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ABSTRACT 
 

 
Precision agriculture is the future of food security and economic stability in the developed and developing countries 
because of the dynamic opportunities it offers. A prior proper planning is required for effective management at all 
the phases of agricultural processes for maximum yield; this can be made easier by leveraging on recent 
development in the available Information and Communication Technological tools. This paper conceptualize 
precision agriculture as a new trend in ICT-driven agricultural research practices and highlights its basic and 
fundamental intrinsic components while also promoting its adoption and diffusion.  
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1. INTRODUCTION  
 
Agriculture and agricultural practices remains the only viable option to addressing the myriads of food production 
problems and malnutrition faced by millions of people all over the world. Not only can agriculture and food production 
ameliorate these ills, it can also generate massive employment opportunities, support different industrial processes 
by providing raw materials and also open up new and dynamic research initiatives that can support several fields 
of human endeavours.  According to [4], the world population is expected to be 34 percent higher by the year 2050 
than today; this means the world population will reach 9.2 billion by then. In order to maintain food security for the 
rising population of the whole world, food production is expected to increase by 70 percent. This challenge requires 
real-time data gathering and analysis to boost agricultural production. 
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 Agricultural production will improve import-export activities for any nation, generate foreign exchange and provide 
opportunities for foreign direct investment. Invariably it reduces capital flights by making available food and other 
resources needed for sustenance and other related activities in any nation [4].  Precision agriculture or precision 
farming is a new and innovative approach that leverages on a high impact interdisciplinary and multidisciplinary 
research to accelerate agricultural research problems using the latest advancements in computing and information 
technology. It includes the use of predictive analytics in making smarter decision in planting, harvesting and 
implementing other agricultural processes by leveraging on the collection of real-time data on climate, soil, seed, 
crop maturity, air quality, equipment and cost of labor [4].  
 
Precision agriculture which can also be referred to as smart farming adopts new technologies such as Machine to 
Machine (M2M), Internet of Things (IoT), sensor, Geographical Positioning System (GPS) and some other 
technologies in optimizing crop yields [6]. It is applicable to food fraud detection, contamination identification and 
treatment, food waste and spoilage mitigation, and traceability of products from farm to the end of the post-farm 
gate supply chain, that is, the consumer.     
 
2. BACKGROUND ON PRECISION FARMING PRACTICES  
 
Precision farming technologies affect the entire production function which includes both site and farm management 
functions as well as post production. The components in precision farming (presented in Figure 1) includes yield 
monitoring, yield mapping, variable rate fertilizer, weed mapping, variable spraying, topography and boundaries, 
salinity mapping,the use of gGuidance systems for spraying or seeding. [3][2] 
 
2.1 Site Specific Management  
Site-specific crop management is a form of precision agriculture whereby decisions on resource application and 
agronomic practices are improved to better match soil and crop requirements as they vary in a field. Collectively 
these actions are referred to as the 'differential' treatment of field variation as opposed to the 'uniform' treatment 
that underlies traditional management systems. The five main components for a site-specific management system 
are illustrated as follows: 
 
2.2 Building blocks of a precision agriculture system [7] 
The result a farmer aims at achieving determines the starting point of precision agriculture development. The 
following basic components are expected to be possessed by a farmer for a successful precision agriculture practice 
from economic and environmental perspective: 

a. Background Data: This is the spatial information about the crop production fields that are used 
in making decisions. Background data sources include aerial photography, grid soil samples, 
topographic maps, yield maps, detailed soil mapping, environmentally sensitive areas, soil texture 
maps, and others. The data is expected to be referenced to specific geographical locations in the 
crop production field with the use of GPS. 

b. Recordkeeping System: This is meant to organize and process large volumes of data that are 
generated from the technological tools being used in precision agriculture. Different software 
packages such as Quickbooks, Bookkeeper, Commodity Chart Book and Wave Accounting can 
be used to handle such tasks. Proprietary software can also be developed for this purpose. The 
record serves as the background data for the farmer’s decision making purpose. 

c. Analysis and Decision Making Process: This involves the analysis and examination of 
gathered data in order to generate statistically relevant results and recommendations. The results 
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and recommendations of the analysis are applied to address the challenges posed by problems 
on the farm and also to meet farm set goals. The software that can be used for such include 
Hadoop, PSQL, SAS, and SPSS.  

d. Specialized Implementation Equipment: this involve the use of different equipment for 
implementing variable rates of crop inputs in order to measure the yields precisely for crop 
response understanding. Specialized equipment such as GPS guidance systems, yield monitors, 
variable rate application equipment, electrical conductivity and moisture measuring devices can 
be used for data collection and response measurement.  

e. Evaluation and Revision: This is practiced at the end of each cropping season. This helps in 
refining the precision agriculture plans for further improvements 
 

 
3. THE MISSION OF PRECISION AGRICULTURE 
 
Precision agriculture research uses relevant computing models, geospatial analysis and agricultural techniques that 
can assist with 'site-specific management' (SSCM) such as observation, impact assessment and timely strategic 
response to fine-scale variation in causative components of agricultural pre and post production processes. [2][3] 
 
4. PRECISION AGRICULTURE RESEARCH AGENDA  
 
Research in precision agriculture should be interdisciplinary and multidisciplinary cutting across the sciences, 
agriculture, engineering, management and behavioural sciences. Special attention should be given to the following:  

(1) The application of  computing concepts such as classifications, sensors (RFIDs), machine learning, 
artificial intelligence, forensics, optimization models, machine vision and imaging, simulation and modeling, 
scalable algorithms and heuristics to a range of  agricultural enterprises such as herd management, 
horticulture, crop production, pre- and post-production operations such as and drying, storage, production 
assessment, trimming and dissection of plant and animal material).  

(2) The development of new techniques, models, frameworks and artifacts that can drive Precision Agriculture 
thereby providing a basis for sustainability for research activities and engender entrepreneurship.  

(3) Creation of  a synergy between the centre , the industry and practice with a view to transforming knowledge 
and research findings from the centre into useful outputs by leveraging on the creative talents that abounds 
among scholars from different discipline. .  

(4) Partnership with world class centres of excellence on collaborative research, training and other initiatives 
in the area of Precision Agriculture.  

(5) The identification of community-based needs and  the initiation of research activities to address and these 
needs so as to satisfy the requirements for community services 

(6) Mentor young and mid-career academia/researcher  within Nigerian higher institutions of learning  in order 
to properly position and align them with the vision be a leading world class scholars that spearheads an 
agrarian revolution 

(7) Generate IGR for the institutions and research centres by developing and creating an accessible and pay 
per use basis  web/mobile-based repository of solutions to existing and evolving pre and post agricultural 
process, crop/animal production challenges  
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5. EXPECTED DELIVERABLES  
 
Research in Precision Agriculture is expected to produce measureable impact in the following forms:  

 Develop artifacts that can attract investors interest in different spheres of business and human endeavors  
 Support food production for national growth and development 
 Support the production of well-balanced graduates with leadership skills, entrepreneurial skills and a 

passion for creativity, Innovation and start-ups.  
 Initiate research outputs that can be published in reputable Journals and presented at leading conferences 
 Initiate linkages and exchange experience for staff and students of different institutions as well as host 

scholars from other partnering institutions globally.   
 
5.1 Possible Take-Off Agenda  
Take-off agenda for precision agriculture research should consider the following:  
 
 Machine Learning and Pattern Recognition and Applications 

The design and development of mobile applications to enhance agricultural extension services and rural 
development initiatives using social network facilities and mobile digital systems [1] 

 Automatic Measurement of Fractional Vegetation Cover (FVC) Using Pattern Recognition 
The use of automated methods to estimate fractional vegetation cover (FVC). Efforts here will engage the 
use of computer vision algorithms and image processing techniques for automated, accurate and 
unsupervised measurement of fractional vegetation cover (FVC).  

 Classification of Fruit Ripeness and Quality Using Computer Imaging  
Efforts here will be directed at the classification of fruits ripeness and quality using non-destructive 
evaluation of the internal qualities and external qualities through the application of image processing and 
pattern recognition techniques. Particular interest will be in tomatoes, mango and banana fruits.[5] 

 The Classification and Identification of Plant Diseases Using Pattern Recognition Techniques 
This research stream will use image processing techniques for the  identification and classification of plant 
and crop diseases as necessary and critical information for  predicting the likely crop yield losses, 
evaluating the economic impact of the disease, and determining whether preventive treatments are 
worthwhile or particular control strategies could be taken.. The focus is here on tomatoes and pepper. 

 The Development of a Mobile Intelligent Poultry Feed Dispensing System Using Particle Swarm 
Optimized PID Control Technique.  
This research will focus on improving and optimizing the manual pattern of feeding poultry birds which 
incurs an exorbitant cost on poultry farming and gives low return on investment by developing a mobile 
intelligent poultry feed dispensing system using Particle Swarm Optimized PID control technique.  

 
6. CONCLUDING REMARKS  
 
Some of these agendas are already being pursued by scholars at the IITA, the Federal University of Agriculture, 
Abeokuta, Cocoa Research Institute of Nigeria and other similar institutions with agragrian mandate in Nigeria. The 
need to cluster these efforts has become imperative in the light of the food challenges being faced globally. 
Hopefully, Nigeria as a nation will leverage on the rich resource of human capital and intellectual abilities of scholars 
and researchers in the domain of Computing, IT, engineering, behavioural sciences and agriculture to initiate and 
promote research in precision agriculture.  
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