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Abstract

The development of technologies in the 20" century led to evolution of pre-
cision agriculture concept. Nowadays, precision farming is usually associated
with the use of GPS and satellite navigation, GIS, unmanned airplanes and
drones, variable rate of application, as well as complex and sophisticated com-
puter systems and sofiware. On the other hand, the main question is related
to the profitability and efficiency of these technologies and the opportunities
for their adoption. The main purpose of the research is to investigate the most
popular concepts of precision farming and to analyze the technical and eco-
nomic efficiency of different technologies based on literature review. The results
indicate that the adoption of precision farming technologies is closely related to
the farmer s perception of and needs for institutional support. The promotion of
precision farming under the Common Agricultural Policy is necessary in order
to overcome the number of economic and environmental challenges and ensure
sustainable development and green growth.
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Introduction

Precision farming has been a term in agricultural science and practice for a long
time. Since the first precision farming workshop organized in Minneapolis in 1992,
it has became the subject of numerous conferences. In Australia, precision agriculture
symposium has been held since 1997. Precision farming was formally recognized as
a definition and concept in the United States of America by the US Congress in 1997.

For better understanding of the evolution of precision agriculture over the
years, it is necessary to note some essential features of the concept. In the past,
when the predominant forms of organization were small scale family farms, it was
possible for farmers to observe the spatial variability of soil and its effects on crop
production. As a result, they managed the crop yield based on the differences.
Mechanization of agriculture was, as a consequence, applied to economical crop
management in large areas with uniform use of inputs. A farmer, who currently
cultivates larger areas with uniform management, uses less agronomic informa-
tion than 10 farmers who previously cultivated the same area. The development
of the Global Positioning System (GPS) made possible to reverse the process. The
implementation of GPS combined with special equipment capable of measuring
the variability and application of inputs (fertilizers, herbicides) is essential for
precision agriculture development.

The right agro techniques, crop varieties and rotation, chemical and fertilizer
inputs, variation of conditions between fields and on one field, as well as crop
monitoring, etc. allow the farmer to obtain high yields, minimize inputs and opti-
mize profits.

The main objective of the study is to investigate the most popular concepts of
precision farming and to analyse the technical and economic efficiency of different
technologies based on the literature review.

The paper is structured as follows: first part analyses different definitions and
concepts of precision farming. Second part presents the major components of pre-
cision agriculture. The third part presents economic studies related to the topic.
Finally, the last part draws some conclusions and gives some recommendations.

Material and methods

The report summarizes precision farming definitions and observes the main
concepts, technologies based on the results from various studies, documents, strat-
egies. The study does not claim to be detailed and exhaustive but could be a start-
ing point for conclusions and a prerequisite for further findings and measurements.
The survey applies historical, comparative, monographic methods of analysis. This
study uses the method designed by Knowler and Bradshaw (2007), providing the
research stages step by step. Although the method does not involve statistical pro-
cedures, it is sufficient for fulfilling the objectives of this paper.
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Results and discussions

Concept and definitions

Prior to the industrial revolution, small fields were typical for agriculture. In the
past, farmers had a detailed knowledge of their production system without actu-
ally quantifying the variability. The mechanization and pressure for greater profit,
caused domination of large-scale uniform, average agricultural practices. The ad-
vance of technology in the late 20™ and early 21* centuries, allowed agriculture to
develop. Nowadays, on agricultural market, when the profitability is getting lower,
farmers look for technologies that minimize costs without reducing production.

Precision agriculture is a concept based upon observing, measuring and respond-
ing to field variability in crops or in aspects of animal rearing. The first official defi-
nition of precision agriculture came from the US House of Representatives in 1997,
which identified precision agriculture as “an integrated information- and produc-
tion-based farming system that is designed to increase long-term, site-specific and
whole farm production efficiency, productivity and profitability while minimizing
unintended impacts on wildlife and the environment” (US House of Representa-
tives, 1997, Bill No. H.R.2534). This definition emphasizes management strategy
using information technology and highlighting the improvements on production
while reducing environmental impacts. It is important to mention that precision
agriculture could be implemented not only to cropping systems, but also to animal
industries, fisheries, forestry.

The definition presented by the US Congress noted that precision agriculture is
an evolving management strategy. Its main feature is decision making with regard
to resource-use and not necessarily the adoption of information technology. The
decisions could depend on changes on one field at a certain time in the season or
changes over a season or seasons. Better solutions could provide many benefits
(economic, environmental and social) that may or may not be known at present.

There are many other definitions of precision agriculture which depend on
the different ideas of what the term should encompass. Some definitions focus
on the strategic nature of precision farming: its ability to obtain data and convert
it into information for the future decision making (Lowenberg-DeBoer and Boe-
hlje, 1996). Other definitions concentrate on precision agriculture as a produc-
tion system and management adaptation (McBratney, Bouma, Whelan and Ancev,
2005; Seelan, Laguette, Casady and Seielstad, 2003; van Meirvenne, 2003; Neme-
nyi, Mesterhazi, Pecze and Stepan, 2003; Cook and Bramley, 1998; Cook, Corner,
Riethmuller, Mussel and Maitland, 1996). Some authors observe precision agricul-
ture in a wider context and define the term as a philosophical shift in management.
The main purpose of precision farming is to optimize long-term, site-specific and
whole-farm productivity, and to minimize impacts on the environment (Whelan
and McBratney, 2000, 2001).

In some studies, precision farming is defined as an information technology ap-
plied to agriculture (Lowenberg-DeBoer and Boehlje, 1996). This definition is wid-
er than the others, because it observed the potential benefits of precision farming
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that may extend beyond the farm-gate. They include also product tracking, quality
monitoring and environmental performance measuring (McBratney et al., 2005).

Among others, the simplest description of precision agriculture is a way to
“apply the right treatment in the right place at the right time” (Gebbers and Ad-
amchuk, 2010, p. 829).

Precision agriculture and the application of information technologies, together
with production experience could lead to: optimization of production efficiency
and quality; minimization of environmental impact and risk.

In recent years, precision farming is evolving and today is defined as “an envi-
ronment friendly system solution that optimizes product quality and quantity while
minimizing cost, human intervention and the variation caused by unpredictable na-
ture” (Gebbers and Adamchuk, 2010). These definitions of precision farming include
terms related to risk, environmental effects and degradation, as significant issues in
the 21% century. Precision agriculture becomes a management practice of increasing
interest because it links to key drivers directly related to worldwide issues, such as
sustainable agriculture and food security (Gebbers and Adamchuk, 2010).

Precision agriculture involves the application of technologies and agronomic
principles to manage spatial and temporal variation associated with all aspects of
agricultural production in order to improve crop performance, optimizing returns
on inputs, and environmental quality, reducing environmental impacts (Rees, Grif-
fiths and McVittie, 2018; Garibaldi et al., 2017). In addition, European Commission
(2016) reports the following benefits from precision farming: increased production,
real time data and production information, better quality, improved livestock health
and lowered production cost.

Precision farming is an innovative approach which implements technologies
in order to reduce cost, risk and increase productivity, profitability and maintain
sustainability.

Precision farming main components

The basic technology that led to the development of the concept of precision
farming was the creation of the GPS system by the US Department of Defense in
the late 1970s. GPS has the ability to determine the exact location, 24 hours a day,
to within a few centimetres. This information could make field processing with
great localization accuracy.

The implementation of precision agriculture is possible thanks to the evolu-
tion of sensor technologies that could be combined with procedures link mapped
variables to appropriate farming management actions such as cultivation, seeding,
fertilization, herbicide application, and harvesting.

The progress of precision farming is made in parallel with the rapid develop-
ment and improved accuracy of the Global Navigation Satellite System (GNSS)
since 1999. In fact, GNSS technology is widely used in many farms to perform
tasks related to automatic control systems and use of geo-reference information.
GNSS helps to the improvement machinery guidance, automatic control and con-
trolled Traffic Management Systems.
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Another significant component of precision farming is the use of Variable Rate
Technology (VRT) which allows for precise seeding, planting optimization, densi-
ty and improved application rate, efficiency of herbicides, pesticides and nutrients.
As a result, reduced costs and environmental impacts could be achieved.

Recognizing different wave lengths multi-spectral and hyperspectral cameras
on board and satellite platforms are often intended to provide information on
vegetation indices, for example, monitoring for chlorophyll content, stress level
and their variation in space and time data. Special attention is paid to the use of
low-cost unmanned aerial vehicles (UAV), often called drones, but now more
correctly termed remotely piloted aerial systems (RPAS), originally developed
for military purposes.

Digital technologies could support European farmers to “achieve more with
less”. They also hold the promise to address current and future challenges, from cli-
mate change, responsible use of scarce natural resources, to food security. Existing
and new technologies, such as the Internet of Things, artificial intelligence, robotics
and big data can contribute to making processes more efficient and can lead to the
creation of new products and services.

Important part of the precision farming technologies is the farmer and his per-
ceptions. This process started in the early 1990s by the best-oriented farmers with
enthusiasm, followed by discouragement due to the lack of support and the relatively
low profitability. The adoption of this approach is currently based almost entirely on
the private sector, offering farmers, devices, products and services. Unfortunately,
national advisory services in the agriculture are very limited (Hristov, 2011).

Economic studies

Various definitions and studies concluded that better decision making in agri-
culture should provide a wide range of benefits. From the economic point of view,
areview of 234 studies published from 1988 to 2005 showed that precision agricul-
ture was found to be profitable in an average of 68% of the cases (Griffin, Lambert
and Lowenberg-DeBoer, 2005).

According to the European Commission (2014), the benefits from precision
farming are related to: crop yield improvements; optimization of inputs; and im-
provement of the management and quality of the work.

Weiss (1996) registers several benefits of precision farming: increased crop
yields, applying inputs and minimizing cost through improved process control and
reducing relocation of agrochemicals to the environment.

Swinton and Ahmad (1996) classified benefits into: those that affect profitabil-
ity; those that affect business risk; those that affect environmental quality. Profit-
ability depends on the extent of spatial variability of soil conditions, the size of
a field and uncertainty about output and input prices (Murat and Madhu, 2003).
The increased income from improved yields combined with improved input control
could give gross margin benefits within seasons (Swinton and Ahmad, 1996).

The profitability of precision agriculture is a crucial factor for implementation
of these farming technologies. Studies by Swinton and Lowenberg-DeBoer (1998)
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highlighted that determining the profitability is the most significant driver for pre-
cision farming adoption by farmers. However, the economic studies related to the
profitability are unclear and not comparable (Bullock and Lowenberg-DeBoer,
2007). According to the European Commission (2014), economic studies related to
the precision farming based on technologies implemented could be grouped into:
VRT, sensor-based pest management, automatic guidance systems.

The most common precision agriculture technology is the yields monitor
(Lowenberg-De Boer, 2003). The “yield monitor” has been one of the first informa-
tion driven technology concepts in precision agriculture (Swinton and Lowenberg-
DeBoer, 1998). The economic results of the adoption of variable rate application
methods depend on the type of crop, field size and type of agriculture.

Economic studies of precision fertilizer management are based on farmers’
expert assessment, trials and site-specific fertilizer response functions. Bauer and
Linsley (cited by Goering, 1993), suggested soil sampling in order to determine
the need for differential application of lime. As a result, some farmers reduced
more than 40% of production costs with differentiated application of input. In his
first work on spatial variability of crop yields, which was substantial for precision
farming development as a concept, Smith, Goodman and Stuber (1985) presented
a wheat crop map of Australia.

Other studies were related to spatially variable herbicide application (Miller and
Stafford, 1993) or dynamic sensing of soil organic matter (Price and Hummel,
1994) and yield mapping (Vansichen and de Baerdemaeker, 1991; Searcy, Schuel-
ler, Bae, Borgelt and Stout, 1989; Stafford, Ambler and Smith, 1991).

Some authors (Anselin, Bongiovanni and Lowenberg-DeBoer, 2004; Meyer-
Aurich, Gandorfer and HeiBenhuber, 2008; Meyer-Aurich, Weersink, Gandorfer
and Wagner, 2010) concluded that the economic gross advantage of site-specific
management of nitrogen fertilizer depends on the type of sensor used and size of
the field, with improvements on N efficiency by 10-15% when reducing the appli-
cation, without impact on crop yield. The economic assessment suggested that the
size of the field needed to be greater than 250 ha to obtain financial benefits.

On the other hand, studies in Denmark showed no economic effect of sensor-
based fertilizer redistribution on the field according to high and low yield zones
(Oleson et al., 2004). Potential explanations of the small benefits may be the slope
of the profit function around the economic optimum (Pannell, 2006), perhaps due
to the fact that the application rate is already near the optimum, therefore VR only
has a marginal effect. Early economic papers in the US, from Lowenberg DeBoer
and Boehjle (1996), also concluded that once the full cost of developing and im-
plementing variable rate fertilizers is considered, it is unprofitable, especially if
application was restricted to one or two fertilizers.

Precision irrigation and precision nitrogen fertilization are widely seen as an ex-
cellent method to save water and fertilizer and maximize yield (Zhao et al., 2017).
On the other hand, several authors (Adeyemi, Grove, Peets and Norton, 2017; West
and Kovacs, 2017) showed that the use of these technologies alone are not suffi-
cient to increase the efficiency of the entire production process.
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Variable-rate lime application could increase annual return based on a study
using simulation models for soybean and corn (Bongiovanni and Lowenberg-De-
Boer, 2000) in the U.S. and Canada.

Godwin, Wood, Taylor, Knight and Welsh (2003) analysed the potential for pre-
cision farming for cereal production in Great Britain. The study looked at several
precision farming systems and determined the profitability and the optimal farm
sizes, using a partial budget approach. According to this paper, the cost of preci-
sion farming methods depends on the technology, depreciation and current interest
rates, and the harvest area.

Based on the analysed studies, it could be concluded that economic margins of
precision fertilizer applications increase with increasing fertilizer and crop prices.
High-value crops, could be achieved with higher profitability with the implementa-
tion of VR technologies.

Other important component of precision agriculture, the pest-specific manage-
ment has economic and environmental effects. In specific studies, it was reported
that the variable rate spraying by sensor controlled technology reduced insecticide
use by 13% on average while maintaining the biodiversity on agricultural fields
(Dammer and Adamek, 2012). Considerable savings occur with fuel, seed, chemi-
cal and fertilizer. Some studies show that precision farming methods could reduce
the usage of fertilizers, seed and spray use by 4% for a given yield (Rainbow, 2004).

Automatic guidance systems have also developed in the last decades across the
globe. The minimum area required for light bar systems to recover the capital cost
is 100 to 130 ha, while for an automatic guidance system this rises to 300 to 450 ha
(Frank, Gandorfer and Noack, 2008; Heege, 2013).

The economic benefits of guiding systems in the UK were estimated for a 500
ha farm (Knight, Miller and Orson, 2009), but the benefits grow if other more com-
plex systems are adopted, such as controlled traffic farming.

In Germany, economic benefits due to savings of inputs were assessed for the
case of winter wheat. The benefits of automatic guiding systems are associated
with reducing the cost of inputs, but also on the higher yields and improved soil
structure from the reduced area of compaction. Other benefits important for the
farmer are the work speed, work comfort and ability to extend the working hours
on the field.

An innovative method is the automatic section control, which uses geo-refer-
encing data from a GNSS device to control section. The implementation of this
method provides economic advantages due to input savings (Shockley, Dillon,
Stombaugh and Shearer, 2012). If an auto-guidance system is already installed the
economic advantage of the automatic section control is even higher.

Several research and studies concentrate on specific agricultural sector — wine
production in France (Mazzetto, Calcante, Mena and Vercesi, 2010), Spain, and
Italy (Borgogno Mondino and Gajetti, 2017); olives localized in the Mediterranean
areas. According to van Evert, Gaitan-Cremaschi, Fountas and Kempenaar (2017),
a site-specific management in olive orchards is leading to an increase in productiv-
ity and product quality. In addition, Nawaz and Ahmad (2015) and Choudhary et al.

3(360) 2019



Precision farming — concepts and perspectives 149

(2018) report that precision agriculture technologies could be integrated in a novel
approach which leads to acceptable profits together with sustained production lev-
els while concurrently conserving the environment.

McBratney et al. (2005) supposed that the existing researches about precision
farming are not focused on the whole farm management. More than 90% of the
studies observed the single fields on experimental farms or commercial farms. Ac-
cording to McBratney et al. (2005), the biggest deficiency of precision farming
method is a well-constructed quantitative formulation of optimization criteria for
cropping management that includes environmental impact.

Precision farming could provide a management approach optimizing both agricul-
tural production and profitability (European Commission, 2014). The increased prof-
itably could be related to the reduction of inputs which reflects the production cost.

Precision agriculture included also some benefits for social and working condi-
tions. For example, auto-steer systems are available for a variety of tractor models
making the work less fatiguing. As well, the evolution of precision dairy farming
technologies provide tremendous opportunities to improve delivery of automatic
individual cow management applications, and thus reduce labor requirements, such
as milking two times per day, and there are also arguments of increased animal
welfare (Atanasov and Popova, 2010).

The other very significant benefit of precision farming is the environmental ef-
fects. Soil and water quality benefits could result from decreased or precise ap-
plication of inputs, such as nutrients, pesticides, and irrigation water (Bongiovanni
and Lowenberg-DeBoer, 2004).

On the other hand, the environmental effects of precision farming have been
little assessed with no quantified figures available (European Commission, 2014).
The benefits of higher profitability could be easily calculated and seen. By con-
trast, it could take years for environmental effects to appear and to be investigated.
Therefore, new surveys related to this field are recommended.

In parallel with the adoption of precision farming, there are a number of con-
strains that make difficult the implementation of the method. Some of them are
related to cultural perceptions of farmers and lack of expertise and knowledge,
while others are associated with the higher star-up cost and risk and uncertainty
of the investment. There are some challenges with the public support and the need
of special services and education.

Promoting precision agriculture through the CAP is a really important step to-
ward green and sustainable development of agriculture. On the other hand, the
measures should be effective and well targeted. Therefore, further analysis is nec-
essary to focus on potential benefits and the specific agricultural sectors or farm
practices.

From the three of the EU Space Programmes, which will support the agriculture
sector, the most important role will be played by COPERNICUS, which gives ac-
cess to information relevant for understanding climate change, water management
and biomass. The new EU COPERNICUS programme 2014-2020 should provide
easier and cost-free access to satellite data but only at 10m or lower resolution.
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The LEADER approach is direct reflection of changes in Common Agricultural
Policy (Shishkova, 2017) and also supports precision farming.

Galileo and EGNOS (which strengthen the signal of the US GPS system) on the
other hand will have a heavy impact on the precision farming giving the opportu-
nity of significant reduction of resources and labor.

The EU has strong commitments involving the implementation of the PA sys-
tems, which must deliver in near future the accessibility for larger number of farm-
ers of all levels. Population of the planet has larger needs of food supplementation,
which is in direct challenge with lowering levels of natural resources. The common
policy of the EU is to introduce, provide access to and create a positive environ-
ment for all farmers to be part of the PA schemes. This will happen with the imple-
mentation and development of a system for integration the technical progress, but
will also need some sufficient funding in order to educate and translate the benefits
to all farms and give access and financial support for adoption of these systems.

Conclusions

Based on the analysis some conclusions could be drawn:

* Precision farming is an emerging concept, which has developed rapidly in the
past two decades. There are various definitions by different authors that repre-
sent particular dimensions of the term.

* Precision farming could be an answer to many challenges associated with the
climate change and environmental protection. Precision agriculture could in-
crease the quantity and quality of agricultural output while using less input.

* On the other hand, the economic studies in the field are not comparable and the
specific environmental effects of precision farming are little documented.

» There are still many raising questions related to the adoption of the techniques.
The need of special skills, investment cost and low profitability, lack of support
and advisory services are obscuring the process in many countries in the EU.

* In the EU, there is a need of special schemes and measures in order to imple-
ment precision agriculture in all sectors and farm types.
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ROLNICTWO PRECYZYINE — KONCEPCJE I PERSPEKTYWY

Abstrakt

Rozwdj technologii w XX wieku doprowadzit do ewolucji koncepcji rolni-
ctwa precyzyjnego. Obecnie rolnictwo precyzyjne jest zwykle zwigzane z wyko-
rzystaniem nawigacji GPS i satelitarnej GNSS, GIS, bezzatogowych samolotow
i dronow, zmiennosci dawkowania, a takze ztozonych i wyszukanych systemow
komputerowych i oprogramowania. Jednakze najwazniejsze pytanie dotyczy
oplacalnosci i skutecznosci tych technologii oraz mozliwosci ich przyjecia.
Glownym celem pracy jest badanie najpopularniejszych koncepcji rolnictwa
precyzyjnego oraz przeanalizowanie technicznej i ekonomicznej skutecznosci
roznych technologii w oparciu o przeglqd literatury. Wyniki wskazujq, ze przy-
Jjecie technologii rolnictwa precyzyjnego jest Scisle zwigzane ze sposobem ich
postrzegania przez rolnika i wymaga wsparcia instytucjonalnego. Promowanie
rolnictwa precyzyjnego w ramach wspolnej polityki rolnej jest konieczne w celu
przezwycigzenia szeregu wyzwan gospodarczych i srodowiskowych oraz zapew-
nienia zrownowazonego rozwoju i ekologicznego wzrostu.

Stowa kluczowe: roznorodno$¢ warunkow miedzy polami i w obrgbie jednego pola,
gospodarowanie specyficzne dla obszaru, innowacyjne technologie i praktyki.
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