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Introduction  

The Mediterranean countries are considered vulnerable to c l imate change and are expected to be more severely affected by clim ate 

change than the other Central  and Northern European countries ,  whose agricultural  sector could,  in some extent ,  be benefitted  from 

temperature increase and rainfal l  decrease.  The Mediterranean agricultural  sector has to  be prepared to  address severe decrea se in wa-

ter resources avai labil ity,  unfavorable temperatures for  plant cult ivation,  decrease in yields and in farmers ’  incomes.  Therefore,  i t  is  

necessary to  develop strategies for  c limate impacts mitigation as well  as  practices for adapting to  the new climatic conditio ns.  

The first  step for this  is  the recording and assessment of  the current  agricultural  practices that are considered unsustainab le and 

sources of  Greenhouse Gas (GHG) emissions.  Although these practices are known to policy makers and also to  many farmers,  thei r 

translation into CO 2  units  may be a  more valuable tool  for  identifying the major GHG emission sources and therefore,  to priorit ize the 

targets for  emissions decrease;  and also ,  a  convincing method to  make farmers understand what they do wrong.  

Study Area and Methodology   

• Study area  

 

Three pilot  f ields of  ol ive cult ivation located in south,  central  and northern Greece were studied in terms of  unsustainable practices,  

implemented by the farmers,  and are considered GHG sources.  The olive orchard in Crete in southern Greece is under organic cu lt iva-

t ion,  combined with l ivestock farming,  while the two other orchards,  in Skoura Lakonias,  Peloponnese and in Kilkis  Northern G reece,  

are under conventional  agriculture (mineral  fertil ization,  pesticides,  etc .) .   

 

• Methodology  

The IPCC guidelines (2006,  2019) were applied for the estimation of  the carbon footprint  of  the orchards for three consecutiv e 

years 2018,  2019, and 2020 by col lecting field data and estimating CO 2 ,  CH 4  and N 2 O emissions.   

Carbon footprint  was calculated by using IPCC (2006,  2019) guidelines as regard:  

• ferti l ization (use of  chemical  ferti l izers and organic  materials);   

• fuels  use (diesel  and gasoline)  for  the field machinery and irrigation;  

• l ivestock farming;   

•electricity  consumption and  

•burning agricultural  residues.   

e.g .  for  ferti l ization the Ν 2 Ο emissions considered for the development of  the methodology include,  direct  and indirect  Ν 2Ο emis-

sions.   The equation for the total  direct  N2O emission is:   

 

 

For the calculation,  Tier  2  emission factors were used for the main emission categories,  as  these were defined by the Greek S tate 

(Annual  Inventory of  Greece,  2019),  while  emission factors of  Tier  1  of  IPCC (2016,  2019) guidelines were used for the other cate-

gories .  Emission of  Scope 3 category,  i .e . ,  fuels  from rented machinery,  are not  considered in this  study.  Al l  pi lot  f ields b elong to 

the Cropland remaining Cropland category.  

M a p  1  P i l o t  f i e l d  i n  K a t o  V a l s a m o n e r o ,  C r e t e  I s l a n d ,  S o u t h e r n  G r e e c e  

M a p  2  P i l o t  f i e l d  i n  L a k o n i a ,  P e l o p o n n e s e ,  C e n t r a l  G r e e c e  

M a p  3  P i l o t  f i e l d  i n  K i l k i s ,   N o r t h e r n  G r e e c e  

Results—Discussion  

From the information gathered,  i t  was found that  there is  a  significant heterogeneity in the practices that  the farmers apply   for  the 

same type of  cult ivation.  This  is  largely due to  the lack of strategic  planning in agriculture,  both by cl imate area and type  of  cult iva-

t ion.  The result  is  the overuse of natural  resources and energy and also soil  and environment degradation,  as producers apply  prac-

t ices based on their  experience and knowledge,  which,  however,  lack scientific  basis .  

 

Results show that organic  agriculture combined with l ivestock farming,  which is  located in the pilot  f ield in Crete (Southern  

Greece) ,  apart from other benefits ,  as for  example increased soi l  organic matter,  i .e .  ca  6 ,0%, caused less GHG emissions in 

comparison to  the f ields under conventional  practices for  the three years straight .   

 

F i g u r e  1 .  T o t a l  G H G  e m i s s i o n s  f o r  2 0 1 8  F i g u r e  2 .  T o t a l  G H G  e m i s s i o n s  f o r  2 0 1 9  F i g u r e  3 .  T o t a l  G H G  e m i s s i o n s  f o r  2 0 2 0  

total  

On the other hand,  the normalization of  the numbers as per annual  yield (Figs.  4 -6) reveals  that  conventional  farming emits  the 

smallest  amount of  GHGs.  This  is  particular important  when comparing conventional with organic  farming and is  mainly due to  t he 

decreased yields in the latter  case and also the presence of animals and emissions of CH 4  due to enteric  fermentation and manure 

management .  In the case of Crete,  no particular manure management plan is  implemented,  which leads to  higher CH 4  emissions.  

Nevertheless,  the benefit  of  the very high soil  organic  matter in the organic farm,  makes this  system more environmentally  su stain-

able .   In Northern Greece,  in  al l  the cases,  the GHGs emissions are the most and this  is  explained by  the overuse of the fuels to  irri-

gate the ol ive cult ivation.  

Finally,  for  the total  emissions per year of  al l  pi lot  f ields (Figure 10) ,   i t  can be easi ly  observed that  over time farmers have a ten-

dency to reduce greenhouse gas emissions by changing environmentally  harmful  agricultural  practices to  more rational  and sust ain-

able ones,  after  following the suggestions of  our lab,  e .g .  overuse in mineral  fertil ization and energy etc .   

F i g u r e  1 0 .  T o t a l  e m i s s i o n s  p e r  y e a r  f o r  a l l  p i l o t  f i e l d s  

Conclusions  

•  Practices that  were found as major contributors to  the emissions are machinery use ( i .e . ,  fuels) ,  nitrogen ferti l izers ,  and b urning 

of  agricultural  residues.  Motivating farmers to  implement sustainable practices wil l  lead to reduction of GHGs emissions from  

agriculture but  also to  the conservation of natural  resources,  avoiding energy overuse,  and protecting the agricultural  envir on-

ment .   

•  Compared to  conventional  agriculture,  organic  farming has shown the way to  a  lower carbon footprint  in agricultural  sector,  a nd 

under the threat  of  c l imate change,  there is an urgent need for the farmers to adopt the less harmful agricultural  practices.   

 

References  

•Anna Hurlimann,  Sareh Moosavi ,  Geoffrey R.Browne,  Urban planning policy must  do more to  integrate c limate change adaptation 

and mitigation actions,  Land Use Policy,  Volume 101,  February 2021,  105188,  https://doi .org/10.1016/j. landusepol .2020.105188  

•Annual  Inventory of Greece under the convention Kyoto Protocol  for  Greenhouse and other gases for  the years 1990 -2017.  

•EUROSTAT, (2019) https://ec.europa.eu/eurostat/documents/2995521/10820684/8 -06052020-BP-EN.pdf/e1dd6cf1 -09b5-d7ee -

b769- f fe63e94561e.   

• IPCC (2006) Guidelines for  National Greenhouse Gas Inventories Volume 4:  Agriculture,  Forestry and Other Land Use  

• IPCC, (2019).  Refinement to the 2006 IPCC (2019) Guidelines for  National Greenhouse Gas Inventories Volume 4: Agriculture,  Fo r-

estry and Other Land Use.  

•Kerstin Jantke,  Martina J .  Hartmann, Livia  Rasche,  Benjamin Blanz,  Uwe A.  Schneider,  2020,  Agricultural  Greenhouse Gas Emis-

sions:  Knowledge and Posit ions of  German Farmers,  Land 2020,  9(5) ,  130;  https://doi .org/10.3390/land9050130  

•Koffi ,  B . ,  Cerutti ,  A . ,  Duerr,  M. ,  Iancu,  A. ,  Kona,  A. ,  Janssens -Maenhout ,  G.  (2017).  CoM Default  Emission Factors for  the Membe r 

States of  the European Union -  Version 2017,  European Commission,  Joint  Research Centre ( JRC) [Dataset] .  

•USEPA,  (2017) https://www.epa.gov/sites/production/fi les/2017 -08/documents/ag_module_users_guide.pdf   

The f igures below (Figure 7 ,8 ,9)  points out  the distribution of  GHGs emissions caused by different  agricultural  practices.  An d for 

the three years of  monitoring the pilot  f ields,  the fuel  consumption is  responsible for  the bigger distribution of GHGS emiss ions.  

For the years 2018 and 2019 about 50% of  the total  GHGs emissions caused by fuel  consumption while  in 2020 there is  signif ica nt 

reduction.  

F i g u r e  7 .  G H G s  e m i s s i o n s  c o n t r i b u t i o n  f o r  2 0 1 8  F i g u r e  8 .  G H G s  e m i s s i o n s  c o n t r i b u t i o n  f o r  2 0 1 9  F i g u r e  9 .  G H G s  e m i s s i o n s  c o n t r i b u t i o n  f o r  2 0 2 0  

F i g u r e  4 .  E m i s s i o n s  p e r  k g  o f  p r o d u c t i o n  i n  2 0 1 8  F i g u r e  5 .  E m i s s i o n s  p e r  k g  o f  p r o d u c t i o n  i n  2 0 1 9  F i g u r e  6 .  E m i s s i o n s  p e r  k g  o f  p r o d u c t i o n  i n  2 0 2 0  
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