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1. INTRODUCTION 

Today's information society is being built on technology, knowledge and intelligence. 
Information technology (IT) empowers both people and machines with information, 
which is transformed into knowledge and intelligence. Appropriate use of the knowledge 
by both people and machines contributes to sustainable development. While informed 
and empowered people know their role as citizens in an environmentally sustainable 
society, empowered machines have the knowledge to minimize energy and material use, 
wastes, and pollutants. 

Information technology facilitates fast, cheap, equitable, and resource-efficient access to 
information, accumulated knowledge, learning opportunities, and co-operation support 
tools for its citizens. Internet, today's cyberspace, facilitates people from across the globe 
to co-operate and perform various activities of human life and endeavour. Processing, 
storage, transmission, and sharing of information in electronic form, without any spatial 
or temporal constraints, empower people with instant information along desired lines. 
Information analysis contributes to knowledge and intelligence, which have increasingly 
become commodities in the information age. As information becomes accessible to 
anyone, and anywhere, it is increasingly becoming a basic economic resource and a 
structuring factor in today’s society.  

The rapid development of information and communication technologies and their 
application present the world community with opportunities along with new challenges. 
The evolution towards the so-called "information highway" and their associated 
economic, social, cultural and educational effects could lead to considerable changes in 
the form of governance, creativity, cooperation, sharing of ideas and knowledge and daily 
life. It also calls for wider participation and action on the part of national, regional and 
international organizations and agencies. 

The present paper gives an overview on the knowledge management in the NARS and 
also highlights policy changes needed to maximize the benefits from IT.  

2.   Knowledge Management (KM)  
 
Knowledge management (KM) can be viewed as the development and leveraging of 
organizational knowledge to increase an organization’s value. KM involves human 
resource, enterprise organization and culture, as well as the information technology, 
methods and tools that support and enable it. A KM system facilitates creation, access 
and reuse of knowledge, and its main goals are to promote knowledge growth, 
communication, preservation and sharing.  Agricultural research is a vital input for the 



Bioinformatics and Statistical Genomics                                                                                             L2 

planned growth and the sustainable development of agriculture in the country. 
Technologies and tools that have been developed in the recent information technology 
revolution can play a very vital role in overcoming most of the present problems related 
to agriculture and rural development. In order to achieve the goal of an economically 
sound and stable society through environmentally friendly systems of agricultural 
production, it is imperative to have a comprehensive Knowledge Management System 
(KMS) place in the National Agricultural Research System (NARS). Knowledge is a 
collection of relationships between information. KMS is a process consisting of 
identifying valid and potentially useful data; establishment of databases and data 
warehouse; knowledge discovery from databases/data warehouse (KDD); development of 
the mechanism of dissemination of knowledge on information networks as per 
requirements of user groups.  

 
2.1  Knowledge requirements  
 
Neuman et al. (2000) has identified seven user-groups for which KMS would provide the 
required knowledge. These groups consist of (i) Policymakers of stakeholders groups (ii) 
Managers of the various stakeholders groups (iii) Researchers and advisors (iv) 
Development practitioners (extension services, development agencies, NGOs) (v) 
Agricultural producers and small farmers (vi) Agribusiness, including small and medium 
scale enterprises (vii) Educational and training organisations. The knowledge that is 
required by various groups varies from providing policy documents, trends and changes 
in socio-economic and biophysical factors, research outputs such as models, research 
papers, conference proceedings, technical reports, and publications to market intelligence 
for policy setting. 
 

2.2  Present Constraints in Knowledge Management 

There are several constraints in obtaining comprehensive and structured information on 
the various aspects of agricultural research and development due to following reasons: 
 
(a) Information systems in-compatibility: Many database-systems and information 
systems were developed with one specific institutional, thematic or geographical focus. 
The information is available in different forms like tables, text files, databases, 
publications etc. Moreover, some of the information is available at different levels like 
states, districts, villages etc. As a result of which, exchange of information between 
various systems is difficult.  
 
(b) Incomplete and poor accessibility: Much of scientific information and local 
knowledge is not readily available. It is scattered across different kinds of literature such 
as books, periodicals, research papers, technical reports, proceedings, which are located 
all over the globe. It is either not documented or if documented only available in hard-
copy form in institutions spread across the NARS. It is possible that research is 
unwittingly being duplicated because the original was not found in the literature review.  
There are considerable gaps between the published knowledge and expert opinion. The 
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accessibility is poor and limited. Globally only a selected number of systems are 
accessible on the Internet. 
  
(c) Lack of resources and manpower: Poor availability and access to information lead to 
poor use, which contributes to a vicious circle of lack of resources and reduced 
motivation for knowledge management. In general, budget for knowledge management 
are thin. Trained manpower for developing and managing these activities on continuing 
basis is insufficient to meet the user’s ever increasing requirements. The quantity of 
knowledge is increasing at an exponential rate and it requires much higher investment.  
 
2.3  Data Flow and Linkages  
 
The National Agricultural Research System (NARS) consists of 95 
Institutes/NRCs/PDs/NBs under the ICAR, 50 State Agricultural Universities, Central 
Universities and Deemed Universities.  Apart from this, it has a huge network of Krishi 
Vigyan Kendras (551), Agricultural Technology Information Centres (44) for its 
extension activities. Further, around one hundred and ten scientific societies are actively 
involved in agricultural research of the country. ICAR is also working in close 
association with at least twenty-one national organizations like DST, ISRO, IMD, 
ICFRE, IIMS, Planning Commission, Ministry of Fertilizer etc. ICAR has developed 
linkages with approximately nineteen international organizations like CIMMYT, ISNAR, 
ICRISAT, IRRI, IBPGR, CIFOR, ICARDA etc. The diversified system of NARS 
generates lots of information in different fields. Agricultural Research Information 
System (ARIS) network has already been established providing Internet connectivity 
among all the ICAR Institutes and SAUs which will help in dissemination of knowledge.  
 
2.4  Establishment of Integrated System for Knowledge Management (ISKM) 
 
The establishment of an Integrated Systems for Knowledge Management (ISKM) is 
essential if we are to achieve sustainable agricultural resource management. This will 
require participatory or collaborative approaches by all the stakeholders in the NARS to 
develop solutions cooperatively as opposed to acting as advocates purely in their own 
interest. Participation in decision-making encourages stakeholders to buy into outcomes 
and see them implemented. Since good decision-making depends on the availability of 
sound supporting knowledge, the need for carefully managed participation applies 
equally to gathering information and developing the systems for managing the 
knowledge.  However, effective participation in information management is not always 
easy to arrange, especially in relation to environmental issues, which are often 
characterized by conflicting social perspectives. Managing the constructive involvement 
of stakeholders is a skill that requires as much emphasis as does developing our abilities 
in technical problem solving and the design of information technology. The need for 
participatory or collaborative approaches to meet environmental challenges is especially 
important in communities where human and financial resources may be limited. By 
focusing on improving information use within a collaborative approach, people can 
broaden the scope of their actions and solve problems previously beyond their capacity.  
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The ISKM approach is designed to support such an ongoing process of constructive 
community dialogue and to provide practical support for making decisions about resource 
management. Traditionally expert systems have been built from knowledge elicited from 
domain experts. However, knowledge in applied science domains is grounded in 
published sources like research reports, text books, articles and the like. This corpus of 
knowledge is typically inconsistent, dated, dispersed, and so on. The core of the system 
will be a knowledge server that represents each publication and expert as a separate 
knowledge base, and a meta-knowledge base to allow different kinds of access to the 
server. Different client systems can be connected to the knowledge server to meet 
different user needs, such as forecasting, advice, explanation, education, and training. 
The server can also be a resource for researchers and research managers, by allowing 
hypothesis testing and reviews of the literature.  
 
2.4.1  Establishemnt of data warehouse 
 
The data warehouse is an architectural construct that addresses the growing need of 
knowledge for enterprise-wide data access. It functions as a core for decision support 
processing at the strategic/ managerial level, separate from day to day operational data. It 
is not software specific and can be used in any computing environment. The design and 
construction of data warehouse includes granularity of data, partitioning of data, meta-
data, lack of credibility of decision support system (DSS) data, the system of record and 
migration etc. Data warehousing is more than a database. Data warehousing involves the 
entire information delivery process i.e., from access and transformation of data from 
different operational sources, through the process that makes it available for decision 
making, to the exploitation of the retrieved data via a range of decision support tools.  
 
A beginning has been made in the development of a Central Data Warehouse (CDW) of 
agricultural resources of the country at IASRI, New Delhi. The target users of   
information systems and decision support system developed under this project are (i) 
Research Managers (ii) Research Scientists and (iii) General Users. In this project a state 
of art Central Data Warehouse (CDW) of agricultural resources of the country has been 
developed at IASRI, New Delhi. This is probably the first attempt of data warehousing of 
agricultural resources in the world. This provides systematic and periodic information to 
research scientists, planners, decision makers and developmental agencies in the form of 
On-line Analytical Processing (OLAP) decision support system. The above project has 
been implemented with active collaboration and support from 13 other ICAR institutions, 
namely NBSSLUP Nagpur (for soil resources), CRIDA Hyderabad (for agro-
meteorology), PDCSR Modipuram (for crops and cropping systems), NBAGR Karnal 
(for livestock resources), NBFGR Lucknow (for fish resources), NBPGR New Delhi (for 
plant genetic resources), NCAP New Delhi (for socio-economic resources), CIAE Bhopal 
(for agricultural implements and machinery), CPCRI Kasargod (for plantation crops), 
IISR Calicut (for spices crops), ICAR Research Complex for Eastern Region Patna (for 
water resources), NRC-AF Jhansi (for agro forestry) and IIHR Bangalore (for 
horticultural crops).  
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In all 59 databases on agricultural technologies generated by council, research projects in 
operation and   related agricultural statistics from published official sources at least from 
the year 1990 onwards at the district level were integrated into this information system.   
Subject-wise data marts were created; multi-dimensional data cubes have been developed 
and published on Internet/Intranet.  The validation checks have been implemented 
wherever possible.    
 
The information of this data warehouse are available to user in the form of decision 
support system in which the all the flexibility of the presentation of the information, its 
on line analysis including graphic is inbuilt in to the system. The system   also provides 
facility of spatial analysis of the data through web using functionalities of Geographic 
Information System (GIS). Apart from this, subject wise information system has been 
developed for the general users. The user of this system has the access of subject wise 
dynamic reports through web. The facilities of data mining and generation of ad-hoc 
querying were also extended to limited users. Therefore, the dissemination of information 
from this data warehouse for different categories of users are through web browser with 
proper authentication of the users.  The web site of the project is already launched 
(www.inaris.gen.in) and the multidimensional cubes, dynamic reports, GIS maps and   
information systems are already available to the users.  
 
This project is viewed to strengthen the information system conceptualized by ICAR. 
Other agencies, in particular, the planning portfolio, are eagerly waiting for such a 
decision support system. Based on the interaction among the basic resources like soil, 
water, climate, animal and vegetation that form the prime components of the production 
system this data warehouse will help in determining the carrying capacity of the region. 
The project aims at giving suitable opportunity on multi-disciplinary mode through 
enhanced linkages among research institutes and other development agencies by 
providing first hand information on problems and potential in   production systems. This 
data warehouse may be intensively used with an ultimate aim of enhancing better quality 
of life of the farming community and society at large 
 
The information of this data warehouse will be available to the user in the form of 
decision support system in which the all the flexibility of the presentation of the 
information, its on line analysis including graphic is inbuilt in to the system. This will 
provide systematic and periodic information to research scientists, planners, decision 
makers and developmental agencies in the form of On-line Analytical Processing 
(OLAP) decision support system. The project is being in progress with active 
collaboration and support from 13 other ICAR institutions. The system also provides the 
facility of spatial analysis of the data through web using functionalities of Geographic 
Information System (GIS). The web site of the project is already launched 
(www.inaris.gen.in) and multidimensional cubes, dynamic reports, GIS maps and some 
of the information systems are already available to the users.   
 
Strengthening of INARIS Central Data Warehouse will be essential to include databases 
from other ICAR Institutes/SAUs. A number of steps need to be taken to further develop 
this data warehouse.  A first step to get going is to map the major contributors that are 
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currently not part of the CDW, sources, activities and type of information offered. The 
second step is to develop a consolidated concept for operation. This may require 
redesigning/modifications in the existing CDW so as to accommodate new users-needs at 
different scale levels. Additional quality control rules and regulations to avoid duplication 
or confusion by using agreed names etc may have to be framed and assuring financial 
support for the sustainability of the system, including human resources, hardware and 
network to be examined. The third step is starting the implementation, which has several 
components. This requires composing a regional directory of key organisations, which 
can be used by the various stakeholders. Awareness to senior management, politicians 
and the various stakeholders is another parallel activity. Technical issues need to be 
addressed in order to develop the design and model of the data warehouse. A support 
program needs to be in place to ensure availability of the necessary additional hardware 
infrastructure, network connectivity and to build capacity at the various levels to develop 
and manage the information resources. The fourth step is consolidation and improvement, 
which includes institutionalising procedures, regulations and processes to further enhance 
content, quality and accessibility of the information. 
 
2.4.2 Knowledge discovery from databases/data warehouse (KDD) 
 
Once organizations and individuals have solved the problem of how to store and access 
their data, the natural next step is the question, what else do we do with all the data? This 
is where opportunities for KDD naturally arise. 
 
A popular approach for analysis of data warehouses is called online analytical processing 
(OLAP), named for a set of principles proposed by Codd (1993). OLAP tools focus on 
providing multidimensional data analysis, which is superior to SQL in computing 
summaries and breakdowns along many dimensions. OLAP tools are targeted toward 
simplifying and supporting interactive data analysis, but the goal of KDD tools is to 
automate as much of the process as possible. Thus, KDD is a step beyond what is 
currently supported by most standard database systems. 

KDD is the nontrivial process of identifying valid, novel, potentially useful, and 
ultimately understandable patterns in data.  The KDD process is interactive and iterative, 
involving numerous steps with many decisions made by the user. The process has been 
described by Brachman and Anand (1996) and Fayyad et.al. (1996). It involves eight 
basic steps, which are broadly outlined: 

Step1: Developing an understanding of the application domain and the pertinent prior 
knowledge and identifying the goal of the KDD process from the client’s perspective. 
 
Step2: Creating a target data set on which discovery is to be performed. 
 
Step3: Data cleaning and preprocessing which involves removing noise if appropriate, 
collecting the necessary information to model or account for noise, deciding on strategies 
for handling missing data fields, and accounting for time-sequence information and 
known changes. 
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Step 4: Finding useful features to represent the data depending on the goal of the task 
through data reduction and projection.   
 
Step 5: Matching the goals of the KDD process (step 1) to a particular data-mining 
method e.g. summarization, classification, regression, clustering, and so on.  
 
Step 6: Choosing the data mining algorithm(s) and selecting method(s) to be used and 
applying the same.  
 
Step 7: Interpreting mined patterns, possibly returning to any of steps 1 through 6 for 
further iteration. This step can also involve visualization of the extracted patterns and 
models or visualization of the data given the extracted models. 
 
Step 8: Utilizing the discovered knowledge. We may have to check with previously 
extracted or believed knowledge and resolve potential conflicts that may arise due to 
newly discovered knowledge.  
 
Having introduced the KDD process, let us focus on the data-mining component.  Data 
mining is a step in the KDD process that consists of applying data analysis and discovery 
algorithms that, under acceptable computational efficiency limitations, produce a 
particular enumeration of patterns and relationships over large databases. The growing 
popularity of data mining is requirements of processing of large volume of existing and 
newly appearing data, limitations of human analysis for searching complex multifactor 
dependencies in data and low cost of machine learning.  The primary goals of data 
mining in practice are prediction, classification, detection of relations, explicit modelling, 
clustering, market basket analysis and detection of deviations. Most of the data mining 
methods are based on techniques from machine learning, pattern recognition and 
statistics: classification, clustering, regression and so on.   
 
Developing Competitive Intelligence / Market Intelligence / GIS based decision support 
systems through the KDD will be the most important agricultural research, management 
and development activity.  
 
3.  Policy Issues and Strategies 
 
In order to promote research in the area of computer applications in agricultural research 
and development and knowledge management in the NARS, attention may have to be 
paid to the following: 
 
(i) To sustain database/data warehouse development and maintenance activities, 

continuing financial support will be required due to high cost of such activities  
 
(ii) Information management is a manpower intensive activity. The current recruitment 

policy does not permit filling of vacant positions of scientific/technical manpower 
resulting in slow development of information systems, updation of information and 
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poor management of networks. This policy needs review in case we want to harness 
the power of IT in agricultural research.  

 
(iii)The developments in the area of IT are taking place at a very fast pace and it becomes 

essential to train the manpower in the new emerging technologies on continuing 
basis. This may require additional support for HRD activities.  

 
(iv) The computer application in agriculture research is multidisciplinary effort requiring 

collaboration among subject matter specialist and computer professionals.  This may 
require inter institutional and inter disciplinary effort and support for such 
programmes. Such efforts may have to be taken up in a Network Mode as is being 
done in the ICAR for other research programmes.  
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