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Chapter 6 
 

Is precision agriculture the start of a new revolution? 

Precision agriculture is a whole-farm management approach with the objective of optimising 
returns on inputs, while improving agriculture’s environmental footprint. Precision farming is 
a relatively new management practice which has been made possible by the development of 
information technology and remote sensing. A wide range of technologies is available, but the 
most widely adopted precision farming technologies are knowledge-intensive. Information on 
precision agriculture adoption is based on sporadic and geographically dispersed surveys as 
countries do not regularly collect data. Although the main focus of precision agriculture has 
been on arable crop production, precision farming technologies are also applicable to the 
entire agro-food production system (i.e. animal industries, fisheries, forestry). This chapter 
examines the concept and use of precision farming in OECD countries, the key impediments to 
nurturing its green growth potential, and its impact on resource efficiency and productivity. 
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Key messages 

• Data on farmers’ use of precision-agriculture technology are sparse as countries do not usually 
collect such data. 

• Adoption of precision-agriculture technologies is limited to only a few countries and sectors 
(mainly arable crops). 

• The most widely adopted precision farming technologies are GPS guidance. 

• Significant efficiency and resource productivity gains can be achieved on arable crops, 
particularly where intra-field variability in yield is high. 

• Knowledge and technical gaps, high start-up costs with a risk of insufficient return on 
investment, and structural and institutional constraints are key obstacles to the adoption of 
precision agriculture by farmers. 

• Precision agriculture has a substantial role to play in fostering green growth in agriculture in 
OECD countries, but the prevalence of small-size farms in several countries makes widespread 
adoption problematic. 

Applying the right treatment in the right place at the right time 

Precision farming is a relatively new management practice which has been made possible by the 
development of information technology and remote sensing. Precision agriculture entails the application 
of technologies and agronomic principles to manage the spatial and temporal variability associated with 
all aspects of agricultural production – both crops and livestock (Box 6.1). 

In particular, precision farming, defined as a systems approach to optimise crop yields through 
systematic gathering and handling of information about the crop and the field, has the potential to 
contribute to nutrient management by tailoring input use and application more closely to ideal plant 
growth and management needs. 

Understanding of the precision agriculture concept is often limited to variable rate technologies, 
which enable a site-specific supply of agricultural inputs. But technological possibilities associated with 
precision farming cover a great range – from automatic data acquisition and documentation over site-
specific fertilisation, to optimised fleet management (Auernhammer, 2001). The term encompasses 
many technologies providing more precise information about the managed resources and at the same 
time allowing the farmer to respond to in-field variations by allocating inputs, such as fertiliser and 
irrigation, in a targeted manner, rather than coming out indiscriminate field-level operations, with sub-
optimal efficiency. 

Crop management and aspects of animal rearing can be optimised, through the use of information 
collected from sensors mounted on-board agricultural machinery (soil properties, leaf area, animal 
health), or derived from high-resolution, remotely sensed data (plant physiological status). Over the 
years, emphasis has changed from simply “farming by soil”, through variable-rate technologies, to 
vehicle guidance systems and will evolve to product quality and environmental management. The 
definition of precision agriculture is still evolving as technology changes and our understanding of what 
is achievable grows (McBratney et al., 2005). 

Although the main focus of precision agriculture up to date has been on arable crop production, 
precision farming technologies are also applicable to the entire agro-food production system (i.e. animal 
industries, fisheries, forestry). The use of precision agriculture techniques on arable land is the most 
widely used and most advanced amongst farmers. Precision agriculture is most advanced amongst 
arable farmers – particularly those with large farm sizes – in the main arable-crop growing areas of 
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Europe, the United States and Australia, who have well developed business models to maximise 
profitability.  

Perhaps the most successful example of precision farming, on arable land is the use of Controlled 
Traffic Farming (CTF) technology – a whole-farm approach that aims at avoiding unnecessary crop 
damage and soil compaction by heavy machinery caused by standard methods, thereby reducing costs.1 
In particular, farmers in Australia and the United Kingdom have been able to reduce machinery and 
input costs up to 75% in some cases, while at the same time increasing crop yields (Tulberg et al., 2007; 
Bowman, 2008).  

Precision-agriculture technologies are applied to a wide range of field and horticultural crops, such 
as: maize, soybean, potato, wheat, sugar beet, sugarcane, barley, sorghum, cotton, oat, rice, wine grape, 
citrus, bananas, tea, date palm, tobacco, olive, tomato and kiwifruit (Bramley, 2009). The development 
and adoption of precision-agriculture technologies and methodologies in viticulture are more recent than 
has been the case for arable land. Precision-livestock farming focuses on: the automatic monitoring of 
individual animal, milk and egg production; the early detection of diseases; and monitors animal 
behaviour, productivity and the physical environment (such as the thermal micro-environment and 
emissions of gaseous pollutants). 

The precision agriculture management approach currently relies almost entirely on the private 
sector, which offers services, devices and products to the farmers. Public-sector involvement is 
generally very limited, notwithstanding the growing policy interest in the role of innovations for 
increasing productivity sustainability. An example of a recent public initiative aimed at the 
“mainstreaming of precision farming” is the creation of a focus group in the European Union under the 
European Innovation Partnership on Agricultural Productivity and Sustainability. The initial priorities of 
the group are to look at data capture and processing, but it is envisaged that the process will be 
expanded to encompass evidence-based benchmarking of precision-agriculture performance and impact 
evaluation. 

Available data on adoption rates are fragmented and often dated because countries do not regularly 
collect data on the use of precision agriculture, while manufacturers and precision agriculture dealers 
rarely revealing their sales data. Evidence on the use of precision agriculture relies mainly on 
information from sporadic and geographically dispersed surveys; an accurate measurement of the rate of 
adoption and the various technological practices is thus problematic. 
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Box 6.1. What is precision agriculture? 

Precision agriculture is a broad term. For some, it means using the auto-steer capability in their tractor and for 
others it means applying site-specific herbicide using a pre-programmed map. Over the years, the emphasis has moved 
from variable-rate technologies to vehicle guidance systems to yield mapping. The term first came into popular use with 
the introduction of Global Positioning Systems (GPS) and Global Navigation Satellite Systems (GNSS), and other 
methods of remote sensing, which allowed farm operators to create precision maps of their fields that provide detailed 
information on their exact location while in-field. Five main groups of technologies used in precision agriculture can be 
distinguished:  

• Geographical Information Systems (GIS): software to manage spatial data.  

• Global Positioning Systems (GPS): which provide the topographic information of the positions used in GIS 
although for in-field accuracy differential, GPS is needed. 

• Sensors to make measurements of soil properties, pests, crop health, etc. in order to vary management 
operations accordingly. They are either placed on the field and their signal picked up by hand-held devices or 
devices placed on tractors, or are part of remote sensors, which take aerial or satellite photographs.  

• Yield Monitoring: measures the crop yield during harvest, providing a yield map with information on production 
and variability.  

• Variable Rate Technology: this combines a variable-rate control system in order to apply inputs at a precise 
location. This is the approach used to achieve site-specific application rates of inputs. 

Source. Adapted from Zarco-Tejada et al. (2014), Precision Agriculture: An opportunity for EU farmers – potential 
support with the Cap 2014-200, www.europarl.europa.eu/RegData/etudes/note/join/2014/529049/IPOL-
AGRI_NT(2014)529049_EN.pdf. 

 

In summary, the results of analysed adoption studies show similar tendencies for selected OECD 
countries: 

• Adoption rates of precision agriculture technologies have not been as rapid as previously 
envisaged 

• Adoption rates of auto guidance systems are higher compared with variable rate technologies 

• The percentage of farmers who have adopted data collection (diagnostic) techniques is higher 
than the percentage of farmers who are actually using this information for site-specific 
management. 

The overall conclusion of the available studies is that farm-level adoption of precision agricultural 
technologies has been low, uneven – both geographically and temporally – and often lags behind the 
initial expectation (e.g. Bramley, 2009; Evans et al., 2013; Lamb et al., 2008; Reichardt and 
Jürgens, 2009; Griffin et al., 2010; Mandel et al., 2011). 

Notwithstanding the low adoption rate, the number of farmers using precision agriculture 
technologies has been growing steadily over the last decade: in Germany, from 2001 to 2006 the 
proportion of farmers using precision agriculture grew from 7% to 11%, while the rate of un-informed 
farmers dropped from 46% to 28% (Reichardt et al., 2009); among the grain growers of Australia, it 
increased from 5% in 2006 to 20% in 2012 (Robertson et al., 2012), and a survey in Ohio (United 
States) showed that by 2010 39% of all farms and 48% of farmers with gross sales over USD 100 000 
had already adopted precision agriculture (Diekmann and Batte, 2010). 

In the European Union, uptake remains modest, and is mostly concentrated on the large and more 
business-oriented farms in the main grain growing areas of the EU (Zarco-Tejada et al., 2014). Use of 
nitrogen sensors for fertiliser application is very high, probably because it helps farmers to comply with 
the EU nitrate regulation and also because it receives government support. There is growing interest in 
GPS guidance, especially in areas with relatively large farms, such as eastern Germany and farmers are 
also becoming aware of the possibilities of CTF technology on arable land.2 Adoption of precision 
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agriculture for fruits and vegetables and viticulture is more recent than for arable farming, with a rapid 
increase in the adoption of machine vision methods.3 In high-value fruit and vegetable crops, precision 
irrigation methods are being developed in order to save water, increase yields and improve quality, 
while automatic monitoring of individual animals is used for animal growth, milk and egg production 
and the detection of diseases, as well as for monitoring animal’s behaviour and physical environment. 

The basic patterns observed so far in the adoption of precision agriculture technologies are likely to 
continue into the foreseeable future: adoption is likely to expand faster in those places where input use 
in agriculture is already relatively efficient and in labour-scarce, land-abundant countries (e.g. Australia, 
the United States, Canada), with rates of adoption accelerating when commodity prices are high and 
interest rates low: adoption is likely to expand more slowly in land-scarce, but labour- and capital-
abundant countries (e.g. Europe) (Swinton and Lowenberg-DeBoer, 2001). 

The following paragraphs present examples of the rates of adoption for selected OECD countries 
(Australia, the United States, United Kingdom and Germany) and an attempt will be made to identify 
country specific trends in terms of adopted technologies and crops, respectively. 

Australia: A leader of GPS guidance technology 

A survey by Robertson et al. (2012) finds that 20% of Australian grain growers have implemented 
precision agriculture technologies to manage variable inputs. Jochinke et al. (2007) surveyed farmers 
from the Wimmera Conservation Farming Association in 2006 and found that 42% of members had 
adopted precision agriculture technologies. Detailed results of the survey are listed in Table 6.1. As 
shown in this table, steering and auto-guidance systems belong to the most important implemented 
precision agriculture technologies. Jochinke et al. (2007) mention that their results are comparable to the 
situation in other regions in Australia. 

As noted earlier, Australia has led the way in use of GPS guidance (the CTF approach). The use of 
the Control Traffic Farming (CTF) has been reported to reduce fuel consumption by a further 50% from 
Zero-Till systems (Tullberg, 2009). Yet, data available from an Australian Bureau of Statistics survey 
indicates that CTF is now being implemented by only about 25% of farms.4 

Table 6.1. Precision agriculture tools used by Wimmera Conservation Farming Association members in 2006 

Precision agriculture tool 
 

All respondents (%) 
(N=146) 

Steering/guidance 
Auto-steer 2 cm 16 

Auto-steer 10 cm 13 

Auto-steer < 100 cm 2 

Visual guidance-sub 1 m, including light bars 27 

Marker arms 1 

Other 

Yield maps 14 

Aerial photos 3 

Electromagnetic 38 or Gamma radiometric soil surveys 3 

Sowing equipment with variable rate technology 2 

Auto depth on sowing equipment   <1 

Source: Adapted from Jochinke, D.C., B.J. Noonon, N.G. Wachsmann and R.M. Norton (2007), “The adoption of precision 
agriculture in an Australian broadacre cropping system—Challenges and opportunities”, Field Crops Research. 

  



142 – 6. IS PRECISION AGRICULTURE THE START OF A NEW REVOLUTION? 
 
 

FARM MANAGEMENT PRACTICES TO FOSTER GREEN GROWTH © OECD 2016 

There is public sector research in precision agriculture for viticulture, as well as an interest in 
precision agriculture for sugar, which is being driven by economic and environmental concerns. 
Tullberg et al. (2007) have described the high adoption rates of this technology in Australian cropping 
systems.  

United States: Increasing adoption of yield monitoring technology 

Using Agricultural Resource Management Survey (ARMS) data collected over the past 10 years, 
an USDA/ERS report found that adoption by farmers of the main precision information technologies – 
yield monitors, variable-rate applicators and GPS maps – has been mixed (Schimmelpfenning and 
Ebel, 2011). While yield monitoring – often a first step in the utilisation of precision technology for 
grain crop producers – has grown most rapidly (being used on over 40% of grain crop area), farmers 
have mostly chosen not to complement this yield information with the use of detailed GPS maps or 
variable-rate input applicators that capitalise on the detailed yield information. Farm operator education, 
technical sophistication and farm management acumen are among the factors cited in the report that 
could be contributing factor in this adoption lag. 

The study reports that yield monitors are being adopted more quickly by farmers who practice 
conservation tillage. Adoption of guidance systems, which notify farm equipment operators as to their 
exact field position, is showing a strong upward trend, with 35% of wheat producers using it by 2009. 
Farmers who adopted of yield monitors achieved higher maize and soybean yields than non-adopters. 
Even though the adoption of GPS mapping is less prevalent than yield monitors, both maize and 
soybean farmers achieved higher yields nationwide when GPS was used. Likewise, when variable-rate 
technology was used to apply fertiliser, higher yields were obtained for both crops. Average fuel 
expenses, per area planted, for both maize and soybean are lower for farmers who use yield monitors. 
Variable-rate technology for fertiliser application is associated with lower fuel expenses for both maize 
and soybeans. 

The precision agriculture services dealership survey, conducted biennially, provides an extensive 
data source on the use of precision agriculture technologies and offers of related services by US 
dealerships (Holland et al., 2013). Figure 6.1 illustrates that in 2013 more than 50% of surveyed crop 
input dealers in the US offered variable rate application services for single nutrients. For multi-nutrient 
applications, dealerships reported slightly lower adoption rates. The projections for 2016, made by 
survey participants, show expectations of increased demand in areas of variable rate seeding and 
variable rate pesticide use. 

Figure 6.2 shows the adoption of precision technologies by service providers from 2004-13. GPS 
guidance with auto control (auto-steer) shows the highest positive changes in terms of adoption rates 
over time. Other technologies, like field-mapping or GPS for logistics, show increasing adoption rates, 
albeit, on a much lower level compared to GPS guidance with auto control (auto-steer). 
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Figure 6.1. Variable rate application of precision technology 

 
Note: 171 survey respondents in 34 states. 
Source: Adapted from Holland, J.K., B. Erickson and D.A. Widmar (2013), 2013 Precision Agricultural Services Dealership 
Survey Results. 

Figure 6.2. Adoption of precision agriculture technology over time by service providers 

 
Note. 171 survey respondents in 34 states. 
Source: Figure 20 in Holland, J.K., B. Erickson and D.A. Widmar (2013), 2013 Precision Agricultural Services Dealership 
Survey Results. 

Germany: Increasing adoption by farmers 

Reichardt and Jürgens (2009) provide the most current and comprehensive data regarding the 
adoption of precision agriculture technologies by German farmers. Their study showed that the 
percentage of precision farmers increased from about 7% in 2001 to more than 10% in 2007. The study 
found that most farmers who have adopted precision farming technologies are more active in terms of 
data collection techniques compared to variable rate application techniques. 
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United Kingdom: Increasing adoption by farmers  

In England, GPS technologies, particularly auto-steering and auto-guidance systems, were adopted 
by 22% of surveyed farms in 2012. Adoption of other precision agriculture applications (soil sampling 
technologies, variable rate application techniques or yield mapping) increased between 2009 and 2012 
(Table 6.2).  

The two most common reasons for adopting precision farming techniques were to improve 
accuracy in farming operations (76% of farms in 2012) and to reduce input costs (63% of farms in 
2012). Almost half of the farmers in the 2012 survey who did not use any technique claimed that they 
were 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 concerned; and a similar 27% said that they were too 
complicated. 

Table 6.2. Proportions of farms using precision farming techniques 

2009 2012 

Technique % of holdings 

GPS (Global Positioning System)* 14 22 

Soil mapping 14 20 

Variable rate application 13 16 

Yield mapping 7 11 

Telemetry 1 2 

Note. Based on responses from a minimum of 1392 farms in 2009 and 2731 in 2012. 
Source: Adapted from Department for Environment, Food and Rural Affairs (DEFRA) (2013), Farm Practices Survey Autumn 
2012- England, www.gov.uk/government/uploads/system/uploads/attachment_data/file/181719/defra-stats-foodfarm-environ-
fps-statsrelease-autumn2012edition-130328.pdf (last accessed 4 February 2014).  

Important efficiency and resource productivity gains 

Farmers who have already adopted precision agriculture technologies or are planning to adopt it 
have done so mainly because of the expected higher profitability (Diekmann and Batte, 2010; 
Reichardt et al., 2009). The use of precision agriculture technologies contributes to enhanced technical 
and allocative efficiency, incorporating advanced information sources and techniques for more efficient 
management. Precision agriculture inherently increases resource productivity by using natural resources 
more efficiently.  

As noted earlier, precision agriculture is an information-based, decision-making approach to farm 
management, designed to improve the agricultural process by precisely managing each step. In this 
manner, precision agriculture can provide a management approach, optimising both agricultural 
production and profitability, and reducing the use of inputs (machinery, labour, fertiliser, chemicals, 
seeds, water, energy, etc.), leading to improvements in productivity, the management and quality of the 
work, and also environmental benefits. 

Precision agriculture aims to use either less inputs to generate similar crop yields, or the same 
amount of inputs resulting in higher crop yields due to more efficient input use. Typically, precision 
agriculture is associated with investments allocated to land use. The costs associated with precision 
agriculture implementation are information costs, expenses involving data processing, software and 
hardware, and learning costs for the farmer to develop management schemes and calibrate the 
machinery. On the other hand, fuel and fertiliser expenses might be expected to decline with adoption of 
precision technologies, as compared with conventional farming. The various technologies contribute to 
the technical and allocative efficiency in different ways and profitability may vary tremendously. 
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Controlled Traffic Farming (CTF) and auto-guiding systems are the most successful applications 
on arable land, showing clear benefits in nearly all cases. For variable rate technology methods, such as 
optimising fertiliser or pesticide use to areas of need, the success varies greatly according to the specific 
factors of the application. 

Several studies have reported no appreciable economic benefit resulting from the use of variable 
rate technology for fertiliser application. The economic benefits of the adoption of variable rate 
application methods varies, depending upon the type of crop, the geographic area, the field size and type 
of agriculture, whether it is water- or nutrient-limited, and upon the actual inputs used. Experimental 
studies have led to different economic effects depending on the element considered (i.e. variable-rate 
nitrogen application, phosphorus and potassium). 

A mixed picture can be drawn from experiences with variable rate applications of nitrogen in the 
United States, Australia and Denmark, as such applications may not necessarily result in lower fertiliser 
application rates (Box 6.2). A different picture is given with the challenge of a site-specific supply of 
phosphorus and potassium. From an agronomic point of view, in arable systems, phosphorus and 
potassium fertiliser can be applied every few years, according to the nutrient status of the soil, and it is 
often unnecessary to adjust the fertiliser supply to the actual needs of the current crop. 

Thus, precision agriculture concepts for phosphorus and potassium are generally more related to 
the status of the soil. Especially for bigger fields, service providers can offer mapping of soil nutrient 
status, which can be used as a recommendation for phosphorus and potassium fertiliser application. 

A similar situation arises with site-specific application of lime. Soil pH is an important agronomic 
parameter, which can vary substantially across fields. The soil pH directly influences nutrient 
availability for plants because nutrients in the soil become soluble only within a certain pH range. An 
imbalanced pH leads to economic losses and environmental problems. Thus, variable rate application of 
lime can optimise nutrient availability for all parts of the field. Soil mapping or on-the-go soil pH 
sensing systems can be used to map the spatial distribution of pH in the field and prescribe the 
appropriate lime application rates (Bongiovanni and Lowenberg-DeBoer, 2000; Wang et al., 2003).  

Precision weed and pest management can contribute to a drastic reduction the application of 
pesticides and thus contribute to increased efficiency of their use. Automatic guidance systems are well 
known to increase input efficiency by avoiding application overlaps. The economic advantages are well 
documented and contribute to the success of precision agriculture technology (Knight et al., 2009). 

For example, the investments required for the implementation of automatic guidance systems are 
generally lower than other precision agriculture technologies, the risk is lower, and the results obtained 
are more convincing for the farmer. Additionally, automatic guiding systems are easy to use and they do 
not require agronomic experience, producing benefits, such as profitability, by reducing input costs 
(seeds, fertiliser, chemicals, fuel and labour) and increasing yields, work simplification and speed, work 
comfort and ability to extend the working hours on the field.  

Nevertheless, precision agriculture technologies are designed for optimal input use rather than 
increased output per ha. Also, production functions are mostly unaffected by precision agriculture 
technologies, with the exception of precision irrigation, which generally enables higher crop yields. 
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Box 6.2. Economic impacts: What does the empirical evidence show? 

A review of 234 studies published from 1988 to 2005 showed that precision agriculture was found to be profitable in an 
average of 68% of cases (Griffin and Lowenberg-DeBoer, 2005). The USDA/ERS report found that in the United States: 
i) corn and soybean yields were significantly higher for yield monitor adopters than for non-adopters nationally; ii) corn 
and soybean farmers using yield monitors had lower per-acre fuel expenses; iii) average per-acre fertiliser expenses 
were slightly higher for corn farmers who adopted yield monitors, but were lower for soybean farmers; iv) average fuel 
expenses were lower, per acre, for farmers using variable-rate technologies for corn and soybean fertiliser application, as 
were soybean fuel expenses for guidance systems adopters; v) adopters of GPS mapping and variable-rate fertiliser 
equipment had higher yields for both corn and soybeans (Schimmelpfenning and Ebel, 2011). Godwin et al. (2003) 
showed that in 2001 low-cost precision farming technology could be profitable on farms of 80 ha farm size or over, while 
the breakeven area for integrated systems was 250 ha. As cereal and N fertiliser prices have doubled since then, while 
the cost of the technology has remained stable, the breakeven area has decreased and the profitability of precision 
farming on medium-sized farms has improved. This trend is likely to continue. The assumption that uptake is going to 
increase in the future is also supported by the findings that precision farming adopters are more likely to be younger 
(Diekmann and Batte, 2010) and to have college or university degrees (Diekmann and Batte, 2010, Reichardt 
et al., 2009) – the general trend is towards an increasing level of education and younger generations are going to be 
more familiar with information technology. 

Variable rate technologies 

Thöle and Ehlert (2010) analysed a mechanical crop biomass sensor (“crop meter”). They found that the use of the 
sensor could improve N efficiency by 10-15%, reducing N fertiliser applications without impacting crop yield. A German 
provider for precision farming technologies reported a 5% higher crop yield in winter wheat with the same amount of 
fertiliser applied and a 5% increase in crop yield, with 12% reduction of fertiliser applied.1 Dillon and Kusunose (2013) 
illustrate that, with theoretical considerations for fertilising maize in the United States, a variable rate approach may not 
necessarily result in lower fertiliser application rates. A similar mixed picture can be drawn from experiences with variable 
rate applications of nitrogen in Australia, Denmark and elsewhere (Lawes and Robertson, 2011, Biermacher et al., 2009, 
Boyer et al., 2011; Berentsen et al., 2002, cited in Oleson et al., 2004). 

Studies by Anselin et al. (2004) and Meyer-Aurich et al. (2008, 2010) concluded that the economic gross advantage of 
site-specific management of nitrogen fertiliser in Germany ranges between EUR 10 per ha and EUR 25 per ha, 
depending on the type of sensor used and size of the field, with improvements on N efficiency by 10-15%, by reducing 
the application without impact on crop yield. In such cases, the economic assessment concluded that the size of the field 
needed to be greater than 250 ha to obtain financial benefits. Other studies claim that economic and statistical analyses 
over a period of ten years showed no statistically significant economic advantage in sensor-based fertiliser application 
(Boyer et al., 2011). This conclusion is consistent with earlier observations (Liu, Swinton and Miller, 2006; Anselin 
et al., 2004), who calculated profitability below EUR 8 per ha, which hardly covers the costs of application. Studies in 
Denmark showed no economic effect from sensor based fertiliser redistribution in the field according to high- and low-
yield zones (work by Berentsen, cited in Oleson et al., 2004). 

Automatic guidance systems 

The economic benefits of guiding systems in the United Kingdom were estimated for a 500 ha farm to be, at least, at 
EUR 2.2 per ha (Knight et al., 2009), but the benefits grow if other more complex systems are adopted, such as 
controlled traffic farming (2-5%), which would lead to additional returns of EUR 18-45 per ha for winter wheat cultivation. 
In Germany, economic benefits due to savings of inputs were assessed at EUR 27 per ha for the case of winter wheat.  

1. www.agricon.de/nc/de/produkte-leistungen/sensoren-agronomie/effekte-im-
getreide?cid=2743&did=1718&sechash=fb130ca9 

The positive effects of precision agriculture on the natural resource base can be further achieved 
with precision pest management. Another positive effect of precision agriculture can be expected from 
controlled traffic farming, where less driving is needed, which releases the land allotted to driving 
tracks for crops in a more resource efficient way, and with less soil compaction from heavy farm 
machines. 
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The use of precision agriculture technologies needs to result in higher revenues to cover the costs 
of the technologies. However, even if precision information is accurate, poorly timing the application of 
inputs can negatively impact the environment. For example, Morari et al. (2013) have indicated that 
high quality standards for wheat grains may create incentives to fertilise wheat at very high rates in 
order to capture economically attractive premiums for high quality wheat. 

Precision agriculture technologies could be used to secure this economic potential. Meyer-Aurich 
et al. (2010) showed incorrect fertiliser decisions can be costly if quality of the output, in addition to 
yield, is influenced by the application rate. Considering quality enhances the opportunity for site-
specific management to be profitable, as the benefits of variable rate technology compared to uniform 
management increases with the degree of heterogeneity. In this case, it is only with the availability of 
precision agriculture technologies that it becomes possible to achieve a higher quality. 

Positive employment effect in the up- and down-stream sectors, but variable for the on-farm sector 

There is limited information available on the effect of precision agriculture on employment or farm 
labour. However, CropLife's 2013 survey provides indirect trends of precision agriculture on labour off 
the farm (Holland et al., 2013). It can be supposed that equipment manufacturers, dealers, retailers or 
input suppliers have a growing demand for employees with a precision agriculture background. 

There is anecdotal evidence that precision agriculture technologies require more office time, 
compared with conventional farming (Möbius, 2012). Meyer-Aurich et al. (2008) provide an economic 
analysis of precision farming technologies at the farm level and find, depending on farm size and 
structure, that the implementation of precision agriculture technologies can reduce labour requirements 
due to the automation potential of variable rate technologies. 

This is confirmed by Pedersen et al. (2006), who conclude that autonomous systems are capital-
intensive, but less labour-intensive, as they are more flexible than conventional systems and may 
significantly reduce labour costs and restrictions on the number of daily working hours. Kingwell and 
Fuchsbichler (2011) showed that under Australian conditions labour input, and therefore cost, could be 
reduced through CTF compared with conventional farming systems. However, Maheswari et al. (2008) 
found that labour cost per ha (for vegetable production) may increase significantly with the adoption of 
precision agriculture compared with conventional farming. 

The adoption of precision farming practices has impacts on the management and organisation of 
the farming system. This includes the implementation of on-farm IT systems and processes. Depending 
on the approach, this could include services from precision agriculture service suppliers and extension 
services. Precision agriculture practices, such as guidance systems, may increase the availability of 
labour, which has an indirect effect on other farming practices. Furthermore, the adoption of precision 
agriculture technologies may have impact on the farming practices of neighbouring farmers through 
land or technology leasing (Batte, 2003). 

In summary, it can be presumed from the available information that precision agriculture 
technologies have a positive employment effect in the up- and down-stream sectors, whereas the on-
farm effects may be negative due to the automation potential of precision agriculture technology. 
Nonetheless, it can be expected that precision agriculture technologies will increase on-farm workforce 
productivity. Give the limited research results in this area, research will need to analyse the employment 
effects of precision agriculture in more detail. 

Improved environmental footprint of agriculture 

Although the possible use of precision technologies to manage the environmental side effects of 
farming and to reduce pollution is appealing, little assessment has been made on the benefits provided 
to the environment and no quantified figures are available. 
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Some research has shown that site specific management of inputs such as fertilisers and chemicals 
that are required by precision agriculture technologies can reduce the environmental footprint of 
agriculture. For example, by providing an opportunity to reduce physical overlap between machinery 
passes, precision farming reduces GHG emissions and lowers diffuse water pollution from fertilisers, 
agro-chemicals and fuel. GPS mapping and guidance systems can reduce the need for over-spraying by 
precisely defining the borders of previously sprayed areas. 

Other examples include nitrate leaching in cropping systems, demonstrating that variable rate 
application methods were successful in reducing groundwater contamination and that precision 
agriculture methods may reduce erosion when precise tillage is conducted. A literature review on the 
environmental effects for whole field or conservation tillage with precision agricultural practices is 
provided by Bongiovanni and Lowenberg-Deboer (2004). 

Impediments to nurturing the green growth potential 

Precision agriculture remains in the early stages of adoption and the suite of information 
technologies are not expected to be adopted universally across and within countries. The high cost and 
complexity of the technology, farm-operator education and farm management acumen, as well as failure 
to deliver the expected economic benefits in some instances, are among the main factors which have 
hindered wider adoption as cited in several studies (Khanna et al., 1999; Griffin et al., 2004; Reichardt 
and Jürgens, 2009; Robertson et al., 2012; Rutt, 2011). More widespread adoption would largely depend 
on the extent to which precision agriculture technologies become less expensive, and/or easier to install 
and maintain.  

Farm structural characteristics are critical drivers of adoption 

Precision agriculture is effectively a suite of methods, approaches and instrumentation that farmers 
should examine in detail to decide which is the most suitable for their business. Farm-level factors such 
as farm size, field size, field geometry, and soil heterogeneity play a prominent role in the adoption of 
precision agriculture technologies and therefore strongly influence its growth potential. Since one of the 
goals of variable rate technology is to manage in-field soil heterogeneity, it is clear that a reasonable 
amount of observable soil heterogeneity is a prerequisite. However, if precision farming technology 
results in low to moderate changes in input levels at a given location within a field, there is a high 
probability that improved profits will be very low.5 

Regarding farm size, economies of scale are an important issue when calculating the economic 
benefit and discussing the adoption of cost-intensive precision agriculture technologies, as cost/benefit 
estimations require a minimum farm size in order to depreciate the investment over the entire farm 
(Kingwell and Fuchsbichler, 2011). In the European Union, studies demonstrate that auto-guidance 
systems are profitable when they are implemented on fields of 100-300 ha (Frank et al., 2008; Lawes 
and Robertson, 2011).6 

Another important aspect for successful adoption is the suitability of the fields for the 
implementation of precision agriculture methods. Where field size is small, or when the farmer does not 
own the technology, specialist contractors, sharing of farming methods and co-operative approaches 
may be suitable ways to introduce precision farming technologies. 

Wagner (2009) provided cost estimations for three different technological approaches for site-
specific nitrogen fertilisation (Table 6.3). Annual costs of a sensor system decreased from EUR 21.38 
per ha, assuming a cropping area of 250 ha, to only EUR 5.35 per ha for a cropping area of 1 000 ha. As 
a consequence, many reports show that increasing farm size has a positive effect on the probability that 
precision agriculture technologies are adopted (e.g. Roberts et al., 2004; McBride and Daberkow, 2003).  
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Table 6.3. Estimated costs for three site-specific fertilisation strategies 

Map Sensor Net 

Hardware/ software 

Terminal with GPS 
(EUR 4 800), yield monitor for 
the harvest combine  
(EUR 8 500), GIS- Software 
(EUR 1 500)  

Yara-N-Sensor® with terminal 
and installation  
(EUR 22 350)  

Yara-N-Sensor® with terminal 
and installation 
(EUR 22 350), yield monitor 
for the harvest combine  
(EUR 8 500)  

Annual costs* EUR 3 010 EUR 4 545 EUR 6 274 

Additional information - - 
Electrical conductivitiy 
measurements (EUR 5, once 
within 6 years)  

Annual costs per ha* - - EUR 1.02 

Service provider Map preparation 
(EUR 2/ha) 

Annual system check 
(EUR 800) 

Data processing, decision 
rules preparation (EUR 2/ha) 
annual system check 
(EUR 800)  

Annual costs* EUR 2/ha EUR 800 p.a. EUR 2/ha + EUR 800 p.a.
Cost/ha (area 250 ha) EUR 14.04 EUR 21.38 EUR 31.31 
Cost/ha (area 500 ha) EUR 8.02 EUR 10.69 EUR 17.17 
Cost/ha (area 1000 ha)** EUR 5.01 EUR 5.35 EUR 10.09 

*  Calculated according to the annuity method, depreciation time six years for hardware and software, interest rate 6%. 
** The second combine necessary for 1 000 ha is not equipped with a yield monitor. 
Source: Wagner, P. (2009), “The economic potential of Precision Farming – An interim report with regard to nitrogen 
fertilization”, in E.J. van Henten et al. (2009), Precision Agriculture ’09. 

High level of farmer expertise is required 

Precision farming is an agricultural system approach that demands a high level of expertise due to 
its information-intensive and embodied-knowledge features. The concept of precision farming is 
primarily based on data collection, data processing and variable rate application of inputs. The challenge 
in using precision agriculture technology to its fullest potential is in incorporating all the data into a 
workable plan for an individual field. With the overwhelming amount of data that can be collected from 
seeding through which harvest, translating this data into useable information may require more time 
than some farmers are willing to invest. 

Low awareness, time requirements to get used to the technology, lack of technical knowledge, 
incompatibility of machines from different manufacturers, the high cost of the technology and the 
difficulty in quantifying the benefits of precision farming are among the main barriers mentioned most 
frequently by farmers in the United States, Europe and Australia (Diekmann and Batte, 2010; Reichardt 
et al., 2009; Reichardt and Jurgens, 2009). 

Farmers using this technology can be overburdened by its complexity. An enabling policy 
environment can play an important role in facilitating farmers’ uptake of precision agriculture by 
providing support and advice to farmers within the wider agricultural knowledge and innovation system 
(AKIS) of the country, where multiple stakeholders interact. Acquisition and transfer of precision 
farming knowledge should be as simple as possible. Several studies of precision farming conducted in 
the United States, the United Kingdom, Denmark and Germany identified the high costs involved and 
the time-consuming learning process required as the primary factors behind the slow dissemination of 
precision-farming knowledge. 

For farm information technologies, Fernandez-Cornejo et al. (2001) find that farm operators who 
study beyond high school have a 15% greater likelihood of adopting precision technologies. Griffin 
et al. (2004) consider the adoption of precision agriculture to be “human capital intensive”. These 
observations could be related to an element of technology adoption that has been noted in other 
agricultural settings: learning-by-doing. Aversion to risk has been shown to have a large negative 
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impact on the adoption of information technologies, contributing more than all other factors combined 
(Fernandez-Cornejo, et al 2001). 

Factors that slow adoption in some regions are related to social capital and the strength of 
information networks. Kutter et al. (2011) analysed social factors, such as the role of communication 
and co-operation with regard to the adoption of precision farming technologies. In terms of 
communication, they studied various information sources and communication channels and their impact 
on adopting precision agriculture technologies. Additionally, joint investments, agricultural contracting 
and data out-sourcing were investigated as possible forms of co-operation. 

Based on qualitative interviews, Kutter et al. (2011) came to the conclusion that professional 
literature, field days, and exhibitions played a key role as communication instruments. Furthermore, 
they concluded that co-operation between contractors, farmers and industry was important to advance 
the adoption process.  

These conclusions are in line with Aubert et al. (2012), who also pointed out the importance to co-
ordinate all stakeholders (farmers, input suppliers, equipment manufacturers and dealers) in order to 
improve adoption of the technology. Such co-ordination could be organised by co-operatives or farmers 
associations (Aubert et al., 2012). McBride and Daberkow (2003) observed that personalised technical 
support (e.g. from crop consultants/input suppliers) was extremely important in terms of the probability 
that precision farming technologies would be adopted at the farm level (see also Bramley and 
Trengove, 2013). 

Aubert et al. (2012) recognised training programmes as important in the adoption process of 
precision agriculture technologies. Zhang et al. (2002) also found that educational programmes 
involving various stakeholders (researchers, industry, extension specialists and consultants) were 
needed to speed up the implementation of precision agriculture technologies. Reichardt et al. (2009) 
came to similar conclusions, underlining the importance of teaching precision farming at vocational and 
technical schools in order to improve implementation.  

Further relevant social and socio-economic factors discussed in the literature were farmers’ 
education and age (see Adrian et al., 2005; Aubert et al., 2012; Walton et al., 2008). McBride and 
Daberkow (2003) showed that the probability of precision agriculture adoption declined with age. 
However, Aubert et al. (2012) found no correlation between the age of farmers and adoption rates. 

With regard to education, higher levels of education influence the probability of adoption (Aubert 
et al., 2012; Reichardt and Jürgens, 2009; McBride and Daberkow, 2003), since the technology is 
sophisticated and often complicated to use. However, Pannell et al. (2006) argued that participation in 
technology-relevant training courses may be more important than the level of education, when 
predicting adoption. 

High start-up costs hinder adoption 

The relative advantage of precision agriculture technologies compared to conventional agriculture 
(e.g. uniform input management) is an important factor influencing adoption (Aubert et al., 2012), and, 
therefore, the growth potential of the technology. The relative advantage can have economic, social, or 
environmental dimensions (Pannell et al., 2006). 

In terms of economic relative advantage, it can be stated that for most variable rate technologies, 
farm level economics currently shows mixed results, resulting from: high technology and learning costs, 
the complexity of the technology, missing compatibility of technology components, sub-optimal or 
missing decision algorithms, and the limiting effect of flat pay-off functions. For instance, according to 
the method of managing nitrogen fertiliser used, the site-specific, annual technology costs (not 
including the learning cost) vary between EUR 3 010 and EUR 6 274 (Table 5.3). This is a large capital 
investment to make, in order to achieve more precisely managed nitrogen fertiliser application.  
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An early review of 108 studies provided by Lambert and Lowenberg-DeBoer (2000) shows that 
63% of the analysed studies reported positive net returns from precision agriculture approaches. 
However, 11% of the studies showed negative returns, and 26% indicated mixed results (Lambert and 
Lowenberg-DeBoer, 2000). Although this review is now 14 years old, it still reflects the economic 
situation of precision agriculture (Table A6.1).  

Another important factor influencing the relative advantage and therefore the growth potential of 
precision agriculture applications is the availability of appropriate decision algorithms. These 
algorithms make collected site-specific data relevant in terms of site-specific management. Without 
decision algorithms, farmers are unable to transfer collected site-specific information into site-specific 
management. There is a complex interaction of agronomic, disease, and soil moisture factors in site-
specific management. For example, soil agronomy can impact soil moisture movement and the 
prevalence of disease on a fine scale within any individual field. 

The algorithms mentioned above can be set to meet different criteria. For instance, yield 
maximisation may not be the goal on all sections of a field.  Programs for field operations are being 
developed to minimize costs on pre-determined sites that are known to be lower yielding within a 
farmer’s fields. McBride and Daberkow (2003) and Reichardt and Jürgens (2009) provided empirical 
evidence for this argument. They showed that the percentage of farmers who adopted data collection 
(diagnostic) techniques was much higher than the percentage of farmers who actually used this 
information for site-specific management. Wagner (2009) highlighted the importance of decision rules 
for the economics of precision farming. Gandorfer et al. (2011) also stated that the development of 
decision algorithms with economic objectives was a major determinant for the future of precision 
agriculture applications. 

Finally, Aubert et al. (2012) clearly showed that most of the factors discussed above were very 
important for the adoption decision. To a large extent, these findings are also confirmed by survey 
results from Reichardt and Jürgens (2009), presented in Table 6.4.  

Overall, the circumstances described above lead to the low adoption levels of many variable rate 
technologies. In contrast, the more discernible relative economic and social advantage of auto guidance 
systems or automatic section control of sprayers leads to much higher levels of adoption. 

From an environmental point of view, it could be suggested that precision agriculture technologies 
provide relative advantages if underlying decision algorithms follow or include environmental 
considerations. However, the relative advantage in environmental terms does not seem to be (at least 
currently) a main driver for adoption (Reichardt and Jürgens, 2009). 

Table 6.4. Reasons why farmers hesitate to implement precision farming  
(more than one possible answer) 

Answers 2001* 
(N=126) 

2003 
(N=137) 

2005 
(N=167) 

2006 
(N=47) 

Machinery is still too expensive 42.1 44.1 62.9 63.8 
The techniques of precision farming are very complicated 6.3 5.1 11.4 8.5 
The benefit of PF-techniques is not yet proved 11.1 9.6 9 4.4 
Waiting until PF is no longer problematic 28.6 20.6 24 25.5 
I will use PF but I have no time  15.4 9.6 13.2 6.4 
My fields are too small 15.4 18.4 17.4 46.8 

Values are expressed in %. 
* Surveys were conducted from 2001 to 2005 at the Agritechnica fair and in 2006 at the DLG field days. 
Source: Adapted from Reichardt, M. and C. Jürgens (2009), “Adoption and future perspective of precision farming in 
Germany: Results of several surveys among different agricultural target groups”, Precision Agriculture. 
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Notes 

 

1. CTF methods involve confining all field vehicles to the minimal area of permanent traffic lanes 
with the aid of GNSS technology and decision support systems. 

2. The growing interest in Europe in the CTF technology is reflected in the creation of an European 
association aiming at fostering its development (www.controlledtrafficfarming.com). 

3. An example is PA methods in viticulture, where grape quality assessment and yield maps obtained 
from remote sensing and field instruments avoid mixing grapes of different potential quality during 
harvest.  

4. Data source is the ABS ARMS survey, Number of agricultural businesses using controlled traffic 
farming. 

5. This means that even quite large deviations from optimal management decisions of inputs 
(e.g. nitrogen) may make little absolute difference to the expected payoff. In other words, the 
payoff function is flat near the optimum, often over quite a wide range (Pannel, 2006). 

6. Regarding resource efficiency and individual treatment of land areas, plants or animals, it is 
important to gain awareness of variation within the field or animal herd. On small farms, simple 
applications based on, for example, mobile phones and identification tags are often adequate to 
create awareness about the site or animal specific variation, and these applications can guide the 
user in decision-making (e.g. Cunha et al. 2010; Delgado et al., 2013; So-In. et al., 2014). 
Treatments may include manual control when seen necessary if automated solutions are too 
expensive. 
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