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Adoption of Information and Communications Technologies in Agricultural Research for Development Ajit Maru and Valeria Pesce GFAR Secretariat Rome, Italy



Abstract The International Service for National Agricultural Research (ISNAR) indicated that ICT contributes to improve agricultural research by enabling sharing and exchange of research data and information electronically and at a global level and in managing agricultural research for greater efficiency and effectiveness. Improved agricultural research contributes to rapidly improve agricultural development and, in turn, this progress benefits the farmer. This document, based on information gathered by GFAR through its activities in improving the flow of information in agricultural research systems globally, brings to fore issues related to adoption of ICT for Agricultural Research for Development (ARD) from a global perspective. There is significant heterogeneity in ICT adoption for ARD between regions and across countries. In general, among regions in the developing world, Latin America and Asia have better ICT adoption for ARD than Sub-Saharan Africa. However, there are differences in countries within the region. These differences parallel the status of ICT infrastructure, especially in rural areas, in the country but are also a consequence of the national emphasis and investment in ARD and of policies to use ICT for agricultural and rural development in the country. It is feared that by not increasing investment in the use of ICT for ARD, national capacities in agricultural research and innovation are being compromised. This, in turn, will affect agricultural development, farm productivity and food production. The issues, identified by GFAR, that need to be fulfilled for improved ICT adoption in ARD systems in economically developing countries are: 1. National policies and strategies for ICT use in agricultural development on the whole and, and more specifically, for effective ICT adoption in ARD systems. 2. Significant increases and improvement in investment, both financial and in human capacities, for ICT enabled information systems for ARD 3. Generation of relevant and useful digital content for agricultural development. 4. Building of appropriate capacities to use ICTs effectively for ARD and agricultural development. 5. Integration and coherence in information systems at organization/Institute, National, Regional and Global levels and across agricultural themes, disciplines and commodity related information. 6. Institutional response, especially by agricultural research and extension agencies, in governing the flow of information through ICT enabled information systems to benefit agricultural communities especially in developing countries.
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Introduction Driven by the need to participate in globally competitive markets, increasing barriers and constraints in accessing agricultural inputs, the need to use natural resources sustainably and to cope with growing risks from wide climatic fluctuations, agriculture the world over is becoming knowledge intensive. New knowledge is now recognised as the most critical resource for agricultural development. ICTs in agricultural development Information and communications technologies (ICT) have played a key role in agricultural development. The use of radio for agricultural extension and propagate use of new technologies for improved agriculture formed the basis for the massive increases in farm productivity in Asia. The role of television in agricultural development, though not as successful as the radio for a variety of reasons, was also of significant importance. With the advent of use of new ICT, especially computers, the Internet and cellular telephony, there is an ongoing transformation of agriculture through innovation that is largely enabled through information sharing and exchange between agricultural communities through ICT enabled information systems. ICTs in agricultural research for development The International Service for National Agricultural Research (ISNAR), as an internationally reputed Institution, established the importance of using new ICTs for ARD. ISNAR indicated that ICT contributes to improve agricultural research by enabling sharing and exchange of research data and information electronically and at a global level and in managing agricultural research for greater efficiency and effectiveness. Improved agricultural research contributes to rapidly improve agricultural development and, in turn, this progress benefits the farmer (ISNAR, 1996). The use of information and communications technologies (ICT) in agricultural research for development (ARD) had initially been in analysing and managing research data and later, in managing scientific and technical literature. The 1970’s saw the introduction of electronically shared indexes and catalogues of scientific literature and the introduction of electronic agricultural scientific and technical information services such as FAO’s AGRIS across the world. However, then as now, the heterogeneity in adoption of new ICT for ARD in different countries has demarcated national capacities to pursue effective agricultural research and use it effectively for development. This document, based on information gathered by GFAR through its activities in improving the flow of information in agricultural research systems globally, brings to fore issues related to adoption of ICT for agricultural research for development from a global
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perspective. ICT adoption is considered in this document to qualitatively measure the “success of efforts made towards effective use of ICT (telephone, facsimile/fax, computers, computer networks, Internet, cellular telephony, digital audio and video devices) in ARD”. ICT adoption for ARD occurs as a product of several interacting factors, namely policy related to the use of ICT at global, national and Institutional levels for development, strategy in ICT implementation, status of ICT infrastructure, especially in rural areas, where most ARD Institutes and Laboratories are located, investment both financial and in human skills in ICT use in ARD organizations, accessibility and availability of technology, ability to implement ICTs in information systems and effectively generate, manage and use information for agricultural development and progress. Role of ICTs in ARD ICTs in ARD have been used or can be used for: 1. Scientific and Technical Information (STI) Management such as for managing and accessing scientific literature, documents, bibliographies, abstracts, catalogues, indexes and lists 2. Research Data (RD) Management such as for experimental data, research databases, data used in crop, farming systems and epidemiological models and their simulation, “Knowledge” bases for “Expert” systems and spatial data for Geographic Information Systems 3. Managing Information for Research Management (RMI) such as on Research Institutes, Experts, Programs/Projects and their Outputs etc 4. Agricultural Extension (AEX) such as in sharing information through mass media such as radio and television and through new ICTs such as cellular telephones, the Internet and use of computers 5. Agricultural Education (AE) both in formal classroom education and informal, open education through using the radio, television, audio and video devices, computers and the Internet 6. Managing Information related to effective participation in Agricultural Markets (AMI) through a variety of means 7. Communications within and outside the national agricultural research systems and in managing scientific resources needed for agricultural research such as costly equipment, laboratories and experimental fields. Another important area for ICT in agriculture is that of conducting research to develop farm technologies and equipment that embed the use of ICTs. This is an area that is beyond the scope of this paper. However there is an apparent correlation between the capacity to use ICT effectively for agricultural research at the national level and the ability to research the use of ICTs in farming and develop agricultural technologies that embed ICTs. The state of ICT adoption in ARD Systems A framework to assess ICT adoption for ARD The assessment of ICT adoption for ARD is complex. An assessment framework for ICT infrastructure and use developed by Temel and Maru (2003) and tested for Georgia is used to assess global ICT use for ARD with modifications in this document. A similar
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assessment was used to assess ICT adoption and use in the Asia-Pacific region by APAARI (APAARI, 2004). The Global Forum on Agricultural Research (GFAR), under its ICM4ARD Global Partnership Program (GFAR, 2004 & 2004b), regularly surveys the state of ICT use in national agricultural systems that is reported through “country” status papers presented at workshops organized by Regional Forums such as the Association of Agricultural Research Institutes for Near East and North Africa (AARINENA), Asia-Pacific Association of Agricultural Research Institutes (APAARI), Central Asia and Caucuses Association of Agricultural Research Institutes (CACAARI), the Forum for Agricultural Research for Africa (FARA) and the Forum for Agricultural Research in Latin America and Caribbean (FORAGRO). The general framework used to report the country status is very similar to the one used by Temel and Maru (2003) and APAARI (2004). The evolution of ICT enabled information systems in ARD occurs in overlapping phases which may be categorized as: 1. Phase 1, where the focus of information systems development is on acquiring computers and software, creating networks and building basic computing skills 2. Phase 2, where the focus is on integrating ICT components and information at an organizational level into an information system with shareable information content 3. Phase 3, where the focus shifts to more vigorous ARD systems level integration rather than the organizational level integration with issues such as standards, norms, strategies and policies for information management and system security coming to the fore 4. Phase 4, where the focus of a mature ARD information system shifts to enabling effective and efficient use of information for agricultural development. ICT adoption in ARD systems can be gauged qualitatively using the above framework for the evolution of ICT enabled information systems in ARD. A relatively more detailed assessment can be made when this framework is applied at discrete level to each of the information categories such as STI, RMI, AEX etc. as stated above. In country reports to the Forums and GFAR between 2006 and 2008, the immense heterogeneity in ICT adoption in national ARD systems across regions and globally come to the fore. For example, within Asia, there are countries such as Japan, Republic of Korea and Taiwan whose ICT use in ARD is of the highest order alongside Afghanistan, Cambodia, Laos and Myanmar where ICT adoption for ARD is of a very low order. Computer hardware, software, networks, connectivity and basic computing skills In most countries, computers are now available to agricultural scientists and technicians. However their efficient use for agricultural research has been reported to be lacking in many countries across the regions. Sometimes, the computer hardware is of poor capacity, quality and/or obsolete. Computer software used is again obsolete, not updated or current or inadequate to the task. In some cases, researchers and technicians use unauthorized and illegal software to fulfil their needs. The use of Open Source Software in ARD systems in developing countries appears to be nascent. In many research institutes and countries, computer networks have not been established or when established not managed efficiently.
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Internet connectivity is poor and costly and with low bandwidths reducing capacity to access globally available information. A majority of national ARD systems and a large number of research Institutes within these systems now have websites. This is indicative of widespread Internet connectivity of ARD systems. Many of the ARD systems have established their own e-mail services. However, it is apparent, from contact lists of researchers and ARD managers maintained by GFAR, that a vast number of scientists from the economically developing countries still depend on Internet based service providers such as Yahoo or similar providers for e-mail services. This may be indicative of inadequate ICT adoption at the Institute and ARD System level. It may be that even where the services are provided by the Institute or ARD system the quality of the service, especially in terms of reliability and security, especially against spam and virus attacks, is poor. Connectivity through telephones and fax is ubiquitous. However, even today, using telephones for calls beyond local within the country and internationally is restricted due to cost considerations to researchers and technicians in most ARD systems in developing countries. Use of cellular telephony has contributed significantly to connectivity of researchers but this is more due to a general phenomenon rather than attributable to a new attitude in the ARD system. Human skills necessary to use personal computers effectively are poor and so is the capacity to administer and manage computer networks. There is a general tendency to belief among research managers that using computers at a personal level by researchers and technicians for their work is usually a self taught process. ARD systems in developing countries find it difficult to appoint and retain skilled computer network management staff. The main reasons are the salary structures in ARD systems that are not attractive to skilled network administrators. Also, in ARD systems, career development can be restricted as a network administrator’s job is considered a dead end for future promotion and progress in the organization where information management is not a mainstream job function. ARD Information Systems and Content Generation and Management A sign of increasing maturity of ICT adoption is the development and use of computer networks within the ARD System. Within this network, further assessment can be made of the maturity when the network hosts scientific and technical information (STI) services, common research databases, a research management information system or a management information system, electronic repositories and an Intranet. APAARI has been regularly updating the status of ICT use among countries of the Asia-Pacific region. In the most recent update of 2008 (APAARI, 2008), almost all countries that had submitted their status reports had STI services but had not implemented any “open archive” initiatives. Of a sample of 8 countries, 5 had implemented a research management or management information system with a projects and experts database within their system. Only 4 countries had an extension related information system and only 1 country offered a question and answer service using telephones or through the Web. A similar report from the West Asia and North Africa (WANA) region (AARINENA, 2008) indicated a similar profile of ICT based information services in ARD systems with most countries still developing their
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STI services and only 1 having an ICT enabled extension system. In the WANA Region, some countries have started to develop and use GIS for managing land use and other natural resources data. In Sub-Saharan Africa many ARD systems are still struggling to implement computer networks and quality Internet connectivity though there has been significant progress in Internet access in the region in the past 5 years. Financial costs and investment in ICT infrastructure and Internet connectivity, especially when research Institutes are located in remote and rural areas, appears to be a major constraint for ARD systems in developing countries. While the use of ICT is more ubiquitous in Latin American countries than in other regions, there still appears to be significant differences in adoption of ICT for ARD. The most effective use has been in STI. The hosting of a website by an Institute within the system or by the ARD system is also indicative of growing maturity of ICT use in the ARD system. However, a quick survey of these websites has revealed that many, especially in economically developing countries, are made of static HTML pages that are not updated regularly and that the websites lack content that is useful to a myriad of ARD stakeholders and users of agricultural information. The use of Web 2.0 approaches in ARD web spaces has just been initiated but band width constraints and skills to implement Web 2.0 services are major impediments. One of the most critical issues for ICT adoption in ARD systems of developing countries is the generation of relevant and useful digital information content that can be shared and exchanged with users of agricultural information. The major constraint is the cost of generating this content and the lack of appropriate skills. Without content, agricultural information systems are empty shells and not a useful investment. Ultimately, ICT adoption in ARD systems suffers because the content is not available or shareable. Unfortunately, in the early phases of advocacy for use of ICTs to improve ARD the usual approaches did not factor the fact that the costs of generating relevant and useful content and managing it would be several times the cost of the infrastructure. Information Systems Coordination and Management Information systems coordination in ARD Systems is a daunting task as this area has not yet evolved into a “discipline”. In many developing countries, ARD information systems development is nascent. However, ICT adoption is significantly hampered and more costly if issues of information systems integration, coordination and control are not considered in planning ARD information systems. In some of the more advanced ARD information systems such as those of India, the lack of integration in national ARD information has been a major obstacle in realizing the benefits of ICTs in improving ARD effectiveness and efficiency and in transforming agricultural extension systems. Another major issue emerging with the use of ICTs and the development of computer networks with internet connectivity is that of the safety of information systems and the costs involved in ensuring their safety. Hacking, viral and spam attacks are common problems in most systems and their cost as also the costs of efforts to prevent and control these attacks are sometimes prohibitive and affect ICT adoption in ARD systems especially of smaller, developing countries. In Latin America, where agricultural information management has reached an advanced state, issues related to intellectual property rights especially of public goods have emerged. Most public sector ARD Systems have poor capacity to prevent appropriation of
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information public goods shared through ICT enabled information systems. These are also major impediments in ICT adoption for ARD systems. Effective use of ICT enabled Information Systems Attracting investment in ICT enabled ARD information systems is at the most hobbled by the fact that the benefits from such systems have not yet been evidenced in developing countries. The authors have come across several instances where senior agricultural policy makers and ARD managers have expressed concern over their investments in computer infrastructure, networks and connectivity and where tangible benefits from this investment have not occurred. As described above, even with an ideal system with relevant and useful content that is accessible by a wide user community for ARD information, it is important to create systems that enable learning and transforming information into knowledge within user communities before the full impact of ICTs on agricultural communities can be appreciated. There have been pilot studies in enabling learning systems based on access to ICT enabled information systems. An analysis of a generic framework of such systems reveals the need for strengthening various components as illustrated in the Figure 1 below: Figure 1: A Generic Model of ICT Enabled Learning Systems for Agricultural Development: A Generic Model of ICT enabled Learning Systems for Agricultural Development
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ICT use policies and strategies for agricultural development Reports from national ARD systems indicate that there is a lack of policies related to ICT use for agricultural development in their respective countries. Many countries have ICT policies for development. Several countries have policies for agricultural development. However, when it comes to the use of ICT for agricultural development, there appears to be a vacuum. It is within the ICT use for agricultural development policy that the place for developing ICT for ARD can be placed and from where ICT use will be most effective for the purpose. The policy environment at the Institute and Organization level remains weak and partial because of the lack of a national ICT use in ARD and Agricultural development policy. Without appropriate policies, strategic plans and investment, especially public sector investment, in ICT infrastructure and ICT use for rural and agricultural development is not appropriately directed and utilized. This appears to be a significant bottleneck for ICT adoption and use in developing countries. GFAR has been reviewing literature and information related to financial and human investment in ARD systems on information and communications management and that related specifically to ICT. There is significant difficulty in accessing this information as costs and human resources for information and communications management are embedded in project activities related to themes, commodities and disciplines of ARD organizations. Similarly ICT related investments in ARD systems are also usually embedded as equipment costs. Using an estimate that each personal computer (along with network management costs) in an ARD System requires USD 1500 as initial investment and USD 700 as operating costs including those for software up-gradation, training and Internet connectivity per annum, for a cycle of 3 years, basic ICT costs can be estimated as USD 3600 for a 3 year cycle or USD 1200 per annum per user. The cost of information management could be estimated by assuming that around 20 per cent of a researcher’s or technician’s time is used for managing data and generating information. In most ARD systems of developing countries, human resources cost, as pay and allowances, about 80 per cent of the total ARD system costs. Thus, about 16 per cent of the total cost of an ARD system is estimated to be related to information management and communications. From available reports, there apparently is under-investment in ICT as also for managing data and generating information. For example, in a West African country with 50 scientists and 150 technicians and staff in the ARD System, the total budget is reported to be USD 300000. If all the scientists and staff had a personal computer in a network with Internet connectivity the total costs would amount to USD 240000. Apparently, the only way to access computers in the system is to share them. With the need for generating digital information so that it can be shared using computer networks, it is apparent that the time and financial allocation in ARD systems will need to be increased. Apparently with most ARD systems in developing countries being grossly under-funded, to effect this investment requires significant organizational transformation and institutional innovation in ARD systems. It is also important to realize that introduction and adoption of ICT ushers in organizational transformation and innovation. ICT adoption without change in organizational structures and processes and Institutional innovation does not usually fruit.
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In GFAR’s activities related to advocacy for increased investment in ICTs for ARD, many NARS leaders and policy makers have drawn attention to lack of expertise and capacity in their systems in developing appropriate proposals for increased and improved investment in the use of ICTs in their research and innovation systems. Discussion The experience of the Global Forum on Agricultural Research in improving information flows for ARD globally through ICT enabled information systems and related to ICT adoption in ARD systems has been that: 1. There is a need for National policies and strategies to be in place for ICT use in agricultural development for effective ICT adoption in ARD systems. 2. Significant increases and improvement in investment, both financial and in human capacities, is required in ICT enabled information systems for ARD 3. Lack of relevant and useful content is a major constraint to ICT adoption for agricultural development. Investment in ARD systems can lead to generation of this content. In developing countries this investment has to be through the public sector and government as agricultural information is largely a public good. 4. There is a severe shortage of appropriate capacities to plan and use ICTs effectively for ARD and agricultural development. 5. There is significant lack of integration and coherence in information systems at organization/Institute, National, Regional and Global levels and across agricultural themes, disciplines and commodity related information that enables successful ICT adoption to benefit agricultural development. 6. There is inadequate institutional response, especially by agricultural research and extension agencies, in governing the flow of information to benefit agricultural communities especially in developing countries. This is illustrated by the lack of donor support for improving agricultural information and communications management at global and national levels, lack of national policies and investment in improving the state of agricultural information access and use and inadequate global, regional and national institutions related to information and knowledge availability, access and use for agricultural development. The Global Forum, through its Information and Communications Management for Agricultural research for Development (ICM4ARD) Global Partnership Project, is acting to: 1. Strengthen the capacity of NARS leaders to advocate, articulate appropriate policies and strategies, attract more resources and greater investment for further development of ICT enabled NAIS and lead further development of agricultural information systems (AIS); 2. Develop capacity, in terms of infrastructure, institutions and human skills, among stakeholders to ARD to create, manage, share, exchange and use scientific and technical information, technology related information, research and research management information, extension, outreach and market information etc. for agricultural innovation and development; 3. Bring about greater integration of national and regional agricultural information systems and easier access to them, especially websites, through an ARD Web Ring and cohesive activities for improved management and more seamless sharing and
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exchange of information, experience and knowledge in agricultural information management through a Knowledge Network; 4. Establish appropriate governance structures such as task forces and steering committees for global, regional and sub-regional AIS of GFAR, Regional and Subregional Forums to promote and support more equitable access, sharing and exchange of agricultural information through ICT enabled AIS. The Global Forum is also a founding member of the Coherence in Information for Agricultural Research for Development (CIARD) initiative. The Global Forum has its own electronic web space and platform, EGFAR, to facilitate information flow on critical issues related to ARD globally.
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