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ARTICLE INFO ABSTRACT

Handling Editor: Jian Zuo Agricultural production and, by extension, the agri-food sector, significantly contribute to the greenhouse effect,
as farming practices and inputs are among the main sources of greenhouse gas emissions (GHG). However,
through the Smart Farming approach and the equipment and tools it entails, the reduction of the crops’ carbon
footprint becomes increasingly feasible, and this is what the current study supports and aims to highlight.
Therefore, the carbon footprint of three of the most important agricultural products in the Mediterranean (Olive,
Orange and Grape) is examined in crops that have been supported by Smart Farming equipment and models, in
order to compare the results with those of respective ones that follow conventional farming methods. The Life
Cycle Analysis (LCA) tool (ISO 14040, 14044 and 14067) along with the most suitable emissions factors are
employed to ensure the validity pf the process. The results reveal a carbon footprint between 0.400 and 0.520 per
kg of olive fruits grown through Smart Farming methods, between 0.180 and 0.290 for oranges and between
0.190 and 0.290 for grapes. On the other hand, conventional applications have presented an increased trend.
These findings highlight the efficiency of Smart Farming in minimizing resource use and emissions, offering a
pathway toward more sustainable agricultural practices.
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1. Introduction

For 2019, 22% of global emissions were due to the Agriculture,
Forestry and Other Land Use (AFOLU) economic sector while the largest
percentage of it derives from the cultivation of crops and livestock
(Intergovernmental Panel on Climate Change (IPCC), 2022). This per-
centage reveals a dynamic contribution of the sector to the overall
greenhouse gas phenomenon and shows an increasing trend, as much as
the application of conventional farming techniques and practices are
favored (Leip et al., 2015). At a political level in the European Union,
targets for reducing GHG are set through the European Green Deal. This
agreement aims to reach net-zero balance with a time horizon of 2050
for the entire economic and productive spectrum of the EU
(Directorate-General for Research and Innovation (European Commis-
sion), 2021). The agricultural sector is to be fully harmonized and
drafted with the political imperatives of the institution of the EU as well.
Among other things, those imperatives promote environmentally
friendly crop management practices, while ensuring quality and safety

for the products destined for the consumer (Wrzaszcz and Prandecki,
2020). In order to implement the above, food production is called upon
to move into a new phase, including the implementation of innovative
actions, which will be based on the holistic digital transformation of the
management of agricultural holdings, thus integrating Smart Farming
and digitization systems into the entire agri-food model (Bronson, 2018;
Gardezi et al., 2024; Prutzer et al., 2023). Therefore, the agricultural
sector, through the Common Agricultural Policy (CAP), aims to become
more sustainable (economically and environmentally), so as to avoid
wasting natural resources, such as soil and water (Barral and
Detang-Dessendre, 2023).

In an era characterized by alarming rates of natural resource deple-
tion and soil erosion deriving from the traditional agricultural practices,
the advent of Smart Farming stands as a game-changing solution, poised
to address these pressing issues (Lamboll et al., 2017). With climate
change’s pervasive impacts and the ever-mounting global demand for
food, it is of major importance to redefine the approach by which
agriculture is managed (Karavitis et al., 2020; Phelan et al., 2022;
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Phillips and Ilcan, 2003; Tsesmelis et al., 2019, 2022a). The current
study attempts to highlight the degradation of the resources to which
conventional agricultural practices led, as well as the immediate need
for the utilization of modern technologies that can emerge as a strong
ally of the farmer (Rehman et al., 2017). By conducting a thorough
research in the relevant scientific publications, it is easy to discern the
transformative potential that the Smart Farming practices can deliver
(Moysiadis et al., 2021). Through the application of carbon footprint
calculation, this study will attempt to highlight the beneficial presence
of modern technologies in the field, in an effort to troubleshoot one of
the leading environmental puzzles (Adamides et al., 2020).

In the current case study, crop management practices applied by the
producers to the selected agricultural lands and crops, have been digi-
tally recorded by them. For the cultivation of these lands, consultation as
well as digital tools of Smart Farming have been received, implemented
and used. Then, the carbon footprint of their crops was performed,
separately for each parcel and for different calendar periods. To ensure
the validity of the methodology on a theoretical as well as on a practical
level, a literature review was carried out, and a study of similar appli-
cations of LCA demonstrating the use of emission factors to calculate the
carbon footprint of a product in agriculture based on the same inter-
national standards (ISO 14067), was conducted. In addition, attention
was paid to publications related to the categories of inputs to be
examined (Fan et al., 2022; Jaiswal and Agrawal, 2020; Pelletier, 2014).
Then, the above results were compared with respective ones obtained
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from the cultivation of plots that followed conventional agricultural
practices, are located within a radius of 1 km away from the original
ones, have a similar size and in which the exact same varieties are
grown.

The scope of this current effort is to a) identify and evaluate the
emissions per crop case, in order to discover possible weak links in the
processes used and pave way for improvement (Holka et al., 2022;
Karwacka et al., 2020) and b) to make comparisons between the results
from smart and conventional farming practices in order to cross check
whether the original hypothesis is valid. If this is confirmed, the study
then contributes to the identification and the imperative need for tran-
sition towards an agriculture of low and zero GHG, while ensuring the
safety and quality of the food produced as mandated by the European
Green Deal (Directorate-General for Research and Innovation (European
Commission), 2021). This will have been achieved if the individual
objectives concerning the reduced use of resources in each of the agri-
cultural activities implemented have been achieved too. Below are
mentioned the means of Smart Farming technology that were utilized in
the plots of all different crops where smart farming practices were
applied, and the way they served to achieve the individual goals.

1) Agrometeorological stations and soil moisture sensors for irrigation
management and formulas to ensure the optimal use of water during
irrigation.

Fig. 1. Study area with six plots in three different areas (Kavala, Larissa and Argos).
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2) Plant protection formulas for risk assessment in order to ensure the
optimal use of plant protection products in terms of their quality and
quantity.

3) Fertilization balance - soil samples to ensure the nutritional products
through the findings generated and the literature reviewed.

2. Materials and methods
2.1. Study area

All three crops under study are found within the administrative
boundaries of Greece (Fig. 1). Geographically the country is located
Southeast of Europe, and it is one of the landlocked countries sur-
rounding the Mediterranean Sea. The main geophysical features of it are
its mountainous topography that prevails inland, the long coastline
(14,000 km) and the large number of islands that its seas surround (up to
3000 in total) (Tsesmelis et al., 2021). Since the climate is a typical
Mediterranean one, the highest amount of precipitation — mostly rainfall
— takes place between October and March, while the average annual
rainfall varies from 350 mm to 2150 mm. The summer season is
generally dry throughout the whole country (Fassouli et al., 2021;
Karavitis et al., 2011, 2012, 2014, 2012; Stathopoulos et al., 2018;
Tsesmelis et al., 2021, 2022b). Olive cultivation is one of the most his-
torically representative crops of the Greek territory, with beneficial ef-
fects at an ecological and economic level (Loukas and Krimbas, 1983;
Migliorini et al., 2018).

The olive plots under study are located in Northern Greece and more
specifically in the Prefecture of Kavala. Although the majority of olive
crops in Greece are located in warmer southern parts of the country, the
fact that it adapts and thrives in a wide variety of soils, even in areas
considered unsuitable for other crops, offers the species the opportunity
to appear in a variety of Mediterranean lands. For the same reason, the
species contributes to the protection of vulnerable soils from erosion and
desertification (Michalopoulos et al., 2020). Both plots that are exam-
ined are irrigated - through borehole - olive groves, with a 30-year-old
underground irrigation system and a total coverage of 0.8 and 0.7 ha
accordingly. The cultivated olive variety for both plots is “Chalkidiki”, i.
e., it belongs to the category of table use fruits. With regards to the plot
into which a Smart Farming cultivation approach is applied the relevant
practices and applications conducted by the olive grower concerned the
calendar periods of 2020, 2021 and 2022, according to the records
derived from the detailed digital record kept. The operations carried out
by the producer were divided into the following categories: a) soil
management operations, b) general cultivation care, c) irrigation, d)
fertilizer applications, e) application of crop protection products and f)
harvesting. The exact same categories of work were applied to the plot
for which conventional cultivation methods are followed, however, for

Table 1
Emission factors with the relevant references and Tier level.
Emission Source Tier  References
Conventional Fuels 1 Gordillo et al. (2018)
(Manufacture/Use) Masnadi et al. (2018)
European Environment Agency (2023)
Electricity 2 European Environment Agency (2023)
Synthetic Fertilizers 1 Marinussen et al. (2012)
(Production)
Plant Protection Products 1 Lal (2004)
(Production)
Amortization of Equipment 2 Ministry of Rural Development and
Food (2022)
Nemecek and Kagi (2007)
Rossignol (2020)
Application of Fertilizers 1 IPCC (2006)
Sequestration
Land Use 2 Ministry of Environment and Energy

(2023)
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this particular plot there is only data available for the 2022 growing
season. The total applications per activity and year are shown in Table 1.

Although the cultivation of citrus fruits has suffered and is still
suffering a recession in recent years, it has always been a key source of
production of Mediterranean diet products which are rich in nutrients
and antioxidants (Mathioudakis et al., 2023). In Greece, according to the
National Ministry of Rural Development and Food, it covers approxi-
mately 40,000 ha in area and produces approximately 1,000,000 tons of
products annually (Ministry of Rural Development and Food, 2022). In
the present study the cultivation of oranges of the variety “Newhall” in
the area of the Argolis plain is examined. The plot on which Smart
Farming practices were applied covers 0.32 ha while the corresponding
one for the application of conventional agricultural practices is 0.4 ha
wide. The following diagrams (Fig. 2) show the temperature and hu-
midity curves during the years if the study, while the amount of rain and
the corresponding evapotranspiration concerning the wider area of
Argolis, are also shown. The same categories of work as those that took
place inside the olive groves took place in both plots here as well,
applied of course in correspondence with the needs presented by the
plots of citrus cultivation.

Viticulture, whether it concerns wine or table grapes, is also one of
the most characteristic crops of the Mediterranean as well as of Greece.
Almost 90,000 ha are covered by vine cultivation in Greece while it
produces more than 800,000 tons annually. Moreover, the importance
and status of the wine industry in Greece has enhanced the interest in
studies concerning the climatic characteristics of crop seasons, as well as
the adaptation of crops to climate change data (Koufos et al., 2014). As
far as the parcel plots under study is concerned, they both belong to the
Prefecture of Larissa and the grape variety cultivated within their
boundaries is called “Soultanina”. Both parcels of land belong to the
regional unit of Larissa and within their boundaries the grape variety
called Sultanina is grown. The groups of work carried out differ in the
two plots and in the growing seasons according to the needs that arose.
Both plots were also at a fully productive age.

2.2. GHG emission calculations approach

Life Cycle Assessment (LCA) serves as a tool for evaluating the po-
tential environmental impact of a product’s entire life cycle, spanning
from the acquisition of raw materials to the final disposal (Bhander
et al., 2003; Joshi, 1999). One of its primary uses includes the assess-
ment of environmental impacts of the manufacture, use and disposal of a
product, related to climate change through greenhouse gas (GHG)
emissions (Crettaz et al., 2015). LCA employs thorough surveys that
consider all resources associated with all flows of a full-scale production
system, enabling the quantification of not only GHG emissions, but also
of various other environmental factors, such as acidification, eutrophi-
cation, and ecotoxicity (Huijbregts, 1999). Moreover, it offers a versatile
range of strategies for analyzing and mitigating environmental impacts
associated with specific processes or activities (Chauhan et al., 2011;
Jeswani et al., 2010; Leip et al.,, 2015; Tsesmelis et al., 2021). The
application of LCA in various industries, including energy and industrial
processes, has been well-established and can offer significant advan-
tages to the agricultural sector (Bevan, 2022; Hospido et al., 2010;
Olmez et al., 2016).

For this present report, the process of conducting an LCA was based
in established standards that were developed by the ISO series (ISO
14040 to ISO 14044), while, in order to complete the methodology of
the study in terms of calculating the carbon footprint of a product, the
research process was also based on the standards of ISO 14067
(Finkbeiner et al., 2006; ISO (International Organization for Standard-
ization), 2018, 2006a, 2006b). These standards provide comprehensive
guidance on the objectives and implementation of LCA, while offering a
detailed description of the assessment’s four primary steps (Azapagic
and Clift, 1999; Sharif and Hammad, 2019). It initiates with a) the
definition of goals and scope, followed by b) the Life Cycle Inventory
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Fig. 2. Climatic parameters in Argolida Station (2019-2022).

(LCD), c) Life Cycle Impact Assessment (LCIA), and d) the subsequent
interpretation of results. Fig. 3 shows all emission categories that have
been considered during this particular study.

The LCA scope in the present study covered the process from cradle-
to-farm gate of all different crops examined. The relevant functional unit
is 1 kg of product (prd) for each different crop respectively. The system
boundary — which is the one that defines the processes and input/output
components that are taken into account in the LCA - starts from the
extraction of raw materials, continues with the manufacture/prepara-
tion and transport of the necessary system inputs, and extends to the
execution of the cultivation activities and the crop yield, from which the
final product is obtained (Fig. 4). The placement of the system bound-
aries must be carried out correctly, as it is one of the basis for the success

of the obtained results (FAO, 2017; Matthews et al., 2008).

Any primary data, from whatever different source may come from,
should be clearly and accurately recorded in a work journal, by the
respective producer. In general, a work journal should consist of three
different parts. In the first one, the information regarding the “identity"
of the parcel plot should be recorded in detail. This information usually
concerns the name of the producer, the location, the type of the crop and
the variety, the area measured in hectares, the date of the first estab-
lishment (for perennial crops), the source of water and the irrigation
method used. The second is the one in which inputs are also clearly and
accurately recorded. For each of them, it is essential to record the type,
the amount of application and the composition, the day and time as well
as the method of application if this is necessary. The last part of the
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Fig. 4. Schematic representation of the Assessment’s system boundary (adapted from FAO, 2017; FAO, 2017)).

journal concerns the post-collection data relevant to transport, storage
and/or packaging of the final product. This latter part does not take
place in this current assessment, as it is a cradle to farm-gate study. The
different categories of inputs considered are shown in Fig. 4 and are
further analyzed below. Table 1 shows the literature sources from which
the emission factors were derived to apply the carbon footprint calcu-
lation methodology.

2.3. Smart farming approach

Smart Farming is an approach to agricultural production manage-
ment that helps farmers make the best possible decisions about their
crop, based on modern technologies, data, and research results (Tomar

and Kaur, 2021). Practically, it could be said that it allows the farmer to
know when to irrigate and the necessary quantity, the optimum time and
applications against pests and diseases, or the type of fertilizer their crop
needs. In short, the farmers reduce production costs and improve their
harvest, thus increasing their profit (Giiven et al., 2023). The environ-
mental benefits from reduced inputs (agrochemicals and irrigation
water etc.) and the product added value gained, attract the interest of
retail buyers and consumers (Dong, 2021; Paleari et al., 2024). In this
study gaiasense smart-farming system is utilized. The digital means of
gaiasense that were employed for the purpose of more sustainable
cultivation of the under-study crops, are the following.



D.E. Tsesmelis et al.

1) Agrometeorological stations (ETo and precipitation), soil moisture
sensors (soil moisture thresholds monitoring), soil type and texture,
infrastructure (water resources, irrigation system), crop growth stage
and forecasted ETo and precipitation for irrigation management and
formulas to ensure the optimal use of water during irrigation (dose
and schedule).

Plant protection formulas based on microclimatic parameters from
agrometeorological stations and field data (phenological stage,
cultivation cares etc.) it is estimated the risk of post disease impacts
to ensure the optimal use of plant protection products in terms of
their quality and quantity.

The initial phase of fertilization advice is examined the soil features
according to the results of the soil analyses (pH, Electrical Conduc-
tivity, N, P, K, CaCOs3, Organic Matter, Fe, Zn, Mn, Cu and B). Then,
through the soil decision support system and by considering all the
parameters (soil analyses, crop nutritional needs, water holding ca-
pacity, slope and biodiversity) the appropriate soil fertilization plan
is determined.

2

—~

3

—~

All the above have the potential to provide a complete and detailed
picture of the farm, which contributes significantly to the decision-
making process for the provision of the consultancy. After collecting
and processing all necessary data, the system can provide specialized
advice for each category of work separately (pest management, irriga-
tion, fertilization etc.), aiming at saving resources and reaching a more
sustainable crop management at all levels (environmental, financial,
social). In current effort, the goal concerned the reduction of GHG, thus
ensuring the same or even greater yield by using fewer resources
(Adamides et al., 2020; gaiasense, 2018).

3. Results

By applying the methodology as analyzed in the previous chapter
and by taking into account all interventions conducted by each pro-
ducer, the carbon footprint for each crop and each cultivation season
was obtained separately. As it has already been mentioned, the meth-
odology was based on the estimations of the GHG emissions that come
through the consumption of energy and the application of fertilizers and
plant protection products, but also from the energy incorporated in all of
the above, plus any mechanical equipment that have been used. More-
over, an assessment of carbon dioxide sequestration from the atmo-
sphere has also been carried out for two out of three crops that were
studied. Table 2 shows the results of the calculations per crop and
growing season.

Table 2 shows the number of all activities that took place in all the
different plots. A brief comparison shows that in terms of olive crops, in
the conventional type of cultivation there were from 11% to 16%
increased activities on the part of the producer, compared to those
following Smart Farming methods. As far as orange cultivation is con-
cerned, the corresponding increase in interventions by producers rea-
ches 20%-22% in the cultivation of conventional methods.
Correspondingly, there seems to be less intervention in the Smart
Farming of the vine, but this time only for the last two growing seasons
(2021, 2022). The first one shows an increase in the level of 14%, but it
seems that this is due to the emergency need to fight a fungus that
attacked the crop during that period.

Table 3 shows the final carbon footprint results for each individual
Smart Farming crop and field and for each growing season. The first
column shows the studied growing season, the second shows the carbon
footprint of the emissions that arise during the growing process, while
the third one presents the balance of emissions, after the changes in the
system’s carbon stocks (living biomass and soil). Table 4 shows the
corresponding results concerning the three conventional crops.

With regards to the olive crop cultivation, the changes that might
occur due to possible sequestration were considered to be negligible.
According to the relevant methodology mentioned earlier, since the
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Table 2
Agricultural tasks/activities and applications for olive, orange, and grape
cultivation per season.

Tasks/activities Season Season Season Season Season 2022
2019 2020 2021 2022
Smart Farming Approach Conventional

Olive

Soil management n/d 3 1 2 2
operations

Cultivation care n/d 3 3 3 3
operations

Irrigation Events n/d 15 15 15 15

Fungicide n/d 4 4 4 7
applications

Insecticide n/d 4 4 4 6
applications

NPK fertilizer n/d 5 5 5 5
applications

Orange

Soil management 4 4 4 4 4
operations

Cultivation care 1 1 1 1 2
operations

Irrigation Events 10 10 10 10 12

Fungicide 3 3 3 3 5
applications

Insecticide 8 8 8 8 10
applications

NPK fertilizer 6 6 5 5 7
applications

Grape

Soil management n/d - 4 1 3
operations

Cultivation care n/d 5 10 6 10
operations

Irrigation Events n/d 24 21 18 25

Fungicide n/d 46 - 31 42
applications

Fertigation n/d 3 - 8 10
application. (C,
Chelate Fe)

Foliar fertigation n/d 30 4 - -
(biostimulators,
copper)

Insecticide n/d 13 38 8 10
applications

Herbicide n/d - - 2 4
applications

Organo-chemical n/d - 3 - -
fertigation

Phyto-regulator n/d 1 1 1 -
application

Organic fertilizer n/d - - 2 -
applications

NPK fertilizer n/d 8 3 7 7
applications

trees of this specific plot have exceeded their developmental limit —
which is defined as the middle of their biological cycle - were in a state of
balance, in terms of the amount of the living biomass that they carried in
the different parts of their bodies. Conversely, in the orange and grape
crops there seems to be an absorption of carbon dioxide from the at-
mosphere, which significantly lowers the emissions balance in both
cases. It is also worth mentioning the fact that it was only for the orange
crop that data were collected for four growing seasons. For the other
two, it was only possible to collect data of only three growing seasons.

Analyzing the results in each crop separately, it is noticed that if the
plots of olive cultivation are compared, initially for the 2022 cultivation
season, it appears that that of conventional practices shows a 14.85%
higher footprint. In corresponding comparisons in the orange crop the
conventional crop shows a footprint 16.17% higher for 2022, while a



D.E. Tsesmelis et al.

Table 3
Carbon Footprint Results for investigated crops through Smart-Farming.
Growing Season CO2eq- Net COgeq-
Olive
2020 0.516 (kg COy/kg prd) -
2021 0.476 (kg CO4/kg prd) -
2022 0.407 (kg COy/kg prd) -
Mean 0.466 (kg CO,/kg prd) -
Orange
2019 0.219 (kg CO,/kg prd) 0.052 (kg CO»/kg prd)
2020 0.183 (kg COy/kg prd) 0.043 (kg COo/kg prd)
2021 0.290 (kg COo/kg prd) 0.069 (kg CO2/kg prd)
2022 0.197 (kg COy/kg prd) 0.047 (kg CO2/kg prd)
Mean 0.222 (kg CO,/kg prd) 0.053 (kg CO,/kg prd)
Grape
2020 0.284 (kg COy/kg prd) 0.191 (kg CO/kg prd)
2021 0.199 (kg COy/kg prd) 0.123 (kg CO2/kg prd)
2022 0.204 (kg COy/kg prd) 0.135 (kg COo/kg prd)
Mean 0.229 (kg CO2/kg prd) 0.150 (kg CO2/kg prd)
Table 4
Carbon Footprint Results for investigated crops through conventional approach.
Growing Season COg¢q- Net COzeq.
Olive
2022 0.478 (kg CO,/kg prd) -
Orange
2022 0.235 (kg COo/kg prd) 0.047 (kg CO2/kg prd)
Grape
2022 0.238 (kg CO,/kg prd) 0.120 (kg CO4/kg prd)

corresponding reduction is also presented in the total footprint, i.e.
which also concerns the calculation of emissions and absorptions.
Finally, in terms of vine cultivation, the plot with the application of
conventional practices is also shown to be higher by 14.28% for 2022.

4. Discussion

The main results to be discussed concern the comparison between
the crop footprint between the ones in which conventional practices
have been applied and those which follow smart farming advice. In
general, it should be mentioned that what is observed here is that in all 3
different crops it appears that the carbon footprint is even slightly
reduced when the producers follow the Smart Farming approach. The
carbon footprint of conventional crops seems to have been increased
both in terms of the results presented by Smart Farming crops in the
same growing season that was applied (2022) but also in terms of the
overall average they present.

The methodology used in this work was based on a literature study of
similar carbon footprint estimates for the three different crops, with a
similar system boundary and a cradle-to-farmgate approach. By starting
from orange conventional cultivation and examining studies that have
both conducted in Europe as well as in the USA, it is observed that
similar analyses result in estimations ranging from 0.17 to 0.35 COgeq.
(Bell and Horvath, 2020; Ribal et al., 2019). The results of this study are
in accordance with this range, by even approaching their lower values.
By also evaluating the result of the carbon balance after considering the
sequestration estimation part, it is worth mentioning that since the total
carbon balance seems to approach zero, the cultivation of orange seems
to be one of the more sustainable ones and, therefore, there seems to be
room for further research, which through the application of intelligent
agriculture and good practices, will lead the crop to even higher levels of
sustainability.

As far as the results of table grape cultivation are concerned, they are
close to those of the international literature when it comes to a Medi-
terranean climate crop at a productive age (Hefler and Kissinger, 2023;
Xiao et al., 2018) Relative values obtained from the literature in this case
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range between 0.158 and 0.347. Although the grapevines in this current
study were considered to be at a productive age, they were in an early
ripe state, thus it is expected that in the next growing seasons the
average carbon footprint will increase, as the inputs will also increase.
The grapevine does not present the same ability as the orange tree in the
development of biomass through sequestration; however, the difference
in the balance is noticeable.

The carbon footprint results with regards to olive cultivation varies
within the range of values as recorded by literature references (Proietti
et al.,, 2017). During the literature review, large discrepancies are
observed regarding the carbon footprint of olive oil fruit, as the result is
affected by several parameters. Indicatively, it seems to range from
0.300 kg to 1.5 kg of emissions per kilogram of product, always noting
that this is exclusively for the calculation of emissions and not absorp-
tions (Proietti et al., 2017). Similar methodology was applied in OliveUp
project in Fthiotis, prefecture of Central Greece and it depicts compa-
rable results on carbon footprints. Specifically, this project examined
five different fields for two growing seasons each and the range of these
values were from 0.371 to 1.025, excluding however, cases of unfruit-
fulness. Research of the OliveUp has been co-financed by the European
Regional Development Fund of the European Union and Greek national
funds through the Operational Program Research & Innovation Strategy
for Smart Specialization RIS3 (project code: STER1-0021068) (Galanis
et al., 2023).

In parallel with any research process concerning agriculture
involving Smart Farming methods, questions are always raised
regarding the difficulty of adopting digital media by farmers. Although
several novel studies highlight the environmental benefits that are ob-
tained from their use (Doshi et al., 2019; Moysiadis et al., 2021). It is
always a challenge to achieve widespread utilization by the majority of
farmers in a given area at a political level. Various behavioral de-
terminants are presented as causes of this issue. A few indicative ones
are lack of appropriate introduction and education/training and the cost
of acquiring these media (Giua et al., 2022; Kiropoulos and Bibi, 2024;
Osrof et al., 2023; Ouédraogo et al., 2019). The difficulty of adopting
modern digital data collection methods in agriculture is not an issue that
concerns specific countries. Various research programs at international
and regional levels have been mobilized to investigate the difficulties
and implement proposals to resolve the issue (Marianos and Chadid,
2023; Moniz and Langefeld, 2023). Moreover, the resistance that ap-
pears to adoption does not exclusively concern producers but also other
actors, and this is what makes the problem complex (Autio et al., 2021;
Bacco et al., 2019; Klerkx et al., 2019).

Similarly to the above, this specific issue is also presented in Greece.
The digital transformation of agriculture is a challenge for every
involved body and for this reason, in recent years, academic and
research organizations, with the contribution of companies active in the
field, have participated in research programs or have conducted inde-
pendent research, with the aim of investigating the causes and submit-
ting proposals with the aim of disseminating and making easier access
for all interested parties to information regarding these digital media
(Marianos and Chadid, 2023; Moniz and Langefeld, 2023; Moysiadis
et al., 2021). Moreover, in a research context, the Hellenic Ministry of
Rural Development and Food with Information Society have installed
3050 stations in many different crops throughout the country with the
aim of obtaining precise digital data and introducing and familiarizing
the country’s agricultural potential with a part of the digital technology
that can be applied in agriculture (Ministry of Digital Policy, Telecom-
munications and Media, 2024).

5. Conclusions

Agriculture contributes, to a large extent, to the release of GHG
emissions and in connection with the ever-increasing world population,
it is realized that food needs are going to increase significantly. The
prevailing demand for high-quality and sufficient food highlights the
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need for joint mitigation efforts for the future reduction of emissions
while, at the same time, within this context, the necessity to identify, or
identify and quantify, agricultural emissions. Therefore, to achieve
reduction in the impact of agriculture on climate change, there must be a
gradual improvement in the efficiency of food production and in the
long term to limit negative climate impacts and ultimately make the
agri-food sector more sustainable and resilient. In addition, certification
systems, Eco-Labeling, Internet of Things and various tools from Farm to
Fork for cultivations, could provide a lower impact on natural resources
and products with an improved quality.

The carbon footprint is a valuable tool by which it is possible to
assess the environmental performance of an agricultural holding. In the
future, carbon footprint will be an integral part of agricultural activity,
and the producers will have to demonstrate in practice that they are fully
aligned with policies that promote its reduction at a crop level. At the
same time, carbon footprint will be recognized through certification
systems that promote environmental sustainability. Crops can also adapt
to the new data of observed climate variation by applying innovative
management systems, aiming at the continuous improvement of soil
fertility through increasing organic matter and following carbon
sequestration practices. Smart Farming is essential for the application of
precision farming and will significantly contribute to a more effective
use of energy. In this context, the agricultural sector can mitigate its
environmental impacts, save energy and natural resources and, even-
tually, reduce the carbon footprint for each farm. As mentioned before
the results of Smart Farming driven crops present lower carbon footprint
values. Therefore, for olive fruits is 0.400-0.520 per kg, for oranges is
0.180-0.290 and for grapes 0.190-0.290. On the contrary, the crops
following traditional methods presented an increased trend.

Smart farming practices appear to be a catalyst for the environmental
sustainability of crops and a very important factor in reducing green-
house gas emissions. The findings of the present study indicate a
consistent trend of decreasing carbon footprint at the agricultural
product level in three different crops which cannot go unnoticed.
Although each different technology that is introduced in the field of
agriculture brings in its turn a quantity of integrated emissions which
should of course not be ignored, it is considered that these can be
amortized within certain cultivation periods.
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