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Abstract: Nowadays, peach farms, and agriculture in general, face intensified challenges linked to
pest control and irrigation needs, due to the effects of climate change. A contemporary and effective
approach to these challenges is presented herein, which is based on the utilization of a smart farm-
ing system specialized in peach cultivation, in the framework of the SmartPeach project. A signifi-
cant feature of the proposed smart farming system is its service based approach, as its application
does require technological investments from the farmers The current research indicates a potential
reduction of up to 25% on total production cost due to optimization of irrigation and pest control
applications, as well as an increase in farmers’” income up to 10% linked to improved product quality
and yield.
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This paper presents the implementation of an innovative smart farming project in
peach cultivation in the region of Central Macedonia within the framework of SmartPeach
program, as an answer/solution to the contemporary challenges faced in peach produc-
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name Greece is one of the leading peach and nectarine producing countries in the European
Published: date Union, with an average production of 911,700 tons, which corresponds to 22.42% of the
total production of the countries of the European Union [1]. According to Eurostat, peach
cultivation is the third most important crop in Greece and a significant export product, as
the value of the total annual production amounts to $ 379,886,480, from which $ 93,504,000
relate to exports [2]. All the above facts are presented in Figure 1a,b.

In total, in Greece, there are 20,192 peach orchards, which are mainly located in the
Prefectures of Imathia and Pella, according to data gained from the Hellenic Statistical

By Authority [3], which are presented in Figure 2a,b. Peach cultivation has a long tradition
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Figure 1. Average annual production of peaches and nectarines for the years 2016 - 2019: (a) for the
three most important producing countries of the European Union, (b) for Greece in relation to the
total production of the member states of the European Union (source: Eurostat).
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Figure 2. Data concerning peach production in the Prefectures of Imathia and Pella in relation to the
rest of Greece: (a) Area of peach orchards in acres and (b) number of cultivated peach trees, for the
year 2018 (source: Hellenic Statistical Service).

However, peach crops are considered as one the most demanding cultivations for
crop protection as they are susceptible to a great variety of insects and fungi [5]. Moreover,
low water availability affects in a great extend peach fruit growth and quality [6]. The
challenges of pest control and irrigation needs are intensified by the effects of climate
change. The traditional approach of peach farmers is based on empirical decision-making
that leads to increased use of inputs (plant protection products, fertilizers, water) increas-
ing production costs, jeopardizing the overall quality of products produced, but also caus-
ing pollution of the aquifer and reduction of aquifer natural resources.

In this study, a more contemporary and effective approach is presented, which is
based on the implementation of a smart farming system, specialized in peach crops. The
proposed smart farming system is based on the Smart Farming as a Service (SFaaS) ap-
proach in which smart farming is offered as a service taking over the technological invest-
ment burden from the farmers [7].

2. Materials and Methods
2.1. Study Area

For the needs of the SmartPeach project, four farms were chosen as case studies
which are located in the Prefectures of Imathia kai Pella and have average area of 5 acres.
These farms are members of the Agricultural Cooperatives of Episkopi in Imathia (ACE)
and Kalivia in Pella (ACK). The two Agricultural Cooperatives list in total 372 growers
and 29,000 acres of cultivated area.

2.2. Data Used

As illustrated in Figure 3, SmartPeach utilizes a set of information sources that in-
clude IoT-enabled agro-environmental sensing stations, Earth Observation (E.O.) data
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(mainly Sentinel-2 Copernicus missions), farmer’s digital calendar and on-the-field obser-
vations of the cultivation.
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Figure 3. Information sources and data utilized in SmartPeach project.

The agro-environmental sensing stations of the project were installed on March 2019
(one in each pilot farm) and are continuously collecting data ever since, from sensors in-
stalled in the field. These data are related to atmospheric, soil and plant parameters (e.g.
temperature, relative humidity, precipitation, atmospheric pressure, wind speed/direc-
tion, soil moisture, leaf temperature, humidity and wetness).

Furthermore, E.O. data are incorporated in the project, mainly Sentinel-2 imagery.
The data are processed in order to produce higher-level products, such as vegetation in-
dices, so as to gain information about the crops growth within the pilot farms.

Also, the digital farmer’s calendar is taken into account as it contains recordings of
the farmers’ applications in the crops (fertilization, pest protection, irrigation, etc).

Lastly, significant information are gathered through on the field observations.

All these data are collected to a central cloud computing repository where they are
stored, processed and combined so as to generate farming advice related to irrigation and
pest management applications.

2.3. Methodology

The methodology followed includes the following steps (Figure 4):

*  Analysis of the current situation in order to determine the requirements of the crops
and determination of the yield indices and the general plan of the research.

*  Design and implementation of the network of agro-meteorological stations and con-
tinuous data collection and processing

¢ Development of specialized prognostic models for the main pests and diseases of
peach and adaptation to the microclimatic conditions of the case study areas [8-11].

¢ Development of specialized irrigation models, which are focused on the active root
layer of the plants and the estimation of the optimal time of irrigation and irrigation
dose [12-14].

¢ Design, configuration and final adaptation of the smart farming platform, after the
integration of the specialized models, taking into account the prevailing methodo-
logical approaches of the international literature [15,16].

e Evaluation of the results and validation of the proposed cultivation practices.
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Figure 4. Flow chart.

3. Results

SmartPeach is an ongoing project, expected to be completed in June 2022. The overall
results of the project will be available on the completion of the project, although the results
up to now are very encouraging.

SmartPeach aims to adapt and extend existing smart farming best practices to the
needs of peach cultivation in Greece. To this end, the appropriate pest infestation and
irrigation needs prediction models are researched in order to be integrated within a deci-
sion support system that will predict and notify farmers accordingly.

The current research indicates a potential reduction of up to 25% on total production
cost due to optimization of irrigation and pest control applications, which amounts to
45,00 € per acre (Figure 5). Also, an increase in farmers’ income up to 10% is projected to
be achieved, due to the improved product quality and yield, which corresponds to 112,00

€ per acre.
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Figure 5. Estimated economic benefit of the implementation of SmartPeach in the Agricultural Co-
operatives of Episkopi (ACE) and Kalivia (ACK), in the prefectures of Imathia and Pella respec-
tively.

The total economic benefit of the farmers is estimated at 157,00 € per acre annually,
which corresponds to the amount of 62,541,772 € in case of nationwide implementation of
the proposed smart farming system on the total areas of peach orchards.

In addition to the significant economic benefits from the implementation of the pro-
posed Smart Farming System, the enhanced adaptation of the farms to the ever-changing
climatic conditions, due to climate change, and the minimization of the ecological foot-
print of the farms are of crucial importance and worth emphasizing.

Furthermore, in SmartPeach a service based approach is implemented, aiming to
support small-scale farmers, by taking over the technological investment burden and of-
fering next generation farming advice through the combined utilization of heterogeneous
agro-environmental information sources. Having under consideration the small and frag-
mented holdings of farmers in southeast Europe, the approach presented herein is inno-
vative, as the farmer have the ability to subscribe to specific farming advisory services
with an annual subscription per acre of arable land [7].
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4. Discussion and Conclusions

The aim of this study was to present the implementation and potential advantages of
adapting smart farming in peach crops, in the framework of SmartPeach project. In
SmartPeach, the optimization of input application and the reduction of production costs
are achieved in an environmentally friendly way, while the quality of the products is im-
proved, due to the minimization of pesticide residues and the environmental footprint of
the crop. Also, an important feature of the specific smart farming system is its service
based approach (SFaaS); its application does not require technological investments from
the farmers. All in all, the current work presents an affordable solution that enhances the
ability of peach farmers to adapt more efficiently to climate change while upgrading the
yield and the income of their farms.

Author Contributions: Conceptualization, N.M. and N.K.; methodology, N.M. and N.K; software,
N.K.; validation, N.M., N.K. and P.L.; formal analysis, P.L., N.K. and N.M.; investigation, N.K,, P.L.
and N.M; resources, P.L., N.K. and N.M.; data curation, N.K.; writing—original draft preparation,
P.L., N.K. and N.M; writing—review and editing, N.K., N.M. and P.L.; visualization, P.L. and N.K,;
supervision, P.L. and N.M.; project administration, P.L.; funding acquisition, N.M. All authors have
read and agreed to the published version of the manuscript.

Acknowledgment: This research has been co-financed by the European Regional Development
Fund of the European Union and Greek national funds through the Operational Program Compet-
itiveness, Entrepreneurship and Innovation, under the call RESEARCH —CREATE—INNOVATE
(project code:T1EDK-02359).

Institutional Review Board Statement:
Informed Consent Statement:
Data Availability Statement:

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  FAOSTAT. Avalaible online: http://www.fao.org/faostat/en/#data (accessed on 25 August 2020).

2. EUROSTAT. Available online: https://ec.europa.eu/eurostat/data/database (accessed on 25 August 2020).

3. Hellenic Statistical Authority. Available online https://www .statistics.gr/el/statistics/agr (accessed on 25 August 2020).

4. Ministry of Rural Development and Food. Available online http://www.minagric.gr/index.php/el/pinakas-3-dendrodeis-
monimes-kalliergeies/ (accessed on 25 August 2020).

5. Tsakiris, LN.; Danis, T.G,; Stratis, .A.; Nikitovic, D.; Dialyna, I.A.; Alegakis, A.K,; Tsatsakis, A.M. Monitoring of pesticide resi-
dues in fresh peaches produced under conventional and integrated crop management cultivation. Food Addit. Contam. 2004, 21,
670-677.

6. Miras-Avalos, ].M.; Alcobendas, R.; Alarcén, J.J.; Valsesia, P.; Génard, M.; Nicolas, E. Assessment of the water stress effects on
peach fruit quality and size using a fruit tree model, QualiTree. Agric. Water Manag. 2013, 128, 1-12.

7. Adamides, G.; Kalatzis, N.; Stylianou, A.; Marianos, N.; Chatzipapadopoulos, F.; Giannakopoulou, M.; Papadavid, G.; Vassil-
iou, V.; Neocleous, D. Smart farming techniques for climate change adaptation in Cyprus. Atmosphere 2020, 11, 557.

8.  Luo, Y.; Michailides, T.J. Risk analysis for latent infection of prune by Monilinia fructicola in California. Phytopathology 2001,
91(12), pp.1197-1208.

9. De Wolf, E.D.; Isard, S.A. Disease cycle approach to plant disease prediction. Annu. Rev. Phytopathol. 2007, 45, 203-220.

10. Thomidis, T., Rossi, V. and Exadaktylou, E. Evaluation of a disease forecast model for peach leaf curl in the Prefecture of Ima-
thia, Greece. Crop Prot. 2010, 29, 1460-1465.

11. Thomidis, T.; Michailides, T.J. Development and implementation of cost-effective strategies to manage brown rot of peach trees
in Imathia, Greece. Eur. |. Plant Pathol. 2010, 126, 575-582.

12.  Medrano, H.; Escalona, ].M; Cifre, J.; Bota, J.; Flexas, J. A ten-year study on the physiology of two Spanish grapevine cultivars
under field conditions: Effects of water availability from leaf photosynthesis to grape yield and quality. Funct. Plant Biol. 2003,
30, 607-619.

13. Patakas, A. Abiotic stress-induced morphological and anatomical changes in plants. Abiotic Stress Responses in Plants; Springer:
New York, NY, USA, 2012; pp. 21-39.

14. Kokkotos, E.; Zotos, A.; Patakas, A. Evaluation of Water Stress Coefficient Ks in Different Olive Orchards Agronomy 2020, 10,

1594.



Chem. Proc. 2022, 4, x FOR PEER REVIEW 6of 4

15. Abran, A.,; Moore, ].W.; Bourque, P.; Dupuis, R.; Tripp, L. Software Engineering Body of Knowledge; IEEE Computer Society, An-

gela Burgess: Washington, DC, USA, 2004; pp. 34-51.
16. Wazlawick, R.S. Object-Oriented Analysis and Design for Information Systems: Modeling with UML, OCL, and IFML; Elsevier: Am-

sterdam, The Netherlands, 2014.


https://www.google.com.hk/search?biw=1396&bih=604&q=Washington,+DC&stick=H4sIAAAAAAAAAOPgE-LUz9U3ME5LssxQ4gAxizLMsrW0spOt9POL0hPzMqsSSzLz81A4VhmpiSmFpYlFJalFxYtY-cITizMy89JL8vN0FFycd7AyAgBBOGrzVwAAAA&sa=X&ved=2ahUKEwjA08qM9_b1AhWOGKYKHUcqAZ0QmxMoAXoECCEQAw
https://www.google.com.hk/search?biw=1396&bih=604&q=Amsterdam&stick=H4sIAAAAAAAAAOPgE-LUz9U3MDJLSYpXYgcxs40LtLSyk63084vSE_MyqxJLMvPzUDhWGamJKYWliUUlqUXFi1g5HXOLgayUxNwdrIwA9iXLVlEAAAA&sa=X&ved=2ahUKEwi1lPip9_b1AhXek1YBHSnOCWQQmxMoAXoECDIQAw
https://www.google.com.hk/search?biw=1396&bih=604&q=Amsterdam&stick=H4sIAAAAAAAAAOPgE-LUz9U3MDJLSYpXYgcxs40LtLSyk63084vSE_MyqxJLMvPzUDhWGamJKYWliUUlqUXFi1g5HXOLgayUxNwdrIwA9iXLVlEAAAA&sa=X&ved=2ahUKEwi1lPip9_b1AhXek1YBHSnOCWQQmxMoAXoECDIQAw

