an increasing theoretical interest in developing the older linear model of innovation into something which more accurately reflected the complexity and interdependency if the innovation process. The evolving innovation systems approach has been characterised by a number of related approaches but each has tended to emphasise the importance of knowledge flows between actors; expectations about future technology, market and policy developments; political and regulatory risk; and the institutional structures that affect incentives and barriers. One of the most developed theories is the Technological Innovations Systems approach. This emphasizes the importance of recognizing not only the structural components of a system i.e. the overall framework conditions and the multiple entities involved within it but also the dynamic interactions of those actors with each other and with the knowledge flows . One of the most significant outcomes of the evolution in innovation theory has been the recognition that innovation should not simply be fostered via technological R&D but also implies a role for policy to improve the institutional framework and the opportunities for interactions so as to better incentivize innovation. This has been helpful in correcting “systems failures” in the innovation system.

The emergence of Agricultural Innovation Systems

Based on theoretical foundations , agrarian sciences have until recently been dominated by instrumental rationalist knowledge (Habermas, 1984), or the paradigm of experimental, reductionist science (Packham and Sriskandarajah, 2005). This, in turn, resulted in a ‘culture of technical control’ (Bawden, 2005) implying reliance upon scientific experimentation to create a ‘fix’ for agricultural problems (Nerbonne and Lentz, 2003). 

Along the same lines, the dominant in agricultural development ‘diffusion of innovations’ model, also known as the transfer of technology or knowledge (ToT/ToK) model, has been based on the understanding that innovations originate from scientists, are transferred by extension agents and are adopted/applied by farmers (Rogers, 2004).

Innovation systems theories
The dominant linear paradigm of agricultural innovation based on delivery to, and diffusion among, farmers of technologies developed by science, has lost utility despite its long history of innovations and increased effectiveness in food production. The ‘diffusion of innovations’ model has been heavily criticized as it fails to respond to complex challenges and rapidly changing contexts, including the shift to sustainable development. Also, the ‘traditional linear’ model does not acknowledge farmers’ experience and knowledge as well as the fact that general regional advice often does not match individual farm conditions and the socio-economic context of farmers. There is a search for new models of innovation and new roles for science’ Hubert et al. (2000).                

Alternative proposals have, since the 1970s, flourished, based on the realization of the inadequacy of linear and mechanistic thinking in understanding the source and thus the solutions of problems (Hjorth and Bagheri, 2006). Prominent among these alternatives have been systemic approaches (Ison, 2010). Such approaches look at a potential system as a whole (holistically) and focus on the relationships (important causal inter-linkages or couplings) among a system’s parts and on system dynamics, rather than the parts themselves. Particularly,  the systems of innovations (SoI) approaches, including national systems of innovation (Edquist and Johnson 1997; Lundvall, 1992), technological systems (Carlsson and Stankiewicz, 1995; Hughes, 1987) and socio-technical systems (Bijker, 1995; Geels, 2004) imply that innovation emerges from networks of actors as a social (and institutional) as well as a technical, non-linear and interactive learning process.

In this respect, there has been a shift in conceptual frameworks in the study of agriculture-related policy, research, technology and rural development from the strengthening of National Agricultural Research Systems (NARS) to Agricultural Innovation Systems (AIS) (Rivera et al., 2005;Spielman and Birner, 2008; World Bank, 2006). 

A leap forward in this respect has been, in both theoretical and practical terms (Byerlee et  al., 1982; Simmonds, 1986), the emergence of Farming Systems Research/Extension (FSR/E) approaches inspired by ecology and general systems theory (Schiere et al., 1999), FSR/E approaches have, on the one hand, demonstrated that local farming systems are complex adaptive systems that have co-evolved with human societies to fit local ecological conditions and satisfy human needs. On the other hand, through FSR/E vast experience has been accumulated in terms of understanding farmers, eliciting information and developing relevant tools and methods. FSR/E contributed substantially to the recognition of different actors in development and helped to create awareness about the need for new ways to conduct research and extension, taking into account context and relations (Collinson, 2000; Darnhofer et al., 2012).

A further important evolution has been, within the FSR/E tradition, the turn from Rapid/RRA to Participatory Rural Appraisal/PRA (Chambers, 1992, 1994; Pretty, 1995; Webber, 1995). This shift underlined the need for interaction and dialogue between different actors and networks (Chambers, 1993; Scoones and Thompson, 1994), based on the realization that flows of communication and exchange between different actors are extremely important for existing knowledge\ to be either reinforced or somehow transformed or deconstructed, thus leading to the emergence of new forms and a ‘fusion of horizons’ (Leeuwis et al., 1990).Therefore , for Leeuwis (2000) it is important to consider farmers’ views regarding the compatibility of new technical solutions with prevailing management demands and wider social-organisational conditions. This, in turn, implies that farmers must be able to set their own strategic goals, participate actively, and build upon their own experiences and knowledge within a co-learning process which does justice to individual differences and qualities of people. This also implies that the learning environment has to be secured as a mentally and socially safe space, and allow for effective interactive communication; it requires trust and time (Koutsouris, 2008a). The requirement to move across the boundaries of different scientific branches as well as between extensive spectra of stakeholders has resulted in the emergence of a wide variety of approaches to collaborative-participatory development (Koutsouris, 2008b). Therefore, new configurations in sustainable natural resources management and integrated/sustainable agricultural/ rural development also emerged including learning partnerships, group extension, farmer-field schools, communities of practice, study circles, farmer networks, etc. (Cristóvão et al., 2012).

Subsequently, the Agricultural Knowledge and Information Systems (AKIS) framework brought attention to the demand side factors (Röling and Engel, 1991). It aimed at integrating farmers, education, research and extension and has been depicted as a triangular arrangement (knowledge triangle) with the farmer being placed at the centre of this arrangement. 

 AIS emerged as a framework that embraces ‘the totality and interaction of actors involved in innovation’ and extends ‘beyond the creation of knowledge to encompass the factors affecting demand for and use of knowledge in novel and useful ways’ (Klerkx and Leeuwis, 2008a,  Hall et al., 2006;  Klerkx et al. 2010;Leeuwis, 2004). The AIS concept thus embraces the totality and interaction of actors (i.e. organizations, enterprises, and individuals) involved in innovation. It furthermore claims that the process of innovation is messy and complex with new ideas being developed and implemented by actors who engage in networks and make adjustments in order to achieve desired outcomes. 

Nowadays, innovation studies increasingly focus on learning itself, with emphasis on facilitation and the processes of human interaction from which learning emerges (LEARN Group, 2000; Röling and Wagemakers, 1988). 

Technological Innovation Systems (TIS) Theory
Technological innovation systems theory has been developed with the aim of improving on systems-style analysis of the innovation process. In part, TIS theory can be distinguished from national (or regional) systems theory by the differences in basic starting point. National innovation systems principally start from the notion that innovation is geographically heterogeneous whereas TIS begin with technology and technological change as the starting point (Speirs et al., 2008). 

However, according to Hekkert et al. (2006), theories focusing on the national or regional structure of innovation systems have proved insufficient in fully informing the study of the innovation process. Hekkert and Negro (2009) notes that when innovation systems are studied on a national level, the dynamics of the process are difficult to map due to the vast amount of agents, relations, and institutions. Therefore, many authors who study national systems of innovation focus on structure not on mapping the emergence of innovation systems and their dynamics. 

By contrast, in a TIS the number of agents, networks, and relevant institutions are generally much smaller than in a national innovation system, which reduces the complexity. This is especially the case when an emerging TIS is studied. Generally, an emerging innovation system consists of a relative small number of agents and only a small number of institutions are aligned with the needs of the new technology. Thus, by applying the TIS approach it becomes possible to study the dynamics and to come to a better understanding of what really takes place within innovation systems (Hekkert and Negro, 2009). That said, the scope of a TIS does overlap with sectoral, regional and national system scopes and the dynamic interaction of actors and knowledge flows within all these contexts remain fundamental Jacobsson and Bergek (2004) define the three main elements of technological innovation systems as: 

 Actors (and their competencies), including firms, users, suppliers, investors, and other organisations (comparable to the idea of clusters). 

 Networks, defined as the channels for the transfer of tacit and explicit knowledge (comparable to the idea of transfer factors or linkages). 

 Institutions, being the entities that govern and dictate the environment within which all actors operate (comparable to framework conditions or innovation infrastructure). 

Note that, in general, innovation system frameworks tend to adopt a broad definition of institutions, including not only formal rules in market, regulatory and planning systems, but also informal „norms, rules and values‟ in organisations and society which shape the way different agents collaborate and compete. Informal institutions also play an important role in innovation processes (Winskel and Moran, 2008).

Socio-technical transition theory

The socio-technical transition approach is another heuristic framework that is part of an ongoing research program pioneered by Dutch researchers (Kemp 1994; Geels 2005; Rotmans et al 2000). The socio-technical transition approach is an umbrella term that includes the multi-level perspective (MLP) and multi-phase model, transition management (TM) and strategic niche management (SNM). The last two approaches emerged partly from MLP and have a more normative and governance orientated focus for supporting radical innovations and system transformations. The MLP examines SNM and TM have ‘Policy and Strategy Implications’. The MLP approach differs in focus and scope from the TIS approach. The MLP research emerged partly from historical studies of system changes and evolutionary economics. The approach is conceived in a societal context that is broader than the Innovation Systems approach. The first version was introduced by Rip and Kemp (1998) and was refined and developed in the 2000s by the empirical research of  Frank Geels (2005). A central theme is the recognition of the co- evolutionary development of technologies, institutions and social and economic subsystems.

The MLP posits three levels to aid in understanding transitions: landscape (macro-level), regimes (meso-level) and niches (the micro-level).

 Landscape level (macro) is the overall socio-technical setting that encompasses the dynamics of deep cultural patterns, macro - economics and macro-political developments that make up the environment or context of socio-technical transition. It is the backdrop to the regime and niche levels, which stimulates and exerts pressure on the socio-technical regime and the technological niches and so plays an important role in stimulating socio-technical transitions.

Regimes level (meso) comprises the structures that represent current practices and routines, including the dominant rules and technologies that provide stability and reinforcement to the prevailing socio-technical systems. The regime is also a presents of barrier to change, including new technological and social innovations.

Niches level (micro) is the level in which space is created for experimentation and radical innovation. The niche level is more loosely structured than the regime and is less subject to market and regulation influences. There is much less co-ordination among niche actors than among regime actors, but this allows for the emergence of new interactions between actors that may support innovation.

The strength of the MLP approach is that transitions can be explained by the interplay of stabilising mechanisms at the regime level, combined with destabilising pressure from the landscape and radical innovations at the niches (Markard and Truffer 2008). 

In particular, the breakthrough of innovations is dependent on multiple processes in the wider context of regimes and landscape. 

Table 1 below gives summary of evolution of innovation system.
Table 1: Evolution of agricultural innovation capacity development frameworks
	Defining feature 
	National agricultural research system (NARSs)
	Agricultural knowledge and information systems (AKISs)
	Agricultural innovation systems (ALSs)

	Purpose 
	Planning capacity for agricultural research, technology development, and technology transfer
	Strengthening communication and knowledge delivery services to people in the rural sector
	Strengthening the capacity to innovate throughout the agricultural production and marketing system  

	Actors 
	National agricultural research organizations, agricultural universities or faculties of agriculture, extension services, and farmers
	National agricultural research organizations, agricultural universities or faculties of agriculture, extension services ,farmers, nongovernmental organizations, and entrepreneurs in rural areas 
	Potentially all actors in the public and private sectors involved in the creation, diffusion, adaptation, and use of all types of knowledge relevant to agricultural production and marketing 

	Outcome 
	Technology invention and technology transfer 
	Technology adoption and innovation in agricultural production 
	Combinations of technical and institutional innovations throughout the production, marketing, policy research, and enterprise domains

	Organizing principle 
	Use of science to create inventions 
	Accessing agricultural knowledge 
	New uses of knowledge for social and economic change

	Mechanism for innovation 
	Transfer of technology 
	Interactive learning 
	Interactive learning 

	Degree of market integration 
	Nil 
	Low 
	High 

	Role of policy 
	Resource allocation, priority setting 
	Enabling framework
	Integrated  component and enabling framework 

	Nature of capacity strengthening 
	Infrastructure and human resource development 
	Strengthening communication between actors in rural areas.
	Strengthening interactions between actors; institutional development and change to support interaction, learning, and innovation; creating an enabling environment. 


Sources: World Bank (2006) ;Hall (2009)
2.2.1
Concepts of innovation systems
An innovation system is defined as a complex, open and dynamic human activity system in which actors (individuals, groups, and organizations) apply their minds, energies and resources to innovation in a particular domain of human activity (Daane et al., 2009). They are not simple input-output systems. This has several important implications. An implication of this definition is that innovation systems are defined in relation to a particular domain of human activity. Thus, one can define a system of innovation in a specific commodity, value chain or business cluster, or in specific (agro) eco- or farming systems (Danne, Francis, Oliveros, and Bolo, 2009)

An innovation system is a network of organizations, enterprises, and individuals focused on bringing new products, new processes and new forms of organization into economic use, together with the institutions and policies that affect their behaviour and performance (World Bank, 2006). Lundvall defines innovation system as elements and relationships that interact in the production, diffusion and use of new and economically useful knowledge (Lundvall, 1992). Thus, the interconnections among various institutions and how they interact are crucial to the definition of innovation systems.

AIS emphasizes a systems view of agricultural innovations and conceptualizes an innovation system as all individuals and organizations that keep on interacting in producing and using knowledge and the institutional context of knowledge sharing and learning. Research creates knowledge and technology; but innovation process goes further to include putting that knowledge into use (Kwadwo, 2008 ; Gildemacher and Mur, 2013).

Innovation systems represent a significant change from the conventional, linear perspectives about agricultural research and development. It involves the analysis of complex relationships between innovative processes that are generated among multiple agents, social and economic institutions. The concept refers to the system where all stakeholders are involved in the generation, diffusion, adoption and use of knowledge. However, contemporary thinking on the production and use of knowledge suggests that institutional factors are a central component of capacity development (Oyelaran-Oyeyinka, 2005).

A system of innovation consists of major social actors/organizations that affect the revealing, acknowledgment, generation and diffusion of technical and institutional knowledge over time (Clark, Hall, Sulaimain  and Naik, 2003; Ekboir; 2002 and Hall, Bockett, Taylor, Sivamohan and Clark, 2001). Tugrul et al., (2001) further added that an innovation system also includes the interactive learning that occurs when organisations engage in generation, adaptation, and use of new knowledge and the institution (rules and norms) that governs how the interaction and processes occur. 

Lundvall (1992) makes a distinction between a narrow and broad definition of a system of innovation. His narrow definition could include organization and institutions involved in searching and exploring such as R&D department, technological institutes and universities. His broader definition would include all parts and aspects of the economic structure and the institutional setup affecting learning as well as searching and exploring the production systems, the marketing systems and the system of finance presents themselves as sub systems in which learning takes place.

Innovation System provide a key to the study of maize technology generation, dissemination, and utilization, it also reveals how the systems can be strengthened for greater social benefit. Innovation systems represents a significant change from the conventional, linear perspectives on agricultural research and development (R&D) by providing a framework for the analysis of complex relationships and innovative processes that occur among multiple agents, social and economic institutions, and endogenously determine of technological and institutional opportunities (Spielman, 2006 ).It provides analysis of different forms of cooperation (such as research partnership knowledge networks, and industry clusters) among state and non-state actors public research organisations, private firms and producer organisations in various sectors, spatial, and temporal contexts to influence change (Faturoti, 2007). 

2.4
Technological capabilities 

Technological capabilities are the skills (technical, managerial or organizational) that enable firms (farm or actors) to efficiently use equipment and information and improve technology. It enables one to create new technologies and develop new products and processes in response to a changing economic development (Westpal, Kim and Dahlam ,1985).

 2.4.1  Technological capability is the ability to make effective use of technological knowledge in efforts to assimilate, use, adapt and change existing technologies (Kim, 1997). Following this definition, technological capabilities are the result of interactive learning processes and linkages between a number of actors such as firms (through collaborations both with complementary and competing ones), universities and research centres (Bell and Pavitt, 1993). The focus of the technological capability approach is on the ability to use available resources and competences (Astrid and Kelefa, 2010).  The development of nations depends on the ability of individual enterprises who are key players to develop and sustain technological capabilities and remain competitive in doing so (Industrial Development Report IDR, 2002).
Technological capabilities cover a wide spectrum of technical efforts undertaken by firms/actors. Consequently, to make their analysis manageable, technological capabilities are commonly categorized into six, namely: investment capability, production capability, minor change capability, major change capability, strategic marketing capability and linkage capability (Ernst et al. 1994). However, Biggs, Manju and Srivastava (1995) in their study identified learning capability/mechanism as a seventh category.

2.4.2 Investment capability


Biggs et al., (1995) defined investment capability as the skills and information needed to identify feasible investment projects, locate and purchase suitable (embodied and embodied) technologies, designing and engineer the plant and manage the construction, commissioning and start-up. It can include subsidiary activities like procurement of equipment, training and recruitment of workforce and start-up of operations (Biggs et al., 1995).

Within the agricultural innovation system, investment capability could include purchasing needed machineries for teaching and research with respect to maize innovation system. It could also entail investment made in human resources in offer to enhance productivity.


Every application of technology begins with an investment capability. It is the availability of skills, knowledge, and experience, to design and reproduce production facilities for investment locally and abroad (ATPS, 2002). According to Manyong, Ikpi Olayemi, Yusuf et al. (2005) investment in agriculture includes real tangible physical capital such as dams, irrigation structures, grain silos, farm machinery and implements, hoes, machets, and rural roads. It also includes social capital such as human capital through education and health, and on-the job training through intergenerational transfer of farming skills. Investment in agriculture by small-scale farmers could be their own individual small savings as well as small loans obtained from relatives, friends, commercial and specialized banks, cooperative societies, and money lenders in micro enterprises in and outside the agricultural sector (Manyong, Ikpi, Olayemi, Yusuf et al. 2005). Specific investment skills needed by maize producers include assessing the profitability of maize production, sourcing the most appropriate maize technologies, sourcing capital, sourcing inputs recruiting skilled personnel. 

2.4.3 Production capabilities 


Production capability refers to the existence of skills, knowledge, and experience, to operate and maintain production facilities (ATPS, 2002). According to Carlo (2006) production capabilities allow a given technology to be efficiently operated and improved. Once a firm (or farm) has acquired a technology of any sort, it must have adequate production capability to remain in business (Ogbu, Oyelaran-Oyeyinka and Lawa, 2003). Production skills in agriculture include the procurement and maintenance of farm equipment, labour, product and input specifications and organizational methods and systems used. It also includes sustainable science-based improvement in crop yields and quality (UNCTAD, 2007). The sources of agricultural production skills include on-the job training through intergenerational transfer of farming skills as well as training at farm-level or at formal institution (IITA 2005, Asoegwu and Asoegwu, 2007)

2.4.4 Minor Change Capability
Minor change capability is the ability to adapt and improve continuously, incremental upgrading of product design and process technology (Oyeyinka, 1997; Akinbinu, 2001). Minor changes include changes made by the farmers as the changes in planting time and other farming practices to keep him cope with the challenges in maize innovation system.

2.4.5 Major Change Capability
          Major change capability is defined as the knowledge and skills required for the creation of new technology, i.e. major changes and core features of production processes (Ersnt et al., 1994). At the farm level, a major change could include: use of migration to increase frequency of planting, integrating maize with other agricultural activities mixed farming and crop diversification.

2.4.6 Strategic Marketing Capability


Strategic marketing capability is the knowledge and skills for collecting market intelligence, for development of new markets and for establishing distribution channels and customer services to be able to translate its knowledge about customer requirements into successful products and services (Ersnt et al., 1994). Its main purpose is to bridge the gap between market demands and what the firm/farm offers. Strategic marketing in agricultural innovation system could entail efforts of the research and extension sub-systems in having close links with their clients which will help them understand the need and changing demand of their clients with regards to maize innovation system.

2.4.7 Linkage Capability


Linkage capability involves close operation between organizations (Lall et al., 1994; Mytelka and Farinelli, 2000). It is the skills needed to swap information, technology and skills between establishments (suppliers, consultants and technology institutions) (Dominguez and Brown, 2004). Within agricultural innovation system, linkage capabilities refer to the capacity to manage interactions and information-sharing among different divisions such as research and technology transfer subsystems. These linkage capabilities could be within firm e.g linkages between researchers in a given research institution, farmers and technology transfer subsystem,   education and farmer sub-system.
2.4.8 Learning Capability


Learning capability is defined as the various process that permit firms, companies, industrial sectors and countries to accumulate their own capabilities to carry out production related and diverse types and levels of innovative technological activities over time (Figueiredo, 2007). Learning is essentially considered as a knowledge accumulation process (Doranova, et al., 2009). This process consists of knowledge creation, acquisition, and retention (Gupta and Govindarajan, 2000). While, Davenport and Prusak (2000) suggested that learning consists of transmission, absorption and culminating in a behavioural change by the recipient while lack of absorptive capacity in the recipient is considered as a friction which slows or prevents learning.


Learning at the farm level emerge and accumulate through a continuous process of trial and error, testing of different ‘crop-growing techniques’, on the basis of an experimental and pragmatic approach to the solutions of problems. This articulated process is referred to as farm learning (Andreoni, 2011). Thus, farmers, extension agents and others can learn from field experience.   

2.5    Linkages in maize innovation system in Nigeria

The concept of linkage implies the communication and working relationship established between two or more organisations pursuing commonly shared objectives in order to have regular contact and improved productivity (Agbamu, 2000). It is also defined as the coordinated channels for exchange or flows of technology, information and resources between organizations in an agricultural innovation system (Peterson, Gijsbers and Wilks ,2003).

Stoop (1988) identified four major types of linkages based on ways of

communication and channels of communication. They are:

  i  formal versus informal linkages;

  ii  top-down versus bottom-up linkages;

   iii internal versus external linkages and

   iv downstream versus upstream linkages.

Formal versus informal linkages - formal linkages refer to linkages that are specified and agreed to by organizations while informal linkages are direct person- to-person contacts based on the need for collaboration between individuals. Asopa and Beye (1997) noted that informal linkages are effective and low-cost method, and should be encouraged along with formal linkages. Top-down versus bottom up linkages - in top-down linkage, information flows from scientists to extension and then to producers (farmers) whereas bottom-up linkages refers to the flow of information from producers to scientists. Information from farmers is based on their practical knowledge and could help to strengthen the capabilities of the other actors. Internal versus external linkages- internal linkages refer to linkages among scientists working in different disciplines and on different commodities whereas external linkages are linkages with major clients, such as farmers, policy-makers, etc. External linkages help identify gaps in research priority and assess the utility of research programmes. Downstream versus upstream linkages- these linkages are a part of external linkages while upstream linkages occur between research and policy makers. The aim here is to secure adequate funding and political support for research. Downstream linkages occur between researchers and producers in order to set research agenda and to establish priorities.

Various linkage categories commonly referred to as ‘levels of linkage’ could be

identified among stakeholders. These include weak linkage, strong linkage and medium linkage (Ewell, 1989). Empirical evidences of such levels of linkage/linkage category were shown by Faturoti, (2008); Dauda, (2009) and Faturoti, Madukwe, Igbokwe, and Agwu, (2010) where they identified some levels of linkages that existed among key actors in the banana/plantain innovation system in South east Nigeria, soybean innovation system in Benue State and

plantain/banana innovation system in Nigeria respectively.


Linkage mechanisms are procedures that enhance technology generation and exchange and which enable the flow of information and resource (Gijsbers, 2009). Roling, (1989), defined linkage mechanism as the concrete procedure, regular event, arrangement, device or channel which bridges the gap between components of the system and allows communication between them. Linkage mechanisms are used to channel information between groups and to coordinate

required tasks in the process of getting relevant technologies to farmers. In the process, these linkage activities help to improve resource use by avoiding the duplication of effort and ensuring that critical tasks do not fall through the institutional cracks. Examples of linkage mechanisms include joint planning meetings carried out by key partners, memoranda of understanding, contracts between organizations, joint programming and priority setting with partner participation, staff exchanges between organizations (Gijsbers, 2009).

The effectiveness of research-extension linkages and input availability are critically important in explaining successful experiences in maize technology transfer. A favourable policy environment is important in explaining the progress of maize production and quality. Maize research programme performance is a function of the level of resources and the quality of management. External institutions and supports have been associated with most of the progress in maize research and development (CIMMYT, 1992).

2.7
Conceptual framework on maize innovation system in Nigeria

            To study agricultural innovation system, the following sub- systems need to be identified: education, policy, technology transfer, resource and farmers (World Bank, 2006). The staff in each sub-system is regarded as actors/stakeholders. Innovation is triggered by demand, market opportunities and constraints, needs, challenges, competition and crisis (food, energy and water shortages, climatic change, epidemic diseases (CTA, 2008). Agricultural innovation typically arises through dynamic interaction among the multitude of actors involved in growing, processing, packaging ,distributing and consuming or otherwise using agricultural products   (World Bank, 2006). 

          Innovation system emphasizes the need to nurture the demand for knowledge and technologies among a range of actors/stakeholders including farmers, researchers, extension workers, policy makers, private sector, companies, entrepreneurs, agro processors, non-governmental agencies and other organizations. It also provides a useful paradigm for the collaboration of actors/stake holders in innovation system through a network focused on bringing new products processes and forms of organization in use. The system features the interaction between these organizations and institutions as well as policies that affect their behaviours and performance (Madukwe and Obiora, 2012)

        To meet the needs of the enhanced dynamics of agricultural innovations, the educational institutes, both higher and vocational have to offer more relevant subject matter for agricultural innovations including biotechnology, ICT, agric-business administration, market and policy analysis, international trade law and intellectual property rights (Danne, 2010). According to Lundvall (1992), learning is important in innovation system because it is a key element in binding the whole system together. Learning thus plays a major role in the development of the system, whilst forming the key element in its connectivity. Innovation come from multiple sources of research and it is diffused through multiple extension processes within given historical, political, economic, agro climatic, and institutional contexts (Nigel and Chris, 2006). Research organizations plays important role in agricultural organization, but they are not the essential drivers of the process (CTA, 2008). The essential drivers are political will, (enabling policies), adequate resources and infrastructure, leadership and facilitation, stake holders linkage and interaction, private sector involvements ,common vision, partnerships alliances and shared learning , (Danne et al.,2009).

      The ability to innovate is often related to collaborative action, co-ordination, the exchange of knowledge among diverse actors, the incentives and resources available to form partnership and develop business and conditions that make it possible for farmers or entrepreneurs to use innovation (World Bank, 2006) 

2.7     Schema for analyzing maize innovation system in Nigeria     

The schema in figure one (1) will be used to analyze maize innovation system in the North central Zone of Nigeria. This schema is concerned with development and operations of interconnectivity among maize actors in the study area. The schema has five (5) sub- system actors/ elements represented by letter A-E (Research and training, government agencies, farmers, technology transfer agencies and enterprise as recommended by (CTA, 2008) . The multi-directional arrows in fig.1 is an indication of uninterrupted interactions among stake holders. This suggests that research is not the main driver of innovation.
Block A looks at research and training sub-System. Research and training generate technology in maize in response to the demand of end users (farmers). This domain consists of public and private sectors involved in research for example: universities, national and international research institutes (IITA, CIMMTY, IFPRI, RMRDC, NSPRI, IAR, IAR&T, NCAM, and NCRI) and Federal & State colleges of agriculture. The knowledge generated by this sub- system is mainly codified. In Nigeria, research and training is dominated by public sector with little private sector involvement. Research, as an actor, is able to add value to the process of innovation by increasing the livelihood of maize farmers in the following ways; developing and improving technologies, practices and processes (joint) testing of locally developed (indigenous) technologies and processes, documenting the way new practices and technologies (new maize varieties, production and post harvest technologies) are adapted and to feed into other agricultural research efforts and policy and helping  education and training of professionals in the agricultural sector.

Block B contains technology transfer agencies. This sub-system is responsible for dissemination of new ideas and technologies from research and training sub- system to the farmers or end users. Extension service in Nigeria is carried out by both private and public sectors. Example of organizations embarking on extension services in Nigeria include: ADPs, NAERLS, NGOS, CBOS, consultancy firms and farmers’ organizations or groups. Technology transfer agencies has made tangible contributions to maize innovations by providing advisory services ,developing networks and supporting organisation of producers, facilitating access to credit, inputs and output services. 

Block C consists of government and regulatory agencies. They are responsible for making laws and policies and regulate commercial activities of the actors. Policy agencies include: FDA, NARS, NSS, NAFDAC, and NASC.

Block D comprises the farmers. They set volume and produce for sales. The strategic positioning of the end users of technology (farmers) in the centre is indicative of innovation demand driven originating from end users to which research and extension (innovation supply group will respond to)

Block E consists of the enterprise, input suppliers agro-food processors, buyers and marketers. This sub system is responsible for setting the price and volume of production .Other functions carried out by this subsystem include: produce products for sale (mainly use knowledge codified or tacit), providing  agricultural inputs, identifying, piloting and mainstreaming new market opportunities, defining quality standards of agricultural products, developing and applying technologies.


	
	


Fig1. Framework for analyzing maize innovation system in North central zone of Nigeria         Source: Adapted from World Bank (2006) 

Figure 2 presents a simplified conceptual frame work for AIS. The figure shows the main actors (typical agricultural knowledge and technology providers and users, as well as the bridging or intermediary institutions that facilitate their interaction); the potential interactions between actors; and the agricultural policies and informal institutions, attitudes, and practices that either support or hinder the process of innovation


Source: Modified from Rivera et al. n.d. , ( 2006
Methodology

3.1   Study area
        The study will be conducted in the North Central Zone of Nigeria. North central Zone consists of the Federal Capital Territory (FCT), Niger, Kwara, Kogi, Nasarrawa, Plateau and Benue States . It is situated geographically in the Middle belt region of the country. It lies on latitude 060 50’N to 090 30 ‘N of the Equator and longitude 070 30’ E to 100 00’ E of the prime meridian .This area is largely located in the savannah of Nigeria with its northern edge lying on the border of the Sahel and its southern edge lying on the border of the rain forest of Nigeria. It is an ecological transition zone between the arid north and the moist south with temperature fluctuating between 18o C - 37o C in the year and rainfall of 1000mm to 1500mm annually (Areola and Mamman, 1999).

         The main occupation of the people is agriculture. This area is the nation’s acclaimed food basket because of its rich agricultural produce which includes maize, yams, rice, beans, cassava, soya beans, sorghum, millet and cocoyam.  The soil and climatic conditions of the area also favours the production of exotic crops like Irish potatoes, grapes, wheat and barley.     

          There is high prevalence of maize innovation actors/agencies such as: input suppliers, farmers, marketers, processors, transporters, researchers in the study area. The high presence of the actors may be due to high production of maize recorded in growing belt of north central zone. Some of the factors that make maize an ideal target crop for intensification in high production potential areas of the county include the following: Its high yield potential, diversified uses, ease of transportation, processing and marketing and availability of dependable research products Agricultural Transformation Agenda (ATA, 2011)
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Fig 4: Map of Nigeria showing the study area.

3.2     Population and sampling procedure
All maize innovation actors (staffs of faculties/universities of agriculture, agricultural development project, and ministry of agriculture, research institutes, maize farmers and marketers) in north central zone of Nigeria will form the population. Six sub-systems (education, technology transfer, policy, research, marketer (enterprise) and farmers) that constitute agricultural innovation system will be identified and the members in each system will serve as actors. Three states (Kwara, Kogi and Benue) will be purposively selected because of prevalence of maize production in the area.

In each state, the Universities that have faculty of agriculture (Federal/State) will be selected purposively to represent education sub–system. The Agricultural Development Project (ADP) of each state will be purposively selected to represent the technology transfer sub–system. Both federal and state ministries of agriculture in each state will be selected to represent policy/government sub-system. The research sub-system will be represented by the National Centre for Agricultural Mechanization (NCAM) Ilorin, the Nigerian Stored Products Research Institute (NSPRI), and then National Cereal Research Institute (NCRI) Badegi in Niger State which are serving the north central zone of Nigeria. Farmers and marketers in the three (3) states will be selected to represent the farmers’ sub-system.

Thus, for Kwara State, the University of Ilorin, Ilorin, the Kwara State Agricultural Development Project (KWADP), Kwara State Ministry of Agriculture (KWMOA) and Federal Ministry of Agriculture, Ilorin (FED MOAIL) will be selected and their staff will be used as actors
. For Kogi State,  the faculty of agriculture Kogi State University (KSU) Anyigba, Kogi State Agricultural Development Project (KADP), Kogi State Ministry of Agriculture (KMOA) and Federal Ministry of Agriculture, Lokoja (FED MOALKJ) will be selected and their staff will be used as actors. For Benue State, Federal University of Agriculture (FUAM) Markurdi, Benue State Ministry of Agriculture (BNMOA) and Federal Ministry of Agriculture Markurdi (FED MOA BN) will be selected and their staff will be used as actors.

Simple random sampling technique will be used to select three (3) academic staff with maize orientation on the rank of senior lecturer and above across the departments in the faculty of agriculture of each university sub system. In addition, simple random sampling will be used to select 2 block extension agents from the six 6 blocks in Kaiama and Aiyetoro-Gbede agricultural zones of Kwara and Kogi States and 4 block extension agents from  13 extension blocks in Otukpo agricultural zones of Benue States. The directors of three relevant departments (agricultural services, livestock/ fisheries, and engineering) both in federal and state ministries of agriculture will be purposively selected because they were expected to know the polices that have been made in the ministry. Simple random sampling will also be used to select three (3) staff on the rank of senior researchers/ scientists/ extensionists /engineers and above from relevant units (extension/farming system, biotechnology, agricultural mechanization/engineering of the NSPRI, NCAM and NCRI. Fifteen marketers will be purposively selected from the biggest markets in each of the states capitals, giving a total of 45 respondents. Similarly, twenty consumers (heads of households) will be purposively selected from each of the state giving a total of 60 respondents will be selected.

For the farmer subsystem, all ADP agricultural zones in Kwara, Kogi and Benue states with dominance in maize production will be purposively selected. The agricultural zones include: Kaiama, Aiyetoro-Gbede and Oturpo in Kwara, Kogi and Benue States respectively. A multistage random sampling technique will be used to select samples of maize farmers based on farmers’ registered list in ADP for each state.  In the first stage, two extension blocks (EBs) out of 4 extension blocks in Kaiama agricultural zone of Kwara State, two extension blocks out of 6 extension blocks in Aiyetoro-Gbede agricultural zone of Kogi State and 4 extension blocks out of 13 extension blocks in Otukpo agricultural zone of Benue State will be randomly selected . The second stage will involve selection of 5 cells in each extension block. The third stage will involve random selection of 3 maize farmers for each cell. This will give a total of 30 farmers in Kaiama and Aiyetoro-Gbede and 45 farmers in Otukpo agricultural zones. Finally, a total of 105 maize farmers will be selected for the study. The total sample size of the study will be three hundred and twenty six respondents (326). 
The summary of sampling is presented in figure
Table 2: Number of respondents selected for each sub-system     
	States 
	Sub-system                   Actors 
	     Number of dept/colleges unit
	No sampled 

	Kwara
	Education                    Unilorin 
Technology transfer    ADP

Policy                          KWMOA

                            Fed MOA
Research                      NSPRI

                            NCAM

                                     NRCRI 
Farmers                        Farmers

Marketers                     Marketers
Consumers                   Consumers
	85
1 ext. director

2 blocks 
            3  
6

6
10
20
1

4 blocks
15
20 
	6
1

12 EAS
3
3
3
5
1
  2 blocks (30 farmers)
 15
20 

	Kogi
	Education        -     KSU, Anyigba
Tech. transfer        ADP
Policy                    KGMOA
                              Fed MOA, Lokoja
Research               NRCRI
Farmers                 Farmers
Marketers              Marketers
Consumers            Consumers
	6
1 ext. director

2 blocks 
6

6
1
6 blocks
15
20 
	3
1

12 EAS
3
3
1
   2 blocks (30 farmers)
15
20 

	Benue
	Education            FUAM
Tech. transfer      ADP
Policy                   BMOA

                     Fed MOABN

Research       -       NRCRI
Farmers         -      Farmers   

Marketers      -      Marketers
Consumers            Consumers
	19
1 ext. director

4 blocks 
6

6
                   1
                 13 blocks
15

20 
	                 12
1

               24  EAS(ADP)
3
3
1      
4 blocks  (60 farmers)
                   15

                  20

	
	Total 
	331
	326


3.3
Instrument for data collection

           Structured interview schedule and questionnaire will be used for data collection. Interview schedule will be used to elicit information from actors in the farmer sub-system while copies of questionnaire will be distributed to the actors in the six (6) sub-systems. 

The questionnaires will be divided into five sections. Section 1 will elicit information on personal and socio-economic characteristics of the respondents. Section 2 will seek information on the sources of technical information among key actors in maize innovation system. Section 3 will examine investment, learning and technological capabilities of selected key actors in maize innovation system especially recent innovation (s) developed, diffused or used by respondents organisation in the past three years. Section 4 will focus on linkage that organization developed during the innovation process, with emphasis on the types of linkage, strength of the linkages, and linkage mechanisms and linkage index. Section 5 will determine constraints in maize innovation system in areas of research, technological capabilities, funding, and manpower, organizational and institutional factors constraining maize innovation system. Section 6 will identify possible strategies for improving maize innovations system.

Content and face validity will be carried out to ensure that the instrument collect the data they were meant to collect. Questionnaires and interview schedule will be given to three academic staff of the Department of Agricultural Extension University of Nigeria Nsukka and two academic staff of the Department of Agricultural Extension University of Ilorin. This is to ensure that accurate data is collected from the respondents. There after the necessary modifications will be made, ambiguous items will be amended while those considered irrelevant will be removed.
The instrument will be pre- tested in Shao in Kwara State, one of the villages not included in the study area for the purpose of removing ambiguities and make necessary adjustment. The reliability test for the instrument will be conducted using test – retest method involving a sample of 20 respondents randomly selected. After a period of 2 weeks, the exercise will be repeated on the same set of the respondents. 

3.4   Measurement of variables

          The socio-economic characteristics of respondents will be measured as follows:
Sex: The sex of the respondents will be recorded at nominal level as male (1) and female (2).
Marital status: Respondents will be asked to indicate their marital status and nominal value will be assigned to each of the categories: single = 1; married = 2; widow = 3; widower = 4

Age: The age of the respondents will be measured in years.


Highest academic qualification: Respondents will be asked to give their highest educational qualification as follows: no formal education = 1, primary school incomplete = 2, primary school completed = 3, secondary school incomplete = 4, secondary school completed = 5, OND = 6         B.Sc. = 7 M.Sc. = 8   PhD = 9

              Farming experience: Farming experience refers to the number of years that respondents have spent in farming. Respondents will be asked to give the number of years spent.
Household size: The respondents will be asked to indicate the total number of individual members living with them and feeding from the same pot. 

Farm size: Respondents will be asked to indicate the total farmland cultivated by the household measured in hectares . 

Membership of organization: Respondents will be asked to indicate the organization they belong to.

Cropping system:  Respondents will be asked to indicate the type of cropping system practiced as follows:  mono cropping = 1, crop rotation = 2, mixed farming = 3.

Section B will seek to identify the major sources of technical information on maize. To achieve this objective, respondents will be provided with a list of technical information sources and asked to tick Yes or No on the major sources of technical information that they benefit from in their area. A List of technical information sources include: fellow farmers, neighbours/friends, radio, newspapers, television, extension agents  (ADP), maize producers’ associations, mobile phones, internet service, research institutes , universities faculty of agriculture, input supplier/agro-input dealers, colleges of agriculture, maize farmer’s association of  Nigeria, Ministry of Agriculture and Natural Resources (MANR), non-governmental organizations (NGOs), Journals, annual reports, research bulletins/ publications, meetings, library and town criers.

Section C will seek information on technological capabilities of the respondents namely: 

(a) investment capability: investment capability is represented by project execution activities including feasibility studies, equipment search, assessment of equipment, employee training. Hence, investment could be in form of machinery (equipment) or human resource development. All respondents except the farmers will be asked to itemize investments their organizations have made in terms of equipment and human resources within the last three years as it regards maize innovation system. For human resources development, they will be requested to list staff with their qualifications, the type of training on maize innovation system the staff have embarked on, the duration of such training and amount invested into such trainings. Farmers will identify investment at the farm in terms of additional farm inputs, increase in farm area, purchase of  improved maize  varieties, purchase of both processing and storage facilities. Also, farmers will be asked the quantity of maize produced within the last one year.

 (b) Learning capability: All the actors will be requested to answer questions as follows; Do you have any built-in mechanisms for acquiring new information and for learning through feedback? Does your institution provide learning, is there evidence that the actors are learning, have learned and unlearned? Describe what you have learnt over the last three (3) years with regards to maize innovation system. 

(c) Production capability: It involves the skills and knowledge skills needed for production, processing, storage and marketing of maize. The actors will be asked to indicate likely skills and knowledge required in production, processing, storage and marketing of maize.      

(d) Minor and major change capabilities: This involves short and long term improvement and adoptions of improved farm practices and human resources. They will be required to itemize both minor and major changes with regards to maize innovation that have taken place in their firm within the last three years. They will be asked to list and describe the type and nature of minor and major changes that have been carried out in relation to production (agronomic practices) and post harvest (processing, storage and marketing) of maize within last three years. 

(e) Linkage capabilities: The respondents will be asked to indicate ‘yes or no’ if they have linkage capability or not, what their traditional practices with regard to forming linkages were? Do they form linkages and if so with what kinds of actors? Respondents will be required to indicate the number of institutions they have close cooperation (linkage) with. 

Section D will elicit information on the linkages among key actors in maize innovation system in north central zone of Nigeria. To achieve this objective, respondents will be provided with a list of linkage activities among the key actors; They will be asked to indicate the level of linkage among the key actors of maize innovation system in a four-point Likert-type scale of strong (3), medium (2), weak (1) and no link (0)

Section E will seek information on the possible strategies for improving maize innovation system in north central zone. The respondents will be asked to react to some possible strategies that could be employed in ameliorating constraints confronting actors in maize innovation system. Thus, they will be asked to rate each strategy in a four-point Likert-type scale of strongly agree (3), agree (2) disagree (1) and strongly disagree (0). Also, other strategies suggested by the respondents will be computed and used 

Section F will elicit information on factors constraining maize innovation system in north central zone of Nigeria. The respondents will be asked to respond to possible constraints using a four-point Likert-type scale of “to a great extent (3)”, “to some extent (2)”,“to a little extent (1)” and “to no extent (0)

3.5   Data analysis

Frequency counts, percentages and mean scores will be used to characterize various socio-economic characteristics of the key actors within the maize innovation system in the north central zone of Nigeria. Frequency, percentage and mean will be used to analyze the technological capabilities of selected key actors. Linkage among the key actors will be analysed using percentage, bar charts and linkage index. Mean scores and varimax rotated factor analysis will be used to analyze constraints in maize innovation system. Only variables with loadings of 0.4 and above (10% overlapping variance) will be used in naming the factors while variables that loaded high in more than one factor will be discarded (Comrey,1962). While mean, standard deviation and ranking will be used to determine strategies for achieving maize innovation in the study area.  The Statistical Product and Service Solution (SPSS) version 16 software package will be used for the analysis.
Table: Summary of analysis for data from each objective
	                   Data from each  objectives
	               Statistical analysis tools

	1.policies, acts and initiatives in maize innovation.
	                       -        

	2. technological capabilities of selected key actors in maize innovation system.
	Frequency, percentage and mean.

	3. level of linkage existing   among the key actors.
	Percentage, mean, bar charts and linkage index.



	4 .  determine constraints in maize innovation  system.
	Mean scores and varimax rotated factor analysis.

	5. strategies for improving maize   innovations system.
	Mean, standard deviation, ranking and factor analysis.
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_________________

_________________

Dear Sir/Ma,

        Questionnaire on maize innovation system in north central zone of Nigeria.


I am a Ph.D student of University of Nigeria, Nsukka carrying a research on maize innovation system in north central zone of Nigeria.


The purpose of the study is therefore to identify and document the maize innovation system in north central zone of Nigeria. You have been identified as a key actor in maize agricultural innovation system. Your assistance in responding to the questionnaire will make the research a huge success. Be assured that your responses will be treated in high confidence and information obtained will be used for academic purpose only. 
                                                                                                                  Afolabi Kayode Ojo

                                                                                                                             Student

QUESTIONNAIRE FOR POLICY SUB-SYSTEM ACTORS

Section 1:  Socio-economic characteristics of the respondents / maize actors
1. Sex: Male 

Female

2. Age: ___________________

3.  Marital status : single
 married         widow 
      widower  
4. Name of the ministry ______________________

5. Name of Dept. ______________________________

6. Highest educational qualification: B.Sc. = 1

M.Sc. = 2
     PhD = 

7. No of years spent in the ministry: _______________

8. No of years spent in maize innovation related researches? ____________
Section 2: Sources of information among key actors in maize innovation system
9.  Have you heard about maize innovation system?     Yes
             No

10. If Yes, please identify the various sources through which you heard about maize 

                 innovation system in your area?

	S/N
	Information source(s)
	Tick (()

	
	
	Yes
	No

	
	Fellow farmers
	
	

	
	Neighbours/friends
	
	

	
	Radio 
	
	

	
	Newspapers 
	
	

	
	Television
	
	

	
	Extension agents  (ADP)
	
	

	
	 Maize Producers’ association
	
	

	
	Mobile phone
	
	

	
	Internet service
	
	

	
	Research institutes  
	
	

	
	 Universities faculty of agriculture 
	
	

	
	Input supplier
	
	

	
	Colleges of Agriculture
	
	

	
	Maize farmer’s association of  Nigeria
	
	

	
	Farmers’ Union / Cooperative
	
	

	
	Ministry of Agriculture and Natural Resources (MANR)
	
	

	
	Non-governmental organizations  (NGOs)
	
	

	
	Journals, annual reports and research bulletins/ publications.
	
	

	
	Professional meetings
	
	

	
	Library
	
	

	
	Town crier
	
	

	
	Agro-input dealers 
	
	


Others (specify )   ______________________________________________________________________

                             ______________________________________________________________________

                            ______________________________________________________________________

                           _______________________________________________________________________
       Section 3: Technological capabilities of selected key actors in maize innovation system             
11.  Minor and major changes capabilities
          Itemizes changes with regards to maize innovation that has taken place in your       

          ministry within the last three years. These changes may include changes made in the type    

         of researches carried out by staff.

a. _________________________________________________________________ 

b. _________________________________________________________________

c. _________________________________________________________________

d. _________________________________________________________________

e. _____________________________________________________ ___________
12. Strategic marketing capabilities

         Indicate methods/channels you use to get information about changes from other actors. 

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​________________________________________________________________

________________________________________________________________

________________________________________________________________

  Learning capability







13. Please, could you identify what you have learnt over the years as regards maize innovation?

i. _____________________________________________________

ii. _____________________________________________________

iii. _____________________________________________________

iv. _____________________________________________________

_____________________________________________________

     Information on technological capability and investment.
14. Has your ministry within the last three years made any investment in equipment with regards to maize innovation?                        Yes 

           No
___________________________________________________________________

​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​__________________________________________________________________

_________________________________________________________________

15. Has your ministry within the last three years made any investment in human development with regards to maize innovation?

If your answer to No 15 and 16 above is Yes please fill the tables below:
16.  Investment in equipment, cost, year of purchase and function of equipment (fill the table)

	SN
	Name of equipment
	Cost of equipment
	Year of purchase
	Function of the equipment

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


17. Investment in human resources (fill the table)

	Qualification of staff
	    Type of training
	Period of training
	Cost of the training

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Section 4: Linkage capabilities 

      In tackling maize innovation, does staff in your ministry have links/interactions with one 

       Another ? Yes

No

1. Does your ministry have links with other research institutions?      
     Yes
 
No

2. Does your ministry have link with other non research institutions?        Yes
   
 No

3. If Yes how many research institutions do you have links with?  _____________________
4. Do you have links with any of the institutions below? (please, tick)

Agricultural Development Programme (ADP)

Yes

No

Other research institutes




Yes

No
Non-governmental organizations (NGOs)


Yes

No

Farmers group






 Yes

No

Universities faculty of agriculture



 Yes

No

Financial institute





 Yes

No

Engineering firms





 Yes

No

NAFDAC





             Yes

No

Federal Ministry of Commerce & Industry


 Yes

No
               Maize farmers Association                                                   
Yes

No
             

Cooperative societies


                                    Yes

No
             

Types of linkage and linkage mechanism existing among actors.

Describe the type of linkage that exist between your ministry and other institutions (please, tick the type of linkage applicable to your ministry with other organizations). 

            1 = formal, 2 = informal, 3 = top down, 4 = bottom up, 5 = internal, 6 = external,                 

            7 =  upstream, 8 = down stream 

	Institutions/firm
	                Types of linkages 

	
	1
	2
	3
	4
	5
	6
	7
	8

	Agricultural Development Programme (ADP)
	
	
	
	
	
	
	
	

	Research institute
	
	
	
	
	
	
	
	

	Non-governmental organizations (NGOs)
	
	
	
	
	
	
	
	

	Farmer group
	
	
	
	
	
	
	
	

	Other universities
	
	
	
	
	
	
	
	

	Ministry of Agriculture and Natural Resources
	
	
	
	
	
	
	
	

	Financial institutions
	
	
	
	
	
	
	
	

	Engineering unit
	
	
	
	
	
	
	
	

	Donor agencies
	
	
	
	
	
	
	
	


How would you describe the level of linkage between your ministry with maize actors (please, tick)

	Organization
	Weak
linkage
	Medium linkage
	Strong linkage

	Agricultural Development Programme (ADP)
	
	
	

	Nongovernmental Organization (NGOs)
	
	
	

	Farmers group
	
	
	

	Universities faculty of agriculture
	
	
	

	Ministry of agriculture
	
	
	

	Other research institutes
	
	
	

	Donor agencies
	
	
	

	Financial institutions
	
	
	


Indicate the level of use of the following linkage mechanism between your institute and other firms (please, tick) 

	S/N
	Linkage mechanisms
	Always used
	Rarely used
	Not used

	1
	Joint planning meeting
	
	
	

	2
	Memoranda of understanding
	
	
	

	3
	Contracts between organizations
	
	
	

	4
	Joint programming and priority setting
	
	
	

	5
	Staff exchanges between organizations
	
	
	

	6
	Joint research among stake holders 
	
	
	

	7
	Exchange of resources
	
	
	

	8
	staff rotation 
	
	
	

	9
	Joint publication
	
	
	

	10
	Joint workshop/seminar
	
	
	

	11
	Joint training
	
	
	

	12
	Joint evaluation
	
	
	

	13
	Joint curriculum development 
	
	
	


Section 5: Factors constraining maize innovation system in north central zone of Nigeria. 

27.  To what extent do you think the following factors has constrain maize innovation 

        in central zone of Nigeria? 
	S/N
	            Constraining factors
	To a great extent
	To some extent
	To a little extent
	To no extent



	
	
	
	
	
	

	1
	Inadequate finance / credit for maize actors
	
	
	
	

	2
	Poor motivation
	
	
	
	

	3
	Farmers conservatism
	
	
	
	

	4
	Bureaucracy
	
	
	
	

	5
	Overlapping mandates/ objectives. among maize stake holders
	
	
	
	

	6
	Inadequate sources of finance
	
	
	
	

	7
	Poor linkage with other agencies.
	
	
	
	

	8
	Limited qualified human resources.
	
	
	
	

	9
	Limited physical resources.
	
	
	
	

	10
	Poor access to knowledge and 

information on new technology.
	
	
	
	

	11
	Poor extension network.
	
	
	
	

	12
	Low mobility of experts’ professionals.
	
	
	
	

	13
	Poor logistic support and incentive for 

linkage.
	
	
	
	

	14
	Organizational rigidities.
	
	
	
	

	15
	Administrative bottleneck associated 

with public agencies.
	
	
	
	

	16
	Weak legal framework
	
	
	
	

	17
	Poor government commitment to maize innovation  system
	
	
	
	

	18
	Poor macro system linkage.
	
	
	
	

	19
	Inadequate seed companies
	
	
	
	

	20
	Non-availability of high yielding 

varieties  seeds
	
	
	
	

	21
	Lack of harmonized seed policy
	
	
	
	

	22
	Lack of commitment to research by 

government 
	
	
	
	

	23
	Insufficient human capacity
	
	
	
	

	24
	Timeline adherence 
	
	
	
	

	25
	Poor staff emolument 
	
	
	
	

	26
	Inadequate funds for research
	
	
	
	

	27
	Poor attraction to external funding 
	
	
	
	

	28
	High cost of Innovation  
	
	
	
	

	29
	Excessive perceived risk
	
	
	
	

	30
	Issues on legislation, norms and taxation
	
	
	
	

	31
	Poor agricultural pricing policies
	
	
	
	

	32
	Complex process of agricultural  budgeting for research in Nigeria,
	
	
	
	

	33
	Rivalry and duplication of resources among agencies
	
	
	
	

	34
	Lack of information on market
	
	
	
	

	35
	Lack of customer responsiveness
	
	
	
	

	36
	Lack of information on technologies
	
	
	
	

	37
	Inadequate Storage facilities
	
	
	
	

	38
	Very long time lags between research, adoption and results 
	
	
	
	

	39
	Inadequate attention to the needs of small holder farmers
	
	
	
	

	40
	Failure to recongnise and harness farmer innovation
	
	
	
	

	41
	Weak operational capability
	
	
	
	

	42
	Poor organizational culture
	
	
	
	

	45
	Poor access to credit
	
	
	
	

	46
	Inadequate R & D Capacity
	
	
	
	

	47
	Weak participation of actors in policy implementation 
	
	
	
	

	48
	Weak public- private sector collaboration
	
	
	
	

	49
	Poor information flows and linkage between the actors
	
	
	
	

	50
	Lack of protection of property rights
	
	
	
	

	51
	Lack of interest on innovations by farmers
	
	
	
	

	52
	High cost of technologies
	
	
	
	

	53
	Poor extension visits
	
	
	
	


Others (specify )   _______________________________________________________________                              
 28.          Strategies for improving maize innovation system in north central zone of 
                  Nigeria?

Section 6:  The following are the strategies for improving maize innovation system in north central zone of Nigeria?
	S/N
	Strategies
	Strongly agree
	Agree
	Disagree
	Strongly Disagree

	1
	Formation of maize  cooperative society 
	
	
	
	

	2
	Regular visit  and training by extension agents 
	
	
	
	

	3
	Access to communication facilities (internet and mobile phones) 
	
	
	
	

	4
	Better marketing channels/networks
	
	
	
	

	5
	Improved labour saving device 
	
	
	
	

	6
	Availability of Gene banks and germplasm 
	
	
	
	

	7
	Research adaptation to farmers for dissemination of research results 
	
	
	
	

	8
	Designing framework for monitoring programmes/projects
	
	
	
	

	9
	Improved maize distribution and marketing network
	
	
	
	

	10
	Adoption of improved pest management control strategies
	
	
	
	

	11
	Sustaining ban on maize importation policy to curb price fluctuation
	
	
	
	

	12
	Use of irrigation systems in drought prone region
	
	
	
	

	13
	Use of farmers participatory methods for on-farm testing
	
	
	
	

	14
	Adoption of improved  maize varieties 
	
	
	
	

	15
	Improved funding on maize research.
	
	
	
	

	15
	Improved marketing
	
	
	
	

	17
	Collaboration  among actors
	
	
	
	

	18
	 Training of maize stake holders/actors
	
	
	
	

	19
	 Use of Biotechnology in maize production
	
	
	
	

	20
	Intensification of Growth Enhancement Scheme (GES) e- Wallet in input distribution to maize farmers
	
	
	
	

	21
	 Adoption of improved crop management practices, particularly regarding soil fertility and drought
	
	
	
	

	22
	Effective and efficient methods and media for information dissemination to intermediate end users.
 
	
	
	
	

	23
	Capacity building through applied, research-based training .

	
	
	
	

	24
	Research results published in peer-reviewed literature and other key outlets 


	
	
	
	

	25
	Strengthening maize-legume intercropping to increase soil nitrogen and agricultural productivity
	
	
	
	

	26
	Increased use of fertilizers or the application of new management techniques


	
	
	
	

	27
	Quality Management and Control
	
	
	
	

	28
	Increased access by farmers to information about new technologies
	
	
	
	


 QUESTIONNAIRE FOR TECHNOLOGY TRANSFER SUB-SYSTEM ACTOR

Section 1:  Socio-economic characteristics of the respondents / maize actors
18. Sex: Male 

Female

19. Age: ___________________

20. Marital status : single 
 married         widow 
      widower  
21. Name of the Extension Transfer Subsystem ______________________

22. Name of  ADP Dept. ______________________________

23. Highest educational qualification: B.Sc. = 1

M.Sc. = 2
     PhD = 

24. No of years spent in ADP : _______________

25. No of years spent in maize innovation related researches? ____________
Section 2: Sources of information among key actors in maize innovation system
26.  Have you heard about maize innovation system?     Yes
             No

27. If Yes, please identify the various sources through which you heard about maize 

                 innovation system in your area?

	S/N
	Information source(s)
	Tick (()

	
	
	Yes
	No

	
	Fellow farmers
	
	

	
	Neighbours/friends
	
	

	
	Radio 
	
	

	
	Newspapers 
	
	

	
	Television
	
	

	
	Extension agents  (ADP)
	
	

	
	 Maize Producers’ association
	
	

	
	Mobile phone
	
	

	
	Internet service
	
	

	
	Research institutes  
	
	

	
	 Universities faculty of agriculture 
	
	

	
	Input supplier
	
	

	
	Colleges of Agriculture
	
	

	
	Maize farmer’s association of  Nigeria
	
	

	
	Farmers’ Union / Cooperative
	
	

	
	Ministry of Agriculture and Natural Resources (MANR)
	
	

	
	Non-governmental organizations  (NGOs)
	
	

	
	Journals, annual reports and research bulletins/ publications.
	
	

	
	Professional meetings
	
	

	
	Library
	
	

	
	Town crier
	
	

	
	Agro-input dealers 
	
	


Others (specify )   ______________________________________________________________________

                             ______________________________________________________________________

                            ______________________________________________________________________

                           _______________________________________________________________________
       Section 3:   Technological capabilities of selected key actors in maize innovation system             
28.  Minor and major changes capabilities
          Itemizes changes with regards to maize innovation that has taken place  ADP within the last three years. These changes may include changes made in the type of researches carried out by staff.

f. _________________________________________________________________ 

g. _________________________________________________________________

h. _________________________________________________________________

i. _________________________________________________________________

j. _____________________________________________________ ___________
29. Strategic marketing capabilities

         Indicate methods/channels you use to get information about changes from other actors. 

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​________________________________________________________________

________________________________________________________________

________________________________________________________________

  Learning capability







30. Please, state what you have learnt over the years as regards maize innovation?

v. _____________________________________________________

vi. _____________________________________________________

vii. _____________________________________________________

viii. _____________________________________________________

_____________________________________________________

     Information on technological capability and investment.
31. Has ADP within the last three years made any investment in equipment with regards to maize innovation?                              Yes 

           No
___________________________________________________________________

​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​__________________________________________________________________

_________________________________________________________________

       If your answer to No 15 and 16 above is Yes please fill the tables below:
32.  Investment in equipment, cost, year of purchase and function of equipment (fill the table)

	SN
	Name of equipment
	Cost of equipment
	Year of purchase
	Function of the equipment

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


33. Investment in human resources (fill the table)

	Qualification of staff
	    Type of training
	Period of training
	Cost of the training

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Section 4: Linkage capabilities 

      In tackling maize innovation, does ADP staff have links/interactions with one  another?      

           Yes

No

5. Does ADP have links with other research institutions?         Yes
 
  No

6. Does ADP have link with other non research institutions?     Yes
   
  No

7. If yes how many research institutions do you have links with?  _____________________
8. Does ADP have links with any of the institutions below? (please, tick)

Other research institutes




Yes

No
Non-governmental organizations (NGOs)


Yes

No

Farmers group






 Yes

No

Universities faculty of agriculture



 Yes

No

Ministry of Agriculture and Natural Resources

 Yes

No

Financial institute





 Yes

No

Engineering firms





 Yes

No

NAFDAC





             Yes

No

Federal Ministry of Commerce & Industry


 Yes

No
               Maize farmers Association                                                   
Yes

No
             

Cooperative societies


                                    Yes

No
             

Types of linkage and linkage mechanism existing among actors.

Describe the type of linkage that exist between ADP and other firms (please, tick the type of linkage applicable ADP with other organizations). 1 = formal, 2 = informal, 3 = top down, 4 = bottom up, 5 = internal, 6 = external, 7 =  upstream, 8 = down stream 

	Institutions / firm
	                Types of linkages 

	
	1
	2
	3
	4
	5
	6
	7
	8

	Research institute
	
	
	
	
	
	
	
	

	Non-governmental organizations (NGOs)
	
	
	
	
	
	
	
	

	Farmers group
	
	
	
	
	
	
	
	

	Other universities
	
	
	
	
	
	
	
	

	Ministry of Agriculture and Natural Resources
	
	
	
	
	
	
	
	

	Financial institutions
	
	
	
	
	
	
	
	

	Engineering unit
	
	
	
	
	
	
	
	

	Donor agencies
	
	
	
	
	
	
	
	


9. How would you describe the level of linkage between ADP with maize actors (please, tick)

	Organization
	Weak
linkage
	Medium linkage
	Strong linkage

	Nongovernmental Organization (NGOs)
	
	
	

	Farmers group
	
	
	

	Universities faculty of agriculture
	
	
	

	Ministry of agriculture
	
	
	

	Other research institutes
	
	
	

	Donor agencies
	
	
	

	Financial institutions
	
	
	


10. Indicate the level of use of the following linkage mechanism between ADP and other firms (please, tick) 

	S/N
	Linkage mechanisms
	Always used
	Rarely used
	Not used

	1
	Joint planning meeting
	
	
	

	2
	Memoranda of understanding
	
	
	

	3
	Contracts between organizations
	
	
	

	4
	Joint programming and priority setting
	
	
	

	5
	Staff exchanges between organizations
	
	
	

	6
	Joint research among stake holders 
	
	
	

	7
	Exchange of resources
	
	
	

	8
	staff rotation 
	
	
	

	9
	Joint publication
	
	
	

	10
	Joint workshop/seminar
	
	
	

	11
	Joint training
	
	
	

	12
	Joint evaluation
	
	
	

	13
	Joint curriculum development 
	
	
	


Section 5: Factors constraining maize innovation system in north central zone of Nigeria. 

27.  To what extent do you think the following factors has constrain maize innovation 

        in north central states of Nigeria? 
	S/N
	            Constraining factors
	To a great extent
	To some extent
	To a little extent
	To no extent



	
	
	
	
	
	

	1
	Inadequate finance / credit for maize actors
	
	
	
	

	2
	Poor motivation
	
	
	
	

	3
	Farmers conservatism
	
	
	
	

	4
	Bureaucracy
	
	
	
	

	5
	Overlapping mandates/ objectives. among maize stake holders
	
	
	
	

	6
	Inadequate sources of finance
	
	
	
	

	7
	Poor linkage with other agencies.
	
	
	
	

	8
	Limited qualified human resources.
	
	
	
	

	9
	Limited physical resources.
	
	
	
	

	10
	Poor access to knowledge and 

information on new technology.
	
	
	
	

	11
	Poor extension network.
	
	
	
	

	12
	Low mobility of experts’ professionals.
	
	
	
	

	13
	Poor logistic support and incentive for 

linkage.
	
	
	
	

	14
	Organizational rigidities.
	
	
	
	

	15
	Administrative bottleneck associated 

with public agencies.
	
	
	
	

	16
	Weak legal framework
	
	
	
	

	17
	Poor government commitment to maize innovation  system
	
	
	
	

	18
	Poor macro system linkage.
	
	
	
	

	19
	Inadequate seed companies
	
	
	
	

	20
	Non-availability of high yielding 

varieties  seeds
	
	
	
	

	21
	Lack of harmonized seed policy
	
	
	
	

	22
	Lack of commitment to research by 

government 
	
	
	
	

	23
	Insufficient human capacity
	
	
	
	

	24
	Timeline adherence 
	
	
	
	

	25
	Poor staff emolument 
	
	
	
	

	26
	Inadequate funds for research
	
	
	
	

	27
	Poor attraction to external funding 
	
	
	
	

	28
	High cost of Innovation  
	
	
	
	

	29
	Excessive perceived risk
	
	
	
	

	30
	Issues on legislation, norms and taxation
	
	
	
	

	31
	Poor agricultural pricing policies
	
	
	
	

	32
	Complex process of agricultural  budgeting for research in Nigeria,
	
	
	
	

	33
	Rivalry and duplication of resources among agencies
	
	
	
	

	34
	Lack of information on market
	
	
	
	

	35
	Lack of customer responsiveness
	
	
	
	

	36
	Lack of information on technologies
	
	
	
	

	37
	Inadequate Storage facilities
	
	
	
	

	38
	Very long time lags between research, adoption and results 
	
	
	
	

	39
	Inadequate attention to the needs of small holder farmers
	
	
	
	

	40
	Failure to recongnise and harness farmer innovation
	
	
	
	

	41
	Weak operational capability
	
	
	
	

	42
	Poor organizational culture
	
	
	
	

	45
	Poor access to credit
	
	
	
	

	46
	Inadequate R & D Capacity
	
	
	
	

	47
	Weak participation of actors in policy implementation 
	
	
	
	

	48
	Weak public- private sector collaboration
	
	
	
	

	49
	Poor information flows and linkage between the actors
	
	
	
	

	50
	Lack of protection of property rights
	
	
	
	

	51
	Lack of interest on innovations by farmers
	
	
	
	

	52
	High cost of technologies
	
	
	
	

	53
	Poor extension visits
	
	
	
	


Others (specify )   _______________________________________________________________                              
 28.          Strategies for improving maize innovation system in north of Nigeria?

Section 6:  The following are the strategies for improving maize innovation system in north central zone of Nigeria?
	S/N
	Strategies
	Strongly agree
	Agree
	Disagree
	Strongly Disagree

	1
	Formation of maize  cooperative society 
	
	
	
	

	2
	Regular visit  and training by extension agents 
	
	
	
	

	3
	Access to communication facilities (internet and mobile phones) 
	
	
	
	

	4
	Better marketing channels/networks
	
	
	
	

	5
	Improved labour saving device 
	
	
	
	

	6
	Availability of Gene banks and germplasm 
	
	
	
	

	7
	Research adaptation to farmers for dissemination of research results 
	
	
	
	

	8
	Designing framework for monitoring programmes/projects
	
	
	
	

	9
	Improved maize distribution and marketing network
	
	
	
	

	10
	Adoption of improved pest management control strategies
	
	
	
	

	11
	Sustaining ban on maize importation policy to curb price fluctuation
	
	
	
	

	12
	Use of irrigation systems in drought prone region
	
	
	
	

	13
	Use of farmers participatory methods for on-farm testing
	
	
	
	

	14
	Adoption of improved  maize varieties 
	
	
	
	

	15
	Improved funding on maize research.
	
	
	
	

	15
	Improved marketing
	
	
	
	

	17
	Collaboration  among actors
	
	
	
	

	18
	 Training of maize stake holders/actors
	
	
	
	

	19
	 Use of Biotechnology in maize production
	
	
	
	

	20
	Intensification of Growth Enhancement Scheme (GES) e- Wallet in input distribution to maize farmers
	
	
	
	

	21
	 Adoption of improved crop management practices, particularly regarding soil fertility and drought
	
	
	
	

	22
	Effective and efficient methods and media for information dissemination to intermediate end users.
 
	
	
	
	

	23
	Capacity building through applied, research-based training .

	
	
	
	

	24
	Research results published in peer-reviewed literature and other key outlets 


	
	
	
	

	25
	Strengthening maize-legume intercropping to increase soil nitrogen and agricultural productivity
	
	
	
	

	26
	Increased use of fertilizers or the application of new management techniques


	
	
	
	

	27
	Quality Management and Control
	
	
	
	

	28
	Increased access by farmers to information about new technologies
	
	
	
	


   QUESTIONNAIRE FOR EDUCATION SUB-SYSTEM ACTORS

Section 1:  Socio-economic characteristics of the respondents / maize actors
34. Sex: Male 

Female

35. Age: ___________________

36. Marital status : single
 married         widow 
      widower  
37. Name of the University ______________________

38. Name of Dept. ______________________________

39. Highest educational qualification: B.Sc. = 1

M.Sc. = 2
     PhD = 

40. No of years spent in the University : _______________

41. No of years spent in maize innovation related researches? ____________
Section 2: Sources of information among key actors in maize innovation system
42.  Have you heard about maize innovation system?     Yes
             No

43. If Yes, please indicate the various sources through which you heard about maize 

                 innovation system in your area?

	S/N
	Information source(s)
	Tick (()

	
	
	Yes
	No

	
	Fellow farmers
	
	

	
	Neighbours/friends
	
	

	
	Radio 
	
	

	
	Newspapers 
	
	

	
	Television
	
	

	
	Extension agents  (ADP)
	
	

	
	 Maize Producers’ association
	
	

	
	Mobile phone
	
	

	
	Internet service
	
	

	
	Research institutes  
	
	

	
	 Universities faculty of agriculture 
	
	

	
	Input supplier
	
	

	
	Colleges of Agriculture
	
	

	
	Maize farmer’s association of  Nigeria
	
	

	
	Farmers’ Union / Cooperative
	
	

	
	Ministry of Agriculture and Natural Resources (MANR)
	
	

	
	Non-governmental organizations  (NGOs)
	
	

	
	Journals, annual reports and research bulletins/ publications.
	
	

	
	Professional meetings
	
	

	
	Library
	
	

	
	Town crier
	
	

	
	Agro-input dealers 
	
	


Others (specify )   ______________________________________________________________________

                             ______________________________________________________________________

                            ______________________________________________________________________

                           _______________________________________________________________________
       Section 3:   Technological capabilities of selected key actors in maize innovation system             
44.  Minor and major changes capabilities
          Itemizes changes with regards to maize innovation that has taken place in your       

          University within the last three years. These changes may include changes made in the    

          type of researches carried out by staff.

k. _________________________________________________________________ 

l. _________________________________________________________________

m. _________________________________________________________________

n. _________________________________________________________________

o. _____________________________________________________ ___________
45. Strategic marketing capabilities

         Indicate methods/channels you use to get information about changes from other actors. 

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​________________________________________________________________

________________________________________________________________

________________________________________________________________

  Learning capability







46. Please, could you identify what you have learnt over the years as regards maize innovation?

ix. _____________________________________________________

x. _____________________________________________________

xi. _____________________________________________________

xii. _____________________________________________________

_____________________________________________________

     Information on technological capability and investment.
47. Has your university within the last three years made any investment in equipment with regards to maize innovation?                          Yes 

    No
___________________________________________________________________

​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​__________________________________________________________________

________________________________________________________________

If your answer to No 15 and 16 above is Yes please fill the tables below

48. Investment in equipment, cost, year of purchase and function of equipment (fill the table)

	SN
	Name of equipment
	Cost of equipment
	Year of purchase
	Function of the equipment

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


49. Investment in human resources (fill the table)

	Qualification of staff
	    Type of training
	Period of training
	Cost of the training

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Section 4: Linkage capabilities 

      In tackling maize innovation, does staff in your university have links/interactions with one 

       another? Yes

No

11. Does your university have links with other research institutions?      
     Yes
 
No

12. Does your university have link with other non research institutions?        Yes
   
 No

13. If Yes how many research institutions do you have links with?  _____________________
14. Do you have links with any of the institutions below? (please, tick)

Agricultural Development Programme (ADP)

Yes

No

Other research institutes




Yes

No
Non-governmental organizations (NGOs)


Yes

No

Farmers group






 Yes

No

Ministry of Agriculture and Natural Resources

 Yes

No

Financial institute





 Yes

No

Engineering firms





 Yes

No

NAFDAC





             Yes

No

Federal Ministry of Commerce & Industry


 Yes

No
               Maize farmers Association                                                   
Yes

No
             

Cooperative societies


                                    Yes

No
             

Types of linkage and linkage mechanism existing among actors.

15. Describe the type of linkage that exist between your university and other maize actors (please, tick the type of linkage applicable to your ministry with other organizations). 

            1 = formal, 2 = informal, 3 = top down, 4 = bottom up, 5 = internal, 6 = external,                 

            7 =  upstream, 8 = down stream 

	Institutions/firm
	                Types of linkages 

	
	1
	2
	3
	4
	5
	6
	7
	8

	Agricultural Development Programme (ADP)
	
	
	
	
	
	
	
	

	Research institute
	
	
	
	
	
	
	
	

	Non-governmental organizations (NGOs)
	
	
	
	
	
	
	
	

	Farmer group
	
	
	
	
	
	
	
	

	Other universities
	
	
	
	
	
	
	
	

	Ministry of Agriculture and Natural Resources
	
	
	
	
	
	
	
	

	Financial institutions
	
	
	
	
	
	
	
	

	Engineering unit
	
	
	
	
	
	
	
	

	Marketers and maize processors
	
	
	
	
	
	
	
	


16. How would you describe the level of linkage between your university with maize actors (please, tick)

	Organization
	Weak
linkage
	Medium linkage
	Strong linkage

	Agricultural Development Programme (ADP)
	
	
	

	Nongovernmental Organization (NGOs)
	
	
	

	Farmers group
	
	
	

	Universities faculty of agriculture
	
	
	

	Ministry of agriculture
	
	
	

	Other research institutes
	
	
	

	Donor agencies
	
	
	

	Financial institutions
	
	
	

	Engineering unit
	
	
	

	Marketers and maize processors
	
	
	


17. Indicate the level of use of the following linkage mechanism between your university and other firms (please, tick) 

	S/N
	Linkage mechanisms
	Always used
	Rarely used
	Not used

	1
	Joint planning meeting
	
	
	

	2
	Memoranda of understanding
	
	
	

	3
	Contracts between organizations
	
	
	

	4
	Joint programming and priority setting
	
	
	

	5
	Staff exchanges between organizations
	
	
	

	6
	Joint research among stake holders 
	
	
	

	7
	Exchange of resources
	
	
	

	8
	staff rotation 
	
	
	

	9
	Joint publication
	
	
	

	10
	Joint workshop/seminar
	
	
	

	11
	Joint training
	
	
	

	12
	Joint evaluation
	
	
	

	13
	Joint curriculum development 
	
	
	


Section 5: Factors constraining maize innovation system in north central zone of Nigeria. 

27.  To what extent do you think the following factors has constrain maize innovation 

        in central zone of Nigeria? 
	S/N
	            Constraining factors
	To a great extent
	To some extent
	To a little extent
	To no extent



	
	
	
	
	
	

	1
	Inadequate finance / credit for maize actors
	
	
	
	

	2
	Poor motivation
	
	
	
	

	3
	Farmers conservatism
	
	
	
	

	4
	Bureaucracy
	
	
	
	

	5
	Overlapping mandates/ objectives. among maize stake holders
	
	
	
	

	6
	Inadequate sources of finance
	
	
	
	

	7
	Poor linkage with other agencies.
	
	
	
	

	8
	Limited qualified human resources.
	
	
	
	

	9
	Limited physical resources.
	
	
	
	

	10
	Poor access to knowledge and 

information on new technology.
	
	
	
	

	11
	Poor extension network.
	
	
	
	

	12
	Low mobility of experts’ professionals.
	
	
	
	

	13
	Poor logistic support and incentive for 

linkage.
	
	
	
	

	14
	Organizational rigidities.
	
	
	
	

	15
	Administrative bottleneck associated 

with public agencies.
	
	
	
	

	16
	Weak legal framework
	
	
	
	

	17
	Poor government commitment to maize innovation  system
	
	
	
	

	18
	Poor macro system linkage.
	
	
	
	

	19
	Inadequate seed companies
	
	
	
	

	20
	Non-availability of high yielding 

varieties  seeds
	
	
	
	

	21
	Lack of harmonized seed policy
	
	
	
	

	22
	Lack of commitment to research by 

government 
	
	
	
	

	23
	Insufficient human capacity
	
	
	
	

	24
	Timeline adherence 
	
	
	
	

	25
	Poor staff emolument 
	
	
	
	

	26
	Inadequate funds for research
	
	
	
	

	27
	Poor attraction to external funding 
	
	
	
	

	28
	High cost of Innovation  
	
	
	
	

	29
	Excessive perceived risk
	
	
	
	

	30
	Issues on legislation, norms and taxation
	
	
	
	

	31
	Poor agricultural pricing policies
	
	
	
	

	32
	Complex process of agricultural  budgeting for research in Nigeria,
	
	
	
	

	33
	Rivalry and duplication of resources among agencies
	
	
	
	

	34
	Lack of information on market
	
	
	
	

	35
	Lack of customer responsiveness
	
	
	
	

	36
	Lack of information on technologies
	
	
	
	

	37
	Inadequate Storage facilities
	
	
	
	

	38
	Very long time lags between research, adoption and results 
	
	
	
	

	39
	Inadequate attention to the needs of small holder farmers
	
	
	
	

	40
	Failure to recongnise and harness farmer innovation
	
	
	
	

	41
	Weak operational capability
	
	
	
	

	42
	Poor organizational culture
	
	
	
	

	45
	Poor access to credit
	
	
	
	

	46
	Inadequate R & D Capacity
	
	
	
	

	47
	Weak participation of actors in policy implementation 
	
	
	
	

	48
	Weak public- private sector collaboration
	
	
	
	

	49
	Poor information flows and linkage between the actors
	
	
	
	

	50
	Lack of protection of property rights
	
	
	
	

	51
	Lack of interest on innovations by farmers
	
	
	
	

	52
	High cost of technologies
	
	
	
	

	53
	Poor extension visits
	
	
	
	


Others (specify )   _______________________________________________________________                              
 28.          Strategies for improving maize innovation system in north central zone of 
                  Nigeria?

Section 6:  The following are the strategies for improving maize innovation system in north central zone of Nigeria?
	S/N
	Strategies
	Strongly agree
	Agree
	Disagree
	Strongly Disagree

	1
	Formation of maize  cooperative society 
	
	
	
	

	2
	Regular visit  and training by extension agents 
	
	
	
	

	3
	Access to communication facilities (internet and mobile phones) 
	
	
	
	

	4
	Better marketing channels/networks
	
	
	
	

	5
	Improved labour saving device 
	
	
	
	

	6
	Availability of Gene banks and germplasm 
	
	
	
	

	7
	Research adaptation to farmers for dissemination of research results 
	
	
	
	

	8
	Designing framework for monitoring programmes/projects
	
	
	
	

	9
	Improved maize distribution and marketing network
	
	
	
	

	10
	Adoption of improved pest management control strategies
	
	
	
	

	11
	Sustaining ban on maize importation policy to curb price fluctuation
	
	
	
	

	12
	Use of irrigation systems in drought prone region
	
	
	
	

	13
	Use of farmers participatory methods for on-farm testing
	
	
	
	

	14
	Adoption of improved  maize varieties 
	
	
	
	

	15
	Improved funding on maize research.
	
	
	
	

	15
	Improved marketing
	
	
	
	

	17
	Collaboration  among actors
	
	
	
	

	18
	 Training of maize stake holders/actors
	
	
	
	

	19
	 Use of Biotechnology in maize production
	
	
	
	

	20
	Intensification of Growth Enhancement Scheme (GES) e- Wallet in input distribution to maize farmers
	
	
	
	

	21
	 Adoption of improved crop management practices, particularly regarding soil fertility and drought
	
	
	
	

	22
	Effective and efficient methods and media for information dissemination to intermediate end users.
 
	
	
	
	

	23
	Capacity building through applied, research-based training .

	
	
	
	

	24
	Research results published in peer-reviewed literature and other key outlets 


	
	
	
	

	25
	Strengthening maize-legume intercropping to increase soil nitrogen and agricultural productivity
	
	
	
	

	26
	Increased use of fertilizers or the application of new management techniques


	
	
	
	

	27
	Quality Management and Control
	
	
	
	

	28
	Increased access by farmers to information about new technologies
	
	
	
	


                              QUESTIONNAIRE FOR RESEARCH SUB-SYSTEM ACTORS

Section 1:  Socio-economic characteristics of the respondents / maize actors
50. Sex: Male 

Female

51.  Age: ___________________

52.   Marital status :   single         married               widow            widower  
53. Name of Research institute _________________________

54. Name of Dept. ______________________________

55. Highest educational qualification: B.Sc. = 1

M.Sc. = 2
     PhD = 

56. No of years spent in the institute: _______________

57. No of years spent in maize innovation system related researches? ____________
Section 2: Sources of information among key actors in maize innovation system
58.  Have you heard about maize innovation system?     Yes
             No

59. If Yes, please identify the various sources through which you heard about maize 

                 innovation system in your area?

	S/N
	Information source(s)
	Tick (()

	
	
	Yes
	No

	
	Fellow farmers
	
	

	
	Neighbours/friends
	
	

	
	Radio 
	
	

	
	Newspapers 
	
	

	
	Television
	
	

	
	Extension agents  (ADP)
	
	

	
	 Maize Producers’ association
	
	

	
	Mobile phone
	
	

	
	Internet service
	
	

	
	Research institutes  
	
	

	
	 Universities faculty of agriculture 
	
	

	
	Input supplier
	
	

	
	Colleges of Agriculture
	
	

	
	Maize farmer’s association of  Nigeria
	
	

	
	Farmers’ Union / Cooperative
	
	

	
	Ministry of Agriculture and Natural Resources (MANR)
	
	

	
	Non-governmental organizations  (NGOs)
	
	

	
	Journals, annual reports and research bulletins/ publications.
	
	

	
	Professional meetings
	
	

	
	Library
	
	

	
	Town crier
	
	

	
	Agro-input dealers 
	
	


Others (specify )   ______________________________________________________________________

                             ______________________________________________________________________

                            ______________________________________________________________________

                           _______________________________________________________________________
       Section 3:   Technological capabilities of selected key actors in maize innovation system             
60.  Minor and major changes capabilities
          Itemizes changes with regards to maize innovation that has taken place in your       

          institute within the last three years. These changes may include changes made in the type of researches carried out by staff.

p. _________________________________________________________________ 

q. _________________________________________________________________

r. _________________________________________________________________

s. _________________________________________________________________

t. _____________________________________________________ ___________
61. Strategic marketing capabilities

         Indicate methods/channels you use to get information about changes from other actors. 

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​________________________________________________________________

________________________________________________________________

________________________________________________________________

  Learning capability







62. Please, could you identify what you have learnt over the years as regards maize innovation?

xiii. _____________________________________________________

xiv. _____________________________________________________

xv. _____________________________________________________

xvi. _____________________________________________________

_____________________________________________________

     Information on technological capability and investment.
63. Has your institute within the last three years made any investment in equipment with regards to maize innovation?                             Yes 

         No
___________________________________________________________________

​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​__________________________________________________________________

_________________________________________________________________

64. Has your institute within the last three years made any investment in human development with regards to maize innovation?

If your answer to No 15 and 16 above is Yes please fill the tables below:
65.  Investment in equipment, cost, year of purchase and function of equipment (fill the table)

	SN
	Name of equipment
	Cost of equipment
	Year of purchase
	Function of the equipment

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


66. Investment in human resources (fill the table)

	Qualification of staff
	    Type of training
	Period of training
	Cost of the training

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Section 4: Linkage capabilities 

      In tackling maize innovation, do researchers in your institute have links/interactions with one 

       another? Yes

No

18. Does your institute have links with other research institutions?      
     Yes
 
No

19. Does your institute have link with other non research institutions?        Yes
   
 No

20. If Yes how many research institutions do you have links with?  _____________________
21. Do you have links with any of the institutions below? (please, tick)

Agricultural Development Programme (ADP)

Yes

No

Other research institutes




Yes

No
Non-governmental organizations (NGOs)


Yes

No

Farmers group






 Yes

No

Universities faculty of agriculture



 Yes

No

Ministry of Agriculture and Natural Resources


 Yes

No

Financial institute





 Yes

No

Engineering firms





 Yes

No

NAFDAC





             Yes

No

Federal Ministry of Commerce & Industry


 Yes

No
               Maize farmers Association/ cooperative societies

Yes

No

Others specify






 Yes

No
Types of linkage and linkage mechanism existing among actors.

Describe the type of linkage that exist between your institute and other institutes (please, tick the type of linkage applicable to your institute with other organizations). 

            1 = formal, 2 = informal, 3 = top down, 4 = bottom up, 5 = internal, 6 = external,                 

            7 =  upstream, 8 = down stream 

	Institutes / firm
	                Types of linkages 

	
	1
	2
	3
	4
	5
	6
	7
	8

	Agricultural Development Programme (ADP)
	
	
	
	
	
	
	
	

	Research institute
	
	
	
	
	
	
	
	

	Non-governmental organizations (NGOs)
	
	
	
	
	
	
	
	

	Farmer group
	
	
	
	
	
	
	
	

	Other universities
	
	
	
	
	
	
	
	

	Ministry of Agriculture and Natural Resources
	
	
	
	
	
	
	
	

	Financial institutions
	
	
	
	
	
	
	
	

	Engineering unit
	
	
	
	
	
	
	
	

	Donor agencies
	
	
	
	
	
	
	
	


22. How would you describe the level of linkage between your institute with maize actors (please, tick)

	Organization
	Weak
linkage
	Medium linkage
	Strong linkage

	Agricultural Development Programme (ADP)
	
	
	

	Nongovernmental Organization (NGOs)
	
	
	

	Farmers group
	
	
	

	Universities faculty of agriculture
	
	
	

	Ministry of agriculture
	
	
	

	Other research institutes
	
	
	

	Donor agencies
	
	
	

	Financial institutions
	
	
	


23. Indicate the level of use of the following linkage mechanism between your institute and other firms (please, tick) 

	S/N
	Linkage mechanisms
	Always used
	Rarely used
	Not used

	1
	Joint planning meeting
	
	
	

	2
	Memoranda of understanding
	
	
	

	3
	Contracts between organizations
	
	
	

	4
	Joint programming and priority setting
	
	
	

	5
	Staff exchanges between organizations
	
	
	

	6
	Joint research among stake holders 
	
	
	

	7
	Exchange of resources
	
	
	

	8
	staff rotation 
	
	
	

	9
	Joint publication
	
	
	

	10
	Joint workshop/seminar
	
	
	

	11
	Joint training
	
	
	

	12
	Joint evaluation
	
	
	

	13
	Joint curriculum development 
	
	
	

	
	
	
	
	

	
	
	
	
	


Section 5: Factors constraining maize innovation system in north central zone of Nigeria. 

27.  To what extent do you think the following factors has constrain maize innovation 

        in central zone of Nigeria? 
	S/N
	            Constraining factors
	To a great extent
	To some extent
	To a little extent
	To no extent



	
	
	
	
	
	

	1
	Inadequate finance / credit for maize actors
	
	
	
	

	2
	Poor motivation
	
	
	
	

	3
	Farmers conservatism
	
	
	
	

	4
	Bureaucracy
	
	
	
	

	5
	Overlapping mandates/ objectives. among maize stake holders
	
	
	
	

	6
	Inadequate sources of finance
	
	
	
	

	7
	Poor linkage with other agencies.
	
	
	
	

	8
	Limited qualified human resources.
	
	
	
	

	9
	Limited physical resources.
	
	
	
	

	10
	Poor access to knowledge and 

information on new technology.
	
	
	
	

	11
	Poor extension network.
	
	
	
	

	12
	Low mobility of experts’ professionals.
	
	
	
	

	13
	Poor logistic support and incentive for 

linkage.
	
	
	
	

	14
	Organizational rigidities.
	
	
	
	

	15
	Administrative bottleneck associated 

with public agencies.
	
	
	
	

	16
	Weak legal framework
	
	
	
	

	17
	Poor government commitment to maize innovation  system
	
	
	
	

	18
	Poor macro system linkage.
	
	
	
	

	19
	Inadequate seed companies
	
	
	
	

	20
	Non-availability of high yielding 

varieties  seeds
	
	
	
	

	21
	Lack of harmonized seed policy
	
	
	
	

	22
	Lack of commitment to research by 

government 
	
	
	
	

	23
	Insufficient human capacity
	
	
	
	

	24
	Timeline adherence 
	
	
	
	

	25
	Poor staff emolument 
	
	
	
	

	26
	Inadequate funds for research
	
	
	
	

	27
	Poor attraction to external funding 
	
	
	
	

	28
	High cost of Innovation  
	
	
	
	

	29
	Excessive perceived risk
	
	
	
	

	30
	Issues on legislation, norms and taxation
	
	
	
	

	31
	Poor agricultural pricing policies
	
	
	
	

	32
	Complex process of agricultural  budgeting for research in Nigeria,
	
	
	
	

	33
	Rivalry and duplication of resources among agencies
	
	
	
	

	34
	Lack of information on market
	
	
	
	

	35
	Lack of customer responsiveness
	
	
	
	

	36
	Lack of information on technologies
	
	
	
	

	37
	Inadequate Storage facilities
	
	
	
	

	38
	Very long time lags between research, adoption and results 
	
	
	
	

	39
	Inadequate attention to the needs of small holder farmers
	
	
	
	

	40
	Failure to recongnise and harness farmer innovation
	
	
	
	

	41
	Weak operational capability
	
	
	
	

	42
	Poor organizational culture
	
	
	
	

	45
	Poor access to credit
	
	
	
	

	46
	Inadequate R & D Capacity
	
	
	
	

	47
	Weak participation of actors in policy implementation 
	
	
	
	

	48
	Weak public- private sector collaboration
	
	
	
	

	49
	Poor information flows and linkage between the actors
	
	
	
	

	50
	Lack of protection of property rights
	
	
	
	

	51
	Lack of interest on innovations by farmers
	
	
	
	

	52
	High cost of technologies
	
	
	
	

	53
	Poor extension visits
	
	
	
	


Others (specify )   _______________________________________________________________                              
 28.          Strategies for improving maize innovation system in north central zone of 
                  Nigeria?

Section 6:  The following are the strategies for improving maize innovation system in north central zone of Nigeria?
	S/N
	Strategies
	Strongly agree
	Agree
	Disagree
	Strongly Disagree

	1
	Formation of maize  cooperative society 
	
	
	
	

	2
	Regular visit  and training by extension agents 
	
	
	
	

	3
	Access to communication facilities (internet and mobile phones) 
	
	
	
	

	4
	Better marketing channels/networks
	
	
	
	

	5
	Improved labour saving device 
	
	
	
	

	6
	Availability of Gene banks and germplasm 
	
	
	
	

	7
	Research adaptation to farmers for dissemination of research results 
	
	
	
	

	8
	Designing framework for monitoring programmes/projects
	
	
	
	

	9
	Improved maize distribution and marketing network
	
	
	
	

	10
	Adoption of improved pest management control strategies
	
	
	
	

	11
	Sustaining ban on maize importation policy to curb price fluctuation
	
	
	
	

	12
	Use of irrigation systems in drought prone region
	
	
	
	

	13
	Use of farmers participatory methods for on-farm testing
	
	
	
	

	14
	Adoption of improved  maize varieties 
	
	
	
	

	15
	Improved funding on maize research.
	
	
	
	

	15
	Improved marketing
	
	
	
	

	17
	Collaboration  among actors
	
	
	
	

	18
	 Training of maize stake holders/actors
	
	
	
	

	19
	 Use of Biotechnology in maize production
	
	
	
	

	20
	Intensification of Growth Enhancement Scheme (GES) e- Wallet in input distribution to maize farmers
	
	
	
	

	21
	 Adoption of improved crop management practices, particularly regarding soil fertility and drought
	
	
	
	

	22
	Effective and efficient methods and media for information dissemination to intermediate end users.
 
	
	
	
	

	23
	Capacity building through applied, research-based training .

	
	
	
	

	24
	Research results published in peer-reviewed literature and other key outlets 


	
	
	
	

	25
	Strengthening maize-legume intercropping to increase soil nitrogen and agricultural productivity
	
	
	
	

	26
	Increased use of fertilizers or the application of new management techniques


	
	
	
	

	27
	Quality Management and Control
	
	
	
	

	28
	Increased access by farmers to information about new technologies
	
	
	
	


INTERVIEW WITH THE FARMER SUB-SYSYTEM ACTORS

Section 1: Information on the socio-economic characteristics of the respondents/actors
                  Kindly fill or tick (√) where appropriate
1. Sex: Male

Female
2. Marital status : single
 married         widow 
      widower  
3. How many years were you in your last birthday?  _______________
4. What is your highest educational qualification ?    ______________
5.   How many years have you spent cultivating maize?____________
6.   Kindly indicate your farm size (acres)?  ___________________
7. Indicate number of your households __________________
8. Signify the type of cropping system practiced on your maize farm?___________________
9. What are the recommended maize seed varieties planted on your maize farm? _________________________________________________________________________  
10. What types of labour did you use?_____________
11. The total / average maize yield on your farm in (bags/acres) is? ____________
12.  How often do you enjoy extension visit?___________________
13. How often do extension workers visit you on the farm? _______________
14. Are you a member of any cooperative society?       a.   No      (    )        b.   Yes    (    )

15. The major source(s) of financing your maize farm is _____________
Section 2: Sources of information among key actors in maize innovation system
67.  Have you heard about maize innovation system?     Yes
             No

68. If Yes, please indicate the various sources through which you heard about maize 

                 innovation system in your area?

	S/N
	Information source(s)
	Tick (()

	
	
	Yes
	No

	1
	Fellow farmers
	
	

	2
	Neighbours/friends
	
	

	3
	Radio 
	
	

	4
	Newspapers 
	
	

	5
	Television
	
	

	6
	Extension agents  (ADP)
	
	

	7
	 Maize Producers’ association
	
	

	8
	Mobile phone
	
	

	9
	Internet service
	
	

	10
	Research institutes  
	
	

	11
	 Universities faculty of agriculture 
	
	

	12
	Input supplier / agro-input dealers
	
	

	13
	Colleges of Agriculture
	
	

	14
	Maize farmer’s association of  Nigeria
	
	

	15
	Farmers’ Union / Cooperative
	
	

	16
	Ministry of Agriculture and Natural Resources (MANR)
	
	

	17
	Non-governmental organizations  (NGOs)
	
	

	18
	Journals, annual reports and research bulletins/ publications.
	
	

	19
	Professional meetings
	
	

	20
	Library
	
	

	21
	Town crier
	
	


Others (specify )   ______________________________________________________________________

                             _____________________________________________________________________
   Section 3:   Technological capabilities of selected key actors in maize innovation system             
69.  Minor and major changes capabilities
          Itemizes changes with regards to maize innovation that has taken place on your       

          maize farm within the last three years. These changes may include changes made in the     type of researches carried out on your farm.

u. _________________________________________________________________ 

v. _________________________________________________________________

w. _________________________________________________________________

x. _________________________________________________________________

y. _____________________________________________________ ___________
70. Strategic marketing capabilities

         Indicate methods/channels you use to get information about changes from other actors on maize innovation. 

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

  Learning capability







71. Please, could you identify what you have learnt over the years as it regards maize innovation?

xvii. _____________________________________________________

xviii. _____________________________________________________

xix. _____________________________________________________

xx. _____________________________________________________

_____________________________________________________

     Information on technological capability and investment.
72. Have you within the last three years made any investment in equipment as regards to maize innovation?                                                   Yes 

No       No
___________________________________________________________________

​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​__________________________________________________________________

_________________________________________________________________

73. Have you within the last three years made any investment in equipment as regards to maize innovation?                                                   Yes 

No      No
If your answer to No 6 and 7 above is Yes please fill the tables below:
74.  Investment in equipment, cost, year of purchase and function of equipment (fill the table)

	SN
	Name of equipment
	Cost of equipment
	Year of purchase
	Function of the equipment

	1.
	Processing Equipment 
	
	
	

	2.
	Storage 
	
	
	

	3.
	 Irrigation 
	
	
	

	4.
	Tractor 
	
	
	

	5.
	Purchase of improved maize varieties/ maize hybrids.
	
	
	

	6
	Purchase other animal breeds
	
	
	

	7
	Increase farm area
	
	
	

	8
	Fertilizer
	
	
	

	9
	Agrochemicals
	
	
	


75. Investment in human resources. Have you attend any training on maize if yes, fill the table.
	Qualification of staff
	Type of training
	Period of training 
	Cost of the training 

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Section 4: Linkage capabilities 

      In tackling maize innovation, does staff on your farm have links/interactions with one 

       another? Yes

No

24. Do you have link with other research institutions?      
                 Yes
 
    No

25. Do you have link with other non research institutions?                  Yes
     No

26. If yes,  how many research institutions do you have link with?  _____________________

27. Do you have links with any of the institutions below? (please, tick)

Agricultural Development Programme (ADP)

Yes

No

 Research institutes




           Yes

No
Non-governmental organizations (NGOs)


Yes

No

Farmers group






 Yes

No

Universities faculty of agriculture



 Yes

No

Ministry of Agriculture and Natural Resources
            Yes

No

Financial institution





 Yes

No

Engineering firms





 Yes

No

NAFDAC





             Yes

No

Federal Ministry of Commerce & Industry


 Yes

No
               Maize farmers Association                                                   
Yes

No
             

Cooperative societies


                                    Yes

No
             

Types of linkage and linkage mechanism existing among actors.

Describe the type of linkage that exist between your farm and other institutions (please, tick the type of linkage applicable to your organizations). 

            1 = formal, 2 = informal, 3 = top down, 4 = bottom up, 5 = internal, 6 = external,                 

            7 =  upstream, 8 = down stream 

	Institutions/firm
	                Types of linkages 

	
	1
	2
	3
	4
	5
	6
	7
	8

	Agricultural Development Programme (ADP)
	
	
	
	
	
	
	
	

	Research institutes
	
	
	
	
	
	
	
	

	Non-governmental organizations (NGOs)
	
	
	
	
	
	
	
	

	Farmers group
	
	
	
	
	
	
	
	

	Other universities
	
	
	
	
	
	
	
	

	Ministry of Agriculture and Natural Resources
	
	
	
	
	
	
	
	

	Financial institutions
	
	
	
	
	
	
	
	

	Engineering unit/firm
	
	
	
	
	
	
	
	

	Donor agencies
	
	
	
	
	
	
	
	


28. How would you describe the level of linkage between your farm with other maize actors (please, tick)

	Organization
	Weak
Linkage
	Medium linkage
	Strong linkage

	Agricultural Development Programme (ADP)
	
	
	

	Nongovernmental organization (NGOs)
	
	
	

	Farmers group
	
	
	

	Universities faculty of agriculture
	
	
	

	Ministry of agriculture
	
	
	

	Other research institutes
	
	
	

	Donor agencies
	
	
	

	Financial institutions
	
	
	


29. Indicate the level of use of the following linkage mechanism between your farm and other institutions/firms (please, tick) 

	S/N
	Linkage mechanisms
	Always used
	Rarely used
	Not used

	1
	Joint planning meeting
	
	
	

	2
	Memoranda of understanding
	
	
	

	3
	Contracts between organizations
	
	
	

	4
	Joint programming and priority setting
	
	
	

	5
	Staff exchanges between organizations
	
	
	

	6
	Joint research among stake holders 
	
	
	

	7
	Exchange of resources
	
	
	

	8
	staff rotation 
	
	
	

	9
	Joint publication
	
	
	

	10
	Joint workshop/seminar
	
	
	

	11
	Joint training
	
	
	

	12
	Joint evaluation
	
	
	

	13
	Joint curriculum development 
	
	
	


Section 5: Factors constraining maize innovation system in north central zone of Nigeria. 

27.  To what extent do you think the following factors has constrain maize innovation 

        in central zone of Nigeria? 
	S/N
	            Constraining factors
	To a great extent
	To some extent
	To a little extent
	To no extent



	
	
	
	
	
	

	1
	Inadequate finance / credit for maize actors
	
	
	
	

	2
	Poor motivation
	
	
	
	

	3
	Farmers conservatism
	
	
	
	

	4
	Bureaucracy
	
	
	
	

	5
	Overlapping mandates/ objectives. among maize stake holders
	
	
	
	

	6
	Inadequate sources of finance
	
	
	
	

	7
	Poor linkage with other agencies.
	
	
	
	

	8
	Limited qualified human resources.
	
	
	
	

	9
	Limited physical resources.
	
	
	
	

	10
	Poor access to knowledge and 

information on new technology.
	
	
	
	

	11
	Poor extension network.
	
	
	
	

	12
	Low mobility of experts’ professionals.
	
	
	
	

	13
	Poor logistic support and incentive for 

linkage.
	
	
	
	

	14
	Organizational rigidities.
	
	
	
	

	15
	Administrative bottleneck associated 

with public agencies.
	
	
	
	

	16
	Weak legal framework
	
	
	
	

	17
	Poor government commitment to maize innovation  system
	
	
	
	

	18
	Poor macro system linkage.
	
	
	
	

	19
	Inadequate seed companies
	
	
	
	

	20
	Non-availability of high yielding 

varieties  seeds
	
	
	
	

	21
	Lack of harmonized seed policy
	
	
	
	

	22
	Lack of commitment to research by 

government 
	
	
	
	

	23
	Insufficient human capacity
	
	
	
	

	24
	Timeline adherence 
	
	
	
	

	25
	Poor staff emolument 
	
	
	
	

	26
	Inadequate funds for research
	
	
	
	

	27
	Poor attraction to external funding 
	
	
	
	

	28
	High cost of Innovation  
	
	
	
	

	29
	Excessive perceived risk
	
	
	
	

	30
	Issues on legislation, norms and taxation
	
	
	
	

	31
	Poor agricultural pricing policies
	
	
	
	

	32
	Complex process of agricultural  budgeting for research in Nigeria,
	
	
	
	

	33
	Rivalry and duplication of resources among agencies
	
	
	
	

	34
	Lack of information on market
	
	
	
	

	35
	Lack of customer responsiveness
	
	
	
	

	36
	Lack of information on technologies
	
	
	
	

	37
	Inadequate Storage facilities
	
	
	
	

	38
	Very long time lags between research, adoption and results 
	
	
	
	

	39
	Inadequate attention to the needs of small holder farmers
	
	
	
	

	40
	Failure to recongnise and harness farmer innovation
	
	
	
	

	41
	Weak operational capability
	
	
	
	

	42
	Poor organizational culture
	
	
	
	

	45
	Poor access to credit
	
	
	
	

	46
	Inadequate R & D Capacity
	
	
	
	

	47
	Weak participation of actors in policy implementation 
	
	
	
	

	48
	Weak public- private sector collaboration
	
	
	
	

	49
	Poor information flows and linkage between the actors
	
	
	
	

	50
	Lack of protection of property rights
	
	
	
	

	51
	Lack of interest on innovations by farmers
	
	
	
	

	52
	High cost of technologies
	
	
	
	

	53
	Poor extension visits
	
	
	
	


Others (specify )   _______________________________________________________________                              
 28.          Strategies for improving maize innovation system in north central zone of 
                  Nigeria?

Section 6:  The following are the strategies for improving maize innovation system in north central zone of Nigeria?
	S/N
	Strategies
	Strongly agree
	Agree
	Disagree
	Strongly Disagree

	1
	Formation of maize  cooperative society 
	
	
	
	

	2
	Regular visit  and training by extension agents 
	
	
	
	

	3
	Access to communication facilities (internet and mobile phones) 
	
	
	
	

	4
	Better marketing channels/networks
	
	
	
	

	5
	Improved labour saving device 
	
	
	
	

	6
	Availability of Gene banks and germplasm 
	
	
	
	

	7
	Research adaptation to farmers for dissemination of research results 
	
	
	
	

	8
	Designing framework for monitoring programmes/projects
	
	
	
	

	9
	Improved maize distribution and marketing network
	
	
	
	

	10
	Adoption of improved pest management control strategies
	
	
	
	

	11
	Sustaining ban on maize importation policy to curb price fluctuation
	
	
	
	

	12
	Use of irrigation systems in drought prone region
	
	
	
	

	13
	Use of farmers participatory methods for on-farm testing
	
	
	
	

	14
	Adoption of improved  maize varieties 
	
	
	
	

	15
	Improved funding on maize research.
	
	
	
	

	15
	Improved marketing
	
	
	
	

	17
	Collaboration  among actors
	
	
	
	

	18
	 Training of maize stake holders/actors
	
	
	
	

	19
	 Use of Biotechnology in maize production
	
	
	
	

	20
	Intensification of Growth Enhancement Scheme (GES) e- Wallet in input distribution to maize farmers
	
	
	
	

	21
	 Adoption of improved crop management practices, particularly regarding soil fertility and drought
	
	
	
	

	22
	Effective and efficient methods and media for information dissemination to intermediate end users.
 
	
	
	
	

	23
	Capacity building through applied, research-based training .

	
	
	
	

	24
	Research results published in peer-reviewed literature and other key outlets 


	
	
	
	

	25
	Strengthening maize-legume intercropping to increase soil nitrogen and agricultural productivity
	
	
	
	

	26
	Increased use of fertilizers or the application of new management techniques


	
	
	
	

	27
	Quality Management and Control
	
	
	
	

	28
	Increased access by farmers to information about new technologies
	
	
	
	


                         (1)


     Research and Training


IITA, CIMMTY, IFPRI, RMRDC, NSPRI, IAR, IAR&T, NCAM, NCRI, UNIVERSITY, FEDERAL & STATE COLLEGES OF AGRICULTURE. Generate technology in response to the demand of end users, knowledge mainly codified








              (2)      


Government agencies                 


Infrastructure (policy, legislation, resources) FDA, NAFDAC, NARS, NSS,NASC. (Regulates operators and make policies)











           (3)      


       Farmers     


Produce for sales,  and processed products e.g.


flour 





                   (4)      


Technology transfer agents)      ADP, NAERLS, NGOS, CBOS, consultancy firms and private research, farmers cooperative (Network with research and disseminates technology to end users)




















                         (5)      


                        Enterprise





           Input supplier/marketers  
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Figure 2:    An Agricultural Innovation System





Fig 3: map of Nigeria showing Federal Capital Territory and 36 states
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