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In the face of current global threats, including the COVID-19 Pandemic, new
technological solutions are needed. Globalization, progressing urbanization,
the decreasing availability of cultivable land for food production, water con-
tamination, flood risk and climate change, can all be viewed as potential threats
to food safety. According to forecasts and trends, the future of both agricultural
policy and agricultural innovation will be based on big data, data analytics and
machine learning. Therefore, it is and will continue to be important to develop
information systems dedicated to agricultural innovation and the management
of food security challenges. The main aim of the study is a classification of data
for a uniform AMIS from data from IREIS, GC and AIIS based on survey and
expert interview data obtained. We propose to expand the range of data pro-
duced by small farmers while keeping in mind the protection of farmers and
their rights and the possible benefits of the data provided. The literature recog-
nizes the value of such data but it has not yet been legally regulated, protected,
managed and, above all, properly used for agricultural and food security policy
purposes. Therefore, we develop the idea of extended farmers’ participation in
the production of agricultural activity data. The research used a survey ques-
tionnaire and expert interviews. A viable AIIS needs current data that farmers
already produce as well as additional data needs which we identify in our re-
search. We propose an architecture of databases and describe their flow in the
Agriculture Management Information System (AMIS).
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1. Introduction

A new challenge for the world in 2022 was in fight the COVID-19 pandemic.
It spread quickly across all continents [1] and the scale of the disease caused people
to start buying food products in bulk to secure a supply [2]. This raises the ques-
tion of how to ensure food security in a world which governments have failed to
anticipate.

The world of the 21 century is also one with a growing urban population [3-5].
An urban lifestyle is typically associated with greater consumption of processed,
prepared and convenience foods. People are more time constrained, less centered
on the family household and hence much more oriented toward convenience. Many
popular packaged foods contain too much fat, sugar, and salt. In the coming decades,
this will likely contribute to a high prevalence of chronic diseases such as obesity,
heart disease, stroke, cancer, and diabetes [6]. On the basis of [7], in high-income
countries, growing awareness of health and sustainability issues is increasingly
shaping consumer decisions.

Much better co-ordination of policy responses for food safety and security is
needed. Food security policy requires reliable information on the likely trends of
global demand, supply, trade and prices and the factors driving them [8]. An Agri-
cultural Information and Innovation System (AIIS) can help meet the expectations
society places on public and private decision makers regarding agriculture.

AIIS may also be an effective tool for creating a medium-term baseline scenar-
io [9]. Scenarios can help decision making with regard to agricultural commodity
markets at national, regional and global levels and can help policy makers better
anticipate and manage risks of such events as plant and animal diseases and extreme
climatic events. Studies show that agriculture is primarily responsible for climate
and environmental change [10]. Climate change [11] induces biological, physical and
chemical processes [12] that increase the levels of atmospheric CO, [13] and speed
up soil erosion. Ensuring the safety of agricultural production in the context present-
ed above is extremely important [14]. Thus, promotion of a sustainable development
policy that would ensure food security with the least possible exploitation of natural
resources has become a necessity [14]. Such a policy was promoted by international
norms of the Millennium Development Goals [15] and Sustainable Development
Goals [16, 17]. EU Member States have also advocated their Common Agricultural
Policy [18], which identifies sustainable rural development which can be achieved
by focusing on a number of key priorities relating to the transfer of knowledge and
innovation in agriculture at the EU level. The introduction of innovations in agri-
culture to guarantee food security on a global scale is mentioned as a major driver
of further technological development [19, 20]. It has also been observed that recent
decades have seen increased digitization and technological improvements in agri-
culture, resulting in the production of a huge amount of data at the lowest level —
namely farms. Farms have entered a new stage of data production. What is new is
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the quality of real-time information obtained at farm level and the technology used
to collect this data, to store, use, manage, share, process and communicate it. FAO
focuses on a system-wide approach to agricultural innovation (Fig. 1).
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Fig. 1. Agricultural innovation (determinants)
Source: own study based on [17]

Agricultural innovation typically arises through dynamic interaction among
the multitude of actors involved in growing, processing, packaging, distributing,
and consuming or otherwise using agricultural products [21].

Agricultural Information and Innovation Systems (AIIS) should be composed
of the following main components: research and education, business and enterpris-
es, bridging institutions, and the enabling environment [22]. Furthermore, these
large and complex series of data demand novel and better ways of exchanging data.
The smarter the ways in which we exchange data, the less disruptive this will be to
current business models and organizations. By layering sets of data from a wide
range of sources, complex decisions can be made at different levels, such as the farm,
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cooperative, input suppliers, public administration authorities, banks, the scientif-
ic community, etc. [23]. An AIIS based on the scope thus indicated can achieve its
objectives if all actors, and above all farmers, are involved in the process. This link
is crucial for the whole system and the transfer is essential to promote bottom-up,
cost-effective technological solutions that can be successfully applied — especially in
the case of small and medium-sized farms.

Data currently produced by farmers are not used properly [24], are of poor
quality [25, 26] and there are problems concerning their integration.

In fact, a lot of data is not compatible and does not work between systems. The
indicated scope of the Big Data to be made available from farmers, complement-
ing AIIS, would be the next step in achieving the goals (Fig. 2).
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Fig. 2. Idea of Agricultural Information and Innovation System

Source: own study based on [21]

An enhanced uniform information system for agricultural production can de-
liver numerous benefits by facilitating the exchange of data between public regis-
ters, monitoring the actual situation in farms, controlling agricultural production,
risk warning, extension of existing databases on agricultural production and farm-
ing as a whole [27, 28].

Agricultural data could be used for agricultural and non-agricultural purposes.
The farms as producers of data remain at the heart of the processing of big data.
Farms are responsible for the quality and credibility of data. The role of farmers is
therefore crucial for agricultural systems.
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Therefore, this study addresses the challenge of designing an Agricultural In-
formation and Innovation System (AIIS) which would respond to current needs but
also take into account the particular importance of farmers in the data production
process.

The main objective of our research was to indicate the scope of data to be pro-
duced by farmers that could feed AIIS, while legally protecting farmers [29]. The rel-
evant literature reports that farmers’ data is valuable but is not currently being used
effectively or efficiently. The data is not used from agricultural policy purposes, nor
is it regulated and combined into one system [30-37].

The proposed concept is innovative for three reasons. Firstly, the system con-
tains a complete and exhaustive database, as international recommendations, guide-
lines and European Union and national legislation have all been taken into account.
The assumptions of previous Farm Management Information Systems (FMIS) imple-
mentations around the world were also taken into account. Secondly, there seems to
be no system so far that combines the interests of governments and individual farm-
ers. There are various information systems that are not universal and are designed
to support specific functions and activities [27, 38—40]. A comprehensive information
system with the special composition of databases we propose is dedicated to serv-
ing both sustainable agricultural policy and smart farming directly, including food
supply chains, arable farming, greenhouse horticulture, and livestock farming, and
open-air horticulture including orchards. This is possible because the big data pro-
duced by farmers and the use of the internet of things as an AIIS submodule would
be included. This solution develops and fits into the technological perspective on the
evolution of SDIs (Spatial Data Infrastructures), which involves combining big data
produced by society with institutional data.

Thirdly, our system structure solution is designed to be effective and cost-effi-
cient, without duplicating efforts in data production. Therefore, it is proposed that
the system should use already existing reference information systems, i.e. the land
administration system. This approach has not been considered in science and until
now has not been applied in practice.

2. Methods and the Organization of the Study

The initial methodological assumptions are that the Agriculture Information and
Innovation System (AIIS) should primarily consist of big data produced by farmers.
AlIS, as a submodule, should be integrated with public registers to create a uniform
Agriculture Management Information System (AMIS), according to the principle
that comprehensive systems are the basis for sustainable decision making. The basic
methodological principles are: to eliminate redundancy, save time, and minimize
costs. AMIS should consist of existing public registers and information systems in
Poland but should be complemented by data from farmers. This would mean that
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AMIS, being a part of the National Spatial Data Infrastructure (NSDI), would be
consistent and up to date, especially in terms of reference data, i.e., cadastral data)
on a national scale. An important assumption is also the use of current technology
of land administration system, referred to as the Integrated Real Estate Information
System (IREIS), which functionally integrates many public registers for sustainable
land administration [40]. In this respect, the system would use international stan-
dards ISO 19152 for Land Administration Domain Model (LADM) [41, 42], which
closely contributes to the following Sustainable Development Goals [16]: (1) No
Poverty, (2) Zero Hunger, (11) Sustainable Cities and Communities, (14) Life Below
Water, (15) Life on Land.

As a result, it was initially assumed that AIIS would consist of a base part of
the land administration system (IREIS), a submodule “green cadaster” and a com-
ponent of big data: the AIIS based on farmers’ participation. The most important
element of the concept is therefore to define the scope of farmers’ participation in
the creation of AIIS. This logical approach can benefit SDI development through
the participation of farmers. This is an innovative approach, as it involves private
data for the development of SDIs, as a technological perspective on the evolution of
SDIs [43]. Figure 3 presents a diagram of the organization of our study.
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Fig. 3. Diagram of the organization of the study

In order to develop the range of data to be produced by farmers for AIIS — that
can feed the AMIS —a detailed review of the baseline situation was required. The col-
lected material is based on: strategy papers, international recommendations and le-
gal acts concerning farms, various directives and national legislation. Political, social
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and economic information were gathered in the first step to prepare the background
for subsequent detailed analyses (Tab. 1).

Table 1. General political and socio-economic data for Poland (2018)

Area [mln ha] 31.3
Division into sub-units (federal state) voivodeships 16
district level — counties 380
local level — municipalities 2478
Population [thous.] 38411
of which:
in rural areas 15344
Land [thous. ha] 31269.6
of which:
agricultural land 18776.5
forest land as well as woody and bushy land 9534.2
lands under waters 652.0
minerals areas 29.1
transport 938.7
residential 747.5
wasteland 465.0
Farms by areas groups of agricultural land [%]
<1 ha 1.5
1.01-1.99 ha 18.7
2.00-4.99 ha 32.0
5.00-9.99 ha 225
10.00-14.99 ha 10.1
15.00-19.99 ha 5.0
20.00-49.99 ha 7.7
>50.00 ha 2.5

Source: own elaboration based on [44]

In Poland, five typological classes of agricultural development were identi-
fied [45], which take the following criteria into account:

— share of agricultural land (AL) in the voivodeship’s area [%],

— share of fallow land [%],

— share of land with reduced land use [%],

— persons working in agriculture per 100 ha of AL,

- investment outlays in agriculture and hunting per 100 ha of AL [thous. PLN],

— the gross value of fixed assets in agriculture and hunting per 100 ha of AL

[thous. PLN],
— consumption of mineral or chemical fertilizers per 1 ha of AL [kg],
— global agricultural production per 1 ha of AL [thous. PLN].
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The topology division is presented in the following ranking of voivode-
ships (Fig. 4):

— class I (very high potential of agriculture) — Opolskie, Slaskie and Wielkopol-
skie,

— class II (high potential of agriculture) — Dolnoslaskie, Kujawsko-Pomorskie
and Lodzkie,

— class III (average agricultural potential) — Lubelskie, Mazowieckie and Po-
morskie,

— class IV (low agricultural potential) — Matopolskie, Swietokrzyskie and Za-
chodniopomorskie,

— class V (very low agricultural potential) — Lubuskie, Podkarpackie, Podlaskie
and Warminsko-Mazurskie.

Gdarisk
L]
pomorskie
Class IV warmirsko-mazurskie
.
zachodniopomorskie Qlsztyn
L Class V
Szczecin podlaskie
kujawsko-pomorskie &
Bydgogzcz = Biatystok
Torur
. Class V
Gorzéw Wikp. Class Il mazowieckie
Poznan
L)
labikie v o \L\i'arszawa
wielkopolskie
Class V =
Zielona Gora Class | todz
L]
fodzki
Class Il NS Lublin
Wiccliw Class Il .
dolnoslaskie * Kielce lubelskie
Class | .
Opole Class | $wietokrzyskie
opolskie ¢laskie Class IV
9, Krakéw Rzeszow
Katowice . .
matopolskie podkarpackie
Class IV Class V

Fig. 4. Agricultural potential map of Poland

A digital farmer profile (DFP) was prepared on the basis of the above data and
statistical data collected by state institutions as well as thematic studies on agricul-
ture and modern technologies and the report [46].
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The content of the data from the farmers to the Agricultural Information and In-
novation System (AIIS) were developed on the basis of the author’s own research and
was obtained in Poland by means of a questionnaire. Three voivodeships (regions):
Opolskie, Slaskie and Wielkopolskie (the typological classes of agricultural develop-
ment in Poland were selected and we collected questionnaires from 155 farmers. The
survey was conducted using the direct interview method. The questionnaire was
drawn up on the basis on [14, 46] and on the basis of information from preliminary
analyses and the digital farmer profile. Respondents answered 25 questions, with
most being closed-ended, single-choice questions.

The developed AMIS concept has three main components: key data, key stake-
holders and key principles. The concept at this stage does not include detailed tech-
nological solutions, but only localizes the new solution in an already existing system
structure or in one in the concept stage. The development of the technological archi-
tecture will be done in the next research phase.

3. Present Information Systems
Supporting Innovative Agriculture

Big data is a term that describes large volumes of high velocity, complex and
variable data that require advanced techniques and technologies to enable the cap-
ture, storage, distribution, management, and analysis of the information [47]. Big
data has been the object of many analyses in the field of agricultural studies in-
cluding: government decisions [36], smart agriculture [32], agricultural tools [37],
precision farming business [48], challenging agribusiness giants [34], change of agri-
culture systems [35], framework [49], and technological innovation [33].

One of the key elements of innovative agriculture are information systems that
support the automation of data acquisition and processing, monitoring, planning,
decision making, documentation and management of farm activities [49]. In the
literature review, many synonyms were found in the terminology of information
systems for agriculture, for example farm management information system (FMIS),
farm software (FS) decision support systems for agriculture, and information man-
agement in agriculture, or combinations of these. Hence, all these keywords were
included in the review of these systems.

It has been observed that more and more different systems for farm management
are being developed worldwide. These include autonomous precision farming soft-
ware [40, 50, 51] and web-based technologies [52-57]. There are many terms for inno-
vative agriculture such as smart farming, precision agriculture, site-specific farming,
site-specific crop management, prescription farming, and satellite farming, where the
use of modern information and communication technologies (ICT) to increase pro-
duction volumes and economic profits is mentioned as key [58, 59]. In addition, inno-
vative agriculture relies on advanced technologies such as cloud computing, remote
sensing, data-driven farming, big data analytics and internet of things (IoT) [49].
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Fountas et al. [56] have been successfully reviewing the information systems
supporting innovative agriculture by researching various farm software offered by
IT companies from United Kingdom, United States, Canada, Australia, as well as
from other global software houses which provide their applications in English and
have an English-based website. In addition, farm software from Germany, France
and Italy were used for comparison. All of these countries are classified as highly
developed countries. The European countries selected for the analysis were rated
highly in the European Innovation Scoreboard Country Ranking by the European
Commission [6], as strong innovators. The cited authors have observed that most
of the farm software developers collect different data for different needs, i.e., for
production planning, production process integration, performance management,
quality and environmental resource management, as well as sale orders and con-
tract management, but there is no one that is comprehensive, combining all these
functionalities. When analyzing the internationally available farm management
software, the authors [56] selected 11 main data layers which, if combined in one
information system, would enable innovation agriculture:

1) field operations management (recording of farm activities),

2) reporting (creation of farming reports, work progress, work sheets and in-
structions).

3) finance (cost estimation of every farm activity),

4) site specific (mapping of the features of the fields),

5) inventory (inventory of all production materials, equipment, chemicals,
fertilizers, and seeding and planting materials),

6) machinery management (details of equipment usage),

7) human resource management (employee management, the availability of
employees in time and space),

8) traceability (data on crop recall, records related to the use of materials, em-
ployees, and equipment),

9) quality assurance (process monitoring and the production),

10) sales (management of orders, packing management and accounting sys-
tems, and the transfer of expenses between enterprises, charges for ser-
vices, and the costing system for labor, supplies),

11) best practices (yield estimation).

The order of this list results from the frequency of these functions in the
various software applications, which occur in the following proportions: field
operations management (63%), reporting (57%), finance (45%), site-specific man-
agement (40%), inventory management (38%), machinery management (28%),
human resource management (25%), traceability (19%), quality assurance (19%),
sales (18%), and best practices (16%). Considering the above, it was assumed that
the 11 data groups compiled should be included in a comprehensive system sup-
porting farm management.
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When reviewing the literature on agriculture innovation systems, to date no
country has developed a multi-purpose and universal information system for ag-
riculture that would integrate the land administration system, green cadastre and
agriculture innovation system. In this sense, our proposal is unique and innovative.

4. Results and Discussion

4.1. Digital Farmer Profile — Polish Case (Tab. 2)

A digital farmer profile (DFP) is a profile that can capture comprehensive data
about a farmer and the farm [46], which can be developed over time.

Table 2. Polish DFP

Criterion Characteristics

Digital holders Bigholders are willing to apply innovative solutions. The larger the area of
the farm, the greater the willingness to invest in technological solutions,
facilitating work and saving time and allowing to maximize profit.

Small farm holders (61%) and large farm holders (39%) participants in
surveys the report [46]

Innovative solutions | Farmers willing to apply innovative solutions in fields of:
— crop production — 39% (optimization of the use of crop protection

'“} products / antibiotics),
% — animal production —23%,

— in other areas — 24% (sales, distribution, storage, packaging, processing)

Internet 54% of farmers use the Internet as a source of information useful in farm
management

The scope of data used from the Internet is:
— 81% of the search of information is on the means of production,
— 79% of the search is for product sales opportunities,

— 77% of the search of information is on plant and animal varieties,
— 77.3% of the search of information is on plant varieties and animal breeds,
— 67.3% of the search of information is on hazards (e.g. droughts, diseases),
— 58.3% of the search of information is on the repair of agricultural

machinery,

- 56.3% of the search of information is on agricultural support (CAP funds
and national budget),

— 25.0% participation in discussion forums

Use of apps 36% of farmers use various farm support applications:

— record keeping, including on-farm accounting — 24.6%,

— optimization of the use of crop protection products/antibiotics — 19.7%,

— optimization of fertilization — 18.8%,

— occurrence of diseases, pests in crops — 15.5%,

— detection of heat in animals, control of animal nutrition — 7.4%,

— in other areas — 0.1%

Source: own study based on [44]
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The identification of DFP is important in order to discover the extent of techno-
logical innovation used by a statistical farmer, with a division into small farm hold-
ers and large farm holders. Such information is necessary to list and classify the data
that a farmer currently produces and data that could potentially be produced using
technology currently in use. DFP was elaborated on the basis of literature, legal reg-
ulations, statistical data collected by state institutions as well as thematic studies
on agriculture and modern technologies. The report Polska wies i rolnictwo 2019 [46]
turned out to be a particularly important document in the preparation of the DFP.
In a study ordered by the Minister of Agriculture and Rural Development 1550 in-
terviews were conducted with large and small farm holders (large farm holders —
over 30 ha (39%) and small farm holders — under 30 ha (61%). The survey was con-
ducted from July to August 2019. The survey covered all voivodeships (regions) in
Poland based on the selection of respondents by the “random route” method, i.e.,
the interviewer selected every third unit (house/apartment), taking into account the
appropriate selection of respondents for the research sample. Table 2 presents a dig-
ital farmer profile divided into four key aspects: classification and trends of digi-
tal holders, innovative solutions in farms, use of Internet, use of applications and
software.

The above farmer profile, based on the cited government survey of 2019, shows
that the Internet is an important source of information for Polish farmers and appli-
cation tools support information management and processing. Information obtained
in this way is used primarily for rational and optimal management of an agricultural
holding, including the use of technological innovations [46].

4.2. Content of the Data from Farmers

International standards on the determinants of sustainable agriculture,
EU guidelines, national spatial data infrastructure and implemented land admin-
istration system technologies, created the basis for the field survey of farmers’ data
inputs — thus creating the Polish farmer digital profile. The survey was key to deter-
mining the scope of the data that farms produce and its results can be an important
component feeding into AIIS and thus providing additional information support
for IREIS. These determinants were the basis for our own research where we collect-
ed data from framers analused and systematized them.

At the same time, advice and inputs from agricultural experts at key institutions
were used: marshals’ offices, Agency for Restructuring and Modernization of Agricul-
ture (ARMA) and National Support Centre for Agriculture (NSCA). In the previously
cited document [46] 60% of farmers consider ARMA employees as agricultural experts
and 80% of NSCA employees as positive helpers. In the document [46], 60% of farmers
consider ARMA employees as agricultural experts and 80% of NSCA employees as
positive helpers. It should be stressed that the entity responsible for the implementa-
tion of innovations in rural areas are marshals’ offices in Poland.



Small Farms as “Data Producers” for the Needs of Agricultural Management... 91

In order to test the methodology, a series of surveys were conducted in Po-
land. Three voivodeships (regions) with first class agricultural potential [45]: Opol-
skie, Slaskie and Wielkopolskie were selected. This survey in the area we conducted
among 155 farmers. The number of respondents was the result of direct access to
farmers. It is in line with standards in international literature, e.g., in Germany [59].
Cluster analysis of the considered 180 farms was conducted with IBM SPSS to ad-
dress the issues of farm business situations, prospects, and successions [59].

The survey was conducted using the direct interview method. The field research
was carried out in stages. The first consisted of preparing survey questionnaires and
collecting farmer opinions. In the second stage, the answers received from the sur-
vey were consulted with experts implementing agricultural policy, who knew the
specificity of farms in the selected area.

The questionnaire was drawn up on the basis on [14, 45] and information from
preliminary analyses and the digital farmer profile. Respondents answered 25 ques-
tions. Most were closed-ended, single-choice questions. The first three concerned
gender and age, size of the agricultural holding. Other questions concerned the type
of data relevant to farm management, especially the data they already have at their
disposal and would like to use, and questions about implemented technologies, ma-
chines and information systems that improve agricultural activity. The questions
were aggregated into thematic blocks referred to the data layers envisaged in the
system regarding: land-use types, infrastructure data, soil and water conditions, cli-
mate, environmental pollution and threats, agricultural production, roads, ecosys-
tem services, economic and management data, technology / machines, staff, market,
cooperation and support.

The thematic areas of our questions only referred to data which are not cur-
rently collected by state institutions but relate directly to agricultural holdings. The
groups of respondents were categorized according to the digital farmer profile into
the following: small (up to 30 ha area farms) and large farm holders (over 30 ha
area farms). The survey was conducted at the respondents’ residences from 15 Jan-
uary to 31 January 2021. The study covered many aspects of farmers’ activities. The
data characterizing innovation in agricultural holdings were separated out for this
analysis.

One of the parameters was to survey a scalable static average number of small
holders (56%) and large farm holders (44%), (respondents) proportional to the over-
all national shares. The age structure and percentage breakdown were as follows:
18-34 years — 16% of the respondents, 35-54 years —36%, over 55 years — 48%. The re-
spondents who managed the area of holdings up to 2.9 ha were 10%, 3-4.9 ha - 15%,
5-9.9 ha — 12%, 10-30 ha — 24%, >30 ha — 39%.

The results of the survey confirmed the information contained in the report [46]
that there is a relationship between the size of the holding and the quantity of data
produced. The larger the agricultural holding, the wider the scope and greater the
amount of data held by farmers. Some of the surveyed farmers confirmed the use of
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digital farming machinery, buildings featuring robotics and digital technologies and
artificial intelligence, devices connected to the internet (“internet of things” — IoT).
On the basis of our research the respondents” answers, a list of tools most frequently
used by Polish farmers to produce and collect data was prepared (Tab. 3). The tools
have been systematized by types of data, indicating their usefulness in production
planning and control.

Table 3. Type of tools to produce data for AIIS

Type of data Tools Planning Control
f\l? financial Excel monitoring precision
farming

precision

metrological Word, Excel monitoring control

robotics and sensors

1 limat trol,
(temperature, humidity, climate contro

g

environmental monitorin recision
CO,, etc.), greenhouse & p
: control
computers
. . S recision
machine GPS tracking monitoring ? .
° arming
== S recision
staff Excel monitoring P
GO o
types of fertilizers recision
and pesticides robotics and sensors monitoring ?armin
being used )
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Table 3. cont.

seeding, planting, soil

the types of crops | robotics and sensors, . precision
being grown smartphone mapping typing, crop health, farming
yield modelling
crop yield robotics and sensors, lighting, energy precision
smartphone mapping management farming

livestock numbers
and locations

biometric sensing,
GPS tracking

breeding, monitoring

milk robots

. climate control,
weather stations, o ..
weather . monitoring precision

observations

‘ control

An example of innovative control for precision farming is advanced spraying
technology. The HORSCH LEEB LT series trailed sprayers are a benchmark for max-
imum spraying precision, with the highest possible surface area efficiency. Nozzle
spacing on the boom every 25 cm, allows guiding the boom at the level of 30-40 cm
above the crop, which allows the spray liquid to reach the surface of the plants
quickly, but also practically halves the flight time of drops adjusting its size to the
speed of travel and wind strength.

Smaller droplets generally provide better coverage of the target, but they are
easily carried away on a breeze and are more subject to turbulence caused by high
forward speed. The system makes the gyroscope constantly gives practically infor-
mation to the pneumatic cylinders, BoomSight — intelligent identification system —
BoomControl Pro sensors, record the distance to the target area about one metre in
front of the boom and then adapt the boom height to the terrain (Fig. 5).

In the second step of the interview, survey responses were compared to infor-
mation gathered in interviews with ten experts at specialized institutions (marshal’s
office, ARMA and NSCA). They confirmed the fact that most of the data produced
by the farmers are of good quality and can be included in the SDI. The challenge
at this level of development is to design an Agriculture Management Information
System (AMIS) that takes into account data from AIIS and integrates it with institu-
tional data, especially the cadastre.
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Fig. 5. Advanced spraying technology - HORSCH LEEB LT
Sources: photos 1 and 2 (from left) by M. Lemanski, other photos [60]

Aggregation of information obtained from farmers’ surveys, interviews with
experts and analysis of the Green Cadastre concept [61] made it possible for us to
construct a classification of data for a uniform AMIS based on data from IREIS, GC
and AIIS (Tab. 3).

The AIIS was developed to classify data:

— A text in black bold indicates the source of data in Poland which are public

registers maintained by the administration or various institutions in Poland.

— A black color indicates the scope of data that is currently being collected in

public registers or by individual farmers.

In the next step of the system’s development, the data layer regarding the mar-
ket, cooperation and support should be extended to include logistics providers,
wholesalers, retailers and consumers.

The data that are required by farmers in AIIS could be provided by agricultur-
al business clusters, which have more technological capabilities and an elaborate
policy aimed at continuous development of farms or Agricultural Advisory Centre
supporting local activation of farmers and farms.

At the same time, any data submitted by farmers should be legally protected
with a clause that it can only be used for the purpose for which it was submitted.
Furthermore, data collected by local clusters could support small farms. Farmers, as
data producers, could in return receive additional benefits by accessing the collected
data in the form of a direct phone application. The protection of farmers as well as
the opportunity to use the data could be the determinant that will drive farmers to
share data and collaborate.
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4.3. Key Principles and Functionality of
the AIIS Submodule

Considering the IREIS technology implemented in Poland and the conceptual
assumptions of the Green Cadastre (GC) Submodule [61], it is possible to combine
the Agriculture Management Information System (AMIS) with the AIIS Submodule
using similar principles.

The architecture and semantics of the AIIS Submodule should take into account
the following system functionalities:

— The AIIS should deliver the following options: data processing and analysis,
data visualization, data exchange, generation of reports, generation of infor-
mation materials, predictions, warnings, and alerts [54, 62].

— The AIIS databases should consist of the following layers: land-use types, in-
frastructure data, soil and water conditions, climate, environmental pollution
and threats, agricultural production, roads, ecosystem services, economic
and management data, technology/machines, staff, market, cooperation and
support [48, 52].

— The AIIS should be an integral part of the national SDI, as submodule of
the IREIS, which will form part of a comprehensive agricultural management
information system (AMIS) [40].

— The abridged AIIS version should be made available to the public to support
social participation and promote the development of a spatially enabled so-
ciety [63].

— Users should be able to report invalid or missing data in accordance with
their competence and license [64].

— The registered users should be able to provide access to a mobile application
conforming to Open Geospatial Consortium (OGS) standards, which should
be developed based on a Web GIS interface with standard GIS tools for spa-
tial analyses [62].

— Farmers should have access to a single web application with different au-
thorization profiles and should be able to update the existing resources from
the office or from different locations in the country with the use of a tablet or
a smartphone [49].

— Data should be visualized in layers with a clear legend to generate maps with
content for different purposes [43].

The challenge for the authorities responsible will be to sanction the production
of data, its access under license, affordability of data; control of data quality and
usability including applicability and appropriation and effective use of data. There-
fore, the next stage of research should be the development of an AMIS technological
architecture and identification of the group of recipients and license solutions for
data security (Fig. 6).
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INTERNAL USERS EXTERNAL USERS
Public administration and Farmers, other individuals,
institutions collecting data research institutes, other public

on agricultural land (clusters) institutions

Fall access Limited access /

licensing

ARMA — Central

administrator of L J Y . J
-—-

the ATIS
AMIS USERS

Data quality control

AMIS web interface J
Data providing Data protection
N mechanism

Acquisition of data

Data registration
fare Data quality control
GOGIC —
Data quality control Central
admimstrator of

—

NSCA — Central administrator
of the GC submodule

Fig. 6. Data flow in the Agriculture Management Information System. Explanations:
AIIS - Agriculture Information and Innovation System; AMIS — Agriculture Management
Information System; ARMA — Agency for Restructuring and Modernization of Agriculture;
IREIS - Integrated Real Estate Information System; NSCA — National Support Centre for
Agriculture; GOGIC - General Office of Geodesy and Cartography

5. Conclusions

The current global situation, including efforts being taken to tackle the
COVID-19 pandemic, shows that in a life-threatening situation, people and nations
will increasingly be taking actions to protect themselves to ensure health and food
security. In order to rationally manage and make the right decisions, it is necessary
to have databases of appropriate, systematic and compatible data.
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Effective optimization and food production efficiency depends on farmers suc-
cessively implementing ever more intelligent technologies for ecological precision
farming. Farmers collect data and set up their own information systems to improve
their knowledge. They provide some of this data to institutions responsible for ag-
ricultural policy. One key conclusion of this paper would be that farmers are an im-
portant part of the economy, not only as food producers, but also as data producers.
That premise was the basis for the development of the Agriculture Information and
Innovation System (AIIS) concept proposed here. AIIS is to be developed by farmers
for precision agriculture and included as a submodule in the national Spatial Data
Infrastructure in the form of an integrated Agriculture Management Information
System (AMIS).

The future lies in big data as a basic element of machine learning. Processing
such an amount of data requires that it be collected, systematized, and made avail-
able to the relevant actors. This can only be achieved through a properly designed
information system. In the context of food security, we believe that this can be done
with an appropriately developed AIIS.

Our research has proven that the Integrated Real Estate Information Sys-
tem (IREIS) technology implemented in Poland, first as a reference core, can be used
to further develop a uniform system across the country. Integration can take place
through a relational database based on the spatial reference unit — the cadastral par-
cel. The proposed scope of AMIS data responds to the real needs of farmers and in-
stitutions responsible for agricultural policy in Poland and is consistent with Polish
and EU law. The AIIS Submodule will fill a database gap for unlimited sustainable
agricultural land development activities (which require a huge amount of data).

International reports have highlighted the myriad benefits the data revolution
can bring to precision agriculture and food security. The data revolution will pro-
vide an opportunity for farmers to get closer to the consumer, which is very import-
ant in terms of preserving the supply chain of goods to the market. The COVID-19
pandemic will show how important this chain is at the time of crisis. Big data in
agriculture is often seen as the solution to the world’s food security and crisis pre-
vention. The results of this study have shown that such a system is very much need-
ed in Poland. The proposed AlIS as a submodule of AMIS is a strategic and modern
solution that provides users with access to comprehensive data in one place.

At the same time, AMIS, thanks to the structure based on the IREIS core and
Green Cadastre (GC) and AIIS submodules will not overload the system with big
data. This flexible structure will be easier to administer, as it can be easily adapted
to different administrative and user requirements. The proposed scope of AIIS data
is universal, as it takes into account not only the needs of farmers but it is also based
on the needs of institutions resulting from legal regulations and international guide-
lines. Therefore, the concept can be used by other countries — especially those that
are at the beginning of the development of agricultural information systems. The im-
plementation of the proposed technology in individual countries would enable the
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exchange of standard data not only at national but also at international level, which
is important in the context of globalization and technology transfer.

To conclude, our proposed system would allow farmers to provide crucial input
for the planning, management and governance of modern agricultural production.
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