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1.

Abstract

Precision agriculture (PA) as a crop management concept has the potential to address many of the
increasing environmental, economic and public pressures on arable farming. Benefits are attained
due to increased yields and/or reduced costs through the efficient use of resources. PA, therefore,
contributes to the wider goal of sustainable intensification.

One of the key features of PA comes from satellite-controlled positioning systems, principally
Global Navigation Satellite Systems (GNSS) that are a major enabler of 'precision systems'.
Automatic steering systems are the most successful applications on arable land, showing clear
benefits to the farmers, and there is increasing uptake of Controlled Traffic Farming (CTF) to
minimise soil compaction. Development of sensor technology and access to new and historical
datasets is enabling extension of PA into Variable Rate Technology (VRT), e.g. for optimising
fertiliser and pesticide use. At present, the success rate varies significantly depending on the sitespecific factors of application but substantial improvements are likely as technology develops.

This brief review reaffirms that PA can play an important role in the UK to meet the increasing
demand for food, feed, and raw materials while delivering sustainable intensification. Nevertheless,
the adoption of PA presents specific challenges due to the sizes and diversity of farm structures.
An assessment of the potential actions to support the adoption of PA has highlighted some key
knowledge gaps including, but not limited to, the ease of use of the technology, reliability and cost
effectiveness.

2

2.

Introduction

An expanding human population, anticipated resource limitation, climate change projections and
tougher environmental regulations are putting intense pressure on crop production systems. This
pressure is driving innovation through investment in new precision agriculture (PA) technologies
aimed at increasing crop production efficiency while mitigating environmental impacts. PA can
deliver targeted input applications and it also helps in quantifying sowing, fertilising and spraying
according to variation in soil characteristics and plant populations.

There are many definitions and applications of PA; it can vary from farm to farm, but revolves
around site-specific crop management (SSCM). In general, it can be defined as “an integrated
information and production based farming system that can increase the crop resource use
efficiency, productivity and profitability and reduce the environmental risks associated with the
farming practices” (Whelan and Taylor, 2013). According to Batte and Van Buren (1999), SSCM is
not a single technology but an integration of technologies permitting the collection of data on an
appropriate time scale.

Precision agriculture is based on the fact that soils and growing conditions are subject to
considerable variation, even within very small plots. The earliest (to the author’s knowledge)
publication on precision farming (Linsley and Bauer, 1929) noted that "the soils of this state, often
within a field, vary widely in their need for limestone" (Figure 1) and "it is important, therefore, that
detailed tests be made of the field so that limestone may be applied according to the need for it."

Figure 1. Reproduced from the first publication concerning precision farming (Linsley and Bauer, 1929).
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Technology used in PA is developing rapidly. This is evident by the number and diversity of
publications in international journals presentations at international conferences (Khosla, 2010).

PA adoption is based on a systems approach, encompassing all aspects of farming to deliver lowinput, high-efficiency, sustainable agriculture (Shibusawa, 1998). It also benefits from the
development and coherent use of several technologies, including the Global Positioning System
(GPS), Geographic Information System (GIS), miniaturised computer components, automatic
control, variable rate, in-field and remote sensing, mobile computing, advanced information
processing, and telecommunications (Gibbons, 2000).

It is, however, important to observe that after more than two decades of development, PA has
reached a crossroads with much of the necessary technology available but with the environmental
and economic benefits yet to be quantified. While there is no lack of technological innovations, the
development of agronomic and ecological principles for optimised recommendations for inputs at
the localised level is generally lacking. Many farmers in the UK are uncertain whether to adopt
available PA technologies on their farms. However, the main driver for widespread uptake of PA
technologies might well come from concerns over use of agrochemicals and ever-stricter
environment legislations.

This review aims to provide an updated review of the application of PA specifically in cereals and
oilseeds by exploring its current uses and limitations, including uses of sensors either remotely or
proximal (e.g. in the soil), and data processing issues. In addition, advances in PA are discussed,
highlighting key knowledge gaps. Although this article is limited to arable systems, the critical
analysis of the information gathered is relevant to grazing and horticulture.

3.
3.1.
3.1.1.

Precision agriculture: the components
Information
Machine to machine communication

In PA there are some serious issues with compatibility between farm instruments and tractors. Vast
majority of these instruments are often only compatible with other tractors of the same brand due
to the proprietary file formats. This forces farmers to use different ISOBUS boxes in their tractors to
standardise the communication between the tractor and the instruments.
In order to tackle these issues, the agricultural industry decided to bring in a standard operational
language that all implements and machines must follow. Early PA systems underwent several
format changes which resulted in the publication of ISO 11783, the Agricultural Data Interchange
Standard (ADIS), but this system had flaws and failed to deliver (Speckmann and Jahns, 1999).
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Further development resulted in ISO 11787, currently used by some (but not all) manufacturers.
Despite nearly two decades of further progress, no fully adopted standard exists.

3.1.2.

Information management

Collection of information on variables, such as soil, and interpretation of soil analyses and yield
maps can be expensive and time consuming (Sanchez, Ramalho et al., 2015). It is crucial to know
how this information can benefit crop production and overall decision-making, for instance some
fields require little information to determine the cause of yield variability (rolling topography) while
other fields require extensive data collection and, even then yield variation may still be
unexplained.
In addition to this, a huge amount of PA data has been accumulated and there is a serious problem
of ‘data overflow’. For the spatial/temporal information that has been collected, there is an urgent
need for tools specifically designed for data management and interpretation.

3.1.3.

Data interpretation

Advances in information and telecommunication technologies have allowed farmers to acquire vast
amounts of site-specific data for their fields, with the ultimate potential being to reduce uncertainty
in decision-making (Blackmore, 2000a). As PA is intrinsically information-intensive, farmers face
many difficulties in efficiently managing the enormous amount of data they collect. They may also
lack the skills and sufficient time needed to analyse the data and critically interpret the information.
In order to reap the benefits from PA, there is a clear need to develop additional skills and
knowledge concerning how to use the large, heterogeneous data sets and information gathered to
assess the effects of weather and soil properties on crop production, and to develop management
plans to increase efficiency and adjust inputs in following years (Cui, 2013).

3.2.
3.2.1.

Spatial data
Satellite navigation system

The best-known network of navigation satellites is the US-owned Global Positioning System
(GPS). This network consists of three parts: the satellites, a control station on the ground and a
receiving device. A GPS receiver/antenna can be placed on any piece of agricultural machinery
and can provide accurate location information in terms of latitude and longitude (Stafford, 1996).
The GPS or Differential GPS (GPS with improved location accuracy) is the “backbone” of most PA
practices (Auernhammer et al., 1995).

Since GPS was made available for non-military use, two further satellite navigation systems have
been launched; GLONASS, the Russian equivalent of GPS through its military background, and
Galileo, a civilian EU-owned satellite-based navigation system consisting of 30 satellites. By using
5

a combined Galileo-GPS-GLONASS system, higher positioning accuracy is possible (Luccio,
2014). By 2020, from most European locations, six to eight Galileo satellites will be visible which, in
combination with GPS and GLONASS signals, will allow positions to be determined to within a few
centimetres, depending on the service used (Li et al., 2015).

High-precision navigation systems enable the use of Controlled Traffic Farming (CTF), which
minimises compaction by ensuring machinery uses exactly the same tracks in the field, year
in/year out. This helps to avoid environmental problems associated with soil compaction and
considerably reduces energy for cultivation. As a result, yields can also be up to 5% higher (Hallett
et al., 2012).

It is essential for the success of any site-specific operation that any action is recorded and
accurately referenced, so that the information could be used to inform future treatment decisions.
The GPS/DGPS makes it possible to record the in-field variability as geographically encoded data
(Nemenyi et al., 2003). By using the geographical positioning system it is possible to locate the
information for further analysis and make a visual presentation in a Geographic Information System
(GIS).

3.2.2.

Geographic Information Systems

These are a set of computer tools that allow users to work with data that are tied to a particular
location or spatially mapped area on a farm (Price, 2006). It also makes it possible to generate a
complex view about fields and to make valid agro-technological decisions (Pecze, 2001). Most
available GIS technology is reliable but also fairly expensive, depending on the features and
capabilities of the program.

GIS allows for multiple detailed data to be graphically depicted on a map and utilised for decision
making. Although farmers have long utilised maps for data collection and decision making, the
difference with applying the advanced technology of GIS is that these interactive maps can exhibit
“intelligence” where you can ask questions and get answers.

3.2.3.

Proximal sensing

Ground based proximal sensors are generally mounted on agricultural machinery and are able to
collect valuable information on spatial variation within a field. Proximal sensors began to emerge in
early 1990s and one of the most important components of proximal sensing was soil sensing. It
envisaged a continuous real-time sensing of spatial variations in soil properties using sensors
mounted on tractors. One of the first applications of proximal soil sensors was by Sudduth and
Hummel (1993), this near infra-red (NIR) sensor was able to detect soil moisture levels as well as
organic matter contents.
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Adamchuck et al. (2004) reviewed then available proximal sensors and categorised these into six
classes; electrical and electromagnetic, acoustic, optical and radiometric, mechanical, pneumatic
and electromechanical (Adamchuck, et al., 2004).
One of the major benefits of proximal sensing is its ability to quantify the heterogeneity of soil
within a field (Fystro, 2005). However, the integration of different sensing systems in multisensory
platforms (both proximal and remote) may allow better prediction of agronomic soil attributes.

3.2.4.

Remote sensing

Remote sensing is the process of acquiring information about the earth’s surface without actually
coming in contact with it. This is done by recording energy, which is either reflected or emitted from
the earth’s surface (Elarab, Ticlavilca et al. 2015). It allows detection and/or characterisation of an
object, series of objects, or the landscape without having the sensor in physical contact with the
soil. This technology can be used to obtain various layers of information about soil and crop
conditions. It uses aerial or satellite imaging to sense crop vegetation and identify crop stresses
and injuries, or pest infestations. Some of the tools used in remote sensing are described below:
1. Conventional aeroplanes: images can be used to map the spatial variability of biotic and
abiotic parameters on agricultural plots at spatial resolutions of 0.25–0.50 m
(Stereocarto, 2010). Natural Environment Research Council (NERC) UK have also been
involved in mapping soil heterogeneity in the UK with Cranfield University by using fixed
wing aircraft.
2. Unmanned aerial vehicles (UAVs), which fly at low altitudes, have been developed by
commercial companies (UAV, 2010) to provide high spatial resolution images, with the
advantage of autonomous management and ability to work in cloudy days. In recent years
there has been a huge increase in the production of UAVs (Figure 2).
Several researchers and/or companies have balanced the requirements of the payload and
aerial platform to enable UAVs for agricultural purposes. For instance, a mini-UAV
equipped with a suitable imaging device is required for successful Normalized Difference
Vegetation Index (NDVI) computation. Similarly, Rufino and Moccia (2005) used a radiocontrolled fixed-wing model UAV to fly a thermal imager and a hyperspectral sensor in
visible-NIR bands for forest fire monitoring.
While the use of laser scanners or LiDAR (Light Detector and Ranging) is now common in
traditional photogrammetry, their application to UAV for PaRS (photogrammetry and
Remote Sensing) remains a challenge. This is either due to the trade-off between
performance and the size or cost of LiDAR, or the effect of flight dynamics on the
measurement process (Wallace et al., 2012). Despite such difficulties, one of the first UAVborne LiDAR and camera integrations was presented by Nagai et al., 2004.
3. Satellites, such as Quick Bird, provide high spatial resolution images of around 2.0–2.4 m in
multi-spectra, depending on the image and number of colours (Digital Globe Corp, 2010).
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Satellite images are commercially available but require further processing into a GIS format
because these images are not as detailed as aerial photos (Gomez-Candon et al., 2011).
Further, the size of the satellite images are typically large, implying that it is very costly for
the individual medium-sized farm holding to utilise the images (Bakhtiari and Hematian,
2013).
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Figure 2. Number of referenced UAVs and developmental initiatives between 2005 and 2013. Source:
Colomina and Molina, 2014.

By linking GPS to yield monitoring devices, soil and pest sampling, remote sensing, and
information, such as topography, soil type, water patterns, previous and current cultural practices,
a farmer can create maps showing how these parameters vary within a field and make
management decisions accordingly.

3.3.

Yield monitoring and mapping

Yield mapping is a first step into precision agriculture for many farmers. A combine-mounted yield
monitor measures and records such information as grain flow (typically via a sensor at the top of
the clean grain elevator), grain moisture, area covered, and spatial location.

Systematic errors can occur in yield mapping; software associated with a yield monitor can
normally clean up the data to some degree, such as removing extremely high or low yield data
points, but errors can still remain. Whilst providing useful information, these maps can only offer an
approximation of crop yield at a given location for several reasons, including differences in grain
flow from the edges of the combine header and time lags caused by the threshing process.
Therefore, a general smoothing effect is observed which tends to overestimate the low-yielding
areas and underestimate the high-yielding areas (Blackmore, 2000b).

Yield maps are now commonplace, but interpreting these yield maps can be challenging as many
factors interact to affect crop yield within a given field and year and may not be stable from year to
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year. The high and low zones may change, depending on climate or other factors (McKinion et al.,
2010). For example, in a dry year, the sandy soils in a field will have low yields, yet in a wet year
these same soils will probably have higher yields than the clays in the same field.

Points to remember when evaluating the yield maps:
1. A yield map only documents the spatial distribution of crop yield and does not explain what
factors caused the variations.
2. A yield map reflects all the inputs, environmental variables and field variability of the
previous crop. The usefulness of a yield map for the following season is uncertain, even for
the same crop.
3. The key to yield map interpretation is to understand more about the causes of yield
variation and which causes can be altered by crop management. This can be achieved
through evaluation of multiple layered temporal data stacking.
4. If the ranges for yield are not selected properly, the appearance of the map can be
misleading.

Yield mapping is valuable when farmers use the information to improve management decisions. It
is relatively low-cost compared to intensive soil sampling and provides complete coverage of the
field, which is impossible even when taking soil samples on an intensive grid.

3.4.

Addressing variability

A large part of PA research is devoted towards precision nutrient management. This can improve
nutrient use efficiency and environmental protection. An objective of precision nutrient
management is the analysis and interpretation of spatial variability of soils in order to establish
management zones (Rovira et al., 2015).

3.4.1.

Soil characteristics

The standard method of soil sampling for each field is by a single composite soil sample which is a
mix of several (5 to 10) sub-samples taken throughout the field (generally a single composite
sample can represent a maximum size of 4 ha). These sub-samples attempt to provide "average"
conditions in the field. An unrepresentative sub-sample will affect the nutrient levels of the single
composite sample and, therefore, change the fertiliser recommendations for variable rates.
Composite soil samples that represent entire individual fields are not geo-referenced (Sandmann
and Lertzman, 2003).

Geo-referenced soil samples that are used for PA can be taken in one of the three ways:
1. Systematic soil sampling: the samples are taken on an intensive grid, for example 40 x
40 m, over the whole field.
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2. Standard sampling: the sampling density is one composite sample per hectare, but not on a
true grid.
3. Directed sampling: soil samples are taken in zones within the fields that are selected by
using aerial photos, topography or yield maps.

In these three methods, the soil samples are geo-referenced (Lund et al., 1999). This implies, for
example, that the soil N/P/K levels have an exact latitude and longitude position in the field. Georeferenced soil samples are required so that the maps of nutrient levels can be used together with
yield maps to help explain variability in the yield. More recently, there has been increasing
emphasis on real-time, on-the-go monitoring with ground based sensors (Peets et al., 2012,
Adamchuk et al., 2004 and 2008).
Soil apparent electrical conductivity (ECa), which is related to different soil physical properties such
as clay content, moisture content, bulk density and salinity, can be conveniently used to determine
soil variability. Electromagnetic induction (EMI) can be conveniently employed to measure soil ECa
(Kuang et al., 2012), however, it might be influenced by soil edaphic factors (Krajco, 2007). In
order to gain more information about soils spatial variability in the UK National Soil Map
(landis.org.uk) can be used (for England and Wales currently), at the time of writing, this facility is
being hosted by the Cranfield University.

3.4.2.

Water and nutrients

The potential of PA to address water and nutrient availability challenges has improved as a result
of the development of sensor technologies, combined with procedures to link mapped variables to
farming operations, such as tillage, seeding, fertilisation, herbicide and pesticide application and
harvesting.
Christensen et al. (2005) conducted a study on water and nutrient stress (nitrogen, phosphorus
and potassium) through discrimination-based analysis of the visible and near infrared reflectance
of maize leaves. The study revealed that prior knowledge of the water status of the plant can
increase the ability to discriminate nutrient stress significantly. The study also proved that the
knowledge of spatial location of leaves within a plant can be helpful to identify nutrient stress more
accurately than whole plant behaviour (i.e. mean reflectance data from all leaves within a plant).
In a recent AHDB Cereals & Oilseeds-funded project by Kindred et al. (2016), the mean N optimum
for six experimental sites varied from near zero to 322 kg ha-1 during the same year, 2011.
Furthermore, mean grain yields for the six sites varied between 8 and 10 t ha-1. Within-field
variation in N optimum exceeded 100 kg N ha-1 at all but one site. The report concluded that
caution is needed if selecting automated N management as the benefits could only be observed
with large scale adoption.
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3.4.3.

Variable rate technology (VRT)

The use of Variable Rate Technology allows precise seeding, optimisation on planting density and
improved application rate efficiency of herbicides, pesticides and nutrients, resulting in cost
reduction and reducing environmental impact (Grisso et al., 2011). This is the approach used to
achieve site-specific application rates of inputs. Yield maps show the potential for Site Specific
Crop Management (SSCM) methods, both from an economic and environmental perspective.

In recent years, granular applicators equipped with VRT have gained popularity. Swisher et al.,
(1999) designed an optical sensor to measure flow rates of granular fertiliser in air streams for
feedback control of a variable-rate spreader. Uniform-rate tests were conducted to assess the
accuracy of variable-rate application from four granular applicators: two spin-disc spreaders and
two pneumatic applicators. The finding showed potential application errors with VRT and the need
for proper calibration to maintain acceptable performance and demonstrated the need for a VRT
equipment testing standard (Fulton et al., 2005).

Similarly, research funded by AHDB Cereals & Oilseeds showed that residual N calculation for only
topsoil is not effective and can be misleading (Knight, 2006) for some crops like maize due to high
mobile nature of NO3. For some soils, residual N and potentiality of N-mineralisation of that soil
during crop growth should be taken into consideration for N application map preparation for VRT
application. Plant-scale treatments using spatial resolution, internal guidance and precision spray
nozzles have already been achieved (Hague et al., 1997). Future research in VRT should be
concentrated in the development of true precision patch sprayer equipment, more accurate
granular fertiliser applicators and their standards (Mondal and Tewari, 2007).

4.

The economic benefits of precision agriculture

The scale of the benefits obtained from PA depends upon the magnitude of the response to the
corrective/variable treatments and the proportion of the field that will respond. Typically, a farmed
area of 250 ha of cereals, where 30% of the area will respond to corrective or variable treatment,
requires an increase in yield on the responsive areas between 0.25 t ha-1 and 1.0 t ha-1 for the
basic and the most expensive system, respectively (Godwin et al., 2003). However, it is noteworthy
that since the aforementioned review by Godwin et al. (2003), technology has improved
significantly with a profound decrease in the associated cost of the technology.

The above-mentioned figures will change in inverse proportion to: (i) the size of the area managed
with each PA system; (ii) the percentage of the field responsive to the treatment; (iii) the level of
engagement (technology purchased, i.e. a full or partial); (iv) depreciation and interest rates; and
(v) the area of crops managed.
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The economic benefit of VRT methods depends upon the crop type, area, and geographic location,
amongst other factors. It has been demonstrated that the economic margins of precision fertiliser
applications increase with increasing fertiliser and crop prices (Pablo et al., 2014). In high-value
crops, the higher profitability can be achieved with quality-specific harvesting based on the sensing
of the nutrient status of the crop canopy. However, there is still no clear picture for all crops under
all growing conditions (Pablo et al., 2014). In a report by Knight et al., (2009) the cost/benefit of
many of the components of PA was discussed, suggesting the requirements for each case.

The growth in the adoption of PA in the UK has shown that between 2009 and 2012, the proportion
of farmers using PA increased. The increase for GPS-controlled steering was greatest, from 14%
to 22%, for soil mapping from 14% to 20%, for variable rate application from 13% to 16% and for
yield mapping from 7% to 11%. The two most common reasons for adopting precision farming
techniques were to improve accuracy in farming operations (76% of farms in 2012) and 63% of the
farmers believed that PA reduced the input costs (DEFRA, 2013). These figures for the UK
suggest that farmers consider PA can provide viable solutions for them.

Furthermore, the study revealed that nearly 50% of the farmers in 2012 who do not use any
technology claimed that PA was not cost-effective and/or the initial setup costs were too high, 28%
said they were not suitable or appropriate for the type or size of farm, and a similar proportion,
(27%) said that they were too complicated. This suggests that there is a long way to go before the
majority is convinced.

In another study, Schieffer and Dillon (2013) used a whole-farm model based on a Kentucky grain
farm to investigate the effects of PA adoption on production choices under various agroenvironmental policy frameworks. The study concluded that as PA techniques are more widely
used, the economics of farm management will change, effecting how farms respond to agroenvironmental policies, particularly those that rely on financial incentives.

An earlier comprehensive study conducted by Robertson et al., (2007) on the cost benefit analysis
of PA demonstrated that Australian farmers have adopted systems that are profitable and are
recovering the initial capital outlay within a few years, and they also see a number of intangible
benefits e.g. more innovation, improved satisfaction through saving valuable time etc. While the
results from this study will go some way towards informing the debate about the profitability of PA,
it also illustrates that the use of, and benefits from, PA technology varies farm to farm, in line with
farmer preferences and circumstances.
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5.
5.1.

Future research and development in PA
Inclusion of historical data for image/map analysis

There is a significant potential in PA for combining archived remote sensing data with real-time
data (Thenkabail, 2003). Historical archives of satellite remote sensing data are available for
Landsat, SPOT, IRS, IKONOS, QuickBird and more recently, Sentinel II with red, blue, green and
NIR spectral reflectance bands at spatial resolutions of from 0.6 to 30 m (Zhang and Hong, 2005).

Similarly, images at a fixed location could be analysed across multiple crop growth stages,
seasons and years in order to identify relatively homogeneous sub-regions of fields that differ from
one another in leaf area index, NDVI, and potential yield. Auxiliary data at the same sites, including
crop yield maps, digital elevation models and soil series maps could be combined with historical
remote sensing data to identify potential management zones where precision agricultural input
operations can be implemented.

The rapidly increasing frequency and quality of remotely-sensed images, with satellites such as
EO-1 Hyperion, Sentinel II and the upcoming (2016) NASA Hyperspectral Infrared Imager
(HyspIRI) satellite means that real time agricultural decision making can be supported by current
satellite imagery (i.e. at most a few days old).

Another crucial factor in improving farm economy and increase resource use efficiency in
agriculture is improvement in long term weather forecast. Although there has been significant
improvement in forecasting accuracy, it is still a challenge to predict weather accurately and
anomalies are much higher even for a few days in advance. There is a dire need to use crop
growth and weather forecasting models which could improve the reliability and users confidence.

To gain the full potential of PA, farmers should be engaged in shaping research and development
of new technologies and practices, enabling adaptation to market requirements. While PA, as at
present, can be promoted in a top-down manner, participatory development is preferable so as to
build up human capabilities for decision-making and management (Figure 3).
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Figure 3. Decision management in precision agriculture.

6.

Key challenges and knowledge gaps

Although there has been an enormous increase in the technology available to farmers, the
adoption of PA has been less than expected, in part because it has been difficult to quantify
benefits, such as better allocation of inputs and increase in yield compared to the costs of
investment (Kindred et al., 2016). There is still a need to simplify the technology, to improve
decision models, variable rate applications, and to develop new, less costly and reliable sources of
data for making better PA decisions.

There are several needs for future research in PA and some of these have been described below:
1. Sensors are needed for direct estimation of nutrient deficiencies without the use of
reference strips in both tillage and grassland farming systems. Further, these sensors and
associated software should be ubiquitous and interoperable.
2. More emphasis is required on the development of chemometric or spectral decomposition
methods of analysis, since spatial and spectral resolution of hyperspectral sensing systems
are now adequate for many PA applications.
3. Historical archives of satellite remote sensing data at moderate to high spatial resolution
and traditional spectral resolution should be integrated with real-time remote sensing data
at high spatial and spectral resolution for improved decision making in PA.
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4. Temporal variation: Over the years we have learnt a good deal about the yield maps and
analysing the spatial variation within them, but we seem to have underestimated the
importance of temporal variation. A rule of thumb might say that, if we look at the variation
of yield across a field and across years, half of the variation comes from year-to-year
variation. Knowledge of this temporal aspect needs to be greatly improved.
5. Crop quality assessment: In the past a lot of emphasis has been on the variable rates of
agro-chemicals and factors associated with the crop yield, but the crop quality has never
been given sufficient consideration. An associated benefit of this approach is the mapping
of quality characteristics to improve agronomic management for optimising quantity and or
quality (McBratney et al., 2005).
6. Perceived ease of use (PEU): The presence of experts in PA initiates a learning process,
enabling potential users to become more aware and confident about PA tools, and thus
promoting the perception of an “easy to use” technology (Rezaei-Moghaddam and Salehi,
2010). PEU has been thoroughly investigated over the time and it seems to be most
influenced by factors represented by the “objective usability” of a technology and the
“computer self-efficacy” or “personal skills”, both a function of previous experience,
education, external influence and support availability. All the aforementioned factors must
be carefully addressed before a significant improvement in the uptake could be observed.
7. AHDB Cereals & Oilseeds has conducted a review on cost benefit analysis of PA
techniques (Knight et al., 2009), however, due to significant cost reduction in the
technology used in PA, it might be timely to conduct another cost benefit analysis of the
technology to provide a robust evidence to convince farmers of the economic advantage of
PA.

7.
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