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ABSTRACT 

 
The growing food demands due to ever-rising human populations forced farmers to adopt resource-intensive 

and unsustainable practices that to improve economic returns and reduce environmental impact.  

Consequently, the concept of precision agriculture is rapidly spreading in developed countries as a tool face 

the challenging of agricultural sustainability. Many research works have been started in different parts of the 

world. Therefore, this paper discusses the overview of concepts, techniques and constraints of precision 

agriculture.  

 

SIGNIFICANCE: This paper could be an 

addition to the literature in the area of precision 

agriculture research. 

KEYWORS: Precision, agriculture, concept, 

techniques, constraints 

 

1. INTRODUCTION 

 

1.1 Interests in Precision Agriculture 

The conversion from human powered to animal 

powered operations in the early 1800s played a 

remarkable role in the transformation of 

agricultural production systems. Invention of the 

reaper and other animal powered implement 

greatly reduced the drudgery and increased the 

productivity of farming. A second transformation 

(agricultural mechanization) occurred in the early 

1900s, when the animal powered implement were 

replaced by tractor powered machinery and 

agricultural productivity increased further. The 

third transformation which started in the late 

1900’s marked the transition to information 

technology (IT) based agriculture. Consequently, 

agricultural production systems have benefited 

from incorporation of technological advances 

primarily developed for other industries. This 

technological advancement offered is in the areas 

of IT and automation engineering. The information 

technology era brings the potential for integrating 

the technological advances into precision 

agriculture (PA) (Whelan and McBratley, 2000). 

Over the past four decades, the development and 

application of precision agriculture technologies 

opened up new aspects for supporting agricultural 

production management using information 
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technology. Some of the modern technologies have 

developed to standard applications, for example 

global position systems (GPS) supporting grain 

yield mapping on combine harvesters (Cox, 2002). 

Current research on precision agriculture (PA) also 

focuses on the development of sensors with which 

crop and soil properties can be remotely detected 

in real-time, including digital image analysis 

(DIA) and remote sensing (RS). So far, PA has 

primarily concentrated on the management of the 

heterogeneity of fields, i.e. site-specific 

management (SSM) of crops. Whelan and 

McBratley (2000) define SSM as matching 

resource application and agronomic practices with 

soil and crop requirements as they vary in space 

and time within a field. However, most authors 

agree, that PA is more than the management of 

field heterogeneity (Stafford, 2000). Plant (2001) 

states that a better explanation of PA would be the 

use of information technologies in agriculture. 

Accordingly, a wider concept of PA should include 

every agricultural activity that employs up-to-date 

information technologies along with plant 

production, animal production and welfare 

management of natural resources (e.g. soil fertility, 

water quality), agricultural landscape management, 

as well as post harvest processing of raw material 

(Luo et al., 2006). The available scientific 

literature remarkably demonstrates an exponential 

increase in reports on PA research activities 

(Figure 1) since the 1960s for journal articles and 

from the 1990s onwards for websites with the 

advent of global Internet communication (Pinaki 

and Tewari, 2007). 

 

 

 

Figure 1: Cumulative number of journal publications on precision agriculture (Pinaki and Tewari, 2007) 

 

1.2 Definition of Precision Agriculture 

Precision agriculture (PA) is an innovative and 

internationally standardized approach aiming to 

increase the efficiency of resource use and to 

reduce the uncertainty of decisions required to 

control variations on farms. Therefore, PA can be 

defined as a set of technologies that have helped 
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propel agriculture into the computerized 

information-based world, and are designed to help 

farmers get greater control over the management 

of farm operations. PA is an emerging issue in 

field of agricultural engineering that tries to 

optimize the in-field spatial and temporal 

variability of agricultural production from an 

economic and environmental perspective 

(Blackmore, 1994; Cox, 2002; Pinaki and Tewari, 

2007). Because of its potential to manage spatial 

and temporal variability (differences) within a 

field, for example soil texture, moisture, nutrient 

status, seeding, etc this makes it possible to 

improve economic returns and reduce 

environmental impact. Worldwide, investments in 

research and technology on PA have considerably 

increased during the past decades (Pinaki and 

Tewari, 2007). Advances in agricultural research, 

combined with application of PA on crop 

production could provide major economic and 

environmental benefits. For example, the rate of 

fertilizer application remains constant over an 

entire field even though the field itself is not 

uniform. On hilly land, for example, the soil near 

the top of a hill sheds rainfall while soil near the 

foot of the hill can capture extra water (Blackmer 

and White, 1998). This type of management 

approach utilizes many forms of information 

technologies to help understand the complexity of 

spatial and temporal variability found on all farms. 

Figure 2 shows the interactions between various 

elements of precision agriculture for mechanized 

agriculture as reported by Blackmore (1994). 

Zhang et al. (2002) mentioned in their study that 

PA is an innovative, integrated and internationally 

standardized approach towards sustainable 

agriculture aiming to increase the efficiency of 

resource use to lower risks and decrease the 

uncertainty of management decision. At the same 

time, it is a strategy that responds to the safety and 

welfare needs of people and animals. North 

American researchers have so far emphasized on 

measuring variation in soil fertility and developing 

sensors, while the European researchers focused 

on producing and characterizing yield maps (Cox, 

2002). Some farmers are now beginning to use 

GPS for recording observations such as weed 

growth, unusual plant stress, colouring and growth 

conditions, which can then be mapped with a GIS 

program.  

Many countries, using an area frame sample, have 

begun to integrate GIS and remote sensing in their 

crop inventory statistics programs and as the basis 

for crop forecast. Remote sensing has also been 

used in conjunction with GIS for monitoring 

changes in crop conditions (Bradley et al., 1999; 

Zhang et al., 2002). Mino et al. (1998) used multi-

temporal satellite data to distinguish grasslands of 

different ages, monitor changes in management, 

and evaluate grassland quality. 
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Figure 2: Interactions between various elements of precision agriculture (Blackmore, 1994). 

 

The use of remote sensing to estimate soil and 

plant characteristics is also common. Using 

Landsat imagery, Hatanaka et al. (1995) estimated 

organic matter and available water holding 

capacity respectively in upland soils of Tokachi 

district. Likewise, the Central Agricultural 

Experiment Station estimated land productivity in 

different regions of Hokkaido after inputting soil 

and climatic information to a GIS (Pinaki and 

Tewari, 2007). In their study, it was concluded that 

over a period of 20 years, there was a sharp decline 

in soil organic matter content in surface soil in 

Ishikari Plains of Hokkaido, and that yield 

variation in rice closely corresponded with spatial 

variation in average temperature. There is no 

doubt, that the extension of PA in agriculture will 

have considerable relevance for economic and 

ecological aspects, food quality and food security 

as well as for socio-economic aspects of 

agricultural production (Weiss, 1996). 

Management is the essential factor to achieve a 

stated outcome for the farm. A number of 

management strategies have been identified and 

developed to improve the overall efficiency, while 

taking into account specific crop, soil, economic, 

environmental and risk factors. Farm managers 

need to identify their own strategies and practices 

that allow them to deal effectively with the 

variability found on their farm in line with their 

personal values. 

Precision agriculture has emerged as a 

management practice with the potential to mitigate 

some of these problems and increase agricultural 

profits by utilizing more accurate information 

about agricultural resources. For example row-crop 

production which means the management of input 
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variables, such as application rates, cultivation 

selection, tillage practices and irrigation 

scheduling. Also, precision agriculture is based on 

the management of agricultural fields according to 

soil types in different areas and on its influence on 

crop development and yield. This is achieved 

through the following techniques; proper 

management in the applications of chemical 

fertilizer, lime, herbicide, insecticide in the crop 

production on a site-specific basis to reduce waste, 

increase profits, and maintain the quality of the 

environment (Luo et al., 2006). Therefore, this 

paper discusses the overview of concepts, 

techniques and constraints of precision agriculture. 

 

2. CONCEPTS AND TECHNIQUES OF PRECISION AGRICULTURE 

 

2.1 Spacial and Temporal Variability 

The concept of precision agriculture was 

developed for larger-scale mechanized agricultural 

production. Its execution requires the ability to 

collect, store, manipulate, analyze, and ultimately 

act upon a huge amount of spatially localized 

information relating to the detailed characteristics 

of a farmer's field (Weiss, 1996). This in turn 

requires affordable vehicle positioning systems, 

remote sensing systems to map soil and crop 

variability, equipment that can continuously apply 

variable amounts of inputs and, an information 

management system. Spatially variable input data 

are processed to produce spatially variable digital 

treatment maps. The system therefore, requires 

information on variability of soil characteristics on 

the field and the position of equipment on the field 

in terms of latitude and longitude. The digital 

treatment maps indicate the amount of input 

required at various locations on field. This 

information must then be communicated to a 

variable rate applicator for implementation.  

Variabilities that have significant influences on 

agricultural production can be categorized into six 

groups. 

(i) Yield variability: Historical and present yield 

distributions. 

(ii) Field variability: Field topography - elevation, 

slope, aspect, and terrace; proximity to field 

boundary and streams. 

(iii) Soil variability: Soil fertility - N, P, K, Ca, 

Mg, C, Fe, Mn, Zn, and Cu; soil fertility as 

provided by manure; soil physical properties-

texture, density, mechanical strength, moisture 

content, and electric conductivity; soil chemical 

properties - pH, organic matter, salinity, and CEC; 

soil plant-available water-holding capacity and 

hydraulic conductivity; and soil depth. 

(iv) Crop variability: Crop density; crop height; 

crop nutrient stress for N, P, K, Ca, Mg, C, Fe, 

Mn, Zn, and Cu; crop water stress; crop 

biophysical properties - leaf-area index (LAI), 

intercepted photosynthetically active radiation, and 

biomass; crop leaf chlorophyll content; and crop 

grain quality. 

(v) Variability in anomalous factors: Weed 

infestation; insect infestation; nematode 

infestation; disease infestation; wind damage, and 

hay damage. 
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(vi) Management variability: Tillage practice; 

crop hybrid; crop seeding rate; crop rotation; 

fertilizer application; pesticide application; and 

irrigation pattern. 

2.2 Managing Variability 

Managing the variability can be achieved by two 

approaches: the map-based approach and the 

sensor-based approach. With available 

technologies of GPS, remote sensing, yield 

monitoring, and soil sampling, the map-based 

approach is generally easier to implement. This 

approach requires the following procedure: grid 

sampling a field, performing laboratory analyzes 

of soil samples, generating a site specific map, 

and, finally, using this map to control a variable-

rate applicator. A positioning system, such as a 

GPS, is usually required for this approach. The 

sensor based approach, on the other hand, 

measures the desired properties, such as soil and 

plant properties, using real-time sensors in an ‘on-

the-go’ fashion and controls variable-rate 

applicator based on the measurements. For the 

sensor-based approach, a positioning device is not 

always needed. Most of the experimental 

precision-agriculture systems are map-based 

systems, because most of the on-the-go sensors 

used for monitoring the field, soil, and field 

variability are too expensive and are not readily 

available. Spatial databases have been generated 

using various GIS systems by integrating maps 

derived from remote sensing, soil sampling, yield 

monitoring, and various sensors. Advanced 

geostatistical methods are used to analyze the 

spatial and temporal variability. Crop-modeling 

techniques have been incorporated to develop yield 

potential maps as a base for fertilizer prescription 

(Luo et al., 2006; Weiss, 1996). These maps can 

be used to predict variability in crop growth and 

crop disease based on projected climatic 

conditions. Thus, PA provides an ideal tool for 

agricultural risk assessment and rational farm-

work scheduling. 

2.3 Basic Tools/Techniques of PA 

2.3.1 Positioning System: The main technology 

that has driven the development of precision 

agriculture is the establishment of satellite-based 

Global Positioning System (GPS). Positioning 

system works by the help of different 

constellations of satellites. Development of 

positioning system technology by different 

countries was one of the main factors of 

advancement in precision agriculture. GPS 

developed by US Department of Defense, is based 

on constellation of 24 satellites in 6 orbital planes 

with orbit period of 12 h at 55° inclination with an 

altitude of 12,500 mile above the earth. Similar 

positioning systems are Russian GLONASS 

positioning system and European Global 

Navigation Satellite System (GNSS). Each GPS 

satellite orbits, has an atomic (caesium vapour) 

clock, which is an international time standard. 

Time synchronization of the coded signals 

transmitted by the satellites provides the basis of 

the system, which allows a ground level receiver to 

compute its range from each satellite currently in 

view and hence via the measured range to three or 

more satellites-to compute its position on the 

earth's surface (Cox, 2002). The GPS can be used 

in one of two modes; single or differential. In 

single mode, one receiver collects information 

from as many satellites as possible and processes it 

into positions on a field. This is cheaper mediod, 
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but the accuracy is currently limited to about 15 m 

of the true position due to the deliberate signal 

errors from satellites. In the differential mode, two 

receivers are used; one stationary and the odier 

mobile on a farm vehicle. Due to the introduced 

errors in signals received, the stationary receiver 

appears to move. This error is transmitted to the 

mobile receiver and used to improve the positional 

accuracy. Differential GPS (DGPS) can provide 

elevation accuracy of as good as 5 cm and correct 

selective availability error with some limitations. 

Sophisticated enough commercial hand held, 12 

channel GPS receivers are now available (Bradley et 

al., 1999; Stafford, 2000). A GPS receiver mounted 

on a farm vehicle captures signals from a 

constellation of satellites and computes the 

distance between the satellite and receiver. If four 

or more satellite signals are received, the GPS 

receiver can determine 3-dimentional position of a 

location on earth. A GPS system has the ability to 

stores information on locations such as yield areas, 

soil properties, weed, diseases, crop types and 

growth, etc. Storing this information in a GIS 

makes it possible to develop site-specific spatial 

yield variability models and crop growth models 

(statistics and spatial models) which are excellent 

tools for evaluating these complex interactions and 

provide insight into the causes of spatial 

variability. GIS, also makes it possible to 

continuously determine machinery positions on a 

field accurately in terms of latitude and longitude 

(Stafford, 2000).  

2.3.2 Remote Sensing Techniques: Remote 

sensing are perfect tools to assess the soil, crop 

situation and status as well as their changes. The 

implementation of precision agriculture requires 

the collection of a lot of geographically referenced 

variables of the land use and land cover map, soil 

type, nutrient levels and the environment. Ideally, 

this information should be available shortly after 

collection (real-time) for use in decision-making 

and should be affordable. The data collection 

should preferably be by remote sensors. However, 

the only commercially available systems today are 

yield mapping and soil conductivity mapping 

systems (Stafford, 2000). Satellite data are 

available but not in a form suitable or available at 

the times of critical decision-making (Bradley et 

al., 1999; Stafford, 2000). Soil and crop data such 

as soil moisture and acidity, crop vigour and 

disease presence can presently be obtained only 

through expensive manual sampling and analysis. 

Remotely sensed satellite data can be obtained to 

indicate crop stress and yield potential but not in a 

timely and cost effective manner (Steve, 1993). 

Remote sensing uses aerial or satellite imaging to 

sense crop vegetation and identify crop stresses 

and injuries or pest infestation. Data collected from 

soil sampling, yield monitoring, crop scouting, 

remote sensing, and satellite imaging are used to 

create maps. For example, yield map data can 

reveal a low yielding area. Remote sensing 

imaging techniques can highlight crop stress, 

disease and other field or crop characteristics. 

Yield mapping is often the first step in 

implementing precision farming as it enables farm 

managers to visualize the extent of the variability 

of yields resulting from differences in soil 

characteristic. Spatial yield variability is a complex 

interaction of many factors, including soil 

properties, fertility and management. It is often 

difficult to infer the spatially variable treatment to 
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apply to crops, from the variability of soil prop-

erties because of the complex interactions between 

soil and crop growth. However, this information is 

useful in determining the factors limiting yields 

such as nutrient deficiencies. Also, there are still 

many problems in relating one year's yield to the 

next due to seasonal variability (Lark and Wheeler, 

2000; Luo et al., 2006; Moulin et al., 1998; Plant, 

2001). 

2.3.3 Information Management System: GPS 

signals and the associated measurements of the 

spatial variability of different factors, produce a lot 

of data. Each variable can be separately stored 

digitally and referred to as an overlay. The 

management, analysis and display of geo-

referenced data can be best handled by a computer 

software package called Geographic Information 

System (GIS). The software can accept, organize, 

statistically analyze and display diverse types of 

spatial data that are digitally referenced to a com-

mon co-ordinate system (Blackmore, 1994). 

Combining a number of overlays can produce new 

data sets. Examples of overlays are; soil type, 

topography, depth of seedbed, moisture content, 

crop yield, and land cover. Since all the data are 

stored digitally, they can be easily modified, copied 

and reproduced. Using the digital data, derived 

maps can be obtained by combining sections of 

existing maps that meet certain conditions. For 

example erosion potential can be defined in terms 

of land having a certain slope and a given amount 

of crop cover. A GIS enables farm managers to 

determine the best agronomic recommendations 

and the required levels of input to apply to 

different parts of a field. The GIS has been 

combined with crop simulation models and deci-

sion support systems to produce powerful 

management tools. The output of all these is a 

spatially variable treatment map which can then be 

stored on a disc for use by on board computers in 

farm vehicles. 

2.3.4 Variable Rate Technology (VRT): Existing 

field machinery with added Electronic Control Unit 

(ECU) and onboard GPS can fulfill the variable rate 

technology requirement of crop. Bennett and 

Brown (1999) developed a direct nozzle injection 

system for herbicide application. An innovative 

distributed control system between individual 

sensors and actuators, a supervising controller and 

a navigation system was designed and installed to 

control spray droplet size and application rate for 

agricultural chemicals. Spray booms, spinning disc 

applicator with ECU and GPS have been used for 

patch spraying (Miller and Paice, 1998). Granular 

applicators equipped with VRT have gained 

popularity in recent years as a result of increased 

interest in variable-rate application. Swisher et 

al.,(1999) designed an optical sensor to measure 

flow rates of granular fertilizer in air streams for 

feedback control of a variable-rate spreader. 

Uniform-rate (UR) tests were conducted to assess 

the accuracy of variable-rate application from four 

granular applicators: two spinner-disc spreaders 

and two pneumatic applicators. That experiment 

showed potential application errors with VRT and 

the need for proper calibration to maintain 

acceptable performance. Further, that investigation 

demonstrated the need for a VRT equipment testing 

standard (Fulton et al., 2005). Some research works 

showed that residual N calculation for only topsoil 

is not effective for some crops like corn due to high 
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mobile nature of N03. For some soil, residual N and 

potentiality of N-mineralization of that soil during 

crop growth should be taken into consideration for 

N application map preparation for VRT application. 

Plant scale treatment by using spatial resolution, 

internal guidance and precision spray nozzles has 

already been achieved (Giles and Downey, 2003). 

Future research in VRT should be concentrated in 

development of true precision patch sprayer, 

equipment, more accurate granular fertilizer 

applicator and their standard. 

 

3. CONSTRAINTS OF PRECISION AGRICULTURE 

 

1.1 Culture, Attitude and Perceptions of 

the Farmers 

Generally farmers are resistant to new technologies 

and do not accept them unless they are fully 

convinced of benefits. Many farmers are also 

reluctant to share data concerning their fields, as 

they do not want the information exploited too 

early by the commodity traders. A preliminary 

survey revealed that most farmers do not enjoy 

record-keeping tasks and believe that precision 

farming requires additional skills in data 

management. The planners, on the other hand, 

believe that running costs in using precision 

technologies are high. While many farmers 

understand that the intent of precision farming is to 

manage input needs to achieve maximum 

economic yield for each area, they are skeptical of 

how the data is transformed into useful 

information for farm level decisions. Most farmers 

are over 60 years of age and/or part-time, and are 

reluctant to use computers. Further, they are 

unaware of agro-environmental problems such as 

groundwater pollution caused by ineffective 

fertilization methods. Therefore, the environmental 

benefits from precision agriculture need to be 

popularized.  

1.2 Farm Size 

Small farms size, heterogeneity of cropping 

systems, and land tenure/ownership restrictions of 

adopting precision agriculture. Land fragmentation 

and sub-division are common practice of farmers 

in most developing countries and also the slow 

progress in consolidation is a major limitation to 

adoption of precision agriculture. If typical field 

size is about 1 ha, it is perhaps necessary to get 

imagery acquired by a sensor with greater than 1 m 

resolution. Many studies in the Western world 

show that farm size is positively related to the 

adoption of new technologies including soil 

conservation Nowak(1987), integrated pest 

management Thomas et al., (1990) and modern 

irrigation Dinar et al., (1992). This may be due to 

the better ability of big farms to hire crop 

consultants, easier access to credit and 

information, and increased contacts with 

representatives of extension agencies and 

agribusiness.  

1.3 Lack of Success Stories 

There have been no success stories of precision 

agriculture to date under developing agricultural 

conditions. In order for farmers to adopt the 
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technologies with confidence, they need to see the 

value of adoption.  

1.4 Heterogeneity of Cropping Systems and 

Market Imperfections 

Farm units in most of the developing countries are 

highly heterogeneous and the costs and benefits of 

adoption vary across widely. Further, market 

imperfections such as distortions in input and 

output markets, institutional hurdles to efficient 

input application, prices that do not reflect their 

true scarcity values, and absence of penalties for 

residual generation lessen the potential benefit of 

adoption. Because of high subsidies, the cost of 

fertilizers and pesticides is so low that saving on 

inputs cannot be a major incentive to adopt 

precision agriculture.  

1.5 Land Ownership, Infrastructure and 

Institutional Constraints  

Adoption of precision farming is hampered partly 

by restrictions on land ownership by the private 

sector. In developing countries, policy and 

bureaucratic constraints slow down the process of 

timely information transfer. Further, poor 

coordination among the private sector, research 

and administration agencies makes the adoption of 

these technologies slower. The slow diffusion can 

also be due to the small number of input dealers 

offering such services to farmers.  

1.6 Lack of Local Technical Expertise 

Adoption of precision agriculture requires a 

relatively advanced and computer literate 

workforce. Moreover, the learning costs of 

adoption of precision agriculture are influenced by 

variations in personal ability and age of farmers, 

motivation, quality and number of years of 

education, and exposure to extension services. 

Because farmers in developing countries lack 

enough exposure to data management 

technologies, they have to rely on farm 

consultants. It is, therefore, unlikely that precision 

agriculture will be adopted soon if governments 

and private associations do not make additional 

efforts.  

1.7 Knowledge and Technological Gaps 

Inadequate knowledge of the user needs and poor 

understanding of researchers to tackle major 

farmer concerns are important constraints. For 

instance, very few crop growth models are directly 

applicable to the concurrent management of the 

varied growing conditions. Studies to improve 

capacity for quantitative modeling of agricultural 

systems are, therefore, necessary. Other constraints 

include gaps in communication between computer 

users and data suppliers, and between growers and 

the precision agricultural industry. Accurate 

analysis of farm data is another weakness in the 

accepting these technologies. It is not always 

possible to identify relationships between 

variability in yield and variability in measured 

factors. Since, the former results from multiple 

interactions among the environment, management, 

genetics, and biotic and abiotic stresses, which 

vary across a field.  

1.8 Data Availability, Quality and Costs 

Difficulties in obtaining reliable data in a timely 

and cost effective way are limiting the adoption of 

precision agriculture. If data are made available for 

an area of single agricultural association or a 

municipality, people may receive the idea of 

precision agriculture more excitedly. Also high 
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cost of images (map data) has also been the biggest constraint in adopting precision agriculture.  

 

4. CONCLUSION 

 

Precision agriculture, sometimes called precision 

farming, is a new approach to agricultural 

production management. PA research can be 

understood as a concept to reduce decision 

uncertainty that is caused by uncontrolled spatial 

and temporal Variation. It is an information-driven 

production system that has a close link with the 

elaboration and introduction into agricultural 

production of information technologies, such as 

the Global Information System (GIS), the Global 

Positioning System (GPS), the field heterogeneity 

estimation, the spot fertility leveling upwards, the 

improvement and monitoring systems, the process 

management and control systems, as well as the 

systems for structural planning, economical and 

ecological estimation of farming. Precision 

agriculture in many developing countries is in its 

infancy but there are numerous researches in 

relation to opportunities for adoption underway 

which suggests that it is set to revolutionize the 

agricultural engineering industry within the next 

decade. The adoption of precision agriculture also 

depends on product reliability, the support 

provided by manufacturers and the ability to show 

the benefits. Effective coordination among the 

public and private sectors and growers is, 

therefore, essential for implementing new 

strategies to achieve fruitful success. 
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