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Abstract: Climate change consists of a serious global environmental problem and many efforts are focused on its mitigation either 

by reducing the anthropogenic carbon emissions or by absorbing atmospheric carbon. Agricultural crops usually absorb carbon via 

photosynthesis acting as carbon sinks. Viticulture is well developed in Crete, Greece since ancient times and the island nowadays 

produces several well-known grapes and wines. The carbon uptake in Cretan vineyards in Crete has been evaluated. The carbon 

sequestration rate in vineyards from existing studies in several countries has been used for the evaluation. These studies indicate 

that carbon uptake in vineyards varies in a wide range of values at 69 - 900 g C m-2 yr-1.  The total surface area of vineyards in Crete 

is 22,184 ha while their annual carbon sequestration has been estimated at 55,460 t C corresponding at an annual carbon 

sequestration per capita 0.36 t CO2. Although our results should be considered as indicative, they show that carbon sequestration in 

Cretan vineyards is not negligible and it should be considered in policy development regarding decarbonization in the island. Our 

results could be useful to policy makers and to stakeholders of the viticulture industry in the island.  
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1. INTRODUCTION 

Carbon sequestration in agriculture assists in climate change mitigation alleviating its painful impacts on human societies. Several 

studies have estimated the carbon sequestration potential of several crops (1), (2), (3), (4), (5) including vine’s cultivation. These 

studies indicate that vineyards act as carbon sinks while the amount of sequestered carbon varies significantly (6), (7), (8), (9), (10), 

(11). Viticulture is well developed in Mediterranean countries including the island of Crete, Greece (12). 

The aim of the current study is to estimate the carbon sequestration in vineyards in the island of Crete, Greece. 

The text is structured as follows: After the literature survey the vineyards in Crete and the carbon sequestration from agricultural 

crops are stated. Next, the carbon sequestration in vineyards is mentioned and the carbon sequestration in vineyards in Crete is 

evaluated. The text ends with discussion of the findings and the conclusions drawn. 

The current work is innovative since there are not many studies on this topic in Crete and in Greece while it fills the research gap 

regarding the carbon sequestration in vineyards in Crete. The results could be useful to policy makers, to public authorities and to 

stakeholders of vine cultivation in the island.   

 

2. LITERATURE SURVEY 

The carbon sequestration in olive tree groves in the island of Crete has been estimated (1). The author estimated that the annual 

carbon sequestration rate due to olive groves in Crete is 1,310,393 tCO2 or 1.92 tCO2 per resident. The carbon removal potential in 

agricultural systems in Sweden has been explored (2). The authors examined three options which were preferable by farmers, such 

as biochar addition to the soil, cover crops and cultivation of ley crops in crop rotation. They stated that biochar addition was more 

effective in increasing the stock of organic carbon in the soil compared to the other two methods. A report regarding carbon 

sequestration through agricultural practices has been published (3). The authors assessed the effectiveness of 13 promising carbon 

sequestration practices. They stated that the two most effective methods were: a) the addition of compost mainly from vegetable 

and garden residues achieving sequestration rate at 0.62-2.1 t C ha-1 yr-1, and b) conversion to permanent grassland achieving 

sequestration rate at 0.5-1.1 t C ha-1 yr-1. The carbon sequestration potential in main crops has been reviewed (4). The authors stated 

that the average carbon sequestration rates in major staple crops range from very low values at 0-0.05 Mg C ha-1 yr-1 to medium 

values at 1-5 Mg C ha-1 yr-1. They mentioned that the sequestration rate was in wheat-maize rotations at 4.96 Mg C ha-1 yr-1 and in 
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rice-wheat rotations at 0.52-0.69 Mg C ha-1 yr-1. The carbon budget in peach orchards in three cultivation systems in Mediterranean 

region has been studied (5). The authors stated that carbon storage was high compared to other fruit tree species. They mentioned 

that carbon storage was in the range of 10,729-12,160 kg C ha-1 yr-1. The carbon sequestration in a grassed vineyard has been 

evaluated (6). The authors stated that existing studies indicated that vineyards are carbon sinks absorbing atmospheric carbon in the 

range of 69 - 900 g C m-2 yr-1. They also mentioned that the estimated annual overall carbon storage in vineyards is in the range of 

145-159.2 t C/ha. The carbon storage characteristics in vineyards in Hongsibu, Ningxia, China have been studied (7). The authors 

stated that the total carbon storage was 55.35 t/hm2 of which 43.12 t/hm2 was in the soil. They mentioned that vineyards can serve 

as an effective carbon sink while the most carbon is sequestered by the soil. The carbon budget in vineyards located in north eastern 

Italy has been examined (8). The authors stated that the net ecosystem exchange, over a period of five years, was at around 800-900 

g C/m2 while grapes represented  20-25% of it. The carbon budget in a vineyard located in north eastern Italy has been analyzed (9). 

The authors stated that in one cultivated period the vineyard’s ecosystem was a net sink of CO2 absorbing around 233 g C/m2. They 

mentioned that soil cultivation has decreased carbon sequestration stating that without inter-row cultivation the overall carbon 

removal would be at 421 g C/m2. This indicates that grass cover increases the carbon uptake in vineyards. The carbon budget of a 

temperate-climate vineyard located in north-eastern Italy for three years has been evaluated (10). The authors stated that the vineyard 

was acting as a moderate carbon sink with an average annual carbon uptake at 134 g C m-2 yr-1. They mentioned that during three 

years the carbon uptake was in the range of 69-207 g C m-2 yr-1. The organic carbon sequestration in vineyards has been studied 

(11). The authors stated that existing studies in China and Italy indicated that carbon removal in vineyards was in the range of 69-

992 g C m-2 yr-1 . They mentioned that the majority of biomass storage occurs in the soil while biomass of grapes stores little carbon. 

The nexus between wine tourism and climate change in Crete has been studied (12). The authors using 15 in-depth interviews 

examined the challenges of climate change to Cretan wine tourism sector and the effectiveness of the existing resilience strategies. 

The area of vineyards in Crete in 2020 has been estimated at 22,184 ha. (13) The pruning weight in vineyards using LiDAR sensing 

technologies has been estimated (14). The authors stated that their method provided a rapid mapping of vines and several 

characteristics of the vineyard. The soil organic carbon sequestration has been studied (15). The authors stated that: a) the climate 

change mitigation potential of soil organic carbon sequestration is high, and b) correlations between soil organic carbon 

sequestration and crop yield are strongly context dependent and it is uncertain if a causal link exists. The carbon emissions due to 

wine making in Crete, Greece have been estimated (16). The authors stated that carbon emissions in the life cycle of winemaking 

are relatively low. He estimated these annual carbon emissions in Crete at 40,000 tCO2 or 0.064 tCO2 per resident. The possibility 

of using agrivoltaics in vineyards in Crete has been examined (17). The author estimated the installation of agrivoltaics in vineyards 

in Crete covering 1% of their surface with coverage ratio 30% can generate annually electricity equal to 5.2% of the annual power 

demand in the island. The carbon footprint of a matured vineyard located in south Sardinia, Italy has been assessed (18). The authors 

stated that the total amount of GHG emissions related with the production of 1 kg of grapes is 0.39 kgCO2e while the most of them 

were derived from soil management and fossil fuel combustion. The CO2 balance in a vineyard located in an arid region in northwest 

China has been examined (19). The authors stated that the carbon uptake was in the range of 820-961 g C m-2 yr-1 during a period 

of three years. The GHG budget of wine production has been evaluated (20). The authors stated that at vineyard’s level the total 

carbon footprint is closed to zero. Sustainable cultivation practices could turn the agrosystem into a net carbon sink. They mentioned 

that the total carbon footprint of sustainable wine varies in the range of 0.65-0.93 kgCO2e per bottle of wine while 15% of it is 

attributable to the agricultural phase and 85% to the transformation of grape into wine. The removal of pruned vine biomass from 

vineyards instead of adding it into vineyard soils enhancing their carbon content has been studied (21). The authors stated that if the 

pruned vine biomass will be removed and used for biofuel production there is no negative impact in the carbon content of the soil 

in the long-term. Table 1 indicates the carbon sequestration in vineyards in Crete according to several studies. 
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Table 1. Carbon sequestration in vineyards 

Author, year Location Irrigation Plant density 

(vine ha-1) 

Carbon uptake 

(g C m-2 yr-1) 

Guo et al, 2014 Wuwei, Gansu 

Province, China  

 (5 or 6 times a year, 300 mm yr-1) 3,700  860-920  

Pitacco and Meggio, 2015 north-eastern Italy Rainfed 3,076  800-900  

Marras et al, 2015 South Sardinia (Italy) Drip-irrigated 5,952 195  

Gianelle et al, 2015 Italy Rainfed - 145 

Vendrame et al, 2019, 

Tezza et al, 2019 

Italy 

 

Rainfed (occasional water supply 

during dry summers) 

5,050 69-207 

Chiriaco et al, 2019 Italy Rainfed 5,000  150  

Source: Callesen et al, 2023 

 

3. VINEYARDS IN CRETE 

The vineyards of Crete are among the oldest and most fascinating in the Mediterranean world. Wine production on the island dates 

back more than four thousand years to the ancient Minoan civilization, making Crete one of Europe’s earliest wine-producing 

regions. Today, Cretan vineyards combine deep historical traditions with modern winemaking techniques, creating wines that are 

increasingly admired around the world. Crete’s geography plays a major role in the quality of its vineyards. The island is 

mountainous, with vineyards stretching across hillsides, valleys, and elevated plains. Many vines are planted at high altitudes where 

cooler temperatures help grapes ripen slowly and develop complex flavors. The Mediterranean climate provides hot, dry summers 

and mild winters, while sea breezes protect the grapes from excessive heat. This balance of sunshine and cooling winds creates ideal 

conditions for viticulture. One of the most important wine regions on the island lies near the city of Heraklion. Villages such as 

Archanes, Peza, and Dafnes are famous for their vineyards and wineries. These areas produce both red and white wines using 

indigenous grape varieties that are unique to Crete. Among the best-known white grapes is Vidiano, which produces aromatic wines 

with notes of peach, apricot, and herbs. Another important variety is Vilana, a fresh and light grape often enjoyed during the warm 

summer months. Cretan red wines are equally distinctive. The Kotsifali grape is known for its soft texture and fruity character, while 

Mandilaria adds deeper color and stronger tannins. Winemakers often blend these varieties to create balanced and flavorful wines. 

International grape varieties such as Syrah and Cabernet Sauvignon are also cultivated on the island, but many producers take pride 

in preserving local grapes that reflect Crete’s unique identity. The culture of wine in Crete extends beyond agriculture. Vineyards 

are closely connected to family traditions, local cuisine, and hospitality. Many wineries welcome visitors for tastings, tours, and 

meals featuring traditional Cretan dishes. Wine is often paired with olive oil, local cheeses, grilled meats, and fresh vegetables, 

forming part of the famous Cretan diet, which is considered one of the healthiest in the world. Festivals celebrating the grape harvest 

and wine production continue to play an important role in village life. 

In recent decades, the wine industry in Crete has experienced significant growth and modernization. Young winemakers, many of 

whom studied abroad, have returned to the island with new ideas while still respecting ancient traditions. They invest in sustainable 

farming, improved technology, and international marketing. As a result, Cretan wines have gained recognition in global competitions 

and export markets. The vineyards of Crete represent far more than a source of wine. They symbolize the island’s long history, 

natural beauty, and cultural pride. Walking through the vineyards, one can sense the connection between the land and the people 

who have cultivated it for centuries. From ancient Minoan roots to modern wineries, the story of Cretan vineyards is a story of 

continuity, resilience, and passion for the art of winemaking. Table 2 indicates the area of vineyards in Crete. 

Table 2. Area of vineyards in Crete, Greece 

 2020 2015 

Area of vineyards in Crete 22,184 ha 22,555 ha 

%, Area of vineyards in Crete, area of Crete 2.63% 2.63% 

%, Area of vineyards in Crete/area of vineyards in Greece 21.55% 21.88% 

     Source: Hellenic Statistical Authority, 2022, Area of Crete is 8,450 km2 
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4. CARBON SEQUESTRATION FROM AGRICULTURAL CROPS 

Carbon sequestration from agricultural crops has become an increasingly important topic in discussions about climate change and 

environmental sustainability. As global temperatures continue to rise due to increasing concentrations of greenhouse gases in the 

atmosphere, scientists and policymakers are searching for effective ways to reduce carbon dioxide levels. Agriculture, often viewed 

as a contributor to greenhouse gas emissions, also has significant potential to act as a solution. Through proper land management 

and crop cultivation practices, agricultural systems can capture and store carbon from the atmosphere, helping to mitigate climate 

change while improving soil health and productivity. Carbon sequestration refers to the process of capturing carbon dioxide from 

the atmosphere and storing it in plants, soils, or other natural reservoirs for long periods of time. Agricultural crops play a major 

role in this process through photosynthesis. During photosynthesis, plants absorb carbon dioxide and use sunlight to convert it into 

organic matter such as roots, stems, leaves, and grains. A portion of this carbon is transferred into the soil through root systems and 

plant residues, where it can remain stored as soil organic carbon. Healthy agricultural soils are among the largest terrestrial carbon 

reservoirs on Earth. However, conventional farming practices such as excessive plowing, monoculture farming, and overuse of 

chemical fertilizers can reduce soil organic matter and release stored carbon back into the atmosphere. For this reason, modern 

sustainable farming practices focus on increasing the capacity of soils to retain carbon while maintaining agricultural productivity. 

One important method of carbon sequestration is conservation tillage or no-till farming. Traditional plowing disturbs the soil 

structure and exposes organic matter to oxygen, accelerating decomposition and releasing carbon dioxide. In contrast, no-till farming 

minimizes soil disturbance, allowing organic matter to accumulate over time. This practice not only increases carbon storage but 

also reduces soil erosion and improves water retention. Cover cropping is another effective strategy. Cover crops such as clover, 

rye, and legumes are planted between main crop seasons to protect the soil from erosion and maintain soil fertility. These crops 

absorb atmospheric carbon dioxide during their growth and add organic matter to the soil when they decompose. In addition, cover 

crops improve biodiversity, reduce nutrient loss, and decrease the need for synthetic fertilizers. Despite its many benefits, carbon 

sequestration in agriculture faces several challenges. Climate conditions, soil type, and farming practices all influence the amount 

of carbon that can be stored. In some cases, economic pressures may discourage farmers from adopting sustainable practices due to 

higher short-term costs or lower immediate profits. Furthermore, accurately measuring and monitoring soil carbon storage remains 

scientifically complex. Governments and international organizations are therefore working to create incentives, subsidies, and 

carbon credit programs that encourage farmers to participate in climate-friendly agriculture. The future of carbon sequestration in 

agriculture is closely linked to global food security and environmental sustainability. As the world population grows, agricultural 

systems must produce more food while minimizing environmental damage. Sustainable farming practices that enhance carbon 

storage offer a promising solution because they improve soil fertility, increase resilience to drought, and reduce greenhouse gas 

emissions simultaneously. Therefore, agricultural crops have enormous potential to contribute to carbon sequestration and climate 

change mitigation. Through practices such as no-till farming, cover cropping, agroforestry, and the cultivation of perennial crops, 

agriculture can transform from a source of emissions into a valuable environmental ally. By investing in sustainable agricultural 

systems, societies can protect ecosystems, support farmers, and create a healthier and more stable climate for future generations. 

 

5. CARBON SEQUESTRATION IN VINEYARDS 

Carbon sequestration in vineyards has become an increasingly important subject in the fields of sustainable agriculture and climate 

change mitigation. As concerns about global warming continue to grow, researchers and wine producers are exploring ways to 

reduce greenhouse gas emissions while improving environmental sustainability. Vineyards, traditionally associated with wine 

production and cultural heritage, are now recognized as valuable ecosystems capable of storing atmospheric carbon and contributing 

to the reduction of carbon dioxide levels in the environment. Carbon sequestration refers to the process by which carbon dioxide is 

captured from the atmosphere and stored in plants, soils, and other natural systems. In vineyards, grapevines absorb carbon dioxide 

during photosynthesis and convert it into organic compounds that support plant growth. Carbon is stored in the vine trunks, roots, 

leaves, and grapes, while a significant portion is transferred into the soil through root activity and decomposing plant material. 

Healthy vineyard soils can therefore act as long-term carbon reservoirs. Soil management is one of the most important factors 

influencing carbon sequestration in vineyards. Traditional intensive cultivation methods often involve frequent tillage, which 

disturbs the soil structure and accelerates the decomposition of organic matter. This process releases stored carbon back into the 

atmosphere in the form of carbon dioxide. In contrast, sustainable vineyard practices such as reduced tillage or no-till management 
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help preserve soil organic carbon by minimizing soil disturbance. These methods improve soil structure, enhance water retention, 

and encourage microbial activity, all of which contribute to increased carbon storage. 

Cover crops are widely used in modern vineyards to promote carbon sequestration and soil health. Cover crops are plants grown 

between vine rows during periods when the soil would otherwise remain bare. Species such as legumes, grasses, and clover absorb 

atmospheric carbon dioxide during their growth and add organic matter to the soil when they decompose. In addition to increasing 

soil carbon, cover crops reduce erosion, improve biodiversity, and help control weeds naturally. They also enhance the overall 

ecological balance of vineyard ecosystems by supporting beneficial insects and microorganisms. Organic matter management also 

plays a crucial role in vineyard carbon storage. Pruned vine branches, grape pomace, compost, and other organic residues can be 

returned to the soil rather than burned or discarded. This practice enriches the soil with carbon-rich material and supports the 

formation of stable soil organic matter. Compost application is particularly beneficial because it improves soil fertility while 

increasing the long-term sequestration of carbon. Agroforestry techniques in vineyards further enhance carbon sequestration 

potential. Some vineyard systems incorporate trees, hedgerows, or natural vegetation around cultivation areas. Trees capture large 

amounts of carbon in their biomass and provide additional environmental benefits such as shade, wind protection, and improved 

biodiversity. Integrating natural vegetation into vineyard landscapes creates more resilient agricultural systems capable of adapting 

to climate change. 

Climate conditions strongly influence the carbon sequestration capacity of vineyards. Mediterranean regions, such as Crete, Italy, 

and France, often experience hot and dry summers that can affect soil organic matter and biological activity. Sustainable irrigation 

practices and proper soil cover are therefore essential for maintaining healthy soils and maximizing carbon storage under changing 

climatic conditions. Despite their potential, vineyards also face environmental challenges. The use of machinery, fertilizers, 

pesticides, and transportation in wine production contributes to greenhouse gas emissions. For this reason, many wineries are 

adopting environmentally friendly approaches such as organic farming, renewable energy use, and carbon-neutral production 

systems. Some wine producers now measure their carbon footprint and implement strategies to reduce emissions throughout the 

entire winemaking process. The role of vineyards in carbon sequestration extends beyond environmental benefits. Sustainable 

vineyard management can improve soil fertility, increase resilience to drought, and support long-term agricultural productivity. 

Consumers are also becoming more interested in environmentally responsible wines, encouraging the wine industry to invest in 

sustainable practices and ecological certifications. Therefore, vineyards have significant potential to contribute to carbon 

sequestration and climate change mitigation. Through sustainable soil management, cover cropping, organic matter recycling, and 

agroforestry practices, vineyards can function as effective carbon sinks while maintaining high-quality grape production. As climate 

challenges continue to intensify, the adoption of sustainable vineyard practices will become increasingly important for protecting 

ecosystems, supporting agricultural resilience, and promoting a more environmentally sustainable wine industry. 

 

6. ESTIMATION OF CARBON SEQUESTRATION IN VINEYARDS IN CRETE 

For the estimation of the carbon uptake in vineyards in Crete the following assumptions are made: 

a) The area of vineyards in Crete in 2020 was 22,184 ha, 

b) The average annual carbon uptake in vineyards is at 250 g C m-2, 

c) The population in Crete is 624,408 residents (census 2021), 

d) The total annual carbon emissions per capita in Greece in 2023 were at 4.46 tCO2 (www.iea.org). 

 

The results of the estimations are presented in table 3. 

Table 3. Estimation of carbon sequestration from vineyards in Crete, Greece 

Surface area of vineyards in Crete 22,184 ha 

Average annual carbon sequestration  2.5 t C per ha 

Total annual carbon sequestration in vineyards in Crete 55,460 t C  

Annual carbon sequestration in Cretan vineyards per capita  0.09 t C or 0.36 t CO2 

%, annual carbon sequestration in vineyards in Crete to annual 

carbon emissions per capita 

8.07 % 

           Source: own estimations 

https://doi.org/10.47191/ijcsrr/V9-i5-42
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/
http://www.iea.org/


International Journal of Current Science Research and Review 

ISSN: 2581-8341    

Volume 09 Issue 05 May 2026    

DOI: 10.47191/ijcsrr/V9-i5-42, Impact Factor: 8.048   

IJCSRR @ 2026   

 

www.ijcsrr.org 

 

2695   *Corresponding Author: Vourdoubas John                                                          Volume 09 Issue 05 May 2026 

                                 Available at: www.ijcsrr.org 

                                                                                   Page No. 2690-2696 

 

7. DISCUSSION  

A study regarding the carbon sequestration in vineyards in Crete has been conducted. Existing studies have indicated that vineyards 

act as moderate carbon sinks. Data from published studies worldwide have been used to find the range of carbon sequestration in 

various vineyards. Our results indicate that existing vineyards in Crete absorb significant amounts of atmospheric carbon which 

though are lower that carbon sequestration in other crops in the island such as olive groves which has been estimated at 1,310,393 

tCO2 (1). Existing studies indicate the carbon uptake in several vineyards in several countries varies in a wide range of values 

between 69 - 900 g C m-2 yr-1 (6) while we have assumed that the annual carbon uptake in vineyards in Crete is at 250 g C m-2. Our 

findings indicate that carbon sequestration in Cretan vineyards is not negligible and it should be considered in policy development 

for achieving the net-zero emission target in Crete. The accuracy of our results depends on the accuracy of our assumptions and the 

data used. Several data used in our study are mentioned in different years (area of vineyards, population in Crete, carbon emissions 

per capita in Greece). Therefore, our results should be considered rather indicative while more accurate evaluations require the 

realization of experimental studies in Cretan vineyards. Future work should be focused on conducting experimental studies in Cretan 

vineyards to evaluate more accurately their carbon uptake. 

 

8. CONCLUSIONS 

The carbon sequestration in vineyards in the island of Crete, Greece has been evaluated. The main findings of the study include: 

a) Cultivation of vines in the island has a long history. The surface area of vineyards in Crete was in 2020 at 22,184 ha,  

b) The estimated carbon sequestration in vineyards in several countries varies in a wide range of values. Experimental studies 

related to carbon uptake in Cretan vineyards have not been conducted so far, 

c) Total annual carbon sequestration in vineyards in Crete is evaluated at 55,460 t C. For the evaluation an average value of 

several implemented studies in several countries has been used, 

d) The annual carbon sequestration in Cretan vineyards per capita is at 0.09 t C or 0.36 t CO2 that corresponds at 8.07 % of 

the annual carbon emissions per capita in Crete, 

e) The estimated amount of carbon sequestration in vineyards in Crete should be considered as indicative, and 

f) The carbon sequestration in vineyards in Crete is not negligible and it should be considered in the design of policies for 

the clean energy transition in Crete. 

The main takeaway of our study is that carbon uptake in vineyards in Crete is not negligible although it is lower that the carbon 

sequestration from other crops in the island like olive groves. 
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