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Abstract

Agriculture contributes to global warming through the emissions of greenhouse gasses (GHGs). As one of the
most important horticultural crops, tomato (Lycopersicon esculentum Mill.) is of great economic importance.
Approximately 80% of the tomatoes grown around the world are processed into sauces, juices, ketchup, canned
tomatoes, and soups. The goal of the present study was to assess the carbon footprint of commercially grown
processing tomatoes in Greece. The emissions were calculated by using the Cool Farm Tool software. For data
collection, a questionnaire was distributed to processing tomato producers. The questionnaires were completed
by 40 producers from the main processing tomato-growing regions of Greece. The estimated total carbon
footprint value of tomato cultivation for a mean area of 7.16 ha (producing 94.8 tn of tomatoes per ha) was
1,369,700 kg COz-eq. Specifically, the estimated carbon footprint values per hectare and kg of fruit were
191,298.88 and 0.20 kg COz-eq, respectively. In addition, the current study revealed that the highest CO2-eq
emissions per tonne of fruit were observed in energy use (fuel consumption) for field operations, corresponding
to 40.49% of the total emissions per tonne of product.
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INTRODUCTION
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Accepted: 05 November 2023 vegetables, second only to potato (Padmanabhan et al., 2016). It originates from
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globe (Padmanabhan et al,, 2016), with China, India, the United States, Turkey,
and Egypt being the major tomato producers. Tomato is either consumed as a raw
vegetable, or are processed into sauces, tomato paste, canned tomatoes, juices,
and catsup (Padmanabhan et al, 2016). These products correspont to
approximately 80% of the global tomato production (Bilalis et al., 2018). In the
EU alone, processsed tomato production exceded 10,000,000 tonnes in 2021
(European Commission, 2022). Despite its economic significance, the cultivation
of processed tomatoes often has a notworthy environmental impact (Payen and
Basset-Mens, 2013). Overall, agriculture is estimate to produce nearly the 1/3 of
the global greenhouse gassess (GHGs) emissions (World Bank, 2023). In
particular, the extensive use of chemical inputs such as chemichal fertilizers and
pesticides, the use of machinery, and the management of residues have been
proposed to emit significant amounts of GHGs in the atmospere (Lynch et al,
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footprint of the crop. The goal of the present study was to assess the carbon footprint (based on the sources of the
GHGs) of commercially grown processing tomatoes in Greece.

MATERIALS AND METHODS

The greenhouse emissions were calculated using Cool Farm Tool software, which was developed by Cool Farm
Alliance (Grantham, Lincolnshire, UK) as a calculating tool to estimate greenhouse gas emissions and carbon
footprint based on yield and marketable yields in a field, crop area, fertilizer application (type and rate), pesticide
application number, and energy use (use of electricity and fuel). In general, the Cool Farm Tool covers nearly all
crops worldwide, with the exception of crops grown in non-soil media (e.g. greenhouses or hydroponic systems).

For data collection, a questionnaire divided into five categories/groups (cultivation details, soil characteristics,
inputs, fuel, and water use) was distributed to processing tomato producers.

e Group 1 contained information regarding the cultivation area and amount of final product. The data on waste
management was also provided to Group 1. A unanimous decision was reached by the producers regarding the
management of the residues. It was either distributed on the plot, or it was integrated or used as a cover with
the crop residues.

e Group 2 recorded soil characteristics such as soil texture (clay, silty, sandy, etc.), soil organic matter. The soil moisture
was described as "dry"”, and the soil drainage as "good". In addition, the pH of the soil was also determined.

e Group 3 included fertilization methods and plant protection applications. In particular, the type of fertilizer
used, its application dose, and the evaluation of the measure (fertilizer units or products) were selected. For
the purposes of describing the application of plant protection, a category was chosen which describes both the
time and method of application (seed treatment, soil treatment, or post-emergence) as well as the number of
applications (doses) for each operation individually (weed control, leafing, etc.).

e Group 4 recorded direct energy use, i.e., the energy source was selected and the amount of energy (liters) used for
the crop was entered. The consumption of each task was recorded separately
(plowing, cultivator, harrowing, sowing, fertilizing, plant protection, irrigation, supervision visits, and harvesting).

e Group 5 recorded water use, i.e. how many times irrigation was conducted, by what method and the source of
the water. Drilling was the source of water for all producers. Pumping depth was set at 160 m, and horizontal
distance at 200 m. The values are averages derived from different regions. As a final step, the energy source (oil,
electric power, or gravity) used to irrigate the tomato was determined.

The questionnaires were completed by 40 producers from the main processing tomato-growing regions of
Greece. Excessive values were excluded from the results in order to calculate the mean value and minimize error.
Finally, in the present study, the greenhouse gases (GHG: COz, CH4, and N20) were expressed as kilograms of CO:
equivalent (kg COz-eq).

RESULTS AND DISCUSSIONS

The estimated total carbon footprint value of tomato cultivation for a mean area of 7.16 ha (producing 94.8 tn of
tomatoes per ha) was 1,369,700 kg COzeq-. The estimated carbon footprint values per hectare and tonne of product
were 191,298.88 and 200 kg COzeq-, respectively. Based on the findings of the current study, the highest COzeqg-
emissions per tonne of product were reported in energy use (fuel consumption) for field operations with a value of
40.49% COzeq-, followed by fertilizer production (26.71%), the application of fertilizers and soil amendments
(26.46%), residues management (5.23%), and the use of pesticides (1.12%). Similar findings were reported in the
emissions per ha (Figure 1).

More than 75% of the emissions (both per ha and per kg of product) derive from the use of machinery and
chemical fertilizers. The excessive use of machinery is closely correlated to the tillage and fertilization regimes.
Conventional tillage intensifies the present problem through frequent ploughing and ploughing, leading to the
release of gases into the atmosphere (Alskaf, 2021). In recent years, more and more farmers are adopting reduced
tillage or even no-tillage worldwide (Smith., 2007). Interestingly, conservation tillage has reported increases in
yields in several crops (Bilalis et al., 2010). Regarding fertilization, the mitigation of GHGs emissions due to the
volatilization of NH3 can be achieved through the utilization of slow-release fertilizers (Byrne et al., 2020). These
fertilizers contain inhibitors (urease and nitrification) and release nitrogen (N) gradually to the soil. This way, losses
are reduced as the release of the nutrient is prolonged. In studies conducted, the use of fertilizers containing
inhibitors gave higher yields in cotton (Karydogianni, et al., 2020) and sweet potato (Kakabouki, et al., 2020) crops.
Moreover, the adoption of organic farming is an option that could reduce greenhouse gas emissions. The use of
organic fertilizers leads to soil improvement and induction of microbial activity (Liu et al., 2015). These help to
reduce leaching of nutrients from the soil, resulting in reduced losses.
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Figure 1. Distribution of COzeq emissions per: (a) ha; (b) kg of product. The different emission sources
(residue management, fertilizer production, crop protection, fertilization, energy use) are depicted with
different colors. Fertilizers’ production was calculated with valid preset values by the Cool Farm Tool.

CONCLUSIONS

Efforts should be made to improve the environmental impact of processing tomato cultivation by minimizing GHGs
emissions and mitigating the climate change effect by adopting integrated management strategies. In particular, the
use of machinery and the application of synthetic mineral fertilizers should be minimized. Alternatives that would
contribute to this cause include optimization of tillage and fertilization, expansion of organic farming, and
promotion of renewable energy sources.
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