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ȳɌɡɎɌɴɟɳɑɘ ɘɑəɞɚɜɖɌɘɌ, ɐɜ ȸɌɜɔɳɔ Ȩɚɝɔɶ ɔ ɐɜ ȸɔɜɳɌɘ ȮɟɳɌɐɔəɚɎɔɶ ȸɌəɐɔɶ əɌ ɛɚɘɚɶɔ ɔ 

ɚɝɘɔɤɴɌɎɌɵɟ ɞɑɘɑ ɚɎɑ ɐɔɝɑɜɞɌɢɔɳɑ, ɖɌɚ ɔ əɌ ɝɞɜɟɣəɔɘ ɔ ɖɚɜɔɝəɔɘ ɝɌɎɑɞɔɘɌ. 
 

ȳɌɡɎɌɴɟɳɑɘ ɐɜ ȳɚɜɔɢɔ ȼɌəɖɚɎɔɶ-ȮɌɝɔɶ əɌ ɛɚɎɑɓɔɎɌɵɟ ɝɌ ɎɔəɌɜɔɳɚɘ ăȻɗɌɎɔəɢɔò ɟ ɖɚɳɚɳ ɳɑ Ɏɜɤɑəɚ 
ɔɝɞɜɌɒɔɎɌɵɑ. ɁɎɌɗɌ ɎɗɌɝəɔɖɟ ɎɔəɌɜɔɳɑ ȭɜɌəɔɝɗɌɎɟ Ȭəɭɑɗɔɶɟ ɔ ɵɑɏɚɎɚɳ ɝɑɝɞɜɔ ȥɌɝɘɔəɔ əɌ əɑɝɑɍɔɣəɚɳ 
ɛɚɘɚɶɔ ɔ ɐɚɍɜɚɳ Ɏɚɴɔ ɓɌ ɝɌɜɌɐɵɟ. 

 

ȹɑɔɓɘɑɜəɚ ɓɌɡɎɌɴɟɳɑɘ ɐɜ Ȭɗɑɖɝɔ ȷɔɛɚɎɢɟ, Ɏɑɗɔɖɚɘ ɛɜɚɠɑɝɔɚəɌɗɢɟ ɔ ɝɳɌɳəɚɘ ɣɚɎɑɖɟ, əɌ ɛɚɐɜɤɢɔ ɔ 
ɛɚɘɚɶɔ; ɚɐ ɛɚɝɞɌɎɖɑ ɚɏɗɑɐɌ, ɛɜɑɖɚ ɞɑɜɑəɝɖɔɡ ɔɝɛɔɞɔɎɌɵɌ, ɍɟɜɏɔɳɌɵɌ, ɝɜɑɭɔɎɌɵɌ ɔ ɌəɌɗɔɓɔɜɌɵɌ ɛɚɐɌɞɌɖɌ, 
ɛɌ ɐɚ ɖɚəɝɞɜɟɖɞɔɎəɔɡ ɔ ɝɞɜɟɣəɔɡ ɝɌɎɑɞɌ ɟ ɞɚɖɟ ɛɔɝɌɵɌ ɐɔɝɑɜɞɌɢɔɳɑ.  

 

ȭɑɝɖɜɌɳəɚ ɓɌɡɎɌɴɟɳɑɘ ɐɜ ȼɟɒɔɢɔ ȽɞɜɔɣɑɎɔɶ əɌ ɔɝɞɔəɝɖɚɳ ɛɚɝɎɑɶɑəɚɝɞɔ, ɝɞɜɟɣəɔɘ ɔ ɖɚɜɔɝəɔɘ 
ɝɘɑɜəɔɢɌɘɌ. ȧɑəɌ ɎɑɜɌ ɟ ɘɑəɑ ɔ ɚɡɜɌɍɜɑɵɑ ɝɟ ɚɎɌɳ ăəɌɟɣəɔ ɛɟɞò ɟɣɔəɔɗɌ ɛɚɝɑɍəɔɘ.  

 

ȹɌɟɣəɚɘ ɝɌɎɑɞəɔɖɟ, ɐɜ Ȳɑɴɖɟ ȫɑɗɑɞɚɎɔɶɟ, ɓɌɡɎɌɴɟɳɑɘ əɌ ɛɚɐɜɤɢɔ ɔ ɝɞɜɟɣəɔɘ ɝɌɎɑɞɔɘɌ.  
 

ȳɌɡɎɌɴɟɳɑɘ ɐɜ ȭɚɤɖɟ ȯɌɳɔɶɟ əɌ ɛɚɘɚɶɔ ɚɖɚ ɔɓɎɚɭɑɵɌ ɌəɌɗɔɓɌ ɘɑɡɌəɔɣɖɚɏ ɝɌɝɞɌɎɌ ɓɑɘɴɔɤɞɌ. ɁɎɌɗɌ 
ȽɗɌɎɔɤɔ ȟɚɜɭɑɎɔɶɟ əɌ ɝɌɜɌɐɵɔ ɛɜɔɗɔɖɚɘ ɘɑɜɑɵɌ ɓɑɘɴɔɤəɔɡ ɟɓɚɜɌɖɌ. ȳɌɡɎɌɴɟɳɑɘ ȟɚɜɭɟ ȭɚɤɖɚɎɟ əɌ 
ɛɜɟɒɑəɚɳ ɛɚɘɚɶɔ ɟ ɞɑɜɑəɝɖɚɘ ɐɑɗɟ ɔɝɞɜɌɒɔɎɌɵɌ.  

 

ȳɌɡɎɌɴɟɳɑɘ ȴəɝɞɔɞɟɞɟ ɓɌ ɡɚɜɞɔɖɟɗɞɟɜɟ əɌ ɟɝɞɟɛɌɵɟ ɛɜɚɝɞɚɜɌ ɏɐɑ ɳɑ ɟɜɌɭɑə ɐɑɚ ɘɑɡɌəɔɣɖɔɡ ɔ 
ɡɑɘɔɳɝɖɔɡ ɌəɌɗɔɓɌ ɏɜɚɒɭɌ. ɁɎɌɗɌ ɝɎɔɘ ɐɜɌɏɔɘ ɐɌɘɌɘɌ ɝɌ ȶɌɞɑɐɜɑ ɓɌ ɘɑɗɔɚɜɌɢɔɳɑ ɓɑɘɴɔɤɞɌ.  

 

Ȼɚɝɑɍəɚ ɓɌɡɎɌɴɟɳɑɘ ȹɔɖɚɗɔ ȸɗɌɐɑəɚɎɔɶɟ ɔ ȾɔɳɌəɔ ȥɌɖɚɎɴɑɎɔɶ əɌ ɝɎɑɝɜɐəɚɳ ɛɚɘɚɶɔ ɛɜɔɗɔɖɚɘ 
ɝəɔɘɌɵɌ ɎɔəɚɏɜɌɐɌ ɐɜɚəɚɘ ɔ ɖɌɝəɔɳɔɘ ɌəɌɗɔɓɌɘɌ. 

 

ȭɑɝɖɜɌɳəɚ ɓɌɡɎɌɴɟɳɑɘ ɑɖɚɗɚɓɔɘɌ, ɝɞɌɜɔɘ ɔ əɚɎɔɘ ɖɚɗɑɏɌɘɌ, ɟɎɑɖ ɐɚɍɜɚ ɜɌɝɛɚɗɚɒɑəɔɘ ɗɌɍɚɜɌəɞɔɘɌ 
ɔ ɝɎɔɘ ɐɚɍɜɔɘ ɴɟɐɔɘɌ ɖɚɳɔ ɝɟ ɘɔ ɍɔɗɔ ɝəɌɒɌə ɚɝɗɚəɌɢ əɌ ɚɎɚɘ Ɏɔɤɑɏɚɐɔɤɵɑɘ ɛɟɞɟ.  

 

Ȯɑɗɔɖɚ ɡɎɌɗɌ ȰɌɎɔɐɟ ȥɌɖɚɛɣɑɎɔɶɟ əɌ ɛɜɟɒɑəɚɳ ɛɚɘɚɶɔ ɟ ɞɑɜɑəɝɖɚɘ ɐɑɗɟ ɔɝɞɜɌɒɔɎɌɵɌ, ȸɗɌɐɑəɟ 
ȼɌɐɚɝɌɎɴɑɎɔɶɟ əɌ ɍɑɓɜɑɓɑɜɎəɚɳ ɛɚɐɜɤɢɔ ɞɚɖɚɘ ɝɎɔɡ ɏɚɐɔəɌ ɝɞɟɐɔɳɌ, ɖɌɚ ɔ ȥɑɗɑəɔ ȻɌɜɌɘɑəɞɔɶ ɔ ȸɔɗɌəɔ 
ȷɌɓɌɜɑɎɔɶ əɌ ɝɌɜɌɐɵɔ ɔ ɛɜɔɳɌɞəɔɘ ɞɜɑəɟɢɔɘɌ. 

 

ȳɌɡɎɌɴɟɳɑɘ ȸɔəɔɝɞɌɜɝɞɎɟ əɌɟɖɑ, ɞɑɡəɚɗɚɤɖɚɏ ɜɌɓɎɚɳɌ ɔ ɔəɚɎɌɢɔɳɌ ȼɑɛɟɍɗɔɖɑ Ƚɜɍɔɳɑ, ɖɚɳɑ ɘɑ ɳɑ 
ɝɞɔɛɑəɐɔɜɌɗɚ.  

 

ȸəɚɏɚ ɡɎɌɗɌ ɘɚɘ ɍɔɎɤɑɘ ɛɚɝɗɚɐɌɎɢɟ, ȳɚɜɌəɟ ȟɟɖɔɶɟ, ɖɚɳɔ ɳɑ ɎɑɜɚɎɌɚ ɟ ɘɑəɑ ɔ ɚɡɜɌɍɜɔɎɌɚ ɘɑ ɐɌ 
ɟɛɔɤɑɘ ɐɚɖɞɚɜɝɖɑ ɝɞɟɐɔɳɑ.  

 

ȳɌɡɎɌɴɟɳɑɘ ɚɐ ɝɜɢɌ ɘɚɳɔɘ ɐɜɌɏɔɘ ɖɟɘɚɎɔɘɌ ɔ ɘɚɳɔɘ ɝɳɌɳəɔɘ ɛɜɔɳɌɞɑɴɔɘɌ. 
 
ȹɌɳɎɔɤɑ ɓɌɡɎɌɴɟɳɑɘ ɘɚɳɔɘ ɜɚɐɔɞɑɴɔɘɌ ȰɜɌɏɔɢɔ ɔ Ƚɔəɔɤɔ ɔ ɝɑɝɞɜɔ Ƚɚɠɔɳɔ. ɁɎɌɗɌ ɍɑɓɏɜɌəɔɣəɚ 

ɤɞɚ ɝɟ ɘɔ ɟɎɑɖ ɐɌɎɌɗɔ ɍɑɓɟɝɗɚɎəɟ ɴɟɍɌɎ, ɛɚɐɜɤɖɟ ɔ ɜɌɓɟɘɑɎɌɵɑ. ɁɎɌɗɌ ɍɌɖɔ ȸɔɢɔ, ɖɚɳɌ ɳɑ ɚɍɑɗɑɒɔɗɌ 
Ɏɑɗɔɖɔ ɐɑɚ ɘɚɏ ɝɞɟɐɔɜɌɵɌ ɔ ɐɑɐɔ ȮɗɌɐɔ əɌ Ɏɑɗɔɖɚɳ ɛɌɒɵɔ ɔ ɝɞɌɗəɚɘ ɍɚɐɜɑɵɟ. 

 
ɁɎɌɗɌ ȭɚɒɔɳɚɳ ɜɟɢɔ ɖɚɳɌ ɘe je ɎɚɐɔɗɌ ɛɟɞɑɘ ɝɎɑɞɗɚɝɞɔ! 

 
 
 
 

Ȭɟɞɚɜ 
ȰɟɵɌ ȽɚɞɚəɔɢɌ 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȸɚɳɚɳ ɘɌɳɢɔ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

ʇʈʆʎɽʅɸ ʇʆʊʈɽɹɽ ɿɸ ʅɸɺʆɼɳɸɺɸɳɽʄ ɺʀʅʆɺɽ ʃʆɿɽ ʉʆʈʊɽ 

ʇɸʅʆʅʀɸ ʋ ʋʉʃʆɺʀʄɸ ʂʃʀʄɸʊʉʂʀʍ ʇʈʆʄɽʅɸ 

 

ʉʘʞʝʪʘʢ 

 

ʂʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʩʘ ʧʦʩʣʝʜʠʯʥʠʤ ʧʦʚʝ˂ʘˁʝʤ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʰ˂ʫ 

ʧʘʜʘʚʠʥʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʿʝ ʠʤʘʿʫ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʛʘʿʝˁʝ ʚʠʥʦʚʝ ʣʦʟʝ. ʋ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʝʛʠʦʥʘ ʠ ʠʥʪʝʥʟʠʪʝʪʘ ʧʦʿʘʚʝ ʦʚʠʭ ʧʨʦʤʝʥʘ, ʧʦʩʣʝʜʠʮʝ ʤʦʛʫ ʙʠʪʠ ʧʦʟʠʪʠʚʥʝ ʠ 

ʥʝʛʘʪʠʚʥʝ, ʪʝ ʢʘʢʦ ʙʠ ʩʝ ʦʯʫʚʘʣʘ ʧʨʦʠʟʚʦʜˁʘ ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʠʭ ʚʠʥʘ ʠ ˁʠʭʦʚ ʩʧʝʮʠʬʠʯʥʠ 

ʢʘʨʘʢʪʝʨ ʫ ʩʢʣʘʜʫ ʩʘ ʧʦʨʝʢʣʦʤ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʠʤʝʥʠʪʠ ʨʘʟʣʠʯʠʪʝ ʩʪʨʘʪʝʛʠʿʝ 

ʧʨʠʣʘʛʦʹʘʚʘˁʘ. ʅʘʰʘ ʟʝʤˀʘ ʩʝ ʥʘʣʘʟʠ ʫ ʨʝʛʠʦʥʫ ʢʦʿʠ ʿʝ ʧʨʝʧʦʟʥʘʪ ʢʘʦ ʿʝʜʘʥ ʦʜ ʞʘʨʠʰʪʘ ʛʜʝ 

ʩʝ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʦʜʚʠʿʘʿʫ ʙʨʞʝ ʦʜ ʛʣʦʙʘʣʥʦʛ ʧʨʦʩʝʢʘ, ʰʪʦ ˂ʝ ʟʥʘʯʘʿʥʦ ʠʟʤʝʥʠʪʠ 

ʩʘʜʘʰˁʝ ʟʦʥʠʨʘˁʝ ʚʠʥʦʛʨʘʜʘʨʩʢʠʭ ʧʦʜʨʫʯʿʘ ʫ ʙʫʜʫ˂ʥʦʩʪʠ.  

ʋ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ ʉʨʙʠʿʝ, ʥʘʚʦʜˁʘʚʘˁʝ ʚʠʥʦʚʝ ʣʦʟʝ ʥʠʿʝ ʟʘʩʪʫʧˀʝʥʦ ʥʘ ʚʝʣʠʢʠʤ 

ʧʦʚʨʰʠʥʘʤʘ ʠ ʜʦ ʩʘʜʘ ʥʠʩʫ ʩʧʨʦʚʦʹʝʥʘ ʟʥʘʯʘʿʥʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʦʚʫ ʪʝʤʫ. ɺʠʥʦʚʘ ʣʦʟʘ ʿʝ 

ʩʧʝʮʠʬʠʯʥʘ ʙʠˀʥʘ ʚʨʩʪʘ, ʢʦʿʘ ʫʩʧʝʰʥʦ ʦʧʩʪʘʿʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʢʣʠʤʘʪʩʢʠʤ ʠ ʟʝʤˀʠʰʥʠʤ 

ʩʨʝʜʠʥʘʤʘ. ʉʘ ʛʣʦʙʘʣʥʠʤ ʟʘʛʨʝʚʘˁʝʤ ʦʯʝʢʫʿʝ ʩʝ ʜʘ ˂ʝ ʚʠʥʦʚʘ ʣʦʟʘ ʙʠʪʠ ʚʠʰʝ ʠʟʣʦʞʝʥʘ 

ʚʦʜʥʦʤ ʜʝʬʠʮʠʪʫ ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʫ ʢˀʫʯʥʠʤ ʬʘʟʘʤʘ ˁʝʥʦʛ ʨʘʟʚʦʿʘ.  

ʎʠʝˀʚʠ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʩʫ ʢʦʨʠʰ˂ʝˁʝ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʿʝʢʮʠʿʘ ʠ ʩʝʟʦʥʩʢʠʭ 

ʧʨʦʛʥʦʟʘ ʚʨʝʤʝʥʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʪʨʘʿʘˁʘ ʠ ʧʦʤʝʨʘˁʘ ʬʝʥʦʬʘʟʘ ʨʘʟʚʦʿʘ ʚʠʥʦʚʝ ʣʦʟʝ ʩʦʨʪʝ 

ʇʘʥʦʥʠʘ (Vitis vinifera L. cv. Panonia), ʫʪʚʨʹʠʚʘˁʝ ʧʦʪʨʝʙʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝʤ, ʢʘʦ ʠ 

ʠʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ ʨʘʟʣʠʯʠʪʠʭ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʢʚʘʣʠʪʘʪʠʚʥʝ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʨʦʟʜʘ ʠ ʙʦʙʠʮʝ ʙʝʣʝ ʚʠʥʩʢʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʫ ʫʩʣʦʚʠʤʘ ʦʨʛʘʥʩʢʝ 

ʧʨʦʠʟʚʦʜˁʝ. ɼʚʦʛʦʜʠʰˁʠ ʦʛʣʝʜ (2021-2022) ʧʦʩʪʘʚˀʝʥ ʿʝ ʧʦ ʙʣʦʢ ʩʠʩʪʝʤʫ ʫ ʪʨʠ ʧʦʥʘʚˀʘˁʘ 

ʫ ʟʘʩʘʜʫ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʦʢʚʠʨʫ ʚʠʥʘʨʠʿʝ Ăʇʣʘʚʠʥʮʠñ ʢʦʿʘ ʧʨʠʧʘʜʘ ɻʨʦʯʘʥʩʢʦʤ ʚʠʥʦʛʦʨʿʫ 

ɹʝʦʛʨʘʜʩʢʦʛ ʨʝʿʦʥʘ. ʅʘʚʦʜˁʘʚʘˁʝ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ ʧʨʠʤʝˁʝʥʦ ʿʝ ʫ ʪʨʠ ʨʝʞʠʤʘ: 1) F ï 

ʧʫʥʦ ʥʘʚʦʜˁʘʚʘˁʝ ʢʘʜʘ ʿʝ ʦʙʝʟʙʝʹʝʥʦ 100% ʦʜ ETc (ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʢʫʣʪʫʨʝ), 2) R ï 

ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ ʢʘʜʘ ʿʝ ʦʙʝʟʙʝʹʝʥʦ 50% ʦʜ ETc ʠ 3) S ï ʪʨʝʪʤʘʥ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ. 

ʇʦʯʝʪʘʢ ʠ ʪʨʘʿʘˁʝ ʥʘʚʦʜˁʘʚʘˁʘ ʦʜʨʝʹʝʥʦ ʿʝ ʥʘ ʦʩʥʦʚʫ ʩʘʜʨʞʘʿʘ ʨʘʩʧʦʣʦʞʠʚʝ ʚʦʜʝ ʫ 

ʟʝʤˀʠʰʪʫ ʠ ʜʥʝʚʥʦʛ ʦʙʨʘʯʫʥʘ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ. ɿʘʣʠʚʥʘ ʥʦʨʤʘ, ʪʿ. ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʜʘʪʘ 

ʧʨʠ ʿʝʜʥʦʤ ʥʘʚʦʜˁʘʚʘˁʫ, ʠʟʥʦʩʠʣʘ ʿʝ 15 mm ʟʘ R ʠ 30 mm ʟʘ F ʪʨʝʪʤʘʥ. Kʣʠʤʘ ʫ ʚʠʥʦʛʨʘʜʫ 

ʿʝ ʫʤʝʨʝʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʥʘ ʩʘ ʢʦʤʧʦʥʝʥʪʘʤʘ ʩʨʝʜˁʝʝʚʨʦʧʩʢʝ ʠ ʤʝʜʠʪʝʨʘʥʩʢʝ ʢʣʠʤʝ. 

ʇʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʿʝ 12,1 ÁC, ʥʘʿʭʣʘʜʥʠʿʠ ʤʝʩʝʮʠ ʩʫ ʿʘʥʫʘʨ ʩʘ 

ʧʨʦʩʝʯʥʦʤ ʤʠʥʠʤʘʣʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ (-2,6 ÁC) ʠ ʬʝʙʨʫʘʨ (-1,3 ÁC), ʜʦʢ ʩʫ ʥʘʿʪʦʧʣʠʿʠ ʿʫʣ 

(29,4 ÁC) ʠ ʘʚʛʫʩʪ (29,5 ÁC). ʇʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʩʫʤʘ ʧʘʜʘʚʠʥʘ ʟʘ ʧʝʨʠʦʜ ʧʨʝʪʭʦʜʥʠʭ 20 

ʛʦʜʠʥʘ ʠʟʥʦʩʠ 702,4 mm. ʊʦʢʦʤ ʧʝʨʠʦʜʘ ʪʨʘʿʘˁʘ ʦʛʣʝʜʘ, ʧʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʘʟʜʫʭʘ ʙʠʣʘ ʿʝ 13,9 °C, ʰʪʦ ʿʝ ʟʘ 1,8 ÁC ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʝʨʠʦʜ ʧʨʝʪʭʦʜʥʠʭ ʜʚʘʜʝʩʝʪ 

ʛʦʜʠʥʘ, ʜʦʢ ʿʝ ʧʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʩʫʤʘ ʧʘʜʘʚʠʥʘ ʙʠʣʘ 585,8 mm, ʰʪʦ ʿʝ ʟʘ 19,9% ʤʘˁʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʝʨʠʦʜ ʧʨʝʪʭʦʜʥʠʭ 20 ʛʦʜʠʥʘ. ɿʘʧʘʞʘ ʩʝ ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ ʩʤʘˁʝˁʝ 

ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ. ɿʝʤˀʠʰʪʝ ʥʘ ʢʦʤʝ ʩʫ ʦʙʘʚˀʝʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʠʧʘʜʘ ʪʠʧʫ ʩʤʦʥʠʮʘ, ʘ 

ʧʨʦʩʝʯʘʥ ʩʘʜʨʞʘʿ ʤʝʭʘʥʠʯʢʠʭ ʬʨʘʢʮʠʿʘ ʛʣʠʥʝ ʫ ʯʠʪʘʚʦʿ ʜʫʙʠʥʠ ʠʩʧʠʪʠʚʘʥʦʛ ʟʝʤˀʠʰʪʘ 

ʠʟʥʦʩʠ 50,22%, ʧʨʘʭʘ 38,22% ʠ ʧʝʩʢʘ 11,55%. 

ʅʘ ʦʩʥʦʚʫ ʦʩʤʦʪʨʝʥʠʭ ʧʦʜʘʪʘʢʘ ʦ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʬʝʥʦʣʦʰʢʠʭ ʦʩʤʘʪʨʘˁʘ ʟʘ ʧʝʨʠʦʜ 

(2015-2022) ʦʜʨʝʹʝʥʝ ʩʫ ʩʫʤʝ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ (Growing degree days ï GDD) 

ʧʦʪʨʝʙʥʝ ʟʘ ʨʘʩʪ ʠ ʨʘʟʚʦʿ ʚʠʥʦʚʝ ʣʦʟʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʫ ɻʨʦʯʘʥʩʢʦʤ ʚʠʥʦʛʦʨʿʫ ʧʦ ʬʝʥʦʬʘʟʘʤʘ. 

ʇʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫʤʝ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʤʦʪʨʝʥʦʛ ʧʝʨʠʦʜʘ ʠʟʥʦʩʝ 320,6 ʟʘ 

ʬʝʥʦʬʘʟʫ ʮʚʝʪʘˁʘ, 1009,9 ʟʘ ʬʝʥʦʬʘʟʫ ʰʘʨʢʘ, 1610,8 ʟʘ ʬʝʥʦʬʘʟʫ ʙʝʨʙʝ ʠ 2200,7 ʟʘ ʢʨʘʿ 

ʚʝʛʝʪʘʮʠʿʝ. ʌʝʥʦʣʦʰʢʘ ʦʩʤʘʪʨʘˁʘ ʫʢʘʟʫʿʫ ʥʘ ʟʥʘʯʘʿʥʦ ʧʦʤʝʨʘˁʝ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʩʦʨʪʝ 

ʇʘʥʦʥʠʘ ʫʩʣʝʜ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ. ʂʣʠʤʘʪʩʢʠʤ ʤʦʜʝʣʠʤʘ ʩʝ ʧʨʝʜʚʠʹʘ ʜʘ ˂ʝ ʩʝ ʦʚʘʿ ʪʨʝʥʜ 



 

 

 

ʥʘʩʪʘʚʠʪʠ, ʘ ʥʘʿʚʝ˂ʝ ʧʨʦʤʝʥʝ ˂ʝ ʫʩʣʝʜʠʪʠ ʢʨʘʿʝʤ ʚʝʢʘ (2081-2100). ɿʘ ʧʨʦʮʝʥʫ ʫʪʠʮʘʿʘ 

ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʢʦʨʠʰ˂ʝʥ ʿʝ ʘʥʩʘʤʙʣ ʨʝʛʠʦʥʘʣʥʠʭ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ EURO-CORDEX 

ʧʨʝʤʘ ʩʮʝʥʘʨʠʿʫ RCP8.5. ʇʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ, ʢʘʦ ʠ ʦʩʪʘʣʝ ʬʝʥʦʬʘʟʝ ˂ʝ ʥʘʩʪʫʧʘʪʠ ʨʘʥʠʿʝ, ʘ 

ʧʝʨʠʦʜ ʦʜ ʙʝʨʙʝ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʩʝ ʧʨʦʜʫʞʘʚʘ, ʰʪʦ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʧʨʠʥʦʩ ʠ ʢʚʘʣʠʪʝʪ 

ʛʨʦʞʹʘ. 

ʈʘʟʣʠʯʠʪʠ ʨʝʞʠʤʠ ʥʘʚʦʜˁʘʚʘˁʘ ʟʥʘʯʘʿʥʦ ʫʪʠʯʫ ʥʘ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʫ ʚʠʥʦʚʝ ʣʦʟʝ. 

ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ɽʊc ʚʠʥʦʚʝ ʣʦʟʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʟʘ ʦʙʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ ʠʟʥʦʩʠ: F ʪʨʝʪʤʘʥ 

(469,7 mm), R ʪʨʝʪʤʘʥ (435,6 mm) ʠ S ʪʨʝʪʤʘʥ (368,4 mm).  

ɼʠʥʘʤʠʢʘ ʨʘʩʪʘ ʠ ʨʘʟʚʦʿʘ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʚʠʥʦʚʝ ʣʦʟʝ ʙʠʣʘ ʿʝ ʫʿʝʜʥʘʯʝʥʘ ʥʘ ʩʚʠʤ 

ʪʨʝʪʤʘʥʠʤʘ ʜʦ ʬʝʥʦʬʘʟʝ ʰʘʨʘʢ. ʇʨʠʤʝʥʦʤ ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ ʜʦʣʘʟʠ ʜʦ 

ʟʥʘʪʥʦʛ ʧʦʚʝ˂ʘˁʘ ʙʠʦʤʘʩʝ ʥʘ ʪʨʝʪʤʘʥʫ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ, ʢʘʜʘ ʿʝ ʧʦʩʪʠʛʥʫʪʘ ʤʘʢʩʠʤʘʣʥʘ 

ʚʨʝʜʥʦʩʪ ʫ ʦʙʝ ʛʦʜʠʥʝ ʠʩʪʨʘʞʠʚʘˁʘ, 61,6% ʫ 2021. ʛʦʜʠʥʠ ʠ 73,9% ʫ 2022. ʛʦʜʠʥʠ. ʀʘʢʦ 

ʨʝʞʠʤʠ ʥʘʚʦʜˁʘʚʘˁʘ ʥʠʩʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʣʠ ʥʘ ʧʦʢʨʠʚʝʥʦʩʪ, ʥʘʿʥʠʞʝ ʚʨʝʜʥʦʩʪʠ 

ʧʦʢʨʠʚʝʥʦʩʪʠ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʪʦʢʦʤ ʮʝʣʦʢʫʧʥʦʛ ʠʩʧʠʪʠʚʘʥʦʛ ʧʝʨʠʦʜʘ ʩʫ ʟʘʙʝʣʝʞʝʥʝ ʥʘ 

ʪʨʝʪʤʘʥʫ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ.  

ɺʠʥʦʚʘ ʣʦʟʘ ʠʤʘ ʪʘʯʥʦ ʦʜʨʝʹʝʥʝ ʟʘʭʪʝʚʝ ʟʘ ʚʣʘʞʥʦʰ˂ʫ ʟʝʤˀʠʰʪʘ. ʇʦʚʝ˂ʘʥʝ ʧʦʪʨʝʙʝ ʟʘ 

ʚʦʜʦʤ ʠʤʘ ʫ ʟʘʚʨʰʥʠʤ ʬʘʟʘʤʘ ʨʘʩʪʘ (ʬʝʥʦʬʘʟʘ ʰʘʨʢʘ ʠ ʩʘʟʨʝʚʘˁʘ). ɺʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ ʫ 

ʚʠʥʦʛʨʘʜʫ ʧʨʘ˂ʝʥʘ ʿʝ ʛʨʘʚʠʤʝʪʨʠʿʩʢʠʤ ʤʝʪʦʜʦʤ ʪʦʢʦʤ ʦʛʣʝʜʥʠʭ ʛʦʜʠʥʘ ʠ ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʿʝ 

ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʥʘ F ʪʨʝʪʤʘʥʫ ʢʦʥʪʠʥʫʠʨʘʥʦ ʙʠʦ ʠʟʥʘʜ ʛʨʘʥʠʮʝ ʜʦʟʚʦˀʝʥʦʛ ʠʩʫʰʠʚʘˁʘ (Di), 

ʦʙʝʟʙʝʹʫʿʫ˂ʠ ʦʧʪʠʤʘʣʥʝ ʫʩʣʦʚʝ ʟʘ ʨʘʩʪ ʣʦʟʝ. ɺʦʜʥʠ ʜʝʬʠʮʠʪ ʜʝʪʝʢʪʦʚʘʥ ʿʝ ʥʘ ʪʨʝʪʤʘʥʠʤʘ R ʠ 

S ʧʦʩʝʙʥʦ ʪʦʢʦʤ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ ʠ ʩʘʟʨʝʚʘˁʘ. ʄʝʪʦʜʘ ʚʨʝʤʝʥʩʢʝ ʜʦʤʝʥʩʢʝ ʨʝʬʣʝʢʪʦʤʝʪʨʠʿʝ 

(TDR) ʿʝ ʧʦʪʚʨʜʠʣʘ ʦʚʘʿ ʪʨʝʥʜ ʚʣʘʞʥʦʩʪʠ ʟʝʤˀʠʰʪʘ. 

ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʚʦʜʥʦʛ ʜʝʬʠʮʠʪʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʦʩʤʦʪʨʝʥʦʤ ʧʝʨʠʦʜʫ (2015-2022) ʦʜ 

ʧʦʯʝʪʢʘ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʠʟʥʦʩʠ 93,5 mm. ʅʘʿʚʝ˂ʝ ʧʦʪʨʝʙʝ ʟʘ ʚʦʜʦʤ ʿʘʚʠʣʝ ʩʫ ʩʝ ʫ 

ʬʝʥʦʬʘʟʠ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ (81,6 mm). ʇʨʝʤʘ ʢʣʠʤʘʪʩʢʠʤ ʤʦʜʝʣʠʤʘ, ʧʨʝʜʚʠʹʝʥʠ ʚʦʜʥʠ 

ʜʝʬʠʮʠʪ ʚʠʥʦʚʝ ʣʦʟʝ ʪʦʢʦʤ ʮʝʣʦʢʫʧʥʝ ʚʝʛʝʪʘʮʠʿʝ ʠʟʥʦʩʠ 58,6 mm ʫ ʠʩʧʠʪʠʚʘʥʠʤ ʧʝʨʠʦʜʠʤʘ 

(ʨʝʬʝʨʝʥʪʥʦʤ ʠ ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ). ʅʘʿʥʠʞʝ ʚʨʝʜʥʦʩʪʠ In ʟʘ ʮʝʦ ʚʝʛʝʪʘʮʠʦʥʠ ʧʝʨʠʦʜ 

ʦʯʝʢʫʿʫ ʩʝ ʫ ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ (2021-2040) ʩʘ 38,7 mm, ʜʦʢ ʩʝ ʥʘʿʠʟʨʘʞʝʥʠʿʠ ʜʝʬʠʮʠʪ 

ʧʨʝʜʚʠʹʘ ʢʨʘʿʝʤ ʚʝʢʘ (2081-2100) ʩʘ ʚʨʝʜʥʦʰ˂ʫ ʦʜ 84,5 mm. ʅʘʿʢʨʠʪʠʯʥʠʿʘ ʬʝʥʦʬʘʟʘ ʫ 

ʧʦʛʣʝʜʫ ʥʝʜʦʩʪʘʪʢʘ ʚʦʜʝ ʿʝ ʧʝʨʠʦʜ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ, ʩʘ ʧʨʦʩʝʯʥʠʤ ʜʝʬʠʮʠʪʦʤ ʦʜ 60,2 

mm ʫ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ ʧʝʨʠʦʜʠʤʘ. ʉʘ ʧʦʨʘʩʪʦʤ ʚʦʜʥʦʛ ʜʝʬʠʮʠʪʘ ʫ ʙʫʜʫ˂ʠʤ ʢʣʠʤʘʪʩʢʠʤ 

ʫʩʣʦʚʠʤʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʝʮʠʟʥʦ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʩʪʨʘʪʝʛʠʿʘ ʥʘʚʦʜˁʘʚʘˁʘ ʢʘʢʦ ʙʠ ʩʝ ʦʯʫʚʘʣʠ 

ʧʨʠʥʦʩ ʠ ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ. 

FAO AquaCrop ʤʦʜʝʣ ʿʝ ʫʩʧʝʰʥʦ ʧʨʝʜʚʠʜʝʦ ʚʝʛʝʪʘʮʠʦʥʠ ʧʝʨʠʦʜ ʚʠʥʦʚʝ ʣʦʟʝ, ʜʘʥʝ 

ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ, ʧʨʠʥʦʩ ʩʫʚʝ ʤʘʩʝ ʛʨʦʞʹʘ ʠ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʫ (ETc), ʧʦʢʘʟʫʿʫ˂ʠ 

ʚʠʩʦʢʫ ʧʦʫʟʜʘʥʦʩʪ ʩʘ ʤʠʥʠʤʘʣʥʠʤ ʦʜʩʪʫʧʘˁʠʤʘ ʦʜ ʦʩʤʦʪʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ. ʈʘʟʣʠʢʝ ʫ 

ʥʘʩʪʫʧʘˁʫ ʠʩʧʠʪʠʚʘʥʠʭ ʬʝʥʦʬʘʟʘ ʙʠʣʝ ʩʫ ʤʘʣʝ (1-4 ʜʘʥʘ), ʜʦʢ ʿʝ ʩʠʤʫʣʠʨʘʥʠ ʧʨʦʩʝʯʥʠ 

ʧʨʠʥʦʩ ʙʠʦ 2,4 tĿha ĭ, ʰʪʦ ʿʝ ʟʘ 20,83% ʚʠʰʝ ʦʜ ʤʝʨʝʥʦʛ ʦʜ 1,9 tĿha ĭ ʪʦʢʦʤ ʦʩʤʦʛʦʜʠʰˁʝʛ 

ʦʩʤʦʪʨʝʥʦʛ ʧʝʨʠʦʜʘ (2015-2022). ʇʨʠʤʝʥʘ FAO AquaCrop ʤʦʜʝʣʘ ʫ ʮʠˀʫ ʧʨʝʜʚʠʹʘˁʘ 

ʩʝʟʦʥʩʢʠʭ ʧʨʦʛʥʦʟʘ ʚʨʝʤʝʥʘ ʧʨʝʜʩʪʘʚˀʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʘʣʘʪ ʢʘʜʘ ʩʫ ʫ ʧʠʪʘˁʫ ʧʨʦʛʥʦʟʝ 

ʥʘʩʪʫʧʘʿʫ˂ʠʭ ʬʝʥʦʬʘʟʘ ʠ ʧʝʨʠʦʜʘ ˁʠʭʦʚʦʛ ʪʨʘʿʘˁʘ, ʘ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʜʝʬʠʮʠʪʠʤʘ ʚʦʜʝ, ʦʜʥʦʩʥʦ 

ʦ ʧʘʜʘʚʠʥʘʤʘ ʢʦʿʝ ʩʝ ʦʯʝʢʫʿʫ, ʚʠʥʦʛʨʘʜʘʨʠʤʘ ʩʝ ʧʨʝʧʦʨʫʯʫʿʝ ʧʨʘ˂ʝˁʝ ʢʨʘʪʢʦʨʦʯʥʠʭ ʧʨʦʛʥʦʟʘ 

ʚʨʝʤʝʥʘ, ʜʦ ʜʝʩʝʪ ʜʘʥʘ ʫʥʘʧʨʝʜ.  

ʄʝʪʦʜʝ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ, ʧʦʧʫʪ ʨʫʯʥʝ ʪʝʨʤʘʣʥʝ ʢʘʤʝʨʝ, ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʭ ʢʘʤʝʨʘ 

ʥʘ ʜʨʦʥʫ ʠ ʫʨʝʹʘʿʘ Plant-O-Meter, ʦʤʦʛʫ˂ʠʣʝ ʩʫ ʧʨʝʮʠʟʥʦ ʧʨʘ˂ʝˁʝ ʚʦʜʥʦʛ ʨʝʞʠʤʘ ʚʠʥʦʚʝ 

ʣʦʟʝ. ʅʘʿʚʠʰʝ ʚʨʝʜʥʦʩʪʠ CWSI ʟʘʙʝʣʝʞʝʥʝ ʩʫ ʥʘ ʚʠʥʦʚʦʿ ʣʦʟʠ ʥʘ S ʪʨʝʪʤʘʥʫ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ 

ʠʟʨʘʞʝʥ ʚʦʜʥʠ ʩʪʨʝʩ, ʜʦʢ ʿʝ ʚʠʥʦʚʘ ʣʦʟʘ ʥʘ F ʪʨʝʪʤʘʥʫ ʠʤʘʣʘ ʥʘʿʥʠʞʝ ʚʨʝʜʥʦʩʪʠ. ɺʠʥʦʚʘ 

ʣʦʟʘ ʥʘ ʪʨʝʪʤʘʥʫ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (R ʪʨʝʪʤʘʥ) ʧʦʢʘʟʘʣʘ ʿʝ ʥʘʿʚʠʰʝ ʚʨʝʜʥʦʩʪʠ NDVI 

(ɺʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʨʘʟʣʠʢʝ) ʠ GNDVI (ɿʝʣʝʥʠ ʚʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩ 



 

 

 

ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʨʘʟʣʠʢʝ), ʩʫʛʝʨʠʰʫ˂ʠ ʙʦˀʫ ʬʦʪʦʩʠʥʪʝʪʩʢʫ ʘʢʪʠʚʥʦʩʪ ʠ ʝʬʠʢʘʩʥʫ ʫʧʦʪʨʝʙʫ 

ʚʦʜʝ, ʜʦʢ ʿʝ ʩʦʨʪʘ ʇʘʥʦʥʠʘ ʧʦʢʘʟʘʣʘ ʚʠʩʦʢʫ ʪʦʣʝʨʘʥʮʠʿʫ ʥʘ ʚʦʜʥʠ ʜʝʬʠʮʠʪ ʢʨʦʟ ʨʘʟʚʠʿʝʥʝ 

ʘʜʘʧʪʘʮʠʦʥʝ ʤʝʭʘʥʠʟʤʝ.  

ɹʝʣʘ ʚʠʥʩʢʘ ʩʦʨʪʘ ʇʘʥʦʥʠʘ ʧʦʢʘʟʘʣʘ ʿʝ ʚʠʩʦʢ ʛʝʥʝʨʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʠ ʜʦʙʨʝ 

ʧʨʦʠʟʚʦʜʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʂʦʝʬʠʮʠʿʝʥʪ ʘʧʩʦʣʫʪʥʝ ʨʦʜʥʦʩʪʠ ʠʟʥʦʩʠ 1,73, ʢʦʝʬʠʮʠʿʝʥʪ 

ʧʦʪʝʥʮʠʿʘʣʥʝ ʨʦʜʥʦʩʪʠ ʿʝ 0,83 ʠ ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʣʘʪʠʚʥʝ ʨʦʜʥʦʩʪʠ ʿʝ 1,66. ʉʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (F, R ʠ S) ʥʠʩʫ ʫʪʚʨʹʝʥʝ, ʘʣʠ ʿʝ ʚʠʥʦʚʘ ʣʦʟʘ ʥʘ 

ʪʨʝʪʤʘʥʫ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (R) ʧʦʢʘʟʘʣʘ ʥʘʿʚʠʰʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʨʦʜʥʦʩʪʠ 

ʫ ʦʙʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ. ʀʩʧʠʪʠʚʘʥʝ ʢʦʤʧʦʥʝʥʪʝ ʧʨʠʥʦʩʘ, ʤʝʭʘʥʠʯʢʦʛ ʩʘʩʪʘʚʘ ʠ ʢʚʘʣʠʪʝʪʘ 

ʛʨʦʞʹʘ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʥʘʿʚʝ˂ʠ ʧʨʠʥʦʩ ʠ ʙʨʦʿ ʛʨʦʟʜʦʚʘ ʧʦ ʯʦʢʦʪʫ ʪʦʢʦʤ ʦʙʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ 

ʦʩʪʚʘʨʝʥ ʥʘ ʚʠʥʦʚʦʿ ʣʦʟʠ ʥʘ ʪʨʝʪʤʘʥʫ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (R) ʦʜ 2,71 kg ʯʦʢʦʪʫ ĭ, ʜʦʢ 

ʿʝ ʥʘʿʤʘˁʠ ʧʨʠʥʦʩ ʟʘʙʝʣʝʞʝʥ ʥʘ ʚʠʥʦʚʦʿ ʣʦʟʠ ʥʘ ʪʨʝʪʤʘʥʫ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ (S) ʦʜ 2,34 kg 

ʯʦʢʦʪʫ ĭ. ʇʨʦʩʝʯʥʘ ʤʘʩʘ ʛʨʦʟʜʘ ʟʘ ʦʙʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ ʠʟʥʦʩʠ 184,95 g ʥʘ F ʪʨʝʪʤʘʥʫ, 172,85 g 

ʥʘ R ʪʨʝʪʤʘʥʫ ʠ 162,20 g ʥʘ S ʪʨʝʪʤʘʥʫ, ʧʨʦʩʝʯʥʘ ʜʫʞʠʥʘ ʛʨʦʟʜʘ ʿʝ 18,70 cm ʥʘ F ʪʨʝʪʤʘʥʫ, 

17,93 cm ʥʘ R ʪʨʝʪʤʘʥʫ ʠ 16,98 cm ʥʘ S ʪʨʝʪʤʘʥʫ, ʧʨʦʩʝʯʥʘ ʰʠʨʠʥʘ ʛʨʦʟʜʘ ʠʟʥʦʩʠ 13,03 cm 

ʥʘ F ʪʨʝʪʤʘʥʫ, 13,28 cm ʥʘ R ʪʨʝʪʤʘʥʫ ʠ 12,66 cm ʥʘ S ʪʨʝʪʤʘʥʫ, ʧʨʦʩʝʯʥʘ ʜʫʞʠʥʘ ʧʝʪʝˀʢʝ ʿʝ 

3,67 cm ʥʘ F ʪʨʝʪʤʘʥʫ ʠ ʧʦ 2,36 cm ʥʘ R ʠ S ʪʨʝʪʤʘʥʫ, ʤʘʩʘ ʰʝʧʫʨʠʥʝ ʿʝ 9,21 g ʥʘ F ʪʨʝʪʤʘʥʫ, 

9,60 g ʥʘ R ʪʨʝʪʤʘʥʫ ʠ 8,41 g ʥʘ S ʪʨʝʪʤʘʥʫ, ʙʨʦʿ ʙʦʙʠʮʘ ʫ ʛʨʦʟʜʫ ʠʟʥʦʩʠ 113 ʟʘ F ʠ R 

ʪʨʝʪʤʘʥ ʠ 116 ʥʘ S ʪʨʝʪʤʘʥʫ. ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʤʘʩʝ ʙʦʙʠʮʘ ʫ ʛʨʦʟʜʫ ʟʘ ʦʙʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ 

ʥʘ F ʪʨʝʪʤʘʥʫ ʠʟʥʦʩʠ 166,57 g, ʥʘ R ʪʨʝʪʤʘʥʫ 163,12 g ʠ ʥʘ S ʪʨʝʪʤʘʥʫ 153 g, ʧʨʦʩʝʯʥʘ ʤʘʩʘ 

100 ʙʦʙʠʮʘ ʿʝ 173,42 g ʥʘ F ʪʨʝʪʤʘʥʫ, 161,48 g ʥʘ R ʪʨʝʪʤʘʥʫ ʠ 138,23 g ʥʘ S ʪʨʝʪʤʘʥʫ, 

ʧʨʦʩʝʯʥʘ ʤʘʩʘ ʧʦʢʦʞʠʮʝ 100 ʙʦʙʠʮʘ ʠʟʥʦʩʠ 9,42 g ʥʘ F ʪʨʝʪʤʘʥʫ, 8,03 g ʥʘ R ʪʨʝʪʤʘʥʫ ʠ 6,70 

g ʥʘ S ʪʨʝʪʤʘʥʫ, ʧʨʦʩʝʯʥʘ ʤʘʩʘ ʩʝʤʝʥʢʠ 100 ʙʦʙʠʮʘ ʿʝ 6,34 g ʥʘ F ʪʨʝʪʤʘʥʫ, 6,52 g ʥʘ R 

ʪʨʝʪʤʘʥʫ ʠ 5,43 g ʥʘ S ʪʨʝʪʤʘʥʫ, ʧʨʦʩʝʯʘʥ ʙʨʦʿ ʩʝʤʝʥʢʠ ʫ 100 ʙʦʙʠʮʘ ʠʟʥʦʩʠ 320 ʥʘ F 

ʪʨʝʪʤʘʥʫ, 305 ʥʘ R ʪʨʝʪʤʘʥʫ ʠ 290 ʥʘ S ʪʨʝʪʤʘʥʫ, ʧʨʦʩʝʯʥʘ ʤʘʩʘ 100 ʩʝʤʝʥʢʠ ʿʝ ʙʠʣʘ 2,01 g 

ʥʘ F ʪʨʝʪʤʘʥʫ, 2,21 g ʥʘ R ʪʨʝʪʤʘʥʫ ʠ 1,95 g ʥʘ S ʪʨʝʪʤʘʥʫ, ʧʨʦʩʝʯʥʝ ʜʠʤʝʥʟʠʿʝ ʙʦʙʠʮʘ ʩʦʨʪʝ 

ʇʘʥʦʥʠʘ ʠʟʥʦʩʝ 14,06 mm ʟʘ ʜʫʞʠʥʫ ʠ 13,71 mm ʟʘ ʰʠʨʠʥʫ ʥʘ F ʪʨʝʪʤʘʥʫ, 13,04 mm ʟʘ 

ʜʫʞʠʥʫ ʠ 13,01 mm ʟʘ ʰʠʨʠʥʫ ʥʘ R ʪʨʝʪʤʘʥʫ ʠ 11,76 mm ʟʘ ʜʫʞʠʥʫ ʠ 12,22 mm ʟʘ ʰʠʨʠʥʫ ʥʘ 

S ʪʨʝʪʤʘʥʫ. ʇʨʦʩʝʯʥʠ ʩʘʜʨʞʘʿ ʥʘʢʫʧˀʝʥʦʛ ʰʝ˂ʝʨʘ ʫ ʰʠʨʠ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʪʦʢʦʤ ʦʛʣʝʜʥʠʭ 

ʛʦʜʠʥʘ ʠʟʥʦʩʠʦ ʿʝ 23,10% ʥʘ F ʪʨʝʪʤʘʥʫ, 21,55% ʥʘ R ʪʨʝʪʤʘʥʫ ʠ 21,49% ʥʘ S ʪʨʝʪʤʘʥʫ, 

ʩʘʜʨʞʘʿ ʫʢʫʧʥʠʭ ʢʠʩʝʣʠʥʘ ʙʠʦ ʿʝ 6,7 gĿL ĭ ʥʘ F ʠ S ʪʨʝʪʤʘʥʫ, ʘ 6,4 gĿL ĭ ʥʘ R ʪʨʝʪʤʘʥʫ, ʜʦʢ ʿʝ 

pH ʚʨʝʜʥʦʩʪ ʰʠʨʝ ʙʠʣʘ 3,10 ʥʘ F ʪʨʝʪʤʘʥʫ, 3,14 ʥʘ R ʪʨʝʪʤʘʥʫ ʠ 3,09 ʥʘ S ʪʨʝʪʤʘʥʫ. 

ʈʘʟʣʠʯʠʪʠ ʨʝʞʠʤʠ ʥʘʚʦʜˁʘʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʠ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʛʨʦʟʜʘ ʠ ʤʦʨʬʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʙʦʙʠʮʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʪʦʢʦʤ ʜʚʦʛʦʜʠʰˁʝʛ ʧʝʨʠʦʜʘ 

(2021-2022). ɽʬʝʢʪʠ ʪʨʝʪʤʘʥʘ ʙʠʣʠ ʩʫ ʫʩʣʦʚˀʝʥʠ ʢʣʠʤʘʪʩʢʠʤ ʧʨʠʣʠʢʘʤʘ, ʧʨʠ ʯʝʤʫ ʩʫ ʫ 

2021. ʛʦʜʠʥʠ ʥʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʤʘʩʝ ʙʦʙʠʮʘ ʟʘʙʝʣʝʞʝʥʝ ʥʘ ʚʠʥʦʚʦʿ ʣʦʟʠ ʥʘ F ʪʨʝʪʤʘʥʫ, ʜʦʢ 

ʿʝ 2022. ʛʦʜʠʥʝ ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ (R) ʜʘʣʦ ʥʘʿʙʦˀʝ ʨʝʟʫʣʪʘʪʝ, ʫʢʘʟʫʿʫ˂ʠ ʥʘ 

ʧʦʪʝʥʮʠʿʘʣʥʫ ʫʰʪʝʜʫ ʚʦʜʝ ʙʝʟ ʛʫʙʠʪʘʢʘ ʧʨʠʥʦʩʘ ʘʢʦ ʩʝ ʧʨʠʤʝʥʠ ʫ ʧʦʚʦˀʥʦʤ ʪʨʝʥʫʪʢʫ. ʋʜʝʦ 

ʧʦʢʦʞʠʮʝ ʙʠʦ ʿʝ ʥʘʿʚʝ˂ʠ ʢʦʜ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ F ʪʨʝʪʤʘʥʫ, ʘ ʥʘʿʤʘˁʠ ʢʦʜ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ S 

ʪʨʝʪʤʘʥʫ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʫʪʠʮʘʿ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʥʘ ʜʝʙˀʠʥʫ ʧʦʢʦʞʠʮʝ ï ʚʘʞʘʥ ʧʘʨʘʤʝʪʘʨ ʢʦʜ 

ʙʝʣʠʭ ʚʠʥʩʢʠʭ ʩʦʨʪʠ. ʉʣʠʯʥʦ ʪʦʤʝ, ʫʜʝʦ ʩʝʤʝʥʢʝ ʙʠʦ ʿʝ ʥʝʰʪʦ ʚʠʰʠ ʢʦʜ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ R ʠ S 

ʪʨʝʪʤʘʥʠʤʘ, ʰʪʦ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʩʝʥʟʦʨʥʠ ʧʨʦʬʠʣ ʚʠʥʘ. ʋʜʝʦ ʤʝʩʘ ʫ ʙʦʙʠʮʠ ʙʠʦ ʿʝ ʥʘʿʚʝ˂ʠ 

ʢʦʜ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ S ʪʨʝʪʤʘʥʫ, ʰʪʦ ʧʦʪʝʥʮʠʿʘʣʥʦ ʫʪʠʯʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʰʝ˂ʝʨʘ ʠ 

ʘʨʦʤʘʪʠʯʥʫ ʟʨʝʣʦʩʪ. ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʧʦʪʚʨʹʫʿʫ ʜʘ ʨʝʞʠʤ ʥʘʚʦʜˁʘʚʘˁʘ ʟʥʘʯʘʿʥʦ ʤʦʜʠʬʠʢʫʿʝ 

ʩʪʨʫʢʪʫʨʫ ʛʨʦʟʜʘ ʠ ʙʦʙʠʮʝ, ʪʝ ʠʤʘ ʜʠʨʝʢʪʥʝ ʠʤʧʣʠʢʘʮʠʿʝ ʥʘ ʪʝʭʥʦʣʦʰʢʠ ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ ʠ 

ʚʠʥʦ. 

ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʫʢʘʟʫʿʫ ʥʘ ʨʘʩʪʫ˂ʝ ʧʦʪʨʝʙʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝʤ ʚʠʥʦʚʝ ʣʦʟʝ ʫʩʣʝʜ 

ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ, ʩ ʧʦʩʝʙʥʠʤ ʥʘʛʣʘʩʢʦʤ ʥʘ ʧʨʝʮʠʟʥʦ ʦʜʨʝʹʠʚʘˁʝ ʢʨʠʪʠʯʥʠʭ ʬʝʥʦʬʘʟʘ 

ʢʘʜʘ ʿʦʿ ʿʝ ʚʦʜʘ ʥʝʦʧʭʦʜʥʘ. ʈʘʟʣʠʯʠʪʝ ʬʝʥʦʬʘʟʝ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘʭʪʝʚʘʿʫ ʨʘʟʣʠʯʠʪʝ ʧʦʪʨʝʙʝ ʟʘ 

ʚʦʜʦʤ. ʈʝʞʠʤ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʧʦʢʘʟʘʦ ʿʝ ʥʘʿʚʝ˂ʠ ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʧʨʠʥʦʩ ʠ 

ʝʬʠʢʘʩʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ, ʜʦʢ ʩʫ ʤʝʪʦʜʝ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ ʧʦʪʚʨʜʠʣʝ ʧʦʫʟʜʘʥʦʩʪ ʫ 



 

 

 

ʧʨʦʮʝʥʠ ʚʦʜʥʦʛ ʨʝʞʠʤʘ ʠ ʧʨʠʥʦʩʘ ʚʠʥʦʚʝ ʣʦʟʝ. ʂʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʜʦʚʝʰ˂ʝ ʜʦ ʧʦʤʝʨʘˁʘ 

ʬʝʥʦʬʘʟʘ ʠ ʠʟʤʝʥʝ ˁʠʭʦʚʦʛ ʪʨʘʿʘˁʘ. ʀʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ 

ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʠʤʘ ʧʦʩʝʙʘʥ ʟʥʘʯʘʿ ʟʘ ʦʨʛʘʥʩʢʦ ʚʠʥʦʛʨʘʜʘʨʩʪʚʦ, ʘ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʿʝ 

ʧʨʠʤʝˁʠʚʘ ʥʘ ʨʘʟʣʠʯʠʪʝ ʩʦʨʪʝ ʠ ʨʝʿʦʥʝ, ʢʘʢʦ ʫ ʦʨʛʘʥʩʢʦʿ, ʪʘʢʦ ʠ ʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʿ 

ʧʨʦʠʟʚʦʜˁʠ. ɹʫʜʫ˂ʥʦʩʪ ʚʠʥʦʛʨʘʜʘʨʩʢʝ ʧʨʦʠʟʚʦʜˁʝ ʙʠ˂ʝ ʫʩʤʝʨʝʥʘ ʥʘ ʩʦʨʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʢʦʿʝ 

ʨʘʮʠʦʥʘʣʥʦ ʪʨʦʰʝ ʚʦʜʫ, ʪʦʣʝʨʘʥʪʥʝ ʩʫ ʥʘ ʙʦʣʝʩʪʠ ʠ ʧʦʛʦʜʥʝ ʟʘ ʦʨʛʘʥʩʢʫ ʧʨʦʠʟʚʦʜˁʫ, ʘ 

ʇʘʥʦʥʠʘ ʿʝ ʩʚʘʢʘʢʦ ʿʝʜʥʘ ʦʜ ˁʠʭ. 
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ASSESSMENT OF IRRIGATION  REQUIREMENTS FOR PANONIA GRAPE 

VARIETY UNDER CLIMATE CHANGE CONDITIONS  

 

Abstract 
 

Climate change, characterized by rising temperatures and uneven rainfall distribution during 

the growing season, has a significant impact on viticulture. Depending on the region and the 

intensity of these changes, the consequences can be both positive and negative. In order to maintain 

the production of quality wines and preserve their specific character according to their origin, 

various adaptation strategies are required. Our country is located in a region recognized as one of 

the hotspots where climate change is progressing faster than the global average, which will 

significantly change the current zoning of wine-growing areas in the future. 

Under the climatic conditions in Serbia, irrigation of grapevines on large areas is not common 

and no significant research has been conducted on this topic so far. Although grapevines are 

resilient to different climatic and soil conditions, it is expected that global warming will expose the 

vines to increasing water deficit at critical stages of development. 

The aim of this doctoral dissertation is to apply climate projections and seasonal weather 

forecasts to predict the timing and shifts of phenophases in the Panonia grapevine variety (Vitis 

vinifera L. cv. Panonia), determine the irrigation water requirement, and examine the impact of 

different irrigation regimes on the biological characteristics and chemical composition of grapes of 

the white Panonia variety under organic production conditions. A two-year experiment was set up 

in a randomized block design with three replications in a vineyard within the "Plavinci" winery, 

located near Belgrade. Three irrigation treatments were applied based on crop evapotranspiration 

(ETc): full irrigation (F - 100% ETc), deficit irrigation (R - 50% ETc), and rainfed, non-irrigated 

treatment (S - 0% ETc), with irrigation norms set at 30 mm for F and 15 mm for R. 

The vineyard climate is temperate continental and is influenced by both Central European and 

Mediterranean components. The average annual air temperature is 12.1 °C, with the coldest months 

being January (-2.6 °C) and February (-1.3 °C) and the warmest being July (29.4 °C) and August 

(29.5 °C). The average annual precipitation over the past 20 years totals 702.4 mm. During the 

experimental period, the average annual air temperature was 13.9 °C, which is 1.8 °C higher 

compared to the previous twenty-year period, while the average annual precipitation was 585.8 mm, 

representing a 19.9% decrease. This indicates a trend of rising temperatures and decreasing 

precipitation. The soil type is Vertisol, with an average clay content of 50.22%, silt at 38.22%, and 

sand at 11.55%. 

Based on observed temperature data and phenological monitoring for 2015ï2022, the growing 

degree days (GDD) required for the growth and development of the Panonia grapevine variety in 

the Groļansko wine-growing region were determined for each phenological phase. The average 

GDD values for the observed period were 320.6 for flowering, 1009.9 for veraison, 1610.8 for 

harvest, and 2200.7 for the end of the growing season. Phenological observations indicate a 

significant shift in the vegetative period of the Panonia variety due to climate change. Climate 

models predict that this trend will continue, with the most significant changes occurring at the end 

of the century (2081ï2100). An ensemble of EURO-CORDEX regional climate models based on 

the RCP8.5 scenario was used to assess the impact of climate change. The start of the growing 

season (budbreak) is projected to occur earlier, as well as other phenophases, while the period from 

harvest to the end of the growing season will be extended, which may affect the yield and quality of 

the grapes. 

Different irrigation treatments significantly affect grapevine evapotranspiration. The average 

ETc values of the Panonia variety over both experimental years were 469.7 mm for the full 



 

 

 

irrigation treatment (F), 435.6 mm for the reduced irrigation treatment (R), and 368.4 mm for the 

non-irrigated treatment (S). The canopy growth and development dynamics were uniform across all 

treatments until the veraison phase. The application of irrigation during veraison led to a significant 

increase in biomass in the full irrigation treatment, reaching maximum values of 61.6% in 2021 and 

73.9% in 2022. Although irrigation regimes did not statistically significantly affect canopy 

coverage, the lowest coverage values for the Panonia variety for both experimental years were 

recorded in the non-irrigated treatment. 

Grapevines have well-defined soil moisture requirements, with increased water demand in the 

final growth stages (veraison and ripening). Soil moisture monitored using the gravimetric method 

during the experimental years showed that soil moisture content in the F treatment consistently 

remained above the depletion threshold (Di), ensuring optimal growth conditions for the vine. Water 

deficit was detected in the R and S treatments, particularly during the veraison and ripening phases. 

The TDR method confirmed this trend. 

The average water deficit of grapevines during the observed period (2015ï2022) from the 

beginning to the end of the growing season was 93.5 mm. The highest values occurred during the 

phenological phase from flowering to veraison (81.6 mm). According to climate models, the 

projected water deficit of grapevines throughout the entire growing season is 58.6 mm across the 

analyzed periods (reference period and three future periods). The lowest In values for the entire 

growing season are expected in the near future (2021ï2040) at 38.7 mm, while the most 

pronounced deficit is projected for the end of the century (2081ï2100) at 84.5 mm. The most 

critical phenological phase in terms of water deficit is the period from flowering to veraison, with 

an average deficit of 60.2 mm across all examined periods. Under future climate conditions, water 

deficits are expected to intensify during these phenophases, necessitating precise adjustments to 

irrigation strategies to sustain grape yield and quality. 

The FAO AquaCrop model successfully predicted the grapevine growing season, the timing 

of phenophases, dry biomass yield, and evapotranspiration (ETc), showing high accuracy with 

minimal deviations from observed values. Phenophase timing differences were minor (1ï4 days), 

while the simulated average yield was 2.4 tĿha ĭ, 20.83% higher than the observed 1.9 tĿha ĭ during 

the eight-year observed period (2015ï2022). AquaCrop proved effective for seasonal forecasts of 

phenophases and their duration. For water deficit predictions, monitoring short-term weather 

forecasts (approximately 10 days ahead) is recommended. 

Remote sensing methods, such as handheld thermal cameras, multispectral drone imaging, 

and the Plant-O-Meter device, enabled precise monitoring of vine water status. The highest Crop 

Water Stress Index (CWSI) values were recorded in the S treatment, indicating pronounced water 

stress, while the F treatment had the lowest values. The deficit irrigation (R) treatment exhibited the 

highest NDVI and GNDVI values, suggesting better photosynthetic activity and efficient water use. 

The Panonia variety demonstrated high tolerance to water deficit through developed adaptation 

mechanisms. 

The white wine grape variety Panonia exhibited high generative potential and favorable 

production traits. The coefficients of absolute, potential, and relative fertility were 1.73, 0.83, and 

1.66, respectively. Although irrigation treatments (F, R, S) did not result in statistically significant 

differences in fertility indices, vines under deficit irrigation (R) consistently showed the highest 

values across both years. Yield component analysis revealed that the highest average yield (2.71 

kgĿvine ĭ) and cluster count occurred under R, while the lowest yield (2.34 kgĿvine ĭ) was recorded 

under S. Mean cluster mass was highest under F (184.95 g), followed by R (172.85 g) and S 

(162.20 g). Cluster length and width ranged from 18.70 cm × 13.03 cm (F) to 16.98 cm × 12.66 cm 

(S). Peduncle length was greater under F (3.67 cm) than under R or S (2.36 cm), while rachis mass 

was highest under R (9.60 g). The average number of berries per cluster was similar across 

treatments, ranging from 113 to 116. Berry mass per cluster and 100-berry mass declined from F 

(166.57 g and 173.42 g) to S (153.00 g and 138.23 g). Skin and seed masses followed a similar 



 

 

 

trend, with the highest skin mass under F (9.42 g) and highest seed mass under R (6.52 g). The 

number of seeds per 100 berries ranged from 290 (S) to 320 (F), while the total seed mass varied 

slightly. Berry dimensions were largest under F and smallest under S. Sugar content in must was 

highest under F (23.10%), with minimal differences between R (21.55%) and S (21.49%). Total 

acidity ranged from 6.4ï6.7 gĿL ĭ, while must pH values were between 3.09 and 3.14. Irrigation 

regimes significantly influenced cluster architecture and berry morphology over the 2021-2022 

period, with treatment effects modulated by annual climatic variation. Full irrigation favored berry 

mass in 2021, whereas deficit irrigation performed best in 2022, underscoring the potential for 

optimized water use if timed with critical phenological stages. Skin proportion was highest under F 

and lowest under S, indicating reduced skin thickness under drought. Slightly higher seed 

proportions under R and S may affect wine sensory properties. The highest pulp-to-berry ratio 

under S suggests enhanced sugar concentration and aromatic development under water-limited 

conditions. 

The results of this doctoral dissertation indicate the growing need for irrigation of grapevines 

due to climate change, with a particular emphasis on precisely determining the critical phenophases 

when water is required. The deficit irrigation treatment showed the most positive impact on yield 

and water use efficiency, while remote sensing methods confirmed their reliability in assessing the 

water regime and yield of grapevines. Climate change will lead to shifts in phenophases and 

changes in their duration. The examination of the irrigation impact on the fruit quality of the 

Panonia variety is of particular importance for organic viticulture, and the proposed methodology is 

applicable to different varieties and regions, both in organic and conventional production. The 

future of agricultural production will be focused on crops that rationally use water, are disease-

tolerant, and suitable for organic production, with the Panonia variety being one of them. 

 

Keywords: Climate change, grapevine, Panonia, irrigation, seasonal weather forecasts, climate 

models, phenology, quality and yield, remote sensing, organic production 
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ʉʇʀʉɸʂ ɻʈɸʌʀʂɸ 

 

¶ ɻʨʘʬʠʢ 1. ɺʘʣʪʝʨʦʚ ʢʣʠʤʘ ʜʠʿʘʛʨʘʤ ʟʘ ʣʦʢʘʣʠʪʝʪ ʇʣʘʚʠʥʮʠ ʪʦʢʦʤ ʨʝʬʝʨʝʥʪʥʦʛ 

ʧʝʨʠʦʜʘ (1998-2017) 
¶ ɻʨʘʬʠʢ 2. ɹʨʦʿ ʜʘʥʘ ʠʟʤʝʹʫ ʪʨʘʿʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʬʝʥʦʬʘʟʘ ʪʦʢʦʤ ʦʩʤʦʪʨʝʥʦʛ 

ʧʝʨʠʦʜʘ (2015-2022) 
¶ ɻʨʘʬʠʢ 3. ɼʘʪʫʤʠ, ʜʘʥʠ ʧʦʯʝʪʢʘ ʠ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ, ʥʘʩʪʫʧʘˁʘ ʠ ʪʨʘʿʘˁʘ 

ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ, ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ ʠ ʦʩʤʦʪʨʝʥʦʤ 

ʧʝʨʠʦʜʫ 
¶ ɻʨʘʬʠʢ 4. ɽʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʚʠʥʦʚʝ ʣʦʟʝ ʪʦʢʦʤ ʦʛʣʝʜʥʠʭ ʛʦʜʠʥʘ (2021-2022) 

ʥʘ ʠʩʧʠʪʠʚʘʥʠʤ ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (F, R ʠ S) 
¶ ɻʨʘʬʠʢ 5. ɼʠʥʘʤʠʢʘ ʨʘʩʪʘ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʚʠʥʦʚʝ ʣʦʟʝ ʪʦʢʦʤ ʜʚʦʛʦʜʠʰˁʝʛ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʨʝʞʠʤʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ 

¶ ɻʨʘʬʠʢ 6. ʈʘʩʧʦʣʦʞʠʚʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʟʘ ʚʠʥʦʚʫ ʣʦʟʫ ʫ ʩʚʠʤ 

ʠʩʧʠʪʠʚʘʥʠʤ ʪʨʝʪʤʘʥʠʤʘ ʪʦʢʦʤ 2021. ʛʦʜʠʥʝ 
¶ ɻʨʘʬʠʢ 7. ʈʘʩʧʦʣʦʞʠʚʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʟʘ ʚʠʥʦʚʫ ʣʦʟʫ ʫ ʩʚʠʤ 

ʠʩʧʠʪʠʚʘʥʠʤ ʪʨʝʪʤʘʥʠʤʘ ʪʦʢʦʤ 2022. ʛʦʜʠʥʝ 
¶ ɻʨʘʬʠʢ 8. ʈʘʩʧʦʣʦʞʠʚʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʫ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ 

ʪʨʝʪʤʘʥʠʤʘ ʪʦʢʦʤ 2021. ʛʦʜʠʥʝ 

¶ ɻʨʘʬʠʢ 9. ʈʘʩʧʦʣʦʞʠʚʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʫ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ 

ʪʨʝʪʤʘʥʠʤʘ ʪʦʢʦʤ 2022. ʛʦʜʠʥʝ 
¶ ɻʨʘʬʠʢ 10. ɼʘʥʠ ʧʦʯʝʪʢʘ, ʪʨʘʿʘˁʝ ʠ ʟʘʚʨʰʝʪʘʢ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʩʚʠʤ 

ʠʩʧʠʪʠʚʘʥʠʤ ʧʝʨʠʦʜʠʤʘ 

¶ ɻʨʘʬʠʢ 11. ʊʝʤʧʝʨʘʪʫʨʘ ʣʠʩʪʘ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (F, R, 

S) ʪʦʢʦʤ ʜʚʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ (2021-2022) 

¶ ɻʨʘʬʠʢ 12. ɺʨʝʜʥʦʩʪʠ ʙʠˀʥʦʛ ʚʦʜʥʦʛ ʩʪʨʝʩ ʠʥʜʝʢʩʘ (CWSI) ʚʠʥʦʚʝ ʣʦʟʝ ʪʦʢʦʤ 

ʜʚʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ (2021-2022) 

¶ ɻʨʘʬʠʢ 13. ʆʜʥʦʩ ʨʘʟʣʠʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʩʪʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ 

ʚʨʝʜʥʦʩʪʠ ʙʠˀʥʦʛ ʚʦʜʥʦʛ ʩʪʨʝʩ ʠʥʜʝʢʩʘ (CWSI) ʪʦʢʦʤ ʜʚʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ (2021-

2022) 

¶ ɻʨʘʬʠʢ 14. ʀʩʧʠʪʠʚʘʥʠ ʚʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩʠ ʫ ʚʠʥʦʛʨʘʜʫ Ăʇʣʘʚʠʥʮʠñ 
¶ ɻʨʘʬʠʢ 15. ɼʦʙʠʿʝʥʠ ʚʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩʠ ʧʦʤʦ˂ʫ ʫʨʝʹʘʿʘ Plant-O-Meter 

¶ ɻʨʘʬʠʢ 16. ɹʨʦʿ ʮʚʘʩʪʠ ʩʦʨʪʝ ʇʘʥʦʥʠʘ 
¶ ɻʨʘʬʠʢ 17. ʇʨʦʩʝʯʘʥ ʧʨʠʥʦʩ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʪʦʢʦʤ (2021-2022) ʫ ʦʢʚʠʨʫ 

ʨʘʟʣʠʯʠʪʠʭ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (F, R ʠ S) 
¶ ɻʨʘʬʠʢ 18. ɹʨʦʿ ʛʨʦʟʜʦʚʘ ʧʦ ʯʦʢʦʪʫ ʧʦ ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ 2021-

2022. ʛʦʜʠʥʝ 

¶ ɻʨʘʬʠʢ 19. ʇʨʦʩʝʯʥʘ ʤʘʩʘ ʿʝʜʥʝ ʙʦʙʠʮʝ ʫ ʦʢʚʠʨʫ ʪʨʝʪʤʘʥʘ ʥʘʚʦʜˁʘʚʘˁʘ (F, R ʠ 

S) 
¶ ɻʨʘʬʠʢ 20. ʉʪʨʫʢʪʫʨʘ ʛʨʦʟʜʘ ï ʦʜʥʦʩ ʤʘʩʝ ʰʝʧʫʨʠʥʝ ʠ ʤʘʩʝ ʙʦʙʠʮʘ ʧʦ 

ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʛʦʜʠʥʘ (2021-2022) 
¶ ɻʨʘʬʠʢ 21. ʉʪʨʫʢʪʫʨʘ ʿʝʜʥʝ ʙʦʙʠʮʝ ʧʦ ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (F, R ʠ S) 
¶ ɻʨʘʬʠʢ 22. ʇʦʢʘʟʘʪʝˀʠ ʢʚʘʣʠʪʝʪʘ ʛʨʦʞʹʘ (ʩʘʜʨʞʘʿ ʰʝ˂ʝʨʘ, ʢʠʩʝʣʠʥʘ, pH 

ʚʨʝʜʥʦʩʪ) ʪʦʢʦʤ ʛʦʜʠʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʚʠʥʦʛʨʘʜʫ Ăʇʣʘʚʠʥʮʠñ 
 

 

 

 

 



 

 

 

ʉʇʀʉɸʂ ʉʃʀʂɸ 

 

¶ ʉʣʠʢʘ 1. ɻʝʦʛʨʘʬʩʢʠ ʧʦʣʦʞʘʿ ʚʠʥʦʛʨʘʜʘ ʚʠʥʘʨʠʿʝ Ăʇʣʘʚʠʥʮʠñ 
¶ ʉʣʠʢʘ 2. ɺʠʥʦʛʨʘʜ ʇʣʘʚʠʥʮʠ ʫ ʢʦjʝʤ ʿʝ ʚʨʰʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ 
¶ ʉʣʠʢʘ 3. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʦʛʣʝʜʥʝ ʧʦʚʨʰʠʥʝ ʫ ʚʠʥʦʛʨʘʜʫ ʇʣʘʚʠʥʮʠ ʩʘ 

ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ 
¶ ʉʣʠʢʘ 4. ʇʦʩʪʘʚˀʝʥʠ ʩʠʩʪʝʤ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ 

¶ ʉʣʠʢʘ 5. ɺʠʥʩʢʘ ʩʦʨʪʘ ʇʘʥʦʥʠʘ 
¶ ʉʣʠʢʘ 6. ʈʘʟʚʦʿʥʠ ʩʪʘʜʠʿʫʤʠ ʩʦʨʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʇʘʥʦʥʠʘ (ʦʜ ʮʚʝʪʘˁʘ ʜʦ 

ʬʠʥʘʣʥʦʛ ʧʨʦʠʟʚʦʜʘ ï ʚʠʥʘ) 
¶ ʉʣʠʢʘ 7. ʄʝʪʝʦʨʦʣʦʰʢʘ ʩʪʘʥʠʮʘ ʠ ʜʘʪʘʣʦʛʝʨ ʫ ʦʛʣʝʜʥʦʤ ʚʠʥʦʛʨʘʜʫ 
¶ ʉʣʠʢʘ 8. ʄʝʨʝˁʝ ʠ ʘʥʘʣʠʟʘ ʧʦʨʘʩʪʘ ʙʠʦʤʘʩʝ ʚʠʥʦʚʝ ʣʦʟʝ 

¶ ʉʣʠʢʘ 9. ʇʝʜʦʣʦʰʢʠ ʧʨʦʬʠʣ, ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʟʝʤˀʠʰʪʘ ʟʘ ʣʘʙʦʨʘʪʦʨʠʿʩʢʘ 

ʠʩʧʠʪʠʚʘˁʘ 

¶ ʉʣʠʢʘ 10. ɸʥʘʣʠʟʘ ʫʟʦʨʘʢʘ ʟʝʤˀʠʰʪʘ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ 
¶ ʉʣʠʢʘ 11. ʆʜʨʝʹʠʚʘˁʝ ʚʣʘʞʥʦʩʪʠ ʟʝʤˀʠʰʪʘ ʛʨʘʚʠʤʝʪʨʠʿʩʢʦʤ ʤʝʪʦʜʦʤ 
¶ ʉʣʠʢʘ 12. TDR ʩʦʥʜʘ ʧʦʩʪʘʚˀʝʥʘ ʫ ʠʩʪʨʘʞʠʚʘʥʦʤ ʚʠʥʦʛʨʘʜʫ 
¶ ʉʣʠʢʘ 13. ʊʝʨʤʦʚʠʟʠʿʩʢʘ ʢʘʤʝʨʘ 
¶ ʉʣʠʢʘ 14. ɸʥʘʣʠʟʘ ʬʦʪʦʛʨʘʬʠʿʘ ʫ ʧʨʦʛʨʘʤʫ FLIR Tools 

¶ ʉʣʠʢʘ 15. ʇʨʠʥʮʠʧ ʨʘʜʘ POM-ʘ 

¶ ʉʣʠʢʘ 16. ɼʨʦʥ ʫ ʧʦʯʝʪʥʦʿ ʬʘʟʠ ʨʝʘʣʠʟʘʮʠʿʝ ʤʠʩʠʿʝ ʩʥʠʤʘˁʘ 
¶ ʉʣʠʢʘ 17. ɿʠʤʩʢʘ ʨʝʟʠʜʙʘ 
¶ ʉʣʠʢʘ 18. ɸʥʘʣʠʟʘ ʢʚʘʣʠʪʘʪʠʚʥʠʭ ʦʩʦʙʠʥʘ ʰʠʨʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ 

¶ ʉʣʠʢʘ 19. ɼʝʪʝʢʮʠʿʘ ʢˀʫʯʥʠʭ ʬʝʥʦʬʘʟʘ ʥʘ ʪʝʨʝʥʫ 
¶ ʉʣʠʢʘ 20. ɻʦʜʠʰˁʠ ʙʠʦʣʦʰʢʠ ʮʠʢʣʫʩ ʨʘʟʚʠ˂ʘ ʚʠʥʦʚʝ ʣʦʟʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʫ 

ʚʠʥʦʛʨʘʜʫ ʇʣʘʚʠʥʮʠ 
¶ ʉʣʠʢʘ 21. ɺʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩʠ ʥʘ ʦʛʣʝʜʥʦʿ ʧʘʨʮʝʣʠ ʚʠʥʦʛʨʘʜʘ ʩʘ ʠʟʜʚʦʿʝʥʠʤ 

ʘʥʘʣʠʟʠʨʘʥʠʤ ʨʝʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ ʪʨʠ ʩʥʠʤʘˁʘ 
¶ ʉʣʠʢʘ 22. ʎʚʘʩʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʨʝʞʠʤʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ 

ʧʝʨʠʦʜʘ ʠʩʪʨʘʞʠʚʘˁʘ 

¶ ʉʣʠʢʘ 23. ʇʨʠʢʘʟ ʛʨʦʟʜʦʚʘ ʫ ʤʦʤʝʥʪʫ ʙʝʨʙʝ ʧʦ ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (F, R ʠ 

S) 

¶ ʉʣʠʢʘ 24. ʄʝʨʝˁʝ ʜʠʤʝʥʟʠʿʘ ʙʦʙʠʮʘ ʧʦ ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (F, R ʠ S) ʠ 

ʧʨʠʢʘʟ ʤʝʭʘʥʠʯʢʦʛ ʩʘʩʪʘʚʘ ʙʦʙʠʮʝ 

 

  



 

 

 

ʉʇʀʉɸʂ ʊɸɹɽʃɸ 

 

¶ ʊʘʙʝʣʘ 1. BBCH ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʘ ʩʢʘʣʘ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʧʨʘ˂ʝʥʠʭ ʢʦʜʦʚʘ 

ʥʘ ʪʝʨʝʥʫ 
¶ ʊʘʙʝʣʘ 2. ʇʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʢʣʠʤʘʪʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʘ 

ʧʝʨʠʦʜ ʦʜ 1998. ʜʦ 2017. ʛʦʜʠʥʝ ʟʘ ʣʦʢʘʣʠʪʝʪ ʇʣʘʚʠʥʮʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ 

(Tmin ï ʤʠʥʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; ʊmax ï ʤʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; Tsr ï ʩʨʝʜˁʘ 

ʪʝʤʧʝʨʘʪʫʨʘ) ʠ ʧʘʜʘʚʠʥʝ (P) 
¶ ʊʘʙʝʣʘ 3. ɻʦʜʠʰˁʝ ʠ ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʘʜʘʚʠʥʘ ʟʘ ʧʝʨʠʦʜ ʦʜ 

2015. ʜʦ 2022. ʛʦʜʠʥʝ ʟʘ ʣʦʢʘʣʠʪʝʪ ʇʣʘʚʠʥʮʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ (Tmin ï 

ʤʠʥʠʤʘʣʥʘ; ʊmax ï ʤʘʢʩʠʤʘʣʥʘ; Tsr ï ʩʨʝʜˁʘ) ʠ ʧʘʜʘʚʠʥʝ (P) 
¶ ʊʘʙʝʣʘ 4. ʇʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʢʣʠʤʘʪʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʜʚʦʛʦʜʠʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ (2021-2022) ʠ ʧʨʦʩʝʯʥʝ 

ʛʦʜʠʰˁʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʣʦʢʘʣʠʪʝʪ ʇʣʘʚʠʥʮʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ (Tmin ï 

ʤʠʥʠʤʘʣʥʘ; ʊmax ï ʤʘʢʩʠʤʘʣʥʘ; Tsr ï ʩʨʝʜˁʘ), ʧʘʜʘʚʠʥʝ (P), ʦʩʫʥʯʘʥʦʩʪ ï 

ʪʨʘʿʘˁʝ ʉʫʥʯʝʚʦʛ ʩʿʘʿʘ ʫ ʩʘʪʠʤʘ (SS), ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ (RH) ʠ ʙʨʟʠʥʘ 

ʚʝʪʨʘ (V) 
¶ ʊʘʙʝʣʘ 5. ɽʬʝʢʪʠʚʥʝ ʩʫʤʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ʜʦ ʧʦʯʝʪʢʘ 

ʨʘʟʣʠʯʠʪʠʭ ʬʝʥʦʬʘʟʘ ʫ ʦʩʤʦʪʨʝʥʦʤ ʧʝʨʠʦʜʫ (2015-2022) ʟʘ ʚʠʥʦʚʫ ʣʦʟʫ ʩʦʨʪʝ 

ʇʘʥʦʥʠʘ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʇʣʘʚʠʥʮʠ 

¶ ʊʘʙʝʣʘ 6. ʆʜʘʙʨʘʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʨʝʛʠʦʥʘʣʥʠʭ (RCM) ʠ ʛʣʦʙʘʣʥʠʭ ʢʣʠʤʘʪʩʢʠʭ 

ʤʦʜʝʣʘ (GCM) 
¶ ʊʘʙʝʣʘ 7. ʄʝʭʘʥʠʯʢʠ ʩʘʩʪʘʚ ʠʩʧʠʪʠʚʘʥʦʛ ʟʝʤˀʠʰʪʘ 

¶ ʊʘʙʝʣʘ 8. ɺʦʜʥʦ-ʚʘʟʜʫʰʥʝ ʦʩʦʙʠʥʝ ʟʝʤˀʠʰʪʘ 
¶ ʊʘʙʝʣʘ 9. ʈʝʟʫʣʪʘʪʠ ʦʩʥʦʚʥʠʭ ʭʝʤʠʿʩʢʠʭ ʩʚʦʿʩʪʘʚʘ ʟʝʤˀʠʰʪʘ 

¶ ʊʘʙʝʣʘ 10. ɼʘʪʫʤʠ ʠ ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ (mm) ʪʦʢʦʤ ʧʨʚʝ, 2021. ʛʦʜʠʥʝ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ 

¶ ʊʘʙʝʣʘ 11. ɼʘʪʫʤʠ ʠ ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ (mm) ʪʦʢʦʤ ʜʨʫʛʝ, 2022. ʛʦʜʠʥʝ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ 
¶ ʊʘʙʝʣʘ 12. ʇʘʨʘʤʝʪʨʠ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʫ ʤʦʜʝʣʫ AquaCrop ʟʘ ʩʠʤʫʣʘʮʠʿʫ 

ʚʠʥʦʚʝ ʣʦʟʝ 
¶ ʊʘʙʝʣʘ 13. ɼʘʪʫʤʠ (ʩʥʠʤʘˁʘ) ʤʝʨʝˁʘ ʩʘ POM-ʦʤ 

¶ ʊʘʙʝʣʘ 14. ʇʘʨʘʤʝʪʨʠ ʧʨʦʩʪʦʨʥʝ ʨʝʟʦʣʫʮʠʿʝ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʭ ʧʦʜʘʪʘʢʘ 
¶ ʊʘʙʝʣʘ 15. ɺʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʦʜʥʦʩʪʠ 
¶ ʊʘʙʝʣʘ 16. ɼʘʪʫʤʠ ʠ ʩʫʤʝ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ 

ʣʦʟʝ ʫ ʦʩʤʦʪʨʝʥʦʤ ʧʝʨʠʦʜʫ (2015-2022) 

¶ ʊʘʙʝʣʘ 17. ɼʘʥʠ ʠ ʜʘʪʫʤʠ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ, ʧʦʯʝʪʢʘ ʠ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 

ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʦʩʤʦʪʨʝʥʦʤ ʧʝʨʠʦʜʫ (2015-2022) 

¶ ʊʘʙʝʣʘ 18. ɼʘʥʠ ʠ ʜʘʪʫʤʠ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ, ʧʦʯʝʪʢʘ ʠ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 

ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ (1998-2017) ʠ ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ (ʙʣʠʩʢʘ 

ʙʫʜʫ˂ʥʦʩʪ (2021-2040), ʩʨʝʜʠʥʘ ʚʝʢʘ (2041-2060) ʠ ʢʨʘʿ ʚʝʢʘ (2081-2100)) 
¶ ʊʘʙʝʣʘ 19. ʄʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ɽʊo ʧʦ ʤʝʪʦʜʠ Hargreaves-ʘ ʫ ʦʛʣʝʜʥʦʤ ʧʝʨʠʦʜʫ 

(2021-2022) 

¶ ʊʘʙʝʣʘ 20. ɺʨʝʜʥʦʩʪʠ ɽʊc ʧʦ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʦʩʤʦʪʨʝʥʦʤ (2015-2022) 

ʧʝʨʠʦʜʫ 
¶ ʊʘʙʝʣʘ 21. ɽʬʝʢʘʪ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʨʦʩʝʯʥʫ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʫ 

ʚʠʥʦʚʝ ʣʦʟʝ ʪʦʢʦʤ ʜʚʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ 
¶ ʊʘʙʝʣʘ 22. ɺʨʝʜʥʦʩʪʠ ɽʊc ʧʦ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʪʦʢʦʤ ʜʚʦʛʦʜʠʰˁʝʛ 

ʠʩʪʨʘʞʠʚʘˁʘ 



 

 

 

¶ ʊʘʙʝʣʘ 23. ɺʨʝʜʥʦʩʪʠ ɽʊc ʧʦ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ (1998-

2017) ʠ ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ (ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ (2021-2040), ʩʨʝʜʠʥʘ ʚʝʢʘ 

(2041-2060) ʠ ʢʨʘʿ ʚʝʢʘ (2081-2100)) 
¶ ʊʘʙʝʣʘ 24. ɽʬʝʢʘʪ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʨʦʩʝʯʥʫ ʧʦʢʨʠʚʝʥʦʩʪ (%) ʙʠˀʥʦʛ 

ʧʦʢʨʠʚʘʯʘ ʚʠʥʦʚʝ ʣʦʟʝ ʇʘʥʦʥʠʘ ʪʦʢʦʤ ʜʚʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ 
¶ ʊʘʙʝʣʘ 25. ɺʨʝʜʥʦʩʪʠ In (mm) ʧʦ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʦʩʤʦʪʨʝʥʦʤ ʧʝʨʠʦʜʫ 

(2015-2022) 
¶ ʊʘʙʝʣʘ 26. ɺʨʝʜʥʦʩʪʠ In (mm) ʧʦ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ (1998-

2017) ʠ ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ (ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ (2021-2040), ʩʨʝʜʠʥʘ ʚʝʢʘ 

(2041-2060) ʠ ʢʨʘʿ ʚʝʢʘ (2081-2100)) 
¶ ʊʘʙʝʣʘ 27. ɺʨʝʜʥʦʩʪʠ ʜʝʬʠʮʠʪʘ ʠ ʩʫʬʠʮʠʪʘ ʚʦʜʝ ʧʦ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ 

ʨʝʬʝʨʝʥʪʥʦʤ (1998-2017) ʠ ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ (ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ (2021-

2040), ʩʨʝʜʠʥʘ ʚʝʢʘ (2041-2060) ʠ ʢʨʘʿ ʚʝʢʘ (2081-2100)) 
¶ ʊʘʙʝʣʘ 28. ʈʝʟʫʣʪʘʪʠ ʢʘʣʠʙʨʘʮʠʿʝ ʤʦʜʝʣʘ AquaCrop (ʜʘʥʠ ʠ ʜʘʪʫʤʠ ʧʦʯʝʪʢʘ 

ʚʝʛʝʪʘʮʠʿʝ ʠ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ) ʠ ʦʜʩʪʫʧʘˁʘ ʦʜ ʠʟʤʝʨʝʥʠʭ 

ʚʨʝʜʥʦʩʪʠ 
¶ ʊʘʙʝʣʘ 29. ʈʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ ʟʘ ʚʘʣʠʜʘʮʠʦʥʠ ʩʝʪ ʧʦʜʘʪʘʢʘ ʠʟʤʝʨʝʥʦʛ 

ʧʨʠʥʦʩʘ ʩʫʚʝ ʤʘʩʝ ʛʨʦʞʹʘ ʥʘ ʣʦʢʘʮʠʿʠ ʇʣʘʚʠʥʮʠ ʪʦʢʦʤ ʦʩʤʦʪʨʝʥʠʭ ʛʦʜʠʥʘ 

(2015, 2016, 2017, 2018, 2019, 2020, 2021. ʠ 2022. ʛʦʜʠʥʘ) 

¶ ʊʘʙʝʣʘ 30. ʈʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ AquaCrop ʤʦʜʝʣʘ ʟʘ ʜʘʥʝ ʥʘʩʪʫʧʘˁʘ 

ʠʩʧʠʪʠʚʘʥʠʭ ʬʝʥʦʬʘʟʘ (ʜʘʥʠ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ), ʧʨʠʥʦʩʘ ʠ ɽʊc ʫ 

ʨʝʬʝʨʝʥʪʥʦʤ (1998-2017) ʠ ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ (ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ (2021-

2040), ʩʨʝʜʠʥʘ ʚʝʢʘ (2041-2060) ʠ ʢʨʘʿ ʚʝʢʘ (2081-2100)) 
¶ ʊʘʙʝʣʘ 31. ʂʦʤʧʘʨʘʮʠʿʘ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ AquaCrop ʤʦʜʝʣʘ (ɸC) ʠ 

ʨʝʟʫʣʪʘʪʘ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ (ʂʄ) ʟʘ ʜʘʥʝ ʥʘʩʪʫʧʘˁʘ ʠʩʧʠʪʠʚʘʥʠʭ ʬʝʥʦʬʘʟʘ ʫ 

ʨʝʬʝʨʝʥʪʥʦʤ (1998-2017) ʠ ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ (ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ (2021-

2040), ʩʨʝʜʠʥʘ ʚʝʢʘ (2041-2060) ʠ ʢʨʘʿ ʚʝʢʘ (2081-2100)) 
¶ ʊʘʙʝʣʘ 32. ʂʦʤʧʘʨʘʮʠʿʘ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ AquaCrop ʤʦʜʝʣʘ (ɸC) ʠ 

ʨʝʟʫʣʪʘʪʘ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ (ʂʄ) ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʢʫʣʪʫʨʝ ʚʠʥʦʚʝ ʣʦʟʝ 

(ɽTc) ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʿʝ 
¶ ʊʘʙʝʣʘ 33. ʉʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ ʟʘ ʣʦʢʘʣʠʪʝʪ ʚʠʥʦʛʨʘʜʘ Ăʇʣʘʚʠʥʮʠñ ʠ 

ʩʦʨʪʫ ʇʘʥʦʥʠʘ ʪʦʢʦʤ 2021. ʛʦʜʠʥʝ 
¶ ʊʘʙʝʣʘ 34. ʉʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ ʟʘ ʣʦʢʘʣʠʪʝʪ ʚʠʥʦʛʨʘʜʘ Ăʇʣʘʚʠʥʮʠñ ʠ 

ʩʦʨʪʫ ʇʘʥʦʥʠʘ ʪʦʢʦʤ 2022. ʛʦʜʠʥʝ 
¶ ʊʘʙʝʣʘ 35. ɽʬʝʢʘʪ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʚʝʛʝʪʘʮʠʦʥʝ ʠʥʜʝʢʩʝ ʪʦʢʦʤ 2022. 

ʛʦʜʠʥʝ 
¶ ʊʘʙʝʣʘ 36. ʇʠʨʩʦʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʧʨʦʩʝʯʥʠʭ ʚʨʝʜʥʦʩʪʠ 

ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ ʜʦʙʠʿʝʥʠʭ ʩʘ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʝ ʢʘʤʝʨʝ ʧʦʩʪʘʚˀʝʥʝ ʥʘ ʜʨʦʥ 

ʠ ʤʝʨʝˁʘ ʩʘ ʦʛʣʝʜʥʝ ʧʘʨʮʝʣʝ (ʧʦʢʨʠʚʝʥʦʩʪ ʠ ʧʨʠʥʦʩ) ʪʦʢʦʤ 2022. ʛʦʜʠʥʝ 
¶ ʊʘʙʝʣʘ 37. ɽʬʝʢʘʪ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʚʨʝʜʥʦʩʪ ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ 
¶ ʊʘʙʝʣʘ 38. ʇʠʨʩʦʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʧʨʦʩʝʯʥʠʭ ʚʨʝʜʥʦʩʪʠ 

ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ ʜʦʙʠʿʝʥʠʭ ʩʘ POM ʠ ʤʝʨʝˁʘ ʩʘ ʦʛʣʝʜʥʝ ʧʘʨʮʝʣʝ 

(ʧʦʢʨʠʚʝʥʦʩʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʣʠʩʪʘ, CWSI, ʧʨʠʥʦʩ) ʪʦʢʦʤ 2022. ʛʦʜʠʥʝ 
¶ ʊʘʙʝʣʘ 39. ʉʪʘʪʠʩʪʠʯʢʘ ʟʥʘʯʘʿʥʦʩʪ ʫʪʠʮʘʿʘ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʠ ʛʦʜʠʥʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʛʝʥʝʨʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʩʦʨʪʝ ʇʘʥʦʥʠʘ 
¶ ʊʘʙʝʣʘ 40. ɺʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʨʦʜʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʫ 

ʚʠʥʦʛʨʘʜʫ Ăʇʣʘʚʠʥʮʠñ 

¶ ʊʘʙʝʣʘ 41. ʇʨʠʥʦʩ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʨʦʟʜʘ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʫ ʚʠʥʦʛʨʘʜʫ 

Ăʇʣʘʚʠʥʮʠñ ʪʦʢʦʤ 2021-2022. ʛʦʜʠʥʝ 
¶ ʊʘʙʝʣʘ 42. ʆʩʦʙʠʥʝ ʙʦʙʠʮʝ ʛʨʦʟʜʘ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʫ ʚʠʥʦʛʨʘʜʫ Ăʇʣʘʚʠʥʮʠñ 

ʪʦʢʦʤ 2021-2022. ʛʦʜʠʥʝ 



 

 

 

¶ ʊʘʙʝʣʘ 43. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ ʫʪʠʮʘʿʘ ʛʦʜʠʥʝ ʠ ʪʨʝʪʤʘʥʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ 

ʧʨʠʥʦʩ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʨʦʟʜʘ ʩʦʨʪʝ ʇʘʥʦʥʠʘ 

¶ ʊʘʙʝʣʘ 44. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ ʫʪʠʮʘʿʘ ʛʦʜʠʥʝ ʠ ʪʨʝʪʤʘʥʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ 

ʦʩʦʙʠʥʝ ʙʦʙʠʮʘ ʛʨʦʟʜʘ ʩʦʨʪʝ ʇʘʥʦʥʠʘ 
¶ ʊʘʙʝʣʘ 45. ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʰʠʨʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦ 

ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (F, R ʠ S) 

¶ ʊʘʙʝʣʘ 46. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ ʫʪʠʮʘʿʘ ʛʦʜʠʥʝ ʠʩʧʠʪʠʚʘˁʘ ʠ ʪʨʝʪʤʘʥʘ 

ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʢʚʘʣʠʪʝʪ ʰʠʨʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ 
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1. ʋɺʆɼ 
 

ʂʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ, ʬʝʥʦʤʝʥ ʛʣʦʙʘʣʥʦʛ ʥʠʚʦʘ, ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʙʠʣʦ ʢʦʿʫ ʩʠʩʪʝʤʘʪʩʢʫ 

ʧʨʦʤʝʥʫ ʢʣʠʤʘʪʩʢʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʜʫʛʦʛʦʜʠʰˁʦʿ ʩʪʘʪʠʩʪʠʮʠ ʢʦʿʘ ʿʝ ʠʟʨʘʞʝʥʘ ʪʦʢʦʤ ʥʝʢʦʣʠʢʦ 

ʜʝʮʝʥʠʿʘ. ʉʘ ʧʦʩʣʝʜʠʮʘʤʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʫ ʚʝ˂ʦʿ ʠʣʠ ʤʘˁʦʿ ʤʝʨʠ ʩʫʩʨʝ˂ʝ ʩʝ ʮʝʣʦʢʫʧʥʦ 

ʩʪʘʥʦʚʥʠʰʪʚʦ, ʩʘ ʪʝʥʜʝʥʮʠʿʦʤ ˁʠʭʦʚʦʛ ʠʥʪʝʥʟʠʚʠʨʘˁʘ ʫ ʙʫʜʫ˂ʥʦʩʪʠ (Fraga et al., 2020; 

IPCC, 2022; Lee et al., 2024).  

ɿʙʦʛ ʚʝʣʠʢʝ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʝʤʝʥʩʢʠʭ ʧʨʠʣʠʢʘ, ʿʝʜʘʥ ʦʜ ʥʘʿʨʘˁʠʚʠʿʠʭ ʩʝʢʪʦʨʘ ʥʘ 

ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʿʝʩʪʝ ʧʦˀʦʧʨʠʚʨʝʜʥʘ ʧʨʦʠʟʚʦʜˁʘ (Liu et al., 2023; Farooq et al., 2023; 

Omaziĺ et al., 2023; Mancuso et al., 2026). ʇʦˀʦʧʨʠʚʨʝʜʘ ʿʝ ʚʝ˂ ʩʫʦʯʝʥʘ ʩʘ ʙʨʦʿʥʠʤ ʠʟʘʟʦʚʠʤʘ 

ʢʦʿʠ ʩʝ ʦʛʣʝʜʘʿʫ ʢʨʦʟ ʝʢʩʪʨʝʤʥʝ ʢʣʠʤʘʪʩʢʝ ʜʦʛʘʹʘʿʝ (ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪ ʠ 

ʚʝ˂ʠ ʠʥʪʝʥʟʠʪʝʪ ʧʘʜʘʚʠʥʘ, ʯʝʰ˂ʘ ʧʦʿʘʚʘ ʩʫʰʘ, ʢʘʩʥʠʭ ʤʨʘʟʝʚʘ, ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ ʠ ʜʨ.) 

ʢʦʿʠ ʩʫ ʥʝʨʘʩʢʠʜʠʚʦ ʧʦʚʝʟʘʥʠ ʩʘ ʧʨʦʤʝʥʘʤʘ ʫ ʬʠʟʠʦʣʦʰʢʦʤ ʨʘʟʚʦʿʫ ʙʠˀʥʠʭ ʢʫʣʪʫʨʘ, 

ʩʤʘˁʝʥʦʤ ʠʣʠ ʧʦʪʧʫʥʦʤ ʠʟʦʩʪʘʥʢʫ ʧʨʠʥʦʩʘ, ʧʨʦʤʝʥʦʤ ʢʚʘʣʠʪʘʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ ʧʣʦʜʘ, 

ʛʫʙʠʪʢʦʤ ʘʛʨʦʙʠʦʜʠʚʝʨʟʠʪʝʪʘ ʠ ʩʣ. ɺʠʥʦʛʨʘʜʘʨʩʪʚʦ, ʢʘʦ ʿʝʜʥʘ ʦʜ ʚʘʞʥʠʭ ʛʨʘʥʘ 

ʧʦˀʦʧʨʠʚʨʝʜʝ, ʚʝʦʤʘ ʿʝ ʟʘʩʪʫʧˀʝʥʦ ʫ ʩʚʝʪʫ, ʘ ʟʘʭʚʘˀʫʿʫ˂ʠ ʧʦʚʦˀʥʠʤ ʘʛʨʦʝʢʦʣʦʰʢʠʤ 

ʫʩʣʦʚʠʤʘ ʠ ʜʫʛʦʿ ʪʨʘʜʠʮʠʿʠ, ʠ ʢʦʜ ʥʘʩ. ɿʥʘʯʘʿ ʚʠʥʦʚʝ ʣʦʟʝ ʦʛʣʝʜʘ ʩʝ ʫ ʯʠˁʝʥʠʮʠ ʜʘ ʿʝ ʿʝʜʥʘ 

ʦʜ ʧʨʚʠʭ ʚʦ˂ʥʠʭ ʚʨʩʪʘ ʢʦʿʘ ʿʝ ʦʜʦʤʘ˂ʝʥʘ, ʪʿ. ʧʨʠʚʝʜʝʥʘ ʢʫʣʪʫʨʠ (Aguilera et al., 2022). ʆʥʘ ʩʝ, 

ʧʨʝ ʩʚʝʛʘ, ʛʘʿʠ ʟʙʦʛ ʧʨʦʠʟʚʦʜˁʝ ʛʨʦʞʹʘ, ʘ ʧʨʦʜʫʢʪʠ ʢʦʿʠ ʥʘʩʪʘʿʫ ʠʤʘʿʫ ʚʝʣʠʢʫ ʭʨʘʥˀʠʚʫ, 

ʜʠʿʝʪʘʣʥʫ, ʘʥʪʠʚʠʨʫʩʥʫ ʠ ʘʥʪʠʙʘʢʪʝʨʠʿʩʢʫ, ʿʝʜʥʦʤ ʨʝʯʿʫ, ʣʝʢʦʚʠʪʫ ʚʨʝʜʥʦʩʪ ʟʘ ˀʫʜʩʢʠ 

ʦʨʛʘʥʠʟʘʤ (Ben Khadher et al., 2022). ʉ ʦʙʟʠʨʦʤ ʥʘ ʢˀʫʯʥʫ ʫʣʦʛʫ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ 

ʧʘʜʘʚʠʥʘ ʫ ʨʘʟʚʦʿʫ ʚʠʥʦʚʝ ʣʦʟʝ ʠ ʭʝʤʠʿʩʢʦʤ ʩʘʩʪʘʚʫ ʛʨʦʞʹʘ, ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʩʫ ʚʝ˂ 

ʦʩʪʘʚʠʣʝ ʟʥʘʯʘʿʘʥ ʪʨʘʛ ʥʘ ʧʨʦʠʟʚʦʜˁʫ ʚʠʥʘ (del Río et al., 2024; Di Vita et al., 2024).  

ʇʦʩʣʝʜʠʮʝ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʥʘ ʛʘʿʝˁʝ ʚʠʥʦʚʝ ʣʦʟʝ ʠ ʧʨʦʠʟʚʦʜˁʫ ʚʠʥʘ ʤʦʛʫ ʙʠʪʠ ʠ 

ʧʦʟʠʪʠʚʥʝ ʠ ʥʝʛʘʪʠʚʥʝ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʝʛʠʦʥʘ ʠ ʥʘʯʠʥʘ ʥʘ ʢʦʿʠ ʩʝ ʤʝˁʘ ʢʣʠʤʘ ʫ ʪʠʤ 

ʦʙʣʘʩʪʠʤʘ (Shaukat et al., 2020; Cesco et al., 2021). ʇʨʦʿʝʢʮʠʿʝ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʟʘ 21. ʚʝʢ 

ʠʤʘʿʫ ʚʝʣʠʢʠ ʟʥʘʯʘʿ ʟʘ ʚʠʥʦʛʨʘʜʘʨʩʪʚʦ ʛʦʪʦʚʦ ʫ ʩʚʠʤ ʚʠʥʦʛʨʘʜʘʨʩʢʠʤ ʨʝʛʠʿʘʤʘ (Papantzikos 

et al., 2024), ʿʝʨ ʧʨʝʜʚʠʹʘʿʫ ʜʘ ˂ʝ ʛʨʦʞʹʝ ʩʘʟʨʝʚʘʪʠ ʨʘʥʠʿʝ ʠ ʧʨʠ ʚʠʰʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ (Van 

Leeuwen ʠ Darriet, 2016) ʰʪʦ ˂ʝ ʩʚʘʢʘʢʦ ʫʪʠʮʘʪʠ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ ʬʝʥʦʣʦʰʢʝ ʜʠʥʘʤʠʢʝ 

ʚʠʥʦʚʝ ʣʦʟʝ (Dinis et al., 2022; Espinosa-Roldán et al., 2024), ʧʨʦʤʝʥʫ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʛʨʦʞʹʘ 

ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʥʘ (ʧʦʚʝ˂ʘʥ ʩʘʜʨʞʘʿ ʰʝ˂ʝʨʘ, ʤʘˁʝ ʢʠʩʝʣʠʥʘ ʠ ʚʝ˂ʝ pH ʚʨʝʜʥʦʩʪʠ) ʠ ʚʝ˂ʫ 

ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʨʠʥʦʩʘ (Navrátilová et al., 2021; Kotsidis et al., 2026). ʋʩʣʝʜ ʩʤʘˁʝʥʝ ʢʦʣʠʯʠʥʝ 

ʠ ʧʨʦʤʝʥʝ ʨʘʩʧʦʨʝʜʘ ʧʘʜʘʚʠʥʘ ʠ ʧʦʚʠʰʝʥʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʙʠ˂ʝ ʥʝʦʧʭʦʜʥʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʩʠʩʪʝʤʘ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ (Costa et al., 2016; Naulleau et al., 2022). ʉʚʝ ʥʘʧʨʝʜ 

ʥʘʚʝʜʝʥʦ ʧʨʝʜʩʪʘʚˀʘ˂ʝ ʥʘʧʦʨʘʥ ʪʝʭʥʦʣʦʰʢʠ ʧʦʜʫʭʚʘʪ ʟʘ ʧʨʦʠʟʚʦʹʘʯʝ ʚʠʥʘ (Ollat et al., 2017; 

Prieto et al., 2024). ʇʨʦʤʝˁʝʥʠ ʢʣʠʤʘʪʩʢʠ ʫʩʣʦʚʠ ˂ʝ ʟʘʭʪʝʚʘʪʠ ʠ ʧʨʦʤʝʥʫ ʫ ʩʦʨʪʠʤʝʥʪʫ (Atak, 

2024), ʘ ʙʣʘʞʝ ʟʠʤʝ ʟʘʿʝʜʥʦ ʩʘ ʚʠʰʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʜʦʚʝʰ˂ʝ ʜʦ ʧʦʚʝ˂ʘʥʦʛ ʨʠʟʠʢʘ ʦʜ 

ʙʦʣʝʩʪʠ ʠ ʰʪʝʪʦʯʠʥʘ (Khozaei et al., 2020). 

ʉʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ ʧʦʩʪʘʿʫ ʿʝʜʘʥ ʦʜ ʥʘʿʤʦ˂ʥʠʿʠʭ ʘʣʘʪʘ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʥʘ 

ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ. ʆʥʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʝʜʚʠʹʘˁʝ ʢʨʠʪʠʯʥʠʭ ʧʝʨʠʦʜʘ ʧʦʪʨʝʙʝ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘ 

ʚʦʜʦʤ (ʥʘʚʦʜˁʘʚʘˁʝ) ʢʘʦ ʠ ʧʣʘʥʠʨʘˁʝ ʧʨʠʤʝʥʝ ʜʨʫʛʠʭ ʘʛʨʦʪʝʭʥʠʯʢʠʭ ʤʝʨʘ, ʙʠˀʥʠʭ ʭʨʘʥʠʚʘ 

ʠ ʚʨʝʤʝʥʘ ʩʘʟʨʝʚʘˁʘ ʛʨʦʞʹʘ ʠ ʙʝʨʙʝ, ʯʠʤʝ ʚʠʥʦʛʨʘʜʘʨʠ ʤʦʛʫ ʧʨʘʚʦʚʨʝʤʝʥʦ ʫʩʢʣʘʜʠʪʠ ʩʚʦʿʝ 

ʘʢʪʠʚʥʦʩʪʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʩʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ ʧʦʤʘʞʫ ʫ ʩʤʘˁʝˁʫ ʨʠʟʠʢʘ, 

ʝʬʠʢʘʩʥʠʿʝʤ ʢʦʨʠʰ˂ʝˁʫ ʨʝʩʫʨʩʘ ʠ ʦʯʫʚʘˁʫ ʩʪʘʙʠʣʥʦʩʪʠ ʧʨʦʠʟʚʦʜˁʝ ʫ ʩʚʝ ʠʟʘʟʦʚʥʠʿʠʤ 

ʫʩʣʦʚʠʤʘ ʢʣʠʤʘʪʩʢʝ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ. 

ʉʨʙʠʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʿʝʜʥʦʤ ʦʜ ʨʝʛʠʦʥʘ ʢʦʿʠ ʩʫ ʧʨʝʧʦʟʥʘʪʠ ʢʘʦ ʞʘʨʠʰʪʘ ʛʜʝ ʩʝ ʢʣʠʤʘʪʩʢʝ 

ʧʨʦʤʝʥʝ ʦʜʚʠʿʘʿʫ ʙʨʞʝ ʦʜ ʛʣʦʙʘʣʥʦʛ ʧʨʦʩʝʢʘ (Vukoviĺ et al., 2018; NAP, 2024), ʧʘ ˂ʝ ʪʨʝʥʫʪʥʦ 

ʟʦʥʠʨʘˁʝ ʚʠʥʦʛʨʘʜʘʨʩʢʦʛ ʘʨʝʘʣʘ ʙʠʪʠ ʟʥʘʪʥʦ ʠʟʤʝˁʝʥʦ ʫ ʙʫʜʫ˂ʥʦʩʪʠ (Ruml et al., 2012; 
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ʉʠʚʯʝʚ ʠ ʩʘʨ., 2015). ʇʨʝʤʘ ʨʝʟʫʣʪʘʪʠʤʘ ʠʩʧʠʪʘʥʠʢʘ (ʚʠʥʦʛʨʘʜʘʨʘ) ʩʘ ʪʝʨʠʪʦʨʠʿʝ ʉʨʙʠʿʝ, 

ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʪʨʝʥʫʪʥʝ ʧʨʦʤʝʥʝ ʫ ʢʣʠʤʠ ʠʤʘʿʫ ʠ ʧʦʟʠʪʠʚʥʝ ʝʬʝʢʪʝ ʥʘ ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ 

(Striļeviĺ et al., 2020). ʄʝʹʫʪʠʤ, Vujadinoviĺ Mandiĺ et al. (2022) ʠʩʪʠʯʫ ʜʘ ʫ ʙʣʠʩʢʦʿ 

ʙʫʜʫ˂ʥʦʩʪʠ ʫʩʧʝʰʥʘ ʚʠʥʦʛʨʘʜʘʨʩʢʘ ʧʨʦʠʟʚʦʜˁʘ ʥʝ˂ʝ ʙʠʪʠ ʦʧʨʘʚʜʘʥʘ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ. 

ɼʘʥʘʩ, ʢʘʜʘ ʿʝ ʥʝʜʦʩʪʘʪʘʢ ʚʦʜʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ ʠʟʨʘʞʝʥʠʿʠ, ʩʚʝ ʚʠʰʝ ʧʘʞˁʝ ʩʝ ʧʦʢʣʘˁʘ 

ʪʦʤʝ ʢʦʣʠʢʦ ʙʠˀʢʝ ʝʬʠʢʘʩʥʦ ʪʨʦʰʝ ʚʦʜʫ. ɹʫʜʫ˂ʘ ʧʣʘʥʠʨʘˁʘ ʙʠˀʥʝ ʧʨʦʠʟʚʦʜˁʝ ʠ˂ʠ ˂ʝ ʫ 

ʧʨʘʚʮʫ ʜʘʚʘˁʘ ʧʨʠʦʨʠʪʝʪʘ ʦʥʠʤ ʙʠˀʥʠʤ ʚʨʩʪʘʤʘ ʢʦʿʝ ʝʬʠʢʘʩʥʠʿʝ ʪʨʦʰʝ ʚʦʜʫ, ʘ ʚʠʥʦʚʘ ʣʦʟʘ 

ʿʝ ʩʚʘʢʘʢʦ ʿʝʜʥʘ ʦʜ ˁʠʭ. ʋ ʩʢʣʘʜʫ ʩʘ ʪʠʤ, ʚʠʥʦʛʨʘʜʘʨʠ ʰʠʨʦʤ ʩʚʝʪʘ ʩʝ ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʩʚʝ 

ʚʠhʝ ʦʜʣʫʯʫʿʫ ʟʘ ʦʨʛʘʥʩʢʫ ʧʨʦʠʟʚʦʜˁʫ ʚʠʥʘ (Santos et al., 2023). ʆʨʛʘʥʩʢʘ ʧʨʦʠʟʚʦʜˁʘ ʚʠʥʘ 

ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʦʯʫʚʘ ʧʨʠʨʦʜʥʝ ʨʝʩʫʨʩʝ ʠ ʫʯʠʥʠ ʚʠʥʦʛʨʘʜʘʨʩʪʚʦ ʦʜʨʞʠʚʠʿʠʤ ʟʘ ʙʫʜʫ˂ʝ 

ʛʝʥʝʨʘʮʠʿʝ (Valenzuela et al., 2022; Szolnoki ʠ Tafel, 2022). ʆʚʘʿ ʪʨʝʥʜ ʿʝ ʫʦʯʝʥ ʠ ʫ ʉʨʙʠʿʠ, ʿʝʨ 

ʩʫ ʚʠʥʦʛʨʘʜʘʨʠ ʠ ʚʠʥʘʨʠ ʩʭʚʘʪʠʣʠ ʜʘ ʠʤʘʿʫ ʩʚʝ ʥʝʦʧʭʦʜʥʝ ʨʝʩʫʨʩʝ ʩʘ ʢʦʿʠʤʘ ʤʦʛʫ ʩʧʨʦʚʝʩʪʠ 

ʦʚʘʢʘʚ ʚʠʜ ʧʨʦʠʟʚʦʜˁʝ. ɺʠʥʘʨʠʿʘ Ăʇʣʘʚʠʥʮʠñ ʫ ʢʦʿʦʿ ʿʝ ʚʨʰʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʿʝʜʘʥ ʦʜ 

ʧʠʦʥʠʨʘ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʦʨʛʘʥʩʢʦ ʚʠʥʦʛʨʘʜʘʨʩʪʚʦ ʢʦʜ ʥʘʩ.  

ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʢʦʨʠʰ˂ʝˁʝ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʿʝʢʮʠʿʘ 

ʠ ʩʝʟʦʥʩʢʠʭ ʧʨʦʛʥʦʟʘ ʚʨʝʤʝʥʘ ʩʘ ʮʠˀʝʤ ʧʨʝʜʚʠʹʘˁʘ ʪʨʘʿʘˁʘ ʠ ʧʦʤʝʨʘˁʘ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ 

ʣʦʟʝ, ʧʦʪʨʝʙʝ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝʤ ʠ ʠʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʨʦʟʜʘ ʠ ʙʦʙʠʮʘ ʙʝʣʝ ʩʦʨʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʇʘʥʦʥʠʘ (Vitis vinifera L. cv. Panonia) 

ʧʨʠ ʦʨʛʘʥʩʢʦʿ ʧʨʦʠʟʚʦʜˁʠ ʫ ʘʛʨʦʝʢʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ ɻʨʦʯʘʥʩʢʦʛ ʚʠʥʦʛʦʨʿʘ. 
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2. ʎʀɲ ʀ ɿʅɸʏɸɱ ʀʉʊʈɸɾʀɺɸɳɸ  

 
ʆʩʥʦʚʥʠ ʮʠˀʝʚʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʝʜʚʠʹʝʥʠʭ ʦʚʦʤ ʜʦʢʪʦʨʩʢʦʤ 

ʜʠʩʝʨʪʘʮʠʿʦʤ ʩʫ: 

¶ ʆʜʨʝʹʠʚʘˁʝ ʧʦʪʨʝʙʘ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘ ʚʦʜʦʤ ʪʦʢʦʤ ʜʚʦʛʦʜʠʰˁʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ 
ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʫʩʧʦʩʪʘʚˀʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʨʝʞʠʤʘ ʟʘʣʠʚʘˁʘ; 

¶ ʆʜʘʙʠʨ ʨʝʞʠʤʘ ʟʘʣʠʚʘˁʘ ʢʦʿʠ ʥʘʿʧʦʚʦˀʥʠʿʝ ʫʪʠʯʝ ʥʘ ʧʨʠʥʦʩ ʠ ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ 

ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʪʦʢʦʤ ʜʚʦʛʦʜʠʰˁʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ (2021-2022); 

¶ ʇʨʠʤʝʥʘ ʤʝʪʦʜʘ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ (ʪʝʨʤʦʚʠʟʠʿʝ) ʩʘ ʮʠˀʝʤ ʠʜʝʥʪʠʬʠʢʦʚʘˁʘ 
ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʧʨʝʢʦ ʙʠˀʥʦʛ ʚʦʜʥʦʛ ʩʪʨʝʩ ʠʥʜʝʢʩʘ ʠ ʧʦʪʨʝʙʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝʤ ʚʠʥʦʚʝ ʣʦʟʝ; 

¶ ʆʜʨʝʹʠʚʘˁʝ ʩʫʤʝ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ (Growing degree days ï GDD) ʥʘ 

ʦʩʥʦʚʫ ʦʩʤʦʪʨʝʥʠʭ ʧʦʜʘʪʘʢʘ ʦ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʬʝʥʦʣʦʰʢʠʭ ʦʩʤʘʪʨʘˁʘ ʧʦʪʨʝʙʥʝ ʟʘ ʧʦʯʝʪʘʢ ʠ 

ʢʨʘʿ ʚʝʛʝʪʘʮʠʿʝ, ʧʦʯʝʪʘʢ, ʢʨʘʿ ʠ ʜʫʞʠʥʫ ʪʨʘʿʘˁʘ ʧʦʿʝʜʠʥʠʭ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʩʦʨʪʝ 

ʇʘʥʦʥʠʘ, ʢʘʦ ʠ ʧʨʦʤʝʥʫ ʬʝʥʦʣʦʰʢʝ ʜʠʥʘʤʠʢʝ ʫ ʙʫʜʫ˂ʠʤ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ: ʙʣʠʩʢʘ 

ʙʫʜʫ˂ʥʦʩʪ (2021-2040), ʩʨʝʜʠʥʘ ʚʝʢʘ (2041-2060), ʢʨʘʿ ʚʝʢʘ (2081-2100) ʠ ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ 

(1998-2017); 

¶ ɸʥʘʣʠʟʘ ʧʦʪʨʝʙʘ ʟʘ ʚʦʜʦʤ (ʥʘʚʦʜˁʘʚʘˁʝʤ) ʫ ʙʫʜʫ˂ʦʿ ʢʣʠʤʠ: ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ 

(2021-2040), ʩʨʝʜʠʥʘ ʚʝʢʘ (2041-2060) ʠ ʢʨʘʿ ʚʝʢʘ (2081-2100) ʥʘ ʦʩʥʦʚʫ ʦʩʤʦʪʨʝʥʠʭ ʧʦʜʘʪʘʢʘ 

ʦ ʧʦʪʨʝʙʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘ ʚʦʜʦʤ; 

¶ ʀʟʚʨʰʠʪʠ ʧʨʦʮʝʥʫ ʧʦʪʨʝʙʘ ʟʘ ʚʦʜʦʤ ʫ ʪʦʢʫ ʚʝʛʝʪʘʮʠʿʝ, ʢʘʦ ʚʠʜ ʧʦʜʨʰʢʝ 

ʚʠʥʦʛʨʘʜʘʨʠʤʘ ʫ ʠʩʧʨʘʚʥʦʤ ʠ ʙʣʘʛʦʚʨʝʤʝʥʦʤ ʜʦʥʦʰʝˁʫ ʦʜʣʫʢʘ, ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ 

ʩʝʟʦʥʩʢʠʭ ʧʨʦʛʥʦʟʘ ʚʨʝʤʝʥʘ. 

ʉʧʨʦʚʝʜʝʥʘ ʠʩʧʠʪʠʚʘˁʘ ʢʦʿʘ ʩʝ ʦʛʣʝʜʘʿʫ ʢʨʦʟ ʫʧʦʪʨʝʙʫ ʦʩʤʦʪʨʝʥʠʭ ʧʦʜʘʪʘʢʘ, 

ʧʨʝʜʠʢʮʠʿʘ ʢʣʠʤʝ ʫʧʦʪʨʝʙʦʤ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ ʠ ʩʝʟʦʥʩʢʠʭ ʧʨʦʛʥʦʟʘ ʜʦʧʨʠʥʝ˂ʝ 

ʚʠʥʦʛʨʘʜʘʨʩʢʦʿ ʧʨʘʢʩʠ ʧʨʝʢʦ ʫʩʧʦʩʪʘʚˀʘˁʘ ʿʘʩʥʠʭ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʧʨʘ˂ʝˁʝ ʚʝʛʝʪʘʮʠʿʝ 

ʚʠʥʦʚʝ ʣʦʟʝ ʢʘʦ ʠ ʫʚʠʜʘ ʫ ʦʧʪʠʤʘʣʥʦ ʚʨʝʤʝ, ʠʥʪʝʨʚʘʣ ʠ ʥʦʨʤʫ ʟʘʣʠʚʘˁʘ. 

ʀʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ ʨʘʟʣʠʯʠʪʠʭ ʨʝʞʠʤʘ ʟʘʣʠʚʘˁʘ ʥʘ ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ ʠʤʘ ʚʝʣʠʢʫ 

ʚʘʞʥʦʩʪ ʟʘ ʚʠʥʦʛʨʘʜʘʨʝ ʿʝʨ ʙʠ ʙʠʣʠ ʫʧʦʟʥʘʪʠ ʩʘ ʧʦʪʝʥʮʠʿʘʣʠʤʘ ʛʘʿʝˁʘ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʠ 

ˁʝʥʦʤ ʧʨʦʠʟʚʦʜʥʦʤ ʠ ʪʝʭʥʦʣʦʰʢʦʤ ʚʨʝʜʥʦʰ˂ʫ, ʥʘʨʦʯʠʪʦ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʦʨʛʘʥʩʢʦʿ 

ʚʠʥʦʛʨʘʜʘʨʩʢʦʿ ʧʨʦʠʟʚʦʜˁʠ ʢʦʿʘ ʩʚʝ ʚʠʰʝ ʜʦʙʠʿʘ ʥʘ ʟʥʘʯʘʿʫ, ʢʘʢʦ ʫ ʩʚʝʪʫ, ʪʘʢʦ ʠ ʢʦʜ ʥʘʩ.  

ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʦʚʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʤʦʞʝ ʙʠʪʠ ʧʨʠʤʝʥˀʠʚʘ ʠ ʫ 

ʦʩʪʘʣʠʤ ʚʠʥʦʛʨʘʜʘʨʩʢʠʤ ʨʝʿʦʥʠʤʘ ʢʘʢʦ ʫ ʉʨʙʠʿʠ, ʘʣʠ ʠ ʚʘʥ ˁʝ, ʢʘʦ ʠ ʥʘ ʜʨʫʛʠʤ ʩʦʨʪʘʤʘ 

ʚʠʥʦʚʝ ʣʦʟʝ (ʢʘʢʦ ʫ ʦʨʛʘʥʩʢʦʿ, ʪʘʢʦ ʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʿ ʧʨʦʠʟʚʦʜˁʠ). 
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3. ʆʉʅʆɺʅɽ ʇʆʃɸɿʅɽ ʍʀʇʆʊɽɿɽ 
 

ʆʩʥʦʚʥʝ ʭʠʧʦʪʝʟʝ ʦʜ ʢʦʿʠʭ ʩʝ ʧʦʣʘʟʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ:  

¶ ʇʨʝʪʧʦʩʪʘʚʢʘ ʿʝ ʜʘ ˂ʝ ʧʦʪʨʝʙʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝʤ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʙʫʜʫ˂ʥʦʩʪʠ ʙʠʪʠ 

ʚʝ˂ʝ ʠ ʜʘ ˂ʝ ʩʝ ʿʘʩʥʦ ʧʨʝʜʦʯʠʪʠ ʫ ʢʦʿʠʤ ʧʝʨʠʦʜʠʤʘ ʚʝʛʝʪʘʮʠʿʝ ʚʠʥʦʚʝ ʣʦʟʝ ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ ʟʘ 

ʥʘʚʦʜˁʘʚʘˁʝʤ; 

¶ ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ˂ʝ ʥʘʿʚʝ˂ʠ ʧʦʟʠʪʠʚʥʠ ʫʪʠʮʘʿ ʥʘ ʧʨʠʥʦʩ ʠ ʢʚʘʣʠʪʝʪ ʚʠʥʦʚʝ ʣʦʟʝ 
ʠʤʘʪʠ ʨʝʞʠʤ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (ʢʘʜʘ ʿʝ ʦʙʝʟʙʝʹʝʥʦ 50% ʦʜ Eʊc); 

¶ ʉʤʘʪʨʘ ʩʝ ʜʘ ˂ʝ ʨʝʞʠʤ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (ʦʙʝʟʙʝʹʝʥʦ 100% ʦʜ Eʊc) ʧʦʚʝ˂ʘʪʠ 

ʧʨʠʥʦʩ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʚʘʨʠʿʘʥʪʝ ʥʘʚʦʜˁʘʚʘˁʘ, ʘʣʠ ʜʘ ʥʝ˂ʝ ʟʥʘʯʘʿʥʠʿʝ ʜʦʧʨʠʥʝʪʠ 

ʧʦʙʦˀʰʘˁʫ ʢʚʘʣʠʪʝʪʘ ʛʨʦʞʹʘ ʠ ʚʠʥʘ; 

¶ ʇʦʣʘʟʠ ʩʝ ʦʜ ʧʨʝʪʧʦʩʪʘʚʢʝ ʜʘ ˂ʝ ʤʝʪʦʜʝ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ ʜʘʪʠ ʧʦʫʟʜʘʥʝ 

ʠʥʜʠʢʘʪʦʨʝ ʚʦʜʥʦʛ ʨʝʞʠʤʘ ʙʠˀʢʝ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʙʠ ʩʝ ʤʦʛʘʦ ʫʩʧʦʩʪʘʚʠʪʠ ʨʝʞʠʤ ʟʘʣʠʚʘˁʘ, 

ʦʜʥʦʩʥʦ ʧʨʦʮʝʥʘ ʫʪʠʮʘʿʘ ʩʫʰʝ ʥʘ ʧʨʠʥʦʩ; 

¶ ʆʯʝʢʫʿʝ ʩʝ ʜʘ ˂ʝ ʫʩʣʝʜ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ, ʫ ʙʫʜʫ˂ʥʦʩʪʠ ʜʦ˂ʠ ʜʦ ʧʦʤʝʨʘˁʘ 

ʚʝʛʝʪʘʮʠʿʝ, ʦʜʥʦʩʥʦ ʜʘ ˂ʝ ʥʝʢʝ ʬʝʥʦʬʘʟʝ ʥʘʩʪʫʧʘʪʠ ʨʘʥʠʿʝ ʠ ʧʨʦʤʝʥʠʪʠ ʜʫʞʠʥʫ ʪʨʘʿʘˁʘ. 
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4. ʇʈɽɻʃɽɼ ʃʀʊɽʈɸʊʋʈɽ 
 

4.1. ʂʣʠʤʘʪʩʢʠ ʩʠʩʪʝʤ 

 

ʂʣʠʤʘʪʩʢʠ ʩʠʩʪʝʤ, ʢʘʦ ʩʠʩʪʝʤ ɿʝʤˀʠʥʝ ʛʣʦʙʘʣʥʝ ʮʠʨʢʫʣʘʮʠʿʝ, ʯʠʥʝ ʘʪʤʦʩʬʝʨʘ, 

ʭʠʜʨʦʩʬʝʨʘ, ʣʠʪʦʩʬʝʨʘ, ʙʠʦʩʬʝʨʘ ʠ ʢʨʠʦʩʬʝʨʘ (Gates, 1988; Popoviĺ et al., 2009; ɺʫʢʦʚʠ˂ ʠ 

ɺʫʿʘʜʠʥʦʚʠ˂ ʄʘʥʜʠ˂, 2019). ʆʚʝ ʢʦʤʧʦʥʝʥʪʝ ʩʫ ʫ ʩʪʘʣʥʦʿ ʤʝʹʫʩʦʙʥʦʿ ʠʥʪʝʨʘʢʮʠʿʠ (Ghanem, 

2024) ʯʠʿʘ ʩʠʥʭʨʦʥʠʟʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʦʙʣʠʢʫʿʝ ʠ ʦʜʨʝʹʫʿʝ ʢʣʠʤʘʪʩʢʝ ʫʩʣʦʚʝ ʥʘ ɿʝʤˀʠ. 

ɸʥʪʨʦʧʦʛʝʥʠ ʫʪʠʮʘʿ ʥʘ ʢʣʠʤʘʪʩʢʠ ʩʠʩʪʝʤ ʤʘʥʠʬʝʩʪʫʿʝ ʩʝ ʢʨʦʟ ʨʘʟʣʠʯʠʪʝ ʬʦʨʤʝ ˀʫʜʩʢʠʭ 

ʘʢʪʠʚʥʦʩʪʠ, ʫʢˀʫʯʫʿʫ˂ʠ ʢʨʯʝˁʝ ʰʫʤʘ, ʫʨʙʘʥʠʟʘʮʠʿʫ, ʜʝʛʨʘʜʘʮʠʿʫ ʟʝʤˀʠʰʪʘ, ʧʦʚʝ˂ʘˁʝ 

ʦʙʨʘʜʠʚʠʭ ʧʦʚʨʰʠʥʘ ʠ ʤʦʜʠʬʠʢʘʮʠʿʫ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʘʪʤʦʩʬʝʨʝ ʧʫʪʝʤ ʘʥʪʨʦʧʦʛʝʥʠʭ 

ʝʤʠʩʠʿʘ ʛʘʩʦʚʘ ʩʘ ʝʬʝʢʪʦʤ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ. ʆʚʠ ʛʘʩʦʚʠ, ʢʘʦ ʰʪʦ ʩʫ ʫʛˀʝʥ-ʜʠʦʢʩʠʜ ʠ ʤʝʪʘʥ, 

ʠʤʘʿʫ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʟʥʘʯʘʿʥʦ ʠʟʤʝʥʝ ʛʝʦʬʠʟʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʨʘʟʣʠʯʠʪʠʭ ʢʦʤʧʦʥʝʥʪʠ 

ʢʣʠʤʘʪʩʢʦʛ ʩʠʩʪʝʤʘ (ɫʫʨʹʝʚʠ˂ ʠ ʊʦʰʠ˂, 2017). 

ʄʝʪʝʦʨʦʣʦʛʠʿʘ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʫʪʚʨʜʠ ʟʘʢʦʥʝ ʧʦ ʢʦʿʠʤʘ ʩʝ ʿʘʚˀʘʿʫ ʘʪʤʦʩʬʝʨʩʢʝ ʧʦʿʘʚʝ ʠ 

ʧʨʦʮʝʩʠ, ʪʝ ʜʘ ʫʩʪʘʥʦʚʠ ˁʠʭʦʚʝ ʫʟʘʿʘʤʥʝ ʚʝʟʝ ʢʦʨʠʩʪʝ˂ʠ ʬʠʟʠʯʢʦ-ʤʘʪʝʤʘʪʠʯʢʝ ʤʝʪʦʜʝ 

ʧʨʦʫʯʘʚʘˁʘ (Duciĺ ʠ Radovanoviĺ, 2005). ʂʣʠʤʘʪʦʣʦʛʠʿʘ ʿʝ ʥʘʿʩʪʘʨʠʿʘ ʜʠʩʮʠʧʣʠʥʘ 

ʤʝʪʝʦʨʦʣʦʛʠʿʝ ʠ ʙʘʚʠ ʩʝ ʧʨʦʫʯʘʚʘˁʝʤ ʢʣʠʤʝ ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʩʢʫʧ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʧʦʿʘʚʘ ʢʦʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʨʝʜˁʝ ʩʪʘˁʝ ʘʪʤʦʩʬʝʨʝ ʥʘ ʦʜʨʝʹʝʥʦʤ ʤʝʩʪʫ ʟʝʤˀʠʥʝ ʧʦʚʨʰʠʥʝ ʫ ʜʫʞʝʤ 

ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ (ʈʫʤʣ, 2016; ɺʫʢʦʚʠ˂ ʠ ɺʫʿʘʜʠʥʦʚʠ˂ ʄʘʥʜʠ˂, 2019). ʂʣʠʤʘ ʩʝ ʬʦʨʤʠʨʘ 

ʢʘʦ ʨʝʟʫʣʪʘʪ ʜʫʛʦʨʦʯʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʦʙʨʘʟʘʮʘ
1
, ʪʘʯʥʠʿʝ, ʦʥʘ ʿʝ Ăʧʨʦʠʟʚʦʜñ ʢʣʠʤʘʪʩʢʦʛ 

ʩʠʩʪʝʤʘ (Popoviĺ et al., 2009).  

ɺʨʝʤʝ ʦʜʨʘʞʘʚʘ ʪʨʝʥʫʪʥʦ ʩʪʘˁʝ ʢʣʠʤʘʪʩʢʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʧʦʿʘʚʘ ʠ ʨʝʧʨʝʟʝʥʪʫʿʝ ʩʢʫʧ 

ʠʟʚʝʩʥʠʭ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʫ ʥʝʢʦʤ ʤʦʤʝʥʪʫ ʠ ʥʘ ʜʘʪʦʤ ʤʝʩʪʫ ʜʘʿʫ ʢʘʨʘʢʪʝʨ ʘʪʤʦʩʬʝʨʩʢʦʤ 

ʩʪʘˁʫ. ʄʝʪʝʦʨʦʣʦʰʢʘ ʦʩʤʘʪʨʘˁʘ ʦʙʫʭʚʘʪʘʿʫ ʩʠʩʪʝʤʘʪʩʢʘ ʠ ʨʝʜʦʚʥʘ ʤʝʨʝˁʘ ʤʝʪʝʦʨʦʣʦʰʢʠʭ 

ʧʘʨʘʤʝʪʘʨʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʣʘʞʥʦʩʪ ʠ ʧʨʠʪʠʩʘʢ ʚʘʟʜʫʭʘ, ʢʦʣʠʯʠʥʫ ʧʘʜʘʚʠʥʘ, 

ʙʨʟʠʥʫ ʠ ʩʤʝʨ ʚʝʪʨʘ, ʦʙʣʘʯʥʦʩʪ, ʦʩʫʥʯʘʚʘˁʝ ʠ ʜʨʫʛʝ ʧʘʨʘʤʝʪʨʝ. ʉʚʨʭʘ ʦʚʠʭ ʤʝʨʝˁʘ ʿʝ 

ʧʨʫʞʘˁʝ ʪʨʝʥʫʪʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʚʨʝʤʝʥʩʢʠʤ ʫʩʣʦʚʠʤʘ.  

 

4.2. ʂʣʠʤʘʪʩʢʠ ʤʦʜʝʣʠ 

 

ʅʫʤʝʨʠʯʢʦ ʤʦʜʝʣʦʚʘˁʝ ʚʨʝʤʝʥʘ ʠ ʢʣʠʤʝ ʿʝ ʧʦʩʝʙʥʘ ʛʨʘʥʘ ʩʘʚʨʝʤʝʥʝ ʤʝʪʝʦʨʦʣʦʛʠʿʝ ʠ 

ʫʩʢʦ ʿʝ ʧʦʚʝʟʘʥʘ ʩʘ ʤʘʪʝʤʘʪʠʢʦʤ ʠ ʨʘʯʫʥʘʨʩʢʠʤ ʨʝʩʫʨʩʠʤʘ. ʀʘʢʦ ʩʫ ʩʝ ʧʨʚʠ, ʘʣʠ ʥʝʫʩʧʝʰʥʠ 

ʧʦʢʫʰʘʿʠ ʠʟʨʘʯʫʥʘʚʘˁʘ ʙʫʜʫ˂ʠʭ ʚʨʝʤʝʥʩʢʠʭ ʧʨʠʣʠʢʘ ʜʦʛʦʜʠʣʠ ʤʥʦʛʦ ʨʘʥʠʿʝ (Edwards, 2011; 

Haider et al., 2020), ʨʘʟʚʦʿ ʠ ʫʥʘʧʨʝʹʝˁʝ ʨʘʯʫʥʘʨʘ ʠ ʥʫʤʝʨʠʯʢʠʭ ʪʝʭʥʠʢʘ ʦʤʦʛʫ˂ʠʦ ʿʝ ʨʘʟʚʦʿ 

ʥʫʤʝʨʠʯʢʠʭ ʤʦʜʝʣʘ ʟʘ ʧʨʦʛʥʦʟʫ ʚʨʝʤʝʥʘ ʠ ʢʣʠʤʝ. ʆʜ ʧʦʯʝʪʢʘ ʦʩʘʤʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ 

ʚʝʢʘ ʙʝʣʝʞʠ ʩʝ ʢʦʥʩʪʘʥʪʥʦ ʧʦʙʦˀʰʘˁʝ ʚʝʰʪʠʥʝ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ (Troccoli, 2010; Rodriguez 

et al., 2018) ʠ ʨʘʟʚʦʿʘ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ, ʢʦʿʠ ʩʫ, ʫʟ ʦʜʨʝʹʝʥʝ ʤʦʜʠʬʠʢʘʮʠʿʝ, ʤʦʛʣʠ ʜʘ 

ʨʝʧʨʦʜʫʢʫʿʫ ʠ ʩʪʘʪʠʩʪʠʯʢʝ ʚʝʣʠʯʠʥʝ ʦʩʥʦʚʥʠʭ ʢʣʠʤʘʪʦʣʦʰʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. 

ʇʨʝʤʘ ʩʪʨʦʛʦʿ ʜʝʬʠʥʠʮʠʿʠ, ʢʣʠʤʘʪʩʢʠ ʤʦʜʝʣ ʿʝ ʩʢʫʧ ʤʘʪʝʤʘʪʠʯʢʠʭ ʿʝʜʥʘʯʠʥʘ (Randall 

et al., 2007; Ruml et al., 2012; Yang et al., 2021) ʢʦʿʝ ʨʝʧʨʝʟʝʥʪʫʿʫ ʬʠʟʠʯʢʝ, ʭʝʤʠʿʩʢʝ ʠ 

ʙʠʦʣʦʰʢʝ ʟʘʢʦʥʝ ʠ ʦʩʦʙʠʥʝ ʢʣʠʤʘʪʩʢʦʛ ʩʠʩʪʝʤʘ ɿʝʤˀʝ, ʦʜʥʦʩʥʦ ʧʦʿʝʜʠʥʘʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ 

ʩʠʩʪʝʤʘ, ʢʘʦ ʠ ˁʠʭʦʚʫ ʤʝʹʫʩʦʙʥʫ ʠʥʪʝʨʘʢʮʠʿʫ (Edwards, 2011; Flato et al., 2014). ʆʚʠ ʤʦʜʝʣʠ 

ʩʫ ʫʪʝʤʝˀʝʥʠ ʥʘ ʨʘʟʫʤʝʚʘˁʫ ʠʥʪʝʨʘʢʮʠʿʘ ʘʪʤʦʩʬʝʨʝ ʩʘ ʦʢʝʘʥʩʢʠʤ, ʢʦʧʥʝʥʠʤ ʠ ʣʝʜʝʥʠʤ 

ʧʦʚʨʰʠʥʘʤʘ, ʢʘʦ ʠ ʚʝʛʝʪʘʮʠʿʦʤ (Edwards, 2011). ʋʢʦʣʠʢʦ ʤʦʜʝʣ ʩʠʤʫʣʠʨʘ ʢʣʠʤʫ ʥʘ ʮʝʣʦʿ 

ʧʣʘʥʝʪʠ, ʦʥ ʩʝ ʥʘʟʠʚʘ ʛʣʦʙʘʣʥʠʤ ʤʦʜʝʣʦʤ, ʜʦʢ ʫʢʦʣʠʢʦ ʩʠʤʫʣʠʨʘ ʫʩʣʦʚʝ ʩʘʤʦ ʥʘ ʥʝʢʦʤ 

ʠʟʘʙʨʘʥʦʤ ʜʝʣʫ, ʦʥʜʘ ʩʝ ʥʘʟʠʚʘ ʨʝʛʠʦʥʘʣʥʠʤ ʢʣʠʤʘʪʩʢʠʤ ʤʦʜʝʣʦʤ (Vukovic et al., 2015; Fraga 

                                                 
1
 ʅʘʯʿʝʰ˂ʝ ʿʝ ʪʦ ʚʠʰʝʛʦʜʠʰˁʠ ʧʝʨʠʦʜ ʦʜ 30 ʛʦʜʠʥʘ. 
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et al., 2022). ʇʦ ʩʚʦʿʦʿ ʩʪʨʫʢʪʫʨʠ, ʢʣʠʤʘʪʩʢʠ ʤʦʜʝʣʠ ʩʣʠʯʥʠ ʩʫ ʤʦʜʝʣʠʤʘ ʟʘ ʧʨʦʛʥʦʟʫ 

ʚʨʝʤʝʥʘ, ʯʠʿʠ ʩʝ ʧʨʦʜʫʢʪʠ ʩʚʘʢʦʜʥʝʚʥʦ ʢʦʨʠʩʪʝ ʟʘ ʠʟʜʘʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʦ 

ʚʨʝʤʝʥʫ ʫ ʥʘʨʝʜʥʠʤ ʜʘʥʠʤʘ. ʀʧʘʢ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ ʯʠʿʠ ʿʝ ʟʘʜʘʪʘʢ ʜʘ 

ʧʨʝʜʚʠʜʠ ʪʘʯʘʥ ʩʣʝʜ ʜʦʛʘʹʘʿʘ ʫ ʧʝʨʠʦʜʫ ʦʜ ʥʝʢʦʣʠʢʦ ʜʘʥʘ ʫʥʘʧʨʝʜ, ʟʘʜʘʪʘʢ ʩʠʤʫʣʘʮʠʿʘ 

ʙʫʜʫ˂ʝ ʢʣʠʤʝ ʢʣʠʤʘʪʩʢʠʤ ʤʦʜʝʣʦʤ ʿʝ ʜʘ ʧʨʝʜʚʠʜʠ ʧʨʦʤʝʥʝ ʫ ʩʪʘʪʠʩʪʠʯʢʠʤ ʦʩʦʙʠʥʘʤʘ ʢʣʠʤʝ 

ʫ ʙʫʜʫ˂ʥʦʩʪʠ, ʘ ʥʝ ʪʘʯʘʥ ʨʝʜʦʩʣʝʜ ʜʦʛʘʹʘʿʘ.  

ʂʣʠʤʘʪʩʢʠ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʠʥʠ ʘʣʘʪ ʢʦʿʠ ʤʦʞʝ ʜʘ ʧʨʝʜʚʠʜʠ ʙʫʜʫ˂ʝ ʢʣʠʤʘʪʩʢʝ 

ʧʨʦʤʝʥʝ (Randall et al., 2007; Flato et al., 2014; Gettelman ʠ Rood, 2016; Iglesias Suarez et al., 

2024; Simpson et al., 2024; Slingo ʠ Slingo, 2024). ʄʝʹʫʪʠʤ, ʤʦʜʝʣʦʚʘˁʝ ʢʣʠʤʝ ʠ ʢʣʠʤʘʪʩʢʠʭ 

ʧʨʦʤʝʥʘ ʥʦʩʠ ʩʘ ʩʦʙʦʤ ʠ ʤʥʦʛʝ ʨʠʟʠʢʝ ʢʦʿʠ ʩʝ ʧʨʚʝʥʩʪʚʝʥʦ ʦʜʥʦʩʝ ʥʘ ʥʝʩʘʚʨʰʝʥʦʩʪ 

ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ (Raäisaänen, 2007; Fraga et al., 2012; Flato et al., 2014; Vukovic et al., 2015; 

Tao et al., 2020; Gentine et al., 2021; Yang et al., 2021; Chauke ʠ Pongrácz, 2024; Iglesias Suarez 

et al., 2024), ʧʨʠʨʦʜʥʫ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʢʣʠʤʝ, ʢʘʦ ʠ ʥʝʧʦʟʥʘʚʘˁʝ ʙʫʜʫ˂ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʛʘʩʦʚʘ ʩʘ ʝʬʝʢʪʦʤ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ (Greenhouse gases ï GHG) (Fraga et al., 2012; Tesliĺ et al., 

2019; Colibaba et al., 2024). ʆʚʠ ʨʠʟʠʮʠ ʤʦʛʫ ʩʝ ʫ ʦʜʨʝʹʝʥʦʿ ʤʝʨʠ ʫʙʣʘʞʠʪʠ ʚʠʰʝʩʪʨʫʢʠʤ 

ʧʦʥʘʚˀʘˁʝʤ ʩʠʤʫʣʘʮʠʿʘ ʢʦʿʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʚʠʰʝ ʤʦʜʝʣʘ, ʚʠʰʝ ʩʮʝʥʘʨʠʿʘ ʠ ʚʝ˂ʠ ʙʨʦʿ 

ʨʘʟʣʠʯʠʪʠʭ ʧʦʯʝʪʥʠʭ ʫʩʣʦʚʘ ï ʘʥʩʘʤʙʣʘ ʩʠʤʫʣʘʮʠʿʘ (Barnes et al., 2024; Chauke ʠ Pongrácz, 

2024).  

 

4.3. FAO AquaCrop ʤʦʜʝʣ 

 

ʄʦʜʝʣ AquaCrop ʿʝ ʰʠʨʦʢʦ ʪʝʩʪʠʨʘʥʠ ʘʣʘʪ ʟʘ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʫʩʝʚʘ, ʦʜ ʨʘʪʘʨʩʢʠʭ 

(Gürkan, 2023), ʧʨʝʢʦ ʧʦʚʨ˂ʘ (Ĺosiĺ et al., 2017; Lipovac et al., 2018; Striļeviĺ et al., 2023), ʜʦ 

ʚʦ˂ʘ ʠ ʚʠʥʦʚʝ ʣʦʟʝ (Er-Raki et al., 2021). ʂʘʦ ʰʪʦ ʠ ʩʘʤ ʥʘʟʠʚ ʛʦʚʦʨʠ, ʬʦʢʫʩ ʦʚʦʛ ʤʦʜʝʣʘ ʿʝ ʥʘ 

ʚʦʜʠ, ʢʘʦ ʦʜʨʝʜʥʠʮʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʫʣʪʫʨʘ, ʧʘ ʩʝ ʦʥ ʢʦʨʠʩʪʠ ʟʘ ʩʠʤʫʣʘʮʠʿʝ ʨʘʩʪʘ, ʧʨʠʥʦʩʘ 

ʠ ʧʦʪʨʝʙʘ ʙʠˀʥʠʭ ʢʫʣʪʫʨʘ ʟʘ ʚʦʜʦʤ. ʈʘʟʚʠʿʝʥ ʿʝ ʦʜ ʩʪʨʘʥʝ FAO ʦʨʛʘʥʠʟʘʮʠʿʝ (Food and 

Agriculture Organization), ʦʜʩʝʢʘ ʟʘ ʟʝʤˀʠʰʪʝ ʠ ʚʦʜʝ. ʎʠˀ FAO ʧʨʦʿʝʢʪʘ ʿʝ ʙʠʦ ʜʘ ʢʘʣʠʙʨʠʰʝ 

AquaCrop ʟʘ ʩʚʘʢʫ ʚʘʞʥʫ ʧʦˀʦʧʨʠʚʨʝʜʥʫ ʢʫʣʪʫʨʫ ʫ ʧʦʛʣʝʜʫ ʩʚʠʭ ˁʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ˂ʝ 

ʙʠʪʠ ʧʨʠʤʝʥˀʠʚʠ ʫ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʫ ʘʛʨʦʝʢʦʣʦʰʢʠʭ ʫʩʣʦʚʘ (Hsiao et al., 2009). ʅʝʢʠ ʦʜ 

ʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʠʩʫ ʫʥʠʚʝʨʟʘʣʥʠ ʠ ʧʦʪʨʝʙʥʦ ʠʭ ʿʝ ʧʨʠʣʘʛʦʜʠʪʠ ʣʦʢʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʠ 

ʧʨʦʫʯʘʚʘʥʠʤ ʩʦʨʪʘʤʘ. ʂʘʜʘ ʿʝ ʜʦʙʨʦ ʢʘʣʠʙʨʠʩʘʥ ʟʘ ʛʘʿʝʥʫ ʢʫʣʪʫʨʫ, ʦʯʝʢʫʿʝ ʩʝ ʜʘ ʤʦʜʝʣ ʙʫʜʝ 

ʝʬʠʢʘʩʘʥ ʫ ʧʦʤʘʛʘˁʫ ʨʘʟʚʦʿʘ ʩʪʨʘʪʝʛʠʿʘ ʫʧʨʘʚˀʘˁʘ ʚʦʜʘʤʘ ʟʘ ʧʦʙʦˀʰʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʠ 

ʫʰʪʝʜʫ ʚʦʜʝ (Steduto et al., 2009). 

AquaCrop ʪʝʞʠ ʧʦʩʪʠʟʘˁʫ ʪʘʯʥʦʩʪʠ, ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ ʠ ʨʦʙʫʩʥʦʩʪʠ, ʩʪʦʛʘ, ʨʝʟʫʣʪʘʪʠ 

ʤʥʦʛʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʦʚʘʿ ʤʦʜʝʣ ʧʨʝʮʠʟʘʥ ʫ ʧʨʝʜʠʢʮʠʿʘʤʘ (Steduto et al., 2009; 

Lipovac et al., 2018; Striļeviĺ et al., 2023). ɳʝʛʦʚʘ ʧʨʠʤʝʥʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʢʣʠʤʘʪʩʢʠʤ 

ʤʦʜʝʣʠʤʘ ʦʤʦʛʫ˂ʘʚʘ ʥʝ ʩʘʤʦ ʧʨʝʜʚʠʹʘˁʝ ʧʨʠʥʦʩʘ ʠ ʧʦʪʨʝʙʘ ʙʠˀʥʠʭ ʚʨʩʪʘ ʟʘ ʚʦʜʦʤ, ʚʝ˂ ʠ 

ʜʫʛʦʨʦʯʥʝ ʧʨʦʮʝʥʝ ʦʜʨʞʠʚʦʩʪʠ ʚʠʥʦʛʨʘʜʘʨʩʢʝ ʧʨʦʠʟʚʦʜˁʝ ʫ ʫʩʣʦʚʠʤʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ. 

 

4.4. ʉʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ 

 

ʇʨʦʤʝʥʝ ʢʣʠʤʝ, ʘ ʥʘʨʦʯʠʪʦ ʝʢʩʪʨʝʤʥʠʭ ʢʣʠʤʘʪʩʢʠʭ ʧʦʿʘʚʘ, ʩʧʘʜʘʿʫ ʫ ʢˀʫʯʥʝ ʠʟʘʟʦʚʝ ʩʘ 

ʢʦʿʠʤʘ ˂ʝ ʜʨʫʰʪʚʦ ʤʦʨʘʪʠ ʜʘ ʩʝ ʩʫʦʯʘʚʘ ʫ ʧʨʝʜʩʪʦʿʝ˂ʠʤ ʜʝʮʝʥʠʿʘʤʘ (Fraga et al., 2012; 

Prodhomme et al., 2016; Nguyen et al., 2024). ʆʯʝʢʫʿʝ ʩʝ ʜʘ ˂ʝ ʥʝʛʘʪʠʚʥʠ ʫʪʠʮʘʿʠ ʧʦʚʝ˂ʘˁʘ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʦʜʫʞʝʥʠʭ ʧʝʨʠʦʜʘ ʩʫʰʝ ʠ ʝʢʩʪʨʝʤʥʠʭ ʧʘʜʘʚʠʥʘ, ʧʦʧʣʘʚʘ, ʰʫʤʩʢʠʭ ʧʦʞʘʨʘ, 

ʢʘʦ ʠ ʧʨʦʙʣʝʤʘ ʫ ʧʦˀʦʧʨʠʚʨʝʜʥʦʿ ʧʨʦʠʟʚʦʜˁʠ ʠ ʮʝʣʦʢʫʧʥʦʿ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ ʥʘʩʪʘʚʠʪʠ ʜʘ 

ʩʝ ʧʦʿʘʯʘʚʘʿʫ, ʫʙʨʟʘʚʘʿʫ ʠ ʠʥʪʝʥʟʠʚʠʨʘʿʫ ʫ ʙʫʜʫ˂ʥʦʩʪʠ (Chaves et al., 2007; Vukoviĺ et al., 
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2018; Tesliĺ et al., 2019; Tao et al., 2020; IPCC, 2022; Alsafadi et al., 2023; Sun et al., 2023; An-

Vo et al., 2024; Jord«o ʠ Correia, 2026).  

ʈʘʟʫʤʝʚʘˁʝ ʢʣʠʤʘʪʩʢʦʛ ʩʠʩʪʝʤʘ ʠ ʥʘʯʠʥʘ ʥʘ ʢʦʿʠ ʩʝ ʦʥ ʤʦʞʝ ʧʨʦʤʝʥʠʪʠ ʫ ʙʫʜʫ˂ʥʦʩʪʠ 

ʧʦʜ ʨʘʟʣʠʯʠʪʠʤ ʩʮʝʥʘʨʠʿʠʤʘ ʫʚʝʣʠʢʦ ʩʝ ʧʦʙʦˀʰʘʣʦ ʟʘʭʚʘˀʫʿʫ˂ʠ ʢʣʠʤʘʪʩʢʠʤ ʤʦʜʝʣʠʤʘ 

(IPCC, 2022; Iglesias Suarez et al., 2024). ʇʨʦʛʥʦʟʝ ʙʫʜʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʤʝʪʝʦʨʦʣʦʰʢʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʦʩʪʚʘʨʫʿʫ ʩʝ ʧʫʪʝʤ ʩʠʤʫʣʘʮʠʿʘ ʤʦʜʝʣʘ ʟʘ ʧʨʦʛʥʦʟʫ ʚʨʝʤʝʥʘ ʢʦʿʠ ʦʙʠʯʥʦ ʧʨʫʞʘʿʫ 

ʧʨʝʜʚʠʹʘˁʘ ʟʘ ʢʨʘʪʢʦʨʦʯʥʝ ʧʝʨʠʦʜʝ. 

ɼʫʛʦʨʦʯʥʝ ʧʨʦʛʥʦʟʝ (ʧʦʟʥʘʪʠʿʝ ʢʘʦ ʩʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ) ʩʫ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʜʝʣʦʚʠ 

ʢʣʠʤʘʪʩʢʠʭ ʠʥʬʦʨʤʘʮʠʿʘ (Bojovic et al., 2022). ʆʚʝ ʧʨʦʛʥʦʟʝ ʧʨʝʜʚʠʹʘʿʫ ʤʝʩʝʯʥʝ ʠ ʩʝʟʦʥʩʢʝ 

ʘʥʦʤʘʣʠʿʝ ʠʣʠ ʦʜʩʪʫʧʘˁʘ ʦʜ ʦʯʝʢʠʚʘʥʠʭ ʢʣʠʤʘʪʦʣʦʰʢʠʭ ʫʩʣʦʚʘ (Doblas-Reyes et al., 2013) ʠ 

ʦʙʠʯʥʦ ʩʝ ʦʙʝʟʙʝʹʫʿʫ ʫ ʨʝʣʘʪʠʚʥʦ ʚʝʣʠʢʠʤ ʧʨʦʩʪʦʨʥʠʤ ʨʘʟʤʝʨʘʤʘ (Andersson et al., 2020). 

ʉʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʤʦʛʫ ʙʠʪʠ ʚʘʞʘʥ ʝʣʝʤʝʥʪ ʟʘ ʿʘʯʘˁʝ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʿʝʨ 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʝʜʚʠʹʘˁʝ ʨʠʟʠʢʘ ʫ ʚʨʝʤʝʥʩʢʠʤ ʦʢʚʠʨʠʤʘ ʨʝʣʝʚʘʥʪʥʠʤ ʟʘ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ 

(Troccoli, 2010; Hewitt et al., 2020). ʊʘʢʦʹʝ, ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʦʮʝʥʫ ʚʝʨʦʚʘʪʥʦ˂ʝ ʢˀʫʯʥʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ (ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʘʜʘʚʠʥʘ) ʫ ʙʫʜʫ˂ʥʦʩʪʠ (Bruno Soares ʠ Dessai, 2016; Hemri et 

al., 2020) ʠ ʤʦʛʫ ʙʠʪʠ ʦʜ ʥʝʧʨʦʮʝʥˀʠʚʝ ʚʨʝʜʥʦʩʪʠ ʧʨʠ ʫʧʨʘʚˀʘˁʫ ʧʦˀʦʧʨʠʚʨʝʜʥʦʤ 

ʧʨʦʠʟʚʦʜˁʦʤ (Doblas-Reyes et al., 2013; Laliĺ et al., 2018; Andersson et al., 2020; Santos et al., 

2020; Bojovic et al., 2022; Naulleau et al., 2022).  

ʉʝʟʦʥʩʢʝ ʢʣʠʤʘʪʩʢʝ ʧʨʦʛʥʦʟʝ ʧʦʩʪʘʿʫ ʚʘʞʘʥ ʘʣʘʪ ʟʘ ʧʨʘʚʦʚʨʝʤʝʥʦ ʧʣʘʥʠʨʘˁʝ ʫ 

ʢʦʥʪʝʢʩʪʫ ʫʧʨʘʚˀʘˁʘ ʠ ʘʜʘʧʪʘʮʠʿʝ ʥʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ (Prodhomme et al., 2016; Turco et 

al., 2017; Yang et al., 2021). ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʥʘ ʫʟʛʦʿ ʚʠʥʦʚʝ ʣʦʟʝ ʠʟʨʘʟʠʪʦ ʫʪʠʯʫ ʚʨʝʤʝʥʩʢʝ 

ʧʨʠʣʠʢʝ (Piña-Rey et al., 2020; Santos et al., 2020; Navrátilová et al., 2021; Droulia ʠ 

Charalampopoulos, 2022; Koufos et al., 2022; Sun et al., Mancuso et al., 2026), ʧʦʟʥʘʚʘˁʝ 

ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʙʫʜʫ˂ʦʿ ʢʣʠʤʘʪʩʢʦʿ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʿʝ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ ʟʘ ʧʦˀʦʧʨʠʚʨʝʜʥʝ 

ʧʨʦʠʟʚʦʹʘʯʝ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʚʠʥʦʛʨʘʜʘʨʝ (Cataldo et al., 2021). ʂʦʨʠʰ˂ʝˁʝʤ ʩʝʟʦʥʩʢʠʭ 

ʧʨʦʛʥʦʟʘ ʤʦʛʫ˂ʝ ʿʝ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʧʝʨʠʦʜʝ ʫ ʢʦʿʠʤʘ ˂ʝ ʙʠʪʠ ʥʝʦʧʭʦʜʥʦ ʥʘʚʦʜˁʘʚʘˁʝ (Laliĺ 

et al., 2018; Piña-Rey et al., 2020; Alsafadi et al., 2023), ʧʨʝʜʚʠʜʝʪʠ ʥʦʨʤʝ ʥʘʚʦʜˁʘʚʘˁʘ, 

ʢʦʣʠʯʠʥʝ ʠ ʚʨʝʤʝ ʧʨʠʤʝʥʝ ʙʠˀʥʠʭ ʭʨʘʥʠʚʘ, ʧʨʝʜʚʠʜʝʪʠ ʦʯʝʢʠʚʘʥʦ ʚʨʝʤʝ ʟʨʝˁʘ ʠ ʙʝʨʙʝ, 

ʦʜʥʦʩʥʦ ʧʨʠʢʫʧˀʘˁʘ ʧʣʦʜʦʚʘ (Xyrafis et al., 2022), ʰʪʦ ˂ʝ ʫʥʘʧʨʝʜʠʪʠ ʠ ʦʣʘʢʰʘʪʠ 

ʧʣʘʥʠʨʘˁʝ ʦʚʠʭ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʦʤʦ˂ʠ ʧʦˀʦʧʨʠʚʨʝʜʥʠʤ ʧʨʦʠʟʚʦʹʘʯʠʤʘ ʜʘ ʫʩʢʣʘʜʝ 

ʧʨʘʚʦʚʨʝʤʝʥʫ ʧʨʠʤʝʥʫ ʘʛʨʦʪʝʭʥʠʯʢʠʭ ʠ ʘʤʧʝʣʦʪʝʭʥʠʯʢʠʭ ʦʧʝʨʘʮʠʿʘ (ʥʧʨ. ʨʝʟʠʜʙʘ).  

 

4.5. ʂʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʠ ʤʝʨʝ ʘʜʘʧʪʘʮʠʿʝ ʫ ʚʠʥʦʛʨʘʜʘʨʩʢʦʿ ʧʨʦʠʟʚʦʜˁʠ 

 

ʂʘʢʦ ʫ ʧʨʦʰʣʦʩʪʠ, ʪʘʢʦ ʠ ʜʘʥʘʩ, ʢʣʠʤʘʪʩʢʠ ʫʩʣʦʚʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʬʘʢʪʦʨ 

ʩʚʠʭ ʧʦˀʦʧʨʠʚʨʝʜʥʠʭ ʩʠʩʪʝʤʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʪʦ ʜʘ ʦʥʠ ʧʨʝʜʦʜʨʝʹʫʿʫ ʜʘ ʣʠ ʿʝ ʥʝʢʘ ʙʠˀʥʘ 

ʢʫʣʪʫʨʘ ʧʦʛʦʜʥʘ ʟʘ ʦʜʨʝʹʝʥʫ ʣʦʢʘʮʠʿʫ, ʢʦʥʪʨʦʣʠʰʫ ʧʨʠʥʮʠʧʝ ʫʟʛʦʿʘ, ʢʚʘʣʠʪʝʪ, ʘ ʥʘ ʢʨʘʿʫ 

ʚʦʜʝ ʠ ʢʘ ʝʢʦʥʦʤʩʢʦʿ ʦʜʨʞʠʚʦʩʪʠ (Jones ʠ Webb, 2010; Jord«o ʠ Correia, 2026; Kotsidis et al., 

2026). ʈʠʟʠʮʠ ʫ ʧʦˀʦʧʨʠʚʨʝʜʠ ʫʩʣʝʜ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʩʫ ʚʝʦʤʘ ʩʧʝʮʠʬʠʯʥʠ ʿʝʨ ʫ ʚʝʣʠʢʦʿ 

ʤʝʨʠ ʟʘʚʠʩʝ ʦʜ ʧʦˀʦʧʨʠʚʨʝʜʥʦʛ ʩʠʩʪʝʤʘ, ʛʝʦʛʨʘʬʩʢʝ ʰʠʨʠʥʝ, ʪʦʧʦʛʨʘʬʠʿʝ, ʜʠʩʧʦʟʠʮʠʿʝ ʠ 

ʜʨʫʛʠʭ ʣʦʢʘʣʥʠʭ ʫʩʣʦʚʘ (Xyrafis et al., 2022). ʉʠʩʪʝʤʘʪʩʢʦ ʧʣʘʥʠʨʘˁʝ ʤʝʨʘ ʘʜʘʧʪʘʮʠʿʝ 

ʟʘʭʪʝʚʘ ʢʦʥʩʫʣʪʘʮʠʿʝ ʩʪʨʫʯˁʘʢʘ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʠʭ ʦʙʣʘʩʪʠ, ʟʘʪʠʤ ʠ 

ʫʚʘʞʘʚʘˁʝ ʙʨʦʿʥʠʭ ʢʨʠʪʝʨʠʿʫʤʘ, ʢʘʢʦ ʙʠ ʜʦʥʝʩʝʥʝ ʦʜʣʫʢʝ ʙʠʣʝ ʦʜʨʞʠʚʝ ʠ ʧʨʠʤʝʥˀʠʚʝ ʫ 

ʧʨʘʢʩʠ (Pandey et al., 2018; Ohana-Levi et al., 2024). ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʧʨʦʿʝʢʮʠʿʝ ʢʣʠʤʘʪʩʢʠʭ 

ʧʨʦʤʝʥʘ, ʧʨʝ ʩʚʝʛʘ, ʠʟʫʟʝʪʥʦ ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʫ ʠʩʪʦ ʚʨʝʤʝ ʤʘʣʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ 

(ʥʘʨʦʯʠʪʦ ʪʦʢʦʤ ʣʝʪˁʠʭ ʤʝʩʝʮʠ ʫ ʙʫʜʫ˂ʥʦʩʪʠ), ʫʙʣʘʞʘʚʘˁʝ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʠ 

ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʥʘ ˁʠʭ ˂ʝ ʙʠʪʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʝ ʘʢʮʠʿʝ ʟʘ ʩʤʘˁʝˁʝ ʠ ʢʦʥʪʨʦʣʫ ˁʠʭʦʚʦʛ 

ʫʪʠʮʘʿʘ ʥʘ ʧʦˀʦʧʨʠʚʨʝʜʫ (Alatzas et al., 2021; Naulleau et al., 2022; Romero et al., 2023; Prieto 

et al., 2024).  
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ʇʨʠʣʘʛʦʹʘʚʘˁʝ ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ ʿʝ ʚʝʣʠʢʠ ʠʟʘʟʦʚ ʩʘ ʢʦʿʠʤ ʩʝ ʩʫʦʯʘʚʘ ʩʝʢʪʦʨ 

ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ (Romero et al., 2023; Atak, 2024; Ohana-Levi et al., 2024; Pino ʠ Griffon, 2024). 

ʂʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʚʝ˂ ʩʫ ʠʟʘʟʚʘʣʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ ʬʝʥʦʣʦʰʢʝ ʜʠʥʘʤʠʢʝ ʚʠʥʦʚʝ ʣʦʟʝ, 

ʧʦʤʝʨʘˁʝ ʜʘʪʫʤʘ ʙʝʨʙʝ (ʛʨʦʞʹʝ ʩʘʟʨʝʚʘ ʨʘʥʠʿʝ ʠ ʧʨʠ ʚʠʰʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ), ʯʝʰ˂ʫ ʧʦʿʘʚʫ 

ʙʦʣʝʩʪʠ ʠ ʰʪʝʪʦʯʠʥʘ ʫ ʚʣʘʞʥʠʿʠʤ ʨʝʛʠʦʥʠʤʘ, ʩʪʘʣʥʠ ʥʝʜʦʩʪʘʪʘʢ ʚʦʜʝ ʫ ʤʝʜʠʪʝʨʘʥʩʢʠʤ 

ʚʠʥʦʛʨʘʜʠʤʘ, ʚʠʥʘ ʩʘ ʤʘˁʢʦʤ ʩʚʝʞʠʥʝ ʠ ʘʨʦʤʘʪʠʯʥʦʛ ʩʘʩʪʘʚʘ ʠ ʧʨʝʢʦʤʝʨʥʠʤ ʧʦʚʝ˂ʘˁʝʤ 

ʩʘʜʨʞʘʿʘ ʘʣʢʦʭʦʣʘ, ʠʟʤʝʥʝ ʫ ʩʦʨʪʠʤʝʥʪʫ, ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʨʠʥʦʩʘ ʟʙʦʛ ʯʝʰ˂ʠʭ ʝʢʩʪʨʝʤʥʠʭ 

ʜʦʛʘʹʘʿʘ ʠ ʚʝ˂ʘ ʦʰʪʝ˂ʝˁʘ ʦʜ ʧʨʦʣʝ˂ʥʦʛ ʤʨʘʟʘ ʫ ʥʝʢʠʤ ʚʠʥʦʛʨʘʜʘʨʩʢʠʤ ʨʝʛʠʦʥʠʤʘ (Van 

Leeuwen ʠ Darriet, 2016; Leolini et al., 2018; Piña-Rey et al., 2020; Santos et al., 2020; Marín et 

al., 2021; Xyrafis et al., 2022; Lakatos ʠ Mitre, 2023; Marta et al., 2023; Omaziĺ et al., 2023; del 

Río et al., 2024). ʉʚʝ ʥʘʧʨʝʜ ʥʘʚʝʜʝʥʦ ʧʨʝʜʩʪʘʚˀʘ˂ʝ ʥʘʧʦʨʘʥ ʪʝʭʥʦʣʦʰʢʠ ʧʦʜʫʭʚʘʪ ʟʘ 

ʧʨʦʠʟʚʦʹʘʯʝ ʚʠʥʘ (Ollat et al., 2017; Chervenkov ʠ Slavov, 2021; Fraga et al., 2022; Espinosa-

Roldán et al., 2024), ʿʝʨ ʩʫ ʚʠʥʘʨʠ ʩʚʝ ʚʠʰʝ ʧʨʠʥʫʹʝʥʠ ʜʘ ʧʨʦʥʘʣʘʟʝ ʦʜʨʞʠʚʝ ʠ ʫʩʧʝʰʥʝ 

ʩʪʨʘʪʝʛʠʿʝ ʢʘʢʦ ʥʝ ʙʠ ʫʛʨʦʟʠʣʠ ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ ʠ ʚʠʥʘ (Piña-Rey et al., 2020; Cataldo et al., 

2021; Arias et al., 2022; Jord«o ʠ Correia, 2026). ʄʝʹʫʪʠʤ, ʜʝʬʠʥʠʩʘˁʝ ʤʝʨʘ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʟʘ 

ʦʚʘʿ ʩʝʢʪʦʨ ʠʟʘʟʦʚʥʠʿʝ ʿʝ ʥʝʛʦ ʟʘ ʚʝ˂ʠʥʫ ʜʨʫʛʠʭ ʛʘʿʝʥʠʭ ʙʠˀʘʢʘ ʿʝʨ ʿʝ ʚʠʥʦʚʘ ʣʦʟʘ 

ʚʠʰʝʛʦʜʠʰˁʘ ʙʠˀʥʘ ʢʫʣʪʫʨʘ, ʰʪʦ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʝ ʫʣʘʛʘˁʘ ʫ ʘʜʘʧʪʘʮʠʿʫ ʤʦʨʘʿʫ ʦʜʨʞʘʪʠ 

ʜʫʛʠ ʥʠʟ ʜʝʮʝʥʠʿʘ (Santill§n et al., 2020; Santos et al., 2023; del Río et al., 2024)  

ʂʦʥʩʪʘʥʪʥʦ ʧʨʘ˂ʝˁʝ ʩʪʘˁʘ ʢʣʠʤʘʪʩʢʠʭ ʫʩʣʦʚʘ ʦʜʨʝʹʝʥʦʛ terroir
2
-ʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʢʘʢʦ 

ʙʠ ʩʝ ʧʨʦʠʟʚʝʣʦ ʛʨʦʞʹʝ ʥʘʿʙʦˀʝʛ ʢʚʘʣʠʪʝʪʘ ʫʟ ʧʦʤʦ˂ ʨʘʟʣʠʯʠʪʠʭ ʤʝʨʘ ʘʜʘʧʪʘʮʠʿʘ ʢʦʿʝ 

ʫʢˀʫʯʫʿʫ ʠʟʙʦʨ ʦʪʧʦʨʥʠʭ ʩʦʨʪʠ ʠ ʧʦʜʣʦʛʘ, ʦʜʘʙʠʨ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʧʦʣʦʞʘʿʘ ʟʘʩʘʜʘ (ʥʧʨ. 

ʧʨʦʤʝʥʦʤ ʦʨʠʿʝʥʪʘʮʠʿʝ ʨʝʜʦʚʘ ʤʦʞʝ ʩʝ ʫʪʠʮʘʪʠ ʥʘ ʩʤʘˁʝˁʝ ʦʩʚʝʪˀʝʥʦʩʪʠ, ʩʘʤʠʤ ʪʠʤ ʠ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʫʥʫʪʘʨ ʚʠʥʦʛʨʘʜʘ), ʧʨʠʤʝʥʫ ʘʜʝʢʚʘʪʥʠʭ ʘʤʧʝʣʦ ʠ ʘʛʨʦ-ʪʝʭʥʠʢʘ (ʥʧʨ. 

ʥʘʚʦʜˁʘʚʘˁʝ, ʟʘʪʨʘʚˀʠʚʘˁʝ ʤʝʹʫʨʝʜʥʦʛ ʧʨʦʩʪʦʨʘ ʠ ʩʣʠʯʥʦ), ʢʦʨʠʰ˂ʝˁʝ ʧʨʠʥʮʠʧʘ ʦʜʨʞʠʚʝ 

(ʦʨʛʘʥʩʢʝ) ʧʨʦʠʟʚʦʜˁʝ, ʘʣʠ ʠ ʢʨʦʟ ʢʦʨʠʰ˂ʝˁʝ ʜʦʩʪʫʧʥʠʭ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʠ ʢʣʠʤʘʪʦʣʦʰʢʠʭ 

ʠʥʬʦʨʤʘʮʠʿʘ ʟʘ ʢʨʘʪʢʦʨʦʯʥʦ ʠ ʜʫʛʦʨʦʯʥʦ ʧʣʘʥʠʨʘˁʝ ʧʨʦʠʟʚʦʜˁʝ (Fraga et al., 2012; Rienth et 

al., 2021; Romero et al., 2022; Alsafadi et al., 2023; Damásio et al., 2023). 

ʋʪʠʮʘʿʠ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʥʘ ʛʘʿʝˁʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʝʛʠʦʥʘ ʠ ʥʘʯʠʥʘ 

ʥʘ ʢʦʿʠ ʩʝ ʤʝˁʘ ʢʣʠʤʘ ʫ ʪʠʤ ʦʙʣʘʩʪʠʤʘ, ʤʦʛʫ ʙʠʪʠ ʠ ʧʦʟʠʪʠʚʥʠ ʠ ʥʝʛʘʪʠʚʥʠ (Jones ʠ Webb, 

2010; Fraga et al., 2012; Piña-Rey et al., 2020; Shaukat et al., 2020; Cesco et al., 2021; Xyrafis et 

al., 2022; Atak, 2024; Chauke ʠ Pongrácz, 2024; Jord«o ʠ Correia, 2026). ʂʘʜʘ ʩʫ ʫ ʧʠʪʘˁʫ 

ʧʦʟʠʪʠʚʥʝ ʩʪʨʘʥʝ ʧʨʦʤʝʥʝ ʢʣʠʤʝ, ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʩʘ ʜʫʞʠʤ ʙʝʟʤʨʘʟʥʠʤ ʧʝʨʠʦʜʦʤ 

ʜʦʧʨʠʥʝ˂ʝ ʤʦʛʫ˂ʥʦʩʪʠʤʘ ʛʘʿʝˁʘ ʥʝʢʠʭ ʩʦʨʪʠ ʢʦʿʝ ʥʠʩʫ ʤʦʛʣʝ ʜʘ ʫʩʧʝʚʘʿʫ ʫ ʜʦʪʘʜʘʰˁʠʤ 

ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ ʦʜʨʝʹʝʥʠʭ ʧʦʜʨʫʯʿʘ (Fraga et al., 2012). ʉʭʦʜʥʦ ʪʦʤʝ, ʦʯʝʢʫʿʝ ʩʝ 

ʰʠʨʝˁʝ ʧʦʚʨʰʠʥʘ ʧʦʛʦʜʥʠʭ ʟʘ ʫʟʛʦʿ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʥʘʰʦʿ ʟʝʤˀʠ (Ruml et al., 2012; ʉʠʚʯʝʚ ʠ 

ʩʘʨ., 2015; Vujadinovic et al., 2016), ʘʣʠ ʠ ʫ ʤʥʦʛʠʤ ʜʨʫʛʠʤ ʟʝʤˀʘʤʘ ʩʚʝʪʘ (Prieto et al., 2024). 

ɺʠʥʦʛʨʘʜʘʨʩʪʚʦ ʙʠ ʩʝ ʧʨʦʩʪʦʨʥʦ ʤʦʛʣʦ ʧʨʦʰʠʨʠʪʠ ʟʘ 28,8% (ʧʦʚʨʰʠʥʝ ɹʘʣʢʘʥʘ) ʜʦ 2040. 

ʛʦʜʠʥʝ, ʘ ʟʘ 15,1% ʜʦ 2060. ʛʦʜʠʥʝ (Charalampopoulos et al., 2021). ʇʦʨʝʜ ʪʦʛʘ, ʢʣʠʤʘʪʩʢʝ 

ʧʨʦʤʝʥʝ ʤʦʛʫ ʜʘ ʜʦʚʝʜʫ ʜʦ ʧʦʜʠʟʘˁʘ ʚʠʥʦʛʨʘʜʘ ʥʘ ʚʠʰʠʤ ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ ʠ ʚʝ˂ʠʤ 

ʛʝʦʛʨʘʬʩʢʠʤ ʰʠʨʠʥʘʤʘ (Jones ʠ Webb, 2010; Hannah et al., 2013; Vigl et al., 2018; Cesco et al., 

2021; Van Leeuwen et al., 2024; Kotsidis et al., 2026). ʊʘʢʦʹʝ, ʩʤʘˁʝˁʝ ʧʘʜʘʚʠʥʘ ʪʦʢʦʤ 

ʧʝʨʠʦʜʘ ʩʘʟʨʝʚʘˁʘ ʤʦʞʝ ʠʤʘʪʠ ʜʦʙʘʨ ʫʪʠʮʘʿ ʥʘ ʢʚʘʣʠʪʝʪ ʚʠʥʘ ʫ ʥʝʢʠʤ ʚʠʥʦʛʦʨʿʠʤʘ 

(Navrátilová et al., 2021).  

ʋ ʦʢʚʠʨʫ ʧʨʝʜʣʦʞʝʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʘʜʘʧʪʘʮʠʿʘ, ʥʘʿʚʝ˂ʠ ʘʢʮʝʥʘʪ ʩʝ ʩʪʘʚˀʘ ʥʘ 

ʥʘʚʦʜˁʘʚʘˁʝ (Buesa et al., 2021; Cataldo et al., 2021; IPCC, 2022; Naulleau et al., 2022; Palai et 

al., 2022; Romero et al., 2022; Ma et al., 2023; Van Leeuwen et al., 2024; Colibaba et al., 2024) 

                                                 
2
 Terroir ï ʬʨʘʥʮʫʩʢʠ ʪʝʨʤʠʥ ʢʦʿʠ ʦʙʫʭʚʘʪʘ ʢʦʤʧʣʝʢʩʘʥ ʫʪʠʮʘʿ ʩʧʝʮʠʬʠʯʥʠʭ ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʘ (ʢʣʠʤʘ, 

ʟʝʤˀʠʰʪʝ, ʪʦʧʦʛʨʘʬʠʿʘ ʠʪʜ.) ʠ ˀʫʜʩʢʦʛ ʬʘʢʪʦʨʘ (ʧʨʠʤʝʥa ʚʠʥʦʛʨʘʜʘʨʩʢʠʭ ʪʝʭʥʠʢʘ) ʥʘ ʚʠʥʦʚʦʿ ʣʦʟʠ ʦʜʨʝʹʝʥʦʛ 

ʣʦʢʘʣʠʪʝʪʘ. ʆʚʘ ʠʥʪʝʨʘʢʮʠʿʘ ʨʝʟʫʣʪʠʨʘ ʿʝʜʠʥʩʪʚʝʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʠ ʫʢʫʩʦʤ ʚʠʥʘ ʢʦʿʠ ʩʫ ʩʧʝʮʠʬʠʯʥʠ ʠ 

ʥʝʧʦʥʦʚˀʠʚʠ, ʯʘʢ ʠ ʫʥʫʪʘʨ ʠʩʪʠʭ ʩʦʨʪʠ, ʫʢʦʣʠʢʦ ʩʝ ʫʟʛʘʿʘʿʫ ʥʘ ʨʘʟʣʠʯʠʪʠʤ terroir-ʠʤa.  
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ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʦ ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ. Romero et al. (2023) ʫʢʘʟʫʿʫ ʥʘ 

ʨʝʛʠʦʥʝ ʢʦʿʠ ˂ʝ ʧʦʩʪʘʪʠ ʧʨʝʚʠʰʝ ʪʦʧʣʠ ʠ ʩʫʚʠ ʟʘ ʛʘʿʝˁʝ ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʦʛ ʛʨʦʞʹʘ ʫ 

ʙʫʜʫ˂ʥʦʩʪʠ (ʥʧʨ. ʧʦʣʫʩʫʰʥʘ ʧʦʜʨʫʯʿʘ ʿʫʞʥʝ ɽʚʨʦʧʝ, ʧʦʩʝʙʥʦ ʿʫʛʦʠʩʪʦʢʘ ʐʧʘʥʠʿʝ), ʪʝ ʧʨʝʤʘ 

Rosa et al. (2020) ʦʯʝʢʫʿʝ ʩʝ ʜʘ ˂ʝ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʫʙʨʟʘʥʦ ʧʨʝʦʙʣʠʢʦʚʘʪʠ ʜʠʩʪʨʠʙʫʮʠʿʫ 

ʥʘʚʦʜˁʘʚʘʥʦʛ ʟʝʤˀʠʰʪʘ. ʅʘʚʦʜˁʘʚʘˁʝ ʿʝ ʝʬʠʢʘʩʥʦ ʫ ʩʤʘˁʝˁʫ ʨʠʟʠʢʘ ʦʜ ʩʫʰʝ ʫ ʤʥʦʛʠʤ 

ʨʝʛʠʦʥʠʤʘ ʠ ʠʤʘ ʙʨʦʿʥʘ ʢʦʨʠʩʥʘ ʜʝʿʩʪʚʘ ʥʘ ʨʘʟʚʦʿ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʠʥʦʚʝ ʣʦʟʝ, ʘʣʠ ʿʝ 

ʧʦʪʨʝʙʥʦ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʫʧʨʘʚˀʘˁʝ ʚʦʜʥʠʤ ʠ ʟʝʤˀʠʰʥʠʤ ʨʝʩʫʨʩʠʤʘ ʜʘ ʙʠ ʩʝ ʠʟʙʝʛʣʠ 

ʧʦʪʝʥʮʠʿʘʣʥʠ ʥʝʛʘʪʠʚʥʠ ʠʩʭʦʜʠ (ʥʧʨ. ʥʝʝʬʠʢʘʩʥʦ ʢʦʨʠʰ˂ʝˁʝ ʚʦʜʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ, 

ʟʘʩʣʘˁʠʚʘˁʝ ʟʝʤˀʠʰʪʘ, ʜʝʛʨʘʜʘʮʠʿʘ ʟʝʤˀʠʰʪʘ, ʫʛʨʦʞʘʚʘˁʝ ʩʝʛʤʝʥʘʪʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ 

ʩʣ.) (Gambetta et al., 2020; IPCC, 2022; Naulleau et al., 2022; Romero et al., 2023; Garofalo et al., 

2023; Han et al., 2023). ʅʘʚʦʜˁʘʚʘˁʝ ʿʝʩʪʝ ʠ ʙʠ˂ʝ ʥʝʦʧʭʦʜʥʘ ʤʝʨʘ ʢʘʢʦ ʙʠ ʩʝ ʦʜʨʞʘʣʘ 

ʜʫʛʦʨʦʯʥʘ ʦʜʨʞʠʚʦʩʪ ʚʠʥʦʛʨʘʜʘ (Romero et al., 2022; Alvarez Arredondo et al., 2023). ʀʧʘʢ, 

ʧʦʩʪʦʿʠ ʿʝʜʥʦ ʚʘʞʥʦ ʧʠʪʘˁʝ ʢʦʿʝ ʿʦʰ ʫʚʝʢ ʦʩʪʘʿʝ ʥʝʨʝʰʝʥʦ: ʂʦʿʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʥʘʤ ʿʝ 

ʧʦʪʨʝʙʥʘ ʩʘʜʘ, ʘ ʢʦʿʘ ʫ ʙʫʜʫ˂ʥʦʩʪʠ? ʆʚʦ ʧʠʪʘˁʝ ʥʘʤʝ˂ʝ ʩʝ ʟʙʦʛ ʩʚʝ ʯʝʰ˂ʝʛ ʩʤʘˁʝˁʘ 

ʜʦʩʪʫʧʥʦʩʪʠ ʧʦʚʨʰʠʥʩʢʠʭ ʠ ʧʦʜʟʝʤʥʠʭ ʚʦʜʥʠʭ ʨʝʩʫʨʩʘ, ʢʘʢʦ ʥʘ ʨʝʛʠʦʥʘʣʥʦʤ, ʪʘʢʦ ʠ 

ʛʣʦʙʘʣʥʦʤ ʥʠʚʦʫ (Tehrani et al., 2016; Gambetta et al., 2020; Garofalo et al., 2023; Ma et al., 

2023), ʘ ʧʦʩʝʙʥʦ ʿʝ ʚʘʞʥʦ ʟʘ ʧʦʜʨʫʯʿʝ ʉʨʙʠʿʝ ʛʜʝ ʿʝ ʥʘʚʦʜˁʘʚʘˁʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʧʦʚʦʿʫ ʫʩʣʝʜ 

ʦʩʤʦʪʨʝʥʠʭ ʧʨʦʤʝʥʘ ʢʣʠʤʝ. 

ɼʝʬʠʥʠʩʘˁʝ ʧʦʪʨʝʙʘ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘ ʚʦʜʦʤ ʫʟ ʧʦʤʦ˂ ʢʣʠʤʘʪʩʢʠʭ ʧʦʜʘʪʘʢʘ ʢʘʢʦ ʙʠ ʩʝ 

ʫʩʧʦʩʪʘʚʠʦ ʨʘʮʠʦʥʘʣʘʥ ʠ ʝʬʠʢʘʩʘʥ ʨʝʞʠʤ ʥʘʚʦʜˁʘʚʘˁʘ, ʢʘʦ ʠ ʧʨʝʜʚʠʹʘˁʝ ʢʨʘʪʢʦʨʦʯʥʠʭ ʠ 

ʜʫʛʦʨʦʯʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʫʩʣʦʚʘ (ʩʘ ʘʢʮʝʥʪʦʤ ʥʘ ʨʘʩʧʦʣʦʞʠʚʝ ʢʦʣʠʯʠʥʝ ʚʦʜʝ ʟʘ ʙʠˀʢʫ) ʚʝʦʤʘ 

ʿʝ ʟʥʘʯʘʿʥʦ ʫ ʮʝʣʦʢʫʧʥʦʿ ʙʠˀʥʦʿ ʧʨʦʠʟʚʦʜˁʠ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʚʠʥʦʛʨʘʜʘʨʩʢʦʿ, ʢʘʦ 

ʙʣʘʛʦʚʨʝʤʝʥʘ ʤʝʨʘ ʫʙʣʘʞʘʚʘˁʘ ʠ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʥʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ (Piña-Rey et al., 2020; 

Santos et al., 2020). ʊʘʢʦʹʝ, ʧʦ Taylor (2018) ʠ Garofalo et al. (2023) ʧʨʝʮʠʟʥʘ ʧʦˀʦʧʨʠʚʨʝʜʘ ʿʝ 

ʿʝʜʥʦ ʦʜ ʦʜʨʞʠʚʠʭ ʨʝʰʝˁʘ ʩʘ ʤʦʛʫ˂ʥʦʰ˂ʫ ʧʦʙʦˀʰʘˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ ʫʟ 

ʢʦʥʪʠʥʫʠʨʘʥʠ ʤʦʥʠʪʦʨʠʥʛ ʚʠʥʦʚʝ ʣʦʟʝ ʠ ˁʝʥʠʭ ʧʦʪʨʝʙʘ ʟʘ ʚʦʜʦʤ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ. ʅʘ 

ʧʨʠʤʝʨ, ʩʝʥʟʦʨʠ ʧʦʩʪʘʚˀʝʥʠ ʥʘ ʫʪʚʨʹʝʥʦʿ ʜʫʙʠʥʠ ʟʝʤˀʠʰʪʘ ʤʦʛʫ ʧʨʫʞʠʪʠ ʚʘʞʥʝ 

ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʩʘʜʨʞʘʿʫ ʚʣʘʛʝ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʚʨʝʤʝ ʥʘʚʦʜˁʘʚʘˁʘ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ 

ʧʨʘ˂ʝˁʝʤ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ ʠ ʧʦʢʨʝʪʘˁʝʤ ʩʠʩʪʝʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʢʘʜʘ ʿʝ ʪʦ ʧʦʪʨʝʙʥʦ 

(Bellvert et al., 2021; Garofalo et al., 2023). ʂʦʥʪʠʥʫʠʨʘʥʠʤ ʤʝʨʝˁʝʤ ʩʘʜʨʞʘʿʘ ʚʦʜʝ ʫ 

ʟʝʤˀʠʰʪʫ ʧʦʤʦ˂ʫ ʩʝʥʟʦʨʘ ʦʤʦʛʫ˂ʘʚʘ ʩʝ ʧʨʘ˂ʝˁʝ ʧʨʠʤʝˁʝʥʦʛ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ, ʰʪʦ ʜʘʿʝ 

ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʤʝʥʝ ʠ ʦʜʘʙʠʨʘ ʝʬʠʢʘʩʥʠʿʝʛ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʫ ʩʣʫʯʘʿʫ ʜʘ ʧʨʠʤʝˁʝʥʠ 

ʨʝʞʠʤ ʥʠʿʝ ʘʜʝʢʚʘʪʘʥ (Damásio et al., 2023). 

ʂʣʠʤʘʪʩʢʝ ʧʨʦʿʝʢʮʠʿʝ ʧʦʢʘʟʘʣʝ ʩʫ ʜʘ ʚʠʥʦʛʨʘʜʘʨʩʢʠ ʨʝʛʠʦʥʠ ʥʘʰʝ ʟʝʤˀʝ ʠʤʘʿʫ 

ʪʝʥʜʝʥʮʠʿʫ ʜʘ ʧʦʩʪʘʥʫ ʪʦʧʣʠʿʠ ʠ ʩʫʚˀʠ (Ruml et al., 2012). ʉʨʙʠʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʿʝʜʥʦʤ ʦʜ 

ʢʣʠʤʘʪʩʢʠʭ ʞʘʨʠʰʪʘ, ʛʜʝ ʩʝ ʧʨʦʤʝʥʝ ʢʣʠʤʝ ʦʜʚʠʿʘʿʫ ʟʥʘʪʥʦ ʙʨʞʝ ʦʜ ʩʚʝʪʩʢʦʛ ʧʨʦʩʝʢʘ, ʩʘ ʩʚʝ 

ʠʟʨʘʞʝʥʠʿʠʤ ʫʪʠʮʘʿʝʤ ʥʘ ʧʨʠʨʦʜʥʝ ʫʩʣʦʚʝ ʠ ʝʢʦʩʠʩʪʝʤʝ (Vukoviĺ et al., 2018; Striļeviĺ et al., 

2020; NAP, 2024), ʧʘ ˂ʝ ʪʨʝʥʫʪʥʦ ʟʦʥʠʨʘˁʝ ʚʠʥʦʛʨʘʜʘʨʩʢʦʛ ʘʨʝʘʣʘ ʙʠʪʠ ʟʥʘʪʥʦ ʠʟʤʝˁʝʥʦ ʫ 

ʙʫʜʫ˂ʥʦʩʪʠ (Ruml et al., 2012; ʉʠʚʯʝʚ ʠ ʩʘʨ., 2015). ʂʘʢʦ ʧʨʦʿʝʢʮʠʿʝ ʙʫʜʫ˂ʝ ʢʣʠʤʝ ʧʨʝʜʚʠʹʘʿʫ 

ʜʘ ˂ʝ ʧʦʜʨʫʯʿʘ ʦʢʦ ʚʝʣʠʢʠʭ ʨʝʢʘ (ɼʫʥʘʚ, ʉʘʚʘ, ɺʝʣʠʢʘ ʠ ɱʫʞʥʘ ʄʦʨʘʚʘ), ʢʘʦ ʠ ʩʝʚʝʨʥʠ ʜʝʣʦʚʠ 

ʟʝʤˀʝ (ʫʛʣʘʚʥʦʤ ʨʝʛʠʿʝ ʠʩʧʦʜ 300 m ʥʘʜʤʦʨʩʢʝ ʚʠʩʠʥʝ), ʙʠʪʠ ʧʦʜ ʧʦʚʝ˂ʘʥʠʤ ʨʠʟʠʢʦʤ ʦʜ 

ʧʨʦʣʝ˂ʥʦʛ ʤʨʘʟʘ ʠ ʚʠʩʦʢʠʭ ʣʝʪˁʠʭ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʦʢ ˂ʝ ʮʝʥʪʨʘʣʥʠ ʠ ʿʫʞʥʠ ʜʝʣʦʚʠ ʉʨʙʠʿʝ 

ʧʨʝʪʨʧʝʪʠ ʩʤʘˁʝˁʝ ʜʦʩʪʫʧʥʦʩʪʠ ʚʦʜʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʩʧʨʦʚʦʹʝˁʝ ʥʠʟʘ ʤʝʨʘ ʧʨʠʣʘʛʦʹʘʚʘˁʘ 

ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʦ ʢʚʘʥʪʠʪʝʪ ʠ ʢʚʘʣʠʪʝʪ ʧʨʠʥʦʩʘ (Vukoviĺ et al., 2018; Vujadinoviĺ Mandiĺ 

et al., 2022). ʀʟʤʝˁʝʥʠ ʢʣʠʤʘʪʩʢʠ ʫʩʣʦʚʠ ʤʦʛʫ ʜʦʥʝʪʠ ʧʦʪʨʝʙʫ ʟʘ ʜʦʜʘʪʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ 

ʚʠʥʦʛʨʘʜʘ, ʘʣʠ ʠ ʦʪʚʦʨʠʪʠ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʤʘʨʛʠʥʘʣʥʘ ʠ ʧʦʜʨʫʯʿʘ ʥʘ ʚʠʰʠʤ ʥʘʜʤʦʨʩʢʠʤ 

ʚʠʩʠʥʘʤʘ (ʢʦʿʘ ʩʫ ʧʨʝʪʭʦʜʥʦ ʙʠʣʘ ʧʨʝʚʠʰʝ ʭʣʘʜʥʘ ʟʘ ʫʟʛʦʿ ʚʠʥʦʚʝ ʣʦʟʝ), ʧʦʩʪʘʥʫ ʢʣʠʤʘʪʩʢʠ 

ʧʦʛʦʜʥʘ ʟʘ ʚʠʥʦʛʨʘʜʘʨʩʢʫ ʧʨʦʠʟʚʦʜˁʫ (Koufos et al., 2020; Jord«o ʠ Correia, 2026; Kotsidis et 

al., 2026). ʋ ʩʣʫʯʘʿʫ ʦʩʪʚʘʨʝˁʘ ʧʦʤʝʥʫʪʠʭ ʢʣʠʤʘʪʩʢʠʭ ʩʮʝʥʘʨʠʿʘ, ʥʘʚʦʜˁʘʚʘˁʝ ʚʠʥʦʚʝ ʣʦʟʝ 

ʥʘ ʧʦʜʨʫʯʿʠʤʘ ʚʠʰʠʭ ʥʘʜʤʦʨʩʢʠʭ ʚʠʩʠʥʘ ʙʠ˂ʝ ʥʝʦʧʭʦʜʥʦ, ʫʩʣʝʜ ʥʠʩʢʠʭ ʚʨʝʜʥʦʩʪʠ ʚʦʜʥʦ-

ʚʘʟʜʫʰʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʠ ʥʝʧʦʚʦˀʥʝ ʜʫʙʠʥʝ ʟʝʤˀʠʰʪʘ ʫ ʙʨʜʩʢʦ-ʧʣʘʥʠʥʩʢʠʤ ʨʝʛʠʦʥʠʤʘ. 
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ɺʝʣʠʢʠ ʙʨʦʿ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʠʚʘʥʠʭ ʚʠʥʦʛʨʘʜʘʨʩʢʠʭ ʤʝʨʘ ʠ ʪʝʭʥʠʢʘ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ 

ʜʝʛʨʘʜʘʮʠʿʝ ʠ ʛʫʙʠʪʢʘ ʦʜʨʝʹʝʥʠʭ ʬʫʥʢʮʠʿʘ ʟʝʤˀʠʰʪʘ, ʩʘ ʧʦʩʣʝʜʠʯʥʠʤ ʫʪʠʮʘʿʝʤ ʥʘ ʩʘʤʫ 

ʧʨʦʠʟʚʦʜˁʫ (Pino ʠ Griffon, 2024). ʅʘʚʝʜʝʥʦ ʫʢʘʟʫʿʝ ʥʘ ʥʝʦʧʭʦʜʥʦʩʪ ʟʥʘʯʘʿʥʠʭ ʧʨʦʤʝʥʘ ʢʦʿʝ 

ʚʦʜʝ ʢʘ ʘʛʨʦʝʢʦʣʦʰʢʦʤ ʧʨʠʩʪʫʧʫ ʟʘ ʦʜʨʞʠʚʦ ʚʠʥʦʛʨʘʜʘʨʩʪʚʦ, ʧʦʜʩʪʠʯʫ˂ʠ ʦʥʝ ʤʝʨʝ ʠ 

ʪʝʭʥʠʢʝ ʢʦʿʝ ʤʦʛʫ ʜʘ ʦʙʝʟʙʝʜʝ ʢʚʘʣʠʪʝʪʥʫ ʧʨʦʠʟʚʦʜˁʫ ʩʘ ʤʘʣʠʤ ʫʪʠʮʘʿʝʤ ʥʘ ʙʠʦʜʠʚʝʨʟʠʪʝʪ 

(Karimi et al., 2020; Ostandie et al., 2021; Di Giovanni et al., 2024). ɼʘʢʣʝ, ʧʦʨʝʜ ʧʨʠʤʝʥʝ 

ʥʘʚʦʜˁʘʚʘˁʘ, ʚʘʞʥʦ ʿʝ ʠ ʧʨʘʚʠʣʥʦ ʫʧʨʘʚˀʘˁʝ ʟʝʤˀʠʰʪʝʤ ʢʨʦʟ ʦʜʨʞʠʚʝ ʤʝʭʘʥʠʟʤʝ ʢʘʦ ʰʪʦ 

ʿʝ ʦʜʨʞʘʚʘˁʝ ʠʣʠ ʧʦʚʝ˂ʘˁʝ ʩʘʜʨʞʘʿʘ ʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ, ʧʦʢʨʝʪʘˁʝ ʘʢʪʠʚʥʦʩʪʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʫ ʟʝʤˀʠʰʪʫ, ʦʯʫʚʘˁʝ ʩʪʘʙʠʣʥʝ ʩʪʨʫʢʪʫʨʝ ʟʝʤˀʠʰʪʘ, ʩʤʘˁʝˁʝ ʦʙʨʘʜʝ ʠ 

ʩʘʙʠʿʘˁʘ ʟʝʤˀʠʰʪʘ, ʧʦʚʨʝʤʝʥʦ ʠʣʠ ʩʪʘʣʥʦ ʟʘʪʨʘʚˀʠʚʘˁʝ ʚʠʥʦʛʨʘʜʘ (ʢʘʢʦ ʙʠ ʩʝ ʝʨʦʟʠʿʘ ʩʚʝʣʘ 

ʥʘ ʤʠʥʠʤʫʤ), ʦʙʦʛʘ˂ʝˁʝ ʟʝʤˀʠʰʪʘ ʤʘʢʨʦ ʠ ʤʠʢʨʦ ʝʣʝʤʝʥʪʠʤʘ, ʟʘʦʨʘʚʘˁʝ ʙʠˀʥʠʭ ʦʩʪʘʪʘʢʘ, 

ʢʘʦ ʠ ʨʘʮʠʦʥʘʣʥʘ ʫʧʦʪʨʝʙʘ ʹʫʙʨʠʚʘ (Karimi et al., 2020; Romero et al., 2022; Santos et al., 

2023). ɼʦʙʘʨ ʧʨʠʤʝʨ ʿʝ ʠ ʦʨʛʘʥʩʢʦ ʤʘʣʯʠʨʘˁʝ, ʦʜʨʞʠʚʘ ʘʛʨʦʥʦʤʩʢʘ ʤʝʨʘ ʢʦʿʘ ʩʝ ʰʠʨʦʢʦ 

ʢʦʨʠʩʪʠ ʟʘ ʩʧʨʝʯʘʚʘˁʝ ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ ʠ ʨʘʩʪʘ ʢʦʨʦʚʘ, ʝʬʠʢʘʩʥʠʿʝ ʟʘʜʨʞʘʚʘˁʝ ʚʣʘʛʝ ʠ 

ʧʦʙʦˀʰʘˁʝ ʩʚʦʿʩʪʘʚʘ ʟʝʤˀʠʰʪʘ (Medrano et al., 2015). ɿʝʤˀʠʰʪʝ ʿʝ ʧʨʝʤʘ ʥʘʚʦʜʠʤʘ Kopittke 

et al. (2019) ʠ Ghiglieno et al. (2020) ʦʧʠʩʘʥʦ ʢʘʦ ʥʘʿʢʦʤʧʣʝʢʩʥʠʿʠ ʠ ʥʘʿʨʘʟʥʦʚʨʩʥʠʿʠ 

ʝʢʦʩʠʩʪʝʤ ʥʘ ʩʚʝʪʫ, ʠ ʧʨʝʜʩʪʘʚˀʘ ʚʘʞʘʥ ʨʝʟʝʨʚʦʘʨ ʙʠʦʨʘʟʥʦʚʨʩʥʦʩʪʠ. Kʚʘʣʠʪʝʪ ʟʝʤˀʠʰʪʘ ʿʝ 

ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʙʦˀʠ ʫ ʦʨʛʘʥʩʢʠʤ ʚʠʥʦʛʨʘʜʠʤʘ, ʥʝʛʦ ʫ ʚʠʥʦʛʨʘʜʠʤʘ ʢʦʿʠʤʘ ʩʝ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʦ ʫʧʨʘʚˀʘ (Smith et al., 2020; Ostandie et al., 2021; Di Giovanni et al., 2024). 

ʉʚʝ ʥʘʧʨʝʜ ʥʘʚʝʜʝʥʝ ʤʝʨʝ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʩʫ ʫ ʩʢʣʘʜʫ ʩʘ ʝʢʦʣʦʰʢʠ ʦʜʨʞʠʚʠʤ 

ʩʠʩʪʝʤʠʤʘ ʢʦʿʠ ʩʫ ʦʪʧʦʨʥʠʿʠ ʥʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʠ ʧʦʤʦ˂ʫ ˁʠʭ ʜʦʧʨʠʥʦʩʠ ʩʝ ʙʦˀʝʤ 

ʦʯʫʚʘˁʫ ʮʝʣʦʢʫʧʥʦʛ ʝʢʦʩʠʩʪʝʤʘ (ʟʝʤˀʠʰʪʝ-ʬʣʦʨʘ ʠ ʬʘʫʥʘ-ʘʪʤʦʩʬʝʨʘ-ʯʦʚʝʢ/ʚʠʥʦʛʨʘʜʘʨ) 

(Smith et al., 2020; Cataldo et al., 2021; Romero et al., 2022; Gonen et al., 2024). ʊʝʨʤʠʥ 

Ăʦʨʛʘʥʩʢʘ ʧʦˀʦʧʨʠʚʨʝʜʘñ ʧʦʪʠʯʝ ʠʟ ʢʦʥʮʝʧʪʘ Ăʬʘʨʤʘ ʢʘʦ ʦʨʛʘʥʠʟʘʤñ (the farm as an 

organism) ʠ ʧʨʚʠ ʧʫʪ ʿʝ ʫʧʦʪʨʝʙˀʝʥ 1939. ʛʦʜʠʥʝ. ʆʨʛʘʥʩʢʘ ʧʦˀʦʧʨʠʚʨʝʜʘ ʧʦʜʨʘʟʫʤʝʚʘ 

ʧʨʦʠʟʚʦʜˁʫ ʭʨʘʥʝ ʢʦʨʠʩʪʝ˂ʠ ʧʨʠʨʦʜʥʝ ʧʨʦʮʝʩʝ ʠ ʙʝʟ ʫʧʦʪʨʝʙʝ ʚʝʰʪʘʯʢʠʭ ʧʨʝʧʘʨʘʪʘ ʟʘ 

ʟʘhʪʠʪʫ ʙʠˀʘ, ʛʝʥʝʪʩʢʠ ʤʦʜʠʬʠʢʦʚʘʥʠʭ ʦʨʛʘʥʠʟʘʤʘ (Genetically modified organism ï GMO) 

ʠʣʠ ʩʠʥʪʝʪʠʯʢʠʭ ʹʫʙʨʠʚʘ. ʋ ʦʨʛʘʥʩʢʦʿ ʧʦˀʦʧʨʠʚʨʝʜʠ, ʟʝʤˀʠʰʪʝ ʩʝ ʧʦʩʤʘʪʨʘ ʢʘʦ ʞʠʚʠ 

ʩʠʩʪʝʤ ʪʝ ʦʥʘ ʪʝʞʠ ʢʘ ʦʯʫʚʘˁʫ ʙʠʦʜʠʚʝʨʟʠʪʝʪʘ, ʧʣʦʜʥʦʩʪʠ ʟʝʤˀʠʰʪʘ ʠ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ ʫ ʮʝʣʦʩʪʠ. ʐʝʟʜʝʩʝʪʝ ʛʦʜʠʥʝ XX ʚʝʢʘ ʙʠʣʝ ʩʫ ʢˀʫʯʥʝ ʟʘ ʨʘʟʚʦʿ ʦʨʛʘʥʩʢʝ 

ʧʦˀʦʧʨʠʚʨʝʜʝ ʠ ˁʝʥʫ ʧʦʚʝʟʘʥʦʩʪ ʩʘ ʰʠʨʠʤ ʧʦʢʨʝʪʦʤ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʈʝʿʯʝʣ 

ʂʘʨʩʦʥ, ʘʤʝʨʠʯʢʘ ʥʘʫʯʥʠʮʘ ʠ ʧʠʩʘʮ, ʿʝ ʩʚʦʿʦʤ ʢˁʠʛʦʤ Ăʊʠʭʦ ʧʨʦʣʝ˂ʝñ (Silent Spring) 1962. 

ʛʦʜʠʥʝ ʫʧʦʟʦʨʠʣʘ ʥʘ ʦʧʘʩʥʦʩʪ ʥʝʢʦʥʪʨʦʣʠʩʘʥʦʛ ʢʦʨʠʰ˂ʝˁʘ ʧʝʩʪʠʮʠʜʘ ʫ ʧʦˀʦʧʨʠʚʨʝʜʠ, ʰʪʦ 

ʿʝ ʦʨʛʘʥʩʢʠ ʚʠʜ ʧʨʦʠʟʚʦʜˁʝ ʫʯʠʥʠʣʦ ʧʨʠʚʣʘʯʥʠʿʦʤ ʠ ʝʬʠʢʘʩʥʠʿʦʤ ʘʣʪʝʨʥʘʪʠʚʦʤ. ʆʜ ʪʘʜʘ, 

ʦʨʛʘʥʩʢʘ ʧʦˀʦʧʨʠʚʨʝʜʘ ʥʘʩʪʘʚˀʘ ʩʚʦʿ ʨʘʩʪ ʠ ʨʘʟʚʦʿ, ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʧʦʪʨʝʙʘʤʘ ʟʘ ʟʜʨʘʚʩʪʚʝʥʦ 

ʙʝʟʙʝʜʥʦʤ ʭʨʘʥʦʤ ʠ ʦʜʨʞʠʚʦʤ ʧʦˀʦʧʨʠʚʨʝʜʦʤ. ʀʥʪʝʨʝʩʦʚʘˁʝ ʟʘ ʦʨʛʘʥʩʢʫ ʧʦˀʦʧʨʠʚʨʝʜʫ ʥʘ 

ʛʣʦʙʘʣʥʦʤ ʥʠʚʦʫ ʟʥʘʯʘʿʥʦ ʿʝ ʧʦʨʘʩʣʦ ʪʦʢʦʤ ʧʦʩʣʝʜˁʠʭ ʜʝʮʝʥʠʿʘ (Provost ʠ Pedneault, 2016; 

Mairata et al., 2023; Dong ʠ Gao, 2024). ʇʨʦʤʦʚʠʩʘˁʝ ʦʨʛʘʥʩʢʝ ʧʦˀʦʧʨʠʚʨʝʜʝ ʿʝʜʥʘ ʿʝ ʦʜ 

ʛʣʘʚʥʠʭ ʘʛʨʦ-ʝʢʦʣʦʰʢʠʭ ʧʦʣʠʪʠʢʘ ʰʠʨʦʤ ʩʚʝʪʘ, ʧʘ ʿʝ ɽʚʨʦʧʩʢʘ ʫʥʠʿʘ ʫ ʩʚʦʤ ɿʝʣʝʥʦʤ 

ʜʦʛʦʚʦʨʫ ʧʦʩʪʘʚʠʣʘ ʘʤʙʠʮʠʦʟʘʥ ʮʠˀ, ʘ ʪʦ ʿʝ ʜʘ ʜʦ 2030. ʛʦʜʠʥʝ 25% ʦʜ ʫʢʫʧʥʦʛ 

ʧʦˀʦʧʨʠʚʨʝʜʥʦʛ ʟʝʤˀʠʰʪʘ ʙʫʜʝ ʧʦʜ ʦʨʛʘʥʩʢʦʤ ʧʨʦʠʟʚʦʜˁʦʤ (Ostandie et al., 2021; Mairata et 

al., 2023; Paull, 2024). Willer et al. (2024) ʥʘʚʦʜʝ ʜʘ ʫ ɽʚʨʦʧʠ ʠʤʘ ʚʠʰʝ ʦʜ 480.000 ʦʨʛʘʥʩʢʠʭ 

ʧʨʦʠʟʚʦʹʘʯʘ, ʩʘ ʥʘʿʚʝ˂ʠʤ ʙʨʦʿʝʤ ʫ ʀʪʘʣʠʿʠ, ʦʢʦ 82.000. 

ʆʨʛʘʥʩʢʦ ʚʠʥʦʛʨʘʜʘʨʩʪʚʦ ʥʘʤʝ˂ʝ ʩʝ ʢʘʦ ʦʧʨʘʚʜʘʥʘ ʦʧʮʠʿʘ ʫ ʨʘʟʚʦʿʫ ʧʦˀʦʧʨʠʚʨʝʜʝ ʢʦʿʘ 

ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʦʩʪʫʣʘʪʠʤʘ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ (Smith et al., 2020; Ostandie et al., 2021; 

Di Giovanni et al., 2024). ʎʝʥʪʨʘʣʥʠ ʮʠˀ ʚʠʥʦʛʨʘʜʘʨʩʢʝ ʦʨʛʘʥʩʢʝ ʧʨʦʠʟʚʦʜˁʝ ʿʝ ʧʨʦʠʟʚʦʜˁʘ 

ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʦʛ ʛʨʦʞʹʘ ʠ ʚʠʥʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʤʠʥʠʤʠʟʠʨʘ ʫʧʦʪʨʝʙʘ ʭʝʤʠʿʩʢʠʭ ʩʨʝʜʩʪʘʚʘ 

ʢʘʢʦ ʫ ʚʠʥʦʛʨʘʜʫ, ʪʘʢʦ ʠ ʫ ʚʠʥʘʨʠʿʠ (Szolnoki ʠ Tafel, 2022; Dong ʠ Gao, 2024). ʋʩʧʝʭ ʦʚʦʛ 

ʧʨʠʩʪʫʧʘ ʣʝʞʠ ʫ ʢʦʨʠʰ˂ʝˁʫ ʧʨʝʜʥʦʩʪʠ ʙʠʦʜʠʚʝʨʟʠʪʝʪʘ ʟʘ ʦʜʨʞʘʚʘˁʝ ʨʘʚʥʦʪʝʞʝ ʠʟʤʝʹʫ 

ʜʦʩʪʫʧʥʦʩʪʠ ʨʝʩʫʨʩʘ (Smith et al., 2020), ʞʠʚʠʭ ʦʨʛʘʥʠʟʘʤʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʫ ʚʠʥʦʛʨʘʜʫ 

(Ăʧʨʦʿʝʢʮʠʿʘ ʧʨʠʨʦʜʝ ʫ ʤʘʣʦʤñ), ʘ ʠʩʪʦʚʨʝʤʝʥʦ ʩʤʘˁʫʿʫ˂ʠ ʧʨʠʩʫʩʪʚʦ ʰʪʝʪʥʠʭ ʠʥʩʝʢʘʪʘ ʠ 
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ʙʦʣʝʩʪʠ ʥʘ ʤʠʥʠʤʘʣʘʥ ʥʠʚʦ. ɻʨʦʞʹʝ ʠ ʚʠʥʦ ʩʫ ʧʨʠʤʘʨʥʠ ʧʨʦʠʟʚʦʜʠ, ʜʦʢ ʩʝʢʫʥʜʘʨʥʝ ʯʠʥʝ 

ʧʨʦʠʟʚʦʜʠ ʥʘʩʪʘʣʠ ʫ ʧʨʦʮʝʩʫ ʧʨʦʠʟʚʦʜˁʝ: ʦʨʝʟʘʥʘ ʣʦʟʘ, ʧʝʪʝˀʢʦʚʠʥʘ, ʧʦʢʦʞʠʮʘ ʠ ʩʝʤʝʥʢʝ 

(ʦʥʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʜʨʘʛʦʮʝʥ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʩʝ ʜʘˀʝ ʤʦʞʝ ʠʩʢʦʨʠʩʪʠʪʠ ʟʘ ʢʦʤʧʦʩʪʠʨʘˁʝ, ʘʣʠ 

ʠ ʫ ʤʝʜʠʮʠʥʩʢʝ ʩʚʨʭʝ) (ʉʠʚʯʝʚ ʠ ʩʘʨ., 2015). ʉʪʦʛʘ, ʦʨʛʘʥʩʢʘ ʧʨʦʠʟʚʦʜˁʘ ʚʠʥʘ ʯʫʚʘ ʧʨʠʨʦʜʥʝ 

ʨʝʩʫʨʩʝ ʠ ʯʠʥʠ ʚʠʥʦʛʨʘʜʘʨʩʪʚʦ ʦʜʨʞʠʚʠʿʠʤ ʟʘ ʙʫʜʫ˂ʝ ʛʝʥʝʨʘʮʠʿʝ (Valenzuela et al., 2022; 

Szolnoki ʠ Tafel, 2022; Dong ʠ Gao, 2024). ʋ ʤʝʜʠʪʝʨʘʥʩʢʠʤ ʟʝʤˀʘʤʘ ɽʚʨʦʧʝ ʧʦʧʫʪ ʀʪʘʣʠʿʝ, 

ʐʧʘʥʠʿʝ ʠ ʌʨʘʥʮʫʩʢʝ, ʦʨʛʘʥʩʢʦ ʚʠʥʦʛʨʘʜʘʨʩʪʚʦ ʿʝ ʧʦʧʨʠʣʠʯʥʦ ʟʘʩʪʫʧˀʝʥʦ (García 

Castellanos et al., 2022; Damásio et al., 2023; Willer et al., 2024). ʆʚʘʿ ʪʨʝʥʜ ʿʝ ʫʦʯʝʥ ʠ ʫ ʉʨʙʠʿʠ, 

ʿʝʨ ʩʫ ʚʠʥʘʨʠ ʩʭʚʘʪʠʣʠ ʜʘ ʠʤʘʿʫ ʩʚʝ ʥʝʦʧʭʦʜʥʝ ʨʝʩʫʨʩʝ ʩʘ ʢʦʿʠʤʘ ʤʦʛʫ ʜʘ ʩʧʨʦʚʝʜʫ ʦʚʘʢʘʚ 

ʚʠʜ ʧʨʦʠʟʚʦʜˁʝ. ʇʨʝʤʘ ʠʟʚʝʰʪʘʿʠʤʘ Willer et al. (2024) ʫ ʥʘʰʦʿ ʟʝʤˀʠ ʩʝ ʧʦ ʧʦʜʘʮʠʤʘ ʠʟ 

2022. ʛʦʜʠʥʝ ʥʘʣʘʟʠ 58 ha ʧʦʜ ʧʦʚʨʰʠʥʘʤʘ ʦʨʛʘʥʩʢʠʭ ʚʠʥʦʛʨʘʜʘ. ɺʠʥʘʨʠʿʘ Ăʇʣʘʚʠʥʮʠñ ʠʟ 

ɻʨʦʯʘʥʩʢʦʛ ʚʠʥʦʛʦʨʿʘ, Ăʀʤʧʝʨʘʪʦʨñ ʩʘ ʌʨʫʰʢʝ ɻʦʨʝ, ĂMcC McCullochñ ʠʟ ɽʨʜʝʚʠʢʘ, 

Ăɹʠʢʠʮʢʠñ ʠʟ ɹʘʥʦʰʪʦʨʘ, Ăʀʚʘʥʦʚʠ˂ñ ʠʟ ɸʣʝʢʩʘʥʜʨʦʚʮʘ, Ăɺʫʯʫʨʝʚʠ˂ñ ʠ Ăʂʦʚʘʯʝʚʠ˂ñ ʠʟ 

ʉʨʝʤʩʢʦʛ ʨʝʿʦʥʘ, Ăʊʦʜʦʨʦʚʠ˂ñ ʠʟ ʂˁʘʞʝʚʮʘ ʠ ʜʨ. ʇʦʩʪʦʿʠ ʠ ʟʥʘʯʘʿʘʥ ʙʨʦʿ ʧʨʦʠʟʚʦʹʘʯʘ ʢʦʿʠ ʫ 

ʩʚʦʿʠʤ ʚʠʥʦʛʨʘʜʠʤʘ ʧʨʠʤʝˁʫʿʫ ʧʦʩʪʫʧʢʝ ʠ ʧʨʠʥʮʠʧʝ ʦʨʛʘʥʩʢʝ ʧʨʦʠʟʚʦʜˁʝ ʠ ʥʘʣʘʟʝ ʩʝ ʫ 

ʧʨʦʮʝʩʫ ʩʝʨʪʠʬʠʢʘʮʠʿʝ. ʈʘʩʪʫ˂ʘ ʧʦʪʨʘʞˁʘ ʟʘ ʟʜʨʘʚʠʿʠʤ ʧʨʦʠʟʚʦʜʠʤʘ (Szolnoki ʠ Tafel, 2022; 

Dong ʠ Gao, 2024; Gonen et al., 2024) ʦʪʚʘʨʘ ʤʥʦʰʪʚʦ ʧʨʠʣʠʢʘ ʟʘ ʦʨʛʘʥʩʢʝ ʧʨʦʠʟʚʦʹʘʯʝ ʠ ʦʥʝ 

ʢʦʿʠ ʞʝʣʝ ʪʦ ʜʘ ʧʦʩʪʘʥʫ, ʰʪʦ ʙʠ ʜʦʧʨʠʥʝʣʦ ʨʘʟʚʦʿʫ ʥʘʰʠʭ ʨʫʨʘʣʥʠʭ ʧʦʜʨʫʯʿʘ, ʘʣʠ ʠ ʚʠʥʩʢʦʛ 

ʪʫʨʠʟʤʘ.  

ɼʘ ʙʠ ʩʝ ʧʦʚʝ˂ʘʣʘ ʧʨʠʣʘʛʦʜˀʠʚʦʩʪ ʥʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʠ ʥʘʩʪʘʚʠʣʘ ʧʨʦʠʟʚʦʜˁʘ 

ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʠʭ ʚʠʥʘ, ʘʣʠ ʠ ʦʯʫʚʘʣʘ ˁʠʭʦʚʘ ʪʠʧʠʯʥʦʩʪ ʧʨʝʤʘ ʧʦʨʝʢʣʫ, ʿʝʜʥʘ ʦʜ ʟʥʘʯʘʿʥʠʭ 

ʤʝʨʘ ʘʜʘʧʪʘʮʠʿʝ ʿʝʩʪʝ ʠ ʠʟʙʦʨ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʦʜʣʦʛʝ ʠ ʙʠˀʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʦʜʥʦʩʥʦ ʩʦʨʪʝ ʢʦʿʘ 

ʿʝ ʦʪʧʦʨʥʠʿʘ ʥʘ ʧʘʪʦʛʝʥʝ ʠ ʬʠʟʠʦʣʦʰʢʠ ʧʦʛʦʜʥʠʿʘ ʟʘ ʫʩʣʦʚʝ ʦʜʨʝʹʝʥʦʛ terroir-ʘ (Van Leeuwen 

ʠ Darriet, 2016; Costa et al., 2019; Santos et al., 2019; Cesco et al., 2021; Atak, 2024; Van 

Leeuwen et al., 2024; Gonen et al., 2024). ʇʦʨʝʜ ʪʦʛʘ, ʚʘʞʥʘ ʿʝ ʠ ʨʘʟʥʦʚʨʩʥʦʩʪ ʫʥʫʪʘʨ ʟʘʩʘʜʘ, 

ʦʜʥʦʩʥʦ ʿʘʯʘˁʝ ʙʠʦʜʠʚʝʨʟʠʪʝʪʘ, ʿʝʨ ʿʝ ʪʦ ʩʥʘʞʘʥ ʥʘʯʠʥ ʩʤʘˁʝˁʘ ʧʘʜʘ ʧʨʦʠʟʚʦʜˁʝ ʫʩʣʝʜ 

ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ (Romero et al., 2023). ʅʘ ʧʨʠʤʝʨ, ʫ ʌʨʘʥʮʫʩʢʦʿ, ʧʨʝʤʘ ʠʩʪʨʘʞʠʚʘˁʫ 

Morales-Castilla et al. (2020) ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ ʨʘʟʥʦʚʨʩʥʦʩʪ ʩʦʨʪʠ ʧʨʝʧʦʣʦʚʠʣʘ ʧʦʪʝʥʮʠʿʘʣʥʝ 

ʛʫʙʠʪʢʝ ʫ ʧʨʠʥʦʩʠʤʘ ʚʠʥʦʛʨʘʜʘʨʩʢʠʭ ʨʝʛʠʦʥʘ. ɺʘʨʠʿʘʮʠʿʝ ʫ ʬʝʥʦʣʦʛʠʿʠ (ʥʧʨ. ʨʘʥʘ ʠ 

ʢʘʩʥʦʟʨʝʣʘ ʩʦʨʪʘ), ʧʨʝʤʘ ʪʦʣʝʨʘʥʮʠʿʠ ʥʘ ʩʫʰʫ ʠ ʥʝʧʦʚʦˀʥʝ ʫʩʣʦʚʝ, ʢʘʦ ʠ ʥʘ ʙʦʣʝʩʪʠ ʩʫ 

ʧʦʩʝʙʥʦ ʚʘʞʥʝ ʦʩʦʙʠʥʝ ʟʘ ʨʘʟʚʦʿ ʧʦˀʦʧʨʠʚʨʝʜʥʠʭ ʩʠʩʪʝʤʘ ʦʪʧʦʨʥʠʭ ʥʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ 

(Medrano et al., 2015; Fraga et al., 2017; Gambetta et al., 2020; Morales-Castilla et al., 2020). 

ʃʦʢʘʣʥʝ, ʘʫʪʦʭʪʦʥʝ ʩʦʨʪʝ ʩʫ ʥʘʿʙʦˀʠ ʠʟʙʦʨ ʿʝʨ ʦʥʝ ʧʦʩʝʜʫʿʫ ʚʝ˂ʫ ʥʘʩʣʝʜʥʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ 

ʛʣʘʚʥʝ ʧʘʪʦʛʝʥʝ ʠ ʰʪʝʪʦʯʠʥʝ ʫ ʚʠʥʦʛʦʨʿʫ ʠ ʜʦʧʨʠʥʦʩʝ ʦʯʫʚʘˁʫ ʙʠʦʜʠʚʝʨʟʠʪʝʪʘ (ʉʠʚʯʝʚ ʠ 

ʩʘʨ., 2015). ɸʫʪʦʭʪʦʥʝ ʩʦʨʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫʛʣʘʚʥʦʤ ʩʫ ʜʦʙʨʦ ʧʨʠʣʘʛʦʹʝʥʝ ʪʦʧʣʦʿ ʠ ʩʫʰʥʦʿ 

ʢʣʠʤʠ, ʘʣʠ ʙʨʟʘ ʧʨʦʤʝʥʘ ʚʨʝʤʝʥʩʢʠʭ ʫʩʣʦʚʘ ʢʦʿʫ ʢʘʨʘʢʪʝʨʠʰʫ ʜʫʛʦʪʨʘʿʥʝ ʚʠʩʦʢʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʿʝ ʧʦʜʩʪʠʯʝ ʧʨʦʠʟʚʦʹʘʯʝ ʜʘ ʧʨʠʤʝˁʫʿʫ ʥʘʚʦʜˁʘʚʘˁʝ (Romiĺ et 

al., 2020). ʂʦʤʙʠʥʘʮʠʿʘ ʦʜʘʙʨʘʥʝ ʦʪʧʦʨʥʝ ʩʦʨʪʝ ʠ ʧʨʠʤʝʥʝ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʩʘ 

ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʜʝʬʠʮʠʪʦʤ ʿʝ ʩʪʨʘʪʝʛʠʿʘ ʩʘ ʨʝʣʝʚʘʥʪʥʠʤ ʝʢʦʥʦʤʩʢʠʤ ʠ ʝʢʦʣʦʰʢʠʤ ʝʬʝʢʪʠʤʘ 

ʥʘ ʦʜʨʞʠʚʦʩʪ ʛʘʿʝˁʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʧʦʩʝʙʥʦ ʫ ʧʦʜʨʫʯʿʠʤʘ ʩʘ ʦʛʨʘʥʠʯʝʥʠʤ ʚʦʜʥʠʤ ʨʝʩʫʨʩʠʤʘ 

(García García et al., 2023; Berry et al., 2024). ʋʚʦʹʝˁʝ ʠʥʦʚʘʪʠʚʥʠʭ ʧʦʜʣʦʛʘ ʧʦʿʘʚˀʫʿʝ ʩʝ ʢʘʦ 

ʠʩʪʘʢʥʫʪʘ ʩʪʨʘʪʝʛʠʿʘ ʧʨʠʣʘʛʦʹʘʚʘˁʘ. ʈʘʟʥʦʚʨʩʥʝ ʧʦʜʣʦʛʝ ʚʠʥʦʚʝ ʣʦʟʝ ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʝ 

ʟʘʭʪʝʚʝ ʧʨʝʤʘ ʚʦʜʥʦ-ʚʘʟʜʫʰʥʠʤ ʠ ʭʝʤʠʿʩʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʟʝʤˀʠʰʪʘ, ʧʘ ʿʝ ʘʥʘʣʠʟʘ 

ʟʝʤˀʠʰʪʘ ʦʩʥʦʚʥʠ ʧʨʝʜʫʩʣʦʚ ʟʘ ʠʟʙʦʨ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʦʜʣʦʛʝ. ʇʦʜʣʦʛʝ ʢʦʿʝ ʠʤʘʿʫ ʚʝ˂ʫ 

ʧʨʠʣʘʛʦʜˀʠʚʦʩʪ ʥʘ ʟʝʤˀʠʰʥʝ ʠ ʢʣʠʤʘʪʩʢʝ ʫʩʣʦʚʝ (ʪʦʣʝʨʘʥʪʥʦʩʪ ʥʘ ʟʝʤˀʠʰʥʝ ʰʪʝʪʦʯʠʥʝ, 

ʩʘʜʨʞʘʿ ʢʨʝʯʘ ʠ ʩʦʣʠ ʫ ʟʝʤˀʠʰʪʫ), ʘʬʠʥʠʪʝʪ ʩʘ ʦʜʘʙʨʘʥʠʤ ʩʦʨʪʘʤʘ (ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ 

ʘʛʨʦʙʠʦʣʦʰʢʝ ʠ ʪʝʭʥʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʦʨʪʝ) ʠ ʩʤʘˁʝʥʫ ʧʦʪʨʘʞˁʫ ʟʘ ʚʦʜʦʤ 

(ʪʦʣʝʨʘʥʪʥʦʩʪ ʥʘ ʩʫʰʫ), ʤʦʛʫ ʧʦʤʦ˂ʠ ʚʠʥʦʚʦʿ ʣʦʟʠ ʜʘ ʙʦˀʝ ʠʟʜʨʞʠ ʝʢʩʪʨʝʤʥʝ ʚʨʝʤʝʥʩʢʝ 

ʫʩʣʦʚʝ (del Río et al., 2024). 

ʄʠʢʨʦʢʣʠʤʘ ʚʠʥʦʛʨʘʜʘ ʤʦʞʝ ʩʝ ʧʦʙʦˀʰʘʪʠ ʟʘʪʨʘʚˀʠʚʘˁʝʤ. ɹʠˀʥʠ ʧʦʢʨʠʚʘʯ 

ʧʨʝʜʩʪʘʚˀʘ ʢˀʫʯʥʫ ʢʦʤʧʦʥʝʥʪʫ ʟʘ ʦʜʨʞʠʚʦ ʫʧʨʘʚˀʘˁʝ ʟʝʤˀʠʰʪʝʤ. ʆʥ ʧʦʙʦˀʰʘʚʘ 
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ʩʪʨʫʢʪʫʨʫ ʟʝʤˀʠʰʪʘ, ʧʦʚʝ˂ʘʚʘ ʠʥʬʠʣʪʨʘʮʠʿʫ ʚʦʜʝ ʠ ʩʪʘʙʠʣʥʦʩʪ ʘʛʨʝʛʘʪʘ, ʧʦʚʝ˂ʘʚʘ ʩʘʜʨʞʘʿ 

ʘʟʦʪʘ ʠ ʦʨʛʘʥʩʢʠʭ ʤʘʪʝʨʠʿʘ (ʦʨʛʘʥʩʢʠ ʫʛˀʝʥʠʢ, Soil Organic Carbon ï SOC), ʨʝʛʫʣʠʰʝ 

ʧʨʝʢʦʤʝʨʥʫ ʙʫʿʥʦʩʪ ʚʠʥʦʚʝ ʣʦʟʝ, ʩʥʠʞʘʚʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚʘʟʜʫʭʘ ʫ ʚʠʥʦʛʨʘʜʫ, ʩʤʘˁʫʿʝ 

ʧʨʠʩʫʩʪʚʦ ʫʟʨʦʯʥʠʢʘ ʩʠʚʝ ʧʣʝʩʥʠ, ʚʨʰʠ ʢʦʥʪʨʦʣʫ ʝʨʦʟʠʿʝ ʟʝʤˀʠʰʪʘ, ʩʤʘˁʫʿʝ ʝʤʠʩʠʿʝ ʛʘʩʦʚʘ 

ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʠ ʧʦʙʦˀʰʘʚʘ ʙʠʦʜʠʚʝʨʟʠʪʝʪ (Abad et al., 2021; Simiĺ et al., 2023). ɼʦ ʧʨʝ 

ʥʝʢʦʣʠʢʦ ʜʝʮʝʥʠʿʘ, ʧʨʠʤʝʥʘ ʧʦʢʨʦʚʥʠʭ ʫʩʝʚʘ ʫ ʚʠʥʦʛʨʘʜʠʤʘ ʙʠʣʘ ʿʝ ʦʛʨʘʥʠʯʝʥʘ ʩʘʤʦ ʥʘ 

ʨʝʛʠʦʥʝ ʩʘ ʦʙʠʣʥʠʤ ʧʘʜʘʚʠʥʘʤʘ, ʤʝʹʫʪʠʤ, ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʧʨʠʤʝ˂ʫʿʝ ʩʝ ʩʚʝ ʚʝ˂ʠ ʪʨʝʥʜ 

ˁʠʭʦʚʝ ʫʧʦʪʨʝʙʝ ʠ ʫ ʩʫʰʥʠʿʠʤ ʧʦʜʨʫʯʿʠʤʘ (Abad et al., 2021). ʇʨʝʤʘ ʧʦʨʝʢʣʫ, ʧʦʢʨʦʚʥʠ 

ʫʩʝʚʠ ʤʦʛʫ ʙʠʪʠ ʧʦʩʝʿʘʥʠ ʠʣʠ ʩʘʤʦʥʠʢʣʠ. ʇʨʠʣʠʢʦʤ ʩʝʪʚʝ, ʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʝ ʤʝʰʘʚʠʥʝ 

ʨʘʟʣʠʯʠʪʠʭ ʙʠˀʥʠʭ ʚʨʩʪʘ, ʘʣʠ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʠ ʤʦʥʦʢʫʣʪʫʨʝ, ʦʜ ʢʦʿʠʭ ʩʫ 

ʥʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʝ ʦʥʝ ʠʟ ʬʘʤʠʣʠʿʘ Fabaceae (ʤʘʭʫʥʘʨʢʝ) ʠ Poaceae (ʪʨʘʚʝ). ʋ ʟʘʚʠʩʥʦʩʪʠ 

ʦʜ ʪʨʘʿʘˁʘ ʧʦʢʨʦʚʥʦʛ ʫʩʝʚʘ, ʤʦʛʫ ʩʝ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʥʘ ʿʝʜʥʦʛʦʜʠʰˁʝ ʠ ʚʠʰʝʛʦʜʠʰˁʝ ʙʠˀʥʝ 

ʚʨʩʪʝ. ɺʠʰʝ ʠʩʪʨʘʞʠʚʘʯʘ ʿʝ ʫʩʪʘʥʦʚʠʣʦ (L·pez-Vicente et al., 2020; Romero et al., 2022; Simiĺ 

et al., 2023) ʜʘ ʢʦʨʠʰ˂ʝˁʝ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʟʘʿʝʜʥʦ ʩʘ ʥʘʚʦʜˁʘʚʘˁʝʤ ʤʦʞʝ ʧʦʤʦ˂ʠ ʫ 

ʫʙʣʘʞʘʚʘˁʫ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʘʪʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ. 

 

4.6. ʀʟʤʝˁʝʥʠ ʢʣʠʤʘʪʩʢʠ ʫʩʣʦʚʠ ʠ ʥʘʚʦʜˁʘʚʘˁʝ ʚʠʥʦʚʝ ʣʦʟʝ  

 

ɺʝʣʠʢʠ ʫʜʝʦ ʩʚʝʪʩʢʠʭ ʚʠʥʦʛʨʘʜʘ ʩʝ ʥʘʣʘʟʠ ʫ ʨʝʛʠʦʥʠʤʘ ʫ ʢʦʿʠʤʘ ʿʝ ʩʝʟʦʥʩʢʘ ʩʫʰʘ 

ʪʠʧʠʯʥʘ ʧʦʿʘʚʘ (Gambetta et al., 2020; Pino ʠ Griffon, 2024; Kalaivania et al., 2026). ʇʦʩʣʝʜˁʠʭ 

ʜʝʮʝʥʠʿʘ, ʧʦʚʝ˂ʘʣʘ ʩʝ ʬʨʝʢʚʝʥʮʠʿʘ ʠ ʠʥʪʝʥʟʠʪʝʪ ʩʫʰʝ, ʘ ʧʨʝʤʘ ʩʮʝʥʘʨʠʿʠʤʘ ʛʣʦʙʘʣʥʠʭ 

ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʦʚʘʢʘʚ ʪʨʝʥʜ ˂ʝ ʥʘʩʪʘʚʠʪʠ ʜʘ ʩʝ ʠʥʪʝʥʟʠʚʠʨʘ ʠ ʫ ʙʫʜʫ˂ʥʦʩʪʠ (Costa et 

al., 2016; Van Leeuwen ʠ Darriet, 2016; Leisner, 2020; Shaukat et al., 2020; Pérez-Álvarez et al., 

2021; Drori et al., 2022; Romero et al., 2022; Crespo et al., 2024; Di Vita et al., 2024; ScutaraἨu et 

al., 2026). ʊʦʧʣʦʪʥʠ ʪʘʣʘʩʠ ʩʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʧʨʝʢʦ 35  ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʩʤʘˁʝˁʘ ʧʨʠʥʦʩʘ 

ʜʦ 35% (Fraga et al., 2020; Sun et al., 2023), ʘ ʧʨʝʤʘ Kalaivania et al. (2026) ʠ ʜʦ 60% ʫ ʥʝʢʠʤ 

ʚʠʥʦʛʨʘʜʘʨʩʢʠʤ ʨʝʛʠʦʥʠʤʘ, ʟʘʪʠʤ ʤʦʛʫ ʠʟʘʟʚʘʪʠ ʦʰʪʝ˂ʝˁʝ ʣʠʩʪʦʚʘ ʠʣʠ ʛʨʦʟʜʦʚʘ, ʫʤʘˁʠʪʠ 

ʬʦʪʦʩʠʥʪʝʟʫ ʠ ʩʤʘˁʠʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʘʥʪʦʮʠʿʘʥʘ (Mori et al., 2007; De Rességuier et al., 

2020). ʆʚʝ ʥʝʛʘʪʠʚʥʝ ʧʦʩʣʝʜʠʮʝ ʫʙʨʟʘʥʝ ʧʨʦʤʝʥʝ ʢʣʠʤʝ, ʠʤʘʿʫ ʠʟʨʘʟʠʪ ʫʪʠʮʘʿ ʥʘ 

ʚʠʥʦʛʨʘʜʘʨʩʪʚʦ (Ramos, 2017; Droulia ʠ Charalampopoulos, 2022; Marta et al., 2023; Van 

Leeuwen et al., 2024; Pino ʠ Griffon, 2024; Kotsidis et al., 2026), ʿʝʨ ʜʝʬʠʮʠʪ ʚʦʜʝ ʤʦʞʝ ʧʦʩʪʘʪʠ 

ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ ʬʘʢʪʦʨ ʫ ʧʨʦʠʟʚʦʜˁʠ ʠ ʢʚʘʣʠʪʝʪʫ ʚʠʥʘ (Chaves et al., 2010; Rienth et al., 2021; 

Lakatos ʠ Mitre, 2023). ʉʪʦʛʘ, ʚʠʥʦʛʨʘʜʘʨʠ ʫ ʦʚʠʤ ʨʝʛʠʦʥʠʤʘ ʙʠ˂ʝ ʧʨʠʤʦʨʘʥʠ ʩʚʝ ʚʠʰʝ ʜʘ ʩʝ 

ʦʩʣʘˁʘʿʫ ʥʘ ʥʘʚʦʜˁʘʚʘˁʝ ʢʘʢʦ ʙʠ ʩʪʘʙʠʣʠʟʦʚʘʣʠ ʧʨʠʥʦʩ ʠ ʧʦʙʦˀʰʘʣʠ ʢʚʘʣʠʪʝʪ ʚʠʥʘ (Chaves 

et al., 2007; Costa et al., 2016; Palai et al., 2022; Ma et al., 2023).  

ɺʠʥʦʚʘ ʣʦʟʘ ʿʝ ʩʧʝʮʠʬʠʯʥʘ ʙʠˀʥʘ ʚʨʩʪʘ ʧʦ ʪʦʤʝ ʰʪʦ ʫʩʧʝʰʥʦ ʦʧʩʪʘʿʝ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʢʘʢʦ ʢʣʠʤʘʪʩʢʠʤ, ʪʘʢʦ ʠ ʟʝʤˀʠʰʥʠʤ ʫʩʣʦʚʠʤʘ. ʀʧʘʢ, ʪʦʢʦʤ ʨʘʟʣʠʯʠʪʠʭ ʬʝʥʦʬʘʟʘ, ʦʥʘ ʠʤʘ 

ʪʘʯʥʦ ʦʜʨʝʹʝʥʝ ʟʘʭʪʝʚʝ ʟʘ ʚʣʘʞʥʦʰ˂ʫ ʟʝʤˀʠʰʪʘ ʠ ʚʘʟʜʫʭʘ (ʉʪʦʿʠ˂ʝʚʠ˂, 1996; ʂʫˀʘʥʯʠ˂ ʠ 

ɹʦʞʦʚʠ˂, 2018; Mancuso et al., 2026). ʂʘʦ ʰʪʦ ʿʝ ʧʦʤʝʥʫʪʦ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʝ ʚʨʣʦ ʯʝʩʪʦ 

ʛʘʿʠ ʫ ʢʨʘʿʝʚʠʤʘ ʩʘ ʤʘʣʦʤ ʢʦʣʠʯʠʥʦʤ ʧʘʜʘʚʠʥʘ, ʥʝʧʦʚʦˀʥʠʤ ʚʦʜʥʠʤ ʨʝʞʠʤʦʤ ʠ ʚʠʩʦʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʤʥʦʛʠ ʠʩʪʨʘʞʠʚʘʯʠ ʩʤʘʪʨʘʿʫ ʜʘ ʿʝ ʚʠʥʦʚʘ ʣʦʟʘ ʪʦʣʝʨʘʥʪʥʘ ʥʘ ʩʫʰʫ (Chaves et 

al., 2007; Trigo-Córdoba et al., 2015; Munitz et al., 2018; Alatzas et al., 2021; Aguilera et al., 2022; 

Damásio et al., 2023; Papantzikos et al., 2024). ʋʧʨʢʦʩ ʯʠˁʝʥʠʮʠ ʜʘ ʿʝ ʨʘʟʚʠʣʘ ʬʠʟʠʦʣʦʰʢʝ 

ʩʠʩʪʝʤʝ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʫ ʥʝʧʦʚʦˀʥʠʤ ʫʩʣʦʚʠʤʘ, ʪʝ ʤʦʞʝ ʜʘ ʧʨʠʚʨʝʤʝʥʦ ʞʠʚʠ ʫ ʠʩʪʠʤ, ʪʦ ʥʝ 

ʟʥʘʯʠ ʜʘ ʠʭ ʦʥʘ ʟʘʭʪʝʚʘ (Munitz et al., 2017; Diago, 2022). ʅʘʧʨʦʪʠʚ, ʢʘʦ ʠ ʦʩʪʘʣʠ ʞʠʚʠ 

ʦʨʛʘʥʠʟʤʠ ʥʘ ɿʝʤˀʠ, ʠ ʚʠʥʦʚʦʿ ʣʦʟʠ ʩʫ ʧʦʪʨʝʙʥʠ ʧʦʚʦˀʥʠ ʞʠʚʦʪʥʠ ʫʩʣʦʚʠ ʢʘʢʦ ʙʠ 

ʦʩʪʚʘʨʠʣʘ ʩʚʦʿ ʨʦʜʥʠ ʧʦʪʝʥʮʠʿʘʣ (ʂʫˀʘʥʯʠ˂ ʠ ɹʦʞʦʚʠ˂, 2018; Calvo-Garrido et al., 2021). 

ʀʘʢʦ ʩʫ ʧʦʚʦˀʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ ʠ ʟʝʤˀʠʰʪʘ ʢˀʫʯʥʠ ʧʨʝʜʫʩʣʦʚʠ, ʦʧʪʠʤʘʣʥʠ ʢʣʠʤʘʪʩʢʠ 

ʫʩʣʦʚʠ ʠ ʜʦʩʪʫʧʥʦʩʪ ʭʨʘʥˀʠʚʠʭ ʤʘʪʝʨʠʿʘ ʪʘʢʦʹʝ ʩʫ ʥʝʦʧʭʦʜʥʠ ʟʘ ʥʦʨʤʘʣʥʦ ʦʜʚʠʿʘˁʝ 
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ʞʠʚʦʪʥʠʭ ʮʠʢʣʫʩʘ ʚʠʥʦʚʝ ʣʦʟʝ (ʉʪʦʿʠ˂ʝʚʠ˂, 1996; Deloire et al., 2004; Fraga et al., 2018; 

Khozaei et al., 2020; Sun et al., 2023; ). 

ʄʝʹʫʪʠʤ, ʫ ʩʚʝʪʫ ʠ ʜʘˀʝ ʧʦʩʪʦʿʝ ʧʦʜʝˀʝʥʘ ʤʠʰˀʝˁʘ ʫ ʚʝʟʠ ʩʘ ʧʦʟʠʪʠʚʥʠʤ ʠ 

ʥʝʛʘʪʠʚʥʠʤ ʝʬʝʢʪʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʚʠʥʦʛʨʘʜʘʨʩʪʚʫ. ʉ ʿʝʜʥʝ 

ʩʪʨʘʥʝ, ʫʢʦʣʠʢʦ ʩʝ ʧʨʠʤʝʥʝ ʧʨʝʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʚʦʜʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ, ʪʦ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ 

ʢʚʘʣʠʪʝʪ ʧʣʦʜʘ (ʩʤʘˁʝˁʝ ʠʥʪʝʥʟʠʪʝʪʘ ʙʦʿʝ ʠ ʩʘʜʨʞʘʿʘ ʰʝ˂ʝʨʘ ʠ ʥʝʨʘʚʥʦʪʝʞʘ ʢʠʩʝʣʠʥʘ ʫ 

ʚʠʥʫ) (Deloire et al., 2004; Trigo-C·rdoba et al., 2015), ʘʣʠ ʠ ʧʦʜʩʪʘ˂ʠ ʙʫʿʘʥ ʚʝʛʝʪʘʪʠʚʘʥ ʨʘʩʪ ʠ 

ʧʦʚʝ˂ʘʪʠ ʨʠʟʠʢ ʦʜ ʛˀʠʚʠʯʥʠʭ ʦʙʦˀʝˁʘ ʚʠʥʦʚʝ ʣʦʟʝ (Pellegrino et al., 2005; Chaves et al., 2010; 

Munitz et al., 2017; Khozaei et al., 2020; Droulia ʠ Charalampopoulos, 2022). ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʫʤʝʨʝʥʠ ʜʝʬʠʮʠʪ (ʥʧʨ. ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ) ʚʦʜʝ ʤʦʞʝ ʙʠʪʠ ʢʦʨʠʩʪʘʥ ʟʘ ʬʠʥʘʣʥʠ 

ʢʚʘʣʠʪʝʪ ʚʠʥʘ (Roby et al., 2004; Chaves et al., 2007; dos Santos et al., 2007; Munitz et al., 2017; 

Bellvert et al., 2021; Drori et al., 2022; Koufos et al., 2022; Ma et al., 2023). ɼʘʢʣʝ, ʨʘʮʠʦʥʘʣʥʦ 

ʫʧʨʘʚˀʘˁʝ ʚʦʜʦʤ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʝʛʠʦʥʘ ʛʘʿʝˁʘ ʠ ʩʦʨʪʝ, ʤʦʞʝ ʟʥʘʯʘʿʥʦ 

ʫʪʠʮʘʪʠ ʥʘ ʧʨʦʬʠʪʘʙʠʣʥʦʩʪ ʛʘʿʝˁʘ ʠ ʢʚʘʣʠʪʝʪ ʚʠʥʦʚʝ ʣʦʟʝ (Pellegrino et al., 2005; Chaves et 

al., 2010; Tehrani et al., 2016; Romiĺ et al., 2020; Romero et al., 2022; Diago, 2022; García García 

et al., 2023; Garofalo et al., 2023; Damásio et al., 2023; Ohana-Levi et al., 2024). ʀʟʙʦʨ 

ʥʘʿʝʬʠʢʘʩʥʠʿʝʛ ʤʝʪʦʜʘ ʥʘʚʦʜˁʘʚʘˁʘ, ʢʦʿʠ ʟʘʜʦʚʦˀʘʚʘ ʩʚʝ ʧʦʪʨʝʙʥʝ ʫʩʣʦʚʝ ʟʘ ʫʟʛʦʿ ʚʠʥʦʚʝ 

ʣʦʟʝ, ʟʘʭʪʝʚʘ ʜʝʪʘˀʥʦ ʧʦʟʥʘʚʘˁʝ ʢʣʠʤʘʪʩʢʠʭ ʠ ʭʠʜʨʦʣʦʰʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʜʨʫʯʿʘ, ʢʘʦ ʠ 

ʩʚʦʿʩʪʘʚʘ ʟʝʤˀʠʰʪʘ, ʪʘʯʥʠʿʝ ʮʝʣʦʢʫʧʥʦʛ terroir-a. ʅʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʤʝʪʦʜ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ 

ʚʠʥʦʚʝ ʣʦʟʝ ʿʝ ʤʝʪʦʜ ʢʘʧ ʧʦ ʢʘʧ (Chaves et al., 2007; dos Santos et al., 2007; Davenport et al., 

2008; Intrigliolo et al., 2012; Munitz et al., 2017; Li et al., 2020; Romiĺ et al., 2020; P®rez-Álvarez 

et al., 2021; García García et al., 2023; Garofalo et al., 2023; Han et al., 2023; Esteban-Sanchez et 

al., 2024; Papantzikos et al., 2024). 

ʋ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ ʉʨʙʠʿʝ, ʥʘʚʦʜˁʘʚʘˁʝ ʚʠʥʦʚʝ ʣʦʟʝ ʥʠʿʝ ʟʘʩʪʫʧˀʝʥʦ ʥʘ ʚʝʣʠʢʠʤ 

ʧʦʚʨʰʠʥʘʤʘ. ɼʦ ʩʘʜʘ ʥʠʩʫ ʨʘʹʝʥʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʥʘʯʘʿʥʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʦʚʫ ʪʝʤʫ. ʇʨʝʤʘ 

ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʿʝʢʮʠʿʘʤʘ, ʫʯʝʩʪʘʣʦʩʪ ʠ ʠʥʪʝʥʟʠʪʝʪ ʩʫʰʝ ʫʢʘʟʫʿʫ ʜʘ ˂ʝ ʩʪʘʙʠʣʥʘ ʧʨʦʠʟʚʦʜˁʘ 

ʛʨʦʞʹʘ ʠ ʚʠʥʘ ʟʘʭʪʝʚʘʪʠ ʚʝ˂ʫ ʢʦʥʪʨʦʣʫ ʨʘʩʧʦʣʦʞʠʚʠʭ ʚʦʜʥʠʭ ʨʝʩʫʨʩʘ ʠ ʭʨʘʥʠʚʘ ʫ ʟʦʥʠ 

ʢʦʨʝʥʦʚʦʛ ʩʠʩʪʝʤʘ, ʜʘʢʣʝ ʠ ʚʝ˂ʫ ʧʨʠʤʝʥʫ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʦʿʝʜʠʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ. ʉʪʦʛʘ, 

ʜʘ ʙʠ ʦʩʠʛʫʨʘʣʠ ʢʚʘʣʠʪʝʪ ʚʠʥʘ ʠ ʧʨʠʥʦʩʝ, ʘʣʠ ʠ ʦʯʫʚʘʣʠ ʦʧʩʪʘʥʘʢ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʨʝʛʠʦʥʠʤʘ 

ʧʦʛʦʹʝʥʠʤ ʩʝʟʦʥʩʢʦʤ ʩʫʰʦʤ, ʥʘʚʦʜˁʘʚʘˁʝ ʩʝ ʥʘʤʝ˂ʝ ʢʘʦ ʢˀʫʯʥʘ ʤʝʨʘ ʘʜʘʧʪʘʮʠʿʝ ʫ ʙʦʨʙʠ ʩʘ 

ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ (Fraga et al., 2018; Santos et al., 2020; Striļeviĺ et al., 2020). ʆʪʫʜʘ, 

ʚʠʥʦʛʨʘʜʘʨʠ ʩʫ ʚʝ˂ ʧʨʝʧʦʟʥʘʣʠ ʥʦʚʦʥʘʩʪʘʣʠ ʧʨʦʙʣʝʤ ʠ ʫ ʩʚʦʿʝ ʚʠʥʦʛʨʘʜʝ ʫʚʦʜʝ ʩʠʩʪʝʤʝ ʟʘ 

ʥʘʚʦʜˁʘʚʘˁʝ.  

ʇʨʝʤʘ ʜʦʩʪʫʧʥʠʤ ʧʦʜʘʮʠʤʘ, ʥʝʢʝ ʦʜ ʚʠʥʘʨʠʿʘ ʢʦʿʝ ʠʤʘʿʫ ʧʦʩʪʘʚˀʝʥʝ ʩʠʩʪʝʤʝ ʟʘ 

ʥʘʚʦʜˁʘʚʘˁʝ ʠʜʫ˂ʠ ʦʜ ʩʝʚʝʨʘ ʢʘ ʿʫʛʫ ʉʨʙʠʿʝ ʩʫ: ʚʠʥʘʨʠʿʘ Ăɿʚʦʥʢʦ ɹʦʛʜʘʥñ ʠ Ăɺʠʥʘʨʠʿʘ 

ɼʨʘʛʠ˂ñ ʠʟ ʉʫʙʦʪʠʯʢʦʛ ʨʝʿʦʥʘ, Ăɼʝʫʨʠ˂ñ ʠʟ ʉʨʝʤʩʢʦʛ ʨʝʿʦʥʘ, ĂRadu Groupñ ʠʟ ʨʝʿʦʥʘ 

ʅʝʛʦʪʠʥʩʢʘ ʂʨʘʿʠʥʘ, Ăɺʠʥʦʛʨʘʜʠ ʅʠʢʦʣʠ˂ñ ʠʟ ʈʝʿʦʥʘ ʊʨʠ ʄʦʨʘʚʝ, Ăɼʦʿʘñ ʠʟ ʊʦʧʣʠʯʢʦʛ 

ʨʝʿʦʥʘ ʧʨʠʤʝˁʫʿʝ ʟʘʣʠʚʘˁʝ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ ʥʘ ʤʣʘʜʠʤ ʟʘʩʘʜʠʤʘ ʠʥʪʝʥʟʠʚʥʦ, ʘ ʢʘʩʥʠʿʝ 

ʧʨʝʤʘ ʧʦʪʨʝʙʠ, Ăɸʣʝʢʩʠ˂ñ ʠʟ ɺʨʘˁʩʢʦʛ ʨʝʿʦʥʘ. ɺʠʥʘʨʠʿʘ Ăʈʘʜʦʚʘʥʦʚʠ˂ñ ʠʟ ʐʫʤʘʜʠʿʩʢʦʛ 

ʨʝʿʦʥʘ ʠ Ăɱʦʚʠ˂ñ ʠʟ ʂˁʘʞʝʚʘʯʢʦʛ ʨʝʿʦʥʘ ʧʣʘʥʠʨʘʿʫ ʜʘ ʠʥʩʪʘʣʠʨʘʿʫ ʩʠʩʪʝʤʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ 

ʫʩʣʝʜ ʧʦʿʘʚʝ ʜʫʛʦʪʨʘʿʥʠʭ ʩʫʰʥʠʭ ʧʝʨʠʦʜʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʿʝ. 

 

4.7. ʇʦʪʨʝʙʝ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘ ʚʦʜʦʤ 

 

ʉʥʘʙʜʝʚʝʥʦʩʪ ʚʠʥʦʚʝ ʣʦʟʝ ʚʦʜʦʤ ʧʨʝʜʩʪʘʚˀʘ ʩʫʰʪʠʥʩʢʠ ʬʘʢʪʦʨ ʥʝʦʧʭʦʜʘʥ ʟʘ ˁʝʥ 

ʦʧʪʠʤʘʣʘʥ ʬʠʟʠʦʣʦʰʢʠ ʨʘʩʪ ʠ ʨʘʟʚʦʿ (Deloire et al., 2004; Medrano et al., 2015; Trigo-Córdoba 

et al., 2015; Munitz et al., 2018; Khozaei et al., 2020; Sun et al., 2023). ʅʝʜʦʩʪʘʪʘʢ ʚʦʜʝ ʢʦʜ 

ʙʠˀʘʢʘ ʤʦʞʝ ʙʠʪʠ ʫʟʨʦʢʦʚʘʥ ʩʝʟʦʥʩʢʠʤ ʩʤʘˁʝˁʝʤ ʚʦʜʥʠʭ ʨʝʟʝʨʚʠ ʫ ʟʝʤˀʠʰʪʫ ʢʦʿʝ ʪʨʘʿʝ 

ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʨʘʟʜʦʙˀʘ ʠʣʠ ʥʘʩʪʘʿʝ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʢʨʘ˂ʠʭ ʩʫʰʥʠʭ ʧʝʨʠʦʜʘ 
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(Chaves ʠ Oliveira, 2004; Droulia ʠ Charalampopoulos, 2022). ʋ ʩʢʣʘʜʫ ʩʘ ʥʘʚʝʜʝʥʠʤ, ʩʝʟʦʥʩʢʦ 

ʧʨʘ˂ʝˁʝ ʚʦʜʥʦʛ ʨʝʞʠʤʘ ʙʠˀʢʝ ʤʦʞʝ ʜʘʪʠ ʫʚʠʜ ʫ ʩʥʘʙʜʝʚʝʥʦʩʪ ʙʠˀʢʝ ʚʦʜʦʤ ʠ ʭʨʘʥʠʚʠʤʘ ʠ 

ʥʘ ʪʘʿ ʥʘʯʠʥ ʦʣʘʢʰʘʪʠ ʚʠʥʦʛʨʘʜʘʨʫ ʜʘ ʜʦʥʝʩʝ ʦʜʣʫʢʫ ʢʘʜ ʠ ʢʦʿʫ ʤʝʨʫ ʘʜʘʧʪʘʮʠʿʝ ʜʘ ʧʨʠʤʝʥʠ 

ʜʘ ʙʠ ʦʩʪʚʘʨʠʦ ʚʠʩʦʢ ʧʨʠʥʦʩ ʠ ʢʚʘʣʠʪʝʪ ʬʠʥʘʣʥʦʛ ʧʨʦʠʟʚʦʜʘ (Van Leeuwen ʠ Darriet, 2016). 

ʅʘ ʧʦʪʨʝʙʝ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘ ʚʦʜʦʤ ʫʪʠʯʫ ʜʚʘ ʦʩʥʦʚʥʘ ʬʘʢʪʦʨʘ: ʧʨʚʠ, ʩʚʦʿʩʪʚʘ ʦʜʨʝʹʝʥʝ 

ʩʦʨʪʝ ʢʦʿʘ ʦʜʨʝʹʫʿʫ ʢʦʣʠʢʦ ʚʦʜʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʟʘ ʦʧʪʠʤʘʣʘʥ ʨʘʩʪ ʠ ʨʘʟʚʦʿ ʠ ʜʨʫʛʠ, ʬʘʢʪʦʨʠ 

ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʢʦʣʠʯʠʥʫ ʨʘʩʧʦʣʦʞʠʚʝ ʚʦʜʝ ʠ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʫ. 

ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʤʥʦʛʦʙʨʦʿʥʝ ʩʦʨʪʝ, ʧʦʜʣʦʛʝ, ʥʘʯʠʥ ʫʟʛʦʿʘ ʠ ʯʠʪʘʚ terroir ʦʜʨʝʹʝʥʦʛ 

ʚʠʥʦʛʦʨʿʘ, ʩʥʘʞʥʦ ʜʦʧʨʠʥʦʩʝ ʨʘʟʣʠʯʠʪʠʤ ʧʦʪʨʝʙʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘ ʚʦʜʦʤ (Palai et al., 2022; 

Damásio et al., 2023). ʅʘ ʧʨʠʤʝʨ, ʫ ʚʠʥʦʛʨʘʜʠʤʘ ʫ ʂʘʣʠʬʦʨʥʠʿʠ ʠ ʥʘ ʂʘʥʘʨʩʢʠʤ ʦʩʪʨʚʠʤʘ 

ʛʦʜʠʰˁʘ ʩʫʤʘ ʧʘʜʘʚʠʥʘ ʥʝ ʧʨʝʣʘʟʠ 350 mm (ʫ ʩʢʣʘʜʫ ʩʘ ʪʠʤ, ʧʨʝʤʘ Alvarez Arredondo et al. 

(2023) ʧʨʠʤʝʥʘ ʜʦʧʫʥʩʢʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʿʝ ʠ ʜʘˀʝ ʿʝ ʫʦʙʠʯʘʿʝʥʘ ʫ ʚʝ˂ʠʥʠ 

ʢʘʣʠʬʦʨʥʠʿʩʢʠʭ ʚʠʥʦʛʨʘʜʘ). ʋ ɱʫʞʥʦʿ ɸʤʝʨʠʮʠ, ʏʠʣʝ ʠ ɸʨʛʝʥʪʠʥʘ ʢʘʦ ʥʘʿʚʝ˂ʠ ʧʨʦʠʟʚʦʹʘʯʠ 

ʚʠʥʘ ʠ ʩʪʦʥʦʛ ʛʨʦʞʹʘ ʩʚʦʿʫ ʧʨʦʠʟʚʦʜˁʫ ʩʤʝʩʪʠʣʠ ʩʫ ʫʛʣʘʚʥʦʤ ʫ ʜʦʣʠʥʘʤʘ ʨʝʢʘ, ʥʘ 

ʨʘʟʣʠʯʠʪʠʤ ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ. ʋ ʏʠʣʝʫ, ʛʦʜʠʰˁʘ ʩʫʤʘ ʧʘʜʘʚʠʥʘ ʩʝ ʢʨʝ˂ʝ ʦʜ 18,8 mm 

(ʧʫʩʪʠˁʘ ɸʪʘʢʘʤʘ) ʜʦ 1000 mm (ʫ ʜʦʣʠʥʠ ʄʘʣʝʢʦ), ʘ ʚʝ˂ʠʥʘ ʚʠʥʦʛʨʘʜʩʢʠʭ ʧʦʚʨʰʠʥʘ ʿʝ 

ʠʟʣʦʞʝʥʘ ʩʝʟʦʥʩʢʠʤ ʜʝʬʠʮʠʪʠʤʘ ʚʦʜʝ (ʪʦʢʦʤ ʧʨʦʣʝ˂ʘ ʠ ʣʝʪʘ), ʧʦʩʝʙʥʦ ʫ ʚʠʥʦʛʨʘʜʠʤʘ ʥʘ 

ʩʝʚʝʨʫ ʟʝʤˀʝ ʛʜʝ ʜʦʤʠʥʠʨʘ ʧʦʣʫʩʫʰʥʘ ʢʣʠʤʘ (Aguilera et al., 2022). ʋ ɸʨʛʝʥʪʠʥʠ, 

ʚʠʥʦʛʨʘʜʘʨʩʢʘ ʧʨʦʠʟʚʦʜˁʘ ʩʝ ʦʜʚʠʿʘ ʥʘ ʠ ʜʦ 1.500 m ʥʘʜʤʦʨʩʢʝ ʚʠʩʠʥʝ, ʠ ʦʥʘ ʫ ʥʝʢʠʤ 

ʧʦʜʨʫʯʿʠʤʘ ʥʠʿʝ ʤʦʛʫ˂ʘ ʙʝʟ ʧʨʠʤʝʥʝ ʥʘʚʦʜˁʘʚʘˁʘ (ʨʝʛʠʦʥ ʄʝʥʜʦʟʝ ʠʤʘ ʧʨʦʩʝʯʥʫ ʛʦʜʠʰˁʫ 

ʩʫʤʫ ʧʘʜʘʚʠʥʘ 223 mm) (Riera ʠ Br¿mmer, 2022). ʋ ɸʫʩʪʨʘʣʠʿʠ (ʛʨʘʜ ʂʠʥʛʨʦʿ, Kingaroy) 

ʧʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʠʟʥʦʩʠ 780 mm, ʫ ʅʦʚʦʤ ɱʫʞʥʦʤ ɺʝʣʩʫ ʿʝ 575,3 mm ʥʘ 

ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ ʧʨʝʢʦ 200 m, ʜʦʢ ʿʝ ʩʫʤʘ ʧʘʜʘʚʠʥʘ ʫ ʚʝʛʝʪʘʮʠʦʥʦʤ ʧʝʨʠʦʜʫ ʩʘʤʦ 324,5 

mm, ʫ ʿʫʞʥʦʤ ʜʝʣʫ ɸʫʩʪʨʘʣʠʿʝ, ʫ ʧʦʟʥʘʪʦʿ ʚʠʥʦʛʨʘʜʘʨʩʢʦʿ ʦʙʣʘʩʪʠ ʂʫʥʘʫʘʨʘ (Coonawarra) 

ʧʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʠʟʥʦʩʠ 559,8 mm (Schlank et al., 2024), ʜʦʢ ʦʢʦ ʛʨʘʜʘ 

ʈʝʥʤʘʨʢʘ ʦʥʘ ʿʝ 230 mm, ʘ ʚʝʛʝʪʘʮʠʦʥʘ 130 mm ʧʘ ʧʨʦʠʟʚʦʜˁʘ ʥʠʿʝ ʤʦʛʫ˂ʘ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ 

(ʂʫˀʘʥʯʠ˂ ʠ ɹʦʞʦʚʠ˂, 2018). ʋ ʇʦʨʪʫʛʘʣʫ, ʚʠʥʦʚʘ ʣʦʟʘ ʿʝ ʪʦʢʦʤ ʣʝʪʘ ʯʝʩʪʦ ʠʟʣʦʞʝʥʘ ʿʘʢʦʤ 

ʪʦʧʣʦʪʥʦʤ ʠ ʚʦʜʥʦʤ ʩʪʨʝʩʫ ʫ ʚʝ˂ʠʥʠ ʫʥʫʪʨʘʰˁʠʭ ʨʝʛʠʦʥʘ. ʋ ʚʠʥʩʢʦʤ ʨʝʛʠʦʥʫ ɼʦʫʨʦ/ʇʦʨʪʦ 

ʫʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʫ ʣʝʪˁʠʤ ʤʝʩʝʮʠʤʘ (ʿʫʥ-ʿʫʣ-ʘʚʛʫʩʪ) ʿʝ ʦʙʠʯʥʦ ʦʢʦ 100 mm (Fraga 

et al., 2018). ʋ ʐʧʘʥʠʿʠ (ɺʘʣʝʥʩʠʿʘ) ʢʣʠʤʘ ʿʝ ʪʠʧʠʯʥʘ ʤʝʜʠʪʝʨʘʥʩʢʘ ʠ ʧʦʣʫʩʫʰʥʘ ʩ 

ʧʨʦʩʝʯʥʦʤ ʛʦʜʠʰˁʦʤ ʢʦʣʠʯʠʥʦʤ ʧʘʜʘʚʠʥʘ ʦʜ 422 mm (Buesa et al., 2021), ʜʦʢ ʿʝ ʥʧʨ. ʫ 

ʦʙʣʘʩʪʠ ɻʘʣʠʮʠʿʝ ʢʣʠʤʘ ʘʪʣʘʥʪʩʢʘ ʩʘ 900 mm ʦʜ ʢʦʿʠʭ ʥʘʿʚʝ˂ʠ ʜʝʦ ʧʘʜʘʚʠʥʘ ʧʘʜʥʝ ʚʘʥ 

ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ (Trigo-Córdoba et al., 2015). ʋ ɻʨʫʟʠʿʠ (ʫ ʚʠʥʦʛʨʘʜʘʨʩʢʦʿ ʦʙʣʘʩʪʠ 

ɸʙʭʘʟʝʪʠ) ʛʦʜʠʰˁʘ ʩʫʤʘ ʧʘʜʘʚʠʥʘ ʠʟʥʦʩʠ 1.400 mm, ʫ ʦʙʣʘʩʪʠ ɼʦˁʠ ʂʘʨʧʘʪʠ 790 mm; ʫ 

ɱʝʨʤʝʥʠʿʠ, ʦʢʦ ʛʣʘʚʥʦʛ ʛʨʘʜʘ ɱʝʨʝʚʘʥʘ 275 mm; ʫ ɸʟʝʨʙʝʿ˅ʘʥʫ ʫ ʙʨʜʦʚʠʪʠʤ ʦʙʣʘʩʪʠʤʘ ʦʢʦ 

ʛʨʘʜʘ ɻʘˁʝ ʿʝ 300 mm; ʫ ʧʦʣʫʩʫʰʥʠʤ ʧʨʝʜʝʣʠʤʘ ʿʫʛʦʟʘʧʘʜʥʦʛ ʀʨʘʥʘ 386 mm (Tehrani et al., 

2016); ʫ ʮʝʥʪʨʘʣʥʦʤ ʧʣʘʥʠʥʩʢʦʤ ʨʝʛʠʦʥʫ ʀʟʨʘʝʣʘ ʿʝ 415 mm (Drori et al., 2022); ʥʘ ʩʝʚʝʨʫ 

ʂʠʥʝ (ʧʦʜʥʦʞʿʝ ʧʫʩʪʠˁʝ ɻʦʙʠ) 16-20 mm; ʫ ʀʥʜʠʿʠ ʦʢʦ ʛʨʘʜʘ ʅʘʰʠʢʘ, ʥʘ ʥʘʜʤʦʨʩʢʠʤ 

ʚʠʩʠʥʘʤʘ ʧʨʝʢʦ 500 m ʠʟʥʦʩʠ 160 mm (ʂʫˀʘʥʯʠ˂ ʠ ɹʦʞʦʚʠ˂, 2018). 

ʅʘʚʝʜʝʥʠ ʧʨʠʤʝʨʠ ʧʦʢʘʟʫʿʫ ʚʝʣʠʢʠ ʜʠʚʝʨʟʠʪʝʪ ʧʦʜʨʫʯʿʘ ʫ ʢʦʿʠʤʘ ʩʝ ʚʠʥʦʚʘ ʣʦʟʘ ʤʘˁʝ 

ʠʣʠ ʚʠʰʝ ʫʩʧʝʰʥʦ ʛʘʿʠ. ʇʨʠʤʝ˂ʫʿʫ ʩʝ ʚʝʣʠʢʝ ʘʤʧʣʠʪʫʜʝ ʫ ʧʨʦʩʝʯʥʠʤ ʛʦʜʠʰˁʠʤ ʢʦʣʠʯʠʥʘʤʘ 

ʧʘʜʘʚʠʥʘ, ʢʘʦ ʠ ʫ ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ. ʄʝʹʫʪʠʤ, ʚʘʞʥʦ ʿʝ ʧʦʟʥʘʚʘʪʠ ʩʫʤʫ ʧʘʜʘʚʠʥʘ ʫ 

ʚʝʛʝʪʘʮʠʦʥʦʤ ʧʝʨʠʦʜʫ, ʘʣʠ ʠ ʨʘʩʧʦʨʝʜ ʧʘʜʘʚʠʥʘ. ʅʘ ʥʝʢʦʤ ʧʦʜʨʫʯʿʫ ʩʫʤʘ ʧʘʜʘʚʠʥʘ ʤʦʞʝ 

ʙʠʪʠ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ, ʘʣʠ ʘʢʦ ʿʝ ˁʠʭʦʚ ʨʘʩʧʦʨʝʜ ʥʝʨʘʚʥʦʤʝʨʘʥ, ʦʥʝ ʥʝ ʦʙʝʟʙʝʹʫʿʫ ʚʣʘʛʫ ʫ 

ʢʨʠʪʠʯʥʠʤ ʬʘʟʘʤʘ ʨʘʟʚʦʿʘ ʙʠˀʢʝ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʨʠʟʠʢ ʟʘ ʦʜʨʞʠʚʦʩʪ ʚʠʥʦʛʨʘʜʘ (Medrano et 

al., 2015). ʀʩʪʦ ʪʘʢʦ, ʟʘʥʠʤˀʠʚ ʿʝ ʧʨʠʤʝʨ ʚʠʥʦʛʦʨʿʘ ɸʨʛʝʥʪʠʥʝ ʛʜʝ ʿʝ ʤʘʣʘ ʛʦʜʠʰˁʘ ʩʫʤʘ 

ʧʘʜʘʚʠʥʘ, ʘʣʠ ʩʫ ʧʘʜʘʚʠʥʝ ʟʘʩʪʫʧˀʝʥʝ ʩʘʤʦ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ (ʂʫˀʘʥʯʠ˂ ʠ 

ɹʦʞʦʚʠ˂, 2018). ɿʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʚʠʥʦʚʘ ʣʦʟʘ ʫʩʧʝʚʘ ʫ ʩʢʦʨʦ ʩʚʠʤ ʛʝʦʛʨʘʬʩʢʠʤ ʧʦʜʨʫʯʿʠʤʘ, ʘ 

ʘʢʦ ʿʦʿ ʩʝ ʦʙʝʟʙʝʜʠ ʥʘʚʦʜˁʘʚʘˁʝ, ʤʦʞʝ ʫʩʧʝʚʘʪʠ ʠ ʥʘ ʦʙʦʜʠʤʘ ʧʫʩʪʠˁʘ ʠʣʠ ʧʨʝʜʝʣʠʤʘ ʢʦʿʠ 

ʩʝ ʦʜʣʠʢʫʿʫ ʥʝʘʜʝʢʚʘʪʥʠʤ ʫʩʣʦʚʠʤʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. 
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ʇʦʪʨʝʙʝ ʟʘ ʚʦʜʦʤ ʚʠʥʦʚʝ ʣʦʟʝ ʩʫ ʨʘʟʣʠʯʠʪʝ ʢʨʦʟ ʬʘʟʝ ʨʘʟʚʦʿʘ, ʘʣʠ ʠʪʝʢʘʢʦ ʟʘʚʠʩʥʝ ʠ ʦʜ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʥʦʛʦʨʿʘ ʫ ʢʦʤ ʩʝ ʫʟʛʘʿʘ. ʋ ʚʠʥʦʛʨʘʜʠʤʘ ʤʝʜʠʪʝʨʘʥʩʢʠʭ ʧʦʜʨʫʯʿʘ ʫʦʙʠʯʘʿʝʥʘ 

ʿʝ ʧʨʘʢʩʘ ʜʘ ʩʝ ʚʦʜʥʠ ʜʝʬʠʮʠʪ ʨʝʛʫʣʠʰʝ ʪʦʢʦʤ ʟʘʚʨʰʥʠʭ ʬʝʥʦʬʘʟʘ ʨʘʟʚʦʿʘ ʛʨʦʞʹʘ. ʄʝʹʫʪʠʤ, 

ʥʘ ʧʨʠʤʝʨ ʫ ɸʫʩʪʨʘʣʠʿʠ, ʥʘʿʯʝʰ˂ʘ ʧʨʘʢʩʘ ʿʝ ʜʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʤʘˁʝ ʚʦʜʝ ʫ ʧʦʯʝʪʥʠʤ 

ʬʝʥʦʬʘʟʘʤʘ (Garofalo et al., 2023). ʆʙʝ ʧʨʘʢʩʝ ʧʦʢʘʟʘʣʝ ʩʫ ʩʝ ʢʘʦ ʢʦʨʠʩʥʝ ʟʘ ʚʠʥʦ, ʢʘʦ 

ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ; ʫ ʧʨʚʦʤ ʩʣʫʯʘʿʫ ʩʤʘˁʫʿʫ˂ʠ ʚʝʣʠʯʠʥʫ ʙʦʙʠʮʘ ʦʛʨʘʥʠʯʘʚʘˁʝʤ ʜʦʩʪʫʧʥʝ 

ʚʦʜʝ, ʘ ʫ ʜʨʫʛʦʤ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ ʚʝʛʝʪʘʪʠʚʥʠ ʧʦʨʘʩʪ. ʀʩʪʨʘʞʠʚʘˁʝ Munitz et al. (2017) 

ʦʙʘʚˀʝʥʦ ʫ ʧʦʣʫʩʫʰʥʦʤ ʨʝʛʠʦʥʫ ʀʟʨʘʝʣʘ, ʿʝ ʫ ʩʫʧʨʦʪʥʦʩʪʠ ʩʘ ʪʠʤ, ʿʝʨ ʿʝ ʫʦʯʝʥʦ ʜʘ ʩʫ 

ʥʝʜʦʩʪʘʮʠ ʚʦʜʝ ʫ ʧʦʯʝʪʥʠʤ ʬʝʥʦʬʘʟʘʤʘ ʠʤʘʣʠ ʩʥʘʞʘʥ ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʚʝʛʝʪʘʪʠʚʥʠ 

ʧʦʨʘʩʪ, ʤʘʩʫ ʙʦʙʠʮʘ ʠ ʧʨʠʥʦʩ ʧʦ ʯʦʢʦʪʫ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʚʦʜʥʠʤ ʜʝʬʠʮʠʪʦʤ ʥʘʢʦʥ ʧʦʿʘʚʝ 

ʰʘʨʢʘ. ʇʨʝʤʘ ʜʦʙʠʿʝʥʠʤ ʧʦʜʘʮʠʤʘ ʩʪʫʜʠʿʝ ʢʦʿʫ ʩʫ ʩʧʨʦʚʝʣʠ Ollé et al. (2011) ʫ ʿʫʞʥʦʿ 

ʌʨʘʥʮʫʩʢʦʿ, ʜʝʬʠʮʠʪ ʚʦʜʝ ʫ ʟʘʚʨʰʥʠʤ ʬʝʥʦʬʘʟʘʤʘ ʩʤʘˁʠʦ ʿʝ ʤʘʩʫ ʙʦʙʠʮʘ ʢʦʜ ʩʦʨʪʝ ʐʠʨʘʟ 

(Vitis vinifera L. cv. Shiraz), ʜʦʢ ʥʠʩʫ ʟʘʧʘʞʝʥʝ ʨʘʟʣʠʢʝ ʢʘʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʚʦʜʥʦʛ ʜʝʬʠʮʠʪʘ ʧʨʝ 

ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʙʦʙʠʮʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʢʦʿʘ ʿʝ ʙʠʣʘ ʜʦʙʨʦ ʦʙʝʟʙʝʹʝʥʘ ʚʦʜʦʤ 

ʪʦʢʦʤ ʮʝʣʝ ʩʝʟʦʥʝ. Intrigliolo et al. (2012) ʥʠʩʫ ʫʩʪʘʥʦʚʠʣʠ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʚʦʜʥʦʛ ʜʝʬʠʮʠʪʘ 

(ʫ ʧʦʯʝʪʥʠʤ ʠʣʠ ʟʘʚʨʰʥʠʤ ʬʝʥʦʬʘʟʘʤʘ) ʥʘ ʢʦʥʘʯʥʠ ʧʨʠʥʦʩ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʫʥʠʤ 

ʥʘʚʦʜˁʘʚʘˁʝʤ ʪʦʢʦʤ ʮʝʣʝ ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ ʫ ʿʫʞʥʦʿ ʐʧʘʥʠʿʠ. Jones ʠ Davis (2000) ʠ 

Rienth et al. (2021) ʥʘʚʦʜʝ ʜʘ ʿʝ ʚʠʩʦʢʘ ʚʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ ʥʝʦʧʭʦʜʥʘ ʫ ʧʦʯʝʪʥʠʤ 

ʬʝʥʦʬʘʟʘʤʘ (ʙʫʙʨʝˁʝ ʦʢʘʮʘ, ʨʘʟʚʦʿ ʮʚʘʩʪʠ), ʜʦʢ ʩʫʚʠ ʠ ʩʪʘʙʠʣʥʠ ʘʪʤʦʩʬʝʨʩʢʠ ʫʩʣʦʚʠ ʦʜ 

ʮʚʝʪʘˁʘ ʜʦ ʩʘʟʨʝʚʘˁʘ ʙʦʙʠʮʘ ʜʦʧʨʠʥʦʩʝ ʦʧʪʠʤʘʣʥʦʤ ʨʘʟʚʦʿʫ ʚʠʥʦʚʝ ʣʦʟʝ. 

ʋ ʉʨʙʠʿʠ, ʛʜʝ ʩʫ ʪʨʝʥʫʪʥʦ ʨʝʪʢʠ ʩʣʫʯʘʿʝʚʠ ʧʨʠʤʝʥʝ ʥʘʚʦʜˁʘʚʘˁʘ, ʩʤʘʪʨʘ ʩʝ ʜʘ ʿʝ ʟʘ 

ʫʩʧʝʰʥʫ ʚʠʥʦʛʨʘʜʘʨʩʢʫ ʧʨʦʠʟʚʦʜˁʫ ʧʦʪʨʝʙʥʦ ʦʜ 600 ʜʦ 800 mm ʧʘʜʘʚʠʥʘ (Ģuniĺ ʠ 

Matijaġeviĺ, 2009; ʂʫˀʘʥʯʠ˂ ʠ ɹʦʞʦʚʠ˂, 2018). ʄʝʹʫʪʠʤ, ʪʦ ʚʘʨʠʨʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʨʘʩʧʦʨʝʜʘ ʧʘʜʘʚʠʥʘ ʠ ʪʠʧʘ ʟʝʤˀʠʰʪʘ, ʧʘ ʩʝ ʪʘʢʦ ʫ ʩʝʚʝʨʥʠʤ ʠ ʠʩʪʦʯʥʠʤ ʜʝʣʦʚʠʤʘ ʉʨʙʠʿʝ 

ʥʝʢʘʜʘ ʤʦʛʫ ʜʦʙʠʪʠ ʜʦʙʨʠ ʧʨʠʥʦʩʠ ʠ ʩʘ ʛʦʜʠʰˁʦʤ ʩʫʤʦʤ ʦʜ 400 mm ʧʘʜʘʚʠʥʘ, ʫ ʮʝʥʪʨʘʣʥʠʤ 

788 mm (ʥʧʨ. ɱʝʣʠʯʢʦ ʚʠʥʦʛʦʨʿʝ), ʜʦʢ ʫ ʿʫʞʥʠʤ ʜʝʣʦʚʠʤʘ ʠ ʧʦʨʝʜ ʚʝ˂ʠʭ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ, 

ʫʩʣʝʜ ʩʣʘʙʠʿʠʭ ʠ ʟʝʤˀʠʰʪʘ ʤʘˁʝʛ ʢʚʘʣʠʪʝʪʘ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʩʤʘˁʝʥʠʭ ʧʨʠʥʦʩʘ. ʉʪʦʛʘ, ʧʦʨʝʜ 

ʛʦʜʠʰˁʠʭ, ʤʥʦʛʦ ʚʘʞʥʠʿʝ ʿʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʢʦʿʝ ʩʝ ʠʟʣʫʯʝ ʪʦʢʦʤ 

ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ. ʂˀʫʯʥʠ ʬʘʢʪʦʨ ʟʘ ʦʜʨʞʠʚʫ ʠ ʩʪʘʙʠʣʥʫ ʧʨʦʠʟʚʦʜˁʫ ʿʝʩʪʝ ʨʘʚʥʦʤʝʨʘʥ 

ʨʘʩʧʦʨʝʜ ʧʘʜʘʚʠʥʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ. 

ʀʘʢʦ ʢʘʩʥʦ ʩʘʟʨʝʚʘ, ʛʨʦʞʹʝ ʚʠʥʩʢʠʭ ʩʦʨʪʠ ʠʤʘ ʤʘˁʝ ʧʦʪʨʝʙʝ ʟʘ ʚʦʜʦʤ ʫ ʦʜʥʦʩʫ ʥʘ 

ʦʩʪʘʣʝ ʛʘʿʝʥʝ ʢʫʣʪʫʨʝ, a ʫ ʩʢʣʘʜʫ ʩʘ ʪʠʤ ʠ ʤʘˁʝ ʚʦʜʥʝ ʜʝʬʠʮʠʪʝ, ʫʛʣʘʚʥʦʤ ʠʟʤʝʹʫ 200 ʠ 300 

mm ʫ ʚʠʥʦʨʦʜʥʠʤ ʨʝʛʠʿʘʤʘ. ʄʝʹʫʪʠʤ, Vujadinoviĺ Mandiĺ et al. (2022) ʠʩʪʠʯʫ ʜʘ ʩʝ ʫ ʚʝ˂ʠʥʠ 

ʦʚʠʭ ʨʝʛʠʿʘ ʙʝʣʝʞʠ ʧʦʨʘʩʪ ʫʯʝʩʪʘʣʦʩʪʠ ʜʝʬʠʮʠʪʘ ʚʦʜʝ ʠʟʥʘʜ 300 mm, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʫ 

ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ ʫʩʧʝʰʥʘ ʚʠʥʦʛʨʘʜʘʨʩʢʘ ʧʨʦʠʟʚʦʜˁʘ ʥʝ˂ʝ ʙʠʪʠ ʦʧʨʘʚʜʘʥʘ ʙʝʟ ʨʝʰʝʥʦʛ 

ʧʠʪʘˁʘ ʩʪʘʣʥʦʛ ʦʙʝʟʙʝʹʠʚʘˁʘ ʚʠʥʦʚʝ ʣʦʟʝ ʚʦʜʦʤ ʫ ʧʝʨʠʦʜʠʤʘ ʢʘʜʘ ʿʝ ʦʥʘ ʥʘʿʦʩʝʪˀʠʚʠʿʘ ʥʘ 

ʚʦʜʥʠ ʜʝʬʠʮʠʪ (ʬʝʥʦʬʘʟʘ ʜʦʟʨʝʚʘˁʘ ʠʣʠ ʰʘʨʢʘ). ʀʩʪʦ ʪʘʢʦ, ʧʨʠʤʝʥʘ ʥʘʚʦʜˁʘʚʘˁʘ ˂ʝ ʙʠʪʠ 

ʚʝʦʤʘ ʟʥʘʯʘʿʥʘ ʟʙʦʛ ʧʦʚʝ˂ʘˁʘ ʠ ʫʯʝʩʪʘʣʦʩʪʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʿʝ ʧʦʚʝ˂ʘʚʘʿʫ ʧʦʪʨʝʙʫ ʟʘ 

ʚʦʜʦʤ. ʆʚʘʢʚʝ ʧʨʘʢʩʝ ʚʝ˂ ʩʫ ʧʨʠʤʝ˂ʝʥʝ ʫ ʦʢʨʫʞʝˁʫ, ʥʘ ʧʦʜʨʫʯʿʫ ʊʨʝʙʠˁʘ (ɹʦʩʥʘ ʠ 

ʍʝʨʮʝʛʦʚʠʥʘ), ʛʜʝ ʩʫ ʚʠʥʦʛʨʘʜʘʨʠ ʝʤʧʠʨʠʿʩʢʠ ʫʪʚʨʜʠʣʠ ʧʦʪʨʝʙʥʝ ʢʦʣʠʯʠʥʝ ʚʦʜʝ ʟʘ ʚʠʥʦʚʫ 

ʣʦʟʫ, ʢʘʦ ʠ ʦʧʪʠʤʘʣʘʥ ʙʨʦʿ ʥʘʚʦʜˁʘʚʘˁʘ. ʉʣʠʯʥʠ ʧʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʩʫ ʠ ʫ ʄʦʩʪʘʨʫ, ʛʜʝ ˂ʝ 

ʧʨʝʤʘ ʩʮʝʥʘʨʠʿʫ RCP8.5 ʧʦʪʨʝʙʘ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝʤ ʙʠʪʠ 440 mm ʚʦʜʝ (Striļeviĺ et 

al., 2019), ʜʦʢ ʩʝ ʧʨʦʛʥʦʟʠʨʘ ʧʦʚʝ˂ʘˁʝ ʛʦʜʠʰˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 5  ʠ ʩʤʘˁʝˁʝ ʛʦʜʠʰˁʠʭ 

ʧʘʜʘʚʠʥʘ ʜʦ 30%, ʘ ʫ ʣʝʪˁʦʿ ʩʝʟʦʥʠ (ʿʫʥ, ʿʫʣ, ʘʚʛʫʩʪ) ʠ ʜʦ 40% ʜʦ ʢʨʘʿʘ 21. ʚʝʢʘ (Trbic et al., 

2021).  
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4.8. ʋʪʠʮʘʿ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʚʠʥʦʚʝ ʣʦʟʝ 

 

ɼʦʩʪʫʧʥʦʩʪ ʚʦʜʝ ʫʪʠʯʝ ʥʘ ʩʘʩʪʘʚ ʠ ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ ʠ ʩʪʦʛʘ ʩʝ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʜʦʩʪʫʧʥʦʩʪ 

ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ, ʧʨʝʤʘ ʬʝʥʦʣʦʰʢʦʿ ʬʘʟʠ ʚʠʥʦʚʝ ʣʦʟʝ, ʤʦʨʘ ʦʜʨʞʘʚʘʪʠ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʿʝ ʜʘ 

ʙʠ ʩʝ ʜʦʙʠʣʦ ʛʨʦʞʹʝ ʜʦʙʨʦʛ ʢʚʘʣʠʪʝʪʘ (Deloire et al., 2004; Trigo-Córdoba et al., 2015). 

ɼʦʩʘʜʘʰˁʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʩʚʝʪʫ ʫʪʚʨʜʠʣʘ ʩʫ ʟʥʘʯʘʿʥʝ ʫʪʠʮʘʿʝ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʨʠʥʦʩ ʠ 

ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ. 

Lizama et al. (2021) ʠʩʪʨʘʞʠʚʘʣʠ ʩʫ ʫʪʠʮʘʿ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʩʘʩʪʘʚ ʙʦʙʠʮʘ 

ʚʠʥʦʚʝ ʣʦʟʝ ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʉʧʨʦʚʝʜʝʥʘ ʩʫ ʪʨʠ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ: 1) 

ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ, ʪʿ. ʧʨʠʨʦʜʥʠ ʫʩʣʦʚʠ ʚʣʘʞʝˁʘ, 2) ʨʝʜʫʢʦʚʘʥʦ (35% ʦʜ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ 

ʢʫʣʪʫʨʝ ï ɽʊʩ) ʠ 3) ʧʫʥʦ ʥʘʚʦʜˁʘʚʘˁʝ (100% Eʊc). ʈʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʜʘ ʿʝ ʪʨʝʪʤʘʥ 

ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʠʩʧʦˀʠʦ ʥʘʿʙʦˀʝ ʝʬʝʢʪʝ ʥʘ ʚʘʞʥʝ ʧʘʨʘʤʝʪʨʝ ʙʦʿʝ ʛʨʦʞʹʘ ʠ ʚʠʥʘ, 

ʢʘʦ ʠ ʘʨʦʤʘʪʠʯʥʦʛ ʩʘʩʪʘʚʘ ʛʨʦʞʹʘ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʘ ʜʚʘ ʪʨʝʪʤʘʥʘ. ʊʘʢʦʹʝ, ʘʫʪʦʨʠ ʠʩʪʠʯʫ ʜʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʘʣʢʦʭʦʣʘ ʠ ʫʢʫʧʥʠʭ ʢʠʩʝʣʠʥʘ ʦʧʘʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʥʠʚʦʘ ʥʘʚʦʜˁʘʚʘˁʘ, ʜʦʢ ʩʝ 

ʤʘʩʘ ʙʦʙʠʮʘ ʧʦʚʝ˂ʘʚʘ. ɽʬʝʢʪʝ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʢʚʘʣʠʪʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʚʠʥʦʚʝ 

ʣʦʟʝ ʂʘʙʝʨʥʝ ʩʦʚʠˁʦʥ (Vitis vinifera L. cv. Cabernet Sauvignon) ʠʟʫʯʘʚʘʣʠ ʩʫ Yang et al. (2020) 

ʪʦʢʦʤ ʜʚʝ ʫʟʘʩʪʦʧʥʝ ʛʦʜʠʥʝ (2017-2018). ʈʝʟʫʣʪʘʪʠ ʦʚʝ ʩʪʫʜʠʿʝ ʧʦʪʚʨʹʫʿʫ ʜʘ ʪʨʝʪʤʘʥʠ 

ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʥʝʟʥʘʪʥʦ ʩʤʘˁʫʿʫ ʤʘʩʫ ʙʦʙʠʮʘ ʠ ʫʢʫʧʥʠ ʩʘʜʨʞʘʿ ʢʠʩʝʣʠʥʘ, ʘʣʠ 

ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʚʘʿʫ ʩʘʜʨʞʘʿ ʨʘʩʪʚʦʨˀʠʚʠʭ ʩʫʚʠʭ ʤʘʪʝʨʠʿʘ ʠ pH ʰʠʨʝ. ʇʨʝʤʘ Alatzas et al. 

(2021) ʪʨʝʪʤʘʥʠ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʠʤʘʣʠ ʩʫ ʩʥʘʞʘʥ ʫʪʠʮʘʿ ʥʘ ʩʘʩʪʘʚ ʙʦʙʠʮʘ, ʘʣʠ ʠ 

ʥʘ ʬʠʟʠʦʣʦʰʢʝ ʧʘʨʘʤʝʪʨʝ ʚʠʥʦʚʝ ʣʦʟʝ ʛʨʯʢʠʭ ʩʦʨʪʠ (Vitis vinifera L. cvs. Agiorgitiko ʠ 

Assyrtiko) ʪʦʢʦʤ 2019. ʠ 2020. ʛʦʜʠʥʝ. ʇʨʝʤʘ ʨʝʟʫʣʪʘʪʠʤʘ, ʥʝʜʦʩʪʘʪʘʢ ʚʦʜʝ ʿʝ ʜʦʚʝʦ ʜʦ 

ʩʤʘˁʝˁʘ ʚʝʣʠʯʠʥʝ ʙʦʙʠʮʘ ʠ ʧʦʚʝ˂ʘˁʘ ʥʠʚʦʘ ʨʘʩʪʚʦʨˀʠʚʠʭ ʰʝ˂ʝʨʘ, ʫʢʫʧʥʠʭ ʬʝʥʦʣʘ ʠ 

ʘʥʪʦʮʠʿʘʥʘ. 

Zufferey et al. (2020) ʩʫ ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫ ʪʨʘʿʘˁʫ ʦʜ 2009. ʜʦ 2016. ʛʦʜʠʥʝ 

(ʐʚʘʿʮʘʨʩʢʘ), ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʩʫ ʬʠʟʠʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʙʝʣʝ ʩʦʨʪʝ ʚʠʥʦʚʝ ʣʦʟʝ (ʧʦʨʘʩʪ 

ʠ ʙʫʿʥʦʩʪ ʣʘʩʪʘʨʘ), ʢʘʦ ʠ ʘʛʨʦʥʦʤʩʢʠ ʧʘʨʘʤʝʪʨʠ (ʧʨʠʥʦʩ ʠ ʩʘʩʪʘʚ ʙʦʙʠʮʝ ʛʨʦʟʜʘ) ʙʠʣʠ ʧʦʜ 

ʧʦʟʠʪʠʚʥʠʤ ʫʪʠʮʘʿʝʤ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ. ʇʨʠʤʝˁʝʥʘ ʩʫ ʪʨʠ 

ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ; ʫ ʧʨʚʦʤ ʿʝ ʥʘʚʦʜˁʘʚʘˁʝ ʩʧʨʦʚʦʹʝʥʦ ʥʘ ʥʝʜʝˀʥʦʤ ʥʠʚʦʫ ʫ ʧʝʨʠʦʜʫ ʦʜ 

ʮʚʝʪʘˁʘ ʜʦ ʩʘʟʨʝʚʘˁʘ ʧʣʦʜʦʚʘ; ʜʨʫʛʠ ʪʨʝʪʤʘʥ ʿʝ ʧʦʜʨʘʟʫʤʝʚʘʦ ʧʨʠʨʦʜʥʦ ʚʣʘʞʝˁʝ, ʪʘʯʥʠʿʝ, 

ʧʘʜʘʚʠʥʝ ʢʦʿʝ ʩʫ ʩʝ ʤʘʥʠʬʝʩʪʦʚʘʣʝ ʪʦʢʦʤ ʮʝʣʝ ʚʝʛʝʪʘʮʠʿʝ ʠ ʪʨʝ˂ʠ ʥʠʿʝ ʦʙʫʭʚʘʪʘʦ 

ʥʘʚʦʜˁʘʚʘˁʝ, ʚʝ˂ ʿʝ ʥʘ ʟʝʤˀʠʰʪʝ ʧʦʩʪʘʚˀʝʥʘ ʚʦʜʦʦʪʧʦʨʥʘ ʥʝʨʝʬʣʝʢʪʫʿʫ˂ʘ ʧʣʘʩʪʠʯʥʘ ʬʦʣʠʿʘ 

ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʙʝʨʙʝ ʢʦʿʘ ʿʝ ʩʧʨʝʯʠʣʘ ʠʥʬʠʣʪʨʘʮʠʿʫ ʚʦʜʝ ʦʜ ʧʘʜʘʚʠʥʘ. ʈʝʟʫʣʪʘʪʠ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫʢʘʟʫʿʫ ʜʘ ʿʝ ʫ ʨʝʞʠʤʫ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ ʚʠʥʦʚʘ ʣʦʟʘ ʜʦʞʠʚʝʣʘ ʚʦʜʥʠ ʩʪʨʝʩ, ʘ 

ʚʠʥʦ ʿʝ ʦʢʘʨʘʢʪʝʨʠʩʘʥʦ ʢʘʦ ʩʣʘʙʦʛ ʢʚʘʣʠʪʝʪʘ (ʧʦʚʠʰʝʥʝ ʥʦʪʝ ʛʦʨʯʠʥʝ). 

ʋʪʠʮʘʿ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ ʥʘ ʩʘʩʪʘʚ ʠ ʢʚʘʣʠʪʝʪ ʚʠʥʘ 

ʥʝʢʦʣʠʢʦ ʨʘʟʣʠʯʠʪʠʭ ʩʦʨʪʠ ʙʝʣʦʛ ʛʨʦʞʹʘ ʠʩʧʠʪʠʚʘʣʠ ʩʫ L·pez et al. (2009). ʆʛʣʝʜ ʿʝ 

ʧʦʩʪʘʚˀʝʥ ʫ Kʦʨʜʦʙʠ, ʥʘ ʿʫʛʫ ʐʧʘʥʠʿʝ, ʘ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʪʨʘʿʘʣʦ ʯʝʪʠʨʠ ʛʦʜʠʥʝ (1999-2002). 

ʆʚʦ ʧʦʜʨʫʯʿʝ ʩʝ ʦʜʣʠʢʫʿʝ ʪʦʧʣʠʤ, ʩʫʚʠʤ ʣʝʪʠʤʘ, ʜʦʢ ʩʫ ʟʠʤʝ ʢʨʘʪʢʝ ʠ ʭʣʘʜʥʝ. ɱʫʣ ʿʝ 

ʥʘʿʪʦʧʣʠʿʠ ʤʝʩʝʮ ʩʘ ʥʘʿʤʘˁʦʤ ʢʦʣʠʯʠʥʦʤ ʧʘʜʘʚʠʥʘ (<10 mm). ɿʝʤˀʠʰʪʝ ʿʝ ʧʦ ʪʝʢʩʪʫʨʥʦʿ 

ʢʣʘʩʠ ʛʣʠʥʦʚʠʪʘ ʠʣʦʚʘʯʘ. ʉʠʩʪʝʤ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ ʧʫʰʪʘʥ ʿʝ ʦʜ ʤʝʩʝʮʘ 

ʿʫʥʘ ʩʚʘʢʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ. ʅʘ ʦʩʥʦʚʫ ʧʨʠʤʝˁʝʥʘ ʜʚʘ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (ʨʝʞʠʤ ʩʘ ʠ 

ʨʝʞʠʤ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ) ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʫ ʚʠʥʘ ʢʦʿʘ ʩʫ ʙʠʣʘ ʧʦʜ ʨʝʞʠʤʦʤ ʥʘʚʦʜˁʘʚʘˁʘ 

ʧʦʢʘʟʘʣʘ ʧʦʚʝ˂ʘˁʝ ʿʘʙʫʯʥʝ ʢʠʩʝʣʠʥʝ ʠ ʢʘʣʠʿʫʤʘ, ʘʣʠ ʿʝ ʜʦʰʣʦ ʜʦ ʩʤʘˁʝˁʘ pH ʚʨʝʜʥʦʩʪʠ, 

ʠʟʦʙʫʪʘʥʦʣʘ ʠ ʠʟʦʘʤʠʣ-ʘʣʢʦʭʦʣʘ. ʃʦʰʠʿʠ ʢʚʘʣʠʪʝʪ ʫʢʫʩʘ ʠ ʚʠʟʫʝʣʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʠʟʜʚʘʿʘʿʫ ʩʝ ʢʘʦ ʛʣʘʚʥʠ ʥʝʜʦʩʪʘʮʠ ʚʠʥʘ ʧʨʦʠʟʚʝʜʝʥʦʛ ʦʜ ʥʝʥʘʚʦʜˁʘʚʘʥʝ ʚʠʥʦʚʝ ʣʦʟʝ. ɸʫʪʦʨʠ 

ʟʘʢˀʫʯʫʿʫ ʜʘ ʠʟʦʩʪʘʥʘʢ ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ ʨʘʟʚʦʿʘ ʠ ʩʘʟʨʝʚʘˁʘ ʙʦʙʠʮʘ ʧʨʝʜʩʪʘʚˀʘ 

ʦʙʝ˂ʘʚʘʿʫ˂ʫ ʪʝʭʥʠʢʫ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʠʭ ʤʣʘʜʠʭ ʚʠʥʘ ʫ ʧʦʣʫʩʫʰʥʠʤ 

ʧʦʜʨʫʯʿʠʤʘ, ʟʙʦʛ ʧʦʩʪʠʟʘˁʘ ʙʦˀʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʦʯʫʚʘˁʫ ʨʘʚʥʦʪʝʞʝ ʫʢʫʩʘ, ʩʚʝʞʠʥʝ ʠ 

ʠʥʪʝʥʟʠʪʝʪʘ ʘʨʦʤʝ. 
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ʋʪʠʮʘʿ ʚʦʜʥʦʛ ʨʝʞʠʤʘ ʥʘ ʘʨʦʤʘʪʠʯʥʝ ʤʘʪʝʨʠʿʝ ʛʨʦʞʹʘ ɸʣʝʢʩʘʥʜʨʠʿʩʢʦʛ ʤʫʩʢʘʪʘ (Vitis 

vinifera L. cv. Muscat of Alexandria) ʪʦʢʦʤ 2012-2014. ʛʦʜʠʥʝ ʠʩʧʠʪʠʚʘʣʠ ʩʫ Buesa et al. (2021) 

ʫ ɺʘʣʝʥʩʠʿʠ (ʐʧʘʥʠʿʘ), ʫ ʫʩʣʦʚʠʤʘ ʪʠʧʠʯʥʝ ʤʝʜʠʪʝʨʘʥʩʢʝ ʧʦʣʫʩʫʰʥʝ ʢʣʠʤʝ, ʩʘ ʧʨʦʩʝʯʥʦʤ 

ʛʦʜʠʰˁʦʤ ʢʦʣʠʯʠʥʦʤ ʧʘʜʘʚʠʥʘ ʦʜ 422 mm. ʀʩʧʠʪʠʚʘʥʠ ʨʝʞʠʤʠ ʥʘʚʦʜˁʘʚʘˁʘ ʩʫ ʙʠʣʠ: 

ʢʦʥʪʨʦʣʘ (Control ï C), ʥʘʚʦʜˁʘʚʘˁʝ ʩʘ 100% ʦʜ ʧʨʦʮʝˁʝʥʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʢʫʣʪʫʨʝ 

(ɽʊc) ʪʦʢʦʤ ʮʝʣʝ ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ, ʥʘʚʦʜˁʘʚʘˁʝ ʩʘ ʩʪʘʣʥʠʤ ʜʝʬʠʮʠʪʦʤ (Sustained deficit 

irrigation ï SDI), ʪʿ. ʥʘʚʦʜˁʘʚʘˁʝ ʩʘ 50% ʦʜ ɽʊc ʪʦʢʦʤ ʮʝʣʝ ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ; ʨʘʥʠ 

ʜʝʬʠʮʠʪ (Early deficit ï EDI) ʛʜʝ ʿʝ ʥʘʚʦʜˁʘʚʘˁʝ ʦʙʫʩʪʘʚˀʝʥʦ ʧʨʝ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ, ʜʦʢ 

ʚʨʝʜʥʦʩʪʠ ʚʦʜʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʙʠˀʢʝ ʥʝ ʜʦʩʪʠʛʥʫ -1,0 MPa, ʥʘʢʦʥ ʯʝʛʘ ʩʣʝʜʠ ʧʫʥʦ 

ʥʘʚʦʜˁʘʚʘˁʝ 100% ɽʊc, ʢʘʩʥʠ ʜʝʬʠʮʠʪ (Late deficit ï LDI), ʥʘʚʦʜˁʘʚʘˁʝ ʢʘʦ ʫ ʢʦʥʪʨʦʣʠ ʩʚʝ 

ʜʦ ʰʘʨʢʘ, ʘ ʟʘʪʠʤ 25% ʦʜ ɽʊc. ʆʛʣʝʜ ʿʝ ʙʠʦ ʧʦʩʪʘʚˀʝʥ ʧʦ ʧʦʪʧʫʥʦ ʩʣʫʯʘʿʥʦʤ ʙʣʦʢ ʩʠʩʪʝʤʫ ʩʘ 

ʯʝʪʠʨʠ ʧʦʥʘʚˀʘˁʘ. ɸʫʪʦʨʠ ʟʘʢˀʫʯʫʿʫ ʜʘ ʩʫ ʫʩʣʦʚʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʙʠʣʠ ʧʨʝʦʚʣʘʹʫʿʫ˂ʠ 

ʬʘʢʪʦʨʠ ʢʦʿʠ ʩʫ ʫʪʠʮʘʣʠ ʥʘ ʘʨʦʤʘʪʠʯʥʝ ʤʘʪʝʨʠʿʝ ʛʨʦʞʹʘ ɸʣʝʢʩʘʥʜʨʠʿʩʢʦʛ ʤʫʩʢʘʪʘ, ʜʦʢ ʩʫ 

ʨʝʞʠʤʠ ʥʘʚʦʜˁʘʚʘˁʘ ʠʤʘʣʠ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʧʨʦʤʝʥʝ ʠʣʠ ʫʙʣʘʞʝ ʝʬʝʢʪʝ ʚʨʝʤʝʥʩʢʠʭ ʫʩʣʦʚʘ. 

ʊʘʯʥʠʿʝ, ʝʬʝʢʪʠ ʦʙʘ ʬʘʢʪʦʨʘ ʩʫ ʤʝʹʫʩʦʙʥʦ ʜʝʣʦʚʘʣʠ ʥʘ ʩʘʩʪʘʚ ʩʣʦʙʦʜʥʠʭ ʪʝʨʧʝʥʘ, ʛʣʘʚʥʝ 

ʜʝʪʝʨʤʠʥʘʥʪʝ ʫʢʫʩʘ ʤʫʩʢʘʪʘ. 

ʋʪʠʮʘʿ ʚʦʜʥʦʛ ʜʝʬʠʮʠʪʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʢˀʫʯʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʠ ʬʝʥʦʣʥʠʭ ʤʘʪʝʨʠʿʘ 

ʫ ʚʠʥʫ ʠʩʪʨʘʞʠʚʘʣʠ ʩʫ Savoi et al. (2020) ʠ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʿʝ ʫʪʠʮʘʿ ʚʨʝʤʝʥʩʢʠʭ ʧʨʠʣʠʢʘ ʠ 

ʪʨʘʿʘˁʘ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʚʠʥʦʚʝ ʣʦʟʝ ʙʠʦ ʟʥʘʯʘʿʘʥ, ʧʦʩʝʙʥʦ ʢʘʜʘ ʿʝ ʚʦʜʥʠ ʜʝʬʠʮʠʪ ʜʝʪʝʢʪʦʚʘʥ 

ʨʘʥʦ ʠ ʪʨʘʿʘʦ ʪʦʢʦʤ ʮʝʣʝ ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ ʩʚʝ ʜʦ ʙʝʨʙʝ. ʉʪʦʛʘ, ʢʦʥʪʨʦʣʠʩʘʥ ʚʦʜʥʠ ʜʝʬʠʮʠʪ 

ʠʛʨʘ ʢˀʫʯʥʫ ʫʣʦʛʫ ʥʘ ʩʘʩʪʘʚ ʚʠʥʘ. ʋ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʦʚʠʤ ʟʘʢˀʫʯʮʠʤʘ ʩʫ ʠ ʘʫʪʦʨʠ Conde et 

al. (2007) ʠ Cataldo et al. (2021) ʢʦʿʠ ʪʚʨʜʝ ʜʘ ʢʣʠʤʘʪʩʢʠ ʠ ʟʝʤˀʠʰʥʠ ʫʩʣʦʚʠ ʫ ʚʠʥʦʛʨʘʜʫ 

(ʩʥʘʙʜʝʚʝʥʦʩʪ ʚʦʜʦʤ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ) ʫ ʚʨʝʤʝ ʟʨʝˁʘ, ʤʦʛʫ ʟʥʘʯʘʿʥʦ ʜʘ ʫʪʠʯʫ ʥʘ 

ʨʘʟʚʠʿʝʥʦʩʪ ʠ ʩʘʩʪʘʚ ʘʨʦʤʘʪʠʯʥʠʭ ʤʘʪʝʨʠʿʘ. 

Intrigliolo et al. (2016) ʩʫ ʪʦʢʦʤ ʪʨʠ ʚʝʛʝʪʘʮʠʦʥʘ ʧʝʨʠʦʜʘ (2009-2011) ʘʥʘʣʠʟʠʨʘʣʠ 

ʝʬʝʢʪʝ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ ʧʨʠʤʝˁʝʥʦ ʥʘʢʦʥ ʧʦʿʘʚʝ ʰʘʨʢʘ ʥʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʩʘʩʪʘʚ ʙʦʙʠʮʘ ʚʠʥʦʚʝ ʣʦʟʝ. ʋʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʿʝ ʚʠʥʦʚʘ ʣʦʟʘ ʢʦʿʘ ʩʝ ʥʠʿʝ 

ʥʘʚʦʜˁʘʚʘʣʘ ʧʨʝʪʨʧʝʣʘ ʦʟʙʠˀʘʥ ʚʦʜʥʠ ʩʪʨʝʩ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʩʤʘˁʝˁʝʤ ʚʝʣʠʯʠʥʝ 

ʙʦʙʠʮʘ, ʜʦʢ ʿʝ ʫ ʨʝʞʠʤʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʫʦʯʝʥʦ ʧʦʚʝ˂ʘˁʝ ʧʨʠʥʦʩʘ ʦʜ 26-30%. ʀʩʪʦ ʪʘʢʦ, 

ʛʣʘʚʥʠ ʧʦʟʠʪʠʚʘʥ ʝʬʝʢʘʪ ʥʘʚʦʜˁʘʚʘˁʘ ʙʠʦ ʿʝ ʩʤʘˁʝˁʝ ʧʨʝʢʦʤʝʨʥʦʛ ʥʘʢʫʧˀʘˁʘ ʰʝ˂ʝʨʘ. 

ʈʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ ʩʤʘˁʫʿʝ ʥʠʚʦ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʫ ʬʘʟʠ ʧʨʝ ʧʦʿʘʚʝ ʰʘʨʢʘ ʰʪʦ 

ʧʦʟʠʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʧʨʠʥʦʩ ʠ ʢʚʘʣʠʪʝʪ ʙʦʙʠʮʘ, ʜʦʢ ʨʝʞʠʤ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ ʜʦʚʦʜʠ ʜʦ 

ʩʤʘˁʝˁʘ ʙʨʦʿʘ ʙʦʙʠʮʘ, ʠʩʪʠʯʫ Wenter et al. (2018) ʫ ʦʢʚʠʨʫ ʨʝʟʫʣʪʘʪʘ ʜʚʦʛʦʜʠʰˁʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫʪʠʮʘʿʘ ʨʝʞʠʤʘ ʟʘʣʠʚʘˁʘ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʦʨʪʝ ʚʠʥʦʚʝ ʣʦʟʝ (Vitis vinifera L. 

cv. Sauvignon blanc) ʫ ʿʫʞʥʦʤ ʊʠʨʦʣʫ. ɽʢʩʧʝʨʠʤʝʥʪ ʿʝ ʩʧʨʦʚʝʜʝʥ ʧʦ ʩʣʫʯʘʿʥʦʤ ʙʣʦʢ ʩʠʩʪʝʤʫ 

ʦʜ 2014-2015. ʛʦʜʠʥʝ ʫ ʪʝʨʘʩʘʩʪʦʤ ʚʠʥʦʛʨʘʜʫ ʥʘ 500 m ʥʘʜʤʦʨʩʢʝ ʚʠʩʠʥʝ. ɻʘʿʝʥʘ ʿʝ ʩʦʨʪʘ 

ʉʦʚʠˁʦʥ ʙʝʣʠ ʥʘ ʟʝʤˀʠʰʪʫ ʧʝʩʢʦʚʠʪʦ ʠʣʦʚʘʩʪʝ ʪʝʢʩʪʫʨʝ. ɺʝʛʝʪʘʮʠʦʥʠ ʧʦʢʨʠʚʘʯ ʫ 

ʚʠʥʦʛʨʘʜʫ ʯʠʥʠʣʘ ʿʝ ʤʝʰʘʚʠʥʘ ʪʨʘʚʥʠʭ ʚʨʩʪʘ ʢʦʿʝ ʩʫ ʢʦʰʝʥʝ ʤʝʭʘʥʠʯʢʠ ʪʨʠ ʧʫʪʘ ʪʦʢʦʤ 

ʩʝʟʦʥʝ ʨʘʩʪʘ. ʊʨʝʪʤʘʥʠ ʥʘʚʦʜˁʘʚʘˁʘ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ ʩʫ ʩʧʨʦʚʝʜʝʥʠ ʧʦ ʠʩʪʦʿ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʿ ʧʦʩʪʘʚʢʠ ʫ ʦʙʝ ʚʝʛʝʪʘʪʠʚʥʝ ʩʝʟʦʥʝ: 1) ʧʫʥʦ ʥʘʚʦʜˁʘʚʘˁʝ (Full irrigation  ï 

FI), 2) ʨʝʜʫʢʦʚʘʥʦ (Deficit irrigation ï DI), 50% ʦʜ ʢʦʣʠʯʠʥʝ ʚʦʜʝ ʢʦʿʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ʫ FI 

ʪʨʝʪʤʘʥʫ, ʠ 3) ʪʨʝʪʤʘʥ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ (Rain fed ï RF). ɿʙʦʛ ʨʘʟʣʠʯʠʪʠʭ ʢʣʠʤʘʪʩʢʠʭ ʫʩʣʦʚʘ 

ʠʟʤʝʹʫ ʜʚʝ ʛʦʜʠʥʝ, ʫʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʢʦʿʘ ʿʝ ʠʩʧʦʨʫʯʝʥʘ ʚʠʥʦʚʦʿ ʣʦʟʠ ʥʘ FI ʪʨʝʪʤʘʥʫ 

ʙʠʣʘ ʿʝ 72,3 mm ʫ 2014. ʛʦʜʠʥʠ ʠ 262,7 mm ʫ 2015. ʛʦʜʠʥʠ. ɺʠʥʦʚʘ ʣʦʟʘ ʢʦʿʘ ʩʝ ʥʠʿʝ 

ʥʘʚʦʜˁʘʚʘʣʘ ʧʦʢʘʟʘʣʘ ʿʝ ʟʥʘʯʘʿʥʦ ʩʤʘˁʝˁʝ ʧʨʠʥʦʩʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʚʠʥʦʚʦʤ ʣʦʟʦʤ FI 

ʪʨʝʪʤʘʥʘ (0,9 kg ʯʦʢʦʪʫ ĭ). ʆʚʦ ʩʤʘˁʝˁʝ ʧʨʠʥʦʩʘ ʿʝ ʫʛʣʘʚʥʦʤ ʠʟʘʟʚʘʥʦ ʤʘˁʠʤ ʙʨʦʿʝʤ ʙʦʙʠʮʘ 

ʧʦ ʛʨʦʟʜʫ ʫ RF ʪʨʝʪʤʘʥʫ ʫ ʧʦʨʝʹʝˁʫ ʩʘ FI ʪʨʝʪʤʘʥʦʤ (-24 ʙʦʙʠʮʘ ʧʦ ʛʨʦʟʜʫ) ʠ ʩʤʘˁʝˁʝʤ 

ʪʝʞʠʥʝ ʙʦʙʠʮʘ (-0,88 g ʧʦ ʙʦʙʠʮʠ). ʇʨʠʤʝˁʝʥʠ DI ʪʨʝʪʤʘʥʠ ʩʫ ʪʘʢʦʹʝ ʧʦʢʘʟʘʣʠ ʩʤʘˁʝˁʝ 

ʧʨʠʥʦʩʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʨʠʥʦʩʠʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ FI ʪʨʝʪʤʘʥʠʤʘ (-30% ʧʨʠʙʣʠʞʥʦ) ʢʦʿʝ ʥʠʿʝ 

ʙʠʣʦ ʟʥʘʯʘʿʥʦ ʠ ʢʦʿʝ ʿʝ ʫʛʣʘʚʥʦʤ ʙʠʣʦ ʠʟʘʟʚʘʥʦ ʩʤʘˁʝˁʝʤ ʧʨʦʩʝʯʥʝ ʪʝʞʠʥʝ ʙʦʙʠʮʘ. 

ʊʨʝʪʤʘʥʠ ʥʘʚʦʜˁʘʚʘˁʘ ʥʠʩʫ ʫʪʠʮʘʣʠ ʥʘ ʢʦʝʬʠʮʠʿʝʥʪ ʨʦʜʥʦʩʪʠ ʠ ʙʨʦʿ ʦʢʘʮʘ ʧʦ ʯʦʢʦʪʫ. ʅʘ 
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ʢʨʘʿʫ, ʦʚʘ ʩʪʫʜʠʿʘ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʿʝ ʥʘʚʦʜˁʘʚʘˁʝ ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʪʦʢʦʤ ʜʚʝ ʫʟʘʩʪʦʧʥʝ ʩʝʟʦʥʝ 

ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʩʤʘˁʝˁʝ ʧʨʠʥʦʩʘ ʩʦʨʪʝ ʉʦʚʠˁʦʥ ʙʝʣʠ. ʊʘʢʦʹʝ, ʠ ʘʫʪʦʨʠ Intrigliolo et al. 

(2012) ʩʫ ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʦʛʣʝʜʘ (2007-2009) ʫ ɺʘʣʝʥʩʠʿʠ (ʐʧʘʥʠʿʘ) ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʩʫ 

ʨʝʞʠʤʠ ʥʘʚʦʜˁʘʚʘˁʘ ʧʦʚʝ˂ʘʣʠ ʧʨʠʥʦʩ ʚʠʥʦʚʝ ʣʦʟʝ ʊʝʤʧʨʘʥʠˀʦ (Vitis vinifera L. cv. 

Tempranillo) ʜʦ 58% ʫ ʦʜʥʦʩʫ ʥʘ ʥʝʥʘʚʦʜˁʘʚʘʥʫ ʣʦʟʫ, ʜʦʢ ʨʘʟʣʠʢʝ ʫ ʧʨʠʥʦʩʫ ʤʝʹʫ 

ʪʨʝʪʤʘʥʠʤʘ ʩʘ ʥʘʚʦʜˁʘʚʘˁʝʤ ʥʠʿʝ ʙʠʣʦ. 

ʋʪʠʮʘʿ ʨʘʟʣʠʯʠʪʠʭ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʨʠʥʦʩ, ʦʙʦʿʝʥʦʩʪ ʠ ʙʠʦʘʢʪʠʚʥʘ ʿʝʜʠˁʝˁʘ 

ʙʦʙʠʮʘ ʚʠʥʦʚʝ ʣʦʟʝ ʠʩʪʨʘʞʠʚʘʣʠ ʩʫ Conesa et al. (2016), ʫ ʢʦʤʝʨʮʠʿʘʣʥʦʤ ʚʠʥʦʛʨʘʜʫ ʥʘ 

ʿʫʛʦʠʩʪʦʢʫ ʐʧʘʥʠʿʝ, ʫ ʄʫʨʩʠʿʠ. ɽʢʩʧʝʨʠʤʝʥʪ ʿʝ ʩʧʨʦʚʝʜʝʥ ʪʦʢʦʤ ʪʨʠ ʫʟʘʩʪʦʧʥʝ ʛʦʜʠʥʝ 

(2011-2013) ʠ ʠʩʧʠʪʠʚʘʥʘ ʩʫ ʯʝʪʠʨʠ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ; ʢʦʥʪʨʦʣʘ - ʟʘʣʠʚʘˁʝ ʩʘ 110% 

ʩʝʟʦʥʩʢʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʫʩʝʚʘ (ɽTc), ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ (Regulated deficit 

irrigation ï RDI), ʜʝʣʠʤʠʯʥʦ ʩʫʰʝˁʝ ʢʦʨʝʥʦʚʘ (Partial root drying-zone ï PRD) ï ʩʣʠʯʥʦ 

ʨʝʜʫʢʦʚʘʥʦʤ ʥʘʚʦʜˁʘʚʘˁʫ, ʩʘʤʦ ʿʝ ʦʨʛʘʥʠʟʦʚʘʥʦ ʥʘʠʟʤʝʥʠʯʥʦ, ʥʘ ʩʚʘʢʠʭ 10-14 ʜʘʥʘ ʠ ʨʝʞʠʤ 

ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ (Null irrigation treatment ï NI). ʋʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʪʨʝʪʤʘʥʠ RDI ʠ PRD ʥʠʩʫ 

ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʣʠ ʥʘ ʫʢʫʧʘʥ ʧʨʠʥʦʩ ʠ ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ ʧʨʠʣʠʢʦʤ ʙʝʨʙʝ. ɼʦ ʩʤʘˁʝˁʘ ʧʨʠʥʦʩʘ 

ʠ ʪʝʞʠʥʝ ʛʨʦʟʜʦʚʘ ʜʦʚʝʦ ʿʝ ʩʘʤʦ ʪʨʝʪʤʘʥ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ. ʉʚʠ ʪʨʝʪʤʘʥʠ ʩʘ ʥʘʚʦʜˁʘʚʘˁʝʤ 

ʧʦʙʦˀʰʘʣʠ ʩʫ ʦʙʦʿʝʥʦʩʪ ʙʦʙʠʮʘ ʠ ʦʙʝʟʙʝʜʠʣʠ ʚʝ˂ʠ ʧʨʠʥʦʩ ʫ ʧʨʚʦʿ ʙʝʨʙʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʢʦʥʪʨʦʣʥʠʤ ʪʨʝʪʤʘʥʦʤ. 

Trigo-Córdoba et al. (2015) ʩʫ ʠʟʫʯʘʚʘʣʠ ʝʬʝʢʪʝ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʠʥʦʚʝ ʣʦʟʝ ʙʝʣʠʭ ʩʦʨʪʠ (Vitis vinifera L. cvs. Godello ʠ Treixadura) ʫ ʦʙʣʘʩʪʠ 

ɻʘʣʠʮʠʿʘ (ʐʧʘʥʠʿʘ), ʪʦʢʦʤ ʪʨʠ ʫʟʘʩʪʦʧʥʝ ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ (2012-2014). ɺʠʥʦʚʘ ʣʦʟʘ ʢʦʿʘ 

ʿʝ ʜʦʙʠʿʘʣʘ ʚʦʜʫ ʩʘʤʦ ʦʜ ʧʘʜʘʚʠʥʘ ʧʦʨʝʹʝʥʘ ʿʝ ʩʘ ʪʨʝʪʤʘʥʦʤ ʢʦʿʠ ʿʝ ʥʘʚʦʜˁʘʚʘʥ ʩʘ 50% 

ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʫʩʝʚʘ (ɽʊc) ʥʝʧʦʩʨʝʜʥʦ ʥʘʢʦʥ ʮʚʝʪʘˁʘ ʜʦ ʜʚʝ ʥʝʜʝˀʝ ʧʨʝ ʙʝʨʙʝ (ʜʦ 

ʩʨʝʜʠʥʝ ʘʚʛʫʩʪʘ). ʀʥʪʝʨʚʘʣʠ ʟʘʣʠʚʘˁʘ ʙʠʣʠ ʩʫ ʦʜ 3 ʜʦ 5 ʜʘʥʘ ʫ ʥʝʜʝˀʠ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʧʦʪʨʝʙʥʝ ʢʦʣʠʯʠʥʝ ʚʦʜʝ, ʢʘʢʦ ʩʝ ʥʝ ʙʠ ʠʩʧʦʨʫʯʠʣʦ ʚʠʰʝ ʦʜ 3 mm ʜʥʝʚʥʦ (ʝʢʚʠʚʘʣʝʥʪʥʦ 50% 

ʜʥʝʚʥʦʛ ɽʊc). ʇʨʝʤʘ ʨʝʟʫʣʪʘʪʠʤʘ, ʦʙʝ ʩʦʨʪʝ ʩʫ ʧʦʢʘʟʘʣʝ ʧʦʚʦˀʥʠʿʠ ʚʦʜʥʠ ʙʠʣʘʥʩ ʫ ʫʩʣʦʚʠʤʘ 

ʥʘʚʦʜˁʘʚʘˁʘ. ʄʝʹʫʪʠʤ, ʥʠʿʝ ʫʪʚʨʹʝʥʘ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʧʨʦʚʦʜˀʠʚʦʩʪʠ ʩʪʦʤʘ ʠ 

ʧʘʨʘʤʝʪʨʠʤʘ ʬʣʫʦʨʝʩʮʝʥʩʮʠʿʝ ʭʣʦʨʦʬʠʣʘ ʠʟʤʝʹʫ ʪʨʝʪʤʘʥʘ. ʅʘʚʦʜˁʘʚʘˁʝ ʥʠʿʝ ʫʪʠʮʘʣʦ ʥʘ 

ʧʨʠʥʦʩ, ʦʩʠʤ 2014. ʛʦʜʠʥʝ ʢʦʜ ʩʦʨʪʝ Treixadura (ʧʦʚʝ˂ʘˁʝ ʦʜ 25%). ʅʘʧʨʦʪʠʚ, ʥʘʚʦʜˁʘʚʘˁʝ 

ʿʝ ʦʪʝʞʘʣʦ ʨʝʟʠʜʙʫ, ʪʿ. ʧʦʚʝ˂ʘʣʦ ʤʘʩʫ ʣʘʩʪʘʨʘ ʟʘ 15% ʢʦʜ ʦʙʝ ʩʦʨʪʝ. ʋʢʫʧʥʝ ʨʘʩʪʚʦʨˀʠʚʝ 

ʯʚʨʩʪʝ ʤʘʪʝʨʠʿʝ ʫ ʰʠʨʠ ʩʫ ʩʤʘˁʝʥʝ, ʘ ʫʢʫʧʥʘ ʢʠʩʝʣʦʩʪ ʧʦʚʝ˂ʘʥʘ ʩʘ ʥʘʚʦʜˁʘʚʘˁʝʤ. ʀʧʘʢ, 

ʚʠʥʘ ʩʫ ʙʠʣʘ ʚʝʦʤʘ ʩʣʠʯʥʘ ʫ ʦʙʘ ʪʨʝʪʤʘʥʘ. ʇʨʦʜʫʢʪʠʚʥʦʩʪ ʚʦʜʝ ʙʠʣʘ ʿʝ ʚʝ˂ʘ ʫ ʫʩʣʦʚʠʤʘ ʙʝʟ 

ʥʘʚʦʜˁʘʚʘˁʘ ʟʘ Godello, ʰʪʦ ʿʝ ʜʦʚʝʣʦ ʜʦ ʩʣʠʯʥʠʭ ʧʨʠʥʦʩʘ ʢʦʜ ʦʙʘ ʪʨʝʪʤʘʥʘ, ʘʣʠ ʩʘ ʥʠʞʠʤ 

ʪʨʦʰʢʦʚʠʤʘ ʧʨʦʠʟʚʦʜˁʝ ʟʘ ʪʨʝʪʤʘʥ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ. ʋ ʩʣʫʯʘʿʫ ʩʦʨʪʝ Treixadura, ʩʘʤʦ ʫ 

ʧʦʩʣʝʜˁʦʿ ʦʛʣʝʜʥʦʿ ʛʦʜʠʥʠ, ʧʨʦʮʝˁʝʥʠ ʩʫ ʟʥʘʪʥʦ ʚʝ˂ʠ ʧʨʠʥʦʩʠ ʢʦʜ ʪʨʝʪʤʘʥʘ ʩʘ 

ʥʘʚʦʜˁʘʚʘˁʝʤ, ʰʪʦ ʥʝ ʦʧʨʘʚʜʘʚʘ ʢʦʨʠʰ˂ʝˁʝ ʩʠʩʪʝʤʘ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ. ɸʫʪʦʨʠ ʟʘʢˀʫʯʫʿʫ ʜʘ 

ʩʝ ʥʘʚʦʜˁʘʚʘˁʝ ʥʝ ʯʠʥʠ ʝʢʦʥʦʤʩʢʠ ʠʩʧʣʘʪʠʚʦʤ ʧʦˀʦʧʨʠʚʨʝʜʥʦʤ ʧʨʘʢʩʦʤ ʫ ʫʩʣʦʚʠʤʘ ʦʚʦʛ 

ʠʩʧʠʪʠʚʘˁʘ. 

ʉʣʠʯʥʝ ʟʘʢˀʫʯʢʝ ʢʦʥʩʪʘʪʦʚʘʣʠ ʩʫ ʠ Alvarez Arredondo et al. (2023) ʘʥʘʣʠʟʠʨʘʿʫ˂ʠ 

ʝʬʝʢʪʝ ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʿʝ ʥʘ ʧʘʨʘʤʝʪʨʝ ʚʠʥʦʚʝ ʣʦʟʝ Vitis vinifera L. cv. Zinfandel 

ʫ ʂʘʣʠʬʦʨʥʠʿʠ (ʉɸɼ). ɽʢʩʧʝʨʠʤʝʥʪ ʧʦ ʧʦʪʧʫʥʦ ʩʣʫʯʘʿʥʦʤ ʙʣʦʢ ʩʠʩʪʝʤʫ ʨʝʘʣʠʟʦʚʘʥ ʿʝ ʪʦʢʦʤ 

2021. ʛʦʜʠʥʝ. ʊʨʝʪʤʘʥʠ ʩʫ ʫʢˀʫʯʠʚʘʣʠ ʤʣʘʜʫ ʣʦʟʫ (5-12 ʛʦʜʠʥʘ), ʢʦʥʪʨʦʣʥʫ ʣʦʟʫ (ʦʜʥʦʩ 

ʩʪʘʨʝ ʠ ʤʣʘʜʝ ʣʦʟʝ 2:1 ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʝ ʟʘ ʙʣʦʢ) ʠ ʩʪʘʨʫ ʣʦʟʫ (40-60 ʛʦʜʠʥʘ), ʘ ʩʚʘʢʘ ʩʪʘʨʦʩʥʘ 

ʦʟʥʘʢʘ ʫʢˀʫʯʠʚʘʣʘ ʿʝ ʥʘʚʦʜˁʘʚʘʥʫ ʠ ʥʝʥʘʚʦʜˁʘʚʘʥʫ ʣʦʟʫ. ʈʝʞʠʤ ʥʘʚʦʜˁʘʚʘˁʘ ʫʩʧʦʩʪʘʚˀʝʥ 

ʿʝ ʧʫʪʝʤ ʠʟʨʘʯʫʥʘʚʘˁʘ ʧʨʦʩʝʯʥʝ ʧʨʦʮʝˁʝʥʝ ʧʦʪʨʦʰˁʝ ʚʦʜʝ ʟʘ ʩʚʘʢʫ ʩʪʘʨʦʩʥʫ ʛʨʫʧʫ ʚʠʥʦʚʝ 

ʣʦʟʝ. ʂʦʨʠʰ˂ʝʥʠ ʩʫ ʧʦʜʘʮʠ ʦ ʟʘʩʝʥʯʝʥʦʿ ʧʦʚʨʰʠʥʠ, ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʠ ʫʩʝʚʘ (ETc) ʠ 

ʢʦʝʬʠʮʠʿʝʥʪʫ ʫʩʝʚʘ (Kc). ʅʦʨʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʟʘ ʤʣʘʜʫ ʣʦʟʫ ʠʟʥʦʩʠʣʘ ʿʝ 141,95 lĿʯʦʢʦʪʫ
-1
, ʘ 

ʟʘ ʢʦʥʪʨʦʣʥʫ ʣʦʟʫ ʫʢʫʧʥʦ ʿʝ ʧʨʠʤʝˁʝʥʦ 160,88 lĿʯʦʢʦʪʫ
-1
. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʥʝʤʘ 

ʟʥʘʯʘʿʥʠʭ ʧʨʦʤʝʥʘ ʫ ʬʝʥʦʣʦʰʢʦʿ ʧʨʦʛʨʝʩʠʿʠ, ʩʪʘʨʝˁʫ ʣʠʩʪʦʚʘ ʠʣʠ ʤʝʭʘʥʠʯʢʦʿ ʘʥʘʣʠʟʠ 

ʙʦʙʠʮʘ ʢʘʜʘ ʿʝ ʥʘʚʦʜˁʘʚʘˁʝ ʜʦʜʘʪʦ ʚʠʥʦʚʦʿ ʣʦʟʠ, ʿʝʨ ʿʝ ʩʫ ʨʘʟʣʠʢʝ ʙʠʣʝ ʠʟʘʟʚʘʥʝ ʩʪʘʨʦʰ˂ʫ 

ʚʠʥʦʚʝ ʣʦʟʝ ʟʘ ʚʝ˂ʠʥʫ ʤʝʨʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. ʅʘʚʦʜˁʘʚʘʥʝ ʣʦʟʝ ʩʫ ʙʠʣʝ ʥʝʰʪʦ ʥʘʧʨʝʜʥʠʿʝ ʫ 



 

19 

 

ʬʝʥʦʣʦʰʢʦʤ ʨʘʩʪʫ ʠ ʧʨʦʛʨʝʩʠʿʠ ʩʪʘʨʝˁʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʣʦʟʦʤ ʢʦʿʘ ʩʝ ʫʟʛʘʿʘʣʘ ʙʝʟ 

ʥʘʚʦʜˁʘʚʘˁʘ. ʎʝʣʦʢʫʧʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫʛʝʨʠʰʫ ʜʘ ʧʨʘʢʩʘ ʧʨʠʤʝʥʝ ʜʦʧʫʥʩʢʦʛ ʥʘʚʦʜˁʘʚʘˁʘ 

ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʿʝ (ʧʦʜ ʫʩʣʦʚʦʤ ʜʘ ʩʫ ʟʠʤʩʢʝ ʧʘʜʘʚʠʥʝ ʠʣʠ ʜʦʧʫʥʩʢʦ ʟʠʤʩʢʦ ʥʘʚʦʜˁʘʚʘˁʝ 

ʜʦʚʦˀʥʦ), ʥʝʤʘ ʟʥʘʯʘʿʥʠʭ ʫʪʠʮʘʿʘ ʥʘ ʧʘʨʘʤʝʪʨʝ ʚʠʥʦʚʝ ʣʦʟʝ. ʅʘʚʦʜˁʘʚʘˁʝ ʥʠʿʝ ʥʝʦʧʭʦʜʥʘ 

ʤʝʨʘ ʫ ʫʩʣʦʚʠʤʘ ʦʚʦʛ ʧʦʜʥʝʙˀʘ, ʯʘʢ ʠ ʫ ʧʝʨʠʦʜʠʤʘ ʢʘʜʘ ʥʘʩʪʫʧʠ ʩʫʰʘ. 

ʋʪʠʮʘʿ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʨʠʥʦʩ ʠ ʢʚʘʣʠʪʝʪ ʙʦʙʠʮʘ ʚʠʥʦʚʝ ʣʦʟʝ ʠʩʧʠʪʠʚʘʣʠ ʩʫ Caruso et 

al. (2023) ʪʦʢʦʤ ʜʚʦʛʦʜʠʰˁʝʛ (2018-2019) ʝʢʩʧʝʨʠʤʝʥʪʘ ʫ ʇʠʟʠ (ʀʪʘʣʠʿʘ). ɺʠʥʦʚʘ ʣʦʟʘ ʩʦʨʪʝ 

ʉʘʥʹʦʚʝʟʝ (Vitis vinifera L. cv. Sangiovese) ʩʪʘʨʦʩʪʠ 6 ʛʦʜʠʥʘ, ʢʘʣʝʤˀʝʥʘ ʿʝ ʥʘ ʜʚʝ ʧʦʜʣʦʛʝ 

SO4 ʠ ʇʘʫʣʩʝʥ 1103. ɻʦʜʠʰˁʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʠʟʥʦʩʠʣʘ ʿʝ 934, ʦʜʥʦʩʥʦ 970 mm ʫ 2018. ʠ 

2019. ʛʦʜʠʥʠ, ʜʦʢ ʿʝ ʧʦʪʝʥʮʠʿʘʣʥʘ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ (ɽʊʦ), ʠʟʨʘʯʫʥʘʪʘ ʧʨʝʤʘ Penman-

Monteith ʤʝʪʦʜʠ, ʪʠʭ ʠʩʪʠʭ ʛʦʜʠʥʘ ʠʟʥʦʩʠʣʘ 927 mm ʠ 900 mm. ʇʨʠʤʝˁʝʥʘ ʩʫ ʪʨʠ ʨʘʟʣʠʯʠʪʘ 

ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ: ʧʫʥʦ ʥʘʚʦʜˁʘʚʘˁʝ (Full Irrigation  ï FI), ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ 1 

(Regulated Deficit Irrigation 1 ï RDI 1) ʠ ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ 2 (Regulated Deficit 

Irrigation 2 ï RDI 2). ɺʠʥʦʚʘ ʣʦʟʘ ʫ ʨʝʞʠʤʫ FI ʜʦʙʠʿʘʣʘ ʿʝ ʚʦʜʫ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ʜʦ 

ʙʝʨʙʝ, ʜʦʢ ʿʝ ʚʠʥʦʚʘ ʣʦʟʘ ʫ ʨʝʞʠʤʠʤʘ RDI 1 ʠ RDI 2 ʧʨʠʤʘʣʘ (34-49% ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ) 

ʦʜ ʧʦʯʝʪʢʘ ʙʫʙʨʝˁʘ ʦʢʘʮʘ ʜʦ ʰʘʨʢʘ ʠ ʦʜ ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ. ʈʝʜʫʢʦʚʘʥʠ ʨʝʞʠʤʠ ʥʘʚʦʜˁʘʚʘˁʘ 

ʟʥʘʯʘʿʥʦ ʩʫ ʫʪʠʮʘʣʠ ʥʘ ʚʦʜʥʠ ʩʪʘʪʫʩ ʚʠʥʦʚʝ ʣʦʟʝ ʧʨʝ ʠ ʧʦʩʣʝ ʰʘʨʢʘ. ʅʝʜʦʩʪʘʪʘʢ 

ʥʘʚʦʜˁʘʚʘˁʘ ʦʜ ʧʦʯʝʪʢʘ ʙʫʙʨʝˁʘ ʦʢʘʮʘ ʜʦ ʰʘʨʢʘ ʫʩʧʦʨʠʦ ʿʝ ʚʝʛʝʪʘʪʠʚʥʠ ʨʘʩʪ ʚʠʰʝ ʦʜ 

ʥʘʚʦʜˁʘʚʘˁʘ ʧʨʠʤʝˁʝʥʦʛ ʦʜ ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ. ɿʘ ʦʙʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʛʦʜʠʥʝ ʥʘ ʧʨʠʥʦʩ 

ʚʠʥʦʚʝ ʣʦʟʝ ʥʘʚʦʜˁʘʚʘˁʝ ʥʠʿʝ ʠʤʘʣʦ ʫʪʠʮʘʿ. ʅʘʚʦʜˁʘʚʘˁʝ ʿʝ ʠʤʘʣʦ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ 

ʧʨʦʠʟʚʦʜʥʦ-ʪʝʭʥʦʣʦʰʢʝ ʧʘʨʘʤʝʪʨʝ ʙʦʙʠʮʘ ʠ ʰʠʨʝ (ʨʝʞʠʤ RDI 1 ʿʝ ʠʥʜʫʢʦʚʘʦ ʥʘʿʚʝ˂ʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʘʥʪʦʮʠʿʘʥʘ ʙʦʙʠʮʘ ʠ ʥʘʿʥʠʞʫ ʪʠʪʨʘʙʠʣʥʫ ʢʠʩʝʣʦʩʪ (Titratable acidity ï TA) 

(ʊɸ=14,0 Ñ 5,2 ʠ 15,9 Ñ 0,9 gĿL ĭ) ʢʦʿʘ ʩʝ ʧʦʚʝ˂ʘʚʘʣʘ ʫ ʨʝʞʠʤʫ RDI 2 (ʊɸ=22,2 Ñ 2,1 ʠ 

20,3 Ñ 1,0 gĿL ĭ)). RDI ʨʝʞʠʤʠ ʥʠʩʫ ʧʨʦʤʝʥʠʣʠ ʤʘʩʫ ʙʦʙʠʮʘ ʫ ʛʨʦʟʜʫ ʠ ʫʢʫʧʥʝ ʬʝʥʦʣʝ. P®rez-

Álvarez et al. (2021) ʩʫ ʦʜ 2012-2014. ʛʦʜʠʥʝ ʘʥʘʣʠʟʠʨʘʣʠ ʨʝʘʢʮʠʿʫ ʚʠʥʦʚʝ ʣʦʟʝ (Vitis vinifera 

L. cv. Bobal) ʥʘ ʪʨʠ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ: 1) ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ, ʧʨʠʨʦʜʥʠ ʫʩʣʦʚʠ 

ʩʥʘʙʜʝʚʝʥʦʩʪʠ ʚʦʜʦʤ, 2) ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ (35% ʦʜ ETc) ʠ 3) ʧʫʥʦ ʥʘʚʦʜˁʘʚʘˁʝ 

(100% ʦʜ ETc). ʅʝʥʘʚʦʜˁʘʚʘʥʘ ʚʠʥʦʚʘ ʣʦʟʘ ʠʤʘʣʘ ʿʝ ʤʘˁʠ ʧʨʠʥʦʩ, ʘʣʠ ʚʠʰʝ ʩʘʜʨʞʘʿʘ ʰʝ˂ʝʨʘ 

ʠ ʫʢʫʧʥʠʭ ʬʝʥʦʣʘ, ʢʘʦ ʠ ʥʠʞʫ pH ʚʨʝʜʥʦʩʪ ʫ ʚʠʥʫ, ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʨʝʞʠʤʝ. ʂʚʘʣʠʪʝʪ 

ʛʨʦʞʹʘ ʥʘ ʪʨʝʪʤʘʥʫ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʠʤʘʣʦ ʿʝ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʠʟʤʝʹʫ ʧʫʥʦʛ 

ʥʘʚʦʜˁʘʚʘˁʘ ʠ ʧʨʠʨʦʜʥʦʛ ʚʣʘʞʝˁʘ. ɸʫʪʦʨʠ ʟʘʢˀʫʯʫʿʫ ʜʘ ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ ʤʦʞʝ 

ʙʠʪʠ ʚʨʣʦ ʝʬʠʢʘʩʥʘ ʩʪʨʘʪʝʛʠʿʘ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʫʩʢʣʘʹʠʚʘˁʝ ʪʝʭʥʦʣʦʰʢʝ ʠ ʬʝʥʦʣʥʝ ʟʨʝʣʦʩʪʠ, 

ʧʦʟʠʪʠʚʥʦ ʫʪʠʯʫ˂ʠ ʥʘ ʩʚʦʿʩʪʚʘ ʛʨʦʞʹʘ. ʇʦ ʠʩʪʨʘʞʠʚʘˁʫ Roby et al. (2004) ʚʦʜʥʠ ʜʝʬʠʮʠʪ 

ʚʠʥʦʚʝ ʣʦʟʝ ʠʤʘʦ ʿʝ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʙʦʙʠʮʘ, ʘ ʧʦʩʝʙʥʦ ʥʘ ʢʦʣʠʯʠʥʫ ʪʘʥʠʥʘ 

ʠ ʘʥʪʦʮʠʿʘʥʘ. ʀʘʢʦ ʿʝ ʨʝʟʫʣʪʦʚʘʦ ʩʤʘˁʝˁʝʤ ʚʝʣʠʯʠʥʝ ʙʦʙʠʮʘ, ʜʝʬʠʮʠʪ ʚʦʜʝ ʿʝ ʜʦʚʝʦ ʜʦ 

ʧʦʚʝ˂ʘˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʪʘʥʠʥʘ ʠ ʘʥʪʦʮʠʿʘʥʘ ʫ ʧʦʢʦʞʠʮʠ ʙʦʙʠʮʘ. 

Drori et al. (2022) ʠʩʪʨʘʞʠʚʘʣʠ ʩʫ ʫʪʠʮʘʿ ʚʨʝʤʝʥʘ ʧʦʯʝʪʢʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʬʝʥʦʣʥʠ 

ʩʘʩʪʘʚ ʠ ʢʚʘʣʠʪʝʪ ʚʠʥʘ ʫ ʟʘʩʘʜʫ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ ʚʨʭʫʥʩʢʦʤ ʚʠʥʦʛʨʘʜʘʨʩʢʦʤ ʨʝʛʠʦʥʫ, ʫ 

ʧʣʘʥʠʥʩʢʦʤ ʧʨʝʜʝʣʫ ʀʟʨʘʝʣʘ. ɺʠʥʦʛʨʘʜ ʿʝ ʟʘʩʘʹʝʥ ʪʦʢʦʤ 2007. ʛʦʜʠʥʝ ʩʦʨʪʦʤ ʂʘʙʝʨʥʝ 

ʩʦʚʠˁʦʥ (Vitis vinifera L. cv. Cabernet Sauvignon). ɽʢʩʧʝʨʠʤʝʥʪ ʿʝ ʩʧʨʦʚʝʜʝʥ ʧʦ ʩʣʫʯʘʿʥʦʤ 

ʙʣʦʢ ʩʠʩʪʝʤʫ, ʩʘ ʯʝʪʠʨʠ ʧʦʥʘʚˀʘˁʘ ʦʜ ʧʝʪ ʪʨʝʪʤʘʥʘ ʥʘʚʦʜˁʘʚʘˁʘ. ʋ ʩʚʠʤ ʪʨʝʪʤʘʥʠʤʘ ʩʘ 

ʥʘʚʦʜˁʘʚʘˁʝʤ (ʥʘʚʦʜˁʘʚʘˁʝ ʪʦʢʦʤ ʠʟʙʠʿʘˁʘ ʧʫʧʦˀʘʢʘ ʚʠʥʦʚʝ ʣʦʟʝ ʠ ʥʘʚʦʜˁʘʚʘˁʝ ʪʦʢʦʤ 

ʢʘʩʥʠʿʠʭ ʬʝʥʦʬʘʟʘ), ʢʦʣʠʯʠʥʝ ʚʦʜʝ ʩʫ ʠʟʨʘʯʫʥʘʪʝ ʢʘʦ ʧʨʦʮʝʥʘʪ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʫʩʝʚʘ 

(ɽʊc). ɺʝʛʝʪʘʮʠʿʘ ʿʝ ʧʦʜʝˀʝʥʘ ʫ ʪʨʠ ʬʘʟʝ ʨʘʟʚʦʿʘ ʙʦʙʠʮʘ: ʬʘʟʘ I ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʬʦʨʤʠʨʘˁʘ 

ʛʨʦʟʜʘ, ʬʘʟʘ II ʦʜ ʬʦʨʤʠʨʘˁʘ ʛʨʦʟʜʘ ʜʦ ʰʘʨʢʘ ʠ ʬʘʟʘ III ʦʜ ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ. ʂʦʣʠʯʠʥʝ ʚʦʜʝ ʩʫ 

ʧʨʠʤʝˁʠʚʘʥʝ ʿʝʜʥʦʤ ʥʝʜʝˀʥʦ ʥʘ ʪʨʝʪʤʘʥʝ ʩʘ ʥʘʚʦʜˁʘʚʘˁʝʤ ʦʜ 40% ɽʊc ʪʦʢʦʤ ʬʘʟʝ I, 15% 

ɽʊc ʫ ʬʘʟʠ II ʠ 10% ɽʊc ʪʦʢʦʤ ʬʘʟʝ III ʨʘʟʚʦʿʘ ʙʦʙʠʮʘ. ʇʨʠʤʝˁʝʥʘ ʥʦʨʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʙʠʣʘ 

ʿʝ 113 mm ʧʦ ʩʝʟʦʥʠ (ʥʘʚʦʜˁʘʚʘˁʝ ʪʦʢʦʤ ʠʟʙʠʿʘˁʘ ʧʫʧʦˀʘʢʘ) ʠ 20 mm ʟʘ ʪʨʝʪʤʘʥʝ ʧʦ 

ʦʩʪʘʣʠʤ ʬʝʥʦʬʘʟʘʤʘ (ʪʨʠ ʬʘʟʝ). ʈʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʦʜʣʘʛʘˁʝ ʧʦʯʝʪʢʘ ʥʘʚʦʜˁʘʚʘˁʘ ʫ 

ʠʩʪʨʘʞʠʚʘˁʫ ʜʦʚʝʣʦ ʜʦ ʩʤʘˁʝˁʘ ʧʨʠʥʦʩʘ, ʙʨʦʿʘ ʛʨʦʟʜʦʚʘ, ʢʘʦ ʠ ʩʤʘˁʝˁʘ ʙʦʙʠʮʘ. ɺʠʥʦ 

ʧʨʦʠʟʚʝʜʝʥʦ ʦʜ ʚʠʥʦʚʝ ʣʦʟʝ ʢʦʿʘ ʿʝ ʢʘʩʥʠʿʝ ʥʘʚʦʜˁʘʚʘʥʘ (ʪʦʢʦʤ ʦʩʪʘʣʝ ʪʨʠ ʬʘʟʝ) ʠʩʪʘʢʣʦ ʩʝ 



 

20 

 

ʠʥʪʝʥʟʠʚʥʠʿʦʤ ʙʦʿʦʤ ʠʟʨʘʟʠʪʝ ʥʠʿʘʥʩʝ ʠ ʚʝ˂ʠʤ ʢʦʣʠʯʠʥʘʤʘ ʫʢʫʧʥʠʭ ʬʝʥʦʣʘ, ʰʪʦ ʫʪʠʯʝ ʥʘ 

ʢʚʘʣʠʪʝʪ ʠ ʘʪʨʘʢʪʠʚʥʦʩʪ ʚʠʥʘ. ɼʘʢʣʝ, ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʚʨʭʫʥʩʢʦʛ ʚʠʥʘ, ʚʝʰʪʠʤ ʦʜʣʘʛʘˁʝʤ 

ʧʦʯʝʪʢʘ ʥʘʚʦʜˁʘʚʘˁʘ, ʚʠʥʘʨʠʿʘ ʤʦʞʝ ʜʘ ʩʤʘˁʠ ʧʨʠʥʦʩʝ ʠ ʜʦʙʠʿʝ ʢʚʘʣʠʪʝʪʥʠʿʝ ʚʠʥʦ, ʙʦʛʘʪʠʿʝ 

ʿʝʜʠˁʝˁʠʤʘ ʙʦʿʝ ʠ ʫʢʫʩʘ. ʊʘʢʦʹʝ, ʧʨʝʤʘ Munitz et al. (2017) ʥʝʜʦʩʪʘʮʠ ʚʦʜʝ ʫ ʨʘʥʠʤ 

ʬʝʥʦʬʘʟʘʤʘ (ʜʦ ʧʦʯʝʪʢʘ ʩʘʟʨʝʚʘˁʘ ʙʦʙʠʮʘ ï ʘhʨʘʢ) ʠʤʘʣʠ ʩʫ ʩʥʘʞʘʥ ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ 

ʚʝʛʝʪʘʪʠʚʥʠ ʨʘʩʪ, ʤʘʩʫ ʙʦʙʠʮʘ ʠ ʧʨʠʥʦʩ ʧʦ ʯʦʢʦʪʫ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʢʘʩʥʠʤ ʜʝʬʠʮʠʪʦʤ ʚʦʜʝ 

(ʧʦʩʣʝ ʰʘʨʢʘ) ʚʠʥʦʚʝ ʣʦʟʝ (Vitis vinifera L. cv. Merlot) ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫ ʪʨʘʿʘˁʫ ʦʜ 2009-

2012. ʛʦʜʠʥʝ ʫ ʀʟʨʘʝʣʫ. 

ɽʬʝʢʘʪ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʨʠʥʦʩ ʠ ʬʠʟʠʦʣʦʰʢʝ ʧʘʨʘʤʝʪʨʝ ʚʠʥʦʚʝ ʣʦʟʝ ʠʟʫʯʘʚʘʣʠ ʩʫ 

Tehrani et al. (2016) ʫ ʀʨʘʥʫ ʪʦʢʦʤ ʜʚʦʛʦʜʠʰˁʝʛ ʦʛʣʝʜʘ (2010-2011) ʠ (2011-2012). 

ʀʩʪʨʘʞʠʚʘʥʦ ʧʦʜʨʫʯʿʝ ʠʤʘ ʧʦʣʫʩʫʰʥʫ ʢʣʠʤʫ ʩʘ ʧʨʦʩʝʯʥʦʤ ʢʦʣʠʯʠʥʦʤ ʧʘʜʘʚʠʥʘ ʦʜ 386 mm, 

ʨʝʣʘʪʠʚʥʦʤ ʚʣʘʞʥʦʰ˂ʫ ʚʘʟʜʫʭʘ ʦʜ 50% ʠ ʤʘʢʩʠʤʘʣʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ ʦʜ 34 . ɿʙʦʛ ʩʫʰʝ 

ʢʦʿʘ ʩʝ ʿʘʚˀʘ, ʜʦʧʫʥʩʢʦ ʥʘʚʦʜˁʘʚʘˁʝ ʿʝ ʢʦʨʠʰ˂ʝʥʦ ʢʘʢʦ ʙʠ ʫʙʣʘʞʠʣʦ ʦʚʘʿ ʧʨʦʙʣʝʤ ʠ ʪʦ ʫ 

ʦʢʚʠʨʫ ʰʝʩʪ ʪʨʝʪʤʘʥʘ: 1) ʥʘʚʦʜˁʘʚʘˁʝ ʪʦʢʦʤ ʤʘʨʪʘ ʢʘʜʘ ʿʝ ʙʠˀʢʘ ʿʦʰ ʫ ʩʪʘˁʫ ʤʠʨʦʚʘˁʘ 

(I1), 2) ʥʘʚʦʜˁʘʚʘˁʝ ʪʦʢʦʤ ʘʧʨʠʣʘ (I2), 3) ʥʘʚʦʜˁʘʚʘˁʝ ʪʦʢʦʤ ʤʘʿʘ (I3), 4) ʥʘʚʦʜˁʘʚʘˁʝ 

ʪʦʢʦʤ ʿʫʥʘ (I4), 5) ʥʘʚʦʜˁʘʚʘˁʝ ʪʦʢʦʤ ʤʘʨʪʘ ʠ ʘʧʨʠʣʘ (I5) ʠ 6) ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ (I6). 

ʂʦʣʠʯʠʥʘ ʚʦʜʝ ʧʨʠʤʝˁʝʥʘ ʟʘ ʪʨʝʪʤʘʥʝ I1-I4 ʙʠʣʘ ʿʝ ʢʦʥʩʪʘʥʪʥʘ ʠ ʠʟʥʦʩʠʣʘ ʿʝ 500 l, ʪʨʝʪʤʘʥ 

I5 ʿʝ ʜʦʙʠʦ 1.000 l (ʫ ʜʚʘ ʜʝʣʘ ʧʦ 500 l ʫ ʤʘʨʪʫ ʠ ʘʧʨʠʣʫ), ʘ ʪʨʝʪʤʘʥ I6 ʥʠʿʝ ʜʦʙʠʿʘʦ ʚʦʜʫ. 

ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ ʪʨʝʪʤʘʥ ʜʦʧʫʥʩʢʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ ʤʘʿʘ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʦ ʧʨʠʥʦʩ 

ʛʨʦʞʹʘ ʫ ʦʙʝ ʛʦʜʠʥʝ ʠʩʧʠʪʠʚʘˁʘ. ʀʘʢʦ ʿʝ ʚʠʥʦʚʘ ʣʦʟʘ ʫ ʦʚʦʤ ʪʨʝʪʤʘʥʫ ʜʦʙʠʿʘʣʘ ʤʘˁʝ ʚʦʜʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʪʨʝʪʤʘʥʝ, ʜʦʩʪʠʛʥʫʪʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʪʝʞʠʥʘ ʙʦʙʠʮʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ 

ʝʬʠʢʘʩʥʦ ʢʦʨʠʰ˂ʝˁʝ ʚʦʜʝ. 

Han et al. (2023) ʩʫ ʦʩʤʘʪʨʘʣʠ ʫʪʠʮʘʿʝ ʥʘʚʦʜˁʘʚʘˁʘ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ ʥʘ ʧʨʠʥʦʩ ʠ 

ʢʚʘʣʠʪʝʪ ʚʠʥʩʢʦʛ ʛʨʦʞʹʘ ʫ ʩʝʚʝʨʥʦʿ ʂʠʥʠ. ɺʠʥʦʚʘ ʣʦʟʘ (Vitis vinifera L. cv. Cabernet 

Sauvignon) ʧʦʩʘʹʝʥʘ ʿʝ 2010. ʛʦʜʠʥʝ ʥʘ ʧʝʩʢʦʚʠʪʦ ʿʠʣʦʚʘʯʠ. ʅʦʨʤʘ ʟʘʣʠʚʘˁʘ ʠʟʥʦʩʠʣʘ ʿʝ 25 

mm, 20 mm ʠ 15 mm ʟʘ ʩʚʘʢʠ ʪʨʝʪʤʘʥ ʨʝʜʦʤ, IH (Irrigation high), IM (Irrigation medium) ʠ IL 

(Irrigation low). ʇʨʠʤʝʥʘ ʪʨʝʪʤʘʥʘ ʟʘʧʦʯʝʪʘ ʿʝ ʩʘ ʧʫʧˀʝˁʝʤ ʦʢʘʮʘ, ʘ ʟʘʚʨʰʝʥʘ ʪʨʠ ʥʝʜʝˀʝ 

ʧʨʝ ʙʝʨʙʝ. ɿʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʿʝ ʥʘʚʦʜˁʘʚʘˁʝ ʠʤʘʣʦ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʧʨʠʥʦʩ, ʪʠʪʨʘʙʠʣʥʫ 

ʢʠʩʝʣʦʩʪ ʠ ʦʜʥʦʩ ʰʝ˂ʝʨʘ ʠ ʢʠʩʝʣʠʥʘ. ʋ ʧʦʨʝʹʝˁʫ ʩʘ IH ʪʨʝʪʤʘʥʦʤ, IM ʪʨʝʪʤʘʥ ʿʝ ʩʤʘˁʠʦ 

ʪʠʪʨʘʙʠʣʥʫ ʢʠʩʝʣʦʩʪ ʟʘ 3,3% ʠ ʧʦʚʝ˂ʘʦ ʦʜʥʦʩ ʰʝ˂ʝʨʘ ʠ ʢʠʩʝʣʠʥʘ ʟʘ 12,2%, ʘ ʪʨʝʪʤʘʥ IL ʿʝ 

ʩʤʘˁʠʦ ʪʠʪʨʘʙʠʣʥʫ ʢʠʩʝʣʠʥʫ ʟʘ 10,7% ʠ ʧʦʚʝ˂ʘʦ ʦʜʥʦʩ ʰʝ˂ʝʨʘ ʠ ʢʠʩʝʣʠʥʘ ʟʘ 20%. ʉʣʠʯʥʦʤ 

ʧʨʦʙʣʝʤʘʪʠʢʦʤ ʙʘʚʠʣʠ ʩʫ ʩʝ ʠ Li et al. (2020) ʪʦʢʦʤ ʦʛʣʝʜʘ ʫ ʪʨʘʿʘˁʫ ʦʜ ʪʨʠ ʛʦʜʠʥʝ (2015-

2017) ʥʘ ʚʠʥʦʚʦʿ ʣʦʟʠ ʩʦʨʪʝ (Vitis vinifera L. cv. Frey) ʫ ʉʠʥʹʠʿʘʥʛʫ (ʂʠʥʘ). ʊʨʠ ʨʝʞʠʤʘ 

ʥʘʚʦʜˁʘʚʘˁʘ ʩʧʨʦʚʝʜʝʥʘ ʩʫ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ ʠ ʦʟʥʘʯʝʥʘ ʢʘʦ W 60% (Low irrigation), W 

80% (Medium irrigation), W 100% (Full irrigation), ʰʪʦ ʯʠʥʠ 60%, 80% ʠ 100% ʦʜ ɽʊc. 

ʈʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʠʥʜʝʢʩ ʣʠʩʥʝ ʧʦʚʨʰʠʥʝ (LAI), ʩʘʜʨʞʘʿ ʚʠʪʘʤʠʥʘ C, ʪʠʪʨʘʙʠʣʥʘ 

ʢʠʩʝʣʦʩʪ, ʩʘʜʨʞʘʿ ʤʠʥʝʨʘʣʥʠʭ ʤʘʪʝʨʠʿʘ ʠ ʧʨʠʥʦʩ ʛʨʦʞʹʘ ʨʘʩʪʫ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʢʦʣʠʯʠʥʝ 

ʜʦʜʘʪʝ ʚʦʜʝ. ʉʚʦʿ ʤʘʢʩʠʤʫʤ ʩʫ ʜʦʩʪʠʛʣʠ ʧʦʜ ʧʫʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ (W 100%). 

ʎʠˀ ʠʩʪʨʘʞʠʚʘˁʘ Romiĺ et al. (2020) ʙʠʦ ʿʝ ʧʨʦʫʯʘʚʘˁʝ ʫʪʠʮʘʿʘ ʨʘʟʣʠʯʠʪʠʭ ʨʝʞʠʤʘ 

ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʠʥʦʚʝ ʣʦʟʝ ɹʘʙʠ˂ (Vitis vinifera L. cv. Babic), ʩʧʨʦʚʝʜʝʥʦʛ ʫ 

ʜʚʝ ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ ʪʦʢʦʤ 2015. ʠ 2016. ʛʦʜʠʥʝ. ʇʨʠʤʝˁʝʥʦ ʿʝ ʥʘʚʦʜˁʘʚʘˁʝ ʤʝʪʦʜʦʤ ʢʘʧ 

ʧʦ ʢʘʧ ʥʘ ʦʩʥʦʚʫ ʜʥʝʚʥʦʛ ʙʠʣʘʥʩʘ ʚʦʜʝ. ʋ ʜʘʥʠʤʘ ʙʝʟ ʢʠʰʝ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʧʦʪʨʦʰʝʥʘ ʥʘ 

ʧʨʦʮʝʩ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʥʘʜʦʢʥʘʹʝʥʘ ʿʝ ʥʘʚʦʜˁʘʚʘˁʝʤ. ʋ ʢʠʰʥʠʤ ʜʘʥʠʤʘ, ʥʘʚʦʜˁʘʚʘˁʝ 

ʿʝ ʦʜʣʦʞʝʥʦ ʜʦʢ ɽʊc ʥʝ ʧʦʪʨʦʰʠ ʟʙʠʨ ʝʬʝʢʪʠʚʥʠʭ ʧʘʜʘʚʠʥʘ. ʉʧʨʦʚʝʜʝʥʘ ʩʫ ʯʝʪʠʨʠ ʪʨʝʪʤʘʥʘ: 

1) ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ, ʪʿ. ʧʨʠʨʦʜʥʠ ʫʩʣʦʚʠ ʚʣʘʞʝˁʘ (Control ï C), 2) ʥʘʚʦʜˁʘʚʘˁʝ 50% ʦʜ ɽʊʩ, 

3) ʥʘʚʦʜˁʘʚʘˁʝ 75% ʦʜ ɽʊʩ ʠ 4) ʥʘʚʦʜˁʘʚʘˁʝ 100% ʦʜ ɽʊʩ. ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʫ ʪʨʝʪʤʘʥʠ 

ʥʘʚʦʜˁʘʚʘˁʘ ʫʪʠʮʘʣʠ ʥʘ ʢʦʤʧʦʥʝʥʪʝ ʧʨʠʥʦʩʘ ʠ ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ, ʧʦʚʝ˂ʘʣʠ ʧʦʚʨʰʠʥʫ 

ʣʠʩʪʦʚʘ, ʙʨʟʠʥʫ ʬʦʪʦʩʠʥʪʝʟʝ ʠ ʧʨʦʩʝʯʥʫ ʙʨʟʠʥʫ ʪʨʘʥʩʧʠʨʘʮʠʿʝ. ʇʦʟʠʪʠʚʥʠ ʝʬʝʢʪʠ 

ʥʘʚʦʜˁʘʚʘˁʘ ʫ ʦʙʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʩʝʟʦʥʝ ʙʠʣʠ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʧʦʚʝ˂ʘʥʠʤ ʧʨʠʥʦʩʦʤ ʠ 

ʨʘʩʪʚʦʨˀʠʚʠʤ ʯʚʨʩʪʠʤ ʤʘʪʝʨʠʿʘʤʘ ʫ ʙʦʙʠʮʘʤʘ, ʢʘʦ ʠ ʰʝ˂ʝʨʠʤʘ ʠ ʬʝʥʦʣʥʠʤ ʩʘʟʨʝʚʘˁʝʤ. 

ʀʧʘʢ, ʚʦʜʥʠ ʩʪʨʝʩ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ ʪʨʝʪʤʘʥʫ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ ʧʦʟʠʪʠʚʥʦ ʿʝ ʫʪʠʮʘʦ ʥʘ 



 

21 

 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʥʪʦʮʠʿʘʥʘ ʠ ʜʨʫʛʠʭ ʬʝʥʦʣʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʦʙʝ ʛʦʜʠʥʝ ʠʩʪʨʘʞʠʚʘˁʘ. 

ɽʢʩʪʨʝʤʥʦ ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫ 2015. ʛʦʜʠʥʠ ʩʤʘˁʠʣʝ ʩʫ ʧʨʠʥʦʩ ʛʨʦʞʹʘ ʠ ʩʘʜʨʞʘʿ 

ʘʥʪʦʮʠʿʘʥʘ ʫ ʛʨʦʞʹʫ ʥʝʥʘʚʦʜˁʘʚʘʥʝ ʣʦʟʝ, ʢʘʦ ʠ ʫ ʩʚʠʤ ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ. ʋ ʩʢʣʘʜʫ ʩʘ 

ʥʘʚʝʜʝʥʠʤ, ʥʘʚʦʜˁʘʚʘˁʝ ʿʝ ʙʠʣʦ ʝʬʠʢʘʩʥʦ ʫ ʩʤʘˁʝˁʫ ʦʚʠʭ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʘʪʘ, ʦʩʠʤ ʫ 

ʩʘʜʨʞʘʿʫ ʘʥʪʦʮʠʿʘʥʘ. 

ʋ ʥʘʰʦʿ ʟʝʤˀʠ, Stikiĺ et al. (2011) ʩʫ ʩʝ ʙʘʚʠʣʠ ʥʘʚʦʜˁʘʚʘˁʝʤ ʩʦʨʪʝ ʈʠʟʣʠʥʛ (Vitis 

vinifera L. cv. Riesling) ʥʘ ʆʛʣʝʜʥʦʤ ʜʦʙʨʫ ʇʦˀʦʧʨʠʚʨʝʜʥʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ɹʝʦʛʨʘʜʫ Ăʈʘʜʤʠʣʦʚʘʮñ ʢʦʿʝ ʩʝ ʥʘʣʘʟʠ ʥʝʜʘʣʝʢʦ ʦʜ ʚʠʥʦʛʨʘʜʘ Ăʇʣʘʚʠʥʮʠñ. ʎʠ ˀʠʩʧʠʪʠʚʘˁʘ 

ʙʠʦ ʿʝ ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʤʝʥʝ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʫ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ ɻʨʦʯʘʥʩʢʦʛ 

ʚʠʥʦʛʦʨʿʘ. ɽʢʩʧʝʨʠʤʝʥʪ ʿʝ ʩʧʨʦʚʝʜʝʥ ʪʦʢʦʤ 2007. ʛʦʜʠʥʝ ʠ ʙʠʣʦ ʿʝ ʫʩʧʦʩʪʘʚˀʝʥʦ ʜʚʘ ʨʝʞʠʤʘ 

ʥʘʚʦʜˁʘʚʘˁʘ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ ʪʦʢʦʤ ʿʫʣʘ ʠ ʘʚʛʫʩʪʘ: FI (Full irrigation  ï ʧʫʥʦ 

ʥʘʚʦʜˁʘʚʘˁʝ) ʠ RDI (Regulated deficit irrigation ï ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ), ʢʘʜʘ ʿʝ 

ʧʨʠʤʝˁʝʥʦ 60% ʢʦʣʠʯʠʥʝ ʚʦʜʝ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ. ʅʦʨʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʿʝ ʠʟʥʦʩʠʣʘ 67 mm 

ʟʘ FI ʠ 44 mm ʟʘ RDI ʪʨʝʪʤʘʥ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʧʨʠʥʦʩ ʠ ʩʘʜʨʞʘʿ ʩʫʚʝ ʩʫʧʩʪʘʥʮʝ ʫ 

ʙʦʙʠʮʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʥʠʩʫ ʨʘʟʣʠʢʦʚʘʣʠ ʠʟʤʝʹʫ RDI ʠ FI ʪʨʝʪʤʘʥʘ, ʜʦʢ ʿʝ ʫʢʫʧʥʘ ʢʠʩʝʣʦʩʪ ʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʘʢʪʠʚʥʦʩʪ ʫ ʙʦʙʠʮʘʤʘ ʟʘʿʝʜʥʦ ʩʘ ʝʬʠʢʘʩʥʦʰ˂ʫ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ (WUE ï 

Water use efficiency) ʟʥʘʯʘʿʥʦ ʧʦʨʘʩʣʘ ʧʦʜ ʜʝʿʩʪʚʦʤ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ. ɿʘʢˀʫʯʫʿʝ ʩʝ 

ʜʘ ʧʨʠʤʝʥʘ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʦʤʦʛʫ˂ʘʚʘ ʟʥʘʯʘʿʥʫ ʫʰʪʝʜʫ ʚʦʜʝ, ʧʦʚʝ˂ʘʚʘ ʝʬʠʢʘʩʥʦʩʪ 

ˁʝʥʦʛ ʢʦʨʠʰ˂ʝˁʘ (IWUE ï Irrigation water use efficiency) ʠ ʦʜʨʞʘʚʘ ʧʨʠʥʦʩ ʥʘ ʥʠʚʦʫ ʩʘ FI. 

ɸʫʪʦʨʠ ʥʘʛʣʘʰʘʚʘʿʫ ʚʨʝʜʥʦʩʪ RDI ʤʝʪʦʜʝ ʢʘʦ ʜʫʛʦʨʦʯʥʦ ʦʜʨʞʠʚʦʛ ʨʝʰʝˁʘ ʟʘ ʫʧʨʘʚˀʘˁʝ 

ʚʦʜʦʤ ʫ ʚʠʥʦʛʨʘʜʘʨʩʪʚʫ ʫ ʫʩʣʦʚʠʤʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʉʨʙʠʿʝ. 

 

4.9. ʌʝʥʦʣʦʛʠʿʘ ʚʠʥʦʚʝ ʣʦʟʝ ʠ ʧʨʠʤʝʥʘ ʤʝʪʦʜʘ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ 

 

ʌʝʥʦʣʦʛʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʢʨʫʮʠʿʘʣʥʫ ʢʦʤʧʦʥʝʥʪʫ ʫ ʫʧʨʘʚˀʘˁʫ ʚʠʥʦʛʨʘʜʘʨʩʢʦʤ 

ʧʨʦʠʟʚʦʜˁʦʤ (De Rességuier et al., 2020; Altimiras et al., 2024). ɳʝʥ ʮʠˀ ʿʝʩʪʝ ʜʘ ʦʧʠʰʝ 

ʫʟʨʦʢʝ ʧʨʦʤʝʥʘ ʫ ʦʜʨʝʹʝʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ, ʪʨʘʞʝ˂ʠ ʚʝʟʝ ʠʟʤʝʹʫ ʢʣʠʤʘʪʩʢʠʭ 

ʧʦʢʘʟʘʪʝˀʘ ʠ ʜʘʪʫʤʘ ʦʜʨʝʹʝʥʠʭ ʜʦʛʘʹʘʿʘ ʪʦʢʦʤ ʧʦʨʘʩʪʘ ʙʠˀʢʝ (ʂʫˀʘʥʯʠ˂ ʠ ɹʦʞʦʚʠ˂, 2018). 

ʌʝʥʦʣʦʛʠʿʘ ʜʝʪʝʢʪʫʿʝ ʦʜʛʦʚʦʨ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ ʦʢʦʣʠʥʫ ʠ ʧʦʢʫʰʘʚʘ ʜʘ ʧʨʝʜʚʠʜʠ ˁʝʥʦ 

ʧʦʥʘʰʘˁʝ ʫ ʩʧʝʮʠʬʠʯʥʠʤ ʫʩʣʦʚʠʤʘ ʩʨʝʜʠʥʝ. ʇʫʧˀʝˁʝ, ʮʚʝʪʘˁʝ, ʰʘʨʘʢ ʠ ʟʨʝʣʦʩʪ ʩʫ ʢˀʫʯʥʝ 

ʬʘʟʝ ʨʘʩʪʘ ʚʠʥʦʚʝ ʣʦʟʝ (Ruml et al., 2016; Muñoz-Organero et al., 2022; Altimiras et al., 2024; 

Espinosa-Roldán et al., 2024). ʉʚʘʢʘ ʬʝʥʦʬʘʟʘ ʩʝ ʦʜʣʠʢʫʿʝ ʦʜʨʝʹʝʥʠʤ ʤʦʨʬʦʣʦʰʢʠʤ 

ʧʨʦʤʝʥʘʤʘ ʦʨʛʘʥʘ ʠ ʬʠʟʠʦʣʦʰʢʠʭ ʧʨʦʮʝʩʘ. ʈʝʜʦʩʣʝʜ ʥʘʩʪʘʥʢʘ ʩʚʘʢʝ ʬʝʥʦʬʘʟʝ ʫʩʣʦʚˀʝʥ ʿʝ 

ʛʝʥʝʪʩʢʠ, ʘʣʠ ʜʫʞʠʥʘ ʪʨʘʿʘˁʘ ʟʘʚʠʩʠ ʦʜ ʩʦʨʪʝ, ʣʦʟʥʝ ʧʦʜʣʦʛʝ, ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʫʩʣʦʚʘ 

ʣʦʢʘʣʠʪʝʪʘ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝˀʝʬʘ ʠ ʩʣ. (ʄʘʪʠʿʘʰʝʚʠ˂, 2021; Colibaba et al., 2024). ʇʨʦʤʝʥʝ 

ʢʣʠʤʝ, ʫʩʣʦʚʠʣʝ ʩʫ ʜʘ ʬʝʥʦʣʦʛʠʿʘ ʚʠʥʦʚʝ ʣʦʟʝ ʪʝʞʠ ʨʘʥʠʿʦʿ ʧʦʿʘʚʠ ˁʝʥʠʭ ʬʘʟʘ, ʧʨʘ˂ʝʥʠʭ 

ʧʨʦʤʝʥʦʤ ʢʚʘʣʠʪʝʪʘ (ʩʘʜʨʞʘʿ ʰʝ˂ʝʨʘ ʠ ʢʠʩʝʣʠʥʘ) ˁʝʥʦʛ ʢʨʘʿˁʝʛ ʧʨʦʜʫʢʪʘ ï ʚʠʥʘ (Jones ʠ 

Webb, 2010; Tomasi et al., 2011; Piña-Rey et al., 2020; Droulia ʠ Charalampopoulos, 2022). 

ʇʦʤʝʨʘˁʝ ʬʝʥʦʣʦʰʢʠʭ ʬʘʟʘ ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʚʠʜˀʠʚʠʿʠʭ ʟʥʘʢʦʚʘ ʢʣʠʤʘʪʩʢʝ 

ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʠ ʧʨʦʤʝʥʘ ʫ ʙʠʦʩʬʝʨʠ (Fernandez Conde et al., 2023; Rafique et al., 2024). 

ʄʝʹʫʪʠʤ, ʤʦʜʝʣʠʨʘˁʝ ʬʝʥʦʣʦʰʢʠʭ ʦʜʛʦʚʦʨʘ ʙʠˀʘʢʘ ʦʜʫʚʝʢ ʿʝ ʙʠʦ ʢˀʫʯʥʠ ʠʟʘʟʦʚ ʟʙʦʛ 

ʢʣʠʤʘʪʩʢʝ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʠ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʙʠˀʘʢʘ (Piao et al., 2019; De Rességuier et al., 

2020; Yang et al., 2023). ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʿʝ ʚʠʥʦʚʘ ʣʦʟʘ ʬʝʥʦʣʦʰʢʠ ʦʩʝʪˀʠʚʘ ʢʫʣʪʫʨʘ ʿʝʨ 

ʨʘʟʣʠʯʠʪʝ ʚʨʝʤʝʥʩʢʝ ʚʘʨʠʿʘʙʣʝ ʫʪʠʯʫ ʥʘ ˁʝʥʫ ʬʝʥʦʣʦʛʠʿʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʩʝ ʩʤʘʪʨʘ 

ˁʝʥʠʤ ʛʣʘʚʥʠʤ ʧʦʢʨʝʪʘʯʢʠʤ ʬʘʢʪʦʨʦʤ (Jones ʠ Davis, 2000; Sadras et al., 2013; Van Leeuwen 

ʠ Darriet, 2016; Camargo-Alvarez et al., 2020; Parker et al., 2020; Muñoz-Organero et al., 2022; 

Colibaba et al., 2024; Rafique et al., 2024). Jones ʠ Davis (2000) ʩʫ ʟʘʢˀʫʯʠʣʠ ʜʘ ʿʝ ʜʫʞʠʥʘ 

ʚʝʛʝʪʘʮʠʿʝ ʜʠʨʝʢʪʥʦ ʧʦʚʝʟʘʥʘ ʩʘ ʩʨʝʜˁʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ ʚʘʟʜʫʭʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ 

ʧʝʨʠʦʜʘ. ʇʦʨʝʜ ʪʝʤʧʝʨʘʪʫʨʝ, ʜʫʞʠʥʘ ʚʝʛʝʪʘʮʠʿʝ ʤʦʞʝ ʙʠʪʠ ʧʦʚʝʟʘʥʘ ʠ ʩʘ ʚʣʘʛʦʤ ʫ 

ʟʝʤˀʠʰʪʫ, ʢʚʘʣʠʪʝʪʦʤ ʩʦʨʪʝ, ʢʘʦ ʠ ʧʨʘʢʩʘʤʘ ʫʧʨʘʚˀʘˁʘ ʧʨʦʠʟʚʦʜˁʦʤ (Webb et al., 2012; 
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Muñoz-Organero et al., 2022), ʜʦʢ ʧʨʦʜʫʞʝʥʠ ʣʝʪˁʠ ʧʝʨʠʦʜʠ ʝʢʩʪʨʝʤʥʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʫʩʧʦʨʘʚʘˁʝ ʬʠʟʠʦʣʦʰʢʠʭ ʧʨʦʮʝʩʘ ʫ ʚʠʥʦʚʦʿ ʣʦʟʠ (De Rességuier et al., 2020; 

Colibaba et al., 2024). 

ʉʪʦʛʘ, ʧʨʝʮʠʟʥʘ ʧʨʦʮʝʥʘ ʚʨʝʤʝʥʘ ʥʘʩʪʘʥʢʘ ʦʚʠʭ ʨʘʟʚʦʿʥʠʭ ʬʘʟʘ ʿʝ ʧʨʠʦʨʠʪʝʪʥʘ ʟʘ 

ʧʦʙʦˀʰʘˁʝ ʚʠʥʦʛʨʘʜʘʨʩʢʝ ʧʨʦʠʟʚʦʜˁʝ (Cola et al., 2014; Costa et al., 2019). ʇʨʝʜʠʢʮʠʿʘ 

ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʠʟʤʝˁʝʥʠʤ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ ʧʨʝʜʤʝʪ ʿʝ ʤʥʦʛʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ ʰʠʨʦʤ ʩʚʝʪʘ (Jones ʠ Davis, 2000; Webb et al., 2007; Mesterházy et al., 2014; 

Ruml et al., 2016; Fraga et al., 2016; Hall et al., 2016; Ramos et al., 2017; Omaziĺ et al., 2023). 

ʉʘʚʨʝʤʝʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʫ ʧʨʝʮʠʟʥʦʤ ʚʠʥʦʛʨʘʜʘʨʩʪʚʫ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʦʙʦˀʰʘˁʝ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʨʠʥʦʩʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʜʘˀʠʥʩʢʫ ʜʝʪʝʢʮʠʿʫ ʧʦʤʦ˂ʫ ʢʦʿʝ ʿʝ 

ʤʦʛʫ˂ʝ ʧʨʘʪʠʪʠ ʩʪʘˁʝ ʚʝʛʝʪʘʮʠʿʝ, ʩʥʘʙʜʝʚʝʥʦʩʪ ʚʦʜʦʤ, ʭʨʘʥˀʠʚʠʤ ʤʘʪʝʨʠʿʘʤʘ ʠʪʜ. (Giovos et 

al., 2021; López-Garc²a et al., 2021; Gavriloviĺ et al., 2024; Crespo et al., 2024). ɼʘˀʠʥʩʢʘ 

ʜʝʪʝʢʮʠʿʘ ʿʝ ʥʘʫʯʥʘ ʤʝʪʦʜʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʧʨʘʪʠ ʨʘʟʚʦʿ ʨʘʯʫʥʘʨʩʢʝ ʪʝʭʥʠʢʝ, ʪʝ ʜʦʞʠʚˀʘʚʘ 

ʝʢʩʧʘʥʟʠʿʫ ʟʘʿʝʜʥʦ ʩʘ ˁʦʤ. ɽʣʝʤʝʥʪʠ ʢʦʿʠ ʫʯʝʩʪʚʫʿʫ ʫ ʧʦʩʪʫʧʮʠʤʘ ʧʨʠʤʝʥʝ ʜʘˀʠʥʩʢʝ 

ʜʝʪʝʢʮʠʿʝ ʩʫ: ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ, ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʘ ʝʥʝʨʛʠʿʘ, ʩʝʥʟʦʨ, ʧʣʘʪʬʦʨʤʘ, ʩʥʠʤʘʢ, 

ʘʥʘʣʠʟʘ ʜʘˀʠʥʩʢʠʭ ʩʥʠʤʘʢʘ, ʠʥʪʝʨʧʨʝʪʘʮʠʿʘ ʠ ʠʥʬʦʨʤʘʮʠʿʘ ʟʘ ʫʧʦʪʨʝʙʫ, ʦʜʥʦʩʥʦ ʦʙʨʘʹʝʥ 

ʧʦʜʘʪʘʢ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ (ʄʠʣʘʥʦʚʠ˂ ʠ ʩʘʨ., 2020). ʇʨʚʠ ʨʝʟʫʣʪʘʪʠ ʠ ʧʨʠʤʝʥʘ ʧʨʝʮʠʟʥʝ 

ʧʦˀʦʧʨʠʚʨʝʜʝ ʦʙʿʘʚˀʝʥʠ ʩʫ 1999. ʛʦʜʠʥʝ. ʀʩʪʝ ʛʦʜʠʥʝ, ʧʦʯʠˁʝ ʜʘ ʩʝ ʫʚʦʜʠ ʧʨʝʮʠʟʥʦ 

ʚʠʥʦʛʨʘʜʘʨʩʪʚʦ ʯʠʿʠ ʿʝ ʮʠˀ ʫʧʨʘʚˀʘˁʝ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʧʨʠʥʦʩʘ ʠ ʨʘʟʚʦʿʘ ʧʦʜʝʣʦʤ ʚʠʥʦʛʨʘʜʘ 

ʥʘ ʫʧʨʘʚˀʘʯʢʝ ʟʦʥʝ (Arnó Satorra et al., 2009). ʉʘ ʦʚʠʤ ʚʠʜʦʤ ʫʧʨʘʚˀʘˁʘ, ʧʦʚʝ˂ʘʚʘʿʫ ʩʝ 

ʧʨʠʥʦʩʠ, ʘ ʫ ʠʩʪʦ ʚʨʝʤʝ ʩʤʘˁʫʿʫ ʥʝʛʘʪʠʚʥʠ ʫʪʠʮʘʿʠ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ (Arnó Satorra et al., 

2009; Somkuwar ʠ Naik, 2024).  

ʇʨʝʮʠʟʥʦ ʚʠʥʦʛʨʘʜʘʨʩʪʚʦ ʧʨʝʜʩʪʘʚˀʘ ʚʘʞʥʫ ʤʝʨʫ ʘʜʘʧʪʘʮʠʿʝ ʥʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ, 

ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʝʬʠʢʘʩʥʦ ʫʧʨʘʚˀʘˁʝ ʮʝʣʦʢʫʧʥʠʤ ʚʝʛʝʪʘʮʠʦʥʠʤ ʧʝʨʠʦʜʦʤ ʚʠʥʦʚʝ ʣʦʟʝ, 

ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʧʨʘ˂ʝˁʝ ʚʨʝʤʝʥʩʢʠʭ ʫʩʣʦʚʘ, ʚʣʘʞʥʦʩʪʠ ʟʝʤˀʠʰʪʘ, ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʚʠʥʦʚʝ 

ʣʦʟʝ ʠ ʰʪʝʪʦʯʠʥʘ. ʋʧʦʪʨʝʙʘ ʠʥʦʚʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʧʦʧʫʪ ʩʝʥʟʦʨʘ, ʜʨʦʥʦʚʘ ʠ ʜʨʫʛʠʭ 

ʤʝʪʦʜʘ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ ʦʤʦʛʫ˂ʘʚʘ ʜʝʪʘˀʥʦ ʧʨʘ˂ʝˁʝ ʤʠʢʨʦʢʣʠʤʝ ʚʠʥʦʛʨʘʜʘ ʠ ʩʪʘˁʘ 

ʟʝʤˀʠʰʪʘ, ʰʪʦ ʿʝ ʦʜ ʧʨʝʩʫʜʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʦʜʨʞʘʚʘˁʝ ʚʠʩʦʢʦʛ ʢʚʘʣʠʪʝʪʘ ʛʨʦʞʹʘ (Ferro et al., 

2023; Sun et al., 2023; Wei et al., 2023). ʆʚʘʿ ʧʨʠʩʪʫʧ ʢʦʤʙʠʥʫʿʝ ʥʘʧʨʝʜʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʢʘʦ ʰʪʦ 

ʩʫ GPS (Global Positioning System) ʠ ʚʝʰʪʘʯʢʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ, ʯʠʤʝ ʩʝ ʟʥʘʯʘʿʥʦ ʫʥʘʧʨʝʹʫʿʝ 

ʦʪʧʦʨʥʦʩʪ ʚʠʥʦʛʨʘʜʘʨʩʢʠʭ ʫʧʨʘʚˀʘʯʢʠʭ ʟʦʥʘ ʥʘ ʥʝʦʯʝʢʠʚʘʥʝ ʢʣʠʤʘʪʩʢʝ ʜʦʛʘʹʘʿʝ (Bellvert et 

al., 2021; Wei et al., 2023; Atak, 2024; Gavriloviĺ et al., 2024). 
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5. ʄɸʊɽʈʀɱɸʃ ʀ ʄɽʊʆɼɽ 
 

5.1. ʆʧʠʩ ʣʦʢʘʣʠʪʝʪʘ ʠ ʧʦʩʪʘʚʢʘ ʦʛʣʝʜʘ 

 

ʆʧʠʩ ʣʦʢʘʣʠʪʝʪʘ 

ɽʢʩʧʝʨʠʤʝʥʪ ʿʝ ʧʦʩʪʘʚˀʝʥ ʫ ʟʘʩʘʜʫ ʚʠʥʦʚʝ ʣʦʟʝ ʢʦʿʠ ʧʨʠʧʘʜʘ ʩʝʨʪʠʬʠʢʦʚʘʥʦʿ ʦʨʛʘʥʩʢʦʿ 

ʚʠʥʘʨʠʿʠ Ăʇʣʘʚʠʥʮʠñ (44Á41ô N; 20Á41ô E). ʆʛʣʝʜʥʠ ʟʘʩʘʜ ʩʝ ʥʘʣʘʟʠ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ 

ɻʨʦʮʢʝ, ʥʘ ʦʢʦ 1 km ʦʜ ɼʫʥʘʚʘ ʠ 35 km ʦʜ ɹʝʦʛʨʘʜʘ, ʥʘ 176 m ʥ.ʚ. ʠ ʥʘʛʠʙʦʤ ʦʜ 10%. 

ɺʠʥʦʛʨʘʜ ʧʨʠʧʘʜʘ ɹʝʦʛʨʘʜʩʢʦʤ ʚʠʥʦʛʨʘʜʘʨʩʢʦʤ ʨʝʿʦʥʫ, ɻʨʦʯʘʥʩʢʦʤ ʚʠʥʦʛʦʨʿʫ. ʃʦʢʘʮʠʿʘ 

ʦʛʣʝʜʥʝ ʧʘʨʮʝʣʝ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 1. ɺʠʥʦʛʨʘʜ ʇʣʘʚʠʥʮʠ ʟʘʫʟʠʤʘ ʧʦʚʨʰʠʥʫ ʦʜ 15 ʘʨʠ. 

 

  

ʉʣʠʢʘ 1. ɻʝʦʛʨʘʬʩʢʠ ʧʦʣʦʞʘʿ ʚʠʥʦʛʨʘʜʘ ʚʠʥʘʨʠʿʝ Ăʇʣʘʚʠʥʮʠñ 

 

ɻʨʦʯʘʥʩʢʦ ʚʠʥʦʛʦʨʿʝ ʿʝ ʢʘʢʦ ʧʦ ʧʦʚʨʰʠʥʠ, ʪʘʢʦ ʠ ʧʦ ʙʨʦʿʫ ʚʠʥʦʛʨʘʜʘ, ʥʘʿʚʝ˂ʝ ʚʠʥʦʛʦʨʿʝ 

ʫ ɹʝʦʛʨʘʜʩʢʦʤ ʨʝʿʦʥʫ. ɼʦʤʠʥʠʨʘʿʫ ʩʪʦʥʝ ʩʦʨʪʝ, ʢʦʿʝ ʩʝ ʛʘʿʝ ʥʘ 93,7% ʧʦʚʨʰʠʥʘ ʩʚʠʭ 

ʚʠʥʦʛʨʘʜʘ ʫ ʚʠʥʦʛʦʨʿʫ (ʀʚʘʥʠʰʝʚʠ˂ ʠ ʩʘʨ., 2015). ɺʝ˂ʠ ʜʝʦ ʨʝʿʦʥʘ ʩʝ ʧʨʦʩʪʠʨʝ ʥʘ 

ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ ʦʜ 100 m ʜʦ 300 m, ʘʣʠ ʩʝ ʧʨʝʜʝʣʠ ʛʜʝ ʩʝ ʧʨʦʩʪʠʨʫ ʚʠʥʦʛʦʨʿʘ ʥʘʣʘʟʝ 

ʫʛʣʘʚʥʦʤ ʥʘ ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ ʦʜ 150 m ʜʦ 250 m. ʂʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʧʦʣʦʞʘʿ ʦʧʰʪʠʥʝ 

ɻʨʦʮʢʘ ʿʝ ʦʜʨʝʹʝʥ ʥʝʧʦʩʨʝʜʥʠʤ ʢʦʥʪʘʢʪʦʤ ʩʘ ɼʫʥʘʚʦʤ, ʘ ʨʘʟʚʠʪʘʢ ʠ ʬʠʟʠʦʥʦʤʠʿʘ ʨʝʯʥʝ 

ʤʨʝʞʝ ʿʝ ʧʦʩʣʝʜʠʮʘ ʨʘʟʚʦʿʘ ʜʦʣʠʥʝ ɼʫʥʘʚʘ ʥʘ ʿʫʞʥʦʤ ʧʘʥʦʥʩʢʦʤ ʦʙʦʜʫ. ɼʦʣʠʥʘ ɼʫʥʘʚʘ 

ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʫʧʝʯʘʪˀʠʚʠʿʠ ʤʦʨʬʦʣʦʰʢʠ ʦʙʣʠʢ ʦʚʝ ʪʝʨʠʪʦʨʠʿʝ ʪʝ ʫʪʠʯʝ ʥʘ ʦʩʪʘʣʝ 

ʛʝʦʛʨʘʬʩʢʝ ʬʘʢʪʦʨʝ. 
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ɺʠʥʘʨʠʿʘ Ăʇʣʘʚʠʥʮʠñ ʦʙʫʭʚʘʪʘ ʪʨʠ ʣʦʢʘʮʠʿʝ ʥʘ ʢʦʿʠʤʘ ʩʝ ʧʨʦʩʪʠʨʫ ʟʘʩʘʜʠ ʙʝʣʠʭ ʠ 

ʮʨʥʠʭ ʚʠʥʩʢʠʭ ʩʦʨʪʠ, ʘ ʪʦ ʩʫ: ʇʣʘʚʠʥʮʠ ï ʛʜʝ ʿʝ ʚʨʰʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ (ʉʣʠʢʘ 2), ʇʨʦʚʘʣʠʿʝ 

ʠ ʄʘʢʠʥʦ ʙʨʜʦ. ʉʧʝʮʠʬʠʯʥʦʩʪ ʚʠʥʘʨʠʿʝ Ăʇʣʘʚʠʥʮʠñ ʩʝ ʦʛʣʝʜʘ ʫ ʪʦʤʝ ʰʪʦ ʿʝ ʿʝʜʘʥ ʦʜ 

ʧʠʦʥʠʨʘ ʫ ʩʨʧʩʢʦʤ ʦʨʛʘʥʩʢʦʤ ʚʠʥʦʛʨʘʜʘʨʩʪʚʫ, ʧʘ ʩʝ ʮʝʣʘ ʧʨʦʠʟʚʦʜˁʘ ʚʦʜʠ ʧʦ ʩʪʨʦʛʠʤ 

ʧʨʠʥʮʠʧʠʤʘ ʦʨʛʘʥʩʢʝ ʧʨʦʠʟʚʦʜˁʝ ʛʨʦʞʹʘ ʧʦ ʟʘʢʦʥʫ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ (ɿʘʢʦʥ ʦ ʦʨʛʘʥʩʢʦʿ 

ʧʨʦʠʟʚʦʜˁʠ ï Ăʉʣʫʞʙʝʥʠ ʛʣʘʩʥʠʢ ʈʉñ ʙʨ. 30/2010 ʠ 17/2019). ʆʨʛʘʥʩʢʘ ʧʨʦʠʟʚʦʜˁʘ ʦʙʫʭʚʘʪʘ 

ʯʠʪʘʚ ʥʠʟ ʥʘʯʝʣʘ ʢʦʿʠ ʯʠʥʝ ʦʜʨʞʠʚʠ ʩʠʩʪʝʤ ʫʧʨʘʚˀʘˁʘ, ʢʘʦ ʰʪʦ ʩʫ: ʧʦʜʨʞʘʚʘˁʝ ʧʨʠʨʦʜʥʠʭ 

ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʠʩʘˁʘ, ʦʜʨʞʘʚʘˁʝ ʠ ʧʦʙʦˀʰʘʚʘˁʝ ʩʪʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʩʝʛʤʝʥʘʪʘ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ ï ʟʝʤˀʠʰʪʘ, ʚʦʜʝ ʠ ʚʘʟʜʫʭʘ, ʟʜʨʘʚˀʘ ʙʠˀʘʢʘ ʠ ʞʠʚʦʪʠˁʘ ʠ ʙʘʣʘʥʩʘ ʠʟʤʝʹʫ ˁʠʭ, 

ʢʦʨʠʰ˂ʝˁʘ ʤʝʭʘʥʠʯʢʠʭ, ʘ ʥʝ ʭʝʤʠʿʩʢʠʭ ʤʝʪʦʜʘ ʧʨʠ ʦʙʨʘʜʠ ʠ ʥʝʟʠ ʟʘʩʘʜʘ, ʠʩʢˀʫʯʠʚʘˁʝ 

ʫʧʦʪʨʝʙʝ ʛʝʥʝʪʩʢʠ ʤʦʜʠʬʠʢʦʚʘʥʠʭ ʦʨʛʘʥʠʟʘʤʘ ʠʪʜ. 

 

 

ʉʣʠʢʘ 2. ɺʠʥʦʛʨʘʜ ʇʣʘʚʠʥʮʠ ʫ ʢʦjʝʤ ʿʝ ʚʨʰʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ 

 

ʇʦʩʪʘʚʢʘ ʦʛʣʝʜʘ 

ɺʠʥʦʛʨʘʜ ʫ ʢʦʤʝ ʩʫ ʚʨʰʝʥʘ ʜʚʦʛʦʜʠʰˁʘ (2021-2022) ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʧʦʜʠʛʥʫʪ ʿʝ 2010. ʛʦʜʠʥʝ. ʀʩʪʨʘʞʠʚʘʥʠ ʚʠʥʦʛʨʘʜ ʿʝ ʧʦʜ ʟʘʩʘʜʦʤ ʙʝʣʝ ʚʠʥʩʢʝ ʩʦʨʪʝ ʚʠʥʦʚʝ 

ʣʦʟʝ ʇʘʥʦʥʠʘ (Vitis vinifera L. cv. Panonia) ʢʦʿʘ ʿʝ ʦʢʘʣʝʤˀʝʥʘ ʥʘ ʧʦʜʣʦʟʠ SO4. ʌʦʨʤʠʨʘʥʠ 

ʫʟʛʦʿʥʠ ʦʙʣʠʢ ʿʝ Smart-Dyson ʠ ʦʚʘʢʚʠʤ ʥʘʯʠʥʦʤ ʫʟʛʦʿʘ ʦʙʝʟʙʝʹʝʥʘ ʿʝ ʜʦʙʨʘ ʧʨʦʟʨʘʯʥʦʩʪ 

ʰʧʘʣʠʨʘ ʯʠʤʝ ʩʝ ʦʤʦʛʫ˂ʘʚʘ ʦʧʪʠʤʘʣʥʘ ʠʥʩʦʣʘʮʠʿʘ ʠ ʧʨʦʚʝʪʨʝʥʦʩʪ. ʇʨʦʩʝʯʥʘ ʜʫʞʠʥʘ ʨʝʜʦʚʘ 

ʿʝ ʦʢʦ 60 m, ʨʘʟʤʘʢ ʠʟʤʝʹʫ ʨʝʜʦʚʘ ʿʝ 1,8 m, ʜʦʢ ʿʝ ʨʘʟʤʘʢ ʠʟʤʝʹʫ ʯʦʢʦʪʘ 0,9 m. ʇʨʠ ʧʦʜʠʟʘˁʫ 

ʟʘʩʘʜʘ, ʚʨʰʝʥʦ ʿʝ ʨʘʚʥʘˁʝ ʪʝʨʝʥʘ, ʘ ʦʜ 2012. ʛʦʜʠʥʝ ʤʝʹʫʨʝʜʥʠ ʧʨʦʩʪʦʨ ʿʝ ʟʘʪʨʘʚˀʝʥ ʪʨʘʚʥʦ 

ʣʝʛʫʤʠʥʦʟʥʦʤ ʩʤʝʰʦʤ, ʘ ʧʦʜʩʝʿʘʥʝ ʩʫ ʠ ʙʝʣʘ ʠ ʮʨʚʝʥʘ ʜʝʪʝʣʠʥʘ. 
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ɺʠʥʦʛʨʘʜ ʩʝ ʤʠʥʠʤʘʣʥʦ ʦʙʨʘʹʠʚʘʦ (no-till system). ɸʛʨʦʪʝʭʥʠʢʘ ʠ ʧʨʠʤʝʥʘ ʩʨʝʜʩʪʘʚʘ ʟʘ 

ʟʘʰʪʠʪʫ ʙʠˀʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʚʨʰʠʣʘ ʩʝ ʧʨʝʤʘ ʫʦʙʠʯʘʿʝʥʦʿ ʪʝʭʥʦʣʦʛʠʿʠ ʛʘʿʝˁʘ 

ʠ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʦʨʛʘʥʩʢʝ ʧʨʦʠʟʚʦʜˁʝ. ʋʢʫʧʥʘ ʧʦʚʨʰʠʥʘ ʦʛʣʝʜʘ ʠʟʥʦʩʠʣʘ ʿʝ 888,71 

m². ʋʢʫʧʘʥ ʙʨʦʿ ʯʦʢʦʪʘ ʟʘʭʚʘ˂ʝʥʠʭ ʦʛʣʝʜʦʤ ʿʝ 627. ʇʦʩʪʘʚʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʿʝ ʙʠʣʘ ʠʜʝʥʪʠʯʥʘ 

ʪʦʢʦʤ ʦʙʝ ʛʦʜʠʥʝ ʠʩʪʨʘʞʠʚʘˁʘ. 

ʆʛʣʝʜ ʿʝ ʧʦʩʪʘʚˀʝʥ ʧʦ ʙʣʦʢ ʩʠʩʪʝʤʫ ʫ ʪʨʠ ʧʦʥʘʚˀʘˁʘ (ʉʣʠʢʘ 3). ʇʨʠʤʝˁʠʚʘʥʠ ʩʫ 

ʨʘʟʣʠʯʠʪʠ ʨʝʞʠʤʠ ʥʘʚʦʜˁʘʚʘˁʘ ʠ ʠʩʧʠʪʠʚʘʣʠ ʫʪʠʮʘʿʠ ʥʘ ʦʩʦʙʠʥʝ ʛʨʦʟʜʘ ʠ ʙʦʙʠʮʝ ʩʦʨʪʝ 

ʇʘʥʦʥʠʘ. ʅʘʚʦʜˁʘʚʘˁʝ ʿʝ ʦʙʘʚˀʝʥʦ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ ʠ ʙʠʣʦ ʫʩʧʦʩʪʘʚˀʝʥʦ ʫ ʪʨʠ ʨʝʞʠʤʘ ʫ 

ʪʨʠ ʧʦʥʘʚˀʘˁʘ: 

1) ʊʨʝʪʤʘʥ ʩʘ ʧʫʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ ʢʘʜʘ ʿʝ ʦʙʝʟʙʝʹʝʥʦ 100% ʦʜ ETc 

(ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʢʫʣʪʫʨʝ), F; 

2) ʊʨʝʪʤʘʥ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʝʤ ʢʘʜʘ ʿʝ ʦʙʝʟʙʝʹʝʥʦ 50% ʦʜ ETc, R ʠ 

3) ʊʨʝʪʤʘʥ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ ï ʢʦʥʪʨʦʣʥʠ ʪʨʝʪʤʘʥ ʫ ʧʨʠʨʦʜʥʦʤ ʨʝʞʠʤʫ ʚʣʘʞʝˁʘ, S. 

 

 

ʉʣʠʢʘ 3. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʦʛʣʝʜʥʝ ʧʦʚʨʰʠʥʝ ʫ ʚʠʥʦʛʨʘʜʫ ʇʣʘʚʠʥʮʠ ʩʘ ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ 
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ʉʚʘʢʠ ʨʝʞʠʤ ʟʘʣʠʚʘˁʘ ʦʙʫʭʚʘʪʘʦ ʿʝ ʧʦ ʪʨʠ ʨʝʜʘ (ʫʢʫʧʥʦ 9 ʨʝʜʦʚʘ), ʘ ʧʦʥʘʚˀʘˁʘ ʩʫ 

ʙʠʣʘ ʫʩʧʦʩʪʘʚˀʝʥʘ ʫ ʦʢʚʠʨʫ ʨʝʜʘ. ɿʙʦʛ ʥʘʛʠʙʘ ʪʝʨʝʥʘ (10%) ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʣʘʪʝʨʘʣʠ ʩʘ 

ʢʘʧʘˀʢʘʤʘ ʩʘ ʢʦʤʧʝʥʟʘʮʠʿʦʤ ʧʨʠʪʠʩʢʘ, ʢʘʢʦ ʙʠ ʢʘʧʘˁʝ ʙʠʣʦ ʫʥʠʬʦʨʤʥʦ ʫ ʯʠʪʘʚʦʤ ʟʘʩʘʜʫ. 

ʈʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʢʘʧʘˀʢʠ ʠʟʥʦʩʠʣʦ ʿʝ 30 cm, ʘ ʧʨʦʪʠʮʘʿ ʢʘʧʘˀʢʝ ʙʠʦ ʿʝ 2 LĿh ĭ. (ʉʣʠʢʘ 4). 

 

 

ʉʣʠʢʘ 4. ʇʦʩʪʘʚˀʝʥʠ ʩʠʩʪʝʤ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ 

 

5.2. ʉʦʨʪʘ ʇʘʥʦʥʠʘ 

 

ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʙʝʣʘ ʚʠʥʩʢʘ ʩʦʨʪʘ ʚʠʥʦʚʝ ʣʦʟʝ ʇʘʥʦʥʠʘ. ʉʪʚʦʨʝʥʘ ʿʝ 

ʥʘ ʆʛʣʝʜʥʦʤ ʜʦʙʨʫ ʇʦˀʦʧʨʠʚʨʝʜʥʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʅʦʚʦʤ ʉʘʜʫ ʫ ʉʨʝʤʩʢʠʤ 

Kʘʨʣʦʚʮʠʤʘ, ʫʢʨʰʪʘˁʝʤ ʈʘʿʥʩʢʦʛ ʨʠʟʣʠʥʛʘ ʩʘ ʜʦʤʘ˂ʠʤ ʚʨʝʜʥʠʤ ʛʝʥʦʪʠʧʦʤ ʉK 86-2/293. 

ʊʚʦʨʮʠ ʦʚʝ ʩʦʨʪʝ ʩʫ ʅʘʜʘ Kʦʨʘ˂, ʇʝʪʘʨ ʎʠʥʜʨʠ˂ ʠ ɺʣʘʜʠʤʠʨ Kʦʚʘʯ, ʘ ʧʨʠʟʥʘʪʘ ʿʝ 2003. 

ʛʦʜʠʥʝ. ʆʚʘ ʩʦʨʪʘ ʩʝ ʥʘʣʘʟʠ ʥʘ 60. ʤʝʩʪʫ ʧʦ ʟʘʩʪʫʧˀʝʥʦʩʪʠ ʫ ʢʦʤʝʨʮʠʿʘʣʥʠʤ ʟʘʩʘʜʠʤʘ. 

ʅʘʿʚʝ˂ʝ ʧʦʚʨʰʠʥʝ ʧʦʜ ʦʚʦʤ ʩʦʨʪʦʤ ʩʫ ʫ ʨʝʿʦʥʫ ʊʨʠ ʄʦʨʘʚʝ, ɹʘʯʢʦʤ ʠ ʇʦʮʝʨʩʢʦ-ɺʘˀʝʚʩʢʦʤ 

ʚʠʥʦʛʨʘʜʘʨʩʢʦʤ ʨʝʿʦʥʫ ʚʠʥʦʨʦʜʥʝ ʉʨʙʠʿʝ
3
.  

ʇʘʥʦʥʠʘ ʠʤʘ ʨʘʩʪʨʝʩʠʪ ʠ ʢʨʠʣʘʩʪ ʛʨʦʟʜ, ʘ ʙʦʙʠʮʝ ʩʫ ʦʢʨʫʛʣʝ, ʤʘʣʝ, ʟʝʣʝʥʦʞʫʪʝ ʙʦʿʝ 

ʧʦʢʦʞʠʮʝ (ʉʣʠʢʘ 5) ʠ ʩʦʯʥʦʛ ʤʝʟʦʢʘʨʧʘ, ʧʨʠʿʘʪʥʦʛ ʫʢʫʩʘ. ʋ ʦʜʥʦʩʫ ʥʘ ʈʘʿʥʩʢʠ ʨʠʟʣʠʥʛ, 

ʚʝʛʝʪʘʮʠʿʫ ʟʘʧʦʯʠˁʝ ʨʘʥʠʿʝ ʟʘ ʦʪʧʨʠʣʠʢʝ 4 ʜʘʥʘ ʠ ʨʘʥʠʿʝ ʩʘʟʨʝʚʘ, ʟʘ ʦʢʦ ʜʚʝ ʥʝʜʝˀʝ. ʋ 

ʘʛʨʦʝʢʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ ɻʨʦʯʘʥʩʢʦʛ ʚʠʥʦʛʦʨʿʘ ʩʘʟʨʝʚʘ ʫ ʜʨʫʛʦʿ ʜʝʢʘʜʠ ʘʚʛʫʩʪʘ ʤʝʩʝʮʘ, 

ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʩʘ ʪʝʥʜʝʥʮʠʿʦʤ ʧʦʤʝʨʘˁʘ ʧʝʨʠʦʜʘ ʩʘʟʨʝʚʘˁʘ 10 ʠ ʚʠʰʝ ʜʘʥʘ ʨʘʥʠʿʝ. 

ʈʘʟʚʠʿʘ ʤʘʣʠ ʙʨʦʿ ʣʘʩʪʘʨʘ ʫʩʧʨʘʚʥʦʛ ʨʘʩʪʘ, ʜʦʢ ʩʫ ʟʘʧʝʨʮʠ ʚʨʣʦ ʩʣʘʙʦʛ ʧʦʨʘʩʪʘ. ʋʚʝʢ ʠʤʘ 

ʨʝʜʘʢ ʠ ʫʨʝʜʘʥ ʰʧʘʣʠʨ (ʄʘʪʠʿʘʰʝʚʠ˂, 2021). Kʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʿʝ ʧʦ ʪʦʤʝ ʰʪʦ ʠʤʘ ʚʠʩʦʢʫ 

ʦʪʧʦʨʥʦʩʪ ʥʘ ʧʣʘʤʝˁʘʯʫ (ʢʦʿʫ ʫʟʨʦʢʫʿʝ ʛˀʠʚʠʮʘ Plasmopara viticola) ʠ ʧʝʧʝʣʥʠʮʫ (ʢʦʿʫ 

ʫʟʨʦʢʫʿʝ ʛˀʠʚʠʮʘ Oidium Tuckeri), ʘ ʫʢʦʣʠʢʦ ʩʝ ʙʝʨʙʘ ʦʙʘʚˀʘ ʥʘ ʚʨʝʤʝ, ʥʠʿʝ ʦʩʝʪˀʠʚʘ ʥʠ ʥʘ 

ʩʠʚʫ ʧʣʝʩʘʥ (ʢʦʿʫ ʫʟʨʦʢʫʿʝ ʛˀʠʚʠʮʘ Botrytis cinerea) (Koraĺ et al., 2009). ʆʪʧʦʨʥʘ ʿʝ ʠ ʥʘ ʥʠʩʢʝ 

ʟʠʤʩʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʿʝ ʢʚʘʣʠʪʝʪʥʦ, ʭʘʨʤʦʥʠʯʥʦ ʚʠʥʦ ʬʠʥʝ ʘʨʦʤʝ. ʇʘʥʦʥʠʘ ʿʝ ʩʦʨʪʘ ʢʦʿʘ ʿʝ 

ʚʨʣʦ ʧʦʛʦʜʥʘ ʟʘ ʦʨʛʘʥʩʢʫ ʧʨʦʠʟʚʦʜˁʫ ʚʠʥʘ ʠ ʠʤʘ ʚʝʣʠʢʠ ʧʦʪʝʥʮʠʿʘʣ ʥʘʢʫʧˀʘˁʘ ʰʝ˂ʝʨʘ 

(ʧʨʝʢʦ 20%).  

                                                 
3
 https://cevvin.rs/sorte-vinove-loze-srbije/domace-stvorene-sorte/bele-vinske-sorte/panonia/ 

https://cevvin.rs/sorte-vinove-loze-srbije/domace-stvorene-sorte/bele-vinske-sorte/panonia/
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ʉʣʠʢʘ 5. ɺʠʥʩʢʘ ʩʦʨʪʘ ʇʘʥʦʥʠʘ 

 

5.3. ʌʝʥʦʣʦʰʢʘ ʦʩʤʘʪʨʘˁʘ 

 

ɿʘ ʜʝʪʝʢʮʠʿʫ ʥʘʩʪʫʧʘˁʘ, ʪʨʘʿʘˁʘ ʠ ʟʘʚʨʰʝʪʢʘ ʬʝʥʦʣʦʰʢʠʭ ʬʘʟʘ ʨʘʟʚʦʿʘ (ʚʨʝʤʝ ʢʨʝʪʘˁʘ 

ʦʢʘʮʘ, ʧʦʯʝʪʘʢ ʠ ʜʫʞʠʥʘ ʪʨʘʿʘˁʘ ʮʚʝʪʘˁʘ, ʨʘʟʚʦʿ ʟʝʣʝʥʠʭ ʙʦʙʠʮʘ, ʰʘʨʘʢ, ʚʨʝʤʝ ʩʘʟʨʝʚʘˁʘ) 

ʢʦʜ ʩʦʨʪʝ ʇʘʥʦʥʠʘ, ʢʦʨʠʰ˂ʝʥʘ ʿʝ BBCH (Biologische Bundesanstalt Bundessortenamt und 

Chemische Industrie) ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʘ ʩʢʘʣʘ ʟʘ ʜʝʪʘˀʥʠʿʘ ʬʝʥʦʣʦʰʢʘ ʠʩʧʠʪʠʚʘˁʘ ʚʠʥʦʚʝ 

ʣʦʟʝ (Lorenz et al., 1994). ʉʢʘʣʘ ʿʝ ʧʦʜʝˀʝʥʘ ʥʘ ʜʝʩʝʪ ʿʘʩʥʦ ʧʨʝʧʦʟʥʘʪˀʠʚʠʭ ʬʘʟʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʧʦ ʚʨʝʤʝʥʫ ʪʨʘʿʘˁʘ. ɻʣʘʚʥʝ ʬʘʟʝ ʨʘʩʪʘ ʦʧʠʩʘʥʝ ʩʫ ʨʝʜʦʤ ʙʨʦʿʝʚʠʤʘ ʦʜ 0 ʜʦ 

9 ʫ ʨʘʩʪʫ˂ʝʤ ʥʠʟʫ, ʘ ʩʚʘʢʘ ʬʘʟʘ ʿʝ ʧʦʜʝˀʝʥʘ ʥʘ ʩʝʢʫʥʜʘʨʥʝ ʬʘʟʝ ʨʘʩʪʘ (0-9). ɼʚʦʮʠʬʨʝʥ ʢʦʜ ʿʝ 

ʚʝʟʘʥ ʟʘ ʩʚʘʢʫ ʬʘʟʫ ʨʘʩʪʘ. ʋ ʪʘʙʝʣʠ 1. ʧʨʠʢʘʟʘʥʝ ʩʫ ʘʥʘʣʠʟʠʨʘʥʝ ʬʝʥʦʬʘʟʝ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ 

ʢʦʜʦʚʠʤʘ ʥʘ ʪʝʨʝʥʫ, ʘ ʥʘ ʩʣʠʮʠ 6. ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʬʝʥʦʬʘʟʝ ʨʘʟʚʦʿʘ ʩʦʨʪʝ ʇʘʥʦʥʠʘ. 

 
ʊʘʙʝʣʘ 1. BBCH ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʘ ʩʢʘʣʘ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʧʨʘ˂ʝʥʠʭ ʢʦʜʦʚʘ ʥʘ ʪʝʨʝʥʫ 
 

BBCH ʢʦʜ ʌʝʥʦʬʘʟʘ ʨʘʟʚʦʿʘ ɽʣʝʤʝʥʪʠ ʦʧʠʩʘ 

01 

03 
ɸʢʪʠʚʠʨʘˁʝ ʦʢʘʮʘ 

ɹʫʙʨʝˁʝ ʦʢʘʮʘ, ʧʫʧʦˀʮʠ ʩʝ ʰʠʨʝ ʠ 

ʧʦʯʠˁʫ ʜʘ ʩʝ ʫʚʝ˂ʘʚʘʿʫ, ˀʫʩʧʠʮʝ ʩʝ 

ʰʠʨʝ, ʥʘ ʢʨʘʿʫ ʩʫ ʦʢʮʘ ʥʘʙʨʝʢʣʘ 

61 

65 

69 

ʎʚʝʪʘˁʝ 

ʇʦʯʝʪʘʢ ʮʚʝʪʘˁʘ ʩʝ ʜʝʪʝʢʪʫʿʝ ʢʘʜʘ ʿʝ 

10% ʮʚʝʪʦʚʘ ʦʪʚʦʨʝʥʦ, ʧʫʥʦ ʮʚʝʪʘˁʝ 

ʢʘʜʘ ʿʝ 50% ʮʚʝʪʦʚʘ ʦʪʚʦʨʝʥʦ, ʠ ʢʨʘʿ 

ʢʘʜʘ ʩʫ ʩʚʠ ʮʚʝʪʦʚʠ ʦʪʚʦʨʝʥʠ 

73 

75 
ʈʘʟʚʦʿ ʙʦʙʠʮʘ 

ɹʦʙʠʮʝ ʧʦʯʠˁʫ ʜʘ ʩʝ ʫʚʝ˂ʘʚʘʿʫ ʩʚʝ 

ʜʦ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʛʨʘʰʢʘ 

81 

89 

ʐʘʨʘʢ 

ʉʘʟʨʝʚʘˁʝ ʙʦʙʠʮʘ 

ɹʦʙʠʮʝ ʤʝˁʘʿʫ ʙʦʿʫ, ʢʨʝ˂ʝ ʟʨʝˁʝ 

ɹʦʙʠʮʝ ʧʦʪʧʫʥʦ ʟʨʝʣʝ ʟʘ ʙʝʨʙʫ 

 

ʇʨʦʩʝʯʥʦ ʪʨʘʿʘˁʝ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʚʘʨʠʨʘʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʦʨʪʝ, 

ʢʣʠʤʘʪʩʢʠʭ ʫʩʣʦʚʘ, ʟʝʤˀʠʰʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʘ, ʿʝʜʥʦʤ ʨʝʯʿʫ ʦʜ terroir-a. 

ɿʘ ʧʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ ʦʜʨʝʹʝʥʘ ʿʝ ʬʝʥʦʬʘʟʘ ʧʫʧˀʝˁʘ, ʦʜʥʦʩʥʦ ʘʢʪʠʚʠʨʘˁʝ ʦʢʘʮʘ. ʇʦʯʝʪʘʢ 

ʧʫʧˀʝˁʘ ʥʘʩʪʫʧʘ ʢʘʜʘ ʩʫ ʧʦʚʦˀʥʠ ʪʝʤʧʝʨʘʪʫʨʥʠ ʫʩʣʦʚʠ, ʪʘʯʥʠʿʝ ʢʘʜʘ ʿʝ ʩʨʝʜˁʘ ʜʥʝʚʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʙʠʣʘ ʙʘʨ 10  ʧʝʪ ʠʣʠ ʚʠʰʝ ʫʟʘʩʪʦʧʥʠʭ ʜʘʥʘ. ʋʢʦʣʠʢʦ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʫ 
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ʧʨʝʪʭʦʜʥʦʤ ʧʝʨʠʦʜʫ ʙʠʣʘ ʚʠʰʘ, ʜʦ˂ʠ ˂ʝ ʟʘ ʢʨʘ˂ʝ ʚʨʝʤʝ ʜʦ ʘʢʪʠʚʠʨʘˁʘ ʦʢʘʮʘ. ʌʘʟʘ ʮʚʝʪʘˁʘ 

ʥʘʩʪʫʧʘ ʦʪʧʨʠʣʠʢʝ 7-10 ʥʝʜʝˀʘ ʥʘʢʦʥ ʧʫʧˀʝˁʘ. ʋ ʩʣʫʯʘʿʫ ʩʦʨʪʝ ʇʘʥʦʥʠʘ, ʪʦ ʿʝ ʫʛʣʘʚʥʦʤ 8 

ʥʝʜʝˀʘ. ʋ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ ʉʨʙʠʿʝ, ʦʚʘ ʬʝʥʦʬʘʟʘ ʥʘʩʪʫʧʘ ʪʦʢʦʤ ʤʘʿʘ, ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ 

ʠʩʪʨʘʞʠʚʘʥʘ ʩʦʨʪʘ. ʎʚʝʪʦʚʠ ʥʘ ʿʝʜʥʦʿ ʮʚʘʩʪʠ ʩʝ ʥʝ ʦʪʚʘʨʘʿʫ ʠʩʪʦʚʨʝʤʝʥʦ. ʊʨʘʿʘˁʝ ʮʚʝʪʘˁʘ ʫ 

ʜʠʨʝʢʪʥʦʿ ʿʝ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʨʝʜˁʝ ʜʥʝʚʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ. ʅʝʧʦʚʦˀʥʠ ʚʨʝʤʝʥʩʢʠ 

ʫʩʣʦʚʠ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʦʚʫ ʬʘʟʫ. ʅʘ ʧʨʠʤʝʨ, ʢʠʰʘ ʠʤʘ ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʦʧʣʦʜˁʫ 

(ʥʘʨʦʯʠʪʦ ʢʦʜ ʬʫʥʢʮʠʦʥʘʣʥʦ ʞʝʥʩʢʠʭ ʮʚʝʪʦʚʘ), ʭʣʘʜʥʦ ʚʨʝʤʝ ʩʘ ʤʨʘʟʝʚʠʤʘ ʤʦʞʝ ʜʦʧʨʠʥʝʪʠ 

ʧʨʦʜʫʞʘʚʘˁʫ ʠʣʠ ʟʘʫʩʪʘʚˀʘˁʫ ʮʚʝʪʘˁʘ, ʟʘʫʩʪʘʚˀʘˁʫ ʬʦʨʤʠʨʘˁʘ ʮʚʝʪʦʚʘ ʠʣʠ ʩʘʤ ʧʨʦʮʝʩ 

ʦʧʣʦʜˁʝ, ʘ ʩʫʚ ʚʘʟʜʫʭ ʤʦʞʝ ʠʟʘʟʚʘʪʠ ʦʩʠʧʘˁʝ ʮʚʝʪʦʚʘ. ʌʝʥʦʬʘʟʘ ʨʘʟʚʦʿʘ ʙʦʙʠʮʘ ʦʜʣʠʢʫʿʝ ʩʝ 

ʥʝʨʘʚʥʦʤʝʨʥʠʤ ʧʦʨʘʩʪʦʤ ʙʦʙʠʮʘ ʫ ʛʨʦʟʜʫ, ʙʦʙʠʮʝ ʩʫ ʟʝʣʝʥʝ ʙʦʿʝ ʢʘʦ ʠ ʦʩʪʘʣʠ ʟʝʣʝʥʠ ʜʝʣʦʚʠ 

ʣʦʟʝ ʠ ʬʦʪʦʩʠʥʪʝʪʩʢʠ ʩʫ ʘʢʪʠʚʥʝ. ɿʘ ʧʨʘʚʠʣʥʦ ʦʜʚʠʿʘˁʝ ʦʚʝ ʬʝʥʦʬʘʟʝ ʥʝʦʧʭʦʜʥʠ ʩʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʢʣʠʤʘʪʩʢʠ ʝʣʝʤʝʥʪʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ, ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ ʠ ʟʝʤˀʠʰʪʘ, 

ʧʦʚʦˀʥʘ ʦʩʚʝʪˀʝʥʦʩʪ) ʠ ʘʜʝʢʚʘʪʥʘ ʢʦʣʠʯʠʥʘ ʭʨʘʥˀʠʚʠʭ ʤʘʪʝʨʠʿʘ. ʋ ʦʚʦʿ ʬʘʟʠ ʜʦʣʘʟʠ ʜʦ 

ʧʦʚʝ˂ʘʥʦʛ ʩʘʜʨʞʘʿʘ ʰʝ˂ʝʨʘ ʠ ʦʨʛʘʥʩʢʠʭ ʢʠʩʝʣʠʥʘ ʫ ʙʦʙʠʮʘʤʘ. ʅʘʢʦʥ ʦʚʝ ʬʝʥʦʬʘʟʝ, ʥʘʩʪʫʧʘ 

ʰʘʨʘʢ ï ʩʘʟʨʝʚʘˁʝ ʙʦʙʠʮʘ, ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ ˁʠʭʦʚʠʭ ʟʥʘʯʘʿʥʠʭ ʤʦʨʬʦʣʦʰʢʠʭ ʠ ʬʠʟʠʦʣʦʰʢʠʭ 

ʧʨʦʤʝʥʘ. ɻʨʘʰʘʢ ʟʝʣʝʥʫ ʙʦʿʫ ʙʦʙʠʮʘ (ʢʦʜ ʙʝʣʠʭ ʩʦʨʪʠ), ʟʘʤʝˁʫʿʝ ʟʝʣʝʥʦ-ʞʫ˂ʢʘʩʪʘ ʩʘ ʨʘʟʥʠʤ 

ʥʠʿʘʥʩʘʤʘ. ʋ ʦʚʦʿ ʬʝʥʦʬʘʟʠ ʪʚʨʜʝ ʙʦʙʠʮʝ ʦʤʝʢʰʘʿʫ ʠ ʤʝˁʘʿʫ ʫʢʫʩ. ʊʦʢʦʤ ʩʘʟʨʝʚʘˁʘ ʛʨʦʞʹʘ 

ʚʝʣʠʢʫ ʚʘʞʥʦʩʪ ʠʤʘ ʪʦʧʣʦ ʠ ʩʫʚʦ ʚʨʝʤʝ. ʄʦʤʝʥʘʪ ʧʫʥʝ ʟʨʝʣʦʩʪʠ ʛʨʦʞʹʘ ʿʝ ʦʜʨʝʹʝʥ ʥʘ ʦʩʥʦʚʫ 

ʥʝʢʦʣʠʢʦ ʤʝʨʝˁʘ ʩʘʜʨʞʘʿʘ ʰʝ˂ʝʨʘ ʠ ʫʢʫʧʥʠʭ ʢʠʩʝʣʠʥʘ ʫ ʰʠʨʠ. ɻʨʦʞʹʝ ʿʝ ʫʙʨʘʥʦ ʢʘʜʘ ʩʝ 

ʩʘʜʨʞʘʿ ʰʝ˂ʝʨʘ ʥʠʿʝ ʧʦʚʝ˂ʘʚʘʦ, ʘ ʢʠʩʝʣʠʥʘ ʥʠʿʝ ʩʤʘˁʠʚʘʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʝʢʦʣʠʢʦ ʧʨʝʪʭʦʜʥʠʭ 

ʫʟʘʩʪʦʧʥʠʭ ʤʝʨʝˁʘ. 

 

 

ʉʣʠʢʘ 6. ʈʘʟʚʦʿʥʠ ʩʪʘʜʠʿʫʤʠ ʩʦʨʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʇʘʥʦʥʠʘ (ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʬʠʥʘʣʥʦʛ ʧʨʦʠʟʚʦʜʘ ï ʚʠʥʘ) 
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5.4. ʂʣʠʤʘʪʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʤʝʪʝʦʨʦʣʦʰʢʘ ʦʩʤʘʪʨʘˁʘ 

 

Kʣʠʤʘ ʫ ʧʦʜʨʫʯʿʫ ʚʠʥʦʛʨʘʜʘ ʇʣʘʚʠʥʮʠ ʿʝ ʫʤʝʨʝʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʥʘ ʩʘ ʢʦʤʧʦʥʝʥʪʘʤʘ 

ʩʨʝʜˁʝʝʚʨʦʧʩʢʝ ʠ ʤʝʜʠʪʝʨʘʥʩʢʝ ʢʣʠʤʝ. ʇʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʿʝ 12,1 ÁC, 

ʥʘʿʭʣʘʜʥʠʿʠ ʤʝʩʝʮʠ ʩʫ ʿʘʥʫʘʨ ʩʘ ʧʨʦʩʝʯʥʦʤ ʤʠʥʠʤʘʣʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ (-2,6 °C) ʠ ʬʝʙʨʫʘʨ (-

1,3 ÁC), ʜʦʢ ʩʫ ʥʘʿʪʦʧʣʠʿʠ ʿʫʣ (29,4 ÁC) ʠ ʘʚʛʫʩʪ (29,5 ÁC). ʇʨʦʩʝʯʥʘ ʤʠʥʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʘʟʜʫʭʘ ʿʝ 6,6 ÁC, ʘ ʧʨʦʩʝʯʥʘ ʤʘʢʩʠʤʘʣʥʘ 17,7 ÁC. ʇʦ ʥʘʿʚʝ˂ʦʿ ʚʨʝʜʥʦʩʪʠ ʩʨʝʜˁʝ ʤʘʢʩʠʤʘʣʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʜ 31,1 ÁC ʠʟʜʚʘʿʘ ʩʝ ʜʘʥ 24.07.2007. ʛʦʜʠʥʝ.  

ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʟʘ ʧʨʠʢʘʟ ʢʣʠʤʝ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʜʥʝʚʥʠ ʧʦʜʘʮʠ ʦ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠ 

ʧʘʜʘʚʠʥʘʤʘ ʟʘ ʜʚʘʜʝʩʝʪʦʛʦʜʠʰˁʠ ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ 1998-2017, ʟʘ ʣʦʢʘʣʠʪʝʪ ʇʣʘʚʠʥʮʠ ʢʦʿʠ 

ʩʫ ʠʟʚʫʯʝʥʠ ʠʟ ʧʨʦʩʪʦʨʥʦ ʠʥʪʝʨʧʦʣʠʩʘʥʦʛ ʩʝʪʘ ʦʩʤʦʪʨʝʥʠʭ ʧʦʜʘʪʘʢʘ ʩʘ ʩʠʥʦʧʪʠʯʢʠʭ ʠ 

ʢʣʠʤʘʪʦʣʦʰʢʠʭ ʩʪʘʥʠʮʘ ʈʝʧʫʙʣʠʯʢʦʛ ʭʠʜʨʦʤʝʪʝʦʨʦʣʦʰʢʦʛ ʟʘʚʦʜʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. 

ʇʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʧʘʨʘʤʝʪʘʨʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ ʪʘʙʝʣʠ 2. 

ʇʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʩʫʤʘ ʧʘʜʘʚʠʥʘ ʟʘ ʧʝʨʠʦʜ ʧʨʝʪʭʦʜʥʠʭ 20 ʛʦʜʠʥʘ ʠʟʥʦʩʠ 702,4 mm. 

ʄʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʩʫʤʝ ʧʘʜʘʚʠʥʘ ʦʜ 1053,7 mm ʩʝ ʿʘʚʠʣʘ ʪʦʢʦʤ 2014. ʛʦʜʠʥʝ, ʘ 

ʤʠʥʠʤʘʣʥʘ ʦʜ 313,4 mm ʟʘ ʚʨʝʤʝ ʩʫʰʥʝ 2000. ʛʦʜʠʥʝ. ʇʨʦʩʝʯʥʘ ʩʫʤʘ ʧʘʜʘʚʠʥʘ ʪʦʢʦʤ 

ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ (ʦʜ ʤʘʨʪʘ ʜʦ ʥʦʚʝʤʙʨʘ) ʿʝ 549,3 mm (ʤʘʢʩʠʤʫʤ 927 mm, ʤʠʥʠʤʫʤ 214 

mm). ʅʘʿʚʝ˂ʘ ʧʨʦʩʝʯʥʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʿʝ ʫ ʤʘʿʫ ʠ ʿʫʥʫ (73,1 mm ʠ 85,3 mm, ʨʝʜʦʤ). 

 

ʊʘʙʝʣʘ 2. ʇʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʢʣʠʤʘʪʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʧʝʨʠʦʜ ʦʜ 1998. ʜʦ 

2017. ʛʦʜʠʥʝ ʟʘ ʣʦʢʘʣʠʪʝʪ ʇʣʘʚʠʥʮʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ (Tmin ï ʤʠʥʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; ʊmax ï 

ʤʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; Tsr ï ʩʨʝʜˁʘ ʪʝʤʧʝʨʘʪʫʨʘ) ʠ ʧʘʜʘʚʠʥʝ (P) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ ʦ ʚʨʝʤʝʥʩʢʠʤ ʫʩʣʦʚʠʤʘ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ ʠʟʚʨʰʝʥʦ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʘʫʪʦʤʘʪʩʢʝ ʤʝʪʝʦʨʦʣʦʰʢʝ ʩʪʘʥʠʮʝ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ 

ʩʢʣʦʧʫ ʚʠʥʘʨʠʿʝ ʥʘ ʥʘʜʤʦʨʩʢʦʿ ʚʠʩʠʥʠ ʦʜ ʦʢʦ 170 m ʠ ʫʜʘˀʝʥʘ ʿʝ ʦʢʦ 10 m ʦʜ ʦʛʣʝʜʥʦʛ 

ʟʘʩʘʜʘ (ʧʝʨʠʦʜ 2015-2022. ʛʦʜʠʥʘ). ʇʦʨʝʜ ʤʝʪʝʦʨʦʣʦʰʢʝ ʩʪʘʥʠʮʝ, ʫ ʮʝʥʪʨʘʣʥʦʤ ʜʝʣʫ 

ʦʛʣʝʜʥʦʛ ʚʠʥʦʛʨʘʜʘ ʫ ʧʝʨʠʦʜʫ 2021-2022, ʢʘʜʘ ʩʫ ʠʩʧʠʪʠʚʘʥʠ ʨʘʟʣʠʯʠʪʠ ʨʝʞʠʤʠ 

ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʚʠʩʠʥʫ ʦʜ 2 m ʧʦʩʪʘʚˀʝʥ ʠ ʜʘʪʘʣʦʛʝʨ (Data Logger 210 Dostmann electronic 

GmbH) ʢʦʿʠ ʿʝ ʥʘ ʩʚʘʢʠʭ ʩʘʪ ʚʨʝʤʝʥʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʤʝʨʠʦ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ 

(ʉʣʠʢʘ 7).  

 

ʇʝʨʠʦʜ (1998-2017) 

ʄʝʩʝʮ Tmin (°C) Tmax (°C) Tsr (°C) P (mm) 

ɱʘʥʫʘʨ -2,6 4,7 1,1 55,0 

ʌʝʙʨʫʘʨ -1,3 7,4 3,1 43,6 

ʄʘʨʪ 2,1 13,0 7,6 52,0 

ɸʧʨʠʣ 6,3 18,7 12,5 49,5 

ʄʘʿ 10,5 23,5 17,0 73,1 

ɱʫʥ 14,2 27,0 20,6 85,3 

ɱʫʣ 15,7 29,4 22,5 66,7 

ɸʚʛʫʩʪ 15,1 29,5 22,3 50,2 

ʉʝʧʪʝʤʙʘʨ 11,2 23,7 17,5 62,4 

ʆʢʪʦʙʘʨ 6,7 18,2 12,5 59,5 

ʅʦʚʝʤʙʘʨ 2,4 11,8 7,1 50,6 

ɼʝʮʝʤʙʘʨ -1,4 5,5 2,0 54,5 

ʄʠʥʠʤʫʤ -2,6 4,7 1,1 43,6 

ʄʘʢʩʠʤʫʤ 15,7 29,5 22,5 85,3 

ɻʦʜʠʥʘ 6,6 17,7 12,1 702,4 

ɺʝʛʝʪʘʮʠʿʘ 9,4 21,6 9,0 549,3 
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ʉʣʠʢʘ 7. ʄʝʪʝʦʨʦʣʦʰʢʘ ʩʪʘʥʠʮʘ ʠ ʜʘʪʘʣʦʛʝʨ ʫ ʦʛʣʝʜʥʦʤ ʚʠʥʦʛʨʘʜʫ 

 

ɺʨʝʜʥʦʩʪʠ ʧʨʦʩʝʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ (ʤʠʥʠʤʘʣʥʝ, ʤʘʢʩʠʤʘʣʥʝ, ʩʨʝʜˁʝ) ʠ ʩʫʤʝ 

ʧʘʜʘʚʠʥʘ ʟʘ ʧʝʨʠʦʜ (2015-2022) ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 3.  

 
ʊʘʙʝʣʘ 3. ɻʦʜʠʰˁʝ ʠ ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʘʜʘʚʠʥʘ ʟʘ ʧʝʨʠʦʜ ʦʜ 2015. ʜʦ 2022. ʛʦʜʠʥʝ 

ʟʘ ʣʦʢʘʣʠʪʝʪ ʇʣʘʚʠʥʮʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ (Tmin ï ʤʠʥʠʤʘʣʥʘ; ʊmax ï ʤʘʢʩʠʤʘʣʥʘ; Tsr ï ʩʨʝʜˁʘ) ʠ 

ʧʘʜʘʚʠʥʝ (P) 
 

ʇʝʨʠʦʜ 2015-2022. ʛʦʜ. 

ɻʦʜʠʥʘ Tmin (°C) Tmax (°C) Tsr (°C) P (mm) 

2015 9,7 18,2 13,9 634,3 

2016 9,6 18,4 14,0 752,0 

2017 9,1 18,3 13,7 490,8 

2018 10,0 18,7 14,3 465,4 

2019 10,0 20,0 15,0 543,8 

2020 9,3 19,2 14,2 494,4 

2021 8,9 18,2 13,5 614,8 

2022 14,5 19,5 17,0 460,2 

ʇʨʦʩʝʢ 10,1 18,8 14,5 557,0 

 

ʇʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʦʩʤʦʪʨʝʥʝ ʪʦʢʦʤ ʧʝʨʠʦʜʘ 2015-2022 ʫʢʘʟʫʿʫ ʥʘ ʧʦʟʠʪʠʚʥʫ 

ʘʥʦʤʘʣʠʿʫ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ (3,5 ÁC, 1,1 ÁC ʠ 2,4 ÁC ʟʘ Tmax, Tmin ʠ Tsr, ʨʝʜʦʤ) ʫ ʦʜʥʦʩʫ ʥʘ 

ʜʚʘʜʝʩʝʪʦʛʦʜʠʰˁʠ ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ (1998-2017). ʇʦ ʥʘʿʚʠʰʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʠʟʜʚʘʿʘ ʩʝ 

2019. ʛʦʜʠʥʘ ʩʘ ʚʨʝʜʥʦʰ˂ʫ ʧʨʦʩʝʯʥʝ ʤʘʢʩʠʤʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʦʜ 20 ÁC, ʜʦʢ ʩʝ ʜʨʫʛʘ ʦʛʣʝʜʥʘ 

ʛʦʜʠʥʘ, ʪʿ. 2022. ʠʩʪʠʯʝ ʧʦ ʥʘʿʚʠʰʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʧʨʦʩʝʯʥʝ ʤʠʥʠʤʘʣʥʝ (14,5 ÁC) ʠ ʩʨʝʜˁʝ 

ʪʝʤʧʝʨʘʪʫʨʝ (17 ÁC). ʇʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʩʫʤʘ ʧʘʜʘʚʠʥʘ ʟʘ ʧʝʨʠʦʜ (2015-2022) ʠʟʥʦʩʠ 557 

mm, ʜʦʢ ʿʝ ʫ ʧʝʨʠʦʜʫ (1998-2017) ʠʟʥʦʩʠʣʘ 702,4 mm, ʰʪʦ ʿʝ ʤʘˁʝ ʦʜ ʧʨʦʩʝʢʘ ʠʟ ʨʝʬʝʨʝʥʪʥʦʛ 

ʧʝʨʠʦʜʘ. ʇʦ ʥʘʿʚʝ˂ʠʤ ʩʫʤʘʤʘ ʧʘʜʘʚʠʥʘ ʠʟʜʚʘʿʘʿʫ ʩʝ 2016. ʠ 2015. ʛʦʜʠʥʘ (752 mm ʠ 634,3 

mm, ʨʝʜʦʤ). ʇʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʢʣʠʤʘʪʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʪʦʢʦʤ 

ʜʚʦʛʦʜʠʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ (2021-2022) ʠ ʧʨʦʩʝʯʥʝ ʛʦʜʠʰˁʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʣʦʢʘʣʠʪʝʪ 

ʇʣʘʚʠʥʮʠ ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 4. 
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ʊʘʙʝʣʘ 4. ʇʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʢʣʠʤʘʪʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ 

ʧʝʨʠʦʜʘ ʜʚʦʛʦʜʠʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ (2021-2022) ʠ ʧʨʦʩʝʯʥʝ ʛʦʜʠʰˁʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʣʦʢʘʣʠʪʝʪ 

ʇʣʘʚʠʥʮʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ (Tmin ï ʤʠʥʠʤʘʣʥʘ; ʊmax ï ʤʘʢʩʠʤʘʣʥʘ; Tsr ï ʩʨʝʜˁʘ), ʧʘʜʘʚʠʥʝ (P), 

ʦʩʫʥʯʘʥʦʩʪ ï ʪʨʘʿʘˁʝ ʉʫʥʯʝʚʦʛ ʩʿʘʿʘ ʫ ʩʘʪʠʤʘ (SS), ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ (RH) ʠ ʙʨʟʠʥʘ ʚʝʪʨʘ 

(V) 
 

ʇʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʪʨʘʿʘˁʘ ʦʛʣʝʜʘ (2021-2022) 

ɻʦʜʠʥʘ ʄʝʩʝʮ 
Tmin 

(°C) 

Tmax 

(°C) 

Tsr 

 (°C) 

P  

(mm) 

SS 

(h) 

RH 

(%)  

V 

(mĿs ĭ)) 

2021 

ɱʘʥʫʘʨ 1,1 6,5 3,5 71,0 2,4 81,3 1,7 

ʌʝʙʨʫʘʨ 1,6 10,9 6,1 20,2 4,3 73,2 1,6 

ʄʘʨʪ 2,2 12,6 7,3 45,2 5,5 68,2 1,7 

ɸʧʨʠʣ 5,7 16,5 10,7 42,0 6,2 68,6 1,8 

ʄʘʿ 11,9 22,6 17,1 71,0 7,8 62,9 1,8 

ɱʫʥ 17,4 29,3 23,7 18,2 10,3 60,9 1,5 

ɱʫʣ 20,3 31,8 25,9 80,0 9,8 62,4 1,7 

ɸʚʛʫʩʪ 17,8 29,1 23,5 32,8 8,7 64,0 2,0 

ʉʝʧʪʝʤʙʘʨ 13,8 25,5 19,4 16,4 7,1 67,1 1,5 

ʆʢʪʦʙʘʨ 7,9 16,4 11,6 45,0 5,1 73,0 1,8 

ʅʦʚʝʤʙʘʨ 5,8 12,4 8,8 96,2 3,7 79,3 1,9 

ɼʝʮʝʤʙʘʨ 1,5 6,2 3,6 111,6 1,4 84,5 2,0 

ɻʦʜʠʥʘ 8,9 18,3 13,4 649,6 72,3 70,4 1,7 

ɺʝʛʝʪʘʮʠʿʘ 12,1 23,0 17,4 350,6 60,5 65,9 1,7 

2022 

ɱʘʥʫʘʨ -0,6 5,5 2,3 25,0 3,3 80,6 1,5 

ʌʝʙʨʫʘʨ 2,9 11,3 6,9 19,8 4,0 71,8 1,8 

ʄʘʨʪ 2,1 12,2 7,3 7,8 6,2 60,3 1,7 

ɸʧʨʠʣ 6,9 18,1 12,4 70,2 7,0 65,2 1,7 

ʄʘʿ 13,9 26,5 20,2 21,8 8,9 59,2 1,5 

ɱʫʥ 18,1 30,5 24,5 37,4 10,0 69,0 1,4 

ɱʫʣ 19,9 32,3 26,0 31,8 10,7 56,7 1,6 

ɸʚʛʫʩʪ 19,6 31,4 25,2 82,8 8,0 68,9 1,4 

ʉʝʧʪʝʤʙʘʨ 13,8 23,0 17,9 95,2 5,6 77,3 1,5 

ʆʢʪʦʙʘʨ 10,7 20,3 15,1 15,6 6,9 75,2 1,1 

ʅʦʚʝʤʙʘʨ 4,0 9,8 8,7 61,7 2,7 83,9 1,6 

ɼʝʮʝʤʙʘʨ 3,4 10,1 6,4 52,8 3,1 79,9 1,7 

ɻʦʜʠʥʘ 9,6 19,2 14,4 521,9 76,4 70,7 1,5 

ɺʝʛʝʪʘʮʠʿʘ 13,1 24,3 18,6 362,6 63,3 66,5 1,5 

ʇʨʦʩʝʯʥʝ ʛʦʜʠʰˁʝ ʚʨʝʜʥʦʩʪʠ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʪʨʘʿʘˁʘ ʦʛʣʝʜʘ (2021-2022) 

ɻʦʜʠʥʘ Tmin (°C) Tmax (°C) Tsr (°C) P (mm) SS (h) RH (%)  V (mĿs ĭ) 

2021 8,9 18,3 13,4 649,6 72,3 70,4 1,7 

2022 9,6 19,2 14,4 521,9 76,4 70,7 1,5 

ʇʨʦʩʝʢ 9,2 18,8 13,9 585,8 74,3 70,6 1,6 

 

ʋ ʧʨʚʦʿ ʦʛʣʝʜʥʦʿ ʛʦʜʠʥʠ (2021) ʧʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ Tmin ʠʟʥʦʩʠʣʘ ʿʝ 8,9 ÁC, Tmax 18,3 °C 

ʠ Tsr 13,4 ÁC, ʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ, ʧʨʦʩʝʯʥʘ ʤʝʩʝʯʥʘ Tmin ʿʝ ʠʟʥʦʩʠʣʘ 12,1 ÁC, Tmax 

23 ÁC ʠ Tsr 17,4 ÁC. ʊʦʢʦʤ ʿʫʣʘ ʠ ʘʚʛʫʩʪʘ ʧʨʦʩʝʯʥʘ ʤʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʥʦʩʠʣʘ ʿʝ 30,4 

ÁC, ʰʪʦ ʿʝ ʟʘ 1 ÁC ʚʝ˂ʝ ʦʜ ʚʨʝʜʥʦʩʪʠ Tmax ʟʘ ʦʚʘ ʜʚʘ ʤʝʩʝʮʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʨʝʬʝʨʝʥʪʥʠʤ 

ʧʝʨʠʦʜʦʤ (1998-2017). ʋʢʫʧʥʘ ʛʦʜʠʰˁʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʠʟʥʦʩʠʣʘ ʿʝ 649,6 mm, ʘ ʥʘʿʚʝ˂ʘ 

ʤʝʩʝʯʥʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʪʦʢʦʤ ʤʘʿʘ ʠ ʿʫʣʘ 

(71,0 mm ʠ 80,0 mm, ʨʝʜʦʤ). ʄʘʢʩʠʤʘʣʥʘ ʜʥʝʚʥʘ ʚʠʩʠʥʘ ʧʘʜʘʚʠʥʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ 

ʧʝʨʠʦʜʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ 18. ʿʫʣʘ ʠ ʠʟʥʦʩʠʣʘ ʿʝ 32,6 mm. ʇʨʦʩʝʯʥʘ ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ 

ʙʠʣʘ ʿʝ 70,4%, ʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ 65,9%. ʊʨʘʿʘˁʝ ʩʫʥʯʝʚʦʛ ʩʿʘʿʘ (ʦʩʫʥʯʘʥʦʩʪ) ʿʝ 

ʙʠʣʦ ʥʘʿʚʝ˂ʝ ʪʦʢʦʤ ʿʫʥʘ ʠ ʿʫʣʘ (10,3 h ʠ 9,8 h, ʨʝʜʦʤ). ʇʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʚʨʝʜʥʦʩʪ ʙʨʟʠʥʝ 

ʚʝʪʨʘ, ʢʘʦ ʠ ʧʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʚʝʪʨʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʿʝ ʠʟʥʦʩʠʣʘ 1,7 m·s ĭ, ʘ ʢʘʦ 

ʥʘʿʚʝʪʨʦʚʠʪʠʿʠ ʤʝʩʝʮʠ ʠʩʪʘʢʣʠ ʩʫ ʩʝ ʘʚʛʫʩʪ ʠ ʜʝʮʝʤʙʘʨ (ʩʚʘʢʠ ʧʦ 2,0 mĿs ĭ). 
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ʊʦʢʦʤ ʜʨʫʛʝ, 2022. ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ, ʩʨʝʜˁʘ ʤʝʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʠʟʥʦʩʠʣʘ ʿʝ 

14,4 Áʉ, ʰʪʦ ʿʝ ʟʘ 2,3 Áʉ ʚʠʰʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʚʠʰʝʛʦʜʠʰˁʠʤ ʧʨʦʩʝʢʦʤ (1998-2017) ʠ ʟʘ 1 Áʉ 

ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʚʫ ʦʛʣʝʜʥʫ 2021. ʛʦʜʠʥʫ. ʇʨʦʩʝʯʥʝ ʤʘʢʩʠʤʘʣʥʝ ʠ ʤʠʥʠʤʘʣʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠʟʥʦʩʠʣʝ ʩʫ 19,2 Áʉ ʠ 9,6 Áʉ, ʨʝʜʦʤ, ʰʪʦ ʿʝ ʟʘ 1,5 Áʉ ʚʝ˂ʝ ʦʜ ʧʨʦʩʝʯʥʝ 

ʤʘʢʩʠʤʘʣʥʝ ʠ ʟʘ ʯʘʢ 3 Áʉ ʚʝ˂ʝ ʦʜ ʧʨʦʩʝʯʥʝ ʤʠʥʠʤʘʣʥʝ ʫ ʧʝʨʠʦʜʫ 1998-2017. ʊʘʢʦʹʝ, ʪʦʢʦʤ 

ʿʫʣʘ ʠ ʘʚʛʫʩʪʘ ʧʨʦʩʝʯʥʘ ʤʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʥʦʩʠʣʘ ʿʝ 31,9 °C h ʪʦ ʿʝ ʟʘ 1,5 ÁC ʚʠʰʝ ʦʜ 

ʚʨʝʜʥʦʩʪʠ Tmax ʟʘ ʦʚʝ ʤʝʩʝʮʝ ʫ 2021. ʛʦʜʠʥʠ ʠ ʟʘ 2,4 ÁC ʚʠʰʝ ʦʜ ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʦʚʘ ʜʚʘ 

ʤʝʩʝʮʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʚʠʰʝʛʦʜʠʰˁʠʤ ʧʝʨʠʦʜʦʤ. ʋʢʫʧʥʘ ʛʦʜʠʰˁʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ 

ʠʟʥʦʩʠʣʘ ʿʝ 521,9 mm ʠ ʥʘʿʚʝ˂ʠ ʜʝʦ ʘʢʫʤʫʣʠʨʘʦ ʩʝ ʟʘ ʚʨʝʤʝ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ, 362,6 mm, 

ʠ ʪʦ ʪʦʢʦʤ ʘʧʨʠʣʘ (70,2 mm), ʘʚʛʫʩʪʘ (82,8 mm) ʠ ʩʝʧʪʝʤʙʨʘ (95,2 mm). ʇʨʦʩʝʯʥʘ ʨʝʣʘʪʠʚʥʘ 

ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ ʠʟʥʦʩʠʣʘ ʿʝ 70,7%, ʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ 66,5%, ʰʪʦ ʿʝ ʧʨʠʙʣʠʞʥʦ 

ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʠʟ ʧʨʚʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ. ʆʩʫʥʯʘʥʦʩʪ ʿʝ ʢʘʦ ʠ ʫ 2021. ʛʦʜʠʥʠ ʙʠʣʘ ʥʘʿʚʝ˂ʘ 

ʪʦʢʦʤ ʿʫʥʘ ʠ ʿʫʣʘ (10,0 h ʠ 10,7 h, ʨʝʜʦʤ). ʅʘʿʚʝ˂ʘ ʧʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʚʝʪʨʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ 

ʧʝʨʠʦʜʘ ʟʘʧʘʞʝʥʘ ʿʝ ʫ ʤʘʨʪʫ ʠ ʘʧʨʠʣʫ (ʦʙʘ ʧʦ 1,7 mĿs ĭ), ʜʦʢ ʿʝ ʧʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʙʨʟʠʥʘ 

ʚʝʪʨʘ ʙʠʣʘ 1,5 mĿs ĭ. 

ʂʘʢʦ ʙʠ ʩʝ ʦʜʨʝʜʠʦ ʧʝʨʠʦʜ ʫ ʢʦʤʝ ʩʝ ʦʯʝʢʫʿʝ ʜʝʬʠʮʠʪ ʚʦʜʝ ï ʧʝʨʠʦʜ ʩʫʰʝ, ʢʦʨʠʰ˂ʝʥ ʿʝ 

ʢʣʠʤʘ ʜʠʿʘʛʨʘʤ ʧʦ ɺʘʣʪʝʨʫ (Walter et al., 1975). ɺʦʜʥʠ ʜʝʬʠʮʠʪ ʿʝ ʢʣʠʤʘʪʦʣʦʰʢʠ ʛʣʝʜʘʥʦ, ʫ 

ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ (1998-2017), ʜʝʪʝʢʪʦʚʘʥ ʪʦʢʦʤ ʘʚʛʫʩʪʘ ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʥʝʦʧʭʦʜʥʦʩʪ 

ʥʘʚʦʜˁʘʚʘˁʘ (ɻʨʘʬʠʢ 1). 
 

 

ɻʨʘʬʠʢ 1. ɺʘʣʪʝʨʦʚ ʢʣʠʤʘ ʜʠʿʘʛʨʘʤ ʟʘ ʣʦʢʘʣʠʪʝʪ ʇʣʘʚʠʥʮʠ ʪʦʢʦʤ ʨʝʬʝʨʝʥʪʥʦʛ ʧʝʨʠʦʜʘ (1998-

2017) 

 

ʉʫʤʝ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ (GDD) 

ʅʘ ʦʩʥʦʚʫ ʦʩʤʦʪʨʝʥʠʭ ʧʦʜʘʪʘʢʘ ʦ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʬʝʥʦʣʦʰʢʠʭ ʦʩʤʘʪʨʘˁʘ ʟʘ ʧʝʨʠʦʜ 

(2015-2022) ʦʜʨʝʹʝʥʝ ʩʫ ʩʫʤʝ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ (Growing degree days ï GDD) 

ʧʦʪʨʝʙʥʝ ʟʘ ʨʘʩʪ ʠ ʨʘʟʚʦʿ ʚʠʥʦʚʝ ʣʦʟʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʧʦ ʬʝʥʦʬʘʟʘʤʘ (ʚʨʝʤʝ ʢʨʝʪʘˁʘ ʦʢʘʮʘ, 

ʧʦʯʝʪʘʢ ʠ ʜʫʞʠʥʘ ʪʨʘʿʘˁʘ ʮʚʝʪʘˁʘ, ʨʘʟʚʦʿ ʟʝʣʝʥʠʭ ʙʦʙʠʮʘ, ʰʘʨʘʢ, ʩʘʟʨʝʚʘˁʝ). ʇʦʯʝʪʘʢ ʠ ʢʨʘʿ 

ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʙʠʦ ʿʝ ʦʜʨʝʹʝʥ ʢʘʦ ʧʝʪʠ ʫʟʘʩʪʦʧʥʠ ʜʘʥ ʩʘ ʩʨʝʜˁʦʤ ʜʥʝʚʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʦʤ ʚʝ˂ʦʤ (ʟʘ ʧʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ), ʦʜʥʦʩʥʦ ʤʘˁʦʤ ʦʜ 10 °C (ʟʘ ʢʨʘʿ 

ʚʝʛʝʪʘʮʠʿʝ). ɼʘʪʫʤ ʮʚʝʪʘˁʘ, ʧʦʿʘʚʝ ʰʘʨʢʘ ʠ ʙʝʨʙʝ ʿʝ ʦʩʤʦʪʨʝʥ ʥʘ ʪʝʨʝʥʫ. ʉʫʤʝ ʝʬʝʢʪʠʚʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʦʚʝ ʪʨʠ ʬʝʥʦʬʘʟʝ ʩʫ ʦʜʨʝʹʝʥʝ ʢʘʦ ʟʙʠʨ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʩʨʝʜˁʝ ʜʥʝʚʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ 10 ÁC, ʰʪʦ ʩʝ ʩʤʘʪʨʘ ʙʘʟʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ ʟʘ ʘʢʪʠʚʠʨʘˁʝ ʚʝʛʝʪʘʮʠʿʝ ʚʠʥʦʚʝ 

ʣʦʟʝ. ɼʫʞʠʥʘ ʚʝʛʝʪʘʮʠʿʝ ʠ ʥʘʩʪʫʧʘˁʝ ʧʦʿʝʜʠʥʠʭ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʫ 

ʙʫʜʫ˂ʠʤ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ (ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ (2021-2040), ʩʨʝʜʠʥʘ ʚʝʢʘ (2041-2060) ʠ 

ʢʨʘʿ ʚʝʢʘ (2081-2100)) ʠ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ (1998-2017) ʦʜʨʝʹʝʥʘ ʿʝ ʫʧʦʪʨʝʙʦʤ ʚʨʝʜʥʦʩʪʠ 

ʧʨʦʩʝʯʥʠʭ ʝʬʝʢʪʠʚʥʠʭ ʩʫʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʨʘʯʫʥʘʪʠʭ ʟʘ ʧʝʨʠʦʜ 2015-2022. ʛʦʜʠʥʘ. 
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ʋ ʪʘʙʝʣʠ 5. ʧʨʠʢʘʟʘʥʝ ʩʫ ʩʫʤʝ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʥʦʚʝ ʣʦʟʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʥʘ 

ʣʦʢʘʣʠʪʝʪʫ ʇʣʘʚʠʥʮʠ ʪʦʢʦʤ ʨʘʟʣʠʯʠʪʠʭ ʬʝʥʦʬʘʟʘ ʫ ʦʩʤʦʪʨʝʥʦʤ ʧʝʨʠʦʜʫ (2015-2022). 

ʉʫʤʝ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ (GDD) ʩʫ ʠʟʨʘʯʫʥʘʪʝ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ: 

 

'$$В ˟ 4    [1] 

 

ɻʜʝ ʿʝ:  

Tsr ï ʩʨʝʜˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ (Áʉ), ʜʦʙʠʿʝʥʘ ʢʘʦ ʧʨʦʩʝʢ ʠʟʤʝʹʫ ʤʘʢʩʠʤʘʣʥʝ ʠ 

ʤʠʥʠʤʘʣʥʝ ʜʥʝʚʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ; 

Tb ï ʙʠʦʣʦʰʢʠ ʪʝʤʧʝʨʘʪʫʨʥʠ ʤʠʥʠʤʫʤ ʚʠʥʦʚʝ ʣʦʟʝ (10 Áʉ); 

n ï ʙʨʦʿ ʜʘʥʘ ʦʜ ʧʦʯʝʪʢʘ (i) ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʚʠʥʦʚʝ ʣʦʟʝ (n). 

 

ʊʘʙʝʣʘ 5. ɽʬʝʢʪʠʚʥʝ ʩʫʤʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ʜʦ ʧʦʯʝʪʢʘ ʨʘʟʣʠʯʠʪʠʭ ʬʝʥʦʬʘʟʘ ʫ 

ʦʩʤʦʪʨʝʥʦʤ ʧʝʨʠʦʜʫ (2015-2022) ʟʘ ʚʠʥʦʚʫ ʣʦʟʫ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʇʣʘʚʠʥʮʠ 
 

ɻʦʜʠʥʘ ʎʚʝʪʘˁʝ ʐʘʨʘʢ ɹʝʨʙʘ ʂʨʘʿ ʚʝʛʝʪʘʮʠʿʝ 

2015 301,7 1014,7 1557,9 2047,7 

2016 275,7 998,6 1444,5 1885,0 

2017 290,6 996,2 1535,7 2086,5 

2018 303,6 825,6 1453,2 2286,0 

2019 320,0 982,0 1729,2 2360,6 

2020 286,2 923,6 1558,7 2115,7 

2021 270,6 1011,9 1518,0 1933,7 

2022 516,2 1326,6 2089,8 2890,5 

ʇʨʦʩʝʢ 320,6 1009,9 1610,8 2200,7 

 

ʋ ʦʩʤʦʪʨʝʥʦʤ ʧʝʨʠʦʜʫ (2015-2022) ʧʨʦʩʝʯʥʦ ʥʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʝʬʝʢʪʠʚʥʠʭ ʩʫʤʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘ ʩʚʘʢʫ ʘʥʘʣʠʟʠʨʘʥʫ ʬʝʥʦʬʘʟʫ ʫʦʯʝʥʝ ʩʫ ʪʦʢʦʤ 2022. ʛʦʜʠʥʝ. 

 

5.5. ʂʣʠʤʘʪʩʢʠ ʤʦʜʝʣʠ 

 

ɸʥʘʣʠʟʘ ʙʫʜʫ˂ʠʭ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʪʨʝʙʘ ʜʘ ʦʙʫʭʚʘʪʠ ʘʢʪʫʝʣʥʝ ʠ ʨʝʣʝʚʘʥʪʥʝ 

ʨʝʟʫʣʪʘʪʝ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʿʝʢʮʠʿʘ, ʰʪʦ ʧʦʜʨʘʟʫʤʝʚʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʠʟʙʦʨ ʿʝʜʥʦʛ ʠʣʠ ʚʠʰʝ 

ʩʮʝʥʘʨʠʿʘ ʝʤʠʩʠʿʘ ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʠʥʪʝʛʨʘʮʠʿʝ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ ʩʘ 

ʥʘʿʚʝ˂ʦʤ ʤʦʛʫ˂ʦʤ ʧʨʦʩʪʦʨʥʦʤ ʨʝʟʦʣʫʮʠʿʦʤ.  

ʆʜʘʙʨʘʥʝ ʠʥʪʝʛʨʘʮʠʿʝ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ ʧʨʝʫʟʝʪʝ ʩʫ ʩʘ ʧʣʘʪʬʦʨʤʝ ɼʠʛʠʪʘʣʥʦʛ ʘʪʣʘʩʘ 

ʢʣʠʤʝ ʉʨʙʠʿʝ
4
 ʨʘʟʚʠʿʝʥʝ ʫ ʦʢʚʠʨʫ UNDP ʧʨʦʿʝʢʪʘ Ăʋʥʘʧʨʝʹʝˁʝ ʩʨʝʜˁʝʨʦʯʥʦʛ ʠ ʜʫʛʦʨʦʯʥʦʛ 

ʧʣʘʥʠʨʘˁʘ ʤʝʨʘ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʥʘ ʠʟʤʝˁʝʥʝ ʢʣʠʤʘʪʩʢʝ ʫʩʣʦʚʝ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠñ 

(Djurdjevic, 2021) ʠ ʫʢˀʫʯʫʿʫ ʘʥʩʘʤʙʣ (ʩʢʫʧ) ʦʜ 8 ʨʝʛʠʦʥʘʣʥʠʭ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ ʩʘ 

ʧʨʦʩʪʦʨʥʦʤ ʨʝʟʦʣʫʮʠʿʦʤ ʦʜ 0,1Á (ʦʢʦ 12 km). ʆʚʘʿ ʘʥʩʘʤʙʣ ʤʦʜʝʣʘ ʿʝ ʠʟʜʚʦʿʝʥ ʠʟ ʩʢʫʧʘ 

ʧʦʜʘʪʘʢʘ ʧʨʦʿʝʢʪʘ EURO-CORDEX, ʘ ˁʝʛʦʚʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʝʚʘʣʫʠʨʘʥʠ ʟʘ ʪʝʨʠʪʦʨʠʿʫ ʉʨʙʠʿʝ ʠ 

ʢʦʨʠʰ˂ʝʥʠ ʫ ʥʘʮʠʦʥʘʣʥʠʤ ʧʨʦʮʝʥʘʤʘ ʫʪʠʮʘʿʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʠ ʧʣʘʥʠʨʘˁʫ ʤʝʨʘ 

ʘʜʘʧʪʘʮʠʿʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʦʙʣʘʩʪʠʤʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʚʠʥʦʛʨʘʜʘʨʩʪʚʦ (ʄʠʥʠʩʪʘʨʩʪʚʦ ʟʘʰʪʠʪʝ 

ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, 2023). ʆʜʘʙʨʘʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʨʝʛʠʦʥʘʣʥʠʭ ʠ ʛʣʦʙʘʣʥʠʭ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ 

ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 6. 

                                                 
4
 https://atlas-klime.eko.gov.rs 

https://atlas-klime.eko.gov.rs/
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ʊʘʙʝʣʘ 6. ʆʜʘʙʨʘʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʨʝʛʠʦʥʘʣʥʠʭ (RCM) ʠ ʛʣʦʙʘʣʥʠʭ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ (GCM) 
 

RCM  GCM  

CCLM4-8-17 ICHEC-EC-EARTH 

CCLM4-8-17 MOHC-HadGEM2-ES.rcp85 

CCLM4-8-17 MPI-M-MPI-ESM-LR 

HIRHAM5 ICHEC-EC-EARTH 

RACMO22E ICHEC-EC-EARTH 

RACMO22E MOHC-HadGEM2-ES 

REMO2009 MPI-M-MPI-ESM-LR-r1i1p1 

REMO2009 MPI-M-MPI-ESM-LR-r2i1p1 

 

ɿʘ ʘʥʘʣʠʟʫ ʿʝ ʦʜʘʙʨʘʥ ʩʮʝʥʘʨʠʦ RCP8.5 (Relative Concentration Pathway) ʠʟ ʇʝʪʦʛ 

ʠʟʚʝʰʪʘʿʘ ʄʝʹʫʚʣʘʜʠʥʦʛ ʧʘʥʝʣʘ ʦ ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ (Intergovernmental Panel on 

Climate Change) (IPCC, 2014). ʆʚʘʿ ʩʮʝʥʘʨʠʦ ʥʝ ʧʨʝʜʚʠʹʘ ʧʨʠʤʝʥʫ ʤʝʨʘ ʫʙʣʘʞʘʚʘˁʘ, ʚʝ˂ 

ʢʦʥʩʪʘʥʪʥʦ ʧʦʚʝ˂ʘˁʝ ʝʤʠʩʠʿʘ ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʠ ʩʪʦʛʘ ʩʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ 

Ăʥʘʿʝʢʩʪʨʝʤʥʠʿʠʤñ (Djurdjeviĺ et al., 2018). ʄʝʹʫʪʠʤ, ʧʨʦʤʝʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʉʨʙʠʿʠ ʿʝ ʚʝ˂ 

ʧʨʝʩʪʠʛʣʘ ʚʨʝʜʥʦʩʪʠ ʧʨʝʜʚʠʹʝʥʝ ʤʝʜʠʿʘʥʦʤ ʠʟʘʙʨʘʥʦʛ ʘʥʩʘʤʙʣʘ ʟʘ ʥʘʨʝʜʥʠʭ 20 ʛʦʜʠʥʘ, ʧʘ ʙʠ 

ʠʟʙʦʨ ʫʤʝʨʝʥʠʿʠʭ ʩʮʝʥʘʨʠʿʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʙʠʦ ʥʝʧʨʠʢʣʘʜʘʥ. 

ʋ ʩʢʣʘʜʫ ʩʘ ʇʝʪʠʤ ʠʟʚʝʰʪʘʿʝʤ IPCC ʠ ʧʦʜʘʮʠʤʘ ʥʘ ʧʣʘʪʬʦʨʤʠ ɼʠʛʠʪʘʣʥʦʛ ʘʪʣʘʩʘ 

ʢʣʠʤʝ ʉʨʙʠʿʝ, ʦʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʦʙʫʭʚʘʪʠʣʦ ʘʥʘʣʠʟʫ ʪʨʠ ʦʜʘʙʨʘʥʘ ʜʚʘʜʝʩʝʪʦʛʦʜʠʰˁʘ 

ʙʫʜʫ˂ʘ ʧʝʨʠʦʜʘ: ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ 2021-2040, ʩʨʝʜʠʥʘ ʚʝʢʘ 2041-2060, ʢʨʘʿ ʚʝʢʘ 2081-2100, 

ʜʦʢ ʿʝ ʢʘʦ ʨʝʬʝʨʝʥʪʥʠ ʟʘʜʨʞʘʥ ʧʝʨʠʦʜ 1998-2017. ɿʘ ʧʨʦʮʝʥʫ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ, ʧʦʯʝʪʢʘ ʠ 

ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʚʠʥʦʚʝ ʣʦʟʝ, ʦʜʨʝʹʠʚʘˁʝ ʜʝʬʠʮʠʪʘ ʚʦʜʝ (ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ 

ʚʠʥʦʚʝ ʣʦʟʝ ʠ ʝʬʝʢʪʠʚʥʠʭ ʧʘʜʘʚʠʥʘ) ʟʘ ʧʦʤʝʥʫʪʝ ʧʝʨʠʦʜʝ ʙʫʜʫ˂ʥʦʩʪʠ, ʠ ʧʨʠʢʘʟ ʨʝʟʫʣʪʘʪʘ 

ʩʠʤʫʣʘʮʠʿʘ ʫ FAO AquaCrop ʤʦʜʝʣʫ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʤʝʜʠʿʘʥʝ ʘʥʩʘʤʙʣʘ ʨʝʛʠʦʥʘʣʥʠʭ 

ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ.  

 

5.5.1. ʉʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ 

 

ʉʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʧʨʝʜʥʫ ʪʝʭʥʠʢʫ ʜʫʛʦʨʦʯʥʦʛ ʧʨʝʜʚʠʹʘˁʘ, 

ʢʦʿʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʥʫʤʝʨʠʯʢʠʤ ʤʦʜʝʣʠʤʘ ʘʪʤʦʩʬʝʨʝ ʠ ʦʢʝʘʥʘ, ʢʘʦ ʠ ʥʘ ʘʥʘʣʠʟʠ ʠʩʪʦʨʠʿʩʢʠʭ 

ʧʦʜʘʪʘʢʘ. ʆʚʠ ʤʦʜʝʣʠ ʠʟʨʘʯʫʥʘʚʘʿʫ ʧʨʦʛʥʦʟʝ ʟʘ ʧʝʨʠʦʜ ʦʜ ʤʝʩʝʮ ʜʦ ʩʝʜʘʤ ʤʝʩʝʮʠ ʫʥʘʧʨʝʜ, ʠ 

ʜʘʿʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʟʘ ʨʘʟʣʠʯʠʪʝ ʚʨʝʤʝʥʩʢʝ ʩʮʝʥʘʨʠʿʝ, ʢʘʦ ʰʪʦ ʩʫ ʩʫʰʝ, ʪʦʧʣʦʪʥʠ ʪʘʣʘʩʠ ʠʣʠ 

ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ. ʋʤʝʩʪʦ ʜʘ ʧʨʫʞʘʿʫ ʿʝʜʘʥ ʪʘʯʘʥ ʠʩʭʦʜ, ʢʘʦ ʫ ʩʣʫʯʘʿʫ ʢʨʘʪʢʦʨʦʯʥʠʭ 

ʧʨʦʛʥʦʟʘ, ʩʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʢʦʨʠʩʪʝ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʙʦˀʝ 

ʨʘʟʫʤʝʚʘˁʝ ʥʝʠʟʚʝʩʥʦʩʪʠ ʫ ʙʫʜʫ˂ʝʤ ʚʨʝʤʝʥʫ.  

ɿʘ ʧʨʦʮʝʥʫ ʤʦʛʫ˂ʥʦʩʪʠ ʢʦʨʠʰ˂ʝˁʘ ʜʫʛʦʨʦʯʥʝ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ 

ʥʘʩʪʫʧʘˁʘ ʢˀʫʯʥʠʭ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ (ʧʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ, ʮʚʝʪʘˁʝ, ʰʘʨʘʢ ʠ ʙʝʨʙʘ) ʠ 

ʧʨʠʥʦʩʘ, ʫʧʦʪʨʝʙˀʝʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʩʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ ɽʚʨʦʧʩʢʦʛ ʮʝʥʪʨʘ ʟʘ 

ʩʨʝʜˁʦʨʦʯʥʫ ʧʨʦʛʥʦʟʫ ʚʨʝʤʝʥʘ (European Centre for Medium Range Weather Forecast ï 

ECMWF). ʆʚʘ ʧʨʦʛʥʦʟʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 51 ʯʣʘʥʘ ʘʥʩʘʤʙʣʘ ʠ, ʩʣʠʯʥʦ ʘʥʩʘʤʙʣʠʤʘ ʢʣʠʤʘʪʩʢʠʭ 

ʤʦʜʝʣʘ, ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʮʝʥʫ ʚʝʨʦʚʘʪʥʦ˂ʝ ʙʫʜʫ˂ʠʭ ʚʨʝʤʝʥʩʢʠʭ ʧʨʠʣʠʢʘ. ʉʝʟʦʥʩʢʘ ʧʨʦʛʥʦʟʘ ʩʝ 

ʫ ECMWF ʦʧʝʨʘʪʠʚʥʦ ʠʟʨʘʯʫʥʘʚʘ ʩʚʘʢʦʛ ʤʝʩʝʮʘ ʟʘ ʥʘʨʝʜʥʠʭ 7 ʤʝʩʝʮʠ, ʥʘ ʧʨʦʩʪʦʨʥʦʿ 

ʨʝʟʦʣʫʮʠʿʠ ʦʜ ʦʢʦ 36 km
5
.  

Kʘʢʦ ʿʝ ʧʨʦʩʪʦʨʥʘ ʨʝʟʦʣʫʮʠʿʘ ʦʚʠʭ ʧʨʦʛʥʦʟʘ ʧʨʠʣʠʯʥʦ ʛʨʫʙʘ, ʫʨʘʹʝʥʘ ʿʝ ˁʠʭʦʚʘ 

ʜʠʥʘʤʠʯʢʘ ʨʝʛʠʦʥʘʣʠʟʘʮʠʿʘ, ʪʘʢʦ ʰʪʦ ʩʫ ʨʝʟʫʣʪʘʪʠ ECMWF ʧʨʦʛʥʦʟʘ ʢʦʨʠʰ˂ʝʥʠ ʢʘʦ ʙʦʯʥʠ 

                                                 
5
 https://www.ecmwf.int/sites/default/files/elibrary/2021/81237-seas5-user-guide_1.pdf 

https://www.ecmwf.int/sites/default/files/elibrary/2021/81237-seas5-user-guide_1.pdf
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ʠ ʛʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʟʘ ʠʥʪʝʛʨʘʮʠʿʫ ʨʝʛʠʦʥʘʣʥʠʤ ʥʫʤʝʨʠʯʢʠʤ ʤʦʜʝʣʦʤ NMMB ʥʘ ʤʘˁʦʿ 

ʦʙʣʘʩʪʠ, ʘʣʠ ʩʘ ʚʝ˂ʦʤ ʧʨʦʩʪʦʨʥʦʤ ʨʝʟʦʣʫʮʠʿʦʤ. NMMB ʿʝ ʨʝʛʠʦʥʘʣʥʠ ʥʝʭʦʜʨʦʩʪʘʪʠʯʢʠ 

ʥʫʤʝʨʠʯʢʠ ʤʦʜʝʣ ʟʘ ʧʨʦʛʥʦʟʫ ʚʨʝʤʝʥʘ ʥʘ B ʤʨʝʞʠ (Non-hydrostatic Multiscale Model on the B 

grid) ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʢʘʢʦ ʫ ʦʧʝʨʘʪʠʚʥʦʿ ʧʨʦʛʥʦʟʠ ʚʨʝʤʝʥʘ ʨʘʟʣʠʯʠʪʠʭ ʥʘʮʠʦʥʘʣʥʠʭ 

ʭʠʜʨʦʤʝʪʝʦʨʦʣʦʰʢʠʭ ʩʣʫʞʙʠ (ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʉʨʙʠʿʫ), ʢʣʠʤʘʪʩʢʠʤ ʩʠʤʫʣʘʮʠʿʘʤʘ, ʪʘʢʦ ʠ ʫ 

ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʥʘʫʯʥʠʭ ʩʪʫʜʠʿʘ (Janjic et al., 2012; Djurdjevic et al., 2013). 

ʈʝʛʠʦʥʘʣʠʟʘʮʠʿʘ ʿʝ ʫʨʘʹʝʥʘ ʠʟʥʘʜ ʦʙʣʘʩʪʠ ʦʜ 39,5 °N ʜʦ 48,7 °N ʠ ʦʜ 14,7 °E ʜʦ 24,2 °E, 

ʥʘ ʧʨʦʩʪʦʨʥʦʿ ʨʝʟʦʣʫʮʠʿʠ ʦʜ 0,095Á, ʦʜʥʦʩʥʦ ʦʢʦ 11 km. ɿʘ ʘʥʘʣʠʟʫ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʨʝʟʫʣʪʘʪʠ 

ʜʥʝʚʥʠʭ ʤʠʥʠʤʘʣʥʠʭ ʠ ʤʘʢʩʠʤʘʣʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ, ʢʘʦ ʠ ʜʥʝʚʥʠʭ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ 

ʧʨʦʛʥʦʟʘ ʢʦʿʝ ʩʫ ʟʘʧʦʯʝʪʝ ʫ ʬʝʙʨʫʘʨʫ (ʜʦ ʢʨʘʿʘ ʘʚʛʫʩʪʘ), ʤʘʨʪʫ (ʜʦ ʢʨʘʿʘ ʩʝʧʪʝʤʙʨʘ), ʘʧʨʠʣʫ 

(ʜʦ ʢʨʘʿʘ ʦʢʪʦʙʨʘ), ʤʘʿʫ (ʜʦ ʢʨʘʿʘ ʦʢʪʦʙʨʘ), ʿʫʥʫ (ʜʦ ʢʨʘʿʘ ʦʢʪʦʙʨʘ), ʿʫʣʫ (ʜʦ ʢʨʘʿʘ ʦʢʪʦʙʨʘ) ʠ 

ʘʚʛʫʩʪʫ (ʜʦ ʢʨʘʿʘ ʦʢʪʦʙʨʘ) 2021. ʠ 2022. ʛʦʜʠʥʝ. ʈʝʟʫʣʪʘʪʠ ʩʝʟʦʥʩʢʠʭ ʧʨʦʛʥʦʟʘ ʩʫ ʢʦʨʠʰ˂ʝʥʠ 

ʫ AquaCrop ʤʦʜʝʣʫ ʢʘʢʦ ʙʠ ʩʝ, ʥʘ ʦʩʥʦʚʫ ʤʝʜʠʿʘʥʝ ʘʥʩʘʤʙʣʘ, ʧʨʦʮʝʥʠʣʠ ʜʘʪʫʤʠ ʥʘʩʪʫʧʘˁʘ 

ʠʩʧʠʪʠʚʘʥʠʭ ʬʝʥʦʬʘʟʘ ʪʦʢʦʤ ʦʛʣʝʜʥʠʭ ʛʦʜʠʥʘ, ʜʝʬʠʮʠʪʠ ʚʦʜʝ, ʢʘʦ ʠ ʧʨʠʥʦʩʠ. ʋ ʤʝʩʝʮʠʤʘ 

ʢʦʿʠ ʩʫ ʧʨʝʪʭʦʜʠʣʠ ʧʦʯʝʪʢʫ ʮʠʢʣʫʩʘ ʩʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ, ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʩʫ ʢʦʨʠʰ˂ʝʥʠ 

ʤʝʪʝʦʨʦʣʦʰʢʠ ʧʦʜʘʮʠ ʦʩʤʦʪʨʝʥʠ ʫ ʚʠʥʦʛʨʘʜʫ. 

 

5.6. ʈʝʬʝʨʝʥʪʥʘ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ (ɽʊo) 

 

ʇʨʠʤʝʥʦʤ FAO IDP (Irrigation and Drainage Paper 56) ʤʝʪʦʜʦʣʦʛʠʿʝ (Allen et al., 1998) 

ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʧʨʠʢʫʧˀʝʥʠʭ ʩʘ ʤʝʪʝʦʨʦʣʦʰʢʝ ʩʪʘʥʠʮʝ, ʜʘʪʘʣʦʛʝʨʘ ʠ ʚʨʝʜʥʦʩʪʠ 

ʢʣʠʤʘʪʩʢʠʭ ʧʦʜʘʪʘʢʘ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ ʦʙʨʘʯʫʥʘʪʘ ʿʝ ʨʝʬʝʨʝʥʪʥʘ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ 

(ɽʊo). ʈʝʬʝʨʝʥʪʥʘ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ (ɽʊo) ʦʟʥʘʯʘʚʘ ʢʣʠʤʘʪʩʢʠ ʧʘʨʘʤʝʪʘʨ ʢʦʿʠ ʠʟʨʘʞʘʚʘ 

ʘʪʤʦʩʬʝʨʩʢʫ ʤʦ˂ ʟʘ ʠʩʧʘʨʘʚʘˁʝʤ ʩʘ ʨʝʬʝʨʝʥʪʥʝ ʧʦʚʨʰʠʥʝ. ʈʝʬʝʨʝʥʪʥʘ ʧʦʚʨʰʠʥʘ ʿʝ 

ʭʠʧʦʪʝʪʠʯʢʠ ʪʨʘʚʥʘʪʠ ʫʩʝʚ ʚʠʩʠʥʝ 0,12 m, ʬʠʢʩʥʦʛ ʧʦʚʨʰʠʥʩʢʦʛ ʦʪʧʦʨʘ 70 sĀm
-1

 ʠ ʘʣʙʝʜʦʤ 

0,23. ʈʝʬʝʨʝʥʪʥʘ ʧʦʚʨʰʠʥʘ ʿʝ ʚʨʣʦ ʩʣʠʯʥʘ ʝʢʩʪʝʥʟʠʚʥʦʿ ʟʝʣʝʥʦʿ, ʜʦʙʨʦ ʥʘʚʦʜˁʘʚʘʥʦʿ ʪʨʘʚʠ, 

ʫʥʠʬʦʨʤʥʝ ʚʠʩʠʥʝ, ʧʨʠ ʘʢʪʠʚʥʦʤ ʨʘʩʪʫ ʠ ʢʦʤʧʣʝʪʥʦʿ ʧʦʢʨʦʚʥʦʩʪʠ ʟʝʤˀʠʰʪʘ. ʌʠʢʩʥʠ ʦʪʧʦʨ 

ʧʦʚʨʰʠʥʝ ʧʨʝʜʩʪʘʚˀʘ ʩʨʝʜˁʝ ʩʫʚʫ ʧʦʚʨʰʠʥʫ ʟʝʤˀʠʰʪʘ ʥʘʩʪʘʣʫ ʟʙʦʛ ʩʝʜʤʠʯʥʦʛ ʪʫʨʥʫʩʘ 

ʟʘʣʠʚʘˁʘ (ɸllen et al., 1998).  

ʄʝʹʫʥʘʨʦʜʥʘ ʢʦʤʠʩʠʿʘ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ ʠ ʦʜʚʦʜˁʘʚʘˁʝ (ICCD) ʠ ʆʨʛʘʥʠʟʘʮʠʿʘ 

ʋʿʝʜʠˁʝʥʠʭ ʥʘʮʠʿʘ ʟʘ ʭʨʘʥʫ ʠ ʧʦˀʦʧʨʠʚʨʝʜʫ (FAO) ʫʩʚʦʿʠʣʠ ʩʫ Penman-Monteith ʤʝʪʦʜʫ 

(FAO 56-PM) ʟʘ ʩʪʘʥʜʘʨʜʥʫ ʤʝʪʦʜʫ ʟʘ ʧʨʦʨʘʯʫʥ ʨʝʬʝʨʝʥʪʥʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ. ʆʥʘ ʿʝ 

ʢʦʤʧʣʝʢʩʥʘ ʿʝʨ ʦʙʫʭʚʘʪʘ ʚʝʣʠʢʠ ʙʨʦʿ ʢʣʠʤʘʪʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ. ʄʝʹʫʪʠʤ, ʫʩʣʝʜ ʥʝʜʦʩʪʫʧʥʦʩʪʠ 

ʩʚʠʭ ʢʣʠʤʘʪʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʧʨʦʨʘʯʫʥ ʨʝʬʝʨʝʥʪʥʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʤʝʪʦʜʦʤ FAO 56-

PM, ʟʘ ʧʨʦʨʘʯʫʥ ɽʊo ʫ ʧʨʝʪʭʦʜʥʦʤ ʜʚʘʜʝʩʝʪʦʛʦʜʠʰˁʝʤ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ (1998-2017), 

ʦʛʣʝʜʥʦʤ (2021-2022) ʠ ʪʨʠ ʙʫʜʫ˂ʘ ʜʚʘʜʝʩʪʦʛʦʜʠʰˁʘ ʧʝʨʠʦʜʘ (2021-2040, ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ, 

2041-2060, ʩʨʝʜʠʥʘ ʚʝʢʘ ʠ 2081-2100. ʛʦʜʠʥʘ, ʢʨʘʿ ʚʝʢʘ), ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʤʝʪʦʜʘ Hargreaves-ʘ, 

ʢʦʿʘ ʿʝ ʪʘʢʦʹʝ ʧʨʠʟʥʘʪʘ ʦʜ ʩʪʨʘʥʝ FAO (Hargreaves, 1985).  

ɱʝʜʥʘʯʠʥʘ ʟʘ ʧʨʦʨʘʯʫʥ ɽʊo ʤʝʪʦʜʦʤ Hargreaves-ʘ ʛʣʘʩʠ: 

 

%4 πȢππςσϽπȟτπψϽ2 Ͻ4 4 ȢϽ4 ρχȟψ   ς 

 

ɻʜʝ ʿʝ: 

ɽʊo ï ʨʝʬʝʨʝʥʪʥʘ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ (mmĿʜʘʥ ĭ); 

Ra ï ʝʢʩʪʨʘʪʝʨʝʩʪʨʠʿʘʣʥʘ ʨʘʜʠʿʘʮʠʿʘ (MJĿm ĮĿʜʘʥ ĭ); 

Tmax ï ʤʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ (ÁC);  

Tmin ï ʤʠʥʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ (ÁC); 

Tsr ï ʩʨʝʜˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ (ÁC). 
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ʅʘ ʦʩʥʦʚʫ ʜʥʝʚʥʠʭ ʚʨʝʜʥʦʩʪʠ ʧʘʜʘʚʠʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʙʠʿʝʥʠʭ ʢʣʠʤʘʪʩʢʠʤ ʤʦʜʝʣʠʤʘ 

ʠʟʨʘʯʫʥʘʣʘ ʩʝ ɽʊo ʠ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʚʠʥʦʚʝ ʣʦʟʝ (ɽʊc) ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ 

ʧʨʝʜʚʠʹʝʥʦʛ ʫ ʙʫʜʫ˂ʥʦʩʪʠ. ʂʘʦ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʠʟʨʘʯʫʥʘʪʝ ʚʨʝʜʥʦʩʪʠ ɽʊc ʚʠʥʦʚʝ ʣʦʟʝ ʟʘ 

ʧʝʨʠʦʜʝ ʙʫʜʫ˂ʥʦʩʪʠ ʠ ʧʘʜʘʚʠʥʘ ʩʠʤʫʣʠʨʘʥʠʭ ʢʣʠʤʘʪʩʢʠʤ ʤʦʜʝʣʠʤʘ, ʠʟʨʘʯʫʥʘʦ ʩʝ ʥʝʪʦ 

ʜʝʬʠʮʠʪ ʚʦʜʝ (ʥʦʨʤʘ ʥʘʚʦʜˁʘʚʘˁʘ) ʠ ʧʦʪʨʝʙʘ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝʤ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʙʫʜʫ˂ʥʦʩʪʠ. 

ɽʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʢʫʣʪʫʨʝ ʟʘ ʧʝʨʠʦʜʝ ʙʫʜʫ˂ʥʦʩʪʠ ʠ ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ ʠʟʨʘʯʫʥʘʪʘ ʿʝ 

ʢʦʨʠʰ˂ʝˁʝʤ ʩʪʘʥʜʘʨʜʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʫʣʪʫʨʝ. 

 

5.7. ɽʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʢʫʣʪʫʨʝ ï ʚʠʥʦʚʝ ʣʦʟʝ (ɽʊc) 

 

ɽʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʢʫʣʪʫʨʝ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʠʟʚʦʜ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʫʣʪʫʨʝ (Kc) ʢʦʿʠ 

ʩʘʜʨʞʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʙʠˀʥʝ ʢʫʣʪʫʨʝ ʠ ʨʝʬʝʨʝʥʪʥʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ (ɽʊʦ), ʢʦʿʘ 

ʦʜʨʘʞʘʚʘ ʢʣʠʤʘʪʩʢʝ ʫʩʣʦʚʝ ʦʜʨʝʹʝʥʦʛ ʣʦʢʘʣʠʪʝʪʘ. ɽʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʢʫʣʪʫʨʝ ʧʦʜʨʘʟʫʤʝʚʘ 

ʜʘ ʩʝ ʙʠˀʢʘ ʛʘʿʠ ʫ ʦʧʪʠʤʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʰʪʦ ʫʢˀʫʯʫʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʛʫʩʪʠʥʫ ʩʘʜˁʝ, 

ʘʜʝʢʚʘʪʥʫ ʦʙʝʟʙʝʹʝʥʦʩʪ ʚʦʜʦʤ ʠ ʭʨʘʥʠʚʠʤʘ, ʦʜʩʫʩʪʚʦ ʩʘʣʠʥʠʪʝʪʘ, ʙʦʣʝʩʪʠ, ʰʪʝʪʦʯʠʥʘ ʠ 

ʢʦʨʦʚʘ.  

ɽʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʢʫʣʪʫʨʝ ʩʝ ʜʦʙʠʿʘ ʠʟ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ: 

 

%4 %4̏Ͻ+
 
   σ 

 

ɿʘ ʦʜʨʝʹʠʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ Kc ʧʦʪʨʝʙʥʦ ʿʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʜʫʞʠʥʫ 

ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʢʫʣʪʫʨʝ, ʢʘʦ ʠ ʪʨʘʿʘˁʝ ʩʚʘʢʝ ʬʝʥʦʬʘʟʝ. ɺʨʝʜʥʦʩʪʠ Kc ʟʘ ʧʨʚʫ (ʥʠʮʘˁʝ, 

ʢʣʠʿʘˁʝ ʠ ʬʦʨʤʠʨʘˁʝ ʧʨʚʘ ʜʚʘ ʜʦ ʪʨʠ ʩʪʘʣʥʘ ʣʠʩʪʘ), ʪʨʝ˂ʫ (ʮʚʝʪʘˁʝ ʠ ʧʣʦʜʦʥʦʰʝˁʝ) ʠ ʢʨʘʿ 

ʯʝʪʚʨʪʝ ʬʘʟʝ (ʩʘʟʨʝʚʘˁʝ), ʩʝ ʧʨʝʫʟʠʤʘʿʫ ʠʟ ʣʠʪʝʨʘʪʫʨʝ (FAO Irrigation and drainage paper 56) 

ʠ ʥʘ ʦʩʥʦʚʫ ˁʠʭ ʩʝ ʢʦʥʩʪʨʫʠʰʝ ʢʨʠʚʘ Kc. ɺʠʥʦʚʘ ʣʦʟʘ ʢʘʦ ʚʠʰʝʛʦʜʠʰˁʘ ʢʫʣʪʫʨʘ ʥʝʤʘ ʧʨʚʫ 

ʬʘʟʫ, ʟʘ ʧʦʯʝʪʘʢ ʜʨʫʛʝ ʬʘʟʝ (ʠʥʪʝʥʟʠʚʥʠ ʧʦʨʘʩʪ) ʫʟʠʤʘ ʚʨʝʜʥʦʩʪ Kc ʧʨʚʝ ʬʘʟʝ (0,30), ʟʘ ʪʨʝ˂ʫ 

ʬʘʟʫ ʚʨʝʜʥʦʩʪ Kc ʠʟʥʦʩʠ 0,70 ʪʦʢʦʤ ʢʦʤʧʣʝʪʥʦʛ ʧʝʨʠʦʜʘ ʪʨʘʿʘˁʘ, ʩʧʘʿʘˁʝʤ ʚʨʝʜʥʦʩʪʠ Kc 

ʢʨʘʿʘ ʧʨʚʝ ʠ ʧʦʯʝʪʢʘ ʪʨʝ˂ʝ ʬʝʥʦʬʘʟʝ ʜʦʙʠʿʘ ʩʝ ʢʨʠʚʘ ʫʟʣʘʟʥʦʛ ʪʨʝʥʜʘ ʛʜʝ ʩʝ ʿʘʩʥʦ ʚʠʜʠ ʜʘ 

ʚʨʝʜʥʦʩʪʠ Kc ʨʘʩʪʫ ʠʟ ʜʘʥʘ ʫ ʜʘʥ ʪʦʢʦʤ ʬʘʟʝ ʠʥʪʝʥʟʠʚʥʦʛ ʧʦʨʘʩʪʘ. ʉʧʘʿʘˁʝʤ ʚʨʝʜʥʦʩʪʠ Kc 

ʢʨʘʿʘ ʪʨʝ˂ʝ ʬʘʟʝ (0,70) ʠ ʢʨʘʿʘ ʯʝʪʚʨʪʝ ʬʘʟʝ (0,45) ʜʦʙʠʿʘ ʩʝ ʢʨʠʚʘ Kc ʩʠʣʘʟʥʦʛ ʪʨʝʥʜʘ ʟʘ 

ʬʝʥʦʬʘʟʫ ʩʘʟʨʝʚʘˁʘ ʛʜʝ ʩʝ ʚʠʜʠ ʜʘ ʩʝ ʚʨʝʜʥʦʩʪʠ Kc ʩʤʘˁʫʿʫ ʠʟ ʜʘʥʘ ʫ ʜʘʥ. ʋ ʦʚʠʤ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʚʨʝʜʥʦʩʪʠ Kc ʠʟ ʧʦʤʝʥʫʪʝ FAO ʣʠʪʝʨʘʪʫʨʝ ʟʘ ʚʠʥʩʢʝ ʩʦʨʪʝ 

ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʢʦʿʝ ʩʧʘʜʘ ʩʦʨʪʘ ʇʘʥʦʥʠʘ ʢʦʿʘ ʿʝ ʧʨʝʜʤʝʪ ʦʚʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. 

 

ɺʨʝʜʥʦʩʪ Kc max ʟʘ ʚʠʥʩʢʫ ʩʦʨʪʫ ʚʠʥʦʚʝ ʣʦʟʝ ʠʟʥʦʩʠ 0,70 (FAO Irrigation and drainage 

paper 56). ʄʘʢʩʠʤʘʣʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʢʫʣʪʫʨʝ ʧʨʠʣʘʛʦʹʘʚʘ ʩʝ ʤʝʪʝʦʨʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ ʢʦʿʠ 

ʩʝ ʨʘʟʣʠʢʫʿʫ ʦʜ ʩʪʘʥʜʘʨʜʥʠʭ. ʂʦʨʝʢʮʠʿʘ Kc max ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʝʤʝʥʩʢʠʭ ʫʩʣʦʚʘ ʩʝ ʚʨʰʠ 

ʧʨʝʢʦ ʩʣʝʜʝ˂ʝ ʬʦʨʤʫʣʝ: 

 

+
Ã Í̖́
+
Ã )))Ⱦ)6

ϽπȟπτϽÕςȤςȤπȟππτϽ2(ÍÉÎȤτυ Ͻ
È

σ

πȟσ

 τ 

ɻʜʝ ʿʝ:  

u2 ï ʙʨʟʠʥʘ ʚʝʪʨʘ (mĿs ĭ), ʤʝʨʝʥʘ ʥʘ 2 m ʚʠʩʠʥʝ; 

RHmin ï ʤʠʥʠʤʘʣʥʘ ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ (%);  

h ï ʚʠʩʠʥʘ ʙʠˀʢʝ (m).  
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ʋʢʫʧʥʦ ʧʨʠʩʪʫʧʘʯʥʘ ʚʦʜʘ ʫ ʟʦʥʠ ʢʦʨʝʥʦʚʦʛ ʩʠʩʪʝʤʘ ʦʜʨʝʹʫʿʝ ʩʝ ʧʨʝʢʦ ʬʦʨʤʫʣʝ:  

 

4!7 ρπϽʃ ʃ Ͻ:   [5] 

ɻʜʝ ʿʝ:  

ɗFC ï ʩʘʜʨʞʘʿ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʧʨʠ ʧʦˀʩʢʦʤ ʚʦʜʥʦʤ ʢʘʧʘʮʠʪʝʪʫ (ʇɺʂ) (mįĿm į); 

ɗWP ï ʩʘʜʨʞʘʿ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʚʝʥʫ˂ʘ (ɺɺ) (mįĿm į);  

Zr ï ʜʫʙʠʥʘ ʢʦʨʝʥʦʚʦʛ ʩʠʩʪʝʤʘ (0,6 m). 

 

ɼʦʟʚʦˀʝʥʦ ʠʩʫʰʠʚʘˁʝ ʟʝʤˀʠʰʪʘ (Di) ʫ ʟʦʥʠ ʢʦʨʝʥʦʚʦʛ ʩʠʩʪʝʤʘ, ʫʩʚʦʿʝʥʦ ʿʝ ʥʘ ʦʩʥʦʚʫ 

ʧʨʝʪʭʦʜʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ (FAO 56) 50% ʦʜ TAW (ʫʢʫʧʥʦ ʧʨʠʩʪʫʧʘʯʥa ʚʦʜa 

ʙʠˀʢʘʤʘ (mm) ʫ ʟʦʥʠ ʢʦʨʝʥʦʚʦʛ ʩʠʩʪʝʤʘ). 
 

5.8. ɼʠʥʘʤʠʢʘ ʨʘʩʪʘ ʠ ʨʘʟʚʦʿʘ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʚʠʥʦʚʝ ʣʦʟʝ 

 

ʇʦʨʘʩʪ ʙʠʦʤʘʩʝ ʚʠʥʦʚʝ ʣʦʟʝ ʧʨʘ˂ʝʥ ʿʝ ʥʘ ʩʚʘʢʠʭ 7 ʜʦ 10 ʜʘʥʘ ʢʦʨʠʰ˂ʝˁʝʤ ʨʘʤʘ 

ʧʦʚʨʰʠʥʝ 2 m² (ʚʠʩʠʥʘ ʨʘʤʘ 2 m ʠ ʰʠʨʠʥʘ 1 m). ʌʦʪʦʛʨʘʬʠʿʝ ʩʫ ʧʨʘʚˀʝʥʝ ʜʠʛʠʪʘʣʥʠʤ 

ʘʧʘʨʘʪʦʤ (ʉʣʠʢʘ 8) ʠ ʢʘʩʥʠʿʝ ʘʥʘʣʠʟʠʨʘʥʝ ʧʦʤʦ˂ʫ ʩʦʬʪʚʝʨʩʢʦʛ ʧʘʢʝʪʘ ELA (Easy Leaf Area), 

ʧʦʪʧʨʦʛʨʘʤ Elacanopy (Easlon ʠ Bloom, 2014). ʉʦʬʪʚʝʨ ʿʝ ʢʦʥʬʠʛʫʨʠʩʘʥ ʟʘ ʠʟʚʦʹʝˁʝ 

ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʣʠʢʝ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʠʟʜʚʘʿʘˁʝ ʟʝʣʝʥʝ (ʣʠʩʥʝ) ʧʦʚʨʰʠʥʝ. ELA ʢʦʨʠʩʪʠ 

ʢʦʤʙʠʥʘʮʠʿʫ ʦʜʥʦʩʘ ʙʦʿʘ, ʧʨʘʛʦʚʘ ʠ ʘʥʘʣʠʟʝ ʧʦʚʝʟʘʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʙʨʟʦ ʤʝʨʝˁʝ ʣʠʩʥʝ 

ʧʦʚʨʰʠʥʝ (ʫ ʩʝʢʫʥʜʠ). ʈʝʟʫʣʪʘʪʠ ʩʫ ʠʟʣʦʞʝʥʠ ʢʘʦ ʧʨʦʮʝʥʪʫʘʣʥʘ ʚʨʝʜʥʦʩʪ ʣʠʩʥʝ ʧʦʚʨʰʠʥʝ ʥʘ 

ʬʦʪʦʛʨʘʬʠʿʠ. ʉʚʘʢʘ ʘʥʘʣʠʟʠʨʘʥʘ ʩʣʠʢʘ ʩʝ ʯʫʚʘ ʫ TIFF ʬʦʨʤʘʪʫ ʢʘʢʦ ʙʠ ʩʝ ʦʯʫʚʘʣʘ ʨʝʟʦʣʫʮʠʿʘ 

ʠ ʦʣʘʢʰʘʣʝ ʜʦʜʘʪʥʝ ʘʥʘʣʠʟʝ. ELA ʿʝ ʜʦʙʠʿʝʥ ʫ Python-ʫ, ʙʝʩʧʣʘʪʥʦʤ ʠ ʦʪʚʦʨʝʥʦʤ 

ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ ʩʘ ʘʣʘʪʠʤʘ ʟʘ ʦʙʨʘʜʫ ʩʣʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʢʝ ʦʧʝʨʘʮʠʿʝ, ʠ ʿʝʜʥʦʩʪʘʚʘʥ ʿʝ ʟʘ 

ʤʦʜʠʬʠʢʘʮʠʿʫ ʧʨʝʤʘ ʢʦʥʢʨʝʪʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʟʘʭʪʝʚʠʤʘ; ʥʘ ʧʨʠʤʝʨ, ʚʝʨʟʠʿʘ 

ʢʦʨʠʰ˂ʝʥʦʛ ʧʦʪʧʨʦʛʨʘʤʘ ʬʦʨʤʠʨʘʥʘ ʿʝ ʜʘ ʦʣʘʢʰʘ ʤʝʨʝˁʝ ʧʨʦʿʝʢʪʦʚʘʥʝ ʧʦʚʨʰʠʥʝ ʣʠʩʪʘ ʠ 

ʧʨʦʮʝʥʘʪ ʧʦʢʨʠʚʝʥʦʩʪʠ ʙʠˀʥʝ ʢʫʣʪʫʨʝ.  

ʊʦʢʦʤ ʧʨʚʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ (2021) ʨʝʘʣʠʟʦʚʘʥʦ ʿʝ 13 ʤʝʨʝˁʘ, ʘ ʫ ʜʨʫʛʦʿ (2022) 10 

ʤʝʨʝˁʘ ʠ ʦʥʘ ʩʫ ʩʧʨʦʚʝʜʝʥʘ ʫ ʧʝʨʠʦʜʫ ʦʜ ʤʘʿʘ ʜʦ ʩʝʧʪʝʤʙʨʘ. ʌʦʪʦʛʨʘʬʠʩʘʥʠ ʩʫ ʯʦʢʦʪʠ ʥʘ 

ʩʚʘʢʦʤ ʪʨʝʪʤʘʥʫ ʫ ʪʨʠ ʧʦʥʘʚˀʘˁʘ. 

 

 

ʉʣʠʢʘ 8. ʄʝʨʝˁʝ ʠ ʘʥʘʣʠʟʘ ʧʦʨʘʩʪʘ ʙʠʦʤʘʩʝ ʚʠʥʦʚʝ ʣʦʟʝ 
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5.9. ɿʝʤˀʠʰʪʝ 

 

ʅʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʤ ʜʝʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʧʦˀʘ ʦʪʚʦʨʝʥ ʿʝ ʧʝʜʦʣʦʰʢʠ ʧʨʦʬʠʣ 

(ʉʣʠʢʘ 9), ʠʟ ʢʦʛʘ ʩʫ ʫʟʝʪʠ ʫʟʦʨʮʠ ʟʝʤˀʠʰʪʘ ʫ ʥʝʥʘʨʫʰʝʥʦʤ ʠ ʥʘʨʫʰʝʥʦʤ ʩʪʘˁʫ. 

ʉʪʘʥʜʘʨʜʥʠʤ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʤʝʪʦʜʘʤʘ ʫʪʚʨʜʠʣʘ ʩʫ ʩʝ ʬʠʟʠʯʢʘ, ʚʦʜʥʦ-ʚʘʟʜʫʰʥʘ ʠ ʭʝʤʠʿʩʢʘ 

ʩʚʦʿʩʪʚʘ ʟʝʤˀʠʰʪʘ (ʉʣʠʢʘ 10) ʢʘʢʦ ʙʠ ʩʝ ʫʩʧʦʩʪʘʚʠʦ ʘʜʝʢʚʘʪʘʥ ʨʝʞʠʤ ʥʘʚʦʜˁʘʚʘˁʘ (ʚʨʝʤʝ 

ʠ ʥʦʨʤʘ ʟʘʣʠʚʘˁʘ). 

 

  

ʉʣʠʢʘ 9. ʇʝʜʦʣʦʰʢʠ ʧʨʦʬʠʣ, ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ 

ʟʝʤˀʠʰʪʘ ʟʘ ʣʘʙʦʨʘʪʦʨʠʿʩʢʘ ʠʩʧʠʪʠʚʘˁʘ 

ʉʣʠʢʘ 10. ɸʥʘʣʠʟʘ ʫʟʦʨʘʢʘ ʟʝʤˀʠʰʪʘ ʫ 

ʣʘʙʦʨʘʪʦʨʠʿʠ 

 

ɿʝʤˀʠʰʪʝ ʥʘ ʢʦʤʝ ʩʫ ʦʙʘʚˀʝʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʠʧʘʜʘ ʪʠʧʫ ʩʤʦʥʠʮʘ (Vertisol), 

ʪʝʢʩʪʫʨʥʝ ʢʣʘʩʝ ʛʣʠʥʫʰʘ ʧʦ USDA (2006) ʢʣʘʩʠʬʠʢʘʮʠʿʠ (ʊʘʙʝʣʘ 7). ʉʤʦʥʠʮʘ ʩʝ ʬʦʨʤʠʨʘ ʥʘ 

ʛʣʠʥʦʚʠʪʦʿ ʧʦʜʣʦʟʠ ʠ ʫ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ ʛʜʝ ʚʣʘʜʘ ʩʤʝʥʘ ʚʣʘʞʥʠʭ ʠ ʩʫʰʥʠʭ ʧʝʨʠʦʜʘ. 

ʆʚʘ ʟʝʤˀʠʰʪʘ ʩʝ ʦʜʣʠʢʫʿʫ ʢʘʦ ʧʣʦʜʥʘ, ʟʙʠʿʝʥʘ, ʛʣʠʥʦʚʠʪʘ, ʣʝʧˀʠʚʘ ʢʘʦ ʩʤʦʣʘ (ʦʪʫʜʘ ʠ ʪʘʿ 

ʥʘʟʠʚ) ʠ ʪʝʰʢʘ ʟʘ ʦʙʨʘʜʫ. ʇʨʦʩʝʯʘʥ ʩʘʜʨʞʘʿ ʤʝʭʘʥʠʯʢʠʭ ʬʨʘʢʮʠʿʘ ʛʣʠʥʝ ʫ ʯʠʪʘʚʦʿ ʜʫʙʠʥʠ 

ʠʩʧʠʪʠʚʘʥʦʛ ʟʝʤˀʠʰʪʘ ʠʟʥʦʩʠ 50,22%, ʧʨʘʭʘ 38,22% ʠ ʧʝʩʢʘ 11,55%. 

 

ʊʘʙʝʣʘ 7. ʄʝʭʘʥʠʯʢʠ ʩʘʩʪʘʚ ʠʩʧʠʪʠʚʘʥʦʛ ʟʝʤˀʠʰʪʘ 
 

ʉ
ʣ
ʦ
ʿ

 

ɼʫʙʠʥʘ 

(cm) 

ʉʘʜʨʞʘʿ ʤʝʭʘʥʠʯʢʠʭ ʬʨʘʢʮʠʿʘ 

 ʫ % ʥʘ ʤʘʩʫ ʩʫʚʦʛ ʟʝʤˀʠʰʪʘ 
ʊʝʢʩʪʫʨʥʘ ʢʣʘʩʘ ʟʝʤˀʠʰʪʘ 

ʧʦ ʘʤʝʨʠʯʢʦʿ (USDA) 

ʢʣʘʩʠʬʠʢʘʮʠʿʠ 

ʇʝʩʘʢ 
ʇʨʘʭ ɻʣʠʥʘ 

ʢʨʫʧʘʥ ʩʠʪʘʥ 

2,00-0,20 mm 0,20-0,05 mm 0,05-0,002 mm < 0,002 mm 

1 0-8 5,3 5,5 44,0 45,2 ʇʨʘʰʢʘʩʪʘ ʛʣʠʥʫʰʘ 

2 8-45 10,9 12,6 36,5 40,0 ɻʣʠʥʫʰʘ 

3 45-85 2,8 4,2 35,5 57,5 ɻʣʠʥʫʰʘ 

4 85-130 2,3 2,6 36,9 58,2 ɻʣʠʥʫʰʘ 
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ʆʜ ʚʦʜʥʦ-ʚʘʟʜʫʰʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʝʤˀʠʰʪʘ ʦʜʨʝʹʝʥʠ ʩʫ ʚʦʜʥʠ ʣʠʤʠʪʠ (ʄɺʂ ï 

ʤʘʢʩʠʤʘʣʥʠ ʚʦʜʥʠ ʢʘʧʘʮʠʪʝʪ, ʇɺʂ ï ʧʦˀʩʢʠ ʚʦʜʥʠ ʢʘʧʘʮʠʪʝʪ, ʃʂɺ ï ʣʝʥʪʦʢʘʧʠʣʘʨʥʘ 

ʚʣʘʞʥʦʩʪ, ɺɺ ï ʚʣʘʞʥʦʩʪ ʚʝʥʫ˂ʘ) ʟʘʪʠʤ ʟʘʧʨʝʤʠʥʩʢʘ ʠ ʩʧʝʮʠʬʠʯʥʘ ʤʘʩʘ, ʢʘʦ ʠ ʠʥʬʠʣʪʨʘʮʠʿʘ 

ʟʝʤˀʠʰʪʘ. ɺʨʝʜʥʦʩʪʠ ʚʦʜʥʦ-ʚʘʟʜʫʰʥʠʭ ʦʩʦʙʠʥʘ ʟʝʤˀʠʰʪʘ ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 8. 

 
ʊʘʙʝʣʘ 8. ɺʦʜʥʦ-ʚʘʟʜʫʰʥʝ ʦʩʦʙʠʥʝ ʟʝʤˀʠʰʪʘ 
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ʨ
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ʩ
ʪ
ʫ
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ʘ
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(m
m

) 

1 
0-45 2,90 1,32 56,48 15,04 56,78 41,74 26,11 24,10 105,84 93,78 12,06 

45-85 3,18 1,43 55,73 7,13 56,04 48,91 40,16 37,52 68,34 52,50 15,84 

85-130 3,30 1,42 58,97 8,56 59,38 50,82 36,11 33,27 105,30 88,26 17,04 

 

ɿʝʤˀʠʰʪʝ ʩʝ ʢʘʨʘʢʪʝʨʠʰʝ ʜʦʙʨʠʤ ʚʦʜʥʦ-ʚʘʟʜʫʰʥʠʤ ʩʚʦʿʩʪʚʠʤʘ ʧʦ ʩʚʦʿʦʿ ʮʝʣʦʿ ʜʫʙʠʥʠ. 

ʉʧʝʮʠʬʠʯʥʘ ʛʫʩʪʠʥʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʩʘ ʜʫʙʠʥʦʤ ʠ ʠʟʥʦʩʠ ʦʜ 2,90 g cm į
 
ʫ ʧʨʚʦʤ ʩʣʦʿʫ ʜʦ 3,30 g 

cm į ʫ ʪʨʝ˂ʝʤ ʩʣʦʿʫ (ʪʿ. ʩʣʦʿʫ ʜʦ 130 cm), ʜʦʢ ʩʝ ʟʘʧʨʝʤʠʥʩʢʘ ʤʘʩʘ ʟʝʤˀʠʰʪʘ ʢʨʝ˂ʝ ʦʜ 1,32 g 

cm į ʫ ʧʨʚʦʤ ʩʣʦʿʫ ʜʦ 1,42 g cm į ʫ ʪʨʝ˂ʝʤ ʠʩʧʠʪʠʚʘʥʦʤ ʩʣʦʿʫ.  

ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʤʘʢʩʠʤʘʣʥʦʛ ʚʦʜʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʥʘ ʮʝʣʦʿ ʠʩʧʠʪʠʚʘʥʦʿ ʜʫʙʠʥʠ ʿʝ 

57,40% ʟʘʧ., ʜʦʢ ʿʝ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʧʦˀʩʢʦʛ ʚʦʜʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʥʘ ʮʝʣʦʿ ʠʩʧʠʪʠʚʘʥʦʿ 

ʜʫʙʠʥʠ 47,16% ʟʘʧ.. ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʚʣʘʞʥʦʩʪʠ ʚʝʥʫ˂ʘ ʥʘ ʮʝʣʦʿ ʠʩʧʠʪʠʚʘʥʦʿ ʜʫʙʠʥʠ 

ʠʟʥʦʩʠ 31,63% ʟʘʧ.. ʋʢʫʧʥʘ ʧʨʠʩʪʫʧʘʯʥʘ ʚʦʜʘ ʫ ʘʢʪʠʚʥʦʿ ʟʦʥʠ ʨʠʟʦʩʬʝʨʝ ʚʠʥʦʚʝ ʣʦʟʝ ʠʟʥʦʩʠ 

105,84 mm, ʜʦʢ ʣʘʢʦ ʧʨʠʩʪʫʧʘʯʥʘ ʚʦʜʘ ʫ ʠʩʪʦʤ ʩʣʦʿʫ ʜʦʩʪʠʞʝ 93,78 mm (ʊʘʙʝʣʘ 8). 

ɸʥʘʣʠʟʠʨʘʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʘʛʨʦʭʝʤʠʿʩʢʠ ʧʘʨʘʤʝʪʨʠ ʦʩʥʦʚʥʝ ʧʣʦʜʥʦʩʪʠ ʟʝʤˀʠʰʪʘ ʥʘ 

ʢʦʿʝʤ ʿʝ ʠʟʚʝʜʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ: 

¶ ʨʝʘʢʮʠʿʘ ʟʝʤˀʠʰʪʘ, ʦʜʥʦʩʥʦ pH ʚʨʝʜʥʦʩʪ, ʢʦʿʘ ʿʝ ʦʜʨʝʹʝʥʘ ʧʦʪʝʥʮʠʦʤʝʪʨʠʩʿʢʦʤ 

ʤʝʪʦʜʦʤ ʩʘ ʩʪʘʢʣʝʥʦʤ ʝʣʝʢʪʨʦʜʦʤ, 

¶ ʩʘʜʨʞʘʿ ʢʘʣʮʠʿʫʤ ʢʘʨʙʦʥʘʪʘ (CaCO3) ʫʪʚʨʹʝʥ ʿʝ ʚʦʣʫʤʝʪʨʠʿʩʢʦʤ ʤʝʪʦʜʦʤ ʧʦ 

Scheibler-ʫ, 

¶ ʦʨʛʘʥʩʢʠ ʫʛˀʝʥʠʢ ʠ ʩʘʜʨʞʘʿ ʭʫʤʫʩa ʦʜʨʝʹʝʥ ʿʝ ʧʦ Tjurin-ʫ ʫ ʤʦʜʠʬʠʢʘʮʠʿʠ 

Simakov-ʘ, 

¶ ʩʘʜʨʞʘʿ ʫʢʫʧʥʦʛ ʘʟʦʪʘ (N) ʫʪʚʨʹʝʥ ʿʝ ʤʦʜʠʬʠʢʘʮʠʿʦʤ Bremner-ʘ Kjeldahl-ʦʚʝ 

ʤʝʪʦʜʝ, 

¶ ʦʜʥʦʩ C/N (ʩʘʜʨʞʘʿ ʦʨʛʘʥʩʢʦʛ ʫʛˀʝʥʠʢʘ ʠ ʫʢʫʧʥʦʛ ʘʟʦʪʘ) ʦʜʨʝʹʝʥ ʿʝ ʨʘʯʫʥʩʢʠ, 

¶ ʩʘʜʨʞʘʿ ʣʘʢʦʧʨʠʩʪʫʧʘʯʥʦʛ ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʿʫʤʘ ʦʜʨʝʹʝʥ ʿʝ Al ʤʝʪʦʜʦʤ ʧʦ Egner-

Reihm-ʫ. 

 

ʈʝʟʫʣʪʘʪʠ ʦʩʥʦʚʥʠʭ ʭʝʤʠʿʩʢʠʭ ʩʚʦʿʩʪʘʚʘ ʟʝʤˀʠʰʪʘ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 9. ʇʨʝʤʘ 

pH ʚʨʝʜʥʦʩʪʠ ʫ ʚʦʜʠ, ʟʝʤˀʠʰʪʝ ʩʝ ʯʠʪʘʚʦʤ ʩʚʦʿʦʤ ʜʫʙʠʥʦʤ ʢʣʘʩʠʬʠʢʫʿʝ ʢʘʦ ʫʤʝʨʝʥʦ 

ʘʣʢʘʣʥʦ. ʇʨʝʤʘ ʩʘʜʨʞʘʿʫ ʢʘʨʙʦʥʘʪʘ ʟʝʤˀʠʰʪʝ ʧʨʠʧʘʜʘ II ʢʣʘʩʠ ï ʩʣʘʙʦ ʢʨʝʯʥʠʭ ʟʝʤˀʠʰʪʘ 

(1,0-5,0% CaCO3). ʇʦʚʨʰʠʥʩʢʠ ʩʣʦʿ ʟʝʤˀʠʰʪʘ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʜʦʩʪʘ ʭʫʤʫʩʥʦ (3,52%). ʋ 

ʩʣʝʜʝ˂ʝʤ ʩʣʦʿʫ ʩʘʜʨʞʘʿ ʭʫʤʫʩʘ ʦʧʘʜʘ, ʘ ʦʥʜʘ ʩʝ ʧʦʥʦʚʦ ʫ ʪʨʝ˂ʝʤ ʩʣʦʿʫ ʧʦʚʝ˂ʘʚʘ ʧʨʝʢʦ 3%. 

ʉʘʜʨʞʘʿ ʘʟʦʪʘ ʚʘʨʠʨʘ, ʧʨʚʠ ʠ ʪʨʝ˂ʠ ʩʣʦʿ ʩʫ ʧʦʜ ʢʘʪʝʛʦʨʠʿʦʤ ʩʨʝʜˁʝʛ ʩʘʜʨʞʘʿʘ ʘʟʦʪʘ ʫ 

ʟʝʤˀʠʰʪʫ, ʜʦʢ ʩʫ ʜʨʫʛʠ ʠ ʯʝʪʚʨʪʠ ʫ ʢʘʪʝʛʦʨʠʿʠ ʥʠʩʢʦʛ ʩʘʜʨʞʘʿʘ. ʉʘʜʨʞʘʿ ʬʦʩʬʦʨʘ ʿʝ ʥʘ 
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ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝʤ ʥʠʚʦʫ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʧʨʚʠ ʠ ʜʨʫʛʠ ʩʣʦʿ ʟʝʤˀʠʰʪʘ. ʀʩʧʠʪʠʚʘʥʦ ʟʝʤˀʠʰʪʝ 

ʩʧʘʜʘ ʫ ʢʣʘʩʫ ʜʦʙʨʦ ʩʥʘʙʜʝʚʝʥʠʭ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʩʘʜʨʞʘʿ ʢʘʣʠʿʫʤʘ, ʪʘʯʥʠʿʝ ʫ ʩʚʘʢʦʤ 

ʠʩʧʠʪʠʚʘʥʦʤ ʩʣʦʿʫ ʠʤʘ ʧʨʝʢʦ 20 mg K2O ʥʘ 100 g ʟʝʤˀʝ. 

 
ʊʘʙʝʣʘ 9. ʈʝʟʫʣʪʘʪʠ ʦʩʥʦʚʥʠʭ ʭʝʤʠʿʩʢʠʭ ʩʚʦʿʩʪʘʚʘ ʟʝʤˀʠʰʪʘ 
 

ɼ
ʫ
ʙ
ʠ
ʥ
ʘ
 
(
c
m
)

 

pH ʫ 

H2O 

pH ʫ 

KCl 

CaCO3 

    (%) 

Cʦʨʛ 
(%) 

ʍʫʤʫʩ 

(%) 

Nʫʢʫʧʥʠ 

(%) 

C/N 

 

K 

(mgĀkg¹) 

P 

(mgĀkg¹) 

0-8 7,92 6,78 1,45 2,04 3,52 0,17 12,29 46,20 30,81 

8-45 8,34 6,83 1,28 1,15 1,98 0,08 14,56 23,27 14,21 

45-85 7,83 6,40 0,44 1,92 3,32 0,11 16,99 30,66 0,00 

85-130 8,17 6,86 1,88 0,69 1,19 0,08 8,21 30,02 15,52 

 

5.10. ɺʦʜʥʠ ʨʝʞʠʤʠ ʠ ʧʨʦʨʘʯʫʥ ʜʝʬʠʮʠʪʘ ʚʦʜʝ 

 

ɺʠʥʦʚʘ ʣʦʟʘ ʿʝ ʥʘʚʦʜˁʘʚʘʥʘ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ, ʘ ʢʦʨʠʰ˂ʝʥʘ ʚʦʜʘ ʿʝ ʟʘʭʚʘʪʘʥʘ ʠʟ 

ʘʨʪʝʰʢʦʛ ʙʫʥʘʨʘ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʦʛʣʝʜʥʝ ʧʘʨʮʝʣʝ. ʇʦʯʝʪʘʢ ʠ ʪʨʘʿʘˁʝ ʟʘʣʠʚʘˁʘ 

ʦʜʨʝʹʝʥʦ ʿʝ ʥʘ ʦʩʥʦʚʫ ʩʘʜʨʞʘʿʘ ʨʘʩʧʦʣʦʞʠʚʝ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʠ ʜʥʝʚʥʦʛ ʦʙʨʘʯʫʥʘ 

ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ. ʇʨʠʤʝˁʝʥʝ ʩʫ ʜʚʝ ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ (ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ (R) = 15 

mm ʠ ʧʫʥʦ ʥʘʚʦʜˁʘʚʘˁʝ (F) = 30 mm).  

ʅʘʚʦʜˁʘʚʘˁʝ ʿʝ ʩʧʨʦʚʦʹʝʥʦ ʫ ʠʥʪʝʨʚʘʣʫ ʦʜ 7 ʜʘʥʘ ʟʘ ʦʙʘ ʪʨʝʪʤʘʥʘ (ʧʫʥʦ ʠ ʨʝʜʫʢʦʚʘʥʦ 

ʥʘʚʦʜˁʘʚʘˁʝ) ʪʦʢʦʤ ʦʙʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ. ɼʘʪʫʤʠ ʠ ʥʝʪʦ ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ ʚʠʥʦʚʝ ʣʦʟʝ ʪʦʢʦʤ 

ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʘʤʘ 10. ʠ 11. 

 

ʊʘʙʝʣʘ 10. ɼʘʪʫʤʠ ʠ ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ (mm) ʪʦʢʦʤ ʧʨʚʝ, 2021. ʛʦʜʠʥʝ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ 
 

ɼʘʪʫʤ 

ʇʫʥʦ 

ʥʘʚʦʜˁʘʚʘˁʝ 

(F) (mm) 

ʈʝʜʫʢʦʚʘʥʦ 

ʥʘʚʦʜˁʘʚʘˁʝ 

(R) (mm) 

7.7.2021. 30 15 

14.7.2021. 30 15 

21.7.2021. 30 15 

1.8.2021. 30 15 

8.8.2021. 30 15 

15.8.2021. 30 15 

ʅʦʨʤʘ ʥʘʚʦʜˁʘʚʘˁʘ  180 90 

ɹʨʦʿ ʟʘʣʠʚʘˁʘ  6 6 

 

ʊʘʙʝʣʘ 11. ɼʘʪʫʤʠ ʠ ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ (mm) ʪʦʢʦʤ ʜʨʫʛʝ, 2022. ʛʦʜʠʥʝ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ 

ʠʩʪʨʘʞʠʚʘˁʘ 

ɼʘʪʫʤ 

ʇʫʥʦ 

ʥʘʚʦʜˁʘʚʘˁʝ 

(F) (mm) 

ʈʝʜʫʢʦʚʘʥʦ 

ʥʘʚʦʜˁʘʚʘˁʝ 

(R) (mm) 

9.7.2022. 30 15 

16.7.2022. 30 15 

23.7.2022. 30 15 

31.7.2022. 30 15 

ʅʦʨʤʘ ʥʘʚʦʜˁʘʚʘˁʘ  120 60 

ɹʨʦʿ ʟʘʣʠʚʘˁʘ  4 4 
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ʇʨʚʘ ʦʛʣʝʜʥʘ ʛʦʜʠʥʘ (2021) ʠʩʪʠʯʝ ʩʝ ʩʘ ʚʝ˂ʠʤ ʙʨʦʿʝʤ ʟʘʣʠʚʘˁʘ (6 ʟʘʣʠʚʘˁʘ) ʢʦʿʝ ʩʝ 

ʧʨʠʤʝˁʠʚʘʣʦ ʦʜ 7. ʿʫʣʘ ʜʦ 15. ʘʚʛʫʩʪʘ. ʅʦʨʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʠʟʥʦʩʠʣʘ ʿʝ 180 mm ʟʘ ʪʨʝʪʤʘʥʝ 

ʧʫʥʦʛ ʠ 90 mm ʟʘ ʪʨʝʪʤʘʥʝ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ. ʋ ʜʨʫʛʦʿ ʦʛʣʝʜʥʦʿ ʛʦʜʠʥʠ (2022) 

ʥʘʚʦʜˁʘʚʘˁʝ ʿʝ ʚʨʰʝʥʦ ʪʦʢʦʤ ʿʫʣʘ (4 ʟʘʣʠʚʘˁʘ), ʥʦʨʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʿʝ ʟʘ ʪʨʝʪʤʘʥʝ ʧʫʥʦʛ 

ʥʘʚʦʜˁʘʚʘˁʘ ʠʟʥʦʩʠʣʘ 120 mm, ʜʦʢ ʿʝ ʟʘ ʪʨʝʪʤʘʥʝ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʦʥʘ ʠʟʥʦʩʠʣʘ 

60 mm. 

ɼʝʬʠʮʠʪ ʚʦʜʝ (In) ʚʠʥʦʚʝ ʣʦʟʝ ʪʦʢʦʤ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʧʨʦʮʝʥʘ ʜʝʬʠʮʠʪʘ ʚʦʜʝ ʚʠʥʦʚʝ 

ʣʦʟʝ ʫ ʙʫʜʫ˂ʦʿ ʢʣʠʤʠ ʠ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ ʜʦʙʠʿʝʥʠ ʩʫ ʠʟ ʠʟʨʘʟʘ: 

 

) %4 0   φ 
 

ɻʜʝ ʿʝ: 

In ï ʜʝʬʠʮʠʪ ʚʦʜʝ (mm); 

ETc ï ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʢʫʣʪʫʨʝ (ʚʠʥʦʚʝ ʣʦʟʝ mmĿʜʘʥ ĭ); 

Pe ï ʝʬʝʢʪʠʚʥʝ ʧʘʜʘʚʠʥʝ (ʜʝʦ ʧʘʜʘʚʠʥʘ ʢʦʿʠ ʩʝ ʟʘʜʨʞʠ ʫ ʘʢʪʠʚʥʦʿ ʟʦʥʠ ʨʠʟʦʩʬʝʨʝ, ʫ 

ʦʚʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʢʦʨʠʰ˂ʝʥʦ 90% ʜʥʝʚʥʠʭ ʧʘʜʘʚʠʥʘ, ʢʘʦ ʝʬʝʢʪʠʚʥʝ ʧʘʜʘʚʠʥʝ mmĿʜʘʥ ĭ). 

 

5.11. ɺʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ 

 

ɻʨʘʚʠʤʝʪʨʠʿʩʢʠ ʤʝʪʦʜ 

ɺʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ ʦʜʨʝʹʝʥʘ ʿʝ ʩʪʘʥʜʘʨʜʥʦʤ ʛʨʘʚʠʤʝʪʨʠʿʩʢʦʤ ʤʝʪʦʜʦʤ (ɻʘʿʠ˂, 2006) 

ʥʘ ʩʚʘʢʠʭ 7-10 ʜʘʥʘ ʜʦ 60 cm ʜʫʙʠʥʝ ʧʦ ʩʣʦʿʝʚʠʤʘ 0-20 cm, 20-40 cm ʠ 40-60 cm. ɿʝʤˀʠʰʥʠ 

ʫʟʦʨʮʠ ʫʟʠʤʘʥʠ ʩʫ ʙʫʨʛʠʿʦʤ, ʥʘʢʦʥ ʪʦʛʘ ʩʪʘʚˀʘʥʠ ʫ ʘʣʫʤʠʥʠʿʫʤʩʢʝ ʢʫʪʠʿʠʮʝ ʠ ʤʝʨʝʥʠ ʥʘ 

ʪʝʭʥʠʯʢʦʿ ʚʘʛʠ (ʢʦʿʘ ʿʝ ʦʙʫʭʚʘʪʠʣʘ ʟʙʠʨʥʫ ʤʘʩʫ ʩʫʚʦʛ ʟʝʤˀʠʰʥʦʛ ʫʟʦʨʢʘ, ʚʦʜʝ ʠ 

ʘʣʫʤʠʥʠʿʫʤʩʢʝ ʢʫʪʠʿʠʮʝ). ʉʚʠ ʦʧʠʩʘʥʠ ʢʦʨʘʮʠ ʩʧʨʦʚʝʜʝʥʠ ʩʫ ʫ ʦʢʚʠʨʫ ʚʠʥʦʛʨʘʜʘ. ʅʘ ʩʣʠʮʠ 

11. ʧʨʠʢʘʟʘʥʝ ʩʫ ʝʪʘʧʝ ʦʜʨʝʹʠʚʘˁʘ ʚʣʘʞʥʦʩʪʠ ʟʝʤˀʠʰʪʘ ʛʨʘʚʠʤʝʪʨʠʿʩʢʦʤ ʤʝʪʦʜʦʤ (ʚʘʹʝˁʝ 

ʟʝʤˀʠʰʥʠʭ ʫʟʦʨʘʢʘ ʙʫʨʛʠʿʦʤ, ʩʢʣʘʜʠʰʪʝˁʝ ʫ ʘʣʫʤʠʥʠʿʫʤʩʢʝ ʢʫʪʠʿʠʮʝ, ʤʝʨʝˁʝ ʠ ʩʫʰʝˁʝ ʫ 

ʣʘʙʦʨʘʪʦʨʠʿʠ). 
 

 

ʉʣʠʢʘ 11. ʆʜʨʝʹʠʚʘˁʝ ʚʣʘʞʥʦʩʪʠ ʟʝʤˀʠʰʪʘ ʛʨʘʚʠʤʝʪʨʠʿʩʢʦʤ ʤʝʪʦʜʦʤ 
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ʉʘʜʨʞʘʿ ʚʦʜʝ ʫ ʧʨʦʮʝʥʪʠʤʘ ʨʘʯʫʥʘo ʩʝ ʧʨʝʤʘ ʩʣʝʜʝ˂ʦʿ ʬʦʨʤʫʣʠ: 

 

7×ÓϷ ʍϽ Ͻρππ   [7] 

 

ɻʜʝ ʿʝ:  

ɟb. ï ʟʘʧʨʝʤʠʥʩʢʘ ʛʫʩʪʠʥʘ ʟʝʤˀʠʰʪʘ 

Mw ï ʤʘʩʘ ʚʦʜʝ; 

Ms ï ʤʘʩʘ ʫʟʦʨʢʘ ʟʝʤˀʠʰʪʘ. 

 

 

ʄʝʪʦʜʘ TDR  

ʇʦʨʝʜ ʛʨʘʚʠʤʝʪʨʠʿʩʢʝ ʤʝʪʦʜʝ, ʫ ʩʚʘʢʦʤ ʪʨʝʪʤʘʥʫ, ʚʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ ʿʝ ʢʦʥʪʠʥʫʠʨʘʥʦ 

ʧʨʘ˂ʝʥʘ TDR ʩʦʥʜʘʤʘ (ʉʣʠʢʘ 12) ʢʦʿʝ ʨʘʜʝ ʥʘ ʧʨʠʥʮʠʧʫ ʚʨʝʤʝʥʩʢʦʛ ʜʦʤʝʥʘ 

ʨʝʬʣʝʢʪʦʤʝʪʨʠʿʝ (Time Domain Reflectometry) ʜʦ ʜʫʙʠʥʝ ʦʜ 30 cm.  

 

 

ʉʣʠʢʘ 12. TDR ʩʦʥʜʘ ʧʦʩʪʘʚˀʝʥʘ ʫ ʠʩʪʨʘʞʠʚʘʥʦʤ ʚʠʥʦʛʨʘʜʫ 

 

ɿʘ ʚʨʝʤʝ ʜʚʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʨʠʰ˂ʝʥʘ ʿʝ TDR ʩʦʥʜʘ ʧʨʦʠʟʚʦʹʘʯʘ Cambell 

Scientific, ʤʦʜʝʣ CS 616. ʉʦʥʜʘ ʬʫʢʮʠʦʥʠʰʝ ʧʫʪʝʤ ʝʤʠʪʦʚʘˁʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʠʭ ʠʤʧʫʣʩʘ 

ʢʦʿʠ ʧʨʦʣʘʟʝ ʢʨʦʟ ʯʝʣʠʯʥʝ ʩʝʥʟʦʨʝ ʩʤʝʰʪʝʥʝ ʫ ʟʝʤˀʠʰʪʫ. ʇʦʨʝʜ ʥʘʚʝʜʝʥʦʛ, ʦʚʠ ʫʨʝʹʘʿʠ 

ʠʤʘʿʫ ʠ ʩʝʥʟʦʨʝ ʟʘ ʧʨʘ˂ʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʟʝʤˀʠʰʪʘ. ʉʝʥʟʦʨʠ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʜʘʪʘʣʦʛʝʨʦʤ 

(F3T3-MicroLog) ʢʦʿʠ ʧʨʝʢʦ Mini 32 ʩʦʬʪʚʝʨʘ ʩʘʢʫʧˀʘ ʠ ʯʫʚʘ ʧʦʜʘʪʢʝ, ʦʤʦʛʫ˂ʘʚʘ 

ʤʦʥʠʪʦʨʠʥʛ ʨʘʜʘ ʩʝʥʟʦʨʘ, ʠʟʤʝʥʫ ʠʥʪʝʨʚʘʣʘ ʤʝʨʝˁʘ, ʜʫʞʠʥʫ ʪʨʘʿʘˁʘ ʙʘʪʝʨʠʿʝ ʠʪʜ. ɼʘʪʘʣʦʛʝʨ 

ʿʝ ʙʠʦ ʢʦʥʬʠʛʫʨʠʩʘʥ ʪʘʢʦ ʜʘ ʥʘ ʩʚʘʢʠʭ ʩʘʪ ʚʨʝʤʝʥʘ ʙʝʣʝʞʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʚʣʘʞʥʦʩʪʠ 

ʟʝʤˀʠʰʪʘ. 
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5.12. FAO AquaCrop ʤʦʜʝʣ 

 

ɿʘ ʩʠʤʫʣʘʮʠʿʫ ʧʨʠʥʦʩʘ ʠ ʧʦʪʨʝʙʘ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘ ʚʦʜʦʤ ʢʦʨʠʰ˂ʝʥ ʿʝ FAO AquaCrop 

ʤʦʜʝʣ, ʚʝʨʟʠʿʘ 6.1. ʆʚʘʿ ʤʦʜʝʣ ʿʝ ʧʦʩʝʙʥʦ ʢʦʨʠʩʪʘʥ ʫ ʧʦʜʨʫʯʿʠʤʘ ʛʜʝ ʿʝ ʚʦʜʘ ʛʣʘʚʥʠ 

ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ ʬʘʢʪʦʨ ʫ ʧʨʦʠʟʚʦʜˁʠ. ʇʨʝʜʥʦʩʪ ʠ ʩʚʨʭʘ AquaCrop ʤʦʜʝʣʘ ʿʝ ʧʨʝʜʚʠʹʘˁʝ 

ʧʨʦʜʫʢʮʠʿʝ ʛʘʿʝʥʠʭ ʢʫʣʪʫʨʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʧʦʨʜʫʯʿʠʤʘ ʦʙʝʟʙʝʹʝʥʦʩʪʠ ʚʦʜʦʤ ʫ ʪʨʝʥʫʪʥʠʤ ʠ 

ʙʫʜʫ˂ʠʤ ʫʩʣʦʚʠʤʘ ʧʨʦʫʟʨʦʢʦʚʘʥʠʤ ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ.  

ʇʦʨʝʜ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ, ʢʦʿʠ ʧʨʝ ʩʚʝʛʘ ʜʘʿʫ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠ 

ʧʘʜʘʚʠʥʘʤʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʦʜʨʝʹʫʿʝ ʬʝʥʦʣʦʛʠʿʘ ʛʘʿʝʥʠʭ ʢʫʣʪʫʨʘ, FAO AquaCrop ʤʦʜʝʣ, 

ʛʜʝ ʩʝ ʧʨʦʜʫʢʪʠ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ (ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ ʧʘʜʘʚʠʥʝ) ʫʥʦʩʝ ʢʘʦ ʫʣʘʟʥʠ 

ʧʦʜʘʮʠ, ʙʠʦ ʿʝ ʜʦʙʘʨ ʠʟʙʦʨ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʢʘʢʦ ʬʝʥʦʣʦʛʠʿʝ ʠ ʧʨʠʥʦʩʘ, ʪʘʢʦ ʠ ʧʦʪʨʝʙʘ ʚʠʥʦʚʝ 

ʣʦʟʝ ʟʘ ʚʦʜʦʤ. ʋ ʚʝ˂ʠʥʠ ʧʨʝʹʘʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, AquaCrop ʤʦʜʝʣ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ 

ʧʨʝʜʠʢʮʠʿʝ ʿʝʜʥʦʛʦʜʠʰˁʠʭ ʢʫʣʪʫʨʘ, ʩʘ ʤʘʣʦ ʩʘʟʥʘˁʘ ʦ ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʠʤʝʥʝ ʟʘ ʚʠʰʝʛʦʜʠʰˁʝ 

ʟʘʩʘʜʝ. ʀʘʢʦ ʚʠʰʝʛʦʜʠʰˁʝ ʟʘʩʘʜʝ ʢʘʨʘʢʪʝʨʠʰʝ ʩʣʠʯʘʥ ʥʘʯʠʥ ʨʘʟʚʦʿʘ ʙʠʦʤʘʩʝ ʢʘʦ ʢʦʜ 

ʿʝʜʥʦʛʦʜʠʰˁʠʭ ʚʨʩʪʘ, ʿʘʚˀʘʿʫ ʩʝ ʠʟʚʝʩʥʝ ʧʦʪʝʰʢʦ˂ʝ ʧʨʠʣʠʢʦʤ ʧʘʨʘʤʝʪʨʠʟʘʮʠʿʝ ʧʦʢʨʦʚʥʦʩʪʠ 

ʫʛʣʘʚʥʦʤ ʥʘ ʧʦʯʝʪʢʫ ʩʝʟʦʥʝ ʿʝʨ ʩʝ ʚʠʰʝʛʦʜʠʰˁʠ ʟʘʩʘʜʠ ʥʝ ʩʝʿʫ ʩʚʘʢʝ ʛʦʜʠʥʝ ʚʝ˂ ʦʩʪʘʿʫ 

ʟʘʩʘʹʝʥʠ ʚʠʰʝ ʛʦʜʠʥʘ ʰʪʦ ʤʦʜʝʣ ʥʝ ʧʨʝʧʦʟʥʘʿʝ (Er-Raki et al., 2021).  

ɺʠʥʦʚʘ ʣʦʟʘ ʩʧʘʜʘ ʫ ʛʨʫʧʫ C3 ʙʠˀʘʢʘ. ɿʘ ʢʘʣʠʙʨʘʮʠʿʫ FAO AquaCrop ʤʦʜʝʣʘ 

ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʧʨʦʩʝʯʥʝ ʦʩʤʦʪʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫʤʘ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʝʪʢʘ, ʢʨʘʿʘ 

ʚʝʛʝʪʘʮʠʿʝ ʠ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʦʩʤʦʛʦʜʠʰˁʝʛ ʧʝʨʠʦʜʘ (2015-2022). ʇʦʯʝʪʘʢ ʠ ʢʨʘʿ 

ʚʝʛʝʪʘʮʠʿʝ ʦʜʨʝʹʝʥ ʿʝ ʢʘʦ ʧʝʪʠ ʫʟʘʩʪʦʧʥʠ ʜʘʥ ʩʘ ʩʨʝʜˁʦʤ ʜʥʝʚʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ ʚʝ˂ʦʤ (ʟʘ 

ʧʦʯʝʪʘʢ) ʦʜʥʦʩʥʦ ʤʘˁʦʤ (ʟʘ ʢʨʘʿ) ʦʜ 10 °C. ɼʘʪʫʤ ʮʚʝʪʘˁʘ, ʧʦʿʘʚʝ ʰʘʨʢʘ ʠ ʙʝʨʙʝ ʩʫ 

ʦʩʤʦʪʨʝʥʠ (ʤʝʨʝʥʠ ʥʘ ʪʝʨʝʥʫ). ʉʫʤʝ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʦʚʝ ʪʨʠ ʬʝʥʦʬʘʟʝ ʩʫ 

ʦʜʨʝʹʝʥʝ ʢʘʦ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʩʨʝʜˁʝ ʜʥʝʚʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 10 °C ʰʪʦ ʩʝ ʩʤʘʪʨʘ ʙʘʟʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʦʤ ʟʘ ʘʢʪʠʚʠʨʘˁʝ ʚʝʛʝʪʘʮʠʿʝ ʚʠʥʦʚʝ ʣʦʟʝ. ʇʦʣʘʟʥʘ ʦʩʥʦʚʘ ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ ʤʦʜʝʣʘ 

ʙʠʦ ʿʝ ʬʘʿʣ ʢʦʿʠ ʿʝ ʧʨʦʜʫʢʪ ʠʩʪʨʘʞʠʚʘˁʘ Er-Raki et al. (2021). 

ʇʦʨʝʜ ʢʘʣʠʙʨʘʮʠʿʝ AquaCrop ʤʦʜʝʣʘ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʬʝʥʦʬʘʟʘ, ʧʦʯʝʪʢʘ ʠ ʢʨʘʿʘ 

ʚʝʛʝʪʘʮʠʿʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʠ ʧʝʨʠʦʜʠʤʘ ʙʫʜʫ˂ʥʦʩʪʠ, ʤʦʜʝʣ ʿʝ ʢʘʣʠʙʨʠʨʘʥ ʟʘ 

ʩʠʤʫʣʘʮʠʿʫ ʧʨʠʥʦʩʘ ʛʨʦʞʹʘ ʥʘ ʦʩʥʦʚʫ ʧʨʦʩʝʯʥʠʭ ʧʨʠʥʦʩʘ ʟʘ ʦʩʤʦʪʨʝʥʠ ʧʝʨʠʦʜ (2015-2022).  

ɺʘʣʠʜʘʮʠʿʘ AquaCrop ʤʦʜʝʣʘ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʜʘʪʫʤʘ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʠ 

ʧʨʠʥʦʩʘ ʛʨʦʞʹʘ ʠʟʚʨʰʝʥʘ ʿʝ ʥʘ ʦʩʤʦʪʨʝʥʠʤ ʧʦʜʘʮʠʤʘ ʟʘ ʩʚʘʢʫ ʛʦʜʠʥʫ ʧʦʿʝʜʠʥʘʯʥʦ, ʦʜʥʦʩʥʦ 

ʟʘ 2015, 2016, 2017, 2018, 2019, 2020, 2021. ʠ 2022. ʛʦʜʠʥʫ. ʊʘʢʦʹʝ, ʟʘ ʚʘʣʠʜʘʮʠʿʫ AquaCrop 

ʤʦʜʝʣʘ ʫ ʧʨʝʜʠʢʮʠʿʠ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʧʨʦʩʝʯʥʠ 

ʜʚʘʜʝʩʝʪʦʛʦʜʠʰˁʠ ʧʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʢʣʠʤʘʪʩʢʠʤ ʤʦʜʝʣʠʤʘ ʟʘ ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ ʠ 

ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ. ɿʘ ʧʨʝʜʠʢʮʠʿʝ ʫ ʤʦʜʝʣʫ AquaCrop ʠ ʢʣʠʤʘʪʩʢʠʤ ʤʦʜʝʣʠʤʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ 

ʩʫʤʝ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʩʪʫʧʘˁʘ ʧʦʿʝʜʠʥʠʭ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʜʦʙʠʿʝʥʝ ʢʘʦ 

ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫʤʝ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʦʩʤʦʛʦʜʠʰˁʠ ʧʝʨʠʦʜ ʦʩʤʘʪʨʘˁʘ (2015-

2022).  

ʇʘʨʘʤʝʪʨʠ ʤʦʜʝʣʘ ʠ ʫʣʘʟʥʠ ʧʦʜʘʮʠ 

ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʦʙʫʭʚʘʪʘʿʫ: ʜʥʝʚʥʫ ʚʨʝʜʥʦʩʪ ʨʝʬʝʨʝʥʪʥʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ (Steduto et 

al., 2012), ʜʥʝʚʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʠʭ ʠ ʤʠʥʠʤʘʣʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ, ʜʥʝʚʥʝ ʩʫʤʝ 

ʧʘʜʘʚʠʥʘ ʫ ʧʝʨʠʦʜʫ ʠʩʪʨʘʞʠʚʘˁʘ, ʧʦʜʘʪʢʝ ʦ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʟʝʤˀʠʰʪʘ, ʩʫʤʝ ʝʬʝʢʪʠʚʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʩʪʫʧʘˁʝ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʙʨʦʿ ʙʠˀʘʢʘ ʧʦ ʭʝʢʪʘʨʫ. ʇʘʨʘʤʝʪʨʠ ʢʫʣʪʫʨʝ 

ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʤʦʜʝʣʫ AquaCrop ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʜʘʪʫʤʘ ʧʦʯʝʪʢʘ, ʢʨʘʿʘ ʠ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ 

ʣʦʟʝ ʠ ʧʨʠʥʦʩʘ ʜʘʪʠ ʩʫ ʫ ʪʘʙʝʣʠ 12. 
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ʊʘʙʝʣʘ 12. ʇʘʨʘʤʝʪʨʠ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʫ ʤʦʜʝʣʫ AquaCrop ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʚʠʥʦʚʝ ʣʦʟʝ 
 

ʇɸʈɸʄɽʊʈʀ ɺʈɽɼʅʆʉʊʀ 

ɹʘʟʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʘʢʪʠʚʠʨʘˁʝ ʚʝʛʝʪʘʮʠʿʝ ʚʠʥʦʚʝ ʣʦʟʝ (ºC) 

ɻʨʘʥʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʘ (ºC) 

ʇʦʯʝʪʥʘ ʧʦʢʨʦʚʥʦʩʪ (CCo), % 

ʄʘʢʩʠʤʘʣʥʘ ʧʦʢʨʦʚʥʦʩʪ (CCx), % 

ʊʝʤʧʝʨʘʪʫʨʥʘ ʩʫʤʘ ʦʜ ʘʢʪʠʚʠʨʘˁʘ ʚʝʛʝʪʘʮʠʿʝ ʜʦ ʬʝʥʦʬʘʟʝ ʧʫʧˀʝˁʘ 

ʊʝʤʧʝʨʘʪʫʨʥʘ ʩʫʤʘ ʤʘʢʩʠʤʘʣʥʝ ʧʦʢʨʦʚʥʦʩʪʠ 

ʊʝʤʧʝʨʘʪʫʨʥʘ ʩʫʤʘ ʜʦ ʧʦʯʝʪʢʘ ʩʘʟʨʝʚʘˁʘ, ʰʘʨʘʢ 

ʊʝʤʧʝʨʘʪʫʨʥʘ ʩʫʤʘ ʜʦ ʟʨʝʣʦʩʪʠ ʧʣʦʜʘ 

ʎʚʝʪʘˁʝ ʠ ʧʣʦʜʦʥʦʰʝˁʝ 

ʊʝʤʧʝʨʘʪʫʨʥʘ ʩʫʤʘ ʟʘ ʬʦʨʤʠʨʘˁʝ HI  

ʅʘʩʪʫʧʘˁʝ ʬʝʥʦʬʘʟʝ ʮʚʝʪʘˁʘ (ʩʫʤʝ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ) 

ʄʘʢʩʠʤʘʣʥʘ ʜʫʙʠʥʘ ʢʦʨʝʥʦʚʦʛ ʩʠʩʪʝʤʘ (ʩʫʤʝ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧ.) 

ɻʣʘʚʥʘ ʤʘʩʘ ʢʦʨʝʥʦʚʦʛ ʩʠʩʪʝʤʘ (m) 

ʂʦʝʬʠʮʠʿʝʥʪ ʢʫʣʪʫʨʝ (Kcb) at CC=60 % 

ʇʨʦʜʫʢʪʠʚʥʦʩʪ ʚʦʜʝ (WP), gĿm Į 

ɾʝʪʚʝʥʠ ʠʥʜʝʢʩ, ʦʜʥʦʩ ʧʨʠʥʦʩʘ ʠ ʙʠʦʤʘʩʝ (Hlo), %  

ɺʦʜʥʠ ʩʪʨʝʩ 

ʇʦʨʘʩʪ ʙʠʦʤʘʩʝ 

ʋʤʝʨʝʥʦ ʪʦʣʝʨʘʥʪʥʘ ʥʘ ʚʦʜʥʠ ʩʪʨʝʩ 

ɻʦʨˁʘ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʧʦʨʘʩʪʘ ʣʠʩʥʝ ʤʘʩʝ (pupper) 

ɼʦˁʘ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʧʦʨʘʩʪʘ ʣʠʩʥʝ ʤʘʩʝ (plower) 

ʌʘʢʪʦʨ ʦʙʣʠʢʘ 

ɿʘʪʚʘʨʘˁʝ ʩʪʦʤʘ 

ʋʤʝʨʝʥʦ ʪʦʣʝʨʘʥʪʥʘ ʥʘ ʚʦʜʥʠ ʩʪʨʝʩ 

ɿʘʪʚʘʨʘˁʝ ʩʪʦʤʘ ï ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ (pupper) 

ʆʙʣʠʢ ʢʨʠʚʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʩʪʦʤʘʪʘʣʥʦʛ ʩʪʨʝʩʘ 

ʇʦʯʝʪʘʢ ʦʧʘʜʘˁʘ ʣʠʩʥʝ ʤʘʩʝ 

ʋʤʝʨʝʥʦ ʪʦʣʝʨʘʥʪʥʘ ʥʘ ʚʦʜʥʠ ʩʪʨʝʩ 

ʇʦʯʝʪʘʢ ʦʧʘʜʘˁʘ ʣʠʩʥʝ ʤʘʩʝ ï ʛʦʨˁʘ ʛʨʘʥʠʮʘ (pupper) 

ʆʙʣʠʢ ʢʨʠʚʝ ʦʧʘʜʘˁʘ 

ʉʪʨʝʩ ʫʩʣʝʜ ʧʨʝʚʣʘʞʠʚʘˁʘ 

ʆʩʝʪˀʠʚʦʩʪ ʥʘ ʧʨʝʚʣʘʞʠʚʘˁʝ 

ʉʘʪʫʨʘʮʠʿʘ (%) 

ʇʨʠʣʘʛʦʹʘʚʘˁʝ HI ʚʦʜʥʦʤ ʩʪʨʝʩʫ 

ʇʨʝ ʮʚʝʪʘˁʘ ï ʫʤʝʨʝʥʦ ʦʩʝʪˀʠʚʘ ʥʘ ʚʦʜʥʠ ʩʪʨʝʩ (%) 

ʊʦʢʦʤ ʮʚʝʪʘˁʘ ï ʦʩʝʪˀʠʚʘ ʥʘ ʚʦʜʥʠ ʩʪʨʝʩ (pupper) 

ʊʦʢʦʤ ʬʦʨʤʠʨʘˁʘ ʧʨʠʥʦʩʘ ï ʫʤʝʨʝʥʦ ʦʩʝʪˀʠʚʘ ʥʘ ʚʦʜʥʠ ʩʪʨʝʩ 

10 

30 

0,12 

65 

4 

320 

1010 

1610 

 

690 

320 

325 

0.45 

0,9 

15 

50 

 

 

 

0,25 

0,55 

1,5 

 

 

0,5 

3,0 

 

 

0,65 

3,0 

 

 

10 

 

8,0 

 

0,8 

*ʄʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʦʟʥʘʯʝʥʝ ʩʫ ʟʝʣʝʥʦʤ ʙʦʿʦʤ, ʧʦʜʨʘʟʫʤʝʚʘʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʦʟʥʘʯʝʥʝ ʧʣʘʚʦʤ ʙʦʿʦʤ, 

ʧʨʦʮʝˁʝʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʦʟʥʘʯʝʥʝ ʮʨʚʝʥʦʤ ʙʦʿʦʤ. 
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5.13. ʄʝʪʦʜʝ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ  

 

ʊʝʤʧʝʨʘʪʫʨʘ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʠ ʙʠˀʥʠ ʚʦʜʥʠ ʩʪʨʝʩ ʠʥʜʝʢʩ (CWSI) 

ʊʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ, ʧʦ ʩʫʥʯʘʥʦʤ ʚʨʝʤʝʥʫ, ʥʘ ʩʚʘʢʠʭ 7 ʜʦ 10 ʜʘʥʘ ʧʨʘ˂ʝʥʘ ʿʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʚʠʥʦʚʝ ʣʦʟʝ ʧʦʤʦ˂ʫ ʨʫʯʥʝ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ (FLIR E6) 

ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 13. ɼʦʙʠʿʝʥʝ ʬʦʪʦʛʨʘʬʠʿʝ ʩʫ ʩʝ ʘʥʘʣʠʟʠʨʘʣʝ ʫ ʧʨʦʛʨʘʤʫ FLIR 

Tools ʩʘ ʫʟʦʨʢʦʤ ʦʜ 10 ʪʘʯʘʢʘ ʢʦʿʝ ʧʨʠʢʘʟʫʿʫ ʚʨʝʜʥʦʩʪ ʪʝʤʧʝʨʘʪʫʨʝ (ʉʣʠʢʘ 14). ʅʘ ʦʩʥʦʚʫ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ (ʩʘ ʘʥʘʣʠʟʠʨʘʥʠʭ ʬʦʪʦʛʨʘʬʠʿʘ) ʠʟʨʘʯʫʥʘʦ ʩʝ ʙʠˀʥʠ ʚʦʜʥʠ 

ʩʪʨʝʩ ʠʥʜʝʢʩ (Crop water stress index ï CWSI). ʋ ʧʨʚʦʿ ʦʛʣʝʜʥʦʿ ʛʦʜʠʥʠ, ʠʟʚʨʰʝʥʦ ʿʝ 10 

ʤʝʨʝˁʘ, ʘ ʫ ʜʨʫʛʦʿ 12. ʉʚʘʢʠ ʪʨʝʪʤʘʥ ʬʦʪʦʛʨʘʬʠʩʘʥ ʿʝ ʫ ʪʨʠ ʧʦʥʘʚˀʘˁʘ. 

 

  

      ʉʣʠʢʘ 13. ʊʝʨʤʦʚʠʟʠʿʩʢʘ ʢʘʤʝʨʘ ʉʣʠʢʘ 14. ɸʥʘʣʠʟʘ ʬʦʪʦʛʨʘʬʠʿʘ ʫ ʧʨʦʛʨʘʤʫ FLIR 

Tools 

 

ʅʝʧʦʩʨʝʜʥʦ ʧʨʝʜ ʤʝʨʝˁʝ, ʧʦʜʝʰʘʚʘʣʠ ʩʫ ʩʝ ʦʜʨʝʹʝʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʢʘʤʝʨʠ ʧʦʧʫʪ: 

¶ ʉʨʝʜˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ( ); 

¶ ʉʨʝʜˁʘ ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ (%); 

¶ ɽʤʠʩʠʚʥʦʩʪ ʚʝʛʝʪʘʮʠʿʝ (0,95); 

¶ ʈʝʬʣʝʢʪʫʿʫ˂ʝ ʪʝʤʧʝʨʘʪʫʨʝ (ʤʝʨʝˁʝʤ ʩʨʝʜˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʘʣʫʤʠʥʠʿʫʤʩʢʝ 

ʬʦʣʠʿʝ); 

¶ ʈʘʩʪʦʿʘˁʝ ʦʜ ʙʠˀʢʝ ʜʦ ʢʘʤʝʨʝ (1 m). 

ɺʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʣʘʞʥʦʩʪʠ ʚʘʟʜʫʭʘ ʦʯʠʪʘʚʘʥʝ ʩʫ ʫʦʯʠ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ ʩʘ 

ʜʘʪʘʣʦʛʝʨʘ ʧʦʩʪʘʚˀʝʥʦʛ ʫ ʚʠʥʦʛʨʘʜʫ. 

ɹʠˀʥʠ ʚʦʜʥʠ ʩʪʨʝʩ ʠʥʜʝʢʩ (CWSI) ʦʜʨʝʹʝʥ ʿʝ ʧʨʝʤʘ ʠʟʨʘʟʫ ʢʦʿʠ ʩʫ ʧʨʝʜʣʦʞʠʣʠ Idso et 

al. (1981): 

 

#73)
4 4 $

$ $
    ψ 

 
ɻʜʝ ʿʝ:  

D1 ï ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʤʘʢʩʠʤʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʘʟʜʫʭʘ ʟʘ ʙʠˀʢʫ ʫ ʩʪʨʝʩʫ ʠʟʥʦʩʠ 3,962 (Idso et al., 1981); 

D2 ï ʜʦˁʘ ʛʨʘʥʠʮʘ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʘʟʜʫʭʘ, ʜʦʙʠʿʘ ʩʝ ʧʨʝʢʦ ʠʟʨʘʟʘ: 

 

$ ρȟπσ ρȟωςσϽ6$0   [9] 

 



 

46 

 

ɼʝʬʠʮʠʪ ʥʘʧʦʥʘ ʚʦʜʝʥʝ ʧʘʨʝ (VDP) ʫ kPa ʨʘʯʫʥʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ʨʘʟʣʠʢʝ ʚʨʝʜʥʦʩʪʠ 

ʩʘʪʫʨʠʩʘʥʦʛ ʥʘʧʦʥʘ ʚʦʜʝʥʝ ʧʘʨʝ (es) ʠ ʩʪʚʘʨʥʦʛ ʥʘʧʦʥʘ ʚʦʜʝʥʝ ʧʘʨʝ (ea): 

 

6$0̆  ̆  [10] 

 

es ʟʘʚʠʩʠ ʦʜ ʠʟʤʝʨʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʩʪʘ (Tc) ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ (Ta): 

 

Å πȟφρρϽÅØÐϽ
ρχȟςχϽ4

4 ςσχȟσ
   ρρ 

 

ea ʿʝ ʦʜʨʝʹʝʥ ʥʘ ʦʩʥʦʚʫ ʝs ʠ ʨʝʣʘʪʠʚʥʝ ʚʣʘʞʥʦʩʪʠ ʚʘʟʜʫʭʘ (RH): 

 

̆ ̆Ͻ
2(

ρππ
    ρς  

 

Plant-O-Meter ï ʤʝʨʝˁʝ ʬʠʟʠʦʣʦʰʢʦʛ ʩʪʘˁʘ ʚʠʥʦʚʝ ʣʦʟʝ 

Plant-O-Meter (POM) ʿ ʝ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠ ʤʦʙʠʣʥʠ ʫʨʝʹʘʿ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʫ ʩʢʣʦʧʫ 

ʧʨʝʮʠʟʥʝ ʧʦˀʦʧʨʠʚʨʝʜʝ ʠ ʢʦʿʠ ʧʨʦʮʝˁʫʿʝ ʩʪʘˁʝ ʦʜʨʝʹʝʥʝ ʙʠˀʥʝ ʢʫʣʪʫʨʝ ʤʝʨʝˁʝʤ ʦʧʪʠʯʢʠʭ 

ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ (Optical Vegetation Indices ï OVI). ʆʚʦʤ ʚʨʩʪʦʤ ʩʝʥʟʦʨʘ ʤʦʛʫ ʩʝ ʫʦʯʠʪʠ 

ʧʨʦʤʝʥʝ ʫ ʙʣʠʩʢʦʤ ʠʥʬʨʘʮʨʚʝʥʦʤ ʩʧʝʢʪʨʫ ʢʘʢʦ ʙʠ ʜʦʙʠʣʠ ʨʘʥʦ ʫʧʦʟʦʨʝˁʝ ʜʘ ʣʠ ʿʝ ʙʠˀʢʘ 

ʧʦʜ ʩʪʨʝʩʦʤ. ʋʨʝʹʘʿ ʧʦʩʝʜʫʿʝ 6 ʩʧʝʢʪʨʘʣʥʠʭ ʢʘʥʘʣʘ: ʧʣʘʚʠ (ʮʝʥʪʨʘʣʥʝ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ ʦʜ 455 

nm), ʟʝʣʝʥʠ (528 nm), ʮʨʚʝʥʠ (657 nm), ʠʚʠʯʥʦ ʮʨʚʝʥʠ (740 nm), ʙʣʠʩʢʦ ʠʥʬʨʘʮʨʚʝʥʠ ʩʧʝʢʪʘʨ 

1 ʠ 2 (810 nm ʠ 940 nm). 

ʇʨʠʣʠʢʦʤ ʢʨʝʪʘˁʘ ʢʨʦʟ ʨʝʜʦʚʝ ʚʠʥʦʛʨʘʜʘ ʥʘ ʩʚʘʢʦʤ ʪʨʝʪʤʘʥʫ ʚʨʝhʥʦ ʿʝ ʨʫʯʥʦ ʤʝʨʝˁʝ 

ʩʚʠʭ ʯʦʢʦʪʘ ʫ ʦʢʚʠʨʫ ʪʨʝʪʤʘʥʘ (ʦʢʦ 150 ʧʦʜʘʪʘʢʘ ʧʦ ʩʚʘʢʦʤ ʪʨʝʪʤʘʥʫ ʪʦʢʦʤ ʩʥʠʤʘˁʘ) ʯʠʤʝ 

ʩʫ ʩʝ ʜʦʙʠʣʠ ʧʨʦʩʪʦʨʥʠ ʨʝʟʫʣʪʘʪʠ ʦʧʪʠʯʢʠʭ ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ (ʉʣʠʢʘ 15). ʀʟʚʨʰʝʥʘ ʩʫ 

4 ʩʥʠʤʘˁʘ ʫ 2022. ʛʦʜʠʥʠ (ʊʘʙʝʣʘ 13).  

 
ʊʘʙʝʣʘ 13. ɼʘʪʫʤʠ (ʩʥʠʤʘˁʘ) ʤʝʨʝˁʘ ʩʘ POM-ʦʤ 

 

ɹʨʦʿ ʤʝʨʝˁʘ ɼʘʪʫʤ ʤʝʨʝˁʘ 

1 23.6.2022. 

2 19.7.2022. 

3 2.8.2022. 

4 17.8.2022. 
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ʉʣʠʢʘ 15. ʇʨʠʥʮʠʧ ʨʘʜʘ POM-ʘ  

 

ʉʥʠʤʘˁʝ ʜʨʦʥʦʤ  

ʋ ʜʨʫʛʦʿ ʦʛʣʝʜʥʦʿ ʛʦʜʠʥʠ (2022), ʠʟʚʝʜʝʥʘ ʩʫ 3 ʩʥʠʤʘˁa ʜʨʦʥʦʤ DJI Mavic 2 Zoom ʥʘ 

ʢʦʛʘ ʿʝ ʤʦʥʪʠʨʘʥʘ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʘ ʢʘʤʝʨʘ Micanese RedEdge mx (ʉʣʠʢʘ 16) ʨʘʜʠ 

ʫʪʚʨʹʠʚʘˁʘ ʩʪʘˁʘ ʚʠʥʦʚʝ ʣʦʟʝ. ʆʜʘʙʨʘʥʠ ʜʘʪʫʤʠ ʩʫ ʩʝ ʧʦʜʫʜʘʨʘʣʠ ʩʘ ʢˀʫʯʥʠʤ ʬʝʥʦʬʘʟʘʤʘ 

ʚʠʥʦʚʝ ʣʦʟʝ; ʥʧʨ. ʧʨʚʦ ʩʥʠʤʘˁʝ ʿʝ ʠʟʚʨʰʝʥʦ ʥʝʧʦʩʨʝʜʥʦ ʧʦʩʣʝ ʮʚʝʪʘˁʘ (ʤʝʩʝʮ ʤʘʿ), ʜʨʫʛʦ 

ʩʥʠʤʘˁʝ ʟʘ ʚʨʝʤʝ ʰʘʨʢʘ (ʿʫʣ) ʠ ʧʦʩʣʝʜˁʝ (ʪʨʝ˂ʝ ʩʥʠʤʘˁʝ) ʿʝ ʠʟʚʨʰʝʥʦ ʥʘʢʦʥ ʙʝʨʙʝ (ʘʚʛʫʩʪ).  

 

 

ʉʣʠʢʘ 16. ɼʨʦʥ ʫ ʧʦʯʝʪʥʦʿ ʬʘʟʠ ʨʝʘʣʠʟʘʮʠʿʝ ʤʠʩʠʿʝ ʩʥʠʤʘˁʘ 
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ʇʨʝʣʝʪʠ ʩʫ ʨʝʘʣʠʟʦʚʘʥʠ ʧʦ ʩʫʥʯʘʥʦʤ ʚʨʝʤʝʥʫ ʫ ʧʝʨʠʦʜʫ ʦʜ 12.00 ʜʦ 14.00 ʯʘʩʦʚʘ. 

ʈʝʟʦʣʫʮʠʿʘ ʩʥʠʤʘˁʘ ʿʝ 2,3 cmĿpx ĭ, ʘ ʦʜʘʙʨʘʥʘ ʚʠʩʠʥʘ ʣʝʪʘ ʙʠʣʘ ʿʝ 35 m. ʉʪʦʧʘ ʩʥʠʤʘˁʘ 

ʬʦʪʦʛʨʘʬʠʿʝ ʙʠʣʘ ʿʝ 1 ʬʦʪʦʛʨʘʬʠʿʘ ʫ ʩʝʢʫʥʜʠ ʟʘ ʩʚʝ ʢʘʥʘʣʝ. ʉʚʘʢʠ ʜʦʙʠʿʝʥʠ ʩʥʠʤʘʢ ʩʘʜʨʞʠ 

ʩʝʪ ʧʦʜʘʪʘʢʘ ʦʜ ʧʝʪ ʩʧʝʢʪʨʘʣʥʠʭ ʢʘʥʘʣʘ: ʧʣʘʚʠ, ʟʝʣʝʥʠ, ʮʨʚʝʥʠ, ʛʨʘʥʠʯʥʦ ʮʨʚʝʥʠ ʠ ʙʣʠʩʢʦ 

ʠʥʬʨʘʮʨʚʝʥʠ ʩʧʝʢʪʘʨ (ʊʘʙʝʣʘ 14). ʇʨʠʣʠʢʦʤ ʩʥʠʤʘˁʘ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʙʝʩʧʣʘʪʥʘ ʚʝʨʟʠʿʘ 

ʘʧʣʠʢʘʮʠʿʝ Drone Harmony ʟʘ ʧʦʪʨʝʙʝ ʦʜʨʝʹʠʚʘˁʘ ʧʫʪʘˁʝ ʩʥʠʤʘˁʘ, ʜʦʢ ʿʝ Top-down ʧʦʛʦʜʥʘ 

ʟʘ ʩʥʠʤʘˁʝ ʦʨʪʦʤʦʟʘʠʢʘ. ʇʨʝʢʣʘʧʘˁʝ ʬʦʪʦʛʨʘʬʠʿʘ ʿʝ ʧʦʜʝʰʘʚʘʥʦ ʥʘ 80%, ʜʦʢ ʿʝ ʙʨʟʠʥʘ ʣʝʪʘ 

ʠ ʩʥʠʤʘˁʘ ʙʠʣʘ 1,5 mĿs ĭ. ʉʢʣʘʧʘˁʝ ʠ ʦʙʨʘʜʘ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʭ ʩʥʠʤʘʢʘ ʚʨʰʝʥʘ ʿʝ ʫʟ ʧʦʤʦ˂ 

ʙʝʩʧʣʘʪʥʦʛ ʩʦʬʪʚʝʨʘ QGIS Buenos Aires 3.26. 

 
ʊʘʙʝʣʘ 14. ʇʘʨʘʤʝʪʨʠ ʧʨʦʩʪʦʨʥʝ ʨʝʟʦʣʫʮʠʿʝ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʭ ʧʦʜʘʪʘʢʘ 
 

ɹʨʦʿ 

ʢʘʥʘʣʘ 
ʅʘʟʠʚ ʩʧʝʢʪʨʘʣʥʦʛ ʢʘʥʘʣʘ 

ʇʨʦʩʪʦʨʥʘ 

ʨʝʟʦʣʫʮʠʿʘ (cm) 

ʆʧʩʝʛ ʪʘʣʘʩʥʠʭ 

ʜʫʞʠʥʘ (nm) 

ʎʝʥʪʨʘʣʥʘ ʪʘʣʘʩʥʘ 

ʜʫʞʠʥʘ (nm) 

1 ʇʣʘʚʠ 

2,3 

0,465-0,485 0,475  

2 ɿʝʣʝʥʠ 0,550-0,570 0,560  

3 ʎʨʚʝʥʠ 0,663-0,673 0,668  

4 ɻʨʘʥʠʯʥʦ ʮʨʚʝʥʠ 0,712-0,722 0,717  

5 ɹʣʠʩʢʦ ʠʥʬʨʘʮʨʚʝʥʠ ʩʧʝʢʪʘʨ 0,820-0,860 0,840  

 

ʅʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥʠʭ ʩʘ POM-ʘ ʠ ʜʨʦʥʘ ʢʨʝʠʨʘʥʘ ʩʫ 3 ʚʝʛʝʪʘʮʠʦʥʘ ʠʥʜʝʢʩʘ: 

1. NDVI ʠʥʜʝʢʩ 

NDVI (Normalized Difference Vegetation Index) ʧʨʝʜʩʪʘʚˀʘ ʠʥʜʝʢʩ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ 

ʧʨʦʮʝʥʫ ʩʘʜʨʞʘʿʘ ʭʣʦʨʦʬʠʣʘ, ʙʠʦʤʘʩʝ, ʚʦʜʥʦʛ ʩʪʘʪʫʩʘ ʙʠˀʘʢʘ ʠ ʚʠʪʘʣʥʦʩʪʠ ʫʩʝʚʘ, ʪʝ ʩʝ 

ʰʠʨʦʢʦ ʧʨʠʤʝˁʫʿʝ ʫ ʜʘˀʠʥʩʢʦʿ ʜʝʪʝʢʮʠʿʠ ʟʘ ʧʨʘ˂ʝˁʝ ʩʪʘˁʘ ʫʩʝʚʘ (Ustuner et al., 2014; P§dua 

et al., 2019). ɼʝʬʠʥʠʰʝ ʩʝ ʢʘʦ ʦʜʥʦʩ ʨʘʟʣʠʢa ʠʟʤʝʹʫ ʧʦʿʝʜʠʥʠʭ ʚʨʝʜʥʦʩʪʠ ʨʝʬʣʝʢʪʫʿʫ˂ʠʭ 

ʪʘʣʘʩʥʠʭ ʜʫʞʠʥʘ ʫ ʙʣʠʩʢʦʤ ʠʥʬʨʘʮʨʚʝʥʦʤ (NIR) ʠ ʮʨʚʝʥʦʤ (RED) ʜʝʣʫ ʩʧʝʢʪʨʘ ʠ ˁʠʭʦʚʦʛ 

ʟʙʠʨʘ: 

 

.$6)
.)22%$

.)22%$
   ρσ 

 

2. GNDVI ʠʥʜʝʢʩ 

GNDVI (Green Normalized Difference Vegetation Index) ʿʝ ʤʦʜʠʬʠʢʦʚʘʥʠ NDVI ʢʦʿʠ ʠʤʘ 

ʟʘ ʮʠˀ ʜʘ ʫʪʚʨʜʠ ʬʦʪʦʩʠʥʪʝʪʩʢʫ ʘʢʪʠʚʥʦʩʪ ʙʠˀʢʝ. ʂʦʨʠʩʪʠ ʩʝ ʟʘ ʧʨʦʮʝʥʫ ʩʘʜʨʞʘʿʘ ʘʟʦʪʘ ʫ 

ʣʠʩʪʫ ʠ ʫʩʚʘʿʘˁʝ ʚʦʜʝ ʦʜ ʩʪʨʘʥʝ ʙʠˀʢʝ. ʆʚʘʿ ʠʥʜʝʢʩ ʢʦʨʠʩʪʠ ʟʝʣʝʥʠ (Green), ʚʠʜˀʠʚʠ ʜʝʦ 

ʩʧʝʢʪʨʘ ʠ ʦʜʨʝʹʫʿʝ ʩʝ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ (Omer et al., 2017): 

 

'.$6)
.)2'ÒÅÅÎ

.)2'ÒÅÅÎ
   ρτ 

 

3. OSAVI ʠʥʜʝʢʩ 

ʆʧʪʠʤʠʟʦʚʘʥʠ ʠʥʜʝʢʩ ʚʝʛʝʪʘʮʠʿʝ ʧʨʠʣʘʛʦʹʝʥ ʟʝʤˀʠʰʪʫ (Optimized Soil Adjusted 

Vegetation Index ï OSAVI) ʧʨʝʜʩʪʘʚˀʘ ʠʥʜʝʢʩ ʥʘʤʝˁʝʥ ʧʨʘ˂ʝˁʫ ʩʪʘˁʘ ʫʩʝʚʘ ʫ ʫʩʣʦʚʠʤʘ 

ʨʘʟʣʠʯʠʪʦʛ ʫʪʠʮʘʿʘ ʟʝʤˀʠʰʥʝ ʧʦʟʘʜʠʥʝ. ʇʦʩʝʙʥʦ ʿʝ ʧʦʛʦʜʘʥ ʟʘ ʧʨʠʤʝʥʫ ʫ ʟʘʩʘʜʠʤʘ ʩʘ 

ʜʝʣʠʤʠʯʥʦ ʨʘʟʚʠʿʝʥʠʤ ʙʠˀʥʠʤ ʧʦʢʨʠʚʘʯʝʤ, ʢʘʦ ʰʪʦ ʩʫ ʚʠʥʦʛʨʘʜʠ. ʋ ʧʦʨʝʹʝˁʫ ʩʘ 
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ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʠʥʜʝʢʩʦʤ ʚʝʛʝʪʘʮʠʿʝ ʧʨʠʣʘʛʦʹʝʥʠʤ ʟʝʤˀʠʰʪʫ (Soil Adjusted Vegetation Index 

ï SAVI), OSAVI ʩʝ ʦʜʣʠʢʫʿʝ ʚʝ˂ʦʤ ʦʩʝʪˀʠʚʦʰ˂ʫ ʥʘ ʛʫʩʪʠʥʫ ʚʝʛʝʪʘʮʠʿʝ ʠ ʦʤʦʛʫ˂ʘʚʘ 

ʧʦʫʟʜʘʥʠʿʫ ʧʨʦʮʝʥʫ ʩʪʘˁʘ ʫʩʝʚʘ.  

ʆʜʨʝʹʫʿʝ ʩʝ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ (Zou ʠ Mõttus, 2017): 

 

/3!6)
.)22%$

.)22%$πȢρφ
  ρυ 

 

ɻʜʝ ʿʝ 0.16 ʢʦʥʩʪʘʥʪʘ ʫʚʝʜʝʥʘ ʨʘʜʠ ʫʤʘˁʝˁʘ ʫʪʠʮʘʿʘ ʟʝʤˀʠʰʥʝ ʧʦʟʘʜʠʥʝ. 

 

5.14. ɻʝʥʝʨʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʚʠʥʦʚʝ ʣʦʟʝ 

 

ʆʚʘʿ ʧʦʢʘʟʘʪʝˀ ʿʝ ʦʜʨʝʹʝʥ ʫ ʧʦˀʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʫ ʧʨʦʣʝ˂ʝ, ʧʦʩʣʝ ʧʦʿʘʚʝ ʮʚʘʩʪʠ ʫ ʦʙʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʛʦʜʠʥʝ (2021-2022). ʅʘʿʧʨʝ ʩʫ ʩʝ ʝʚʠʜʝʥʪʠʨʘʣʘ ʘʢʪʠʚʠʨʘʥʘ ʠ ʥʝʘʢʪʠʚʠʨʘʥʘ 

ʦʢʮʘ, ʩʚʠ ʢʨʝʥʫʣʠ ʣʘʩʪʘʨʠ ʠʟ ʨʝʟʠʜʙʦʤ ʦʩʪʘʚˀʝʥʠʭ ʦʢʘʮʘ ʠ ʙʨʦʿ ʮʚʘʩʪʠ. ʅʘ ʦʩʥʦʚʫ 

ʧʨʠʢʫʧˀʝʥʠʭ ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥ ʿʝ: ʢʦʝʬʠʮʠʿʝʥʪ ʧʦʪʝʥʮʠʿʘʣʥʝ ʨʦʜʥʦʩʪʠ, ʢʦʝʬʠʮʠʿʝʥʪ 

ʨʝʣʘʪʠʚʥʝ ʨʦʜʥʦʩʪʠ, ʢʦʝʬʠʮʠʿʝʥʪ ʘʧʩʦʣʫʪʥʝ ʨʦʜʥʦʩʪʠ, ʢʦʝʬʠʮʠʿʝʥʪ ʥʝʨʦʜʥʦʩʪʠ ʣʘʩʪʘʨʘ ʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʥʝʨʦʜʥʦʩʪʠ ʦʢʘʮʘ ʧʦ ʤʝʪʦʜʠ ʃʘʟʘʨʝʚʩʢʦʛ, ʤʦʜʠʬʠʢʦʚʘʥʦ ʿʧʨʝʤʘ ʄʘʨʢʦʚʠ˂ ʠ 

ʇʨʞʠ˂ (2020). 

ʂʦʝʬʠʮʠʿʝʥʪ ʨʦʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʩʝʯʘʥ ʙʨʦʿ ʨʘʟʚʠʿʝʥʠʭ ʛʨʦʟʜʦʚʘ ʧʦ ʨʘʟʚʠʿʝʥʦʤ 

ʣʘʩʪʘʨʫ. ʈʘʯʫʥʘ ʩʝ ʪʘʢʦ ʰʪʦ ʩʝ ʫʢʫʧʘʥ ʙʨʦʿ ʨʘʟʚʠʿʝʥʠʭ ʛʨʦʟʜʦʚʘ ʧʦʜʝʣʠ ʩʘ ʫʢʫʧʥʠʤ ʙʨʦʿʝʤ 

ʨʘʟʚʠʿʝʥʠʭ ʣʘʩʪʘʨʘ ʧʦ ʯʦʢʦʪʫ. ɺʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʦʜʥʦʩʪʠ ʚʘʨʠʨʘʿʫ ʦʜ <1 ʜʦ 2 

(ʄʘʨʢʦʚʠ˂ ʠ ʇʨʞʠ˂, 2020). ʂʘʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ ʠʩʧʦʜ ʿʝʜʠʥʠʮʝ, ʪʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʟʙʠʨ ʨʦʜʥʠʭ ʠ 

ʥʝʨʦʜʥʠʭ ʣʘʩʪʘʨʘ ʿʝʜʥʘʢ ʫʢʫʧʥʦʤ ʙʨʦʿʫ ʨʘʟʚʠʿʝʥʠʭ ʛʨʦʟʜʦʚʘ. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʦʩʥʦʚʫ 

ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʦʜʥʦʩʪʠ ʩʦʨʪʝ ʧʨʠʢʘʟʘʥʘ ʿʝ ʫ ʪʘʙʝʣʠ 15. 

 

ʊʘʙʝʣʘ 15. ɺʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʦʜʥʦʩʪʠ 
 

ʂʦʝʬʠʮʠʿʝʥʪ ʨʦʜʥʦʩʪʠ 
ɺʨʝʜʥʦʩʪʠ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʦʜʥʦʩʪʠ 

ʉʦʨʪʝ ʩʘ ʚʝʦʤʘ ʥʠʩʢʠʤ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʨʦʜʥʦʩʪʠ ʜʦ 0,2 

ʉʦʨʪʝ ʩʘ ʥʠʩʢʠʤ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʨʦʜʥʦʩʪʠ ʦʜ 0,3 ʜʦ 0,5 

ʉʦʨʪʝ ʩʘ ʩʨʝʜˁʠʤ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʨʦʜʥʦʩʪʠ ʦʜ 0,6 ʜʦ 0,8 

ʉʦʨʪʝ ʩʘ ʚʠʩʦʢʠʤ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʨʦʜʥʦʩʪʠ ʦʜ 0,9 ʜʦ 1,1 

ʉʦʨʪʝ ʩʘ ʚʝʦʤʘ ʚʠʩʦʢʠʤ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʨʦʜʥʦʩʪʠ ʧʨʝʢʦ 1,2 

 

ʄʝʪʦʜ ʠʩʧʠʪʠʚʘˁʘ ʨʦʜʥʦʩʪʠ ʫ ʪʦʢʫ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʜʘʿʝ ʥʘʿʧʦʫʟʜʘʥʠʿʝ ʨʝʟʫʣʪʘʪʝ 

ʿʝʨ ʩʝ ʙʨʦʿʘˁʝ ʮʚʘʩʪʠ ʩʧʨʦʚʦʜʠ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʠʣʠ ʫ ʪʦʢʫ ʬʝʥʦʬʘʟʝ ʮʚʝʪʘˁʘ (ʪʘʜʘ ʩʫ ʮʚʘʩʪʠ 

ʚʠʟʫʝʣʥʦ ʥʘʿʫʦʯˀʠʚʠʿʝ). ʂʘʢʦ ʙʠ ʩʝ ʦʜʨʝʜʠʣʠ ʦʚʠ ʢʦʝʬʠʮʠʿʝʥʪʠ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʦʜʘʙʨʘʪʠ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʘʥ ʫʟʦʨʘʢ ʦʜ 10 ʯʦʢʦʪʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʝʚʠʜʝʥʪʠʨʘ ʙʨʦʿ ʮʚʘʩʪʠ ʥʘ ʣʘʩʪʘʨʠʤʘ 

ʨʘʟʚʠʿʝʥʠʭ ʩʘ ʢʦʥʜʠʨʘ ʠ ʣʫʢʦʚʘ (ʥʘʢʦʥ ʨʝʟʠʜʙʝ ï ʉʣʠʢʘ 17) (ʄʘʨʢʦʚʠ˂ ʠ ʇʨʞʠ˂, 2020). 
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ʉʣʠʢʘ 17. ɿʠʤʩʢʘ ʨʝʟʠʜʙʘ 

 

5.15. ʂʚʘʣʠʪʘʪʠʚʥʝ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʨʦʞʹʘ 

 

¶ ʇʨʠʥʦʩ ʛʨʦʞʹʘ ï ʋ ʧʝʨʠʦʜʫ ʙʝʨʙʝ ʛʨʦʞʹʘ, ʦʜʘʙʨʘʥʦ ʿʝ ʧʦ ʜʝʩʝʪ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ 

ʯʦʢʦʪʘ ʧʦ ʧʨʠʤʝˁʝʥʦʤ ʪʨʝʪʤʘʥʫ ʟʘʣʠʚʘˁʘ. ʄʝʨʝˁʝʤ ʤʘʩʝ ʩʚʠʭ ʛʨʦʟʜʦʚʘ ʫʪʚʨʹʝʥ ʿʝ ʧʨʠʥʦʩ 

ʛʨʦʞʹʘ (kg ʯʦʢʦʪʫ ĭ), ʙʨʦʿʘˁʝʤ ʿʝ ʫʪʚʨʹʝʥ ʙʨʦʿ ʛʨʦʟʜʦʚʘ ʧʦ ʯʦʢʦʪʫ, ʘ ʨʘʯʫʥʩʢʠʤ ʧʫʪʝʤ ʿʝ 

ʦʜʨʝʹʝʥ ʧʨʠʥʦʩ ʛʨʦʞʹʘ ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ (tĿha ĭ). 

¶ ʄʝʭʘʥʠʯʢʠ ʩʘʩʪʘʚ ʛʨʦʟʜʘ ʠ ʙʦʙʠʮʝ ï ʉʘ ʜʝʩʝʪ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʯʦʢʦʪʘ (ʟʘ ʩʚʘʢʠ 

ʪʨʝʪʤʘʥ) ʫ ʤʦʤʝʥʪʫ ʪʝʭʥʦʣʦʰʢʝ ʟʨʝʣʦʩʪʠ ʛʨʦʞʹʘ ʘʥʘʣʠʟʦʤ ʤʝʭʘʥʠʯʢʦʛ ʩʘʩʪʘʚʘ ʛʨʦʟʜʘ ʠ 

ʙʦʙʠʮʝ ʦʜʨʝʹʝʥʠ ʩʫ: ʜʫʞʠʥʘ ʛʨʦʟʜʘ (cm), ʰʠʨʠʥʘ ʛʨʦʟʜʘ (cm), ʤʘʩʘ ʛʨʦʟʜʘ (g), ʜʫʞʠʥʘ 

ʧʝʪʝˀʢʝ (cm), ʙʨʦʿ ʙʦʙʠʮʘ ʫ ʛʨʦʟʜʫ, ʤʘʩʘ ʩʚʠʭ ʙʦʙʠʮʘ ʫ ʛʨʦʟʜʫ (g), ʤʘʩʘ 100 ʙʦʙʠʮʘ (g), ʤʘʩʘ 

ʧʦʢʦʞʠʮʝ 100 ʙʦʙʠʮʘ (g), ʤʘʩʘ ʩʝʤʝʥʢʠ 100 ʙʦʙʠʮʘ (g), ʙʨʦʿ ʩʝʤʝʥʢʠ ʫ 100 ʙʦʙʠʮʘ, ʤʘʩʘ 

ʰʝʧʫʨʠʥʝ (g), ʤʘʩʘ 100 ʩʝʤʝʥʢʠ (g), ʜʠʤʝʥʟʠʿʝ ʙʦʙʠʮʝ: ʰʠʨʠʥʘ ʠ ʜʫʞʠʥʘ (mm). ʆʜʨʝʹʝʥ ʿʝ ʠ 

ʩʪʨʫʢʪʫʨʥʠ ʧʦʢʘʟʘʪʝˀ ʛʨʦʟʜʘ ʢʘʦ ʫʜʝʦ ʙʦʙʠʮʘ ʫ ʛʨʦʟʜʫ (%) ʠ ʫʜʝʦ ʰʝʧʫʨʠʥʝ ʫ ʛʨʦʟʜʫ (%). 

ʀʟʨʘʯʫʥʘʪ ʿʝ ʠ ʩʪʨʫʢʪʫʨʥʠ ʧʦʢʘʟʘʪʝˀ ʙʦʙʠʮʝ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʫʜʝʦ ʤʝʟʦʢʘʨʧʘ ʫ ʙʦʙʠʮʠ (%), 

ʫʜʝʦ ʧʦʢʦʞʠʮʝ ʫ ʙʦʙʠʮʠ (%) ʠ ʫʜʝʦ ʩʝʤʝʥʢʠ ʫ ʙʦʙʠʮʠ (%). ʇʨʠʤʝˁʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ 

ʘʥʘʣʠʟʫ ʧʘʨʘʤʝʪʘʨʘ ʤʝʭʘʥʠʯʢʦʛ ʩʘʩʪʘʚʘ ʛʨʦʟʜʘ ʠ ʙʦʙʠʮʝ ʿʝ ʤʝʪʦʜʘ ʇʨʦʩʪʦʩʝʨʜʦʚʘ (1946) 

ʤʦʜʠʬʠʢʦʚʘʥʘ ʧʨʝʤʘ ʄʘʨʢʦʚʠ˂ ʠ ʇʨʞʠ˂ (2020). 

¶ ʂʚʘʣʠʪʝʪ ʛʨʦʞʹʘ ï ʇʦʢʘʟʘʪʝˀʠ ʢʚʘʣʠʪʝʪʘ ʛʨʦʞʹʘ ʦʜʨʝ́ʝʥʠ ʩʫ ʥʘ ʧʨʦʩʝʯʥʠʤ 

ʫʟʦʨʮʠʤʘ ʦʜʤʘʭ ʥʘʢʦʥ ʙʝʨʙʝ. ʉʘʜʨʞʘʿ ʰʝ˂ʝʨʘ ʫ ʰʠʨʠ (%) ʫʪʚʨʹʝʥ ʿʝ ʜʠʛʠʪʘʣʥʠʤ 

ʨʝʬʨʘʢʪʦʤʝʪʨʦʤ (Pocket PAL-1, Atago, Japan), ʩʘʜʨʞʘʿ ʫʢʫʧʥʠʭ ʢʠʩʝʣʠʥʘ ʫ ʰʠʨʠ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʿʩʢʠʤ ʪʠʪʨʘʪʦʨʦʤ (gĿL ĭ) (ʉʣʠʢʘ 18), ʘ ʩʘʜʨʞʘʿ ʨʝʘʣʥʝ ʢʠʩʝʣʦʩʪʠ ʫ ʰʠʨʠ pH-

ʤʝʪʨʦʤ. 
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ʉʣʠʢʘ 18. ɸʥʘʣʠʟʘ ʢʚʘʣʠʪʘʪʠʚʥʠʭ ʦʩʦʙʠʥʘ ʰʠʨʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ 

 

5.16. ʉʪʘʪʠʩʪʠʯʢʘ ʦʙʨʘʜʘ ʧʦʜʘʪʘʢʘ 

 

ʇʨʠʧʨʝʤʘ ʩʝʪʘ ʧʦʜʘʪʘʢʘ ʠ ʜʝʩʢʨʠʧʪʠʚʥʘ ʩʪʘʪʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʫʨʘʹʝʥʘ ʿʝ ʫ ʦʢʚʠʨʫ SAS 

ʩʦʬʪʚʝʨʩʢʦʛ ʧʘʢʝʪʘ (SAS Institute Inc. Software License 9.3, 2012). ɼʝʪʝʨʤʠʥʘʮʠʿʘ ʫʪʠʮʘʿʘ 

ʬʘʢʪʦʨʘ (ʨʝʞʠʤʘ ʟʘʣʠʚʘˁʘ) ʥʘ ʠʩʧʠʪʠʚʘʥʝ ʦʩʦʙʠʥʝ ʫʨʘʹʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʬʠʢʩʥʦʛ ʣʠʥʝʘʨʥʦʛ 

ʤʦʜʝʣʘ ʫ ʦʢʚʠʨʫ GLM (General linear models) ʧʨʦʮʝʜʫʨʝ ʥʘʚʝʜʝʥʦʛ ʩʦʬʪʚʝʨʩʢʦʛ ʧʘʢʝʪʘ. 

ʉʚʘʢʠ ʦʜ ʜʦʙʠʿʝʥʠʭ ʧʦʢʘʟʘʪʝˀʘ ʦʙʨʘʜʠʦ ʩʝ ʢʦʨʠʰ˂ʝˁʝʤ ʜʝʩʢʨʠʧʪʠʚʥʝ ʩʪʘʪʠʩʪʠʢʝ ʟʘ 

ʧʦʢʘʟʘʪʝˀʝ ʥʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ (2021. ʠ 2022. ʛʦʜʠʥʝ, ʢʘʦ ʠ ʟʘ ʜʚʦʛʦʜʠʰˁʠ ʧʨʦʩʝʢ). ɽʬʝʢʘʪ 

ʬʘʢʪʦʨʘ ʥʠʚʦʘ ʟʘʣʠʚʘˁʘ (ʪʨʠ ʪʨʝʪʤʘʥʘ) ʥʘ ʧʦʩʤʘʪʨʘʥʝ ʦʩʦʙʠʥʝ ʧʨʠʥʦʩʘ, ʤʝʭʘʥʠʯʢʠʭ ʠ 

ʭʝʤʠʿʩʢʠʭ ʦʩʦʙʠʥʘ ʚʠʥʦʚʝ ʣʦʟʝ ʠʟʚʨʰʠʦ ʩʝ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʝ ʚʘʨʠʿʘʥʩʝ ʠ ʧʨʠʤʝʥʦʤ Tukey 

ʪʝʩʪʘ. 

ʉʪʘʪʠʩʪʠʯʢʠ ʤʝʪʦʜʠ ʟʘ ʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʿʝʢʮʠʿʘ 

ɿʘ ʘʥʘʣʠʟʫ ʧʦʫʟʜʘʥʦʩʪʠ ʢʦʨʠʰ˂ʝˁʘ ʤʦʜʝʣʘ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʧʨʦʫʯʘʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

(ʜʫʞʠʥʘ ʬʝʥʦʬʘʟʘ, ʧʦʯʝʪʘʢ ʠ ʢʨʘʿ ʚʝʛʝʪʘʮʠʿʝ, ʧʨʠʥʦʩ, ʚʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ, ʧʦʪʨʝʙʘ ʟʘ ʚʦʜʦʤ) 

ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʩʣʝʜʝ˂ʠ ʩʪʘʪʠʩʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ: 

1) ʂʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ (Ὑ2
); 

2) ʄʝʪʦʜ ʢʚʘʜʨʘʪʥʦʛ ʢʦʨʝʥʘ ʩʨʝʜʠʥʝ ʛʨʝʰʢʝ (RMSE); 

3) ʀʥʜʝʢʩ ʩʣʘʛʘˁʘ (d). 
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1) ʇʨʚʠ ʿʝ ʢʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ Ὑ2
 ʢʦʿʠ ʩʝ ʠʟʨʘʞʘʚʘ ʧʨʝʢʦ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ: 

 

2

ụ
Ụ
Ụ
ợ
В- - 3 3

В- - В3 3 Ứ
ủ
ủ
Ủ

 ρφ 

ɻʜʝ ʩʫ: 

 

Si ʠ Mi ï ʩʠʤʫʣʠʨʘʥʝ, ʦʜʥʦʩʥʦ ʩʪʘʪʠʩʪʠʯʢʝ ʚʨʝʜʥʦʩʪʠ ʠ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʜʘʪʘʢʘ; 

S← ʠ M← ï ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʩʠʤʫʣʠʨʘʥʠʭ ʠ ʠʟʤʝʨʝʥʠʭ ʧʦʜʘʪʘʢʘ. 

 

R² ʩʝ ʢʨʝ˂ʝ ʦʜ 0 ʜʦ 1, ʧʨʠ ʯʝʤʫ ʚʨʝʜʥʦʩʪʠ ʙʣʠʩʢʝ 1 ʫʢʘʟʫʿʫ ʥʘ ʜʦʙʨʦ ʩʣʘʛʘˁʝ, ʘ ʪʠʧʠʯʥʦ 

ʩʝ ʚʨʝʜʥʦʩʪʠ ʚʝ˂ʝ ʦʜ 0,5 ʩʤʘʪʨʘʿʫ ʧʨʠʭʚʘʪˀʠʚʠʤ ʫ ʩʠʤʫʣʘʮʠʿʘʤʘ ʭʠʜʨʦʣʦʰʢʠʭ ʤʦʜʝʣʘ 

(Moriasi et al., 2007). 

 

2) ʄʝʪʦʜ ʢʚʘʜʨʘʪʥʦʛ ʢʦʨʝʥʘ ʩʨʝʜʠʥʝ ʛʨʝʰʢʝ (Root mean square error ï RMSE) ʩʝ 

ʜʦʙʠʿʘ: 

 

2-3%
В3 -

Î
  ρχ 

ɻʜʝ ʿʝ: 

n ï ʙʨʦʿ ʦʩʤʘʪʨʘˁʘ.  

 

ɱʝʜʠʥʠʮʘ RMSE ʿʝ ʠʩʪʘ ʟʘ ʦʙʝ ʧʨʦʤʝʥˀʠʚʝ, ʘ ʧʦʜʫʜʘʨʥʦʩʪ ʤʦʜʝʣʘ ʩʝ ʧʦʙʦˀʰʘʚʘ ʢʘʜʘ 

RMSE ʪʝʞʠ ʢʘ ʥʫʣʠ. RMSE ʩʝ ʤʦʞʝ ʥʦʨʤʘʣʠʟʦʚʘʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʭ ʧʦʜʘʪʘʢʘ (M←).  

 

3) ʀʥʜʝʢʩ ʩʣʘʛʘˁʘ (d) ʿʝ ʠʟʨʘʯʫʥʘʪ ʧʦ ʿʝʜʥʘʯʠʥʠ (Willmott, 1982) ʢʦʿʘ ʛʣʘʩʠ: 

 

Ä ρ
В

Вȿ ȿȿ ȿ
   [18] 

 

ʀʥʜʝʢʩ ʩʣʘʛʘˁʘ ʿʝ ʦʧʠʩʥʠ ʧʘʨʘʤʝʪʘʨ ʠ ˁʝʛʦʚʝ ʚʨʝʜʥʦʩʪʠ ʩʝ ʢʨʝ˂ʫ ʦʜ 0 ʜʦ 1. ʐʪʦ ʿʝ 

ʚʨʝʜʥʦʩʪ ʙʣʠʞʘ ʿʝʜʠʥʠʮʠ, ʪʦ ʤʦʜʝʣ ʙʦˀʝ ʩʠʤʫʣʠʨʘ ʧʦʩʤʘʪʨʘʥʠ ʧʘʨʘʤʝʪʘʨ. 
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6. ʈɽɿʋʃʊɸʊʀ ʀ ɼʀʉʂʋʉʀɱɸ 
 

6.1. ʌʝʥʦʣʦʰʢʘ ʦʩʤʘʪʨʘˁʘ 

 

ʌʝʥʦʣʦʰʢʘ ʦʩʤʘʪʨʘˁʘ ʚʝʛʝʪʘʮʠʿʝ ʚʠʥʦʚʝ ʣʦʟʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʦʙʘʚˀʝʥʘ ʩʫ ʫ 

ʦʩʤʦʛʦʜʠʰˁʝʤ ʧʝʨʠʦʜʫ (2015-2022). ʊʦʢʦʤ ʧʦʤʝʥʫʪʦʛ ʧʝʨʠʦʜʘ, ʥʘ ʦʩʥʦʚʫ ʩʧʦˀʘʰˁʠʭ 

ʧʨʦʤʝʥʘ ʥʘ ʯʦʢʦʪʫ (ʢʨʝʪʘˁʝ ʦʢʘʮʘ, ʮʚʝʪʘˁʝ, ʰʘʨʘʢ, ʩʘʟʨʝʚʘˁʝ), ʧʨʘ˂ʝʥʦ ʿʝ ʚʨʝʤʝ ʥʘʩʪʫʧʘˁʘ, 

ʪʨʘʿʘˁʘ ʠ ʟʘʚʨʰʝʪʢʘ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ. ʂʘʢʦ ʙʠ ʩʝ ʠʟʚʨʰʠʣʘ ʧʨʦʮʝʥʘ ʬʝʥʦʣʦʛʠʿʝ ʚʠʥʦʚʝ 

ʣʦʟʝ ʫ ʙʫʜʫ˂ʠʤ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ ʫ ʩʚʘʢʦʿ ʦʩʤʦʪʨʝʥʦʿ ʛʦʜʠʥʠ, ʟʘ ʧʦʯʝʪʘʢ ʩʚʘʢʝ ʬʝʥʦʬʘʟʝ 

ʢʦʨʠʩʪʝ˂ʠ ʧʦʜʘʪʢʝ ʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚʘʟʜʫʭʘ ʠʟʨʘʯʫʥʘʪʝ ʩʫ ʝʬʝʢʪʠʚʥʝ ʩʫʤʝ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʪʨʝʙʥʝ ʟʘ ʥʘʩʪʫʧʘˁʝ ʦʜʨʝʹʝʥʝ ʬʝʥʦʬʘʟʝ. ʆʩʤʦʪʨʝʥʠ ʜʘʪʫʤʠ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ 

ʠʩʧʠʪʠʚʘʥʝ ʩʦʨʪʝ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ BBCH ʢʦʜʦʚʠʤʘ, ʢʘʦ ʠ ʩʫʤʝ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ 

ʩʚʘʢʫ ʬʝʥʦʬʘʟʫ ʪʦʢʦʤ ʦʩʤʦʛʦʜʠʰˁʝʛ ʧʝʨʠʦʜʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 16.  

 

ʊʘʙʝʣʘ 16. ɼʘʪʫʤʠ ʠ ʩʫʤʝ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʦʩʤʦʪʨʝʥʦʤ 

ʧʝʨʠʦʜʫ (2015-2022) 
 

ɻʦʜʠʥʘ 

 

ʇʦʯʝʪʘʢ 

ʚʝʛʝʪʘʮʠʿʝ 
ʎʚʝʪʘˁʝ ʐʘʨʘʢ ɹʝʨʙʘ 

ʂʨʘʿ  

ʚʝʛʝʪʘʮʠʿʝ 

BBCH 

ʢʦʜ 

01-03 

BBCH 

ʢʦʜ 

61-69 

GDD 

BBCH 

ʢʦʜ 

81 

GDD 

BBCH 

ʢʦʜ 

89 

     GDD 

BBCH 

ʢʦʜ 

99 

GDD 

2015 14. ʘʧʨʠʣ 23. ʤʘʿ 301,7 20. ʿʫʣ 1014,7 24. ʘʚʛʫʩʪ 1557,9 5. ʥʦʚʝʤʙʘʨ 2047,7 

2016 2. ʘʧʨʠʣ 22. ʤʘʿ 275,7 18. ʿʫʣ 998,6 21. ʘʚʛʫʩʪ 1444,5 10. ʦʢʪʦʙʘʨ 1885,0 

2017 25. ʤʘʨʪ 25. ʤʘʿ 290,6 15. ʿʫʣ 996,2 18. ʘʚʛʫʩʪ 1535,7 19. ʥʦʚʝʤʙʘʨ 2086,5 

2018 14. ʤʘʨʪ 11. ʤʘʿ 303,6 24. ʿʫʥ 825,6 10. ʘʚʛʫʩʪ 1453,2 20. ʥʦʚʝʤʙʘʨ 2286,0 

2019 9. ʤʘʨʪ 27. ʤʘʿ 320,0 13. ʿʫʣ 982,0 29. ʘʚʛʫʩʪ 1729,2 27. ʥʦʚʝʤʙʘʨ 2360,6 

2020 9. ʘʧʨʠʣ 18. ʤʘʿ 286,2 15. ʿʫʣ 923,6 27. ʘʚʛʫʩʪ 1558,7 13. ʥʦʚʝʤʙʘʨ 2115,7 

2021 1. ʘʧʨʠʣ 2. ʿʫʥ 270,6 23. ʿʫʣ 1011,9 23. ʘʚʛʫʩʪ 1518,0 11. ʥʦʚʝʤʙʘʨ 1933,7 

2022 26. ʤʘʨʪ 23. ʤʘʿ 516,2 10. ʿʫʣ 1326,6 18. ʘʚʛʫʩʪ 2089,8 24. ʥʦʚʝʤʙʘʨ 2890,5 

ʇʨʦʩʝʢ 28. ʤʘʨʪ 22. ʤʘʿ 320,6 13. ʿʫʣ 1009,9 21. ʘʚʛʫʩʪ 1610,8 12. ʥʦʚʝʤʙʘʨ 2200,7 

 

ʇʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ ʚʝʟʫʿʝ ʩʝ ʟʘ ʘʢʪʠʚʠʨʘˁʝ ʦʢʘʮʘ (BBCH 01-03). ʋ ʦʩʤʦʪʨʝʥʦʤ 

ʧʝʨʠʦʜʫ, 2019. ʛʦʜʠʥʘ ʠʟʜʚʘʿʘ ʩʝ ʩʘ ʥʘʿʨʘʥʠʿʠʤ ʧʦʯʝʪʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ, 9. ʤʘʨʪʘ, ʜʦʢ 

ʿʝ ʥʘʿʢʘʩʥʠʿʝ ʟʘʧʦʯʝʪ 14. ʘʧʨʠʣʘ 2015. ʛʦʜʠʥʝ. ʇʦʯʝʪʘʢ ʮʚʝʪʘˁʘ ʜʝʪʝʢʪʦʚʘʥ ʿʝ ʢʘʜʘ ʿʝ 10% 

ʮʚʝʪʦʚʘ ʙʠʣʦ ʦʪʚʦʨʝʥʦ (BBCH 61-69) ʠ ʫ 2018. ʛʦʜʠʥʠ ʿʝ ʫʦʯʝʥʦ ʥʘʿʨʘʥʠʿʝ ʮʚʝʪʘˁʝ ʩʦʨʪʝ 

ʇʘʥʦʥʠʘ. ʊʘʢʦʹʝ, ʦʚʘ ʛʦʜʠʥʘ ʩʝ ʠʟʜʚʘʿʘ ʠ ʧʦ ʥʘʿʨʘʥʠʿʝʤ ʰʘʨʢʫ ʠ ʙʝʨʙʠ, 24. ʿʫʥ ʠ 10. ʘʚʛʫʩʪ. 

ʐʘʨʘʢ ʿʝ ʝʚʠʜʝʥʪʠʨʘʥ ʢʘʜʘ ʢʨʝʥʝ ʟʨʝˁʝ (BBCH 81), ʪʝ ʙʦʙʠʮʝ ʤʝˁʘʿʫ ʙʦʿʫ, ʘ ʙʝʨʙʘ ʢʘʜʘ ʩʫ 

ʙʦʙʠʮʝ ʧʦʪʧʫʥʦ ʟʨʝʣʝ (BBCH 89). ɺʝʛʝʪʘʮʠʿʘ ʿʝ ʥʘʿʢʨʘ˂ʝ ʪʨʘʿʘʣʘ 2016. ʛʦʜʠʥʝ, ʩʘ ʩʚʝʛʘ 192 

ʜʘʥʘ. ʅʘʿʜʫʞʝ ʪʨʘʿʘˁʝ ʚʝʛʝʪʘʮʠʿʝ ʩʝ ʧʨʠʤʝ˂ʫʿʝ 2019. ʛʦʜʠʥʝ ʠ 2018. ʛʦʜʠʥʝ, ʩʘ 264 ʠ 252 

ʜʘʥʘ, ʨʝʜʦʤ. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ (2021-2022), ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʩʫ ʪʦʢʦʤ 2022. 

ʛʦʜʠʥʝ ʩʢʦʨʦ ʩʚʝ ʬʘʟʝ ʨʘʟʚʦʿʘ ʚʠʥʦʚʝ ʣʦʟʝ ʧʦʯʝʣʝ ʫ ʧʨʦʩʝʢʫ ʜʚʝ ʥʝʜʝˀʝ ʨʘʥʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʚʫ. ʅʘ ʩʣʠʮʠ 19. ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʬʝʥʦʬʘʟʝ ʦʩʤʦʪʨʝʥʝ ʥʘ ʪʝʨʝʥʫ ʪʦʢʦʤ ʦʙʝ ʦʛʣʝʜʥʝ 

ʛʦʜʠʥʝ, ʘ ʥʘ ʩʣʠʮʠ 20. ʛʦʜʠʰˁʠ ʙʠʦʣʦʰʢʠ ʮʠʢʣʫʩ ʨʘʟʚʠ˂ʘ ʚʠʥʦʚʝ ʣʦʟʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ. 
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ʉʣʠʢʘ 19. ɼʝʪʝʢʮʠʿʘ ʢˀʫʯʥʠʭ ʬʝʥʦʬʘʟʘ ʥʘ ʪʝʨʝʥʫ  

 

 

ʉʣʠʢʘ 20. ɻʦʜʠʰˁʠ ʙʠʦʣʦʰʢʠ ʮʠʢʣʫʩ ʨʘʟʚʠ˂ʘ ʚʠʥʦʚʝ ʣʦʟʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʫ ʚʠʥʦʛʨʘʜʫ ʇʣʘʚʠʥʮʠ 



 

55 

 

ɹʨʦʿ ʜʘʥʘ ʠʟʤʝʹʫ ʘʢʪʠʚʠʨʘˁʘ ʚʝʛʝʪʘʮʠʿʝ ʪʿ. ʧʫʧˀʝˁʘ ʠ ʮʚʝʪʘˁʘ ʚʘʨʠʨʘ ʠ ʢʨʝ˂ʝ ʩʝ ʦʜ 39 

ʜʦ ʯʘʢ 79 ʜʘʥʘ, ʰʪʦ ʿʝ ʥʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʟʘʧʘʞʝʥʘ ʫ 2019. ʛʦʜʠʥʠ (ɻʨʘʬʠʢ 2). ʉʣʝʜʝ ʛʘ 2021. ʠ 

2017. ʛʦʜʠʥʘ ʩʘ 62 ʠ 61 ʜʘʥʦʤ, ʨʝʜʦʤ. ʅʝʰʪʦ ʫʿʝʜʥʘʯʝʥʠʿʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʜʘʥʘ ʠʟʤʝʹʫ 

ʬʝʥʦʬʘʟʝ ʮʚʝʪʘˁʘ ʠ ʰʘʨʢʘ ʛʜʝ ʿʝ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ 51 ʜʘʥ, ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʜʘʥʘ ʦʜ 58 ʿʝ 

ʜʦʩʪʠʛʥʫʪ ʪʦʢʦʤ 2015. ʠ 2020. ʛʦʜʠʥʝ, ʜʦʢ ʿʝ ʥʘʿʢʨʘ˂ʝ ʚʨʝʤʝ ʠʟʤʝʹʫ ʦʚʝ ʜʚʝ ʬʝʥʦʬʘʟʝ 

ʦʩʪʚʘʨʝʥʦ ʪʦʢʦʤ 2018. ʛʦʜʠʥʝ ʩʘ 44 ʜʘʥʘ. ʅʘʿʚʝ˂ʠ ʙʨʦʿ ʜʘʥʘ ʠʟʤʝʹʫ ʰʘʨʢʘ ʠ ʙʝʨʙʝ ʦʩʪʚʘʨʝʥ ʿʝ 

ʫ 2018. ʠ 2019. ʛʦʜʠʥʠ ʩʘ 47 ʜʘʥʘ, ʘ ʥʘʿʤʘˁʠ ʙʨʦʿ ʦʜ ʩʚʝʛʘ 31 ʜʘʥ ʧʦʩʪʠʛʥʫʪ ʿʝ ʪʦʢʦʤ ʧʨʚʝ 

ʦʛʣʝʜʥʝ 2021. ʛʦʜʠʥʝ.  

 

 
 

ɻʨʘʬʠʢ 2. ɹʨʦʿ ʜʘʥʘ ʠʟʤʝʹʫ ʪʨʘʿʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʬʝʥʦʬʘʟʘ ʪʦʢʦʤ ʦʩʤʦʪʨʝʥʦʛ ʧʝʨʠʦʜʘ (2015-

2022) 

 

ʇʨʦʩʝʯʘʥ ʙʨʦʿ ʜʘʥʘ ʦʜ ʘʢʪʠʚʠʨʘˁʘ ʚʝʛʝʪʘʮʠʿʝ ʜʦ ʙʝʨʙʝ ʿʝ 146. ʅʘʿʢʨʘ˂ʝ ʪʨʘʿʘˁʝ ʦʚʦʛ 

ʧʝʨʠʦʜʘ ʙʠʣʦ ʿʝ 132 ʜʘʥʘ ʟʘ ʚʨʝʤʝ 2015. ʛʦʜʠʥʝ, ʜʦʢ ʿʝ ʫ 2019. ʛʦʜʠʥʠ ʪʨʘʿʘʦ ʥʘʿʜʫʞʝ, 173 

ʜʘʥʘ. ʆʙʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ ʠʤʘʿʫ ʧʨʠʙʣʠʞʥʦ ʠʩʪʝ ʚʨʝʜʥʦʩʪʠ ʦʚʦʛ ʧʝʨʠʦʜʘ ʦʜ 144 ʜʘʥʘ ʟʘ 2021. 

ʠ 145 ʜʘʥʘ ʟʘ 2022. ʛʦʜʠʥʫ. 

ɼʘʥʠ ʠ ʜʘʪʫʤʠ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ, ʧʦʯʝʪʢʘ ʠ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫ 

ʦʩʤʦʪʨʝʥʦʤ ʧʝʨʠʦʜʫ (2015-2022) ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 17. 
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ʊʘʙʝʣʘ 17. ɼʘʥʠ ʠ ʜʘʪʫʤʠ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ, ʧʦʯʝʪʢʘ ʠ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʦʩʤʦʪʨʝʥʦʤ ʧʝʨʠʦʜʫ (2015-2022) 
 

ʇɽʈʀʆɼ 

ʇʦʯʝʪʘʢ 

ʚʝʛʝʪʘʮʠʿʝ 
ʎʚʝʪʘˁʝ ʐʘʨʘʢ ɹʝʨʙʘ ʂʨʘʿ ʚʝʛʝʪʘʮʠʿʝ 
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(2015-2022) 
87 28. ʤʘʨʪ 143 22. ʤʘʿ 56 195 13. ʿʫʣ 52 234 21. ʘʚʛʫʩʪ 39 317 12. ʥʦʚʝʤʙʘʨ 83 
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ʌʝʥʦʣʦʰʢʘ ʜʠʥʘʤʠʢʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʦʩʤʦʪʨʝʥʦʤ ʧʝʨʠʦʜʫ (2015-2022) ʧʦʢʘʟʫʿʝ ʩʪʘʙʠʣʘʥ 

ʨʘʟʚʦʿ ʩʦʨʪʝ ʇʘʥʦʥʠʘ (ʊʘʙʝʣʘ 17). ʇʨʦʩʝʯʥʦ, ʧʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ ʥʘʩʪʫʧʘ 87. ʜʘʥ ʦʜ ʧʦʯʝʪʢʘ 

ʛʦʜʠʥʝ, ʘ ʪʨʘʿʘˁʝ ʧʝʨʠʦʜʘ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ʜʦ ʮʚʝʪʘˁʘ ʧʨʦʩʝʯʥʦ ʠʟʥʦʩʠ 56 ʜʘʥʘ. 

ʌʝʥʦʬʘʟʘ ʮʚʝʪʘˁʘ ʧʦʯʠˁʝ 143. ʜʘʥʘ ʦʜ ʧʦʯʝʪʢʘ ʛʦʜʠʥʝ. ʇʝʨʠʦʜ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ ʪʨʘʿʝ ʫ 

ʧʨʦʩʝʢʫ 52 ʜʘʥʘ. ɻʨʦʞʹʝ ʜʦʩʪʠʞʝ ʪʝʭʥʦʣʦʰʢʫ ʟʨʝʣʦʩʪ ʫ ʧʨʦʩʝʢʫ 39 ʜʘʥʘ ʦʜ ʧʦʿʘʚʝ ʰʘʨʢʘ 

(195. ʜʘʥ ʦʜ ʧʦʯʝʪʢʘ ʛʦʜʠʥʝ). ɺʝʛʝʪʘʮʠʦʥʠ ʮʠʢʣʫʩ ʪʨʘʿʝ ʫʢʫʧʥʦ 230 ʜʘʥʘ, ʘ ʟʘʚʨʰʘʚʘ ʩʝ 83 

ʜʘʥʘ ʥʘʢʦʥ ʙʝʨʙʝ. 

 

6.1.1. ʇʨʝʜʠʢʮʠʿʝ ʬʝʥʦʣʦʰʢʠʭ ʬʘʟʘ ʫ ʫʩʣʦʚʠʤʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ 

 

ʇʨʦʮʝʥʝ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ, ʧʦʯʝʪʢʘ ʠ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʠ 

ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ ʦʜʨʝʹʝʥʝ ʩʫ ʤʝʜʠʿʘʥʦʤ ʚʨʝʜʥʦʩʪʠ ʘʥʩʘʤʙʣʘ ʦʩʘʤ ʨʝʛʠʦʥʘʣʥʠʭ 

ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ. ɼʘʥʠ ʠ ʜʘʪʫʤʠ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ, ʧʦʯʝʪʢʘ ʠ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʚʠʥʦʚʝ 

ʣʦʟʝ ʫ ʠʩʧʠʪʠʚʘʥʠʤ ʧʝʨʠʦʜʠʤʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 18, ʘ ʥʘ ʛʨʘʬʠʢʫ 3. ʧʨʝʜʩʪʘʚˀʝʥʦ ʿʝ 

ʧʦʤʝʨʘˁʝ ʚʝʛʝʪʘʮʠʿʝ ʘʥʘʣʠʟʠʨʘʥʠʭ ʧʝʨʠʦʜʘ. 

ʈʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʢʣʠʤʘʪʩʢʠʤ ʤʦʜʝʣʠʤʘ ʫʢʘʟʫʿʫ ʥʘ ʟʥʘʯʘʿʥʦ ʧʦʤʝʨʘˁʝ ʧʝʨʠʦʜʘ 

ʚʝʛʝʪʘʮʠʿʝ ʚʠʥʦʚʝ ʣʦʟʝ (ʊʘʙʝʣʘ 18). ʇʨʦʩʝʯʥʦ, ʧʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ 

(1998-2017) ʥʘʩʪʫʧʘ 90. ʜʘʥ ʦʜ ʧʦʯʝʪʢʘ ʛʦʜʠʥʝ. ʆʯʝʢʫʿʝ ʩʝ ʜʘ ˂ʝ ʧʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ ʫ 

ʧʝʨʠʦʜʠʤʘ ʙʫʜʫ˂ʥʦʩʪʠ ʢʨʝʥʫʪʠ ʟʘ 3, 9 ʠ 29 ʜʘʥʘ ʨʘʥʠʿʝ ʟʘ ʧʝʨʠʦʜ ʙʣʠʩʢʝ ʙʫʜʫ˂ʥʦʩʪʠ (2021-

2040), ʩʨʝʜʠʥʫ ʚʝʢʘ (2041-2060) ʠ ʢʨʘʿ ʚʝʢʘ (2081-2100), ʨʝʜʦʤ, ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʠ 

ʧʝʨʠʦʜ. ʊʨʘʿʘˁʝ ʧʝʨʠʦʜʘ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ʜʦ ʮʚʝʪʘˁʘ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ ʧʨʦʩʝʯʥʦ 

ʠʟʥʦʩʠ 63 ʜʘʥʘ, ʰʪʦ ʿʝ ʟʘ 1 ʜʘʥ ʜʫʞʝ ʥʝʛʦ ʫ ʙʣʠʩʢʦ ʿʙʫʜʫ˂ʥʦʩʪʠ, ʟʘ 1 ʜʘʥ ʢʨʘ˂ʝ ʥʝʛʦ ʫ 

ʩʨʝʜʠʥʠ ʚʝʢʘ ʠ 12 ʜʘʥʘ ʢʨʘ˂ʝ ʥʝʛʦ ʢʨʘʝʿʤ ʚʝʢʘ. ʎʚʝʪʘˁʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ ʥʘʩʪʫʧʠʣʦ ʿʝ 

154. ʜʘʥʘ ʦʜ ʧʦʯʝʪʢʘ ʛʦʜʠʥʝ, ʰʪʦ ʿʝ ʟʘ 3, 8 ʠ 20 ʜʘʥʘ ʢʘʩʥʠʿʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʝʨʠʦʜʠʤʘ ʙʣʠʩʢʝ 

ʙʫʜʫ˂ʥʦʩʪʠ, ʩʨʝʜʠʥʝ ʚʝʢʘ ʠ ʢʨʘʿʘ ʚʝʢʘ, ʨʝʜʦʤ. ɼʫʞʠʥʘ ʪʨʘʿʘˁʘ ʧʝʨʠʦʜʘ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ 

ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ ʠʟʥʦʩʠʣʘ ʿʝ ʧʨʦʩʝʯʥʦ 60 ʜʘʥʘ, ʰʪʦ ʿʝ ʟʘ 3, 4 ʠ 7 ʜʘʥʘ ʜʫʞʝ ʥʝʛʦ ʫ 

ʙʣʠʩʢʦ ʿʙʫʜʫ˂ʥʦʩʪʠ, ʩʨʝʜʠʥʠ ʠ ʢʨʘʿʫ ʚʝʢʘ, ʨʝʜʦʤ. ʌʝʥʦʬʘʟʘ ʰʘʨʢʘ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ 

ʥʘʩʪʫʧʘʣʘ ʿʝ ʧʨʦʩʝʯʥʦ 214. ʜʘʥʘ ʦʜ ʧʦʯʝʪʢʘ ʛʦʜʠʥʝ, ʰʪʦ ʿʝ ʟʘ 7, 12 ʠ 27 ʜʘʥʘ ʢʘʩʥʠʿʝ ʫ ʦʜʥʦʩʫ 

ʥʘ ʧʨʝʜʚʠʹʝʥʦ ʥʘʩʪʫʧʘˁʝ ʰʘʨʢʘ ʫ ʧʝʨʠʦʜʫ ʙʣʠʩʢʝ ʙʫʜʫ˂ʥʦʩʪʠ, ʩʨʝʜʠʥʝ ʚʝʢʘ ʠ ʢʨʘʿʘ ʚʝʢʘ, 

ʨʝʜʦʤ. ʊʨʘʿʘˁʝ ʧʝʨʠʦʜʘ ʦʜ ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ ʠʟʥʦʩʠʣʦ ʿʝ ʧʨʦʩʝʯʥʦ 54 

ʜʘʥʘ, ʰʪʦ ʿʝ ʟʘ 5, 10 ʠ 19 ʜʘʥʘ ʜʫʞʝ ʥʝʛʦ ʫ ʙʣʠʩʢʦ ʿʙʫʜʫ˂ʥʦʩʪʠ, ʩʨʝʜʠʥʠ ʚʝʢʘ ʠ ʢʨʘʿʫ ʚʝʢʘ, 

ʨʝʜʦʤ. ʇʨʦʩʝʯʥʠ ʜʘʥ ʥʘʩʪʫʧʘˁʘ ʙʝʨʙʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ ʙʠʦ ʿʝ 268. ʜʘʥ ʦʜ 

ʧʦʯʝʪʢʘ ʛʦʜʠʥʝ, ʰʪʦ ʿʝ ʟʘ 15, 22 ʠ 45 ʜʘʥʘ ʢʘʩʥʠʿʝ ʦʜ ʦʯʝʢʠʚʘʥʦʛ ʜʘʪʫʤʘ ʙʝʨʙʝ ʫ ʧʝʨʠʦʜʠʤʘ 

ʙʣʠʩʢʝ ʙʫʜʫ˂ʥʦʩʪʠ, ʩʨʝʜʠʥʝ ʠ ʢʨʘʿʘ ʚʝʢʘ, ʨʝʜʦʤ. ʊʨʘʿʘˁʝ ʧʝʨʠʦʜʘ ʦʜ ʙʝʨʙʝ ʜʦ ʢʨʘʿʘ 

ʚʝʛʝʪʘʮʠʿʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ ʧʨʦʩʝʯʥʦ ʠʟʥʦʩʠ 41 ʜʘʥ ʰʪʦ ʿʝ ʟʘ 12, 31 ʠ 64 ʜʘʥʘ ʢʨʘ˂ʝ 

ʥʝʛʦ ʫ ʙʣʠʩʢʦ ʿʙʫʜʫ˂ʥʦʩʪʠ, ʩʨʝʜʠʥʠ ʚʝʢʘ ʠ ʢʨʘʿʫ ʚʝʢʘ, ʨʝʜʦʤ. ʋʢʫʧʥʦ ʪʨʘʿʘˁʝ ʚʝʛʝʪʘʮʠʿʝ ʫ 

ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ ʧʨʦʩʝʯʥʦ ʿʝ ʠʟʥʦʩʠʣʦ 218 ʜʘʥʘ, ʰʪʦ ʿʝ ʟʘ 4 ʜʘʥʘ ʢʨʘ˂ʝ ʥʝʛʦ ʫ ʙʣʠʩʢʦ ʿ

ʙʫʜʫ˂ʥʦʩʪʠ, ʟʘ 17 ʜʘʥʘ ʢʨʘ˂ʝ ʥʝʛʦ ʫ ʩʨʝʜʠʥʠ ʚʝʢʘ ʠ ʟʘ 49 ʜʘʥʘ ʢʨʘ˂ʝ ʥʝʛʦ ʢʨʘʿʝʤ ʚʝʢʘ. 

ʇʨʝʜʚʠʹʘˁʘ ʫʢʘʟʫʿʫ ʥʘ ʟʥʘʯʘʿʥʦ ʧʦʤʝʨʘˁʝ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʚʠʥʦʚʝ ʣʦʟʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ, 

ʥʘʨʦʯʠʪʦ ʢʨʘʿʝʤ ʚʝʢʘ (2081-2100) ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ. ʂʨʘʿʝʤ ʚʝʢʘ ʧʨʝʜʚʠʹʘ ʩʝ 

ʥʘʿʨʘʥʠʿʠ ʧʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ, ʢʘʦ ʠ ʨʘʥʠʿʝ ʥʘʩʪʫʧʘˁʝ ʬʝʥʦʬʘʟʘ (ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ, ʮʚʝʪʘˁʘ, 

ʰʘʨʢʘ ʠ ʙʝʨʙʝ) ʟʘ 29, 20, 27 ʠ 45 ʜʘʥʘ, ʨʝʜʦʤ, ʫʟ ʥʘʿʜʫʞʠ ʧʝʨʠʦʜ ʦʜ ʙʝʨʙʝ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 

(105 ʜʘʥʘ) ʠ ʫʢʫʧʥʦ ʪʨʘʿʘˁʝ ʚʝʛʝʪʘʮʠʿʝ ʦʜ 267 ʜʘʥʘ. ʈʝʟʫʣʪʘʪʠ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʦʤʦʛʫ˂ʘʚʘʿʫ 

ʚʠʥʦʛʨʘʜʘʨʠʤʘ ʧʨʝʮʠʟʥʠʿʫ ʧʨʠʤʝʥʫ ʘʛʨʦ- ʠ ʘʤʧʝʣʦʪʝʭʥʠʯʢʠʭ ʤʝʨʘ, ʢʘʦ ʠ ʧʣʘʥʠʨʘˁʝ 

ʜʫʛʦʨʦʯʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʦʜʨʞʠʚʦʛ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ. 
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ʊʘʙʝʣʘ 18. ɼʘʥʠ ʠ ʜʘʪʫʤʠ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ, ʧʦʯʝʪʢʘ ʠ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ (1998-2017) ʠ ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ (ʙʣʠʩʢʘ 

ʙʫʜʫ˂ʥʦʩʪ (2021-2040), ʩʨʝʜʠʥʘ ʚʝʢʘ (2041-2060) ʠ ʢʨʘʿ ʚʝʢʘ (2081-2100)) 
 

ʇɽʈʀʆɼ 

ʇʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ ʎʚʝʪʘˁʝ ʐʘʨʘʢ ɹʝʨʙʘ ʂʨʘʿ ʚʝʛʝʪʘʮʠʿʝ 
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ʈʝʬʝʨʝʥʪʥʠ 

(1998-2017) 
90 30. ʤʘʨʪ 154 2. ʿʫʥ 63 214 1. ʘʚʛʫʩʪ 60 268 25. ʩʝʧʪʝʤʙʘʨ 54 308 3. ʥʦʚʝʤʙʘʨ 41 

ɹʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ 

(2021-2040) 
87 27. ʤʘʨʪ 151 30. ʤʘʿ 62 207 25. ʿʫʣ 57 253 10. ʩʝʧʪʝʤʙʘʨ 49 309 4. ʥʦʚʝʤʙʘʨ 53 

ʉʨʝʜʠʥʘ ʚʝʢʘ 

(2041-2060) 
81 21. ʤʘʨʪ 146 25. ʤʘʿ 64 202 20. ʿʫʣ 56 246 2. ʩʝʧʪʝʤʙʘʨ 44 315 11. ʥʦʚʝʤʙʘʨ 72 

ʂʨʘʿ ʚʝʢʘ 

(2081-2100) 
61 1. ʤʘʨʪ 134 13. ʤʘʿ 75 187 5. ʿʫʣ 53 223 10. ʘʚʛʫʩʪ 35 328 24. ʥʦʚʝʤʙʘʨ 105 
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ɻʨʘʬʠʢ 3. ɼʘʪʫʤʠ, ʜʘʥʠ ʧʦʯʝʪʢʘ ʠ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ, ʥʘʩʪʫʧʘˁʘ ʠ ʪʨʘʿʘˁʘ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ, ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ ʠ 

ʦʩʤʦʪʨʝʥʦʤ ʧʝʨʠʦʜʫ 
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ʇʨʝʜʠʢʮʠʿʦʤ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʠʟʤʝˁʝʥʠʤ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ 

ʙʘʚʠʣʠ ʩʫ ʩʝ ʠ ʤʥʦʛʠ ʜʨʫʛʠ ʠʩʪʨʘʞʠʚʘʯʠ, ʪʝ ʩʝ ʨʝʟʫʣʪʘʪʠ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ 

ʧʦʜʫʜʘʨʘʿʫ ʩʘ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʦʙʘʚˀʝʥʠʤ ʫ ʥʘʿʚʘʞʥʠʿʠʤ ʚʠʥʩʢʠʤ ʨʝʛʠʦʥʠʤʘ ʩʚʝʪʘ. ʈʘʥʠʿʝ 

ʥʘʩʪʫʧʘˁʝ ʬʝʥʦʬʘʟʝ ʩʘʟʨʝʚʘˁʘ ʛʨʦʞʹʘ, ʦʜʥʦʩʥʦ ʙʝʨʙʝ ʰʠʨʦʤ ʩʚʝʪʘ, ʫʩʪʘʥʦʚʠʣʠ ʩʫ ʠ Webb et 

al. (2012), Van Leeuwen ʠ Darriet (2016), Koufos et al. (2020), Espinosa-Roldán et al. (2024), 

Kotsidis et al. (2026) ʠʪʜ. ɼʦ 2050. ʛʦʜʠʥʝ, ʫ ʥʝʢʠʤ ʚʠʥʦʛʨʘʜʘʨʩʢʠʤ ʨʝʛʠʦʥʠʤʘ ʙʝʨʙʘ ʙʠ ʤʦʛʣʘ 

ʜʘ ʩʝ ʜʝʩʠ ʠ ʜʦ 45 ʜʘʥʘ ʨʘʥʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʤʦʪʨʝʥʠ ʧʝʨʠʦʜ (Webb et al., 2007), ʰʪʦ ʿʝ 

ʨʘʜʠʢʘʣʥʠʿʝ ʩʢʨʘ˂ʝˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʰʘ ʠʩʪʨʘʞʠʚʘˁʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʧʨʦʤʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʠʟʨʘʞʝʥʠʿʝ ʪʦʢʦʤ ʣʝʪˁʝʛ ʧʝʨʠʦʜʘ ʛʦʜʠʥʝ ʢʦʿʠ ʿʝ ʫʿʝʜʥʦ ʠ ʚʝʛʝʪʘʮʠʦʥʠ ʧʝʨʠʦʜ, ʦʯʝʢʫʿʝ ʩʝ 

ʩʢʨʘ˂ʝˁʝ ʪʨʘʿʘˁʘ ʩʚʠʭ ʬʝʥʦʬʘʟʘ (Piña-Rey et al., 2020; Droulia ʠ Charalampopoulos, 2022) ʰʪʦ 

ʧʦʪʚʨʹʫʿʫ ʠ ʙʨʦʿʥʝ ʢʣʠʤʘʪʩʢʝ ʩʪʫʜʠʿʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʢʣʠʤʘʪʩʢʝ ʩʮʝʥʘʨʠʿʝ (Ramos, 2017; Fraga 

et al., 2022, Omaziĺ et al., 2023). ʄʝʹʫʪʠʤ, ʠʘʢʦ ʩʫ ʥʝʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʢʘʟʘʣʘ ʧʦʟʠʪʠʚʥʫ 

ʢʦʨʝʣʘʮʠʿʫ ʠʟʤʝʹʫ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʨʘʥʠʿʝʛ ʧʦʯʝʪʢʘ ʚʝ˂ʠʥʝ ʬʝʥʦʣʦʰʢʠʭ ʬʘʟʘ ʫ ʪʦʧʣʠʿʠʤ 

ʢʣʠʤʘʪʠʤʘ (Fraga et al., 2017; Koufos et al., 2022), ʫʪʠʮʘʿ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʥʘ ʧʫʮʘˁʝ 

ʧʫʧʦˀʘʢʘ ʪʿ. ʧʫʧˀʝˁʝ ʥʠʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʦʯʠʛʣʝʜʘʥ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʣʦʢʘʣʠʪʝʪʘ ʚʠʥʦʛʨʘʜʘ. 

ʈʘʥʠʿʠ ʧʦʯʝʪʘʢ ʧʫʮʘˁʘ ʧʫʧʦˀʘʢʘ ʫʢʘʟʫʿʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʚʝ˂ʠ ʨʠʟʠʢ ʦʜ ʤʨʘʟʘ. Tomasi et al. 

(2011) ʩʫ ʟʘ ʧʝʨʠʦʜ (1964-2009) ʫʪʚʨʜʠʣʠ ʪʨʝʥʜʦʚʝ ʨʘʥʠʿʝʛ ʧʦʯʝʪʢʘ ʮʚʝʪʘˁʘ, ʰʘʨʢʘ ʠ ʙʝʨʙʝ 

ʜʦ 19 ʜʘʥʘ ʫ ɺʝʥʝʪʫ (ʀʪʘʣʠʿʘ). Van Leeuwen et al. (2019) ʩʫ ʫʦʯʠʣʠ ʨʘʥʠʿʠ ʧʦʯʝʪʘʢ ʩʚʠʭ 

ʬʝʥʦʣʦʰʢʠʭ ʬʘʟʘ ʫ ʌʨʘʥʮʫʩʢʦʿ ʫ ʧʝʨʠʦʜʫ ʦʜ 1951. ʜʦ 2018. ʛʦʜʠʥʝ, ʘʣʠ ʩʫ ʪʨʝʥʜʦʚʠ ʧʫʮʘˁʘ 

ʧʫʧʦˀʘʢʘ ʙʠʣʠ ʤʘˁʝ ʠʟʨʘʞʝʥʠ ʥʝʛʦ ʫ ʜʨʫʛʠʤ ʬʘʟʘʤʘ. ʈʘʥʠʿʝ ʥʘʩʪʫʧʘˁʝ ʬʝʥʦʬʘʟʘ ʧʦʪʚʨʹʫʿʫ 

ʠ ʠʩʪʨʘʞʠʚʘˁʘ ScutaraἨu et al. (2026) ʛʜʝ ʿʝ ʫʪʚʨʹʝʥʦ ʜʘ ʩʫ ʮʚʝʪʘˁʝ ʠ ʩʘʟʨʝʚʘˁʝ ʛʨʦʞʹʘ ʫ 

2024. ʛʦʜʠʥʠ ʥʘʩʪʫʧʠʣʠ 11-13 ʜʘʥʘ ʨʘʥʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ 2022. ʠ 2023. ʛʦʜʠʥʫ, ʫʩʣʝʜ ʧʦʚʝ˂ʘˁʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ. 

Ramos (2017) ʩʝ ʙʘʚʠʦ ʧʨʝʜʚʠʹʘˁʝʤ ʬʝʥʦʣʦʛʠʿʝ ʙʝʣʠʭ ʩʦʨʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ 

ʩʝʚʝʨʦʠʩʪʦʢʫ ʐʧʘʥʠʿʝ ʫ ʫʩʣʦʚʠʤʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ. ʂʦʨʠʰ˂ʝʥʘ ʩʫ ʜʚʘ ʢʣʠʤʘʪʩʢʘ 

ʩʮʝʥʘʨʠʿʘ RCP4.5 ʠ RCP8.5 ʠ ʘʥʩʘʤʙʣ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ. ʇʨʦʿʝʢʮʠʿʝ ʟʘ ʧʝʨʠʦʜʝ 2030, 2050. 

ʠ 2070. ʛʦʜʠʥʘ ʚʨʰʝʥʝ ʩʫ ʥʘ ʦʩʥʦʚʫ ʦʩʤʦʪʨʝʥʠʭ ʬʝʥʦʣʦʰʢʠʭ ʜʘʪʫʤʘ ʠ ʩʫʤʘ ʝʬʝʢʪʠʚʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘ. ʆʚʘ ʩʪʫʜʠʿʘ ʧʦʢʘʟʫʿʝ ʜʘ ʫ ʦʙʘ ʢʣʠʤʘʪʩʢʘ ʩʮʝʥʘʨʠʿʘ ʜʦʣʘʟʠ ʜʦ ʩʢʨʘ˂ʠʚʘˁʘ ʢʘʢʦ 

ʫʢʫʧʥʝ ʜʫʞʠʥʝ ʚʝʛʝʪʘʮʠʿʝ, ʪʘʢʦ ʠ ʧʦʿʝʜʠʥʠʭ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ. ʌʝʥʦʬʘʟʘ ʰʘʨʢʘ ʠ ʙʝʨʙʝ 

ʤʦʞʝ ʥʘʩʪʫʧʠʪʠ ʠ ʜʦ 10 ʠ 16 ʜʘʥʘ ʨʘʥʠʿʝ, ʨʝʜʦʤ, ʜʦ 2050. ʛʦʜʠʥʝ ʠ ʜʦ 12 ʠ 20 ʜʘʥʘ ʜʦ 2070. 

ʛʦʜʠʥʝ ʧʨʝʤʘ RCP4.5 ʩʮʝʥʘʨʠʿʫ. ʇʨʝʤʘ RCP8.5 ʩʮʝʥʘʨʠʿʫ, ʨʘʥʠʿʝ ʥʘʩʪʫʧʘˁʝ ʬʝʥʦʬʘʟʘ ʜʦ 

2070. ʛʦʜʠʥʝ ʤʦʛʣʦ ʙʠ ʙʠʪʠ ʜʦ 23 ʠ 28 ʜʘʥʘ, ʰʪʦ ʿʝ ʫ ʚʝʣʠʢʦʿ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʦʛ 

ʠʩʪʨʘʞʠʚʘˁʘ. ɼʦʙʠʿʝʥʝ ʨʝʟʫʣʪʘʪʝ ʘʫʪʦʨʠ ʦʧʨʘʚʜʘʚʘʿʫ ʩʘ ʩʤʘˁʝˁʝʤ ʨʘʩʧʦʣʦʞʠʚʝ ʚʦʜʝ ʰʪʦ 

ʧʦʜʩʪʠʯʝ ʩʢʨʘ˂ʝˁʝ ʢʘʢʦ ʚʝʛʝʪʘʮʠʿʝ, ʪʘʢʦ ʠ ʬʝʥʦʬʘʟʘ. ʆʚʝ ʨʝʟʫʣʪʘʪʝ ʧʦʪʚʨʹʫʿʫ ʠ Vercesi et al. 

(2023) ʘʥʘʣʠʟʠʨʘʿʫ˂ʠ ʙʝʣʫ ʚʠʥʩʢʫ ʩʦʨʪʫ ʐʘʨʜʦʥʝ (Vitis vinifera L. cv. Chardonnay) ʫ ʩʝʚʝʨʥʦʿ 

ʀʪʘʣʠʿʠ ʛʜʝ ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʫʙʨʟʘʚʘʿʫ ʜʘʪʫʤ ʙʝʨʙʝ, ʪʝ ˂ʝ ʩʝ ʦʥʘ 

ʧʦʤʝʨʠʪʠ ʫ ʧʨʚʝ ʜʚʝ ʥʝʜʝˀʝ ʘʚʛʫʩʪʘ. ɿʘʪʠʤ, ʠ Fraga et al. (2016) ʫʢʘʟʫʿʫ ʥʘ ʨʘʥʠʿʝ ʥʘʩʪʫʧʘˁʝ 

ʠ ʩʢʨʘ˂ʠʚʘˁʝ ʪʨʘʿʘˁʘ ʩʚʠʭ ʬʝʥʦʬʘʟʘ, 1 ʠ 2 ʜʘʥʘ ʟʘ ʧʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ ʠ ʮʚʝʪʘˁʝ ʠ 4 ʠ 8 ʜʘʥʘ 

ʟʘ ʰʘʨʘʢ. ʀʩʪʠʯʫ ʜʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʧʦʨʝʜ ʥʝʛʘʪʠʚʥʠʭ, ʠʤʘʿʫ ʠ ʧʦʟʠʪʠʚʥʝ ʝʬʝʢʪʝ ʥʘ 

ʨʘʟʚʦʿ ʚʠʥʦʚʝ ʣʦʟʝ. ʀʘʢʦ ʨʘʥʠʿʝ ʥʘʩʪʫʧʘˁʝ ʬʝʥʦʬʘʟʘ ʥʠʿʝ ʧʦʚʦˀʥʦ ʟʘ ʚʠʥʦʛʨʘʜʘʨʝ, ʠʧʘʢ 

ʧʦʩʪʦʿʝ ʠ ʧʦʟʠʪʠʚʥʠ ʫʪʠʮʘʿʠ ʫ ʩʤʠʩʣʫ ʜʫʞʠʥʝ ʪʨʘʿʘˁʘ ʧʦʚʦˀʥʦʛ ʧʝʨʠʦʜʘ ʟʘ ʨʘʩʪ ʠ ʨʘʟʚʦʿ 

ʚʠʥʦʚʝ ʣʦʟʝ ʧʦʚʝʟʘʥʦʛ ʩʘ ʢʘʩʥʠʤ ʧʦʯʝʪʢʦʤ ʿʝʩʝʥʠ ʠ ʭʣʘʜʥʦʛ ʚʨʝʤʝʥʘ. ʀʧʘʢ, ʩʧʨʦʚʝʜʝʥʝ ʩʫ ʠ 

ʜʨʫʛʝ ʩʪʫʜʠʿʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʚʠʥʦʛʨʘʜʘʨʩʢʠʤ ʟʦʥʘʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʟʘʧʘʞʘ ʧʨʦʜʫʞʘʚʘˁʝ ʬʘʟʝ 

ʧʦʨʘʩʪʘ (ʧʫʮʘˁʝ ʧʫʧʦˀʘʢʘ) ʜʦ ʧʦʿʘʚʝ ʮʚʝʪʘˁʘ (Fraga et al., 2016). ʅʘʧʨʝʜʘʢ ʬʝʥʦʣʦʛʠʿʝ, 

ʦʜʥʦʩʥʦ ʩʢʨʘ˂ʝˁʝ ʬʝʥʦʬʘʟʘ, ʟʥʘʯʠ˂ʝ ʜʘ ˂ʝ ʩʝ ʩʘʟʨʝʚʘˁʝ ʦʜʚʠʿʘʪʠ ʫ ʣʝʪʦ ʧʦʜ ʚʠʰʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʥʝʛʦ ʩʘʜʘ, ʰʪʦ ʤʦʞʝ ʫʪʠʮʘʪʠ ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ. ʇʦʩʝʙʥʦ, ʧʦʚʝ˂ʘˁʝ ʥʠʚʦʘ 

ʢʘʣʠʿʫʤʘ, ʥʠʞʘ ʫʢʫʧʥʘ ʢʠʩʝʣʦʩʪ ʠ ʧʦʚʝ˂ʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʝ˂ʝʨʘ ʜʦʚʦʜʠ ʜʦ ʚʠʩʦʢʦʛ ʥʠʚʦʘ 

ʘʣʢʦʭʦʣʘ ʫ ʚʠʥʫ, ʤʦʜʠʬʠʢʘʮʠʿʘ ʩʦʨʪʥʝ ʘʨʦʤʝ ʠ ʩʝʥʟʦʨʥʠʭ ʘʪʨʠʙʫʪʘ (De Orduna, 2010; Sadras 

et al., 2013). ʊʘʢʦʹʝ, ʫ ʠʩʪʨʘʞʠʚʘˁʫ Espinosa-Roldán et al. (2024) ʢʦʿʝ ʿʝ ʪʨʘʿʘʣʦ ʪʦʢʦʤ 2020-

2023. ʛʦʜʠʥʝ ʥʘ 34 ʩʦʨʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʮʝʥʪʨʘʣʥʦʤ ʜʝʣʫ ʇʠʨʠʥʝʿʩʢʦʛ ʧʦʣʫʦʩʪʨʚʘ, ʧʨʠʢʘʟʘʥʦ 

ʿʝ ʜʘ ʿʝ ʜʫʞʠʥʘ ʚʝʛʝʪʘʮʠʦʥʦʛ ʮʠʢʣʫʩʘ ʦʜ ʧʫʧˀʝˁʘ (BBCH 03) ʜʦ ʟʨʝʣʦʩʪʠ, ʪʿ. ʙʝʨʙʝ (BBCH 
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89) ʫ 2022. ʛʦʜʠʥʠ ʩʤʘˁʝʥʘ ʟʘ 22, ʦʜʥʦʩʥʦ 13 ʜʘʥʘ, ʫ ʧʦʨʝʹʝˁʫ ʩʘ 2021. ʠ 2020. ʛʦʜʠʥʦʤ, ʰʪʦ 

ʥʠʿʝ ʩʣʫʯʘʿ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ (ʜʫʞʠʥʘ ʚʝʛʝʪʘʮʠʦʥʦʛ ʮʠʢʣʫʩʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʠʟ 

ʛʦʜʠʥʝ ʫ ʛʦʜʠʥʫ). ɺʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʫʰʘ ʠ ʩʪʘʣʥʠ ʪʦʧʣʦʪʥʠ ʪʘʣʘʩʠ ʪʦʢʦʤ ʣʝʪʘ 2022. 

ʛʦʜʠʥʝ ʫʙʨʟʘʣʠ ʩʫ ʧʨʦʮʝʩ ʩʘʟʨʝʚʘˁʘ ʤʥʦʛʠʭ ʩʦʨʪʠ, ʰʪʦ ʿʝ ʜʦʚʝʣʦ ʜʦ ʜʠʩʙʘʣʘʥʩʘ ʰʝ˂ʝʨʘ, 

ʚʠʩʦʢʦʛ ʩʘʜʨʞʘʿʘ ʘʣʢʦʭʦʣʘ, pH ʚʨʝʜʥʦʩʪʠ ʠ ʥʠʩʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʢʠʩʝʣʠʥʘ. ʆʚʝ ʨʝʟʫʣʪʘʪʝ 

ʧʦʪʚʨʹʫʿʫ ʠ Fraga et al. (2016) ʠ Muñoz-Organero et al. (2022) ʛʜʝ ʩʫ ʜʘʪʫʤʠ ʙʝʨʙʝ ʧʦʯʠˁʘʣʠ 

ʦʜ 15 ʜʦ 21 ʜʘʥ ʨʘʥʠʿʝ ʦʜ ʫʦʙʠʯʘʿʝʥʠʭ ʜʘʪʫʤʘ ʰʪʦ ʿʝ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʦʛ 

ʠʩʪʨʘʞʠʚʘˁʘ (ʙʝʨʙʘ ʩʝ ʦʯʝʢʫʿʝ 15 ʜʘʥʘ ʨʘʥʠʿʝ ʫ ʧʝʨʠʦʜʫ ʙʣʠʩʢʝ ʙʫʜʫ˂ʥʦʩʪʠ (2021-2040) ʫ 

ʦʜʥʦʩʫ ʥʘ ʙʝʨʙʫ ʦʙʘʚˀʝʥʫ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ (1998-2017).  

ʊʦʢʦʤ ʧʦʩʣʝʜˁʝ ʜʚʝ ʜʝʮʝʥʠʿʝ, ʚʠʥʦʚʘ ʣʦʟʘ ʫ ɹʦʨʜʦʫ (ʌʨʘʥʮʫʩʢʘ) ʪʝʞʠ ʢʘ ʨʘʥʠʿʠʤ 

ʬʝʥʦʣʦʰʢʠʤ ʜʦʛʘʹʘʿʠʤʘ, ʩʢʨʘ˂ʠʚʘˁʫ ʬʝʥʦʣʦʰʢʠʭ ʠʥʪʝʨʚʘʣʘ ʠ ʧʨʦʜʫʞʝˁʫ ʚʝʛʝʪʘʮʠʿʝ (Jones 

ʠ Davis, 2000), ʰʪʦ ʿʝ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʠʤʘ. ʅʘ ʧʨʦʩʪʦʨʫ 

ʐʧʘʥʠʿʝ, Muñoz-Organero et al. (2022) ʩʫ ʧʨʦʫʯʘʚʘʣʠ 53 ʩʦʨʪʝ ʚʠʥʦʚʝ ʣʦʟʝ (18 ʙʝʣʠʭ ʠ 35 

ʮʨʚʝʥʠʭ) ʫ ʦʢʚʠʨʫ ʨʘʟʣʠʯʠʪʠʭ ʚʠʥʦʛʨʘʜʘʨʩʢʠʭ ʨʝʿʦʥʘ ʪʦʢʦʤ 2019-2021. ʛʦʜʠʥʝ. ʈʝʟʫʣʪʘʪʠ 

ʫʢʘʟʫʿʫ ʜʘ ʿʝ ʫ ʧʨʦʩʝʢʫ, ʙʝʣʠʤ ʩʦʨʪʘʤʘ ʙʠʣʦ ʧʦʪʨʝʙʥʦ 250,9 ʜʘʥʘ ʫ 2019. ʛʦʜʠʥʠ, 253,5 ʜʘʥʘ ʫ 

2020. ʛʦʜʠʥʠ ʠ 256,3 ʜʘʥʘ ʫ 2021. ʛʦʜʠʥʠ ʜʘ ʜʦʩʪʠʛʥʫ ʟʨʝʣʦʩʪ (BBCH 89), ʰʪʦ ʥʘʛʣʘʰʘʚʘ 

ʧʨʦʜʫʞʝˁʝ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʟʘ ʧʦ ʪʨʠ ʜʘʥʘ ʧʦ ʛʦʜʠʥʠ. ʉʘ ʦʚʠʤ ʪʚʨʜˁʘʤʘ, ʩʣʘʞʫ ʩʝ ʠ 

Mesterh§zy et al. (2014) ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʤ ʦʜ 3 ʨʝʛʠʦʥʘʣʥʘ ʢʣʠʤʘʪʩʢʘ ʤʦʜʝʣʘ ʟʘ 

ʧʝʨʠʦʜʝ: ʩʨʝʜʠʥʘ ʚʝʢʘ (2021-2050) ʠ ʢʨʘʿ ʚʝʢʘ (2071-2100) ʠ ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ (1961-1990) 

ʠʟʫʯʘʚʘʿʫ˂ʠ ʜʦʤʠʥʘʥʪʥʦ ʙʝʣʝ ʚʠʥʩʢʝ ʩʦʨʪʝ ʥʘ ʧʦʜʨʫʯʿʫ ʄʘʹʘʨʩʢʝ. ʉʚʘ ʪʨʠ ʢʦʨʠʰ˂ʝʥʘ ʤʦʜʝʣʘ 

ʧʨʝʜʚʠʹʘʿʫ ʜʫʞʫ ʚʝʛʝʪʘʮʠʿʫ ʫ ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʨʝʬʝʨʝʥʪʥʠʤ ʧʝʨʠʦʜʦʤ, ʰʪʦ 

ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ. ɼʦ ʩʨʝʜʠʥʝ 21. ʚʝʢʘ ʜʫʞʠʥʘ ʚʝʛʝʪʘʮʠʦʥʦʛ 

ʮʠʢʣʫʩʘ ʤʦʞʝ ʙʠʪʠ ʜʦ 180-210 ʜʘʥʘ, ʜʦʢ ʫ ʧʝʨʠʦʜʫ ʢʨʘʿʘ ʚʝʢʘ ʦʥʘ ʤʦʞʝ ʜʦʩʪʠ˂ʠ ʠ 200-230 

ʜʘʥʘ. ʈʠʟʠʢ ʦʜ ʦʰʪʝ˂ʝˁʘ ʦʜ ʤʨʘʟʘ ʩʢʦʨʦ ˂ʝ ʥʝʩʪʘʪʠ ʢʨʘʿʝʤ 21. ʚʝʢʘ. 

ʋ ʥʘʰʝʤ ʙʣʠʩʢʦʤ ʦʢʨʫʞʝˁʫ, ʥʘ ʿʫʛʦʟʘʧʘʜʥʠʤ ʦʙʨʦʥʮʠʤʘ ʂʘʨʧʘʪʘ, ʫ ʩʝʚʝʨʦʠʩʪʦʯʥʦʤ 

ʜʝʣʫ ʈʫʤʫʥʠʿʝ, Colibaba et al. (2024) ʩʫ ʩʧʨʦʚʝʣʠ ʠʩʪʨʘʞʠʚʘˁʝ ʥʘ ʙʝʣʠʤ ʚʠʥʩʢʠʤ ʩʦʨʪʘʤʘ 

ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʚʠʥʦʛʨʘʜʫ ʆʜʦʙʝʰʪʠ. ʂʣʠʤʘʪʩʢʠ ʫʩʣʦʚʠ ʨʫʤʫʥʩʢʦʛ ʚʠʥʦʛʨʘʜʘ ʩʫ ʫ ʚʝʣʠʢʦʿ 

ʩʣʠʯʥʦʩʪʠ ʩʘ ʢʣʠʤʦʤ ʫ ʇʣʘʚʠʥʮʠʤʘ (ʫʤʝʨʝʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʥʘ ʢʣʠʤʘ ʩʘ ʧʨʦʩʝʯʥʦʤ ʛʦʜʠʰˁʦʤ 

ʪʝʤʧʝʨʘʪʫʨʦʤ ʚʘʟʜʫʭʘ ʦʜ 12 ÁC ʠ ʛʦʜʠʰˁʦʤ ʩʫʤʦʤ ʧʘʜʘʚʠʥʘ ʦʜ 656 mm). ʂʣʠʤʘʪʩʢʝ 

ʧʨʦʿʝʢʮʠʿʝ, ʟʘʩʥʦʚʘʥʝ ʥʘ ʢʣʠʤʘʪʩʢʠʤ ʤʦʜʝʣʠʤʘ SSP1-1.9 ʠ SSP5-8.5 ʠ ʠʩʪʦʨʠʿʩʢʠʤ ʧʦʜʘʮʠʤʘ 

(1971-2021), ʩʠʤʫʣʠʨʘʿʫ ʙʫʜʫ˂ʝ ʫʩʣʦʚʝ ʫ ʩʢʣʘʜʫ ʩʘ ʩʮʝʥʘʨʠʿʠʤʘ ʥʠʩʢʠʭ (CO2 ʥʫʣʘ ʜʦ 2050. 

ʛʦʜʠʥʝ) ʠ ʚʠʩʦʢʠʭ ʝʤʠʩʠʿʘ (CO  ʫʪʨʦʩʪʨʫʯʝʥ ʜʦ 2075. ʛʦʜʠʥʝ). ɳʠʭʦʚʠ ʨʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʜʘ 

˂ʝ ʩʝ ʫ ʘʥʘʣʠʟʠʨʘʥʦʤ ʨʝʛʠʦʥʫ ʬʝʥʦʬʘʟʝ ʧʨʦʤʝʥʠʪʠ ʫʩʣʝʜ ʧʦʨʘʩʪʘ ʪʝʤʧʝʨʘʪʫʨʝ, ʰʪʦ ˂ʝ 

ʜʦʚʝʩʪʠ ʜʦ ʫʙʨʟʘˁʘ ʩʘʟʨʝʚʘˁʘ ʛʨʦʞʹʘ ʟʘ 15 ʜʘʥʘ (SSP1-1.9) ʠʣʠ 24 ʜʘʥʘ (SSP5-8.5), ʰʪʦ ʿʝ ʫ 

ʩʢʣʘʜʫ ʩʘ ʧʨʝʜʠʢʮʠʿʘʤʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ (ʙʝʨʙʘ ʩʝ ʦʯʝʢʫʿʝ 15 ʜʘʥʘ ʨʘʥʠʿʝ ʫ ʙʣʠʩʢʦʿ 

ʙʫʜʫ˂ʥʦʩʪʠ ʠ 22 ʜʘʥʘ ʨʘʥʠʿʝ ʩʨʝʜʠʥʦʤ ʚʝʢʘ). ʋʙʨʟʘʚʘˁʝ ʛʦʜʠʰˁʝʛ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ ʚʠʥʦʚʝ 

ʣʦʟʝ ʧʦʚʝʟʘʥʦ ʿʝ ʩʘ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʥʝʞʝˀʝʥʠʭ ʝʬʝʢʘʪʘ, ʦʜ ʢʦʿʠʭ ʿʝ ʥʝʫʨʘʚʥʦʪʝʞʝʥ 

ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʛʨʦʞʹʘ ʦʟʙʠˀʘʥ ʧʨʦʙʣʝʤ ʧʨʠ ʧʨʦʠʟʚʦʜˁʠ ʚʠʥʘ, ʩʘʤʠʤ ʪʠʤ ʠ ʫ 

ʝʢʦʥʦʤʠʿʠ ʚʠʥʩʢʦʛ ʩʝʢʪʦʨʘ. ʊʘʢʦʹʝ, ʠ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʍʨʚʘʪʩʢʝ, Omaziĺ et al. (2023) ʩʫ 

ʟʘʢˀʫʯʠʣʠ ʜʘ ʨʘʩʪʫ˂ʝ ʪʝʤʧʝʨʘʪʫʨʝ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʜʦʚʦʜʝ ʜʦ ʨʘʥʠʿʝʛ ʩʘʟʨʝʚʘˁʘ 

ʛʨʦʞʹʘ. ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʥʘ 4 ʚʠʥʩʢʝ ʩʦʨʪʝ ʚʠʥʦʚʝ ʣʦʟʝ. ʄʝʹʫʪʠʤ, ʦʚʝ ʧʨʦʤʝʥʝ ʩʝ 

ʨʘʟʣʠʢʫʿʫ ʦʜ ʩʦʨʪʝ ʜʦ ʩʦʨʪʝ, ʢʘʦ ʠ ʦʜ ʣʦʢʘʮʠʿʝ. ɿʙʦʛ ʦʩʝʪˀʠʚʦʩʪʠ ʚʠʥʦʛʨʘʜʘʨʩʢʦʛ ʩʝʢʪʦʨʘ, 

ʫʢˀʫʯʫʿʫ˂ʠ ʤʦʛʫ˂ʝ ʛʫʙʠʪʢʝ ʫ ʧʨʦʠʟʚʦʜˁʠ ʫ ʩʘʜʘʰˁʠʤ ʚʠʥʦʛʨʘʜʘʨʩʢʠʤ ʧʦʜʨʫʯʿʠʤʘ, ʢʘʦ ʠ 

ʟʙʦʛ ʩʘʜˁʝ ʚʠʥʦʛʨʘʜʘ ʫ ʥʦʚʠʤ ʧʦʜʨʫʯʿʠʤʘ, ʦʜ ʚʝʣʠʢʦʛ ʿʝ ʟʥʘʯʘʿʘ ʠʩʧʠʪʘʪʠ ʪʨʝʥʜʦʚʝ ʫ ʧʦʿʘʚʠ 

ʧʦʿʝʜʠʥʘʯʥʠʭ ʬʘʟʘ ʠ ʰʪʦ ʫʩʧʝʰʥʠʿʝ ʠʭ ʧʦʚʝʟʘʪʠ ʩʘ ʧʨʦʤʝʥʘʤʘ ʫ ʤʝʪʝʦʨʦʣʦʰʢʠʤ 

ʧʘʨʘʤʝʪʨʠʤʘ. ʅʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʧʨʠʩʪʫʧ ʪʦʤʝ ʿʝ ʢʦʨʠʰ˂ʝˁʝ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʩʫʤʘ, GDD, ʢʦʿʝ 

ʤʦʛʫ ʦʜʨʝʜʠʪʠ ʤʦʛʫ˂ʥʦʩʪ ʫʟʛʦʿʘ ʦʜʨʝʹʝʥʝ ʩʦʨʪʝ. ʉʪʘʪʠʩʪʠʯʢʠ ʬʝʥʦʣʦʰʢʠ ʤʦʜʝʣʠ, 

ʫʢˀʫʯʫʿʫ˂ʠ ʤʦʜʝʣʝ ʟʘʩʥʦʚʘʥʝ ʥʘ GDD ʠ ʚʠʰʝʩʪʨʫʢʝ ʣʠʥʝʘʨʥʝ ʨʝʛʨʝʩʠʿʝ, ʧʦʢʘʟʘʣʠ ʩʫ ʩʝ ʢʘʦ 

ʜʦʙʨʠ ʠʥʜʠʢʘʪʦʨʠ ʧʦʿʘʚʝ ʧʦʿʝʜʠʥʘʯʥʠʭ ʬʝʥʦʣʦʰʢʠʭ ʬʘʟʘ. GDD ʤʦʜʝʣʠ ʩʘ ʙʘʟʦʤ ʦʜ 5 ÁC 

ʙʠʣʠ ʩʫ ʙʦˀʠ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʫʧˀʝˁʘ, ʜʦʢ ʩʫ ʤʦʜʝʣʠ ʩʘ ʙʘʟʦʤ ʦʜ 10 ÁC ʙʠʣʠ ʙʦˀʠ ʟʘ 
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ʧʨʝʜʚʠʹʘˁʝ ʜʨʫʛʠʭ ʬʘʟʘ, ʧʦʩʝʙʥʦ ʮʚʝʪʘˁʘ. ʆʚʝ ʪʚʨʜˁʝ ʩʫ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʦʛ 

ʠʩʪʨʘʞʠʚʘˁʘ ʛʜʝ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʙʘʟʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ 10 °C. 

ʅʘ ʪʝʨʠʪʦʨʠʿʠ ʉʨʙʠʿʝ, Ruml et al. (2016) ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʩʚʝ ʬʝʥʦʬʘʟʝ ʦʩʠʤ ʧʫʧˀʝˁʘ 

ʥʘʩʪʫʧʘʿʫ ʨʘʥʠʿʝ ʥʘ ʧʦʜʨʫʯʿʫ ʉʨʝʤʩʢʠʭ ʂʘʨʣʦʚʘʮʘ, ʰʪʦ ʿʝ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʦʛ 

ʠʩʪʨʘʞʠʚʘˁʘ. ɿʥʘʯʘʿʘʥ ʧʦʨʘʩʪ ʧʨʦʩʝʯʥʠʭ ʠ ʝʢʩʪʨʝʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʠʥʜʝʢʩʘ ʜʝʪʝʢʪʦʚʘʥ ʿʝ 

ʫ ʧʝʨʠʦʜʫ ʦʜ ʧʦʯʝʪʢʘ ʮʚʝʪʘˁʘ ʜʦ ʧʦʿʘʚʝ ʰʘʨʢʘ. ɿʘʛʨʝʚʘˁʝ ʥʠʿʝ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʣʦ ʥʘ ʪʨʘʿʘˁʝ 

ʠʥʪʝʨʚʘʣʘ ʨʘʩʪʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʘʣʠ ʿʝ ʜʦʚʝʣʦ ʜʦ ʨʘʥʠʿʝʛ ʮʚʝʪʘˁʘ ʠ ʰʘʨʢʘ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ 

ʜʦʟʨʝʚʘˁʝʤ ʫ ʪʦʧʣʠʿʠʤ ʫʩʣʦʚʠʤʘ. ɺʝ˂ʠʥʘ ʚʘʨʠʿʘʮʠʿʘ ʫ ʚʨʝʤʝʥʫ ʬʝʥʦʣʦʰʢʠʭ ʜʦʛʘʹʘʿʘ (74-

90%) ʤʦʞʝ ʩʝ ʦʙʿʘʩʥʠʪʠ ʣʠʥʝʘʨʥʦʤ ʨʝʣʘʮʠʿʦʤ ʠʟʤʝʹʫ ʜʘʪʫʤʘ ʧʦʯʝʪʢʘ ʬʝʥʦʣʦʰʢʝ ʬʘʟʝ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʠ ʯʝʤʫ ʩʫ ʩʨʝʜˁʝ ʠ ʤʘʢʩʠʤʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʞʥʠʿʝ ʦʜ ʤʠʥʠʤʘʣʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘ. 

Sivļev ʠ Petroviĺ (2004) ʩʫ ʚʨʰʠʣʠ ʬʝʥʦʣʦʰʢʘ ʦʩʤʘʪʨʘˁʘ ʙʝʣʠʭ ʚʠʥʩʢʠʭ ʩʦʨʪʠ ʫ 

ʧʝʨʠʦʜʫ (1991-1993) ʥʘ ʆʛʣʝʜʥʦʤ ʜʦʙʨʫ ʇʦˀʦʧʨʠʚʨʝʜʥʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ɹʝʦʛʨʘʜʫ Ăʈʘʜʤʠʣʦʚʘʮñ ʢʦʿʝ ʧʨʠʧʘʜʘ ɻʨʦʯʘʥʩʢʦʤ ʚʠʥʦʛʦʨʿʫ. ɸʫʪʦʨʠ ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ 

ʧʨʦʩʝʯʥʦ ʪʨʘʿʘˁʝ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʚʘʨʠʨʘʣʦ ʿʝ ʠʟʤʝʹʫ 167 ʠ 207 ʜʘʥʘ, ʰʪʦ ʩʝ ʧʦʜʫʜʘʨʘ 

ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʟʘ ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ (218 ʜʘʥʘ). 

ʌʝʥʦʣʦʰʢʘ ʨʘʟʥʦʣʠʢʦʩʪ ʩʦʨʪʠ ʫʢʘʟʫʿʝ ʥʘ ʯʠˁʝʥʠʮʫ ʜʘ ʨʘʟʣʠʯʠʪʝ ʩʦʨʪʝ ʚʠʥʦʚʝ ʣʦʟʝ 

ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʝ ʪʝʤʧʝʨʘʪʫʨʥʝ ʟʘʭʪʝʚʝ ʜʘ ʙʠ ʜʦʩʪʠʛʣʝ ʢˀʫʯʥʝ ʬʝʥʦʣʦʰʢʝ ʬʘʟʝ (Morales-

Castilla et al., 2020). ʈʘʟʫʤʝʚʘˁʝ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʭʪʝʚʘ ʨʘʟʣʠʯʠʪʠʭ ʩʦʨʪʠ ʢʦʨʠʰ˂ʝˁʝʤ 

ʬʝʥʦʣʦʰʢʦʛ ʤʦʜʝʣʠʨʘˁʘ ʟʘʩʥʦʚʘʥʦʛ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʝ ʧʨʫʞʠʪʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ 

ʧʦʜʦʙʥʦʩʪʠ ʩʦʨʪʝ ʥʘ ʠʟʤʝˁʝʥʝ ʢʣʠʤʘʪʩʢʝ ʫʩʣʦʚʝ. ʆʚʦ ʦʤʦʛʫ˂ʘʚʘ ʚʠʥʦʛʨʘʜʘʨʠʤʘ ʜʘ ʩʝ 

ʧʨʠʣʘʛʦʜʝ ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ ʢʦʨʠʰ˂ʝˁʝʤ ʩʦʨʪʠ (ʧʨʝʜʥʦʩʪ ʩʫ ʘʫʪʦʭʪʦʥʝ) ʢʦʿʝ ʙʠ ʩʝ 

ʙʨʟʦ ʘʜʘʧʪʠʨʘʣʝ ʥʘ ʙʫʜʫ˂ʝ ʪʦʧʣʠʿʝ ʫʩʣʦʚʝ (Koufos et al., 2022; Muñoz-Organero et al., 2022). 

ʉʪʦʛʘ, ʧʨʦʿʝʢʮʠʿʝ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʧʨʝʤʘ ʙʫʜʫ˂ʠʤ ʩʮʝʥʘʨʠʿʠʤʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʩʫ 

ʩʪʨʘʪʝʰʢʠ ʘʣʘʪ ʟʘ ʧʦʜʨʰʢʫ ʚʠʥʦʛʨʘʜʘʨʠʤʘ ʫ ʬʫʥʢʮʠʿʠ ʜʦʙʨʝ ʧʨʘʢʩʝ ʠ ʙʣʘʛʦʚʨʝʤʝʥʦʛ 

ʩʧʨʦʚʦʹʝˁʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʝʨʘ ʩʘ ʮʠˀʝʤ ʦʧʪʠʤʠʟʘʮʠʿʝ ʧʨʠʥʦʩʘ ʠ ʢʚʘʣʠʪʝʪʘ ʛʨʦʞʹʘ (Cola et 

al., 2014; Fraga et al., 2016; Ramos, 2017; Tesliĺ et al., 2019; Muñoz-Organero et al., 2022). 

 

6.2. ɽʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʢʫʣʪʫʨʝ ï ʚʠʥʦʚʝ ʣʦʟʝ (ɽʊc)  

 

ɿʘ ʧʨʦʨʘʯʫʥ ʨʝʬʝʨʝʥʪʥʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʫ ʧʨʝʪʭʦʜʥʦʤ ʜʚʘʜʝʩʝʪʦʛʦʜʠʰˁʝʤ ï 

ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ (1998-2017), ʦʩʤʦʪʨʝʥʦʤ (2015-2022), ʦʛʣʝʜʥʦʤ (2021-2022) ʠ ʪʨʠ 

ʙʫʜʫ˂ʘ ʜʚʘʜʝʩʝʪʦʛʦʜʠʰˁʘ ʧʝʨʠʦʜʘ (2021-2040, ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ; 2041-2060, ʩʨʝʜʠʥʘ ʚʝʢʘ ʠ 

2081-2100. ʛʦʜʠʥʘ, ʢʨʘʿ ʚʝʢʘ), ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʤʝʪʦʜʘ Hargreaves-ʘ. ɺʨʝʜʥʦʩʪʠ ʨʝʬʝʨʝʥʪʥʝ 

ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʟʘ ʦʛʣʝʜʥʠ ʧʝʨʠʦʜ ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 19.  
 

ʊʘʙʝʣʘ 19. ʄʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ɽʊo ʧʦ ʤʝʪʦʜʠ Hargreaves-ʘ ʫ ʦʛʣʝʜʥʦʤ ʧʝʨʠʦʜʫ (2021-2022) 
 

ʄɽʉɽʎ/ɻʆɼʀʅɸ 1 2 3 4 5 6 7 8 9 10 11 12 

2021 18,6 34,0 59,1 88,2 129,5 168,7 174,5 144,8 101,3 49,3 25,7 14,5 

2022 17,7 32,8 59,9 94,9 153,1 174,4 181,7 152,9 85,2 59,3 24,7 19,7 

ʇʈʆʉɽʂ 18,2 33,4 59,5 91,5 141,3 171,6 178,1 148,9 93,2 54,3 25,2 17,1 
 

ʈʝʬʝʨʝʥʪʥʘ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ (ɽʊo) ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʫ 2021. ʛʦʜʠʥʠ 

ʠʟʥʦʩʠʣʘ ʿʝ 941 mm, ʜʦʢ ʿʝ ʫ 2022. ʛʦʜʠʥʠ ʜʦʩʪʠʛʣʘ 986,2 mm, ʰʪʦ ʿʝ ʟʘ 4,8% ʚʠʰʝ ʥʝʛʦ ʫ 

ʧʨʚʦʿ ʦʛʣʝʜʥʦʿ ʛʦʜʠʥʠ. ʅʘʿʥʠʞʘ ʜʥʝʚʥʘ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ɽʊo ʟʘ ʦʙʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ ʿʝ 0,6 

mmĿʜʘʥ ĭ ʫ ʿʘʥʫʘʨʫ, ʘ ʥʘʿʚʝ˂ʘ ʦʜ 5,8 mmĿʜʘʥ ĭ ʫ ʿʫʣʫ. 

ɼʘ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ ʦʧʪʠʤʘʣʥʘ ʧʨʦʠʟʚʦʜˁʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʚʠʥʦʛʨʘʜʠʤʘ ʢʦʿʠ ʩʝ 

ʥʘʚʦʜˁʘʚʘʿʫ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʦʮʝʥʠʪʠ ʢʦʤʧʦʥʝʥʪʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ 
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ʢʫʣʪʫʨʝ (ɽʊc) ʜʘ ʙʠ ʩʝ ʫʩʪʘʥʦʚʠʣʝ ˁʝʥʝ ʨʝʘʣʥʝ ʧʦʪʨʝʙʝ ʟʘ ʚʦʜʦʤ. ɺʨʝʜʥʦʩʪʠ ɽʊc ʟʘ ʨʘʟʣʠʯʠʪʝ 

ʬʝʥʦʬʘʟʝ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʮʠʢʣʫʩʘ ʫ ʦʩʤʦʪʨʝʥʦʤ ʧʝʨʠʦʜʫ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 20. 

 
ʊʘʙʝʣʘ 20. ɺʨʝʜʥʦʩʪʠ ɽʊc ʧʦ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʦʩʤʦʪʨʝʥʦʤ (2015-2022) ʧʝʨʠʦʜʫ 
 

ʇɽʈʀʆɼ 

ɆETc ʦʜ 

ʧʦʯʝʪʢʘ 

ʚʝʛʝʪʘʮʠʿʝ ʜʦ 

ʮʚʝʪʘˁʘ 

ɆETc ʦʜ 

ʮʚʝʪʘˁʘ ʜʦ 

ʰʘʨʢʘ 

ɆETc ʦʜ ʰʘʨʢʘ 

ʜʦ ʙʝʨʙʝ 

ɆETc ʦʜ ʙʝʨʙʝ 

ʜʦ ʢʨʘʿʘ 

ʚʝʛʝʪʘʮʠʿʝ 

ɆETc ʦʜ ʧʦʯʝʪʢʘ 

ʜʦ ʢʨʘʿʘ 

ʚʝʛʝʪʘʮʠʿʝ 

ʆʩʤʦʪʨʝʥʠ 

(2015-2022) 
83,7 172,8 102,5 39,0 438,2 

 

ʊʦʢʦʤ ʦʩʤʦʪʨʝʥʦʛ ʧʝʨʠʦʜʘ (2015-2022), ʫʢʫʧʥʘ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ (ɽʊc) ʚʠʥʦʚʝ ʣʦʟʝ 

ʠʟʥʦʩʠʣʘ ʿʝ 438,2 mm, ʧʨʠ ʯʝʤʫ ʿʝ ʥʘʿʚʝ˂ʘ ʧʦʪʨʦʰˁʘ ʚʦʜʝ ʟʘʙʝʣʝʞʝʥʘ ʫ ʬʝʥʦʬʘʟʠ ʦʜ ʮʚʝʪʘˁʘ 

ʜʦ ʰʘʨʢʘ (172,8 mm). ʋ ʦʚʦʿ ʬʝʥʦʬʘʟʠ ʧʦʪʨʝʙʝ ʟʘ ʚʦʜʦʤ ʩʫ ʥʘʿʠʟʨʘʞʘʿʥʠʿʝ ʿʝʨ ʿʝ ʨʘʩʪ 

ʛʨʦʟʜʦʚʘ ʠ ʣʘʩʪʘʨʘ ʥʘʿʠʥʪʝʥʟʠʚʥʠʿʠ. ʇʦʪʨʦʰˁʘ ʚʦʜʝ ʿʝ ʟʥʘʪʥʦ ʥʠʞʘ ʦʜ ʙʝʨʙʝ ʜʦ ʢʨʘʿʘ 

ʚʝʛʝʪʘʮʠʿʝ (39 mm), ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʩʪʝʧʝʥʦ ʩʤʘˁʝˁʝ ʬʠʟʠʦʣʦʰʢʝ ʘʢʪʠʚʥʦʩʪʠ ʣʦʟʝ. 

ɺʨʝʜʥʦʩʪʠ ʧʨʦʩʝʯʥʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʚʠʥʦʚʝ ʣʦʟʝ ʧʦ ʨʝʞʠʤʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ 

ʪʨʘʿʘˁʘ ʦʛʣʝʜʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 21. ʋ ʜʚʦʛʦʜʠʰˁʝʤ ʧʝʨʠʦʜʫ, ʚʠʥʦʚʘ ʣʦʟʘ ʥʘ ʪʨʝʪʤʘʥʫ 

ʩʘ ʧʫʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ (F) ʧʨʦʩʝʯʥʦ ʿʝ ʧʦʪʨʦʰʠʣʘ 469,7 mm, ʚʠʥʦʚʘ ʣʦʟʘ ʥʘ ʪʨʝʪʤʘʥʫ ʩʘ 

ʨʝʜʫʢʦʚʘʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ (R) 435,6 mm ʠ ʚʠʥʦʚʘ ʣʦʟʘ ʥʘ ʪʨʝʪʤʘʥʫ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ (S) 

368,4 mm. ʊʝʩʪʠʨʘˁʝ ʟʥʘʯʘʿʥʦʩʪʠ ʨʘʟʣʠʢʝ ʫʢʘʟʘʣʦ ʿʝ ʜʘ ʠʟʤʝʹʫ F ʠ R ʪʨʝʪʤʘʥʘ ʥʝ ʧʦʩʪʦʿʠ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ (ʥʟ), ʜʦʢ ʩʝ ʦʙʘ ʧʦʤʝʥʫʪʘ ʪʨʝʪʤʘʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ 

ʨʘʟʣʠʢʫʿʫ ʫ ʧʦʨʝʹʝˁʫ ʩʘ S ʪʨʝʪʤʘʥʦʤ.  
 

ʊʘʙʝʣʘ 21. ɽʬʝʢʘʪ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʨʦʩʝʯʥʫ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʫ ʚʠʥʦʚʝ ʣʦʟʝ ʪʦʢʦʤ 

ʜʚʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ 
 

ʊʨʝʪʤʘʥʠ 
ʆʛʣʝʜʥʝ ʛʦʜʠʥʝ 

ʇʨʦʩʝʢ (**) 
2021 2022 

F 418,4 521,1 469,7 a 

R 392,1 479,1 435,6 a 

S 323,9 412,8 368,4 b 

ʇʨʦʩʝʢ  378,1 471,0 424,6 

ʊʝʩʪʠʨʘˁʝ ʧʨʦʩʝʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʫʥʫʪʘʨ ʢʦʣʦʥʘ ʧʨʠʤʝʥʦʤ Tukey ʪʝʩʪʘ (p>0,05; 

p<0,05; p<0,01): F ʪʝʩʪ ï ʥʝʤʘ ʩʪʘʪʠʩʪʠʯʢʦʛ ʟʥʘʯʘʿʘ (ʥʟ) (p>0,05), * ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ (p<0,05), ** ʚʠʩʦʢʦ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ (p<0,01) 

 

ɺʨʝʜʥʦʩʪʠ ʧʨʦʩʝʯʥʝ ɽʊc ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʬʝʥʦʬʘʟʘʤʘ ʧʦ ʨʝʞʠʤʠʤʘ 

ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʦʛʣʝʜʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 22, ʘ ʥʘ ʛʨʘʬʠʢʫ 4. ʧʨʠʢʘʟʘʥ ʿʝ 

ʪʨʝʥʜ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʫ ʦʛʣʝʜʥʠʤ ʛʦʜʠʥʘʤʘ 

(2021-2022). 
 

ʊʘʙʝʣʘ 22. ɺʨʝʜʥʦʩʪʠ ɽʊc ʧʦ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʪʦʢʦʤ ʜʚʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ 
  

ʌɽʅʆʌɸɿɸ/ʊʈɽʊʄɸʅʀ 

ʆɻʃɽɼʅɽ ɻʆɼʀʅɽ 

2021 2022 

F R S F R S 

ɆETc ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ʜʦ ʮʚʝʪʘˁʘ 141,5 141,5 141,5 122,5 122,5 122,1 

ɆETc ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ 129,9 120,7 90,2 189,6 186,3 189,7 

ɆETc ʦʜ ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ 80,6 73,2 53,4 133,6 106,6 57,9 

ɆETc ʦʜ ʙʝʨʙʝ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 66,3 56,7 38,8 75,3 63,7 43,1 

ɆETc ʦʜ ʧʦʯʝʪʢʘ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 418,4 392,1 323,9 521,1 479,1 412,8 
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ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʿʘʩʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʜʚʝ ʛʦʜʠʥʝ ʠʩʧʠʪʠʚʘˁʘ ʠ ʪʨʝʪʤʘʥʘ 

ʥʘʚʦʜˁʘʚʘˁʘ. ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ɽʊc ʚʠʥʦʚʝ ʣʦʟʝ ʙʠʣʘ ʿʝ ʟʥʘʯʘʿʥʦ ʚʝʘ˂ ʫ 2022. ʛʦʜʠʥʠ ʫ 

ʩʚʠʤ ʪʨʝʪʤʘʥʠʤʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʪʦʧʣʠʿʝ ʠ ʩʫʰʥʠʿʝ ʚʨʝʤʝ ʫ ʦʜʥʦʩʫ ʥʘ 2021. ʛʦʜʠʥʫ. 

ɽʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʦʯʝʪʢʘ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʟʘ 2022. ʛʦʜʠʥʫ ʿʝ ʟʘ 24,55% 

ʚʝ˂ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʚʫ ʦʛʣʝʜʥʫ ʛʦʜʠʥʫ. ʊʦʢʦʤ ʬʝʥʦʬʘʟʝ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ʜʦ ʮʚʝʪʘˁʘ 

ʚʨʝʜʥʦʩʪʠ ɽʊc ʚʠʥʦʚʝ ʣʦʟʝ ʫʿʝʜʥʘʯʝʥʝ ʩʫ ʥʘ ʩʚʠʤ ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʫ ʦʙʝ ʦʛʣʝʜʥʝ 

ʛʦʜʠʥʝ. ʈʘʟʣʠʢʝ ʥʘʩʪʘʿʫ ʫʩʣʝʜ ʧʨʠʤʝʥʝ ʥʘʚʦʜˁʘʚʘˁʘ, ʧʘ ʧʨʦʩʝʯʥʘ ʜʚʦʛʦʜʠʰˁʘ ʚʨʝʜʥʦʩʪ ɽʊc 

ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʧʝʨʠʦʜʫ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ ʥʘ ʪʨʝʪʤʘʥʫ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (F) ʠʟʥʦʩʠ 159,8 

mm, ʥʘ ʪʨʝʪʤʘʥʫ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (R) ʿʝ 153,5 mm ʠ ʥʘ ʪʨʝʪʤʘʥʫ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ 

(S) ʿʝ 139,9 mm. ʆʚʘʿ ʧʝʨʠʦʜ ʿʝʩʪʝ ʥʘʿʢʨʠʪʠʯʥʠʿʠ ʟʘ ʚʠʥʦʚʫ ʣʦʟʫ ï ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʘʞˀʠʚʦ 

ʨʫʢʦʚʘʪʠ ʚʦʜʥʠʤ ʨʝʞʠʤʦʤ ʢʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʣʠ ʧʦʚʦˀʥʠ ʫʩʣʦʚʠ ʟʘ ʩʘʟʨʝʚʘˁʝ ʛʨʦʞʹʘ. 

ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ɽʊc ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʦʚʦʤ ʧʝʨʠʦʜʫ ʿʝ ʟʘ 45,96% ʚʝ˂ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪ ʠʟ 

2021. ʛʦʜʠʥʝ. ʇʨʦʩʝʯʥʝ ʜʚʦʛʦʜʠʰˁʝ ʚʨʝʜʥʦʩʪʠ ɽʊc ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʧʝʨʠʦʜʫ ʦʜ ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ 

ʠʟʥʦʩʝ 107,1 mm, 89,8 mm ʠ 55,7 mm ʟʘ F, R ʠ S ʪʨʝʪʤʘʥ, ʨʝʜʦʤ, ʜʦʢ ʫ ʧʝʨʠʦʜʫ ʦʜ ʙʝʨʙʝ ʜʦ 

ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʦʥʝ ʠʟʥʦʩʝ 70,7 mm, 60,2 mm ʠ 40,9 mm, ʟʘ F, R ʠ S ʪʨʝʪʤʘʥ, ʨʝʜʦʤ. 

 

 

ɻʨʘʬʠʢ 4. ɽʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʚʠʥʦʚʝ ʣʦʟʝ ʪʦʢʦʤ ʦʛʣʝʜʥʠʭ ʛʦʜʠʥʘ (2021-2022) ʥʘ 

ʠʩʧʠʪʠʚʘʥʠʤ ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (F, R ʠ S) 

 

 



 

65 

 

ʄʘʢʩʠʤʘʣʥʝ ʜʥʝʚʥʝ ʚʨʝʜʥʦʩʪʠ ɽʊc ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʧʨʚʦʿ ʦʛʣʝʜʥʦʿ ʛʦʜʠʥʠ ʥʘ F, R ʠ S 

ʪʨʝʪʤʘʥʫ ʙʠʣʝ ʩʫ 4,9 mmĿʜʘʥ ĭ, 4,6 mmĿʜʘʥ ĭ ʠ 3,8 mmĿʜʘʥ ĭ, ʨʝʜʦʤ. ʇʨʦʩʝʯʥʘ ʜʥʝʚʥʘ 

ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ F, R ʠ S ʪʨʝʪʤʘʥʫ ʠʟʥʦʩʠʣʘ ʿʝ 2,2 mmĿʜʘʥ ĭ, 2,1 mmĿʜʘʥ ĭ 

ʠ 1,7 mmĿʜʘʥ ĭ, ʨʝʜʦʤ.  

ʊʦʢʦʤ ʜʨʫʛʝ ʦʛʣʝʜʥʝ (2022) ʛʦʜʠʥʝ, ʤʘʢʩʠʤʘʣʥʝ ʜʥʝʚʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘ F, R ʠ S ʪʨʝʪʤʘʥʫ 

ʙʠʣʝ ʩʫ 5,1 mmĿʜʘʥ ĭ, 5,0 mmĿʜʘʥ ĭ ʠ 5,2 mmĿʜʘʥ ĭ, ʨʝʜʦʤ. ʇʨʦʩʝʯʥʘ ʜʥʝʚʥʘ ɽʊc ʚʠʥʦʚʝ ʣʦʟʝ 

ʥʘ F, R ʠ S ʪʨʝʪʤʘʥʫ ʠʟʥʦʩʠʣʘ ʿʝ 2,8 mmĿʜʘʥ ĭ, 2,6 mmĿʜʘʥ ĭ ʠ 2,2 mmĿʜʘʥ ĭ, ʨʝʜʦʤ, ʰʪʦ ʿʝ ʟʘ 

27,3%, 23,8% ʠ 29,4% ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ 2021. ʛʦʜʠʥʫ (ɻʨʘʬʠʢ 4). 

 

6.2.1. ʇʨʝʜʠʢʮʠʿʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʢʫʣʪʫʨʝ ï ʚʠʥʦʚʝ ʣʦʟʝ (ɽʊc) ʫ ʫʩʣʦʚʠʤʘ 

ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ 

 

ɺʨʝʜʥʦʩʪʠ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʢʫʣʪʫʨʝ ʚʠʥʦʚʝ ʣʦʟʝ (ɽʊc) ʟʘ ʨʘʟʣʠʯʠʪʝ ʬʝʥʦʬʘʟʝ ʪʦʢʦʤ 

ʚʝʛʝʪʘʮʠʦʥʦʛ ʮʠʢʣʫʩʘ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʠ ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 23. 

 

ʊʘʙʝʣʘ 23. ɺʨʝʜʥʦʩʪʠ ɽʊc ʧʦ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ (1998-2017) ʠ ʪʨʠ ʧʝʨʠʦʜʘ 

ʙʫʜʫ˂ʥʦʩʪʠ (ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ (2021-2040), ʩʨʝʜʠʥʘ ʚʝʢʘ (2041-2060) ʠ ʢʨʘʿ ʚʝʢʘ (2081-2100)) 
 

ʇɽʈʀʆɼ 

ɆETc ʦʜ 

ʧʦʯʝʪʢʘ 

ʚʝʛʝʪʘʮʠʿʝ ʜʦ 

ʮʚʝʪʘˁʘ 

ɆETc ʦʜ 

ʮʚʝʪʘˁʘ ʜʦ 

ʰʘʨʢʘ 

ɆETc ʦʜ ʰʘʨʢʘ 

ʜʦ ʙʝʨʙʝ 

ɆETc ʦʜ ʙʝʨʙʝ 

ʜʦ ʢʨʘʿʘ 

ʚʝʛʝʪʘʮʠʿʝ 

ɆETc ʦʜ ʧʦʯʝʪʢʘ 

ʜʦ ʢʨʘʿʘ 

ʚʝʛʝʪʘʮʠʿʝ 

ʈʝʬʝʨʝʥʪʥʠ 

(1998-2017) 
108,7 211,6 123,5 35,9 480,7 

ɹʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ 

(2021-2040) 
106,1 202,4 120,4 58,6 478,5 

ʉʨʝʜʠʥʘ ʚʝʢʘ 

(2041-2060) 
101,4 201,0 120,2 73,9 498,0 

ʂʨʘʿ ʚʝʢʘ 

(2081-2100) 
103,6 191,3 112,8 128,1 539,2 

ʇʈʆʉɽʂ 105,0 201,6 119,2 74,1 499,1 

 

ɼʝʪʘˀʥʦ ʧʨʘ˂ʝˁʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʪʦʢʦʤ ʩʚʘʢʝ ʬʝʥʦʬʘʟʝ ʚʠʥʦʚʝ ʣʦʟʝ ʢˀʫʯʥʦ ʿʝ ʟʘ 

ʝʬʠʢʘʩʥʦ ʫʧʨʘʚˀʘˁʝ ʚʦʜʥʠʤ ʨʝʩʫʨʩʠʤʘ ʫ ʚʠʥʦʛʨʘʜʘʨʩʪʚʫ. ɺʠʥʦʚʘ ʣʦʟʘ ʧʦʢʘʟʫʿʝ ʨʘʟʣʠʯʠʪ 

ʩʪʝʧʝʥ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʚʦʜʥʠ ʜʝʬʠʮʠʪ ʫ ʨʘʟʣʠʯʠʪʠʤ ʬʘʟʘʤʘ ʨʘʟʚʦʿʘ. ʊʦʢʦʤ ʦʜʨʝʹʝʥʠʭ 

ʬʝʥʦʬʘʟʘ, ʧʦʧʫʪ ʩʘʟʨʝʚʘˁʘ, ʥʝʜʦʩʪʘʪʘʢ ʚʦʜʝ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʠ ʧʨʠʥʦʩ, 

ʜʦʢ ʫ ʜʨʫʛʠʤ ʬʝʥʦʬʘʟʘʤʘ ʦʚʘʿ ʫʪʠʮʘʿ ʤʦʞʝ ʙʠʪʠ ʤʘˁʝ ʠʟʨʘʞʝʥ. ʋʧʨʘʚʦ ʟʘʪʦ, ʧʨʘʚʦʚʨʝʤʝʥʦ 

ʫʩʤʝʨʘʚʘˁʝ ʧʘʞˁʝ ʥʘ ʧʦʪʨʝʙʝ ʟʘ ʚʦʜʦʤ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʩʚʘʢʦʿ ʬʘʟʠ ʨʘʟʚʦʿʘ ʦʤʦʛʫ˂ʘʚʘ 

ʧʨʝʮʠʟʥʦ ʫʧʨʘʚˀʘˁʝ ʥʘʚʦʜˁʘʚʘˁʝʤ ʠ ʧʦʩʪʠʟʘˁʝ ʚʨʭʫʥʩʢʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʚʠʥʦʛʨʘʜʘʨʩʢʦʿ 

ʧʨʦʠʟʚʦʜˁʠ.  

ʅʘ ʦʩʥʦʚʫ ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʨʝʟʫʣʪʘʪʘ (ʊʘʙʝʣʘ 23), ʥʘʿʚʠʰʝ ʚʨʝʜʥʦʩʪʠ ɽʊc ʫ ʩʢʦʨʦ ʩʚʠʤ 

ʬʝʥʦʬʘʟʘʤʘ ʫʦʯʝʥʝ ʩʫ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ (1998-2017) ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʠʩʧʠʪʠʚʘʥʝ 

ʧʝʨʠʦʜʝ. ʂʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʦʜ ʬʝʥʦʬʘʟʝ ʧʫʧˀʝˁʘ ʜʦ ʮʚʝʪʘˁʘ, ʥʘʿʚʝ˂ʝ 

ʚʨʝʜʥʦʩʪʠ ɽʊc ʦʩʪʚʘʨʝʥʝ ʩʫ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ ʩʘ 108,7 mm, ʜʦʢ ʩʝ ʥʘʿʥʠʞʝ ʩʘ 101,4 mm 

ʦʯʝʢʫʿʫ ʩʨʝʜʠʥʦʤ ʚʝʢʘ (2041-2060). ɽʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʢʫʣʪʫʨʝ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ ʧʦʨʝʜ 

ʨʝʬʝʨʝʥʪʥʦʛ ʧʝʨʠʦʜʘ (211,6 mm), ʥʘʿʚʠʰʝ ʚʨʝʜʥʦʩʪʠ ʦʯʝʢʫʿʝ ʫ ʧʝʨʠʦʜʠʤʘ ʙʫʜʫ˂ʥʦʩʪʠ ï 

ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ ʠ ʩʨʝʜʠʥʘ ʚʝʢʘ ʩʘ 202,4 mm ʠ 201,0 mm, ʨʝʜʦʤ. ʋ ʨʘʟʜʦʙˀʫ ʦʜ ʰʘʨʢʘ ʜʦ 

ʙʝʨʙʝ, ʥʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ɽʊc ʜʦʙʠʿʝʥʝ ʩʫ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ ʩʘ 123,5 mm, ʟʘʪʠʤ ʫ 

ʧʝʨʠʦʜʠʤʘ ʙʫʜʫ˂ʥʦʩʪʠ ï ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ ʠ ʩʨʝʜʠʥʘ ʚʝʢʘ ʚʨʝʜʥʦʩʪʠ ETc ʠʟʥʦʩʠ˂ʝ 120,4 mm 

ʠ 120,2 mm, ʨʝʜʦʤ. ʅʘʿʥʠʞʘ ʚʨʝʜʥʦʩʪ ɽʊc ʦʜ ʙʝʨʙʝ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʩʘ 35,9 mm ʟʘʧʘʞʘ ʩʝ 

ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ, ʜʦʢ ʩʝ ʥʘʿʚʝ˂ʘ ʦʯʝʢʫʿʝ ʢʨʘʿʝʤ ʚʝʢʘ (2081-2100) ʩʘ 128,1 mm, ʰʪʦ ʿʝ 
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ʧʨʠʙʣʠʞʥʦ 4 ʧʫʪʘ ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ. ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ɽʊc ʦʜ ʧʦʯʝʪʢʘ 

ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʠʟʥʦʩʠ 499,1 mm ʟʘ ʩʚʝ ʠʩʧʠʪʠʚʘʥʝ ʧʝʨʠʦʜʝ, ʘ ʥʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʦʜ 539,2 

mm ʦʯʝʢʫʿʝ ʩʝ ʢʨʘʿʝʤ ʚʝʢʘ, ʰʪʦ ʿʝ ʟʘ 12,69% ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʦʯʝʢʠʚʘʥʫ ʚʨʝʜʥʦʩʪ ɽʊc ʫ 

ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ (478,5 mm). 

ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʩʢʣʘʜʫ ʩʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ López-Urrea et al. 

(2012) ʢʦʿʠ ʩʫ ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʝʢʩʧʝʨʠʤʝʥʪʘ (2007-2009) ʠʟʫʯʘʚʘʣʠ ʧʦʪʨʝʙʝ ʟʘ ʚʦʜʦʤ 

ʚʠʥʦʚʝ ʣʦʟʝ ʊʝʤʧʨʘʥʠˀʦ (Vitis vinifera L. cv. Tempranillo) ʫ ʚʠʥʦʛʨʘʜʫ ʫ ʮʝʥʪʨʘʣʥʦʿ ʐʧʘʥʠʿʠ 

(ɸʣʙʘʩʝʪʝ). ʉʝʟʦʥʩʢʘ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʚʠʥʦʚʝ ʣʦʟʝ (ɽʊc) ʠʟʥʦʩʠʣʘ ʿʝ 550 mm ʫ 2007. 

ʛʦʜʠʥʠ, 377 mm ʫ 2008. ʠ 505 mm ʫ 2009. ʛʦʜʠʥʠ. ʅʠʞʝ ʚʨʝʜʥʦʩʪʠ ɽʊc ʫ 2008. ʛʦʜʠʥʠ ʙʠʣʝ 

ʩʫ ʫ ʜʠʨʝʢʪʥʦʿ ʚʝʟʠ ʩʘ ʤʘˁʦʤ ʧʦʢʨʠʚʝʥʦʰ˂ʫ ʫ ʪʦʿ ʛʦʜʠʥʠ ʠʟʘʟʚʘʥʦʤ ʢʘʩʥʠʤ ʤʨʘʟʦʤ. ʊʘʢʦʹʝ, 

ʧʨʝʤʘ ʩʪʫʜʠʿʠ Munitz et al. (2019), ʩʝʟʦʥʩʢʘ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʚʠʥʦʚʝ ʣʦʟʝ (ɽʊc) ʠʟʥʦʩʠʣʘ ʿʝ 

715 mm, ʜʦʢ ʿʝ ʩʝʟʦʥʩʢʘ ʨʝʬʝʨʝʥʪʥʘ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ (ɽʊo) ʠʟʥʦʩʠʣʘ 1237 mm. ɸʫʪʦʨʠ 

ʟʘʢˀʫʯʫʿʫ ʜʘ ʿʝ ʩʝʟʦʥʩʢʠ ʪʦʢ ʨʘʟʚʦʿʘ ʚʠʥʦʚʝ ʣʦʟʝ ʠ ʨʝʬʝʨʝʥʪʥʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʙʠʦ 

ʩʣʠʯʘʥ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʿʝ. ʅʘ ʧʦʯʝʪʢʫ ʚʝʛʝʪʘʮʠʿʝ, ɽʊc ʿʝ ʙʠʣʘ ʥʘ ʩʚʦʤ ʤʠʥʠʤʫʤʫ (90-110 ʜʘʥ 

ʦʜ ʧʦʯʝʪʢʘ ʛʦʜʠʥʝ) ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʦʜ 1,0-1,5 mmĿʜʘʥ ĭ, ʘ ʦʜ ʧʫʧˀʝˁʘ ʜʦ ʰʘʨʢʘ, ʟʘʙʝʣʝʞʝʥʦ 

ʿʝ ʢʦʥʩʪʘʥʪʥʦ ʧʦʚʝ˂ʘˁʝ ɽʊc ʜʦʩʪʠʞʫ˂ʠ ʚʨʝʜʥʦʩʪʠ ʦʜ 4-6 mmĿʜʘʥ ĭ. ʅʘʢʦʥ ʩʘʟʨʝʚʘˁʘ ʛʨʦʞʹʘ, 

ʟʘʙʝʣʝʞʝʥ ʿʝ ʢʦʥʩʪʘʥʪʘʥ ʧʘʜ ɽʊc, ʜʦʩʪʠʞʫ˂ʠ ʚʨʝʜʥʦʩʪʠ ʦʜ 3-4  mmĿʜʘʥ ĭ. Shapland et al. 

(2012) ʩʫ ʧʨʦʮʝˁʠʚʘʣʠ ɽʊc ʫ ʚʠʥʦʛʨʘʜʠʤʘ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʥʘʛʠʙʠʤʘ ʫ ʂʘʣʠʬʦʨʥʠʿʠ. 

ʈʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʥʘʛʠʙ ʪʝʨʝʥʘ ʠʤʘʦ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʫ ʚʠʥʦʚʝ 

ʣʦʟʝ, ʧʨʠ ʯʝʤʫ ʩʫ ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ɽʊc ʟʘʙʝʣʝʞʝʥʝ ʥʘ ʧʘʜʠʥʘʤʘ ʠʟʣʦʞʝʥʠʿʠʤ ʩʫʥʮʫ. ʆʜ ʿʫʥʘ 

ʜʦ ʩʝʧʪʝʤʙʨʘ, ʧʨʦʩʝʯʥʘ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʠʟʥʦʩʠʣʘ ʿʝ 2,4 mmĿʜʘʥ ĭ ʫ ʟʘʨʘʚˁʝʥʦʤ 

ʚʠʥʦʛʨʘʜʫ, 2,2 mmĿʜʘʥ ĭ ʫ ʚʠʥʦʛʨʘʜʫ ʧʦʟʠʮʠʦʥʠʨʘʥʦʤ ʩʝʚʝʨʦʠʩʪʦʯʥʦ ʠ 2,7 mmĿʜʘʥ ĭ ʫ 

ʚʠʥʦʛʨʘʜʫ ʦʢʨʝʥʫʪʦʤ ʢʘ ʿʫʛʦʟʘʧʘʜʫ. López et al. (2009) ʩʫ ʪʦʢʦʤ ʯʝʪʚʦʨʦʛʦʜʠʰˁʝʛ 

ʠʩʪʨʘʞʠʚʘˁʘ (1999-2002) ʙʝʣʝ ʩʦʨʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ ʨʝʬʝʨʝʥʪʥʝ 

ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʫ ʚʝʛʝʪʘʮʠʦʥʦʤ ʧʝʨʠʦʜʫ ʙʠʣʝ 1103,9 mm, 979,5 mm, 976,7 mm ʠ 1027,5 

mm ʟʘ 1999, 2000, 2001. ʠ 2002. ʛʦʜʠʥʫ, ʨʝʜʦʤ. Caruso et al. (2023) ʩʫ ʪʦʢʦʤ ʜʚʦʛʦʜʠʰˁʝʛ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʫ ʀʪʘʣʠʿʠ ʜʦʙʠʣʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʨʝʬʝʨʝʥʪʥʫ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʫ ʦʜ 927 mm ʠ 

900 mm, ʟʘ 2018. ʠ 2019. ʛʦʜʠʥʫ, ʨʝʜʦʤ. ʈʝʟʫʣʪʘʪʠ L·pez et al. (2009) ʠ Caruso et al. (2023) ʩʫ 

ʫ ʩʢʣʘʜʫ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ɽʊʦ ʜʦʙʠʿʝʥʠʤ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʢʦʿʝ ʩʫ ʠʟʥʦʩʠʣʝ 941 mm ʟʘ 2021. 

ʠ 986,2 mm ʟʘ 2022. ʛʦʜʠʥʫ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʩʣʠʯʥʝ ʢʣʠʤʘʪʩʢʝ ʫʩʣʦʚʝ ʢʦʿʠ ʩʫ ʦʙʣʠʢʦʚʘʣʠ 

ʚʦʜʥʠ ʙʠʣʘʥʩ ʫ ʨʘʟʣʠʯʠʪʠʤ ʚʠʥʦʛʨʘʜʘʨʩʢʠʤ ʨʝʛʠʦʥʠʤʘ. 

Phogat et al. (2024) ʩʫ ʚʨʰʠʣʠ ʧʨʦʮʝʥʫ ʤʦʜʝʣʦʚʘʥʠʭ ʠ ʤʝʨʝʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʚʦʜʥʦʛ 

ʙʠʣʘʥʩʘ ʥʘ 48 ʣʦʢʘʮʠʿʘ ʚʠʥʦʛʨʘʜʘ ʪʦʢʦʤ ʪʨʠ ʫʟʘʩʪʦʧʥʝ ʩʝʟʦʥʝ (2018-2021) ʫ ʨʝʛʠʦʥʫ ɹʘʨʦʩʘ 

(ɸʫʩʪʨʘʣʠʿʘ). ʇʨʦʩʝʯʥʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʫ ʨʝʛʠʦʥʫ ʿʝ 467 mm, ʘ ʛʦʜʠʰˁʘ ɽʊo ʿʝ 1300 mm 

(ʰʪʦ ʿʝ ʟʘ ʦʢʦ 300 mm ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʟʫʣʪʘʪʝ ɽʊo ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ), ʰʪʦ ʨʝʟʫʣʪʠʨʘ 

ʧʦʪʨʝʙʦʤ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝʤ ʛʘʿʝʥʠʭ ʢʫʣʪʫʨʘ. ɽʊo ʚʨʝʜʥʦʩʪʠ ʪʦʢʦʤ ʩʝʟʦʥʘ 2018-19, 2019-20. ʠ 

2020-21. ʛʦʜʠʥʝ ʙʠʣʝ ʩʫ 1010,2 mm, 1010,2 mm ʠ 968,9 mm, ʨʝʜʦʤ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ 

ʚʠʩʦʢʫ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʫ ʨʘʩʧʦʥʫ ʦʜ 20% ʜʦ 97% ʫ ʜʥʝʚʥʠʤ ʩʪʚʘʨʥʠʤ ETc ʚʨʝʜʥʦʩʪʠʤʘ, ʘ 

ʩʝʟʦʥʩʢʘ ETc ʿʝ ʚʘʨʠʨʘʣʘ ʦʜ 119-546 mm ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʣʦʢʘʮʠʿʘʤʘ ʠ ʩʝʟʦʥʘʤʘ. ʇʨʦʩʝʯʥʘ 

ʩʪʚʘʨʥʘ ʪʨʘʥʩʧʠʨʘʮʠʿʘ (T) ʠ ʠʩʧʘʨʘʚʘˁʝ (E) ʰʠʨʦʤ ʨʝʛʠʦʥʘ ʯʠʥʝ ʦʢʦ 65% ʠ 35% ʦʜ ETc, 

ʨʝʜʦʤ, ʰʪʦ ʧʦʢʘʟʫʿʝ ʧʦʪʨʝʙʫ ʟʘ ʙʦˀʠʤ ʫʧʨʘʚˀʘˁʝʤ ʚʦʜʦʤ. ʅʘ ʢʨʘʿʫ, ʘʫʪʦʨʠ ʟʘʢˀʫʯʫʿʫ ʜʘ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʧʨʠʣʘʛʦʜʠʪʠ ʫʧʨʘʚˀʘˁʝ ʚʦʜʦʤ ʠ ʧʣʘʥʦʚʝ ʥʘʚʦʜˁʘʚʘˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʚʘʨʠʿʘʮʠʿʘ ʫ ʢʦʤʧʦʥʝʥʪʘʤʘ ʚʦʜʥʦʛ ʙʠʣʘʥʩʘ ʠ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜʨʝʹʝʥʝ ʣʦʢʘʮʠʿʝ. 
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6.3. ɼʠʥʘʤʠʢʘ ʨʘʩʪʘ ʠ ʨʘʟʚʦʿʘ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʚʠʥʦʚʝ ʣʦʟʝ 

 

ʈʘʟʚʦʿ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʚʠʥʦʚʝ ʣʦʟʝ, ʬʠʟʠʦʣʦʰʢʝ 

ʧʨʦʮʝʩʝ ʙʠˀʢʝ, ʝʬʠʢʘʩʥʦʩʪ ʫʧʦʪʨʝʙʝ ʚʦʜʝ ʠ ʬʦʪʦʩʠʥʪʝʪʩʢʠ ʧʦʪʝʥʮʠʿʘʣ. ʅʘ ʛʨʘʬʠʢʫ 5. 

ʧʨʠʢʘʟʘʥʘ ʿʝ ʜʠʥʘʤʠʢʘ ʨʘʩʪʘ ʙʠʦʤʘʩʝ ʚʠʥʦʚʝ ʣʦʟʝ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʫ ʚʠʥʦʛʨʘʜʫ ʇʣʘʚʠʥʮʠ 

ʪʦʢʦʤ ʦʛʣʝʜʥʠʭ ʛʦʜʠʥʘ. 

 

 

ɻʨʘʬʠʢ 5. ɼʠʥʘʤʠʢʘ ʨʘʩʪʘ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʚʠʥʦʚʝ ʣʦʟʝ ʪʦʢʦʤ ʜʚʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʨʝʞʠʤʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ 

 

ʊʦʢʦʤ ʧʨʚʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ (2021), ʥʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ, ʫ ʬʝʥʦʬʘʟʠ 

ʧʫʧˀʝˁʘ, ʧʨʦʩʝʯʥʘ ʧʦʢʨʠʚʝʥʦʩʪ ʿʝ ʠʟʥʦʩʠʣʘ 12,4%, 11,8% ʠ 11,6% ʟʘ ʪʨʝʪʤʘʥʝ F, R ʠ S, 

ʨʝʜʦʤ. ʄʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʩʝʯʥʝ ʧʦʢʨʠʚʝʥʦʩʪʠ ʙʠʦʤʘʩʝ ʜʦʩʪʠʞʫ ʩʝ ʫ ʬʝʥʦʬʘʟʠ 

ʰʘʨʘʢ (ʩʨʝʜʠʥʦʤ ʿʫʣʘ) ʠ ʠʟʥʦʩʝ 61,9% ʥʘ F ʪʨʝʪʤʘʥʫ, 61,4% ʥʘ R ʪʨʝʪʤʘʥʫ ʠ 60,1% ʥʘ S 

ʪʨʝʪʤʘʥʫ. ʂʘʜʘ ʥʘʩʪʫʧʠ ʦʚʘ ʬʝʥʦʬʘʟʘ, ʧʨʝʩʪʘʿʝ ʧʦʨʘʩʪ ʙʠʦʤʘʩʝ ʚʠʥʦʚʝ ʣʦʟʝ. ʋ ʬʝʥʦʬʘʟʠ 

ʰʘʨʢʘ ʧʨʝʩʪʘʿʝ ʠʥʪʝʥʟʠʚʘʥ ʧʦʨʘʩʪ ʙʠʦʤʘʩʝ ʿʝʨ ʣʦʟʘ ʧʨʝʫʩʤʝʨʘʚʘ ʝʥʝʨʛʝʪʩʢʝ ʠ ʤʝʪʘʙʦʣʠʯʢʝ 

ʨʝʩʫʨʩʝ ʩʘ ʚʝʛʝʪʘʪʠʚʥʦʛ ʨʘʩʪʘ ʥʘ ʩʘʟʨʝʚʘˁʝ ʛʨʦʞʹʘ. ʊʦʢʦʤ ʦʚʦʛ ʧʝʨʠʦʜʘ ʜʦʣʘʟʠ ʜʦ ʟʥʘʯʘʿʥʠʭ 

ʬʠʟʠʦʣʦʰʢʠʭ ʧʨʦʤʝʥʘ ï ʘʢʪʠʚʥʦʩʪ ʬʦʪʦʩʠʥʪʝʟʝ ʩʝ ʧʦʩʪʝʧʝʥʦ ʫʩʤʝʨʘʚʘ ʥʘ ʩʠʥʪʝʟʫ ʰʝ˂ʝʨʘ, 

ʦʨʛʘʥʩʢʠʭ ʢʠʩʝʣʠʥʘ ʠ ʜʨʫʛʠʭ ʿʝʜʠˁʝˁʘ ʫ ʙʦʙʠʮʘʤʘ, ʜʦʢ ʩʝ ʨʘʩʪ ʣʠʩʪʦʚʘ ʫʩʧʦʨʘʚʘ. ʅʘʢʦʥ 

ʙʝʨʙʝ, ʧʨʦʩʝʯʥʘ ʧʦʢʨʠʚʝʥʦʩʪ ʿʝ ʙʠʣʘ 41,2%, 40,5% ʠ 39,6% ʟʘ ʪʨʝʪʤʘʥʝ F, R, S, ʨʝʜʦʤ. 

ʈʘʟʣʠʢʝ ʫ ʧʨʦʮʝʥʪʠʤʘ ʧʦʢʨʠʚʝʥʦʩʪʠ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ ʪʨʝʪʤʘʥʘ ʥʘʚʦʜˁʘʚʘˁʘ ʩʝ ʥʘʿʚʠʰʝ 

ʫʦʯʘʚʘʿʫ ʥʘʢʦʥ ʟʘʣʠʚʘˁʘ, ʪʘʯʥʠʿʝ ʦʜ ʤʝʩʝʮʘ ʿʫʣʘ. ɺʨʝʜʥʦʩʪ ʧʨʦʮʝʥʪʘ ʧʨʦʩʝʯʥʝ ʧʦʢʨʠʚʝʥʦʩʪʠ 

ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʚʠʥʦʚʝ ʣʦʟʝ ʿʝ ʥʘ ʪʨʝʪʤʘʥʫ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (F) ʠʟʥʦʩʠʣʘ 48,9%, ʥʘ 

ʪʨʝʪʤʘʥʫ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (R) 48,9% ʠ ʥʘ ʪʨʝʪʤʘʥʫ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ (S) 47,5%. 
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ʇʦʢʨʠʚʝʥʦʩʪ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʪʦʢʦʤ 2022. ʛʦʜʠʥʝ, ʢʘʦ ʠ ʫ ʧʨʚʦʿ ʦʛʣʝʜʥʦʿ ʛʦʜʠʥʠ, 

ʥʘʛʣʦ ʨʘʩʪʝ ʩʚʝ ʜʦ ʬʝʥʦʬʘʟʝ ʰʘʨʘʢ. ʅʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ ʚʝʛʝʪʘʮʠʿʝ, ʧʨʦʩʝʯʥʘ ʧʦʢʨʠʚʝʥʦʩʪ ʿʝ 

ʠʟʥʦʩʠʣʘ 13,5%, 13,2% ʠ 12,9% ʟʘ ʪʨʝʪʤʘʥʝ F, R ʠ S, ʨʝʜʦʤ. ʄʘʢʩʠʤʘʣʥʘ ʧʨʦʩʝʯʥʘ 

ʧʦʢʨʠʚʝʥʦʩʪ ʥʘ F ʪʨʝʪʤʘʥʫ ʠʟʥʦʩʠʣʘ ʿʝ 73,4%, ʥʘ R ʪʨʝʪʤʘʥʫ 72,6% ʠ ʥʘ S ʪʨʝʪʤʘʥʫ 70,8% ʠ 

ʿʘʚʠʣʘ ʩʝ ʫ ʬʝʥʦʬʘʟʠ ʰʘʨʢʘ. ʅʘʢʦʥ ʙʝʨʙʝ, ʧʨʦʩʝʯʥʘ ʧʦʢʨʠʚʝʥʦʩʪ ʿʝ ʙʠʣʘ 54,2%, 53,6% ʠ 

52,3% ʟʘ ʪʨʝʪʤʘʥʝ F, R ʠ S, ʨʝʜʦʤ. ʇʨʦʩʝʯʥʘ ʧʦʢʨʠʚʝʥʦʩʪ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʚʠʥʦʚʝ ʣʦʟʝ ʿʝ 

ʥʘ ʪʨʝʪʤʘʥʫ F ʠʟʥʦʩʠʣʘ 56,2%, ʥʘ ʪʨʝʪʤʘʥʫ R 55,5% ʠ ʥʘ ʪʨʝʪʤʘʥʫ S 54,4%.  

ʅʘ ʦʩʥʦʚʫ ʧʨʝʜʩʪʘʚˀʝʥʦʛ, ʚʠʜʝ ʩʝ ʨʘʟʣʠʢʝ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʠʟʤʝʹʫ ʜʚʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ. 

ʅʘʠʤʝ, ʥʘ ʧʦʯʝʪʢʫ ʚʝʛʝʪʘʮʠʿʝ, ʚʨʝʜʥʦʩʪʠ ʧʨʦʩʝʯʥʝ ʧʦʢʨʠʚʝʥʦʩʪʠ ʟʘ 2022. ʛʦʜʠʥʫ ʩʫ ʟʘ 9,1%, 

11,8% ʠ 11,8% ʚʝ˂ʝ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʝʪʤʘʥʝ F, R ʠ S ʫ 2021. ʛʦʜʠʥʠ, ʨʝʜʦʤ. ʇʨʦʮʝʥʘʪ ʧʦʚʝ˂ʘˁʘ 

ʤʘʢʩʠʤʘʣʥʝ ʧʦʢʨʠʚʝʥʦʩʪʠ ʫ 2022. ʛʦʜʠʥʠ ʫ ʦʜʥʦʩʫ ʥʘ 2021. ʛʦʜʠʥʫ ʿʝ 19,2%, 18,2% ʠ 17,9% 

ʟʘ F, R ʠ S ʪʨʝʪʤʘʥ, ʨʝʜʦʤ. ʅʘʿʚʝ˂ʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʪʨʝʪʤʘʥʘ ʠʟʨʘʞʝʥʝ ʩʫ ʦʜ ʩʨʝʜʠʥʝ ʿʫʣʘ 

(ʬʝʥʦʬʘʟʘ ʰʘʨʢʘ). 

ɽʬʝʢʪʠ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʦʢʨʠʚʝʥʦʩʪ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʪʦʢʦʤ 2021-2022. ʛʦʜʠʥʝ 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 24. ʊʦʢʦʤ 2022. ʛʦʜʠʥʝ ʫʦʯʝʥʝ ʩʫ ʚʠʰʝ ʚʨʝʜʥʦʩʪʠ ʧʦʢʨʠʚʝʥʦʩʪʠ ʟʙʦʛ 

ʩʧʨʦʚʝʜʝʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʫ ʜʚʝ ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ ʟʘʨʝʜʦʤ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʿʝ ʚʠʥʦʚʘ ʣʦʟʘ 

ʠʤʘʣʘ ʜʦʚʦˀʥʫ ʢʦʣʠʯʠʥʫ ʚʦʜʝ ʟʘ ʧʨʘʚʠʣʘʥ ʨʘʩʪ ʠ ʨʘʟʚʦʿ. ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʧʦʢʨʠʚʝʥʦʩʪʠ ʫ 

2022. ʛʦʜʠʥʠ ʿʝ ʙʠʣʘ 55,3% ʰʪʦ ʿʝ ʟʘ 14,5% ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʩʝʯʥʫ ʚʨʝʜʥʦʩʪ (48,3%) ʠʟ 

2021. ʛʦʜʠʥʝ. ʈʝʞʠʤʠ ʥʘʚʦʜˁʘʚʘˁʘ ʥʠʩʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʣʠ (ʥʟ) ʥʘ ʧʦʢʨʠʚʝʥʦʩʪ, 

ʘʣʠ ʩʝ ʫʦʯʘʚʘ ʜʘ ʿʝ ʥʘʿʚʝ˂ʘ ʧʦʢʨʠʚʝʥʦʩʪ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘʧʘʞʝʥʘ ʫ ʪʨʝʪʤʘʥʫ 

ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (F) ʠ ʦʥʘ ʠʟʥʦʩʠ 48,9% ʪʦʢʦʤ 2021. ʛʦʜʠʥʝ ʠ 56,2% ʪʦʢʦʤ 2022. ʛʦʜʠʥʝ, 

ʰʪʦ ʿʝ ʟʘ 1,2% ʚʝ˂ʝ ʦʜ ʧʦʢʨʠʚʝʥʦʩʪʠ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ R ʠ ʟʘ 2,9% ʚʝ˂ʝ ʦʜ 

ʧʦʢʨʠʚʝʥʦʩʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ S ʪʨʝʪʤʘʥʫ ʫ 2021. ʛʦʜʠʥʠ, ʘ ʟʘ 1,3% ʚʝ˂ʝ ʦʜ R ʠ ʟʘ 3,3% ʚʝ˂ʝ 

ʦʜ S ʪʨʝʪʤʘʥʘ ʫ 2022. ʛʦʜʠʥʠ.  

 
ʊʘʙʝʣʘ 24. ɽʬʝʢʘʪ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʨʦʩʝʯʥʫ ʧʦʢʨʠʚʝʥʦʩʪ (%) ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʚʠʥʦʚʝ ʣʦʟʝ 

ʇʘʥʦʥʠʘ ʪʦʢʦʤ ʜʚʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ 
 

ʊʨʝʪʤʘʥʠ 
ʆʛʣʝʜʥʝ ʛʦʜʠʥʝ 

ʇʨʦʩʝʢ (ʥʟ) 
2021 2022 

F 48,9 56,2 52,6 

R 48,3 55,5 51,9 

S 47,5 54,4 51,0 

ʇʨʦʩʝʢ (ʥʟ) 48,3 55,3 51,8 

ʊʝʩʪʠʨʘˁʝ ʧʨʦʩʝʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʫʥʫʪʘʨ ʢʦʣʦʥʘ ʧʨʠʤʝʥʦʤ Tukey ʪʝʩʪʘ (p>0,05; 

p<0,05; p<0,01): F ʪʝʩʪ ï ʥʝʤʘ ʩʪʘʪʠʩʪʠʯʢʦʛ ʟʥʘʯʘʿʘ (ʥʟ) (p>0,05), * ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ (p<0,05), ** ʚʠʩʦʢʦ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ (p<0,01) 

 

ɼʦ ʩʣʠʯʥʠʭ ʟʘʢˀʫʯʘʢʘ ʜʦʰʣʠ ʩʫ ʠ Salazar et al. (2024) ʢʦʿʠ ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʿʝ ʩʝʟʦʥʩʢʠ 

ʪʦʢ ʧʦʨʘʩʪʘ ʙʠʦʤʘʩʝ ʚʠʥʦʚʝ ʣʦʟʝ ʙʠʦ ʩʣʠʯʘʥ ʤʝʹʫ ʩʚʠʤ ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ. ɹʨʟʦ 

ʧʦʚʝ˂ʘˁʝ ʧʦʢʨʠʚʝʥʦʩʪʠ ʥʘ ʧʦʯʝʪʢʫ ʩʝʟʦʥʝ ʜʦʩʪʠʞʝ ʩʚʦʿ ʤʘʢʩʠʤʫʤ ʦʢʦ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ (ʦʢʦ 

70%) ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ Munitz et al. (2017) ʢʦʿʠ ʥʘʚʦʜʝ ʜʘ ʿʝ ʛʣʘʚʥʠ ʧʝʨʠʦʜ 

ʚʝʛʝʪʘʮʠʦʥʦʛ ʨʘʩʪʘ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʬʝʥʦʬʘʟʝ ʮʚʝʪʘˁʘ ʜʦ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ. López-Urrea et al. 

(2012) ʩʫ ʫʪʚʨʜʠʣʠ ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʝʢʩʧʝʨʠʤʝʥʪʘ (2007-2009) ʜʘ ʩʫ ʜʦʙʠʿʝʥʝ ʥʠʞʝ 

ʚʨʝʜʥʦʩʪʠ ɽʊc ʫ 2008. ʛʦʜʠʥʠ ʙʠʣʝ ʫ ʜʠʨʝʢʪʥʦʿ ʚʝʟʠ ʩʘ ʤʘˁʦʤ ʧʦʢʨʠʚʝʥʦʰ˂ʫ ʫ ʪʦʿ ʛʦʜʠʥʠ 

ʠʟʘʟʚʘʥʦʤ ʢʘʩʥʠʤ ʤʨʘʟʦʤ. ɼʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ɽʊc ʩʫ 550 mm ʫ 2007. ʛʦʜʠʥʠ, 377 mm ʫ 

2008. ʠ 505 mm ʫ 2009. ʛʦʜʠʥʠ, ʰʪʦ ʿʝ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ɽʊc ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ. 

ʇʨʦʩʝʯʥʘ ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʧʦʢʨʠʚʝʥʦʩʪʠ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʟʘ ʩʚʝ ʪʨʠ ʛʦʜʠʥʝ ʿʝ 

ʠʟʥʦʩʠʣʘ 39%, ʰʪʦ ʿʝ ʟʘ 32,82% ʚʠʰʝ ʦʜ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʝ ʧʦʢʨʠʚʝʥʦʩʪʠ ʫ 

ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ (51,8%).  
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ʀʩʪʨʘʞʠʚʘˁʘ De Azevedo et al. (2008), Flexas et al. (2010), Bellvert et al. (2021), Drori et 

al. (2022) ʠ Alvarez Arredondo et al. (2023) ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʥʘʚʦʜˁʘʚʘˁʝ ʠʤʘ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ 

ʩʪʝʧʝʥ ʧʦʢʨʠʚʝʥʦʩʪʠ ʚʠʥʦʚʝ ʣʦʟʝ. ʊʘʢʦʹʝ, ʠ Edwards ʠ Clingeleffer (2013) ʩʫ ʟʘʢˀʫʯʠʣʠ ʜʘ ʩʫ 

ʪʨʝʪʤʘʥʠ ʥʘʚʦʜˁʘʚʘˁʘ ʠʤʘʣʠ ʝʬʝʢʪʝ ʥʘ ʙʨʟʠʥʫ ʠ ʨʘʩʪ ʢʨʦʰˁʝ ʚʠʥʦʚʝ ʣʦʟʝ ʂʘʙʝʨʥʝ ʩʦʚʠˁʦʥ 

(Vitis vinifera L. cv. Cabernet Sauvignon). Trigo-Córdoba et al. (2015), Munitz et al. (2018), 

Wenter et al. (2018) ʠ Ohana-Levi et al. (2024) ʩʫ ʫʚʠʜʝʣʠ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ 

ʚʝʛʝʪʘʪʠʚʥʠ ʧʦʨʘʩʪ ʚʠʥʦʚʝ ʣʦʟʝ. ɼʦʙʨʦ ʫʧʨʘʚˀʘˁʝ ʥʘʚʦʜˁʘʚʘˁʝʤ ʜʦʧʨʠʥʦʩʠ ʙʦˀʝʤ ʨʘʟʚʦʿʫ 

ʣʠʩʪʦʚʘ ʠ ʢʨʦʰˁʝ, ʜʦʢ ʚʝʛʝʪʘʮʠʦʥʠ ʧʦʨʘʩʪ ʤʦʞʝ ʧʦʩʣʫʞʠʪʠ ʢʘʦ ʜʦʙʘʨ ʧʦʢʘʟʘʪʝˀ 

ʜʦʩʪʫʧʥʦʩʪʠ ʚʦʜʝ. 

ʀʩʪʨʘʞʠʚʘˁʘ Medrano et al. (2015) ʫʢʘʟʫʿʫ ʜʘ ʧʨʠʤʝʥʘ ʩʪʨʘʪʝʛʠʿʝ ï ʨʝʞʠʤʘ ʨʝʜʫʢʦʚʘʥʦʛ 

ʥʘʚʦʜˁʘʚʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʞʠʤ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʫʪʠʯʝ ʥʘ ʩʤʘˁʝˁʝ ʩʘʜʨʞʘʿʘ ʚʦʜʝ ʫ 

ʟʝʤˀʠʰʪʫ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʨʘʟʣʠʯʠʪʦʛ ʧʦʥʘʰʘˁʘ ʢʦʨʝʥʦʚʦʛ ʩʠʩʪʝʤʘ ʚʠʥʦʚʝ ʣʦʟʝ. ʇʨʠʤʝʥʘ 

ʨʝʞʠʤʘ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʫʪʠʯʝ ʥʘ ʩʤʘˁʝˁʝ ʧʦʢʨʠʚʝʥʦʩʪʠ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ 

ʧʦʪʨʦʰˁʫ ʚʦʜʝ ʚʠʥʦʚʝ ʣʦʟʝ. 

Lepej et al. (2024) ʩʫ ʠʩʪʨʘʞʠʚʘʣʠ ʫʪʠʮʘʿ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʦʢʨʠʚʝʥʦʩʪ ʙʝʣʝ ʩʦʨʪʝ 

ʚʠʥʦʚʝ ʣʦʟʝ (Vitis vinifera L. cv. H§rslevelŤ) ʫ ʄʘʹʘʨʩʢʦʿ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ (ʤʘʨʪ-

ʩʝʧʪʝʤʙʘʨ) 2022. ʛʦʜʠʥʝ. ʇʨʘ˂ʝʥʘ ʩʫ ʪʨʠ ʪʨʝʪʤʘʥʘ: ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ, ʧʦʜʟʝʤʥʦ ʥʘʚʦʜˁʘʚʘˁʝ 

ʠ ʧʦʚʨʰʠʥʩʢʦ ʥʘʚʦʜˁʘʚʘˁʝ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ. ʇʨʝʤʘ ʜʦʙʠʿʝʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ, ʘʫʪʦʨʠ ʩʫ 

ʟʘʧʘʟʠʣʠ ʜʘ ʥʘʚʦʜˁʘʚʘˁʝ ʟʥʘʯʘʿʥʦ ʫʪʠʯʝ ʥʘ ʚʝʛʝʪʘʪʠʚʥʠ ʨʘʩʪ ʚʠʥʦʚʝ ʣʦʟʝ - ʧʦʜʟʝʤʥʦ ʠ 

ʥʘʚʦʜˁʘʚʘˁʝ ʢʘʧ ʧʦ ʢʘʧ ʜʦʚʦʜʝ ʜʦ ʚʝ˂ʠʭ ʜʠʤʝʥʟʠʿʘ ʠ ʧʦʚʨʰʠʥʝ ʢʨʦʰˁʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʪʨʝʪʤʘʥʦʤ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ, ʰʪʦ ʧʦʢʘʟʫʿʝ ʚʠʩʦʢ ʩʪʝʧʝʥ ʫʩʘʛʣʘʰʝʥʦʩʪʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʦʛ 

ʠʩʪʨʘʞʠʚʘˁʘ. ʀʥʜʝʢʩ ʧʦʢʨʠʚʝʥʦʩʪʠ ʙʠʦ ʿʝ ʩʣʠʯʘʥ ʫ ʩʚʘ ʪʨʠ ʪʨʝʪʤʘʥʘ, ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʦʜ 

0,92, 0,93 ʠ 0,94 ʟʘ ʧʦʜʟʝʤʥʦ ʥʘʚʦʜˁʘʚʘˁʝ, ʥʘʚʦʜˁʘʚʘˁʝ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ ʠ ʪʨʝʪʤʘʥ ʙʝʟ 

ʥʘʚʦʜˁʘʚʘˁʘ, ʨʝʜʦʤ. ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʥʘ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʥʘʚʦʜˁʘʚʘˁʘ ʫ ʦʧʪʠʤʠʟʘʮʠʿʠ 

ʚʝʛʝʪʘʪʠʚʥʦʛ ʨʘʩʪʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʠʥʦʚʝ ʣʦʟʝ. 

 

6.4. ɼʝʬʠʮʠʪ ʚʦʜʝ 

 

ʇʦʩʤʘʪʨʘˁʝ ʚʦʜʥʦʛ ʜʝʬʠʮʠʪʘ ʫ ʧʦʿʝʜʠʥʘʯʥʠʤ ʬʝʥʦʬʘʟʘʤʘ ʫʤʝʩʪʦ ʪʦʢʦʤ ʮʝʣʦʢʫʧʥʦʛ 

ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ, ʦʜ ʩʫʰʪʠʥʩʢʦʛ ʿʝ ʟʥʘʯʘʿʘ ʟʘ ʧʨʝʮʠʟʥʦ ʫʧʨʘʚˀʘˁʝ ʚʦʜʥʠʤ ʨʝʩʫʨʩʠʤʘ ʫ 

ʚʠʥʦʛʨʘʜʠʤʘ. ʈʘʟʣʠʯʠʪʝ ʬʝʥʦʬʘʟʝ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘʭʪʝʚʘʿʫ ʨʘʟʣʠʯʠʪʝ ʧʦʪʨʝʙʝ ʟʘ ʚʦʜʦʤ. ʊʘʢʦ ʥʘ 

ʧʨʠʤʝʨ, ʟʘ ʚʨʝʤʝ ʬʝʥʦʬʘʟʝ ʩʘʟʨʝʚʘˁʘ, ʚʠʥʦʚʘ ʣʦʟʘ ʠʤʘ ʠʟʨʘʟʠʪʫ ʧʦʪʨʝʙʫ ʟʘ ʚʦʜʦʤ, ʜʦʢ ʩʝ ʫ 

ʜʨʫʛʠʤ ʬʘʟʘʤʘ, ʧʦʧʫʪ ʬʝʥʦʬʘʟʝ ʮʚʝʪʘˁʘ, ʤʦʛʫ ʿʘʚʠʪʠ ʚʠʰʢʦʚʠ ʚʦʜʝ ʢʦʿʠ ʤʦʛʫ ʫʛʨʦʟʠʪʠ 

ʢʚʘʣʠʪʝʪ ʠ ʧʨʠʥʦʩ ʛʨʦʞʹʘ. ɺʨʝʜʥʦʩʪʠ ʜʝʬʠʮʠʪʘ ʚʦʜʝ (In) ʧʦ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘ 

ʦʩʤʦʪʨʝʥʠ ʧʝʨʠʦʜ (2015-2022) ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 25.  
 

ʊʘʙʝʣʘ 25. ɺʨʝʜʥʦʩʪʠ In (mm) ʧʦ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʦʩʤʦʪʨʝʥʦʤ ʧʝʨʠʦʜʫ (2015-2022) 
 

ʇɽʈʀʆɼ 
ɆIn ʦʜ ʧʦʯʝʪʢʘ 

ʚʝʛʝʪʘʮʠʿʝ ʜʦ 

ʮʚʝʪʘˁʘ 

ɆIn ʦʜ ʮʚʝʪʘˁʘ 

ʜʦ ʰʘʨʢʘ 

ɆIn ʦʜ ʰʘʨʢʘ ʜʦ 

ʙʝʨʙʝ 

ɆIn ʦʜ ʙʝʨʙʝ ʜʦ 

ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 

ɆIn ʦʜ ʧʦʯʝʪʢʘ ʜʦ 

ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 

ʆʩʤʦʪʨʝʥʠ 

(2015-2022) 
3,4 81,6 46,7 -38,1 93,5 

 

ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ In ʦʜ ʧʦʯʝʪʢʘ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʫ ʦʩʤʦʪʨʝʥʦʤ ʧʝʨʠʦʜʫ ʠʟʥʦʩʠ 93,5 

mm. ʅʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ ʚʝʛʝʪʘʮʠʿʝ, ʧʦʪʨʝʙʝ ʟʘ ʚʦʜʦʤ ʩʫ ʥʘʿʤʘˁʝ (3,4 mm). ʅʘʿʚʝ˂ʝ ʧʦʪʨʝʙʝ 

ʚʠʥʦʚʝ ʣʦʟʝ ʟʘ ʚʦʜʦʤ ʿʘʚˀʘʿʫ ʩʝ ʫ ʬʝʥʦʬʘʟʠ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ ʠ ʠʟʥʦʩʝ 81,6 mm. ʉʫʬʠʮʠʪ 

ʚʦʜʝ ʟʘʙʝʣʝʞʝʥ ʿʝ ʫ ʧʝʨʠʦʜʫ ʦʜ ʙʝʨʙʝ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ (38,1 mm). 
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6.4.1. ʇʨʝʜʠʢʮʠʿʝ ʜʝʬʠʮʠʪʘ ʚʦʜʝ ʫ ʫʩʣʦʚʠʤʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ 

 

ʅʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʦʩʘʤ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ, ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʚʠʥʦʚʝ 

ʣʦʟʝ (ETc) ʠ ʝʬʝʢʪʠʚʥʝ ʧʘʜʘʚʠʥʝ (Pe) ʟʘ ʩʚʘʢʠ ʤʦʜʝʣ ʫ ʦʢʚʠʨʫ ʜʚʘʜʝʩʝʪʦʛʦʜʠʰˁʝʛ ʧʝʨʠʦʜʘ. 

ɼʝʬʠʮʠʪ ʚʦʜʝ ʫ ʩʚʘʢʦʿ ʬʝʥʦʬʘʟʠ ʦʜʨʝʹʝʥ ʿʝ ʢʘʦ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ETc ʠ ʝʬʝʢʪʠʚʥʠʭ ʧʘʜʘʚʠʥʘ. 

ʈʝʟʫʣʪʘʪʠ ʫ ʪʘʙʝʣʠ 26. ʧʨʠʢʘʟʫʿʫ ʤʝʜʠʿʘʥʫ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʫ ʟʘ ʩʚʘʢʠ ʤʦʜʝʣ ʪʦʢʦʤ 

ʜʚʘʜʝʩʝʪʦʛʦʜʠʰˁʝʛ ʧʝʨʠʦʜʘ, ʢʘʦ ʠ ʫʢʫʧʥʫ ʤʝʜʠʿʘʥʫ ʩʚʠʭ ʦʩʘʤ ʤʦʜʝʣʘ, ʧʨʫʞʘʿʫ˂ʠ 

ʩʚʝʦʙʫʭʚʘʪʘʥ ʫʚʠʜ ʫ ʚʦʜʥʠ ʙʠʣʘʥʩ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʢʣʠʤʘʪʩʢʠʤ ʩʮʝʥʘʨʠʿʠʤʘ. 
 

ʊʘʙʝʣʘ 26. ɺʨʝʜʥʦʩʪʠ In (mm) ʧʦ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ (1998-2017) ʠ ʪʨʠ ʧʝʨʠʦʜʘ 

ʙʫʜʫ˂ʥʦʩʪʠ (ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ (2021-2040), ʩʨʝʜʠʥʘ ʚʝʢʘ (2041-2060) ʠ ʢʨʘʿ ʚʝʢʘ (2081-2100)) 
 

ʇɽʈʀʆɼ 
ɆIn ʦʜ ʧʦʯʝʪʢʘ 

ʚʝʛʝʪʘʮʠʿʝ ʜʦ 

ʮʚʝʪʘˁʘ 

ɆIn ʦʜ ʮʚʝʪʘˁʘ 

ʜʦ ʰʘʨʢʘ 

ɆIn ʦʜ ʰʘʨʢʘ ʜʦ 

ʙʝʨʙʝ 

ɆIn ʦʜ ʙʝʨʙʝ ʜʦ 

ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 

ɆIn ʦʜ ʧʦʯʝʪʢʘ ʜʦ 

ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 

ʈʝʬʝʨʝʥʪʥʠ 

(1998-2017) 
-19,6 72,8 40,5 -27,3 66,7 

ɹʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ 

(2021-2040) 
-17,4 54,6 34,8 -26,8 38,7 

ʉʨʝʜʠʥʘ ʚʝʢʘ 

(2041-2060) 
-20,6 54,6 41,0 -36,9 44,4 

ʂʨʘʿ ʚʝʢʘ 

(2081-2100) 
-29,7 58,8 64,6 -30,0 84,5 

ʇʈʆʉɽʂ -21,8 60,2 45,2 -30,3 58,6 

 

ʇʨʝʜʩʪʘʚˀʝʥʝ ʚʨʝʜʥʦʩʪʠ ʚʦʜʥʦʛ ʜʝʬʠʮʠʪʘ (In) ʢʨʦʟ ʨʘʟʣʠʯʠʪʝ ʧʝʨʠʦʜʝ ʠ ʨʘʟʣʠʯʠʪʝ 

ʬʝʥʦʬʘʟʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫʢʘʟʫʿʫ ʥʘ ʪʦ ʜʘ ˂ʝ ʩʝ ʥʘʿʚʝ˂ʝ ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ In (60,2 mm) ʿʘʚʠʪʠ 

ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʧʝʨʠʦʜʘ ʦʜ ʬʝʥʦʬʘʟʝ ʮʚʝʪʘˁʘ ʜʦ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ, ʰʪʦ ʟʘʧʨʘʚʦ ʠ ʿʝʩʪʝ ʠ 

ʧʝʨʠʦʜ ʢʘʜʘ ʿʝ ʚʠʥʦʚʘ ʣʦʟʘ ʥʘʿʦʩʝʪˀʠʚʠʿʘ ʥʘ ʥʝʜʦʩʪʘʪʘʢ ʚʦʜʝ. ʆʚʘʿ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʿʝ 

ʢˀʫʯʘʥ ʟʘ ʧʨʘʚʠʣʥʦ ʥʘʧʨʝʜʦʚʘˁʝ ʤʦʨʬʦʣʦʰʢʠʭ ʠ ʬʠʟʠʦʣʦʰʢʠʭ ʩʚʦʿʩʪʘʚʘ ʚʠʥʦʚʝ ʣʦʟʝ, 

ʙʫʜʫ˂ʠ ʜʘ ʪʘʜʘ ʜʦʣʘʟʠ ʜʦ ʧʦʨʘʩʪʘ ʢʘʢʦ ʙʦʙʠʮʘ (ʠ ˁʠʭʦʚʦʛ ʩʘʟʨʝʚʘˁʘ), ʪʘʢʦ ʠ ʦʩʪʘʣʠʭ 

ʚʝʛʝʪʘʪʠʚʥʠʭ ʦʨʛʘʥʘ ʥʘ ʯʦʢʦʪʫ. ʋʢʦʣʠʢʦ ʙʠ ʥʘʩʪʫʧʠʣʘ ʩʫʰʘ, ʧʨʘ˂ʝʥʘ ʚʠʩʦʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʙʠˀʢʘ ʙʠ ʜʦʞʠʚʝʣʘ ʚʦʜʥʠ ʠ ʪʦʧʣʦʪʥʠ ʩʪʨʝʩ. ʋ ʪʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ, 

ʬʦʪʦʩʠʥʪʝʟʘ ʿʝ ʫʩʧʦʨʝʥʘ (ʠʣʠ ʧʦʪʧʫʥʦ ʩʪʘʿʝ), ʧʦʨʘʩʪ ʙʦʙʠʮʘ ʤʦʞʝ ʙʠʪʠ ʫʩʧʦʨʝʥ ʠʣʠ ˂ʝ ʠ ʦʥ 

ʩʪʘʪʠ, ʪʝ ˂ʝ ʙʦʙʠʮʝ ʦʩʪʘʪʠ ʩʠʪʥʝ. ʆʚʘʿ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʦʙʫʭʚʘʪʘ ʤʝʩʝʮʝ ʿʫʥ, ʿʫʣ ʠ ʘʚʛʫʩʪ ʫ 

ʪʨʝʥʫʪʥʠʤ ʫʩʣʦʚʠʤʘ ʩʦʨʪʝ ʇʘʥʦʥʠʘ ʫ ʇʣʘʚʠʥʮʠʤʘ. ʅʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʜʝʬʠʮʠʪʘ ʚʦʜʝ 

ʫʦʯʘʚʘʿʫ ʩʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ ʦʜ 72,8 mm. 

ʆʜ ʘʢʪʠʚʠʨʘˁʘ ʚʝʛʝʪʘʮʠʿʝ ʜʦ ʮʚʝʪʘˁʘ ʫ ʠʩʧʠʪʠʚʘʥʠʤ ʧʝʨʠʦʜʠʤʘ ʩʝ ʿʘʚˀʘ ʩʫʬʠʮʠʪ ʚʦʜʝ. 

ʋ ʧʝʨʠʦʜʫ ʙʣʠʩʢʝ ʙʫʜʫ˂ʥʦʩʪʠ ʦʯʝʢʠʚʘʥʠ ʩʫʬʠʮʠʪ ʚʦʜʝ ʿʝ 17,4 mm, ʩʨʝʜʠʥʦʤ ʚʝʢʘ 20,6 mm ʠ 

ʢʨʘʿʝʤ ʚʝʢʘ 29,7 mm. ɼʝʬʠʮʠʪ ʚʦʜʝ ʩʝ ʫʦʯʘʚʘ ʫ ʩʚʠʤ ʠʩʪʨʘʞʠʚʘʥʠʤ ʧʝʨʠʦʜʠʤʘ ʫ ʧʝʨʠʦʜʫ ʦʜ 

ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ. ʆʥ ʿʝ ʥʘʿʚʝ˂ʠ ʢʨʘʿʝʤ ʚʝʢʘ (64,6 mm), ʜʦʢ ʩʝ ʥʠʞʝ ʚʨʝʜʥʦʩʪʠ In 

ʦʯʝʢʫʿʫ ʩʨʝʜʠʥʦʤ ʚʝʢʘ (41,0 mm) ʠ ʫ ʧʝʨʠʦʜʫ ʙʣʠʩʢʝ ʙʫʜʫ˂ʥʦʩʪʠ (34,8 mm). ʆʚʘʿ ʚʨʝʤʝʥʩʢʠ 

ʧʝʨʠʦʜ ʟʘʭʪʝʚʘ ʫʤʝʨʝʥʫ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ ʠ ʟʝʤˀʠʰʪʘ ʨʘʜʠ ʦʜʚʠʿʘˁʘ ʨʘʟʥʠʭ ʬʠʟʠʦʣʦʰʢʠʭ 

ʧʨʦʮʝʩʘ ʫ ʯʦʢʦʪʫ. ʋʩʣʝʜ ʜʝʬʠʮʠʪʘ ʚʦʜʝ ʙʦʙʠʮʝ ʤʦʛʫ ʦʩʪʘʪʠ ʩʠʪʥʝ, ʜʦʢ ʧʨʠ ʚʝʣʠʢʦʤ 

ʥʝʜʦʩʪʘʪʢʫ ʚʦʜʝ ʥʝ˂ʝ ʙʠʪʠ ʥʦʨʤʘʣʥʦʛ ʬʦʪʦʩʠʥʪʝʪʩʢʦʛ ʧʨʦʮʝʩʘ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ, ʙʦʙʠʮʝ ʤʦʛʫ 

ʦʩʪʘʪʠ ʠ ʙʝʟ ʘʜʝʢʚʘʪʥʦʛ ʩʘʜʨʞʘʿʘ ʰʝ˂ʝʨʘ. ʋ ʦʚʦʿ ʬʘʟʠ, ʧʦʪʨʝʙʝ ʟʘ ʚʦʜʦʤ ʩʫ ʤʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʝʪʭʦʜʥʫ, ʦʜʥʦʩʥʦ ʬʝʥʦʬʘʟʫ ʮʚʝʪʘˁʘ ʜʦ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ. 

ʉʫʬʠʮʠʪ ʚʦʜʝ ʫ ʧʝʨʠʦʜʫ ʦʜ ʙʝʨʙʝ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʢʦʥʩʪʘʪʫʿʝ ʩʝ ʪʦʢʦʤ ʩʚʠʭ 

ʠʩʪʨʘʞʠʚʘʥʠʭ ʧʝʨʠʦʜʘ. ʅʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʩʫʬʠʮʠʪʘ ʦʯʝʢʫʿʫ ʩʝ ʩʨʝʜʠʥʦʤ ʚʝʢʘ ʦʜ 36,9 mm, 

ʜʦʢ ʩʝ ʥʘʿʤʘˁʝ ʚʨʝʜʥʦʩʪʠ ʦʯʝʢʫʿʫ ʫ ʧʝʨʠʦʜʫ ʙʣʠʩʢʝ ʙʫʜʫ˂ʥʦʩʪʠ (26,8 mm). ʅʘ ʢʨʘʿʫ, 

ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ In ʦʜ ʧʦʯʝʪʢʘ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʠʟʥʦʩʠ 58,6 mm. ʅʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ In ʦʜ 

84,5 mm ʩʝ ʦʯʝʢʫʿʝ ʢʨʘʿʝʤ ʚʝʢʘ, ʜʦʢ ʩʝ ʥʘʿʤʘˁʘ ʦʜ 38,7 mm ʦʯʝʢʫʿʝ ʫ ʧʝʨʠʦʜʫ ʙʣʠʩʢʝ 
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ʙʫʜʫ˂ʥʦʩʪʠ, ʰʪʦ ʿʝ ʟʘ 54,2% ʤʘˁʝ ʦʜ ʥʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ. ʋ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ ʜʝʬʠʮʠʪ 

ʚʦʜʝ ʠʟʥʦʩʠ 66,7 mm, ʩʨʝʜʠʥʦʤ ʚʝʢʘ ʩʝ ʦʯʝʢʫʿʝ 44,4 mm ʠ ʢʨʘʿʝʤ ʚʝʢʘ ʩʝ ʦʯʝʢʫʿʝ 84,5 mm. 

ɿʘʢˀʫʯʫʿʝ ʩʝ ʧʦʚʝ˂ʘˁʝ ʚʨʝʜʥʦʩʪʠ ʚʦʜʥʦʛ ʜʝʬʠʮʠʪʘ ʢʨʦʟ ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ. ʆʜ 

ʧʝʨʠʦʜʘ ʙʣʠʩʢʝ ʙʫʜʫ˂ʥʦʩʪʠ, ʜʦ ʧʝʨʠʦʜʘ ʢʨʘʿʘ ʚʝʢʘ ʜʦ˂ʠ ˂ʝ ʜʦ ʧʦʚʝ˂ʘˁʘ ʚʦʜʥʦʛ ʜʝʬʠʮʠʪʘ ʟʘ 

45,8 mm, ʦʜʥʦʩʥʦ 118,3%. 

ʋ ʪʘʙʝʣʠ 27. ʧʨʠʢʘʟʘʥʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʙʨʦʿʘ ʛʦʜʠʥʘ (ʫ ʦʜʥʦʩʫ ʥʘ ʜʚʘʜʝʩʝʪʦʛʦʜʠʰˁʠ 

ʧʝʨʠʦʜ) ʠ ʨʠʟʠʢʘ (%) ʜʝʬʠʮʠʪʘ ʠ ʩʫʬʠʮʠʪʘ ʚʦʜʝ ʧʦ ʬʝʥʦʬʘʟʘʤʘ ʫ ʠʩʪʨʘʞʠʚʘʥʠʤ ʧʝʨʠʦʜʠʤʘ. 

ʋ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ (1998-2017), ʫ ʧʝʨʠʦʜʠʤʘ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ ʠ ʦʜ ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ, 

ʫʦʯʘʚʘ ʩʝ ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʛʦʜʠʥʘ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʜʝʬʠʮʠʪ ʚʦʜʝ (In > ʦʜ 30 mm), 15 ʠ 13, ʨʝʜʦʤ; 

ʩʘ 75% ʠ 65% ʨʠʟʠʢʘ. ʆʜ ʧʦʯʝʪʢʘ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ, ʙʨʦʿ ʛʦʜʠʥʘ ʢʘʜʘ ʿʝ In > ʦʜ 30 mm ʿʝ 11, 

ʘ ʨʠʟʠʢ 53%. ʅʘʿʤʘˁʠ ʧʨʦʮʝʥʘʪ ʨʠʟʠʢʘ ʩʝ ʿʘʚˀʘ ʫ ʧʝʨʠʦʜʫ ʦʜ ʙʝʨʙʝ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʩʘ 

ʩʚʝʛʘ 5%, ʪʿ. ʿʝʜʥʦʤ ʛʦʜʠʥʦʤ ʫ ʜʚʘʜʝʩʝʪʦʛʦʜʠʰˁʝʤ ʧʝʨʠʦʜʫ. ʂʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʙʨʦʿ ʛʦʜʠʥʘ, 

ʩʫʬʠʮʠʪ > ʦʜ 30 mm ʫʦʯʘʚʘ ʩʝ ʜʘ ʧʝʨʠʦʜ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ʜʦ ʮʚʝʪʘˁʘ ʠ ʧʝʨʠʦʜ ʦʜ ʙʝʨʙʝ 

ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ, ʠʤʘʿʫ ʥʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ 8 ʠ 7, ʨʝʜʦʤ, ʰʪʦ ʿʝ 40% ʠ 35%. ʋ ʦʩʪʘʣʠʤ 

ʬʝʥʦʬʘʟʘʤʘ ʙʨʦʿ ʛʦʜʠʥʘ ʢʘʜʘ ʿʝ ʩʫʬʠʮʠʪ > ʦʜ 30 mm ʿʝ 2, ʰʪʦ ʿʝ ʨʠʟʠʢ ʦʜ 10%. 

ʋ ʧʝʨʠʦʜʫ ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ (2021-2040) ʥʘʿʚʝ˂ʠ ʧʨʦʮʝʥʘʪ ʨʠʟʠʢʘ ʦʜ ʜʝʬʠʮʠʪʘ ʚʦʜʝ 

ʿʘʚˀʘ ʩʝ ʫ ʧʝʨʠʦʜʫ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ, ʰʪʦ ʿʝ ʢˀʫʯʘʥ ʧʝʨʠʦʜ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ 

ʚʠʥʦʛʨʘʜʘʨʩʢʘ ʧʨʦʠʟʚʦʜˁʘ. ɼʝʬʠʮʠʪʠ ʚʦʜʝ ʢʘʜʘ ʩʝ ʿʘʚʝ ʫ ʦʚʠʤ ʬʝʥʦʬʘʟʘʤʘ ʤʦʛʫ ʜʘ ʫʛʨʦʟʝ 

ʮʝʣʦʢʫʧʥʫ ʧʨʦʠʟʚʦʜˁʫ. ɹʨʦʿ ʛʦʜʠʥʘ ʢʘʜʘ ʿʝ In > ʦʜ 30 mm ʠʟʥʦʩʠ 13, ʰʪʦ ʿʝ ʨʠʟʠʢ ʦʜ 63%. 

ʅʘʢʦʥ ʧʝʨʠʦʜʘ ʮʚʝʪʘˁʝ-ʰʘʨʘʢ ʿʝ ʠ ʧʝʨʠʦʜ ʦʜ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ, ʢʘʜʘ ʙʨʦʿ ʛʦʜʠʥʘ In > 

ʦʜ 30 mm ʠʟʥʦʩʠ 13, ʫʟ ʨʠʟʠʢ ʦʜ 65%. ʅʘʿʤʘˁʠ ʨʠʟʠʢ ʦʜ ʚʦʜʥʦʛ ʜʝʬʠʮʠʪʘ ʦʯʝʢʫʿʝ ʩʝ ʦʜ ʙʝʨʙʝ 

ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʩʘ ʩʚʝʛʘ ʿʝʜʥʦʤ ʨʠʟʠʯʥʦʤ ʛʦʜʠʥʦʤ. ʅʘʢʦʥ ʦʚʦʛ ʧʝʨʠʦʜʘ, ʪʫ ʩʫ ʠ ʧʝʨʠʦʜʠ 

ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ʜʦ ʮʚʝʪʘˁʘ ʠ ʫʢʫʧʥʦ ʪʨʘʿʘˁʝ ʚʝʛʝʪʘʮʠʿʝ ʩʘ 5 ʠ 7 ʛʦʜʠʥʘ, ʫʟ ʨʠʟʠʢ 25% 

ʠ 35%, ʨʝʜʦʤ. ʅʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʩʫʬʠʮʠʪʘ ʚʦʜʝ ʦʯʝʢʫʿʫ ʩʝ ʫ ʧʝʨʠʦʜʫ ʦʜ ʙʝʨʙʝ ʜʦ ʢʨʘʿʘ 

ʚʝʛʝʪʘʮʠʿʝ ʩʘ ʧʦʣʦʚʠʥʦʤ ʛʦʜʠʥʘ, ʦʜʥʦʩʥʦ 8 ʛʦʜʠʥʘ ʠ ʨʠʟʠʢʦʤ ʦʜ 38%. ʆʜʤʘʭ ʠʟʘ ʦʚʝ 

ʚʨʝʜʥʦʩʪʠ ʿʝʩʪʝ ʠ 7 ʛʦʜʠʥʘ ʠ ʨʠʟʠʢ ʦʜ 35% ʢʦʿʠ ʩʝ ʦʯʝʢʫʿʝ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ʜʦ ʮʚʝʪʘˁʘ. 

ɼʘˀʝ, ʙʨʦʿ ʛʦʜʠʥʘ ʢʘʜʘ ʿʝ ʩʫʬʠʮʠʪ > ʦʜ 30 mm ʿʘʚʠ˂ʝ ʩʝ ʫ ʧʝʨʠʦʜʫ ʦʜ ʧʦʯʝʪʢʘ ʜʦ ʢʨʘʿʘ 

ʚʝʛʝʪʘʮʠʿʝ (4), ʧʝʨʠʦʜʫ ʦʜ ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ (3) ʠ ʧʝʨʠʦʜʫ ʦʜ ʬʝʥʦʬʘʟʝ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ (3), 

ʰʪʦ ʿʝ 20%, 15% ʠ 15% ʨʠʟʠʢʘ, ʨʝʜʦʤ. 

ʉʨʝʜʠʥʦʤ ʚʝʢʘ (2041-2060), ʢʘʦ ʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʧʝʨʠʦʜʫ, ʥʘʿʚʝ˂ʠ ʜʝʬʠʮʠʪʠ ʚʦʜʝ 

ʦʯʝʢʫʿʫ ʩʝ ʫ ʧʝʨʠʦʜʠʤʘ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ (13 ʛʦʜʠʥʘ) ʠ ʦʜ ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ (12 ʛʦʜʠʥʘ), ʫʟ 

ʦʜ 65% ʠ 58%. ʅʘʢʦʥ ʥʘʚʝʜʝʥʠʭ ʧʝʨʠʦʜʘ, ʥʘʿʚʝ˂ʠ ʜʝʬʠʮʠʪʠ ʦʯʝʢʫʿʫ ʩʝ ʦʜ ʧʦʯʝʪʢʘ ʜʦ ʢʨʘʿʘ 

ʚʝʛʝʪʘʮʠʿʝ ʩʘ 8 ʛʦʜʠʥʘ ʠ ʨʠʟʠʢʦʤ ʦʜ 40%. ʅʘʿʤʘˁʠ ʙʨʦʿ ʛʦʜʠʥʘ ʢʘʜʘ ʿʝ In > ʦʜ 30 mm ʦʯʝʢʫʿʝ 

ʩʝ ʫ ʧʝʨʠʦʜʫ ʦʜ ʙʝʨʙʝ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʠ ʫ ʧʝʨʠʦʜʫ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ʜʦ ʮʚʝʪʘˁʘ ʩʘ 3 

ʠ 4 ʛʦʜʠʥʝ, ʩʘ ʨʠʟʠʢʦʤ ʦʜ 13% ʠ 18%, ʨʝʜʦʤ. ʅʘʿʚʝ˂ʠ ʙʨʦʿ ʛʦʜʠʥʘ ʢʘʜʘ ʿʝ ʩʫʬʠʮʠʪ > ʦʜ 30 

mm ʿʘʚʠ˂ʝ ʩʝ ʫ ʧʝʨʠʦʜʫ ʦʜ ʙʝʨʙʝ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʩʘ 11 ʛʦʜʠʥʘ ʠ ʨʠʟʠʢʦʤ ʦʜ 53%. ʅʘʢʦʥ 

ˁʝʛʘ, ʠ ʫ ʧʝʨʠʦʜʫ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ʜʦ ʮʚʝʪʘˁʘ, ʙʨʦʿ ʛʦʜʠʥʘ ʢʘʜʘ ʿʝ ʩʫʬʠʮʠʪ > ʦʜ 30 mm 

ʿʝ 8, ʫʟ ʨʠʟʠʢ ʦʜ 38%. ʅʘʿʥʠʞʝ ʚʨʝʜʥʦʩʪʠ ʩʫʬʠʮʠʪʘ ʚʦʜʝ ʿʘʚˀʘʿʫ ʩʝ ʫ ʧʝʨʠʦʜʫ ʦʜ ʰʘʨʢʘ ʜʦ 

ʙʝʨʙʝ (2 ʛʦʜʠʥʝ), ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ (4 ʛʦʜʠʥʝ) ʠ ʦʜ ʧʦʯʝʪʢʘ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ (5 ʛʦʜʠʥʘ), 

ʩʘ 10%, 20% ʠ 25%, ʨʝʜʦʤ. 

ʅʘʿʚʠʰʝ ʚʨʝʜʥʦʩʪʠ ʚʦʜʥʠʭ ʜʝʬʠʮʠʪʘ ʢʨʘʿʝʤ ʚʝʢʘ (2081-2100) ʦʯʝʢʫʿʫ ʩʝ ʫ ʧʝʨʠʦʜʫ ʦʜ 

ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ ʩʘ ʯʘʢ 18 ʛʦʜʠʥʘ ʦʜ ʫʢʫʧʥʦ 20 ʠ ʨʠʟʠʢʦʤ ʦʜ 90%. ɼʘˀʝ, ʫ ʧʝʨʠʦʜʫ ʦʜ 

ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ (13 ʛʦʜʠʥʘ) ʠ ʦʜ ʧʦʯʝʪʢʘ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ (10 ʛʦʜʠʥʘ) ʩʘ ʨʠʟʠʢʦʤ ʦʜ 65% 

ʠ 48%, ʨʝʜʦʤ. ʅʘʿʤʘˁʠ ʙʨʦʿ ʛʦʜʠʥʘ ʢʘʜʘ ʿʝ In > ʦʜ 30 mm ʿʘʚˀʘ ʩʝ ʫ ʧʝʨʠʦʜʫ ʦʜ ʧʦʯʝʪʢʘ 

ʚʝʛʝʪʘʮʠʿʝ ʜʦ ʮʚʝʪʘˁʘ ʩʘ 3 ʛʦʜʠʥʝ ʠ ʦʜ ʙʝʨʙʝ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʩʘ 4 ʛʦʜʠʥʝ ʠ ʨʠʟʠʢʦʤ ʦʜ 

13% ʠ 20%, ʨʝʜʦʤ. ʋ ʥʘʚʝʜʝʥʠʤ ʧʝʨʠʦʜʠʤʘ ʩʝ ʫ ʩʢʣʘʜʫ ʩʘ ʪʠʤ ʿʘʚˀʘ ʠ ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʛʦʜʠʥʘ 

ʢʘʜʘ ʿʝ ʩʫʬʠʮʠʪ > ʦʜ 30 mm ʠ ʪʦ ʩʘ 10 ʠ 9 ʛʦʜʠʥʘ, ʩʘ ʨʠʟʠʢʦʤ ʦʜ 48% ʠ 45%, ʨʝʜʦʤ. ʉ 

ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʦʜ ʬʝʥʦʬʘʟʘ ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ ʠ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ ʿʘʚˀʘʿʫ ʥʘʿʚʝ˂ʠ ʚʦʜʥʠ 

ʜʝʬʠʮʠʪʠ, ʩʚʝʛʘ 1 ʛʦʜʠʥʘ ʿʝ ʨʠʟʠʯʥʘ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʩʫʬʠʮʠʪ ʩʘ ʨʠʟʠʢʦʤ ʦʜ 5% ʟʘ ʧʨʚʠ 

ʧʝʨʠʦʜ ʠ 2 ʛʦʜʠʥʝ ʩʘ ʨʠʟʠʢʦʤ ʦʜ 8% ʟʘ ʜʨʫʛʠ ʧʝʨʠʦʜ.   
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ʊʘʙʝʣʘ 27. ɺʨʝʜʥʦʩʪʠ ʜʝʬʠʮʠʪʘ ʠ ʩʫʬʠʮʠʪʘ ʚʦʜʝ ʧʦ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ (1998-

2017) ʠ ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ (ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ (2021-2040), ʩʨʝʜʠʥʘ ʚʝʢʘ (2041-2060) ʠ ʢʨʘʿ ʚʝʢʘ 

(2081-2100)) 
 

ʇɽʈʀʆɼ 

ʈʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ (1998-2017) 

ʆʜ ʧʦʯʝʪʢʘ 

ʚʝʛʝʪʘʮʠʿʝ ʜʦ 

ʮʚʝʪʘˁʘ 

ʆʜ ʮʚʝʪʘˁʘ ʜʦ 

ʰʘʨʢʘ 

ʆʜ ʰʘʨʢʘ ʜʦ 

ʙʝʨʙʝ 

ʆʜ ʙʝʨʙʝ ʜʦ 

ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 

ʆʜ ʧʦʯʝʪʢʘ ʜʦ 

ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 

ɹʨʦʿ ʛʦʜʠʥʘ In > ʦʜ 30 mm 5 15 13 1 11 

ʈʠʟʠʢ (%) 25 75 65 5 53 

ɹʨʦʿ ʛʦʜʠʥʘ ʩʫʬʠʮʠʪ > ʦʜ 

30 mm 
8 2 2 7 2 

ʈʠʟʠʢ (%) 40 10 10 35 10 

ʇɽʈʀʆɼ 

ɹʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ (2021-2040) 

ʆʜ ʧʦʯʝʪʢʘ 

ʚʝʛʝʪʘʮʠʿʝ ʜʦ 

ʮʚʝʪʘˁʘ 

ʆʜ ʮʚʝʪʘˁʘ ʜʦ 

ʰʘʨʢʘ 

ʆʜ ʰʘʨʢʘ ʜʦ 

ʙʝʨʙʝ 

ʆʜ ʙʝʨʙʝ ʜʦ 

ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 

ʆʜ ʧʦʯʝʪʢʘ ʜʦ 

ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 

ɹʨʦʿ ʛʦʜʠʥʘ In > ʦʜ 30 mm 5 13 13 1 8 

ʈʠʟʠʢ (%) 25 63 65 5 40 

ɹʨʦʿ ʛʦʜʠʥʘ ʩʫʬʠʮʠʪ > ʦʜ 

30 mm 
7 3 3 8 4 

ʈʠʟʠʢ (%) 35 15 15 38 20 

ʇɽʈʀʆɼ 

ʉʨʝʜʠʥʘ ʚʝʢʘ (2041-2060) 

ʆʜ ʧʦʯʝʪʢʘ 

ʚʝʛʝʪʘʮʠʿʝ ʜʦ 

ʮʚʝʪʘˁʘ 

ʆʜ ʮʚʝʪʘˁʘ ʜʦ 

ʰʘʨʢʘ 

ʆʜ ʰʘʨʢʘ ʜʦ 

ʙʝʨʙʝ 

ʆʜ ʙʝʨʙʝ ʜʦ 

ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 

ʆʜ ʧʦʯʝʪʢʘ ʜʦ 

ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 

ɹʨʦʿ ʛʦʜʠʥʘ In > ʦʜ 30 mm 4 13 12 3 8 

ʈʠʟʠʢ (%) 18 65 58 13 40 

ɹʨʦʿ ʛʦʜʠʥʘ ʩʫʬʠʮʠʪ > ʦʜ 

30 mm 
8 4 2 11 5 

ʈʠʟʠʢ (%) 38 20 10 53 25 

ʇɽʈʀʆɼ 

ʂʨʘʿ ʚʝʢʘ (2081-2100) 

ʆʜ ʧʦʯʝʪʢʘ 

ʚʝʛʝʪʘʮʠʿʝ ʜʦ 

ʮʚʝʪʘˁʘ 

ʆʜ ʮʚʝʪʘˁʘ ʜʦ 

ʰʘʨʢʘ 

ʆʜ ʰʘʨʢʘ ʜʦ 

ʙʝʨʙʝ 

ʆʜ ʙʝʨʙʝ ʜʦ 

ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 

ʆʜ ʧʦʯʝʪʢʘ ʜʦ 

ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ 

ɹʨʦʿ ʛʦʜʠʥʘ In > ʦʜ 30 mm 3 13 18 4 10 

ʈʠʟʠʢ (%) 13 65 90 20 48 

ɹʨʦʿ ʛʦʜʠʥʘ ʩʫʬʠʮʠʪ > ʦʜ 

30 mm 
10 2 1 9 4 

ʈʠʟʠʢ (%) 48 8 5 45 18 

 

ʅʘ ʦʩʥʦʚʫ ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʟʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʩʫ ʬʝʥʦʬʘʟʝ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ 

ʠ ʦʜ ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ ʥʘʿʫʛʨʦʞʝʥʠʿʝ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʜʝʬʠʮʠʪʫ ʚʦʜʝ ʢʨʦʟ ʩʚʘ ʪʨʠ ʧʝʨʠʦʜʘ 

ʙʫʜʫ˂ʥʦʩʪʠ. ʋ ʧʨʦʩʝʢʫ, ʪʦ ʿʝ 13 ʦʜ 20 ʛʦʜʠʥʘ ʟʘ ʧʨʚʠ ʧʝʨʠʦʜ ʠ 14 ʦʜ 20 ʛʦʜʠʥʘ ʟʘ ʜʨʫʛʠ, ʩʘ 

ʨʠʟʠʢʦʤ ʦʜ 64,3% ʠ 71,0%, ʨʝʜʦʤ. ʆʚʝ ʚʨʝʜʥʦʩʪʠ ʥʠʩʫ ʦʧʪʠʤʠʩʪʠʯʥʝ ʟʘ ʚʠʥʦʛʨʘʜʘʨʝ, ʙʫʜʫ˂ʠ 

ʜʘ ʦʜ ʦʚʠʭ ʬʝʥʦʬʘʟʘ ʟʘʚʠʩʠ ʫʩʧʝʭ ʧʨʦʠʟʚʦʜˁʝ. ʇʨʦʤʝʥʝ ʢʣʠʤʝ ʢʦʿʝ ʩʫ ʩʪʠʭʠʿʩʢʠ ʥʘʩʪʫʧʠʣʝ ʠ 

ʫʪʠʮʘʣʝ ʥʘ terroir, ʥʝʦʧʭʦʜʥʦ ʿʝ ʢʦʥʩʪʘʥʪʥʦ ʧʨʘʪʠʪʠ ʢʘʢʦ ʙʠ ʩʝ ʫʟ ʧʦʤʦ˂ ʨʘʟʣʠʯʠʪʠʭ 

ʘʜʘʧʪʠʚʥʠʭ ʤʝʨʘ, ʧʨʦʠʟʚʝʣʦ ʛʨʦʞʹʝ ʥʘʿʙʦˀʝʛ ʢʚʘʣʠʪʝʪʘ. ʋ ʦʙʣʘʩʪʠʤʘ ʫ ʢʦʿʠʤʘ ˂ʝ ʙʫʜʫ˂ʠ 

ʟʘʭʪʝʚʠ ʟʘ ʚʦʜʦʤ ʧʨʝʤʘʰʠʪʠ ʜʦʩʪʫʧʥʦʩʪ ʚʦʜʝ, ʫʧʨʘʚˀʘˁʝ ʟʝʤˀʠʰʪʝʤ ʿʝ ʢˀʫʯʥʦ (Van 

Leeuwen ʠ Darriet, 2016; Naulleau et al., 2022). ɸʛʨʦʥʦʤʩʢʝ ʧʨʘʢʩʝ ʥʘʤʝ˂ʫ ʥʘʚʦʜˁʘʚʘˁʝ ʢʘʦ 

ʥʘʿʚʘʞʥʠʿʫ ʤʝʨʫ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʥʘ ʠʟʤʝˁʝʥʝ ʢʣʠʤʘʪʩʢʝ ʫʩʣʦʚʝ ʢʦʿʠ ʜʦʥʦʩʝ ʧʨʦʙʣʝʤ ʚʦʜʥʠʭ 

ʜʝʬʠʮʠʪʘ (Costa et al., 2016; Alvarez Arredondo et al., 2023; Colibaba et al., 2024). ʄʝʹʫʪʠʤ, 
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ʜʘʥʘʩ, ʢʘʜʘ ʿʝ ʥʝʜʦʩʪʘʪʘʢ ʚʦʜʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ ʩʚʝ ʥʘʛʣʘʰʝʥʠʿʠ, ʬʦʢʫʩ ʩʝ ʫʩʤʝʨʘʚʘ ʥʘ ʪʦ ʫ 

ʢʦʿʠʤ ʬʝʥʦʬʘʟʘʤʘ ʿʦʿ ʿʝ ʥʘʿʧʦʪʨʝʙʥʠʿʘ (Garofalo et al., 2023).  

ʋ ʩʢʣʘʜʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʠ ʨʝʟʫʣʪʘʪʠ Ruml et al. (2012) ʠ 

Vujadinoviĺ Mandiĺ et al. (2022) ʢʦʿʠ ʥʘʛʣʘʰʘʚʘʿʫ ʜʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʿʝʢʮʠʿʝ ʧʦʢʘʟʫʿʫ ʜʘ 

ʚʠʥʦʛʨʘʜʘʨʩʢʠ ʨʝʛʠʦʥʠ ʉʨʙʠʿʝ ʠʤʘʿʫ ʪʝʥʜʝʥʮʠʿʫ ʜʘ ʧʦʩʪʘʥʫ ʪʦʧʣʠʿʠ ʠ ʩʫʚˀʠ ʢʨʘʿʝʤ 21. ʚʝʢʘ. 

ʀʘʢʦ ʚʠʥʩʢʦ ʛʨʦʞʹʝ ʢʘʩʥʠʿʝ ʩʘʟʨʝʚʘ ʠ ʠʤʘ ʫʤʝʨʝʥʝ ʧʦʪʨʝʙʝ ʟʘ ʚʦʜʦʤ, ʚʦʜʥʠ ʜʝʬʠʮʠʪʠ ʫ 

ʚʠʥʦʨʦʜʥʠʤ ʨʝʛʠʦʥʠʤʘ ʦʙʠʯʥʦ ʩʝ ʢʨʝ˂ʫ ʠʟʤʝʹʫ 200 ʠ 300 mm. ʉʪʦʛʘ, ʧʨʦʿʝʢʪʦʚʘʥʝ ʧʨʦʤʝʥʝ 

˂ʝ ʫʩʣʦʚʠʪʠ ʧʦʪʨʝʙʫ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝʤ ʚʠʥʦʛʨʘʜʘ. ʇʨʝʤʘ Striļeviĺ et al. (2019) ʩʣʠʯʥʠ ʧʦʜʘʮʠ 

ʩʫ ʜʦʙʠʿʝʥʠ ʠ ʫ ʄʦʩʪʘʨʫ, ɹʠʍ. ʉʮʝʥʘʨʠʿʠ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʟʘ ʿʫʞʥʫ ɽʚʨʦʧʫ ʧʨʝʜʚʠʹʘʿʫ 

ʜʫʞʝ ʠ ʦʟʙʠˀʥʠʿʝ ʜʝʬʠʮʠʪʝ ʚʦʜʝ ʠ ʚʠʰʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ ʟʝʤˀʠʰʪʘ ʫ ʙʣʠʩʢʦʿ 

ʙʫʜʫ˂ʥʦʩʪʠ (Costa et al., 2019). ʋ ʚʠʥʦʛʨʘʜʠʤʘ ʄʝʜʠʪʝʨʘʥʘ ʧʨʘʢʪʠʢʫʿʝ ʩʝ ʧʨʘʢʩʘ ʫʧʨʘʚˀʘˁʘ 

ʚʦʜʥʠʤ ʜʝʬʠʮʠʪʦʤ ʪʦʢʦʤ ʟʘʚʨʰʥʠʭ ʬʝʥʦʬʘʟʘ ʨʘʟʚʦʿʘ ʚʠʥʦʚʝ ʣʦʟʝ. ʀʩʪʦ ʪʘʢʦ, ʨʝʟʫʣʪʘʪʠ 

Munitz et al. (2017) ʫʢʘʟʫʿʫ ʜʘ ʩʫ ʥʝʜʦʩʪʘʮʠ ʚʦʜʝ ʫ ʨʘʥʠʤ ʬʝʥʦʬʘʟʘʤʘ (ʜʦ ʧʦʯʝʪʢʘ ʩʘʟʨʝʚʘˁʘ 

ʙʦʙʠʮʘ ï ʰʘʨʘʢ) ʠʤʘʣʠ ʩʥʘʞʘʥ ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʚʝʛʝʪʘʪʠʚʥʠ ʨʘʩʪ, ʤʘʩʫ ʙʦʙʠʮʘ ʠ ʧʨʠʥʦʩ 

ʧʦ ʯʦʢʦʪʫ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʢʘʩʥʠʤ ʜʝʬʠʮʠʪʦʤ ʚʦʜʝ (ʧʦʩʣʝ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ) ʫ ʀʟʨʘʝʣʫ. 

ʉʫʧʨʦʪʥʦ ʦʜ ʪʦʛʘ, ʢʦʜ ʥʘʩ, ʠ ʥʧʨ. ʫ ɸʫʩʪʨʘʣʠʿʠ, ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʩʝ ʤʘˁʝ ʚʦʜʝ 

ʧʨʠʤʝˁʫʿʝ ʫ ʧʦʯʝʪʥʠʤ ʬʝʥʦʬʘʟʘʤʘ (Garofalo et al., 2023). ɼʘʢʣʝ, ʧʨʝʤʘ ʠʩʪʨʘʞʠʚʘˁʠʤʘ 

Flexas et al. (2010), Romiĺ et al. (2020), Pérez-Álvarez et al. (2021), Caruso et al. (2023), Han et al. 

(2023), Berry et al. (2024), ʚʦʜʥʠ ʜʝʬʠʮʠʪʠ ʠʤʘʿʫ ʥʝʛʘʪʠʚʘʥ ʝʬʝʢʘʪ ʥʘ ʫʩʧʝʰʥʫ ʚʠʥʦʛʨʘʜʘʨʩʢʫ 

ʧʨʦʠʟʚʦʜˁʫ, ʜʦʢ ʩʫ Chaves et al. (2010) ʫʢʘʟʘʣʠ ʜʘ ʚʨʝʤʝ ʠ ʠʥʪʝʥʟʠʪʝʪ ʜʝʬʠʮʠʪʘ ʚʦʜʝ ʫʪʠʯʫ 

ʥʘ ʩʪʝʧʝʥ ʧʨʦʤʝʥʘ ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʫ ʤʝʪʘʙʦʣʠʟʤʫ ʙʦʙʠʮʘ, ʚʠʥʩʢʦʿ ʙʦʿʠ ʠ ʫʢʫʩʫ. 
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6.5. ɺʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ 

 

ɺʠʥʦʚʘ ʣʦʟʘ ʠʤʘ ʪʘʯʥʦ ʦʜʨʝʹʝʥʝ ʟʘʭʪʝʚʝ ʟʘ ʚʣʘʞʥʦʰ˂ʫ ʟʝʤˀʠʰʪʘ. ʄʥʦʛʠ ʠʩʪʨʘʞʠʚʘʯʠ 

ʩʤʘʪʨʘʿʫ ʜʘ ʿʝ ʚʠʥʦʚʘ ʣʦʟʘ ʨʝʣʘʪʠʚʥʦ ʦʪʧʦʨʥʘ ʥʘ ʩʫʰʫ (ʂʫˀʘʥʯʠ˂ ʠ ɹʦʞʦʚʠ˂, 2018; Munitz et 

al., 2018; Diago, 2022) ʿʝʨ ʩʝ ʛʘʿʠ ʫ ʧʦʜʨʫʯʿʠʤʘ ʩʘ ʤʘʣʦʤ ʢʦʣʠʯʠʥʦʤ ʧʘʜʘʚʠʥʘ ʠ ʥʝʧʦʚʦˀʥʠʤ 

ʚʦʜʥʠʤ ʨʝʞʠʤʦʤ. ʄʝʹʫʪʠʤ, ʧʨʝʜʫʩʣʦʚ ʟʘ ʥʝʦʤʝʪʘʥʦ ʦʜʚʠʿʘˁʝ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ ʚʠʥʦʚʝ ʣʦʟʝ 

ʿʝʩʪʝ ʧʦʚʦˀʥʘ ʚʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ. ɺʠʥʦʚʘ ʣʦʟʘ ʠʤʘ ʧʦʚʝ˂ʘʥʝ ʧʦʪʨʝʙʝ ʟʘ ʚʦʜʦʤ ʫ ʟʘʚʨʰʥʠʤ 

ʬʘʟʘʤʘ ʨʘʩʪʘ (ʬʝʥʦʬʘʟʘ ʰʘʨʢʘ ʠ ʩʘʟʨʝʚʘˁʘ), ʢʦʝʿ ʩʝ, ʧʦʢʣʘʧʘʿʫ ʩʘ ʥʘʿʩʫʰʥʠʿʠʤ ʤʝʩʝʮʠʤʘ ʫ 

ʛʦʜʠʥʠ (Diago, 2022; Yang et al., 2022). ʅʝʜʦʚʦˀʥʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʤʦʞʝ ʜʦʚʝʩʪʠ 

ʜʦ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʰʪʦ ʧʦʩʣʝʜʠʯʥʦ ʩʤʘˁʫʿʝ ʨʘʩʪ ʚʠʥʦʚʝ ʣʦʟʝ ʠ ʧʨʠʥʦʩʝ, ʠ ʤʦʞʝ 

ʫʪʠʮʘʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʧʣʦʜʘ, ʙʠʣʦ ʧʦʟʠʪʠʚʥʦ ʠʣʠ ʥʝʛʘʪʠʚʥʦ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʝʤʝʥʘ ʠ ʿʘʯʠʥʝ 

ʚʦʜʥʦʛ ʩʪʨʝʩʘ (Pellegrino et al., 2005; Wenter et al., 2018; Gambetta et al., 2020; Yang et al., 

2022). ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʩʫʬʠʮʠʪ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʠʟʨʘʟʠʪʦʛ ʚʝʛʝʪʘʪʠʚʥʦʛ 

ʨʘʩʪʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʰʪʦ ʤʦʞʝ ʙʠʪʠ ʥʝʧʦʚʦˀʥʦ ʟʘ ʢʚʘʣʠʪʝʪ ʧʣʦʜʘ, ʢʘʦ ʠ ʧʦʚʝ˂ʘʪʠ ʨʠʟʠʢ ʦʜ 

ʛˀʠʚʠʯʥʠʭ ʦʙʦˀʝˁʘ (Khozaei et al., 2020). ʉʭʦʜʥʦ ʪʦʤʝ, ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ ʠʤʘ ʠ 

ʜʠʨʝʢʪʘʥ ʠ ʠʥʜʠʨʝʢʪʘʥ ʫʪʠʮʘʿ ʥʘ ʥʠʟ ʟʥʘʯʘʿʥʠʭ ʙʠʦʣʦʰʢʠʭ ʧʨʦʮʝʩʘ ʢʦʿʠ ʩʫ ʢˀʫʯʥʠ ʟʘ ʨʘʩʪ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʚʠʥʦʚʝ ʣʦʟʝ.  

ʈʘʟʫʤʝʚʘˁʝ ʦʙʨʘʟʘʮʘ ʜʠʩʪʨʠʙʫʮʠʿʝ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ ʿʝ ʦʜ ʩʫʰʪʠʥʩʢʦʛ ʟʥʘʯʘʿʘ ʟʘ 

ʝʬʠʢʘʩʥʦ ʫʧʨʘʚˀʘˁʝ ʥʘʚʦʜˁʘʚʘˁʝʤ ʫʟ ʩʤʘˁʝˁʝ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʫʪʠʮʘʿʘ ʥʘ 

ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ (Grote et al., 2010; Khozaei et al., 2020). ɼʦʙʨʦ ʧʦʟʥʘʚʘˁʝ ʚʣʘʞʥʦʩʪʠ 

ʟʝʤˀʠʰʪʘ ʥʘ ʮʝʣʦʿ ʧʦʚʨʰʠʥʠ ʠʩʪʨʘʞʠʚʘʥʦʛ ʧʦˀʘ ʦʤʦʛʫ˂ʘʚʘ ʠ ʙʦˀʫ ʧʨʠʭʨʘʥʫ ʛʘʿʝʥʝ ʢʫʣʪʫʨʝ 

(Garofalo et al., 2023). ʉʝʥʟʦʨʠ ʟʘ ʧʨʘ˂ʝˁʝ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ ʧʨʫʞʘʿʫ ʢʨʫʮʠʿʘʣʥʝ 

ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʜʦʩʪʫʧʥʦʿ ʚʦʜʠ ʟʘ ʙʠˀʢʝ, ʧʨʘʪʝ˂ʠ ʟʘʧʨʝʤʠʥʩʢʠ ʩʘʜʨʞʘʿ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ, ʰʪʦ 

ʦʤʦʛʫ˂ʘʚʘ ʦʧʪʠʤʘʣʥʦ ʦʜʨʝʹʠʚʘˁʝ ʚʨʝʤʝʥʘ ʥʘʚʦʜˁʘʚʘˁʘ ʢʘʜʘ ʚʣʘʛʘ ʜʦʩʪʠʛʥʝ ʢʨʠʪʠʯʥʠ ʥʠʚʦ 

(Garofalo et al., 2023). 

ɺʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ ʫ ʦʛʣʝʜʥʦʤ ʚʠʥʦʛʨʘʜʫ ʧʨʘ˂ʝʥʘ ʿʝ ʧʦʤʦ˂ʫ ʜʚʝ ʤʝʪʦʜʝ: ʩʪʘʥʜʘʨʜʥʦʤ 

ʛʨʘʚʠʤʝʪʨʠʿʩʢʦʤ ʤʝʪʦʜʦʤ ʠ ʤʝʪʦʜʦʤ ʚʨʝʤʝʥʩʢʠ ʜʝʬʠʥʠʩʘʥʝ ʨʝʬʣʝʢʪʦʤʝʪʨʠʿʝ (TDR ʩʦʥʜʝ). 

 

ɻʨʘʚʠʤʝʪʨʠʿʩʢʘ ʤʝʪʦʜʘ 

 

ɼʠʥʘʤʠʢʘ ʩʘʜʨʞʘʿʘ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ ʪʦʢʦʤ ʜʚʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ (2021-2022) ʟʘ ʩʚʝ 

ʨʝʞʠʤʝ ʥʘʚʦʜˁʘʚʘˁʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʛʨʘʬʠʮʠʤʘ 6. ʠ 7. ʇʨʦʤʝʥʘ ʩʘʜʨʞʘʿʘ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ 

ʟʘʿʝʜʥʦ ʩʘ ʣʠʥʠʿʘʤʘ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʇɺʂ (ʧʦˀʩʢʠ ʚʦʜʥʠ ʢʘʧʘʮʠʪʝʪ), ʋʇɺ (ʫʢʫʧʥʦ 

ʜʦʩʪʫʧʥʘ ʚʦʜʘ ʙʠˀʢʘʤʘ ʫ ʟʦʥʠ ʢʦʨʝʥʦʚʦʛ ʩʠʩʪʝʤʘ) ʠ ʣʠʥʠʿʘ ʩʪʨʝʩʘ (Di ï ʜʦʟʚʦˀʝʥʦ 

ʠʩʫʰʠʚʘˁʝ ʜʘ ʥʝ ʜʦʹʝ ʜʦ ʚʦʜʥʦʛ ʩʪʨʝʩʘ) ʧʨʠʢʘʟʘʥʘ ʿʝ ʛʨʘʬʠʯʢʠ. ɼʦʟʚʦˀʝʥʦ ʠʩʫʰʠʚʘˁʝ 

ʠʟʥʦʩʠʣʦ ʿʝ 50% ʦʜ ʫʢʫʧʥʦ ʜʦʩʪʫʧʥʝ ʚʦʜʘ ʙʠˀʢʘʤʘ ʫ ʟʦʥʠ ʢʦʨʝʥʦʚʦʛ ʩʠʩʪʝʤʘ (FAO Irrigation 

and drainage paper 56), ʰʪʦ ʫ ʦʚʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʠʟʥʦʩʠ 52,9 mm. ʅʘ ʛʨʘʬʠʮʠʤʘ ʿʝ 

ʧʨʠʢʘʟʘʥʘ ʠ ʥʦʨʤʘ ʟʘʣʠʚʘˁʘ, ʢʘʦ ʠ ʚʠʩʠʥʘ ʧʘʜʘʚʠʥʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʿʝ. 
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ɻʨʘʬʠʢ 6. ʈʘʩʧʦʣʦʞʠʚʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʟʘ ʚʠʥʦʚʫ ʣʦʟʫ ʫ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ ʪʨʝʪʤʘʥʠʤʘ ʪʦʢʦʤ 2021. ʛʦʜʠʥʝ 

 

 

ɻʨʘʬʠʢ 7. ʈʘʩʧʦʣʦʞʠʚʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʟʘ ʚʠʥʦʚʫ ʣʦʟʫ ʫ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ ʪʨʝʪʤʘʥʠʤʘ ʪʦʢʦʤ 2022. ʛʦʜʠʥʝ 
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ʊʦʢʦʤ 2021. ʛʦʜʠʥʝ, ʩʘʜʨʞʘʿ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʠʟʤʝʹʫ ʠʩʧʠʪʠʚʘʥʠʭ ʪʨʝʪʤʘʥʘ 

ʥʘʚʦʜˁʘʚʘˁʘ (F, R ʠ S) ʙʠʦ ʿʝ ʧʨʠʣʠʯʥʦ ʫʿʝʜʥʘʯʝʥ ʠ ʚʘʨʠʨʘʦ ʿʝ ʠʟʤʝʹʫ ʚʨʝʜʥʦʩʪʠ ʇɺʂ ʠ BB 

(ɻʨʘʬʠʢ 6). ʉ ʦʙʟʠʨʦʤ ʥʘ ʠʟʦʩʪʘʥʘʢ ʧʘʜʘʚʠʥʘ ʦʜ ʧʝʨʠʦʜʘ ʥʝʧʦʩʨʝʜʥʦ ʧʦʩʣʝ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ, 

ʦʜʥʦʩʥʦ ʩʘʟʨʝʚʘˁʘ ʛʨʦʞʹʘ, ʥʘʚʦʜˁʘʚʘˁʝ ʿʝ ʙʠʣʦ ʫʩʧʦʩʪʘʚˀʝʥʦ ʪʦʢʦʤ ʿʫʣʘ ʠ ʘʚʛʫʩʪʘ. 

ʆʯʝʢʠʚʘʥʦ, ʥʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʚʣʘʞʥʦʩʪʠ ʟʝʤˀʠʰʪʘ ʟʘʙʝʣʝʞʝʥʝ ʩʫ ʫ F ʪʨʝʪʤʘʥʫ, ʛʜʝ ʩʝ ʫʩʣʝʜ 

ʥʘʚʦʜˁʘʚʘˁʘ ʩʘʜʨʞʘʿ ʚʦʜʝ ʥʠʿʝ ʩʧʫʰʪʘʦ ʠʩʧʦʜ ʚʨʝʜʥʦʩʪʠ ʜʦʟʚʦˀʝʥʦʛ ʠʩʫʰʠʚʘˁʘ. ʋ 

ʪʨʝʪʤʘʥʠʤʘ ʩʘ ʨʝʜʫʢʦʚʘʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ (R), ʩʘʜʨʞʘʿ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʧʦʩʪʝʧʝʥʦ ʿʝ 

ʦʧʘʜʘʦ ʫ ʧʦʿʝʜʠʥʠʤ ʪʨʝʥʫʮʠʤʘ ʠ ʠʩʧʦʜ ʥʠʚʦʘ ʚʨʝʜʥʦʩʪʠ ʜʦʟʚʦˀʝʥʦʛ ʠʩʫʰʠʚʘˁʘ, ʤʝʹʫʪʠʤ 

ʛʝʥʝʨʘʣʥʦ ʛʣʝʜʘʿʫ˂ʠ, ʚʠʥʦʚʘ ʣʦʟʘ ʫ ʦʚʦʤ ʪʨʝʪʤʘʥʫ ʥʠʿʝ ʩʝ ʟʥʘʯʘʿʘʥʦ ʠʟʣʘʛʘʣʘ ʚʦʜʥʦʤ ʩʪʨʝʩʫ. 

ʂʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ S ʪʨʝʪʤʘʥ, ʥʘ ʧʦʯʝʪʢʫ ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ, ʩʘʜʨʞʘʿ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʿʝ ʙʠʦ 

ʩʪʘʙʠʣʘʥ ʠ ʟʘʜʨʞʘʚʘʦ ʩʝ ʠʟʥʘʜ ʛʨʘʥʠʮʝ ʜʦʟʚʦˀʝʥʦʛ ʠʩʫʰʠʚʘˁʘ (Di). ʆʚʦ ʫʢʘʟʫʿʝ ʥʘ ʜʦʚʦˀʥʫ 

ʢʦʣʠʯʠʥʫ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʟʘ ʨʘʩʪ ʚʠʥʦʚʝ ʣʦʟʝ, ʫʩʣʝʜ ʧʦʚʦˀʥʝ ʢʦʣʠʯʠʥʝ ʠ ʨʘʩʧʦʨʝʜʘ 

ʧʘʜʘʚʠʥʘ ʫ ʪʦʤ ʧʝʨʠʦʜʫ. ʉʨʝʜʠʥʦʤ ʠ ʢʨʘʿʝʤ ʩʝʟʦʥʝ, ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ ʥʘ S ʪʨʝʪʤʘʥʫ 

ʧʦʯʠˁʝ ʜʘ ʦʧʘʜʘ ʠ ʫʛʣʘʚʥʦʤ ʩʝ ʦʜʨʞʘʚʘ ʦʢʦ ʠ ʠʩʧʦʜ ʛʨʘʥʠʮʝ Di, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʚʠʥʦʚʘ 

ʣʦʟʘ ʠʟʣʦʞʝʥʘ ʚʦʜʥʦʤ ʩʪʨʝʩʫ ʪʦʢʦʤ ʬʝʥʦʬʘʟʘ ʰʘʨʢʘ ʠ ʩʘʟʨʝʚʘˁʘ ʛʨʦʞʹʘ ʢʘʜʘ ʩʫ ʠ ˁʝʥʝ 

ʧʦʪʨʝʙʝ ʟʘ ʚʦʜʦʤ ʥʘʿʠʟʨʘʞʝʥʠʿʝ.  

ʊʦʢʦʤ 2022. ʛʦʜʠʥʝ, ʩʘʜʨʞʘʿ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʿʝ ʫʛʣʘʚʥʦʤ ʙʠʦ ʫʿʝʜʥʘʯʝʥ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ, ʢʨʝ˂ʫ˂ʠ ʩʝ ʠʟʤʝʹʫ ʚʨʝʜʥʦʩʪʠ ʇɺʂ ʠ ɺɺ (ɻʨʘʬʠʢ 7). 

ʅʘʚʦʜˁʘʚʘˁʝ ʩʝ ʧʨʠʤʝˁʠʚʘʣʦ ʪʦʢʦʤ ʿʫʣʘ, ʤʘˁʠ ʙʨʦʿ ʧʫʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʫ ʛʦʜʠʥʫ, ʿʝʨ 

ʩʫ ʩʝ ʧʘʜʘʚʠʥʝ ʿʘʚˀʘʣʝ ʩʚʝ ʜʦ ʧʦʯʝʪʢʘ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ. ʂʘʦ ʠ ʫ ʧʨʚʦʿ ʦʛʣʝʜʥʦʿ ʛʦʜʠʥʠ, 

ʥʘʿʚʝ˂ʠ ʩʘʜʨʞʘʿ ʚʦʜʝ ʫʦʯʘʚʘ ʩʝ ʥʘ F ʪʨʝʪʤʘʥʫ. ɺʨʝʜʥʦʩʪʠ ʩʘʜʨʞʘʿʘ ʚʦʜʝ ʥʘ F ʪʨʝʪʤʘʥʫ ʥʠʩʫ 

ʩʝ ʩʧʫʰʪʘʣʝ ʠʩʧʦʜ ʛʨʘʥʠʮʝ ʜʦʟʚʦˀʝʥʦʛ ʠʩʫʰʠʚʘˁʘ (Di). ʅʘ ʧʦʯʝʪʢʫ ʚʝʛʝʪʘʮʠʿʝ, ʩʘʜʨʞʘʿ ʚʣʘʛʝ 

ʫ ʟʝʤˀʠʰʪʫ ʫ ʦʢʚʠʨʫ R ʪʨʝʪʤʘʥʘ ʩʝ ʫʛʣʘʚʥʦʤ ʥʘʣʘʟʠʦ ʠʩʧʦʜ ʛʨʘʥʠʮʝ (Di). ʂʘʢʦ ʿʝ ʚʠʥʦʚʘ 

ʣʦʟʘ ʫʣʘʟʠʣʘ ʫ ʬʘʟʫ ʠʥʪʝʥʟʠʚʥʦʛ ʨʘʩʪʘ ʠ ʨʘʟʚʦʿʘ, ʚʠʜˀʠʚʦ ʿʝ ʜʘ ʿʝ ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ 

ʧʦʯʝʦ ʟʥʘʯʘʿʥʦ ʜʘ ʦʩʮʠʣʠʨʘ, ʪʝ ʿʝ ʜʦʰʣʦ ʜʦ ʧʦʩʪʝʧʝʥʦʛ ʧʘʜʘ ʩʘʜʨʞʘʿʘ ʚʦʜʝ. ʂʘʦ ʧʦʩʣʝʜʠʮʘ 

ʪʦʛʘ, ʫ ʢʘʩʥʠʿʠʤ ʬʘʟʘʤʘ ʚʝʛʝʪʘʮʠʿʝ (ʰʘʨʘʢ ʠ ʩʘʟʨʝʚʘˁʝ), ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʯʝʩʪʦ ʿʝ ʙʠʦ ʟʥʘʪʥʦ 

ʠʩʧʦʜ ʦʧʪʠʤʘʣʥʦʛ ʥʠʚʦʘ. ʅʘ ʧʦʯʝʪʢʫ ʩʝʟʦʥʝ, ʥʘ S ʪʨʝʪʤʘʥʫ ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ ʙʠʦ ʿʝ 

ʩʪʘʙʠʣʘʥ ʠ ʦʜʨʞʘʚʘʦ ʩʝ ʠʟʥʘʜ ʢʨʠʪʠʯʥʝ ʛʨʘʥʠʮʝ (Di), ʰʪʦ ʿʝ ʫʢʘʟʠʚʘʣʦ ʥʘ ʜʦʚʦˀʥʫ ʢʦʣʠʯʠʥʫ 

ʚʦʜʝ ʟʘ ʨʘʩʪ ʚʠʥʦʚʝ ʣʦʟʝ, ʟʘʭʚʘˀʫʿʫ˂ʠ ʧʘʜʘʚʠʥʘʤʘ ʫ ʪʦʤ ʧʝʨʠʦʜʫ. ʂʘʢʦ ʿʝ ʩʝʟʦʥʘ ʦʜʤʠʮʘʣʘ, 

ʚʣʘʛʝ ʿʝ ʙʠʣʦ ʩʚʝ ʤʘˁʝ, ʩʘ ʠʟʨʘʞʝʥʠʤ ʦʩʮʠʣʘʮʠʿʘʤʘ, ʥʘʨʦʯʠʪʦ ʫ ʢʘʩʥʠʿʠʤ ʬʘʟʘʤʘ ʚʝʛʝʪʘʮʠʿʝ, 

ʰʪʦ ʿʝ ʜʦʚʝʣʦ ʜʦ ʧʦʚʝ˂ʘʥʦʛ ʨʠʟʠʢʘ ʦʜ ʚʦʜʥʦʛ ʩʪʨʝʩʘ. ʊʦʢʦʤ ʬʝʥʦʬʘʟʝ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʙʝʨʙʝ, 

ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ ʥʘ S ʪʨʝʪʤʘʥʫ ʩʝ ʢʨʝʪʘʦ ʠʩʧʦʜ ʛʨʘʥʠʮʝ ʜʦʟʚʦˀʝʥʦʛ ʠʩʫʰʠʚʘˁʘ. 

 

ʄʝʪʦʜ ʚʨʝʤʝʥʩʢʠ ʜʝʬʠʥʠʩʘʥʝ ʨʝʬʣʝʢʪʦʤʝʪʨʠʿʝ (TDR) 

 

ɼʘ ʙʠ ʩʝ ʩʪʝʢʘʦ ʧʨʝʮʠʟʥʠʿʠ ʫʚʠʜ ʫ ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ, ʧʦʨʝʜ ʛʨʘʚʠʤʝʪʨʠʿʩʢʝ 

ʤʝʪʦʜʝ, ʧʨʠʤʝˁʝʥʘ ʿʝ ʠ ʤʝʪʦʜʘ ʚʨʝʤʝʥʩʢʠ ʜʝʬʠʥʠʩʘʥʝ ʨʝʬʣʝʢʪʦʤʝʪʨʠʿʝ.  

ʅʘ ʛʨʘʬʠʮʠʤʘ 8. ʠ 9. ʧʨʠʢʘʟʘʥ ʿʝ ʢʦʥʪʠʥʫʘʣʥʠ ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ (mm) ʟʘ ʩʚʝ 

ʠʩʧʠʪʠʚʘʥʝ ʪʨʝʪʤʘʥʝ ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ ʜʚʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʨʠʰ˂ʝˁʝʤ TDR 

ʩʦʥʜʠ. ʊʘʢʦʹʝ, ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʠ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʚʣʘʞʥʦʩʪʠ ʟʝʤˀʠʰʪʘ ʛʨʘʚʠʤʝʪʨʠʿʩʢʦʤ 

ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠ ʥʘ ʜʫʙʠʥʠ ʦʜ 30 cm, ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʚʝʨʠʣʘ ʪʘʯʥʦʩʪ ʤʝʨʝˁʘ ʜʦʙʠʿʝʥʘ TDR 

ʩʦʥʜʘʤʘ. ʆʩʠʤ ʪʦʛʘ, ʧʨʠʢʘʟʘʥʝ ʩʫ ʠ ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ ʠ ʜʥʝʚʥʝ ʩʫʤʝ ʧʘʜʘʚʠʥʘ. 



 

77 

 

 

ɻʨʘʬʠʢ 8. ʈʘʩʧʦʣʦʞʠʚʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʫ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ ʪʨʝʪʤʘʥʠʤʘ ʪʦʢʦʤ 2021. ʛʦʜʠʥʝ 

 

 

ɻʨʘʬʠʢ 9. ʈʘʩʧʦʣʦʞʠʚʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʫ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ ʪʨʝʪʤʘʥʠʤʘ ʪʦʢʦʤ 2022. ʛʦʜʠʥʝ 
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ʋ ʧʨʚʦʿ ʦʛʣʝʜʥʦʿ ʛʦʜʠʥʠ (2021) ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ ʩʚʝ ʜʦ ʧʦʯʝʪʢʘ ʿʫʣʘ ʫ ʩʚʘ ʪʨʠ 

ʨʝʞʠʤʘ ʿʝ ʙʠʦ ʫʿʝʜʥʘʯʝʥ ʠ ʫʛʣʘʚʥʦʤ ʿʝ ʚʘʨʠʨʘʦ ʫ ʛʨʘʥʠʮʘʤʘ ʜʦʟʚʦˀʝʥʦʛ ʠʩʫʰʠʚʘˁʘ (ɻʨʘʬʠʢ 

8). ʊʦʢʦʤ ʿʫʥʘ, ʩʘʜʨʞʘʿ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʢʨʝʪʘʦ ʩʝ ʫ ʛʨʘʥʠʮʘʤʘ ʜʦʟʚʦˀʝʥʦʛ ʠʩʫʰʠʚʘˁʘ ʠ ʫ 

ʧʦʿʝʜʠʥʠʤ ʪʨʝʥʫʮʠʤʘ ʩʧʫʰʪʘʦ ʩʝ ʠʩʧʦʜ Di, ʧʨʠ ʯʝʤʫ ʿʝ ʟʘʧʘʞʝʥ ʤʘʢʩʠʤʘʣʥʠ ʚʦʜʥʠ ʜʝʬʠʮʠʪ 

ʦʜ 32,45 mm. ʅʘʢʦʥ ʫʩʧʦʩʪʘʚˀʘˁʘ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ, ʚʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ ʫ F ʪʨʝʪʤʘʥʫ 

ʦʜʨʞʘʚʘʥʘ ʿʝ ʢʦʥʩʪʘʥʪʥʦ ʠʟʥʘʜ ʚʨʝʜʥʦʩʪʠ Di, ʜʦʢ ʩʝ ʩʘʜʨʞʘʿ ʚʦʜʝ ʫ R ʪʨʝʪʤʘʥʫ ʢʨʝʪʘʦ ʫ 

ʛʨʘʥʠʮʘʤʘ Di, ʘ ʫ ʧʦʿʝʜʠʥʠʤ ʪʨʝʥʫʮʠʤʘ ʩʧʫʰʪʘʦ ʠʩʧʦʜ ʛʨʘʥʠʮʝ Di.  

ʅʘʨʝʜʥʝ, 2022. ʛʦʜʠʥʝ, ʟʘʧʘʞʝʥ ʿʝ ʥʝʰʪʦ ʜʨʫʛʘʯʠʿʠ ʪʨʝʥʜ ʧʨʦʤʝʥʝ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ 

ʠʟʤʝʹʫ ʠʩʧʠʪʠʚʘʥʠʭ ʪʨʝʪʤʘʥʘ (ɻʨʘʬʠʢ 9). ʅʘʠʤʝ, ʫ F ʠ R ʪʨʝʪʤʘʥʠʤʘ ʩʚʝ ʜʦ ʢʨʘʿʘ ʘʧʨʠʣʘ, 

ʚʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ ʚʘʨʠʨʘʣʘ ʿʝ ʫ ʛʨʘʥʠʮʘʤʘ Di. ʅʘʢʦʥ ʦʚʦʛ ʧʝʨʠʦʜʘ, ʟʘʧʘʞʘ ʩʝ ʜʘ ʩʝ 

ʜʝʬʠʮʠʪ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ ʩʧʫʰʪʘʦ ʠʩʧʦʜ Di, ʢʘʜʘ ʿʝ ʥʝʨʝʪʢʦ ʙʠʦ ʚʝ˂ʠ ʠ ʦʜ 25 mm. ʋ 

ʧʝʨʠʦʜʫ ʦʜ ʤʘʿʘ ʜʦ ʢʨʘʿʘ ʿʫʥʘ, ʫʩʣʝʜ ʥʝʧʦʚʦˀʥʦ ʨʘʩʧʦʨʝʹʝʥʠʭ ʧʘʜʘʚʠʥʘ, ʩʘʜʨʞʘʿ ʚʦʜʝ ʥʘ R 

ʪʨʝʪʤʘʥʫ ʚʘʨʠʨʘʦ ʿʝ ʠʟʤʝʹʫ ʛʨʘʥʠʮʝ Di ʠ ʋʇɺ. ʋʩʣʝʜ ʧʨʠʤʝʥʝ ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ ʬʝʥʦʬʘʟʝ 

ʰʘʨʢʘ, ʩʘʜʨʞʘʿ ʚʦʜʝ ʥʘ F ʪʨʝʪʤʘʥʫ ʙʠʦ ʿʝ ʫ ʢʦʥʪʠʥʫʠʪʝʪʫ ʠʟʥʘʜ ʛʨʘʥʠʮʝ ʜʦʟʚʦˀʝʥʦʛ 

ʠʩʫʰʠʚʘˁʘ, ʫʢʘʟʫʿʫ˂ʠ ʜʘ ʿʝ ʫ ʦʚʦʤ ʧʝʨʠʦʜʫ ʚʠʥʦʚʦʿ ʣʦʟʠ ʦʙʝʟʙʝʹʝʥʘ ʦʧʪʠʤʘʣʥʘ ʢʦʣʠʯʠʥʘ 

ʚʦʜʝ.  

ɼʦ ʩʣʠʯʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʜʦʰʣʠ ʩʫ ʠ Diverres et al. (2024) ʢʦʿʠ ʩʫ ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ 

ʝʢʩʧʝʨʠʤʝʥʪʘ (2019-2021) ʥʘ ʈʠʟʣʠʥʛʫ, ʙʝʣʦʿ ʚʠʥʩʢʦʿ ʩʦʨʪʠ (Vitis vinifera L. cv. Riesling) 

ʧʨʠʤʝʥʠʣʠ ʪʨʠ ʤʝʪʦʜʝ ʥʘʚʦʜˁʘʚʘˁʘ: ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ (Regulated deficit irrigation ï 

RDI), ʜʝʣʠʤʠʯʥʦ ʩʫʰʝˁʝ ʢʦʨʝʥʦʚʘ (Partial root drying-zone ï PRD) ʠ ʢʦʥʪʨʦʣʥʠ ʪʨʝʪʤʘʥ 

ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (Full irrigation  ï FULL). ɺʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ ʤʝʨʝʥʘ ʿʝ ʥʝʫʪʨʦʥʩʢʦʤ 

ʩʦʥʜʦʤ (503 DR Hydroprobe, CPN International). ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʜʘ ʩʝ ʥʘʿʚʝ˂ʠ 

ʩʘʜʨʞʘʿ ʚʦʜʝ ʫʦʯʘʚʘ ʥʘ ʪʨʝʪʤʘʥʫ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ. ʉʣʠʯʘʥ ʪʨʝʥʜ ʢʨʝʪʘˁʘ ʚʣʘʞʥʦʩʪʠ 

ʟʝʤˀʠʰʪʘ ʜʦʙʠʿʝʥ ʿʝ ʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ Conesa et al. (2016). 

ʈʠʟʠʢʝ ʦʜ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʥʘ ʜʚʝ ʩʦʨʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʢʦʿʝ ʩʫ ʙʠʣʝ ʧʦʜʚʨʛʥʫʪʝ ʨʝʜʫʢʦʚʘʥʦʤ 

ʥʘʚʦʜˁʘʚʘˁʫ ʫ ʚʠʥʦʛʨʘʜʘʨʩʢʦʤ ʨʝʛʠʦʥʫ ɸʣʝʥʪʝʞʦ ʫ ʿʫʞʥʦʤ ʇʦʨʪʫʛʘʣʫ, ʧʨʘʪʠʣʠ ʩʫ Costa et 

al. (2019). ʋʩʧʦʩʪʘʚʠʣʠ ʩʫ ʜʚʘ ʨʝʞʠʤʘ ʟʘʣʠʚʘˁʘ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ: DI1 ï ʢʦʥʪʠʥʫʠʨʘʥʦ 

ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ (58 mm ʟʘ ʦʙʝ ʩʦʨʪʝ ʪʦʢʦʤ 2014. ʛʦʜʠʥʝ ʠ 158 mm ʟʘ ʧʨʚʫ ʩʦʨʪʫ ʠ 

167 mm ʟʘ ʜʨʫʛʫ ʩʦʨʪʫ ʪʦʢʦʤ 2015. ʛʦʜʠʥʝ) ʠ DI2 ï ʧʦʧʫʪ DI1, 39 mm ʟʘ ʧʨʚʫ ʠ 33 mm ʟʘ 

ʜʨʫʛʫ ʩʦʨʪʫ ʫ 2014. ʛʦʜʠʥʠ ʠ 103 mm ʟʘ ʧʨʚʫ ʠ 106 mm ʟʘ ʜʨʫʛʫ ʩʦʨʪʫ ʫ 2015. ʛʦʜʠʥʠ. 

ʈʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʜʘ ʿʝ ʚʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ ʫ ʪʨʝʪʤʘʥʫ DI2 ʙʠʣʘ ʜʦʚʦˀʥʦ ʥʠʩʢʘ ʜʘ ʠʟʘʟʦʚʝ 

ʙʣʘʛʠ ʜʦ ʦʟʙʠˀʥʠ ʚʦʜʥʠ ʩʪʨʝʩ ʢʦʜ ʦʙʝ ʩʦʨʪʝ. 

Esteban-Sanchez et al. (2024) ʩʫ ʢʦʨʠʩʪʠʣʠ TDR ʩʦʥʜʝ ʢʘʢʦ ʙʠ ʫʧʨʘʚˀʘʣʠ ʩʘʜʨʞʘʿʝʤ 

ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ ʫ ʚʠʥʦʛʨʘʜʫ ʥʘ ʿʫʛʦʟʘʧʘʜʫ ʐʧʘʥʠʿʝ. ʇʨʠʤʝˁʝʥʦ ʿʝ ʪʨʠ ʨʝʞʠʤʘ ʨʘʟʣʠʯʠʪʠʭ 

ʠʥʪʝʨʚʘʣʘ ʥʘʚʦʜˁʘʚʘˁʘ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ: ʊ07, ʢʦʥʪʨʦʣʥʠ ʪʨʝʪʤʘʥ, ʦʙʫʭʚʘʪʘʦ ʿʝ ʧʨʠʤʝʥʫ 

30% ɽʊʦ ʦʜ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ ʩʘ ʠʥʪʝʨʚʘʣʦʤ ʟʘʣʠʚʘˁʘ ʩʚʘʢʠʭ ʩʝʜʘʤ ʜʘʥʘ, ʊ03 ʠ ʊ15 

ʩʫ ʠʤʘʣʠ ʠʩʪʫ ʥʦʨʤʫ ʥʘʚʦʜˁʘʚʘˁʘ ʢʘʦ ʠ ʊ07, ʘʣʠ ʩʘ ʠʥʪʝʨʚʘʣʦʤ ʟʘʣʠʚʘˁʘ ʩʚʘʢʘ ʪʨʠ, ʦʜʥʦʩʥʦ 

ʧʝʪʥʘʝʩʪ ʜʘʥʘ. ʅʘ ʦʩʥʦʚʫ ʠʩʪʨʘʞʠʚʘˁʘ, ʘʫʪʦʨʠ ʟʘʢˀʫʯʫʿʫ ʜʘ ʿʝ ʥʘʿʥʝʧʦʚʦˀʥʠʿʠ ʩʣʫʯʘʿ (ʢʘʜʘ 

ʿʝ ʫ ʧʠʪʘˁʫ ʚʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ), ʙʠʦ ʪʨʝʪʤʘʥ ʊ07 ʩʘ ʧʨʦʮʝʥʪʫʘʣʥʠʤ ʛʫʙʠʪʢʦʤ ʚʦʜʝ ʥʘ 

ʝʚʘʧʦʨʘʮʠʿʫ ʦʜ 44,2%, ʜʦʢ ʩʝ ʤʘˁʝ ʚʦʜʝ ʛʫʙʠʣʦ ʫ ʪʨʝʪʤʘʥʠʤʘ ʊ03 (30,7%) ʠ ʊ15 (38,6%). 
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6.6. FAO AquaCrop ʤʦʜʝʣ 

 

ʇʦʨʝʜ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ, ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʢʦʨʠʰ˂ʝʥ 

ʿʝ ʠ FAO AquaCrop ʤʦʜʝʣ ʫ ʢʦʤ ʿʝ ʦʩʠʤ ʧʨʝʜʠʢʮʠʿʝ ʚʝʛʝʪʘʮʠʿʝ ʚʠʥʦʚʝ ʣʦʟʝ ʧʨʝʜʚʠʹʝʥ ʠ 

ʧʨʠʥʦʩ ʩʫʚʝ ʤʘʩʝ ʛʨʦʞʹʘ. ʅʘ ʦʩʥʦʚʫ ʧʨʦʩʝʯʥʠʭ ʦʩʤʦʛʦʜʠʰˁʠʭ ʦʩʤʦʪʨʝʥʠʭ ʧʦʜʘʪʘʢʘ (2015-

2022) ʟʘ ʩʫʤʝ ʝʬʝʢʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʝʪʢʘ, ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʠ ʥʘʩʪʫʧʘˁʘ ʧʦʿʝʜʠʥʠʭ 

ʬʝʥʦʬʘʟʘ ʠ ʧʨʦʩʝʯʥʦʛ ʧʨʠʥʦʩʘ ï ʠʟʚʨʰʝʥʘ ʿʝ ʢʘʣʠʙʨʘʮʠʿʘ ʤʦʜʝʣʘ (ʧʦʛʣʝʜʘʪʠ ʫ ʧʦʛʣʘʚˀʫ 

ʄʘʪʝʨʠʿʘʣ ʠ ʤʝʪʦʜʝ ï ʊʘʙʝʣʘ 12).  

ʋ ʪʘʙʝʣʠ 28. ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʜʘʥʘ ʠ ʜʘʪʫʤʘ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ 

ʩʠʤʫʣʠʨʘʥʠ AquaCrop ʤʦʜʝʣʦʤ ʥʘ ʦʩʥʦʚʫ ʧʘʨʘʤʝʪʘʨʘ ʢʦʨʠʰ˂ʝʥʠʭ ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ ʤʦʜʝʣʘ 

ʜʦʙʠʿʝʥʠʭ ʥʘ ʦʩʥʦʚʫ ʦʩʤʦʛʦʜʠʰˁʠʭ (2015-2022) ʧʨʦʩʝʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʦʩʤʘʪʨʘˁʘ.  

 
ʊʘʙʝʣʘ 28. ʈʝʟʫʣʪʘʪʠ ʢʘʣʠʙʨʘʮʠʿʝ ʤʦʜʝʣʘ AquaCrop (ʜʘʥʠ ʠ ʜʘʪʫʤʠ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ʠ ʥʘʩʪʫʧʘˁʘ 

ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ) ʠ ʦʜʩʪʫʧʘˁʘ ʦʜ ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ 
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ɼʘʪʫʤ ɼʘʪʫʤ GDD GDD 

ʇʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ 1 4 3 28. ʤʘʨʪ 31. ʤʘʨʪ 4,3 4,0 

ʎʚʝʪʘˁʝ 57 55 2 22. ʤʘʿ 22. ʤʘʿ 320,6 320,0 

ʐʘʨʘʢ 109 110 1 13. ʿʫʣ 16. ʿʫʣ 1009,9 1010,0 

ɹʝʨʙʘ 147 149 2 21. ʘʚʛʫʩʪ 26. ʘʚʛʫʩʪ 1610,8 1610,0 

ʂʨʘʿ ʚʝʛʝʪʘʮʠʿʝ 230 /*  /*  12. ʥʦʚʝʤʙʘʨ /* 2200,7 /*  

*AquaCrop ʧʨʝʜʚʠʹʘ ʜʦ ʙʝʨʙʝ (ʪʿ. ʘʢʫʤʫʣʘʮʠʿʝ GDD), ʥʝʤʘ ʧʦʜʘʪʘʢʘ. 

 

ʈʝʟʫʣʪʘʪʠ ʢʘʣʠʙʨʘʮʠʿʝ ʫʢʘʟʫʿʫ ʥʘ ʜʦʙʨʦ ʩʣʘʛʘˁʝ ʦʩʤʦʪʨʝʥʠʭ ʠ ʩʠʤʫʣʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ 

ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʯʠˁʝʥʠʮʦʤ ʜʘ ʩʝ ʤʦʜʝʣ AquaCrop ʧʦʫʟʜʘʥʦ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ. ʄʝʨʝʥʘ 

ʚʨʝʜʥʦʩʪ ʜʘʥʘ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ʿʝ 1, ʜʦʢ ʿʝ ʩʠʤʫʣʠʨʘʥʘ 4, ʰʪʦ ʿʝ ʩʚʝʛʘ 3 ʜʘʥʘ ʨʘʟʣʠʢʝ. ɿʘ 

ʥʘʩʪʫʧʘˁʝ ʬʝʥʦʬʘʟʝ ʮʚʝʪʘˁʘ, ʙʨʦʿ ʜʘʥʘ ʨʘʟʣʠʢʝ ʿʝ 2, ʜʦʢ ʿʝ ʟʘ ʥʘʩʪʫʧʘˁʝ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ 

ʨʘʟʣʠʢʘ ʫ ʿʝʜʥʦʤ ʜʘʥʫ. ʉʠʤʫʣʠʨʘʥʠ ʧʦʜʘʮʠ ʟʘ ʢʨʘʿ ʚʝʛʝʪʘʮʠʿʝ ʥʠʩʫ ʫʥʝʪʠ ʿʝʨ ʤʦʜʝʣ AquaCrop 

ʧʨʝʜʚʠʹʘ ʜʦ ʙʝʨʙʝ, ʦʜʥʦʩʥʦ, ʜʦ ʧʨʠʥʦʩʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʠʩʧʠʪʠʚʘʥʠʤ ʛʦʜʠʥʘʤa. 

ʊʘʙʝʣʘ 29. ʧʨʠʢʘʟʫʿʝ ʠʩʭʦʜʝ ʩʠʤʫʣʘʮʠʿʝ ʧʨʠʥʦʩʘ ʩʫʚʝ ʤʘʩʝ ʛʨʦʞʹʘ ʟʘ ʧʦʿʝʜʠʥʘʯʥʝ 

ʦʩʤʦʪʨʝʥʝ ʛʦʜʠʥʝ ʦʜ 2015. ʜʦ 2022. ʢʦʝʿ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ ʠ ʫʧʦʨʝʹʝʥʝ ʩʫ 

ʩʘ ʠʟʤʝʨʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ. 
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ʊʘʙʝʣʘ 29. ʈʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ ʟʘ ʚʘʣʠʜʘʮʠʦʥʠ ʩʝʪ ʧʦʜʘʪʘʢʘ ʠʟʤʝʨʝʥʦʛ ʧʨʠʥʦʩʘ ʩʫʚʝ ʤʘʩʝ ʛʨʦʞʹʘ 

ʥʘ ʣʦʢʘʮʠʿʠ ʇʣʘʚʠʥʮʠ ʪʦʢʦʤ ʦʩʤʦʪʨʝʥʠʭ ʛʦʜʠʥʘ (2015, 2016, 2017, 2018, 2019, 2020, 2021. ʠ 2022. 

ʛʦʜʠʥʘ) 
 

ɻʦʜʠʥʘ 
ʄʝʨʝʥʠ ʧʨʠʥʦʩ 

(tĿha ĭ) 

ʉʠʤʫʣʠʨʘʥʠ ʧʨʠʥʦʩ 

(tĿha ĭ) 
R² RMSE d 

2015 1,1 0,0 

0,3 1,2 0,9 

2016 2,3 4,5 

2017 1,6 2,6 

2018 1,7 1,7 

2019 2,5 3,8 

2020 0,7 2,4 

2021 2,0 2,1 

2022 3,1 2,5 

ʇʨʦʩʝʢ 1,9 2,4 

 

ʈʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ ʫʢʘʟʫʿʫ ʜʘ ʩʝ ʤʦʜʝʣ AquaCrop ʤʦʞʝ ʧʦʫʟʜʘʥʦ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʧʨʝʜʚʠʹʘˁʝ (ʩʠʤʫʣʘʮʠʿʫ) ʧʨʠʥʦʩʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʚʝ˂ʠʥʠ ʠʩʪʨʘʞʠʚʘʥʠʭ ʛʦʜʠʥʘ. ʇʨʦʩʝʯʥʘ 

ʚʨʝʜʥʦʩʪ ʟʘ ʤʝʨʝʥʠ ʧʨʠʥʦʩ ʪʦʢʦʤ ʦʩʤʦʛʦʜʠʰˁʝʛ ʦʩʤʦʪʨʝʥʦʛ ʧʝʨʠʦʜʘ (2015-2022) ʿʝ 1,9 

tĿha ĭ, ʰʪʦ ʿʝ ʟʘ 0,5 tĿha ĭ ʤʘˁʝ ʦʜ ʩʠʤʫʣʠʨʘʥʦʛ ʧʨʠʥʦʩʘ ʢʦʿʠ ʠʟʥʦʩʠ 2,4 tĿha ĭ. ʅʘʿʙʦˀʝ 

ʧʦʢʣʘʧʘˁʝ ʫ ʧʨʠʥʦʩʫ ʠʤʘʿʫ 2018. ʠ 2021. ʛʦʜʠʥʘ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʦʜ 1,7 tĿha ĭ (ʠ ʤʝʨʝʥʠ ʠ 

ʩʠʤʫʣʠʨʘʥʠ) ʠ 2,0 tĿha ĭ ʟʘ ʤʝʨʝʥʠ ʠ 2,1 tĿha ĭ ʟʘ ʩʠʤʫʣʠʨʘʥʠ ʧʨʠʥʦʩ, ʨʝʜʦʤ. ʊʘʢʦʹʝ, ʠ 2022. 

ʛʦʜʠʥʘ ʧʦʢʘʟʫʿʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʤʝʨʝʥʠʭ ʠ ʩʠʤʫʣʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʫ ʧʨʠʥʦʩʠʤʘ, 0,6 tĿha ĭ. 

ʋʦʯʘʚʘ ʩʝ ʚʝʣʠʢʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʠʟʤʝʨʝʥʦʛ ʠ ʩʠʤʫʣʠʨʘʥʦʛ ʧʨʠʥʦʩʘ ʩʫʚʝ ʤʘʩʝ ʛʨʦʞʹʘ ʫ 2016. 

ʠ 2020. ʛʦʜʠʥʠ ʰʪʦ ʟʥʘʯʘʿʥʦ ʫʪʠʯʝ ʥʘ ʢʦʥʘʯʥʝ ʚʨʝʜʥʦʩʪʠ ʩʪʘʪʠʩʪʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʦʩʪʘʣʝ ʘʥʘʣʠʟʠʨʘʥʝ ʛʦʜʠʥʝ. ʆʚʜʝ ʪʨʝʙʘ ʠʩʪʘ˂ʠ ʜʘ ʿʝ ʪʦʢʦʤ 2016. ʛʦʜʠʥʝ ʜʦʰʣʦ ʜʦ 

ʩʤʘˁʝˁʘ ʧʨʠʥʦʩʘ ʥʘ ʪʝʨʝʥʫ ʟʙʦʛ ʧʦʿʘʚʝ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʪʦʢʦʤ ʮʚʝʪʘˁʘ ʦʚʝ ʩʦʨʪʝ ʫ 

ʧʝʨʠʦʜʫ ʤʘʿ-ʿʫʥ. ʋ 2020. ʛʦʜʠʥʠ ʫʟʨʦʯʥʠʢ ʿʝ ʧʨʠʤʝʥʘ ʘʤʧʝʣʦ-ʪʝʭʥʠʯʢʠʭ ʤʝʨʘ (ʪʿ. ʨʝʜʫʢʮʠʿʘ 

ʨʦʜʥʠʭ ʣʘʩʪʘʨʘ ʨʝʟʠʜʙʦʤ), ʫ ʮʠˀʫ ʫʪʚʨʹʠʚʘˁʘ ʫʪʠʮʘʿʘ ʩʤʘˁʝˁʘ ʙʨʦʿʘ ʛʨʦʟʜʦʚʘ ʩʘ ʨʦʜʥʠʭ 

ʣʘʩʪʘʨʘ ʥʘ ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ, ʘ ʢʘʩʥʠʿʝ ʠ ʚʠʥʘ ʠ ʧʦʨʝʹʝˁʝ ʩʘ ʧʨʝʪʭʦʜʥʠʤ ʛʦʜʠʥʘʤʘ. ʄʝʹʫʪʠʤ, 

ʥʠʿʝ ʙʠʣʦ ʟʥʘʯʘʿʥʠʭ ʦʩʮʠʣʘʮʠʿʘ ʫ ʢʚʘʣʠʪʝʪʫ ʛʨʦʞʹʘ ʠ ʚʠʥʘ ʩʘ ʤʘˁʠʤ ʧʨʠʥʦʩʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʠʥʦʩʝ ʢʦʿʠ ʩʝ ʦʩʪʚʘʨʫʿʫ ʙʝʟ ʨʝʜʫʢʮʠʿʝ ʙʨʦʿʘ ʛʨʦʟʜʦʚʘ, ʦʜʥʦʩʥʦ, ʧʨʠʥʦʩʝ ʢʦʿʠ ʩʫ 

ʫʩʪʘʥʦʚˀʝʥʠ ʪʦʢʦʤ ʩʚʠʭ ʦʩʪʘʣʠʭ ʛʦʜʠʥʘ.  

ɺʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ AquaCrop ʠʟʚʨʰʝʥʘ ʿʝ ʠ ʥʘ ʩʝʪʫ ʧʦʜʘʪʘʢʘ ʠʟ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ ʟʘ 

ʯʝʪʠʨʠ ʜʚʘʜʝʩʝʪʦʛʦʜʠʰˁʘ ʧʝʨʠʦʜʘ, ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ (1998-2017) ʠ ʪʨʠ ʧʝʨʠʦʜʘ 

ʙʫʜʫ˂ʥʦʩʪʠ: ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ (2021-2040), ʩʨʝʜʠʥʘ ʚʝʢʘ (2041-2060) ʠ ʢʨʘʿ ʚʝʢʘ (2081-2100) 

ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʥʘʩʪʫʧʘˁʘ ʚʝʛʝʪʘʮʠʿʝ ʚʠʥʦʚʝ ʣʦʟʝ ʠ ʧʦʿʝʜʠʥʠʭ ʬʝʥʦʬʘʟʘ (ʮʚʝʪʘˁʝ, ʰʘʨʘʢ, 

ʙʝʨʙʘ), ʢʘʦ ʠ ʧʨʝʜʚʠʹʘˁʝ ʧʨʠʥʦʩʘ ʠ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʢʫʣʪʫʨʝ. ɿʘ ʩʚʘʢʠ ʦʜ ʥʘʚʝʜʝʥʠʭ 

ʧʝʨʠʦʜʘ, ʠʟʚʨʰʝʥʘ ʿʝ ʧʨʝʜʠʢʮʠʿʘ ʧʦʤʝʥʫʪʠʭ ʧʘʨʘʤʝʪʘʨʘ ʫ ʧʦʿʝʜʠʥʘʯʥʠʤ ʛʦʜʠʥʘʤʘ (20 

ʛʦʜʠʥʘ) ʢʨʦʟ 8 ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ. ʋ ʩʚʘʢʦʤ ʤʦʜʝʣʫ, ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʤʝʜʠʿʘʥʘ ʚʨʝʜʥʦʩʪʠ 

ʩʠʤʫʣʘʮʠʿʘ ʜʚʘʜʝʩʝʪʦʛʦʜʠʰˁʝʛ ʧʝʨʠʦʜʘ, ʘ ʠʟ ʤʝʜʠʿʘʥʝ ʚʨʝʜʥʦʩʪʠ 8 ʤʦʜʝʣʘ ʠʟʨʘʯʫʥʘʪ ʿʝ 

ʧʨʦʩʝʢ (ʢʣʠʤʘʪʦʣʦʰʢʘ ʥʦʨʤʘʣʘ). ʋ ʪʘʙʝʣʠ 30. ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʩʠʤʫʣʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ 

ʜʦʙʠʿʝʥʝ ʢʣʠʤʘʪʦʣʦʰʢʦʤ ʥʦʨʤʘʣʦʤ 8 ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ ʟʘ ʨʝʬʝʨʝʥʪʥʠ ʠ ʪʨʠ ʧʝʨʠʦʜʘ 

ʙʫʜʫ˂ʥʦʩʪʠ, ʘ ʥʘ ʛʨʘʬʠʢʫ 10. ʩʣʠʢʦʚʠʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘʩʪʫʧʘˁʝ ʬʝʥʦʬʘʟʘ ʫ ʩʚʠʤ 

ʠʩʧʠʪʠʚʘʥʠʤ ʧʝʨʠʦʜʠʤʘ.  
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ʊʘʙʝʣʘ 30. ʈʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ AquaCrop ʤʦʜʝʣʘ ʟʘ ʜʘʥʝ ʥʘʩʪʫʧʘˁʘ ʠʩʧʠʪʠʚʘʥʠʭ ʬʝʥʦʬʘʟʘ (ʜʘʥʠ 

ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ), ʧʨʠʥʦʩʘ ʠ ɽʊc ʫ ʨʝʬʝʨʝʥʪʥʦʤ (1998-2017) ʠ ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ (ʙʣʠʩʢʘ 

ʙʫʜʫ˂ʥʦʩʪ (2021-2040), ʩʨʝʜʠʥʘ ʚʝʢʘ (2041-2060) ʠ ʢʨʘʿ ʚʝʢʘ (2081-2100)) 
 

ʇɽʈʀʆɼ 

ʎʚʝʪʘˁʝ ʐʘʨʘʢ ɹʝʨʙʘ 
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ʈʝʬʝʨʝʥʪʥʠ 

(1998-2017) 
67 130 62 238 170 107 2,6 374,7 

ɹʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ 

(2021-2040) 
57 118 60 221 162 102 2,7 340,4 

ʉʨʝʜʠʥʘ ʚʝʢʘ 

(2041-2060) 
54 117 61 177 120 58 2,7 321,1 

ʂʨʘʿ ʚʝʢʘ 

(2081-2100) 
54 110 56 152 98 42 3,4 284,9 

 

 

ɻʨʘʬʠʢ 10. ɼʘʥʠ ʧʦʯʝʪʢʘ, ʪʨʘʿʘˁʝ ʠ ʟʘʚʨʰʝʪʘʢ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ 

ʧʝʨʠʦʜʠʤʘ 

 

ʈʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ AquaCrop ʤʦʜʝʣʘ ʟʘ 4 ʠʩʧʠʪʠʚʘʥʘ ʧʝʨʠʦʜʘ ʜʦʢʘʟʫʿʫ ʨʘʥʠʿʝ 

ʥʘʩʪʫʧʘˁʝ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ. ʋ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ, ʮʚʝʪʘˁʝ ʿʝ ʥʘʩʪʫʧʠʣʦ 67. ʜʘʥʘ ʦʜ 

ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ, ʰʪʦ ʿʝ ʟʘ 10 ʜʘʥʘ ʢʘʩʥʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʝʨʠʦʜ ʙʣʠʩʢʝ ʙʫʜʫ˂ʥʦʩʪʠ (2021-

2040) ʠ ʟʘ 13 ʜʘʥʘ ʢʘʩʥʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʝʨʠʦʜʝ ʩʨʝʜʠʥʝ ʚʝʢʘ (2041-2060) ʠ ʢʨʘʿ ʚʝʢʘ (2081-

2100).  
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ʌʝʥʦʬʘʟʘ ʰʘʨʢʘ, ʫ ʧʨʚʦʤ ʧʝʨʠʦʜʫ ʙʫʜʫ˂ʥʦʩʪʠ (ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ) ʥʘʩʪʫʧʘ 118. ʜʘʥʘ ʦʜ 

ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ, ʫ ʧʝʨʠʦʜʫ ʩʨʝʜʠʥʝ ʚʝʢʘ 117. ʜʘʥʘ ʠ ʢʨʘʿʝʤ ʚʝʢʘ 110. ʜʘʥʘ, ʰʪʦ ʿʝ ʟʘ 12, 13 

ʠ 20 ʜʘʥʘ, ʨʝʜʦʤ, ʨʘʥʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ. ʊʘʢʦʹʝ, ʫʦʯʘʚʘ ʩʝ ʠ ʩʢʨʘ˂ʝˁʝ ʙʨʦʿʘ 

ʜʘʥʘ ʦʜ ʬʝʥʦʬʘʟʝ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ, ʫ ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ ʟʘ 2 ʜʘʥʘ, ʩʨʝʜʠʥʦʤ ʚʝʢʘ ʟʘ ʜʘʥ ʠ 

ʢʨʘʿʝʤ ʚʝʢʘ ʟʘ 6 ʜʘʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ. ʅʘʿʨʘʥʠʿʝ, ʙʝʨʙʘ ʩʝ ʦʯʝʢʫʿʝ ʢʨʘʿʝʤ 

ʚʝʢʘ, 152. ʜʘʥʘ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ, ʰʪʦ ʿʝ ʟʘ ʯʘʢ 86 ʜʘʥʘ ʨʘʥʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʠ 

ʧʝʨʠʦʜ. ɹʨʦʿ ʜʘʥʘ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ ʠ ʦʜ ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ ʩʝ ʟʥʘʯʘʿʥʦ ʩʤʘˁʫʿʝ ʫ ʧʝʨʠʦʜʠʤʘ 

ʙʫʜʫ˂ʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ. ʅʘʿʚʝ˂ʠ ʧʨʠʥʦʩ ʩʝ ʦʯʝʢʫʿʝ ʢʨʘʿʝʤ ʚʝʢʘ ʦʜ 3,4 

tĿha ĭ, ʰʪʦ ʿʝ ʟʘ 0,8 tĿha ĭ ʠʣʠ 30,8% ʚʠʰʝ ʦʜ ʜʦʙʠʿʝʥʦʛ ʧʨʠʥʦʩʘ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ. 

ʉʠʤʫʣʘʮʠʿʝ ʧʨʠʥʦʩʘ ʟʘ ʜʨʫʛʘ ʜʚʘ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ ʩʫ ʧʦ 2,7 tĿha ĭ ʰʪʦ ʿʝ ʟʘ 0,1 tĿha ĭ ʠʣʠ 

3,85% ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ.  

ʇʦʨʝʹʝˁʝ ʩʠʤʫʣʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʠʭ ʠʟ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ ʠ ʩʠʤʫʣʠʨʘʥʠʭ 

ʚʨʝʜʥʦʩʪʠ ʘʥʘʣʠʟʠʨʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʜʦʙʠʿʝʥʠʭ ʠʟ AquaCrop ʤʦʜʝʣʘ ʟʘ ʠʩʧʠʪʠʚʘʥʝ ʧʝʨʠʦʜʝ 

ʠʟʚʝʜʝʥʦ ʿʝ ʫ ʪʘʙʝʣʘʤʘ 31. ʠ 32. 

 
ʊʘʙʝʣʘ 31. ʂʦʤʧʘʨʘʮʠʿʘ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ AquaCrop ʤʦʜʝʣʘ (ɸC) ʠ ʨʝʟʫʣʪʘʪʘ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ 

(ʂʄ) ʟʘ ʜʘʥʝ ʥʘʩʪʫʧʘˁʘ ʠʩʧʠʪʠʚʘʥʠʭ ʬʝʥʦʬʘʟʘ ʫ ʨʝʬʝʨʝʥʪʥʦʤ (1998-2017) ʠ ʪʨʠ ʧʝʨʠʦʜʘ ʙʫʜʫ˂ʥʦʩʪʠ 

(ʙʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ (2021-2040), ʩʨʝʜʠʥʘ ʚʝʢʘ (2041-2060) ʠ ʢʨʘʿ ʚʝʢʘ (2081-2100)) 
 

ʌɽʅʆʌɸɿɸ ʎʚʝʪʘˁʝ ʐʘʨʘʢ ɹʝʨʙʘ 

ʄʆɼɽʃ ɸC ʂʄ ɸC ʂʄ ɸC ʂʄ ɸC ʂʄ ɸC ʂʄ ɸC ʂʄ 

ʇɽʈʀʆɼ 

ɼʘʥ ʦʜ 

ʧʦʯʝʪʢʘ 

ʚʝʛʝʪʘʮʠʿʝ 

ɼʘʥ ʦʜ 

ʧʦʯʝʪʢʘ 

ʚʝʛʝʪʘʮʠʿʝ 

ɹʨʦʿ ʜʘʥʘ ʦʜ 

ʮʚʝʪʘˁʘ ʜʦ 

ʰʘʨʢʘ 

ɼʘʥ ʦʜ 

ʧʦʯʝʪʢʘ 

ʚʝʛʝʪʘʮʠʿʝ 

ɹʨʦʿ ʜʘʥʘ ʦʜ 

ʮʚʝʪʘˁʘ ʜʦ 

ʙʝʨʙʝ 

ɹʨʦʿ ʜʘʥʘ ʦʜ 

ʰʘʨʢʘ ʜʦ 

ʙʝʨʙʝ 

ʈʝʬʝʨʝʥʪʥʠ 

(1998-2017) 
67 64 130 125 62 60 238 176 170 115 107 54 

ɹʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ 

(2021-2040) 
57 63 118 123 60 57 221 170 162 106 102 49 

ʉʨʝʜʠʥʘ ʚʝʢʘ 

(2041-2060) 
54 65 117 121 61 56 177 164 120 100 58 44 

ʂʨʘʿ ʚʝʢʘ 

(2081-2100) 
54 76 110 129 56 53 152 163 98 88 42 35 

 

ʅʘʩʪʫʧʘˁʝ ʬʝʥʦʬʘʟʘ ʮʚʝʪʘˁʘ ʠ ʰʘʨʢʘ ʜʦʙʠʿʝʥʠʭ ʠʟ AquaCrop ʤʦʜʝʣʘ (ɸC) ʧʦʜʫʜʘʨʘ ʩʝ 

ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʭ ʠʟ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ (ʂʄ). ʇʦʯʝʪʘʢ ʮʚʝʪʘˁʘ ʩʝ ʨʘʟʣʠʢʫʿʝ ʠʟʤʝʹʫ 

ʤʦʜʝʣʘ ʟʘ 3 ʜʘʥʘ ʢʦʜ ʨʝʬʝʨʝʥʪʥʦʛ ʧʝʨʠʦʜʘ, 6 ʜʘʥʘ ʢʦʜ ʧʝʨʠʦʜʘ ʙʣʠʩʢʝ ʙʫʜʫ˂ʥʦʩʪʠ, 11 ʜʘʥʘ ʟʘ 

ʩʨʝʜʠʥʫ ʚʝʢʘ ʠ 22 ʜʘʥʘ ʟʘ ʢʨʘʿ ʚʝʢʘ. ʐʘʨʘʢ, ʧʨʝʤʘ ɸC ʤʦʜʝʣʫ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ, 

ʥʘʩʪʫʧʠʦ ʿʝ 5 ʜʘʥʘ ʢʘʩʥʠʿʝ, ʦʯʝʢʫʿʝ ʩʝ ʜʘ ˂ʝ ʥʘʩʪʫʧʠʪʠ 5 ʜʘʥʘ ʨʘʥʠʿʝ ʫ ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ, 4 

ʜʘʥʘ ʨʘʥʠʿʝ ʫ ʧʝʨʠʦʜʫ ʩʨʝʜʠʥʝ ʚʝʢʘ ʠ 19 ʜʘʥʘ ʨʘʥʠʿʝ ʢʨʘʿʝʤ ʚʝʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʟʫʣʪʘʪʝ ʂʄ. 

ɹʨʦʿ ʜʘʥʘ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʰʘʨʢʘ ʿʝ ʧʨʠʣʠʯʥʦ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʢʦʜ AC ʤʦʜʝʣʘ ʠ ʂʄ, ʨʘʟʣʠʢʝ ʩʫ 

ʧʦ ʥʝʢʦʣʠʢʦ ʜʘʥʘ (2-5). ɹʝʨʙʘ, ʧʨʝʤʘ AC ʤʦʜʝʣʫ ʿʝ ʫ ʨʝʬʝʨʝʥʪʥʦʤ ʧʝʨʠʦʜʫ ʥʘʩʪʫʧʠʣʘ 62 ʜʘʥʘ 

ʢʘʩʥʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʂʄ, ʜʦʢ ʩʝ ʫ ʧʝʨʠʦʜʠʤʘ ʙʫʜʫ˂ʥʦʩʪʠ ʦʯʝʢʫʿʝ ʜʘ ʥʘʩʪʫʧʠ 51 ʠ 13 ʜʘʥʘ 

ʢʘʩʥʠʿʝ ʟʘ ʧʝʨʠʦʜ ʙʣʠʩʢʝ ʙʫʜʫ˂ʥʦʩʪʠ ʠ ʩʨʝʜʠʥʫ ʚʝʢʘ, ʨʝʜʦʤ. ʂʨʘʿʝʤ ʚʝʢʘ ʙʝʨʙʘ ʧʨʝʤʘ AC 

ʤʦʜʝʣʫ ˂ʝ ʥʘʩʪʫʧʠʪʠ 11 ʜʘʥʘ ʨʘʥʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʂʄ. ɹʨʦʿ ʜʘʥʘ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʙʝʨʙʝ ʠ ʦʜ 

ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ ʿʝ ʧʨʝʤʘ AC ʤʦʜʝʣʫ ʟʥʘʪʥʦ ʚʝ˂ʠ ʟʘ ʩʚʝ ʠʩʧʠʪʠʚʘʥʝ ʧʝʨʠʦʜʝ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ 

ʜʫʞʠ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʪʨʘʿʘˁʘ ʘʥʘʣʠʟʠʨʘʥʠʭ ʬʝʥʦʬʘʟʘ. 
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ʊʘʙʝʣʘ 32. ʂʦʤʧʘʨʘʮʠʿʘ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ AquaCrop ʤʦʜʝʣʘ (ɸC) ʠ ʨʝʟʫʣʪʘʪʘ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ 

(ʂʄ) ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʢʫʣʪʫʨʝ ʚʠʥʦʚʝ ʣʦʟʝ (ɽTc) ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʿʝ 
 

ʇɽʈʀʆɼ 
ɆETc ʦʜ ʧʦʯʝʪʢʘ ʜʦ 

ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ (ɸC) 

ɆETc ʦʜ ʧʦʯʝʪʢʘ ʜʦ 

ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ (ʂʄ) 

ʈʝʬʝʨʝʥʪʥʠ 

(1998-2017) 
374,7 480,7 

ɹʣʠʩʢʘ ʙʫʜʫ˂ʥʦʩʪ 

(2021-2040) 
340,4 478,5 

ʉʨʝʜʠʥʘ ʚʝʢʘ 

(2041-2060) 
321,1 498,0 

ʂʨʘʿ ʚʝʢʘ 

(2081-2100) 
284,9 539,2 

ʇʈʆʉɽʂ 330,3 499,1 

 

ʋʦʯʘʚʘʿʫ ʩʝ ʧʨʠʤʝʪʥʦ ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʚʠʥʦʚʝ ʣʦʟʝ (ɽTc) ʜʦʙʠʿʝʥʝ 

ʠʟ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ ʟʘ ʩʚʘʢʠ ʦʜ ʠʩʪʨʘʞʠʚʘʥʠʭ ʧʝʨʠʦʜʘ. ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ɽTc ʦʜ ʧʦʯʝʪʢʘ 

ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʜʦʙʠʿʝʥʘ ʠʟ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ ʿʝ ʟʘ 168,8 mm, ʪʿ. ʟʘ 51,1% ʚʝ˂ʘ ʦʜ 

ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʝ ʠʟ AquaCrop ʤʦʜʝʣʘ, ʰʪʦ ʿʝ ʧʦʚʝʟʘʥʦ ʩʘ ʜʫʞʠʥʦʤ ʪʨʘʿʘˁʘ ʚʝʛʝʪʘʮʠʦʥʝ 

ʩʝʟʦʥʝ. ʅʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʠʟ ɸC ʤʦʜʝʣʘ ʦʯʝʢʫʿʝ ʩʝ ʪʨʝʥʜ ʩʤʘˁʝˁʘ 

ɽTc ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʢʘʢʦ ʩʝ ʧʨʠʙʣʠʞʘʚʘʤʦ ʢʨʘʿʫ ʚʝʢʘ. ʂʦʜ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ 

ʠʟ ʢʣʠʤʘʪʩʢʠʭ ʤʦʜʝʣʘ ʿʝ ʦʙʨʥʫʪʘ ʩʠʪʫʘʮʠʿʘ, ʧʨʝʚʠʹʘ ʩʝ ʧʦʚʝ˂ʘˁʝ ʚʨʝʜʥʦʩʪʠ ɽTc  ʜʦ ʢʨʘʿʘ 

ʚʝʢʘ ʟʘ 10,8% ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ. 

ʊʝʩʪʠʨʘˁʝ AquaCrop ʤʦʜʝʣʘ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʨʘʩʪʘ ʩʪʦʥʦʛ ʛʨʦʞʹʘ (Vitis vinifera L. cvs. 

Perlette ʠ Superior) ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜʝ ʫ ʩʫʰʥʦʤ ʨʝʛʠʦʥʫ ʩʝʚʝʨʦʟʘʧʘʜʥʦʛ ʄʝʢʩʠʢʘ 

ʚʨʰʠʣʠ ʩʫ Er-Raki et al. (2024) ʫ ʚʠʥʦʛʨʘʜʠʤʘ ʫ ʢʦʿʠʤʘ ʿʝ ʧʨʠʤʝˁʠʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ. 

ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ ʩʘʜʨʞʘʿ ʚʦʜʝ ʫ ʟʦʥʠ ʢʦʨʝʥʦʚʦʛ ʩʠʩʪʝʤʘ ʫʚʝʢ ʠʟʥʘʜ ʧʦˀʩʢʦʛ ʚʦʜʥʦʛ 

ʢʘʧʘʮʠʪʝʪʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʟʥʘʯʘʿʥʠʭ ʛʫʙʠʪʘʢʘ ʚʦʜʝ ʥʘ ʜʫʙʦʢʫ ʧʝʨʢʦʣʘʮʠʿʫ. ʄʦʜʝʣ AquaCrop 

ʿʝ ʧʦʢʘʟʘʦ ʜʘ ʿʝ ʦʧʪʠʤʘʣʥʘ ʥʦʨʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʙʠʣʘ ʦʢʦ 50% ʤʘˁʘ ʦʜ ʧʨʠʤʝˁʝʥʝ (547 mm ʫ 

2005. ʠ 510 mm ʫ 2006. ʫʤʝʩʪʦ 1006 mm ʫ 2005. ʠ 930 mm ʫ 2006. ʛʦʜʠʥʠ). ʇʨʝʢʦʤʝʨʥʦ 

ʥʘʚʦʜˁʘʚʘˁʝ ʩʤʘˁʠʣʦ ʿʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʚʦʜʝ (WP ï water productivity) ʟʘ ʦʢʦ 45%. ɸʫʪʦʨʠ 

ʟʘʢˀʫʯʫʿʫ ʜʘ ʩʝ ʢʦʨʠʰ˂ʝˁʝʤ AquaCrop ʤʦʜʝʣʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʚʨʝʤʝʥʘ ʠ ʥʦʨʤʠ 

ʥʘʚʦʜˁʘʚʘˁʘ ʤʦʛʫ ʠʟʙʝ˂ʠ ʛʫʙʠʮʠ ʚʦʜʝ ʥʘ ʜʫʙʦʢʫ ʧʝʨʢʦʣʘʮʠʿʫ ʠʣʠ ʧʦʿʘʚʫ ʚʦʜʥʦʛ ʩʪʨʝʩʘ. 

ʋʩʧʝʰʥʦʩʪ ʨʘʜʘ ʤʦʜʝʣʘ AquaCrop ʧʦʪʚʨʜʠʣʠ ʩʫ ʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʠʩʪʨʘʞʠʚʘˁʫ (Er-Raki et al., 

2021). ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʦ ʧʦʫʟʜʘʥʦʩʪʠ ʤʦʜʝʣʘ ʩʫ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʜʦʙʠʿʝʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ 

ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ. AquaCrop ʤʦʜʝʣ ʿʝ ʧʦʫʟʜʘʥ ʘʣʘʪ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʚʦʜʥʦʛ ʜʝʬʠʮʠʪʘ, 

ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʠ ʧʨʠʥʦʩʘ ʛʨʦʞʹʘ, ʘʣʠ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʘʞˀʠʚʦ ʧʘʨʘʤʝʪʨʠʟʦʚʘˁʝ ʠ 

ʢʘʣʠʙʨʘʮʠʿʘ ʤʦʜʝʣʘ ʫ ʩʢʣʘʜʫ ʩʘ ʣʦʢʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ ʰʪʦ ʚʝ˂ʘ ʪʘʯʥʦʩʪ 

ʧʨʝʜʚʠʹʘˁʘ. ʉʭʦʜʥʦ ʥʘʚʝʜʝʥʦʤ, ʤʦʜʝʣ AquaCrop ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʦʧʝʨʘʪʠʚʥʠ ʘʣʘʪ ʫ 

ʤʝʨʘʤʘ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʥʘ ʠʟʤʝˁʝʥʝ ʢʣʠʤʘʪʩʢʝ ʫʩʣʦʚʝ, ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʝʬʠʢʘʩʥʦ ʧʣʘʥʠʨʘˁʝ ʠ 

ʫʧʨʘʚˀʘˁʝ ʚʦʜʥʠʤ ʨʝʩʫʨʩʠʤʘ ʫ ʧʦˀʦʧʨʠʚʨʝʜʠ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʫ ʚʠʥʦʛʨʘʜʘʨʩʪʚʫ. ʇʨʠʤʝʥʘ 

ʩʠʤʫʣʘʮʠʿʝ ʨʘʩʪʘ ʛʘʿʝʥʠʭ ʢʫʣʪʫʨʘ ʠ ʤʦʜʝʣʘ ʫʧʨʘʚˀʘˁʘ ʚʦʜʘʤʘ ˂ʝ ʧʦʩʪʘʪʠ ʩʚʝ ʚʘʞʥʠʿʘ ʫ 

ʙʫʜʫ˂ʥʦʩʪʠ. 
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6.6.1. ʉʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ ʫ AquaCrop ʤʦʜʝʣʫ 

 

ʉʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʜʫʛʦʨʦʯʥʝ ʧʨʦʮʝʥʝ ʢʣʠʤʘʪʩʢʠʭ ʫʩʣʦʚʘ ʟʘ 

ʧʝʨʠʦʜ ʦʜ ʤʝʩʝʮ ʜʦ ʩʝʜʘʤ ʤʝʩʝʮʠ ʫʥʘʧʨʝʜ (Doblas-Reyes et al., 2013). ʆʥʝ ʩʫ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʩʣʦʞʝʥʠʤ ʥʫʤʝʨʠʯʢʠʤ ʤʦʜʝʣʠʤʘ ʢʦʿʠ ʩʠʤʫʣʠʨʘʿʫ ʧʦʥʘʰʘˁʝ ʘʪʤʦʩʬʝʨʝ, ʦʢʝʘʥʘ ʠ ʜʨʫʛʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʢʣʠʤʘʪʩʢʦʛ ʩʠʩʪʝʤʘ (Bruno Soares ʠ Dessai, 2016). ʆʩʥʦʚʫ ʦʚʠʭ ʧʨʦʛʥʦʟʘ ʯʠʥʠ 

ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʥʝ ʧʨʫʞʘʿʫ ʿʝʜʥʫ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʫ ʧʨʦʛʥʦʟʫ, ʚʝ˂ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʤʦʛʫ˂ʝ ʠʩʭʦʜʝ (Doblas-Reyes et al., 2013). 

ʉʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʩʝ ʬʦʢʫʩʠʨʘʿʫ ʥʘ ʘʥʦʤʘʣʠʿʝ ʫ ʢʣʠʤʠ, ʢʘʦ ʰʪʦ ʩʫ ʦʜʩʪʫʧʘˁʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʘʜʘʚʠʥʘ ʦʜ ʧʨʦʩʝʯʥʠʭ ʚʨʝʜʥʦʩʪʠ, ʠ ʠʤʘʿʫ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʧʨʝʜʚʠʜʝ ʢˀʫʯʥʝ 

ʢʣʠʤʘʪʩʢʝ ʜʦʛʘʹʘʿʝ ʢʘʦ ʰʪʦ ʩʫ ʩʫʰʝ, ʪʦʧʣʦʪʥʠ ʠ ʭʣʘʜʥʠ ʪʘʣʘʩʠ ʠʣʠ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ 

ʧʘʜʘʚʠʥʘ (Hemri et al., 2020). ʂʦʨʠʩʪʝ˂ʠ ʦʚʘʢʚʝ ʧʨʦʛʥʦʟʝ, ʚʠʥʦʛʨʘʜʘʨʠ ʤʦʛʫ ʧʨʝʜʚʠʜʝʪʠ ʠ 

ʧʨʠʣʘʛʦʜʠʪʠ ʩʚʦʿʝ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʧʫʪ ʥʘʚʦʜˁʘʚʘˁʘ ʠ ʙʝʨʙʝ, ʥʘ ʦʩʥʦʚʫ ʚʝʨʦʚʘʪʥʦ˂ʝ 

ʦʜʨʝʹʝʥʠʭ ʢʣʠʤʘʪʩʢʠʭ ʜʦʛʘʹʘʿʘ, ʯʠʤʝ ʩʝ ʧʦʙʦˀʰʘʚʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʦʪʧʦʨʥʦʩʪ ʫ ʧʨʦʮʝʩʫ 

ʧʨʦʠʟʚʦʜˁʝ (Bojovic et al., 2022). 

FAO AquaCrop ʤʦʜʝʣ ʢʦʨʠʰ˂ʝʥ ʿʝ ʫ ʮʠˀʫ ʧʨʝʜʠʢʮʠʿʝ ʥʘʩʪʫʧʘˁʘ ʢˀʫʯʥʠʭ ʬʝʥʦʬʘʟʘ 

(ʧʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ, ʮʚʝʪʘˁʝ, ʰʘʨʘʢ ʠ ʙʝʨʙʘ) ʠ ʧʨʠʥʦʩʘ ʥʘ ʦʩʥʦʚʫ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ 

ʩʝʟʦʥʩʢʠʭ ʧʨʦʛʥʦʟʘ (ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʘʜʘʚʠʥʝ). ʂʦʨʠʰ˂ʝʥʘ ʿʝ 51 ʩʠʤʫʣʘʮʠʿʘ ʩʘ ʮʠˀʝʤ 

ʜʦʙʠʿʘˁʘ ʧʦʜʘʪʘʢʘ ʦ ʠʩʪʨʘʞʠʚʘʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ. ʋ ʪʘʙʝʣʘʤʘ 33. ʠ 34. ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ 

ʨʝʟʫʣʪʘʪʠ ʩʝʟʦʥʩʢʠʭ ʧʨʦʛʥʦʟʘ ʚʨʝʤʝʥʘ ʟʘ ʦʙʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ. 

ʈʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʩʠʤʫʣʘʮʠʿʦʤ AquaCrop ʤʦʜʝʣʘ ʟʘ ʩʝʟʦʥʩʢʫ ʧʨʦʛʥʦʟʫ ʚʨʝʤʝʥʘ ʪʦʢʦʤ 

2021. ʛʦʜʠʥʝ ʫʢʘʟʫʿʫ ʥʘ ʜʦʙʨʫ ʧʨʝʜʠʢʮʠʿʫ ʤʦʜʝʣʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʦʩʤʦʪʨʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ 

(ʊʘʙʝʣʘ 33). ʊʦʢʦʤ ʧʨʚʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ, ʢʦʨʠʰ˂ʝʥ ʿʝ ʩʝʪ ʦʜ ʧʝʪ ʤʝʩʝʮʠ (ʤʘʨʪ, ʘʧʨʠʣ, ʤʘʿ, ʿʫʥ 

ʠ ʿʫʣ). ʅʘ ʦʩʥʦʚʫ ʧʨʦʮʝʥʪʫʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ, ʫʦʯʘʚʘ ʩʝ ʜʘ ʿʫʣʩʢʘ ʧʨʦʛʥʦʟʘ ʚʨʝʤʝʥʘ ʠʤʘ 

ʠʟʨʘʟʠʪʦ ʚʝʣʠʢʦ ʧʦʢʣʘʧʘˁʝ (ʯʘʢ 82,35%, ʦʜʥʦʩʥʦ 42 ʩʠʤʫʣʘʮʠʿʝ ʩʫ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʦʜ ʫʢʫʧʥʦ 

51) ʩʘ ʦʩʤʦʪʨʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʧʦʯʝʪʢʘ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ ʠ ʦʩʪʚʘʨʝʥʠʤ ʧʨʠʥʦʩʦʤ 2021. 

ʛʦʜʠʥʝ (ʦʩʤʦʪʨʝʥʠ ʧʨʠʥʦʩ ʿʝ ʙʠʦ 2 tĿha ĭ, ʘ ʩʠʤʫʣʠʨʘʥʠ 2,2 tĿha ĭ) ʰʪʦ ʟʥʘʯʠ ʜʘ ʿʫʣʩʢʘ 

ʧʨʦʛʥʦʟʘ ʜʘʿʝ ʥʘʿʨʝʣʝʚʘʥʪʥʠʿʝ ʧʦʜʘʪʢʝ. ʅʘʢʦʥ ʿʫʣʩʢʝ, ʠʩʪʠʯʫ ʩʝ ʠ ʤʘʿʩʢʘ ʦʜ 43,14% ʠ 

ʘʧʨʠʣʩʢʘ ʦʜ 29,41%, ʜʦʢ ʤʘʨʪʦʚʩʢʘ (15,69%) ʠ ʿʫʥʩʢʘ (13,73) ʠʤʘʿʫ ʥʘʿʤʘˁʠ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ 

ʢʦʿʝ ʩʝ ʧʦʢʣʘʧʘʿʫ ʩʘ ʦʩʤʦʪʨʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ, 8 ʠ 7, ʨʝʜʦʤ. ʅʘʿʚʝ˂ʘ ʦʜʩʪʫʧʘˁʘ ʫ ʧʨʠʥʦʩʫ ʩʝ 

ʜʦʙʠʿʘʿʫ ʩʘ ʤʘʨʪʦʚʩʢʦʤ ʠ ʿʫʥʩʢʦʤ ʧʨʦʛʥʦʟʦʤ (ʩʠʤʫʣʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʜʚʦʩʪʨʫʢʦ ʚʝ˂ʝ ʦʜ 

ʦʩʤʦʪʨʝʥʠʭ). ʂʘʜʘ ʿʝ ʨʝʯ ʦ ʥʘʩʪʫʧʘˁʫ ʬʝʥʦʬʘʟʘ, ʥʘʿʤʘˁʘ ʦʜʩʪʫʧʘˁʘ ʠʤʘ ʤʘʿʩʢʘ ʧʨʦʛʥʦʟʘ ʛʜʝ 

ʩʝ ʥʘʩʪʫʧʘˁʝ ʬʝʥʦʬʘʟʝ ʮʚʝʪʘˁʘ ʠ ʰʘʨʢʘ ʨʘʟʣʠʢʫʿʝ ʫ ʩʚʝʛʘ ʿʝʜʘʥ ʜʘʥ. ʉʧʝʮʠʬʠʯʥʦʩʪ ʩʚʠʭ 

ʤʝʩʝʯʥʠʭ ʧʨʦʛʥʦʟʘ ʧʨʝʤʘ AquaCrop ʤʦʜʝʣʫ ʦʛʣʝʜʘ ʩʝ ʫ ʪʦʤʝ ʰʪʦ ʩʝ ʧʝʨʠʦʜ ʩʘʟʨʝʚʘˁʘ 

ʛʨʦʞʹʘ, ʦʜʥʦʩʥʦ ʧʝʨʠʦʜ ʦʜ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ ʜʦ ʙʝʨʙʝ ʧʨʦʜʫʞʘʚʘ ʟʘ ʧʦ 7, 8, 9, 13 ʠ 16 ʜʘʥʘ, ʟʘ 

ʿʫʣʩʢʫ, ʤʘʿʩʢʫ, ʘʧʨʠʣʩʢʫ, ʤʘʨʪʦʚʩʢʫ ʠ ʿʫʥʩʢʫ, ʨʝʜʦʤ. ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʦʩʤʦʪʨʝʥʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ, ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ ʟʘ ʩʚʠʭ 5 ʤʝʩʝʮʠ ʠʟʥʦʩʝ ʟʘ ʧʦ 5, 1, 3 ʠ 

11 ʜʘʥʘ ʢʘʩʥʠʿʝ ʟʘ ʧʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ, ʮʚʝʪʘˁʝ, ʰʘʨʘʢ ʠ ʙʝʨʙʫ, ʨʝʜʦʤ. ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ 

ʩʠʤʫʣʠʨʘʥʦʛ ʧʨʠʥʦʩʘ (3,5 tĿha ĭ) ʿʝ ʟʘ 75% ʚʝ˂ʘ ʦʜ ʦʩʤʦʪʨʝʥʦʛ (2 tĿha ĭ). 
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ʊʘʙʝʣʘ 33. ʉʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ ʟʘ ʣʦʢʘʣʠʪʝʪ ʚʠʥʦʛʨʘʜʘ Ăʇʣʘʚʠʥʮʠñ ʠ ʩʦʨʪʫ ʇʘʥʦʥʠʘ ʪʦʢʦʤ 

2021. ʛʦʜʠʥʝ 
 

ʉɽɿʆʅʉʂɽ ʇʈʆɻʅʆɿɽ ɺʈɽʄɽʅɸ ɿɸ 2021. ɻʆɼʀʅʋ 

ʇʨʦʮʝʥʪʫʘʣʥʠ 

ʫʜʝʦ ʧʦʜʫʜʘʨʥʠʭ 

ʩʠʤʫʣʘʮʠʿʘ (%)* 

ʄɸʈʊ ɸʇʈʀʃ ʄɸɱ ɱʋʅ ɱʋʃ 

15,69% 29,41% 43,14% 13,73% 82,35% 

ʄɸʈʊ ʆʩʤʦʪʨʝʥʦ ʉʠʤʫʣʠʨʘʥʦ ɱʋʅ ʆʩʤʦʪʨʝʥʦ ʉʠʤʫʣʠʨʘʥʦ 

ɼʘʥ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ɼʘʥ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ 

ʇʦʯʝʪʘʢ 

ʚʝʛʝʪʘʮʠʿʝ  
1 5 

ʇʦʯʝʪʘʢ 

ʚʝʛʝʪʘʮʠʿʝ  
1 7 

ʎʚʝʪʘˁʝ 42 39 ʎʚʝʪʘˁʝ 42 48 

ʐʘʨʘʢ 94 96 ʐʘʨʘʢ 94 101 

ɹʝʨʙʘ 133 146 ɹʝʨʙʘ 133 149 

ʇʨʠʥʦʩ (tĿha ĭ) 2,0 4,1 ʇʨʠʥʦʩ (tĿha ĭ) 2,0 4,0 

ɸʇʈʀʃ ʆʩʤʦʪʨʝʥʦ ʉʠʤʫʣʠʨʘʥʦ ɱʋʃ ʆʩʤʦʪʨʝʥʦ ʉʠʤʫʣʠʨʘʥʦ 

ɼʘʥ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ɼʘʥ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ 

ʇʦʯʝʪʘʢ 

ʚʝʛʝʪʘʮʠʿʝ  
1 4 

ʇʦʯʝʪʘʢ 

ʚʝʛʝʪʘʮʠʿʝ  
1 7 

ʎʚʝʪʘˁʝ 42 40 ʎʚʝʪʘˁʝ 42 47 

ʐʘʨʘʢ 94 95 ʐʘʨʘʢ 94 97 

ɹʝʨʙʘ 133 142 ɹʝʨʙʘ 133 140 

ʇʨʠʥʦʩ (tĿha ĭ) 2,0 3,8 ʇʨʠʥʦʩ (tĿha ĭ) 2,0 2,2 

ʄɸɱ ʆʩʤʦʪʨʝʥʦ ʉʠʤʫʣʠʨʘʥʦ ʇʈʆʉɽʂ ʆʩʤʦʪʨʝʥʦ ʉʠʤʫʣʠʨʘʥʦ 

ɼʘʥ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ɼʘʥ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ 

ʇʦʯʝʪʘʢ 

ʚʝʛʝʪʘʮʠʿʝ  
1 7 

ʇʦʯʝʪʘʢ 

ʚʝʛʝʪʘʮʠʿʝ  
1 6 

ʎʚʝʪʘˁʝ 42 41 ʎʚʝʪʘˁʝ 42 43 

ʐʘʨʘʢ 94 95 ʐʘʨʘʢ 94 97 

ɹʝʨʙʘ 133 141 ɹʝʨʙʘ 133 144 

ʇʨʠʥʦʩ (tĿha ĭ) 2,0 3,3 ʇʨʠʥʦʩ (tĿha ĭ) 2,0 3,5 

*ʇʨʦʮʝʥʪʫʘʣʥʠ ʫʜʝʦ ʙʨʦʿʘ ʩʠʤʫʣʘʮʠʿʘ (ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʩʠʤʫʣʘʮʠʿʘ ï 51) ʢʦʿʝ ʩʫ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ 

ʦʩʤʦʪʨʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʜʘʥʘ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ ʠ ʧʨʠʥʦʩʘ. 
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ʊʘʙʝʣʘ 34. ʉʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ ʟʘ ʣʦʢʘʣʠʪʝʪ ʚʠʥʦʛʨʘʜʘ Ăʇʣʘʚʠʥʮʠñ ʠ ʩʦʨʪʫ ʇʘʥʦʥʠʘ ʪʦʢʦʤ 

2022. ʛʦʜʠʥʝ 
 

ʉɽɿʆʅʉʂɽ ʇʈʆɻʅʆɿɽ ɺʈɽʄɽʅɸ ɿɸ 2022. ɻʆɼʀʅʋ 

ʇʨʦʮʝʥʪʫʘʣʥʠ 

ʫʜʝʦ ʧʦʜʫʜʘʨʥʠʭ 

ʩʠʤʫʣʘʮʠʿʘ (%) 

ʌɽɹʈʋɸʈ ʄɸʈʊ ɸʇʈʀʃ ʄɸɱ ɱʋʅ ɱʋʃ 

23,53% 45,10% 39,22% 45,10% 41,18% 35,29% 

ʌɽɹʈʋɸʈ ʆʩʤʦʪʨʝʥʦ ʉʠʤʫʣʠʨʘʥʦ ʄɸɱ ʆʩʤʦʪʨʝʥʦ ʉʠʤʫʣʠʨʘʥʦ 

ɼʘʥ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ɼʘʥ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ 

ʇʦʯʝʪʘʢ  

ʚʝʛʝʪʘʮʠʿʝ  
1 7 

ʇʦʯʝʪʘʢ 

ʚʝʛʝʪʘʮʠʿʝ  
1 5 

ʎʚʝʪʘˁʝ 59 67 ʎʚʝʪʘˁʝ 59 72 

ʐʘʨʘʢ 107 126 ʐʘʨʘʢ 107 131 

ɹʝʨʙʘ 146 175 ɹʝʨʙʘ 146 187 

ʇʨʠʥʦʩ (tĿha ĭ) 3,1 4,7 ʇʨʠʥʦʩ (tĿha ĭ) 3,1 2,5 

ʄɸʈʊ ʆʩʤʦʪʨʝʥʦ ʉʠʤʫʣʠʨʘʥʦ ɱʋʅ ʆʩʤʦʪʨʝʥʦ ʉʠʤʫʣʠʨʘʥʦ 

ɼʘʥ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ɼʘʥ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ 

ʇʦʯʝʪʘʢ  

ʚʝʛʝʪʘʮʠʿʝ  
1 7 

ʇʦʯʝʪʘʢ 

ʚʝʛʝʪʘʮʠʿʝ  
1 5 

ʎʚʝʪʘˁʝ 59 64 ʎʚʝʪʘˁʝ 59 62 

ʐʘʨʘʢ 107 121 ʐʘʨʘʢ 107 124 

ɹʝʨʙʘ 146 167 ɹʝʨʙʘ 146 171 

ʇʨʠʥʦʩ (tĿha ĭ) 3,1 4,5 ʇʨʠʥʦʩ (tĿha ĭ) 3,1 4,4 

ɸʇʈʀʃ ʆʩʤʦʪʨʝʥʦ ʉʠʤʫʣʠʨʘʥʦ ɱʋʃ ʆʩʤʦʪʨʝʥʦ ʉʠʤʫʣʠʨʘʥʦ 

ɼʘʥ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ ɼʘʥ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ 

ʇʦʯʝʪʘʢ  

ʚʝʛʝʪʘʮʠʿʝ  
1 5 

ʇʦʯʝʪʘʢ 

ʚʝʛʝʪʘʮʠʿʝ  
1 5 

ʎʚʝʪʘˁʝ 59 61 ʎʚʝʪʘˁʝ 59 62 

ʐʘʨʘʢ 107 120 ʐʘʨʘʢ 107 117 

ɹʝʨʙʘ 146 164 ɹʝʨʙʘ 146 162 

ʇʨʠʥʦʩ (tĿha ĭ) 3,1 4,1 ʇʨʠʥʦʩ (tĿha ĭ) 3,1 6,7 

ʇʈʆʉɽʂ ʆʩʤʦʪʨʝʥʦ ʉʠʤʫʣʠʨʘʥʦ 

ɼʘʥ ʦʜ ʧʦʯʝʪʢʘ ʚʝʛʝʪʘʮʠʿʝ 

ʇʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ  1 6 

ʎʚʝʪʘˁʝ 59 65 

ʐʘʨʘʢ 107 123 

ɹʝʨʙʘ 146 171 

ʇʨʠʥʦʩ (tĿha ĭ) 3,1 4,5 
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ʊʦʢʦʤ 2022. ʛʦʜʠʥʝ, ʢʦʨʠʰ˂ʝʥ ʿʝ ʩʝʪ ʦʜ ʰʝʩʪ ʤʝʩʝʮʠ ʟʘ ʩʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʚʨʝʤʝʥʘ 

(ʬʝʙʨʫʘʨ, ʤʘʨʪ, ʘʧʨʠʣ, ʤʘʿ, ʿʫʥ ʠ ʿʫʣ) (ʊʘʙʝʣʘ 34). ʅʘʿʙʦˀʝ ʧʦʢʣʘʧʘˁʝ ʩʠʤʫʣʠʨʘʥʠʭ 

ʚʨʝʜʥʦʩʪʠ ʩʘ ʦʩʤʦʪʨʝʥʠʤ ʠʤʘʿʫ ʤʘʨʪʦʚʩʢʘ ʠ ʤʘʿʩʢʘ ʧʨʦʛʥʦʟʘ ʚʨʝʤʝʥʘ ʦʜ 45,10% ʠʣʠ 23 

ʩʠʤʫʣʘʮʠʿʝ. ʆʜʤʘʭ ʟʘ ˁʠʤʘ, ʫʦʯʘʚʘʿʫ ʩʝ ʠ ʿʫʥʩʢʘ ʦʜ 41,18% ʠ ʘʧʨʠʣʩʢʘ ʦʜ 39,22%, ʜʦʢ 

ʥʘʿʤʘˁʝ ʧʦʢʣʘʧʘˁʝ ʠʤʘ ʬʝʙʨʫʘʨʩʢʘ ʦʜ 23,53%, ʦʜʥʦʩʥʦ 12 ʩʠʤʫʣʘʮʠʿʘ ʦʜ ʫʢʫʧʥʦ 51. ʂʦʜ 

ʧʨʦʛʥʦʟʠʨʘˁʘ ʧʨʠʥʦʩʘ, ʥʘʿʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʦʩʪʚʘʨʠʣʘ ʿʝ ʤʘʿʩʢʘ ʧʨʦʛʥʦʟʘ ʚʨʝʤʝʥʘ ʦʜ 2,5 tĿha ĭ, 

ʰʪʦ ʿʝ ʟʘ 19,35% ʤʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʤʦʪʨʝʥʠ ʧʨʠʥʦʩ ʦʜ 3,1 tĿha ĭ, ʜʦʢ ʿʝ ʿʫʣʩʢʘ ʧʨʦʛʥʦʟʘ 

ʧʨʝʮʝʥʠʣʘ ʧʨʠʥʦʩʝ (6,7 tĿha ĭ). ʅʘʿʙʦˀʝ ʧʨʦʛʥʦʟʠʨʘˁʝ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʦʩʤʦʪʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʢʘʟʘʣʘ ʿʝ ʿʫʣʩʢʘ ʧʨʦʛʥʦʟʘ ʩʘ ʨʘʟʣʠʢʘʤʘ ʫ ʜʘʥʠʤʘ ʦʜ 4, 3, 10 ʠ 16, 

ʨʝʜʦʤ ʟʘ ʧʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ, ʮʚʝʪʘˁʝ, ʰʘʨʘʢ ʠ ʙʝʨʙʫ. ʆʜʤʘʭ ʟʘ ˁʦʤ ʿʝ ʘʧʨʠʣʩʢʘ ʩʘ ʨʘʟʣʠʢʦʤ 

ʫ ʜʘʥʠʤʘ ʦʜ 4, 2, 13 ʠ 18, ʨʝʜʦʤ ʟʘ ʧʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ, ʮʚʝʪʘˁʝ, ʰʘʨʘʢ ʠ ʙʝʨʙʫ. ʅʘʿʚʝ˂ʝ 

ʦʜʩʪʫʧʘˁʝ ʦʜ ʦʩʤʦʪʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʥʘʩʪʫʧʘˁʝ ʬʝʥʦʬʘʟʘ ʠʤʘ ʤʘʿʩʢʘ ʧʨʦʛʥʦʟʘ ʩʘ ʨʘʟʣʠʢʦʤ 

ʫ ʜʘʥʠʤʘ ʦʜ 4, 13, 24 ʠ 41, ʨʝʜʦʤ ʟʘ ʧʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ, ʮʚʝʪʘˁʝ, ʰʘʨʘʢ ʠ ʙʝʨʙʫ. ʂʘʦ ʰʪʦ ʿʝ 

ʩʣʫʯʘʿ ʢʦʜ ʩʝʟʦʥʩʢʠʭ ʧʨʦʛʥʦʟʘ ʚʨʝʤʝʥʘ ʫ ʧʨʚʦʿ ʦʛʣʝʜʥʦʿ ʛʦʜʠʥʠ, ʠ ʫ 2022. ʩʝ ʫʦʯʘʚʘ 

ʧʨʦʜʫʞʝˁʝ ʧʝʨʠʦʜʘ ʩʘʟʨʝʚʘˁʘ ʛʨʦʞʹʘ, ʦʜʥʦʩʥʦ ʢʘʩʥʠʿʝ ʥʘʩʪʫʧʘˁʝ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ ʠ ʜʘʥʘ 

ʙʝʨʙʝ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʤʦʪʨʝʥʝ ʚʨʝʜʥʦʩʪʠ. ʇʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʘ ʟʘ ʩʚʠʭ 6 

ʤʝʩʝʮʠ ʠʟʥʦʩʝ ʧʦ 5, 6, 16 ʠ 15 ʜʘʥʘ ʢʘʩʥʠʿʝ ʟʘ ʧʦʯʝʪʘʢ ʚʝʛʝʪʘʮʠʿʝ, ʮʚʝʪʘˁʝ, ʰʘʨʘʢ ʠ ʙʝʨʙʫ, 

ʨʝʜʦʤ. ʇʨʦʩʝʯʥʘ ʜʦʙʠʿʝʥʘ ʚʨʝʜʥʦʩʪ ʩʠʤʫʣʠʨʘʥʦʛ ʧʨʠʥʦʩʘ ʿʝ 4,5 tĿha ĭ, ʰʪʦ ʿʝ ʟʘ 45,16% ʚʠʰʝ 

ʦʜ ʚʨʝʜʥʦʩʪʠ ʦʩʤʦʪʨʝʥʦʛ ʧʨʠʥʦʩʘ 3,1 tĿha ĭ. 

ʀʘʢʦ ʩʠʤʫʣʘʮʠʿʝ ʧʦʢʘʟʫʿʫ ʠʟʚʝʩʥʝ ʨʘʟʣʠʢʝ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʤʦʪʨʝʥʝ ʚʨʝʜʥʦʩʪʠ, ʦʥʝ 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʦʠʟʚʦʹʘʯʠʤʘ ʜʘ ʧʨʝʜʚʠʜʝ ʨʘʟʚʦʿ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʩʪʨʘʪʝʛʠʿʘ ʨʘʮʠʦʥʘʣʥʝ 

ʫʧʦʪʨʝʙʝ ʘʛʨʦʪʝʭʥʠʢʝ ʠ ʚʦʜʥʠʭ ʨʝʩʫʨʩʘ. ʇʦʩʝʙʥʦ ʿʝ ʟʥʘʯʘʿʥʦ ʰʪʦ ʦʚʝ ʧʨʦʛʥʦʟʝ ʤʦʛʫ 

ʧʨʝʜʚʠʜʝʪʠ ʧʝʨʠʦʜʝ ʥʘʩʪʫʧʘˁʘ ʢʨʠʪʠʯʥʠʭ ʬʝʥʦʣʦʰʢʠʭ ʬʘʟʘ ʠ ʦʤʦʛʫ˂ʠʪʠ ʧʨʘʚʦʚʨʝʤʝʥʦ 

ʨʝʘʛʦʚʘˁʝ ʫ ʩʣʫʯʘʿʫ ʥʝʧʦʚʦˀʥʠʭ ʢʣʠʤʘʪʩʢʠʭ ʫʩʣʦʚʘ. ʉʝʟʦʥʩʢʝ ʧʨʦʛʥʦʟʝ ʥʠʩʫ ʩʘʤʦ ʩʨʝʜʩʪʚʦ 

ʟʘ ʧʨʝʜʚʠʹʘˁʝ, ʚʝ˂ ʠ ʦʩʥʦʚʘ ʟʘ ʜʫʛʦʨʦʯʥʦ ʧʣʘʥʠʨʘˁʝ ʢʦʿʝ ʜʦʧʨʠʥʦʩʠ ʦʜʨʞʠʚʦʩʪʠ ʠ 

ʢʦʥʢʫʨʝʥʪʥʦʩʪʠ ʧʦˀʦʧʨʠʚʨʝʜʥʝ ʧʨʦʠʟʚʦʜˁʝ. 
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6.7. ʄʝʪʦʜʝ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ 

 

ʄʝʪʦʜʝ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ ʧʨʫʞʘʿʫ ʟʥʘʯʘʿʥʝ ʧʨʝʜʥʦʩʪʠ ʫ ʧʨʘ˂ʝˁʫ ʠ ʘʥʘʣʠʟʠ ʚʝʣʠʢʠʭ 

ʧʦʚʨʰʠʥʘ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʙʨʟʦ ʧʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ ʠ ʧʨʝʮʠʟʥʦ ʧʨʘ˂ʝˁʝ ʧʨʦʤʝʥʘ ʛʘʿʝʥʝ 

ʢʫʣʪʫʨʝ, ʰʪʦ ʿʝ ʧʦʩʝʙʥʦ ʢʦʨʠʩʥʦ ʫ ʧʦˀʦʧʨʠʚʨʝʜʠ, ʦʜʥʦʩʥʦ, ʚʠʥʦʛʨʘʜʘʨʩʢʦʿ ʧʨʦʠʟʚʦʜˁʠ ʦ 

ʢʦʿʦʿ ʿʝ ʨʝʯ, ʢʘʦ ʠ ʝʢʦʣʦʛʠʿʠ (Somkuwar ʠ Naik, 2024). ʆʚʝ ʤʝʪʦʜʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʢʦʥʪʠʥʫʠʨʘʥʠ 

ʤʦʥʠʪʦʨʠʥʛ, ʫʩʧʦʩʪʘʚˀʘˁʝ ʩʠʩʪʝʤʘʪʩʢʦʛ ʧʨʘ˂ʝˁʘ ʚʣʘʞʥʦʩʪʠ ʟʝʤˀʠʰʪʘ, ʟʜʨʘʚˀʘ ʛʘʿʝʥʝ 

ʢʫʣʪʫʨʝ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ, ʰʪʦ ʧʦʤʘʞʝ ʫ ʨʘʥʦʤ ʦʪʢʨʠʚʘˁʫ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʠ 

ʙʦʣʝʩʪʠ (Giovos et al., 2021; Atencia Payares et al., 2024). ʊʘʢʦʹʝ, ʧʦʤʦ˂ʫ ˁʠʭ, ʤʦʞʝʤʦ ʜʦʙʠʪʠ 

ʪʘʯʥʝ ʧʨʦʛʥʦʟʝ ʧʨʠʥʦʩʘ, ʯʠʤʝ ʩʝ ʦʧʪʠʤʠʟʫʿʝ ʫʧʦʪʨʝʙʘ ʨʝʩʫʨʩʘ ʧʦʧʫʪ ʚʦʜʝ ʠ ʹʫʙʨʠʚʘ, ʰʪʦ 

ʚʦʜʠ ʢʘ ʩʤʘˁʝˁʫ ʪʨʦʰʢʦʚʘ ʠ ʤʠʥʠʤʘʣʥʦʤ ʫʪʠʮʘʿʫ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ʋ ʩʢʣʘʜʫ ʩʘ ʪʠʤ, 

ʧʨʝʮʠʟʥʦ ʚʠʥʦʛʨʘʜʘʨʩʪʚʦ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʯʝʪʠʨʠ ʢˀʫʯʥʝ ʝʪʘʧʝ: ʩʧʨʦʚʦʹʝˁʝ ʩʪʨʘʪʝʛʠʿʘ 

ʫʧʨʘʚˀʘˁʘ, ʧʦʜʨʰʢʫ ʚʠʥʦʛʨʘʜʘʨʠʤʘ ʫ ʜʦʥʦʰʝˁʫ ʦʜʣʫʢʘ, ʜʝʪʝʢʪʦʚʘˁʝ ʪʝʨʝʥʩʢʝ 

ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʣʦʢʘʣʠʪʝʪʘ ʠ ʧʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ. ʋ ʪʦʤ ʢʦʥʪʝʢʩʪʫ, ʜʘˀʠʥʩʢʘ ʜʝʪʝʢʮʠʿʘ 

ʠʤʘ ʧʨʝʩʫʜʥʫ ʫʣʦʛʫ ʫ ʤʘʧʠʨʘˁʫ ʠ ʘʥʘʣʠʟʠ ʧʨʦʩʪʦʨʥʠʭ ʦʙʨʘʟʘʮʘ, ʯʠʤʝ ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʦʩʠ ʫ 

ʧʨʦʮʝʩʠʤʘ ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʿʠ ʫʧʨʘʚˀʘˁʘ ʨʝʩʫʨʩʠʤʘ (Crespo et al., 2024). 

ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʦʜ ʤʝʪʦʜʘ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ, ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʩʥʠʤʮʠ ʜʦʙʠʿʝʥʠ 

ʧʦʤʦ˂ʫ ʨʫʯʥʝ ʪʝʨʤʘʣʥʝ ʢʘʤʝʨʝ, ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʝ ʢʘʤʝʨʝ ʤʦʥʪʠʨʘʥʝ ʥʘ ʜʨʦʥ ʠ ʨʫʯʥʠʤ 

ʫʨʝʹʘʿʝʤ ʩʘ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʦʤ ʢʘʤʝʨʦʤ (Plant-O-Meter). 

 

6.7.1. ʊʝʤʧʝʨʘʪʫʨʘ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʠ ʙʠˀʥʠ ʚʦʜʥʠ ʩʪʨʝʩ ʠʥʜʝʢʩ (CWSI) 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʠʥʜʠʢʘʪʦʨ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʦʜ 70-ʠʭ 

ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ (Idso et al., 1977). ʋ ʪʦ ʚʨʝʤʝ, ʨʘʟʚʠʿʝʥ ʿʝ ʢʦʥʮʝʧʪ ʜʘʥʘ ʩʪʝʧʝʥʘ ʩʪʨʝʩʘ 

ʢʦʿʠ ʿʝ ʩʣʫʞʠʦ ʟʘ ʤʝʨʝˁʝ ʠʥʪʝʥʟʠʪʝʪʘ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʢʦʜ ʙʠˀʘʢʘ. ʄʝʹʫʪʠʤ, ʦʚʘʿ ʢʦʥʮʝʧʪ ʿʝ 

ʫʥʘʧʨʝʹʝʥ ʫʢˀʫʯʠʚʘˁʝʤ ʜʦʜʘʪʥʠʭ ʬʘʢʪʦʨʘ, ʢʘʦ ʰʪʦ ʿʝ ʜʝʬʠʮʠʪ ʥʘʧʦʥʘ ʚʦʜʝʥʝ ʧʘʨʝ, ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘ ʨʘʟʣʠʢʫ ʚʨʝʜʥʦʩʪʠ ʩʘʪʫʨʠʩʘʥʦʛ ʥʘʧʦʥʘ ʚʦʜʝʥʝ ʧʘʨʝ ʠ ʩʪʚʘʨʥʦʛ ʥʘʧʦʥʘ ʚʦʜʝʥʝ 

ʧʘʨʝ. ʇʦʩʣʝʜˁʠʭ ʿʝ ʛʦʜʠʥʘ, ʠʥʜʠʢʘʪʦʨ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʧʦʩʪʘʦ ʚʝʦʤʘ ʘʢʪʫʝʣʘʥ 

ʿʝʨ ʦʤʦʛʫ˂ʘʚʘ ʢʦʨʠʰ˂ʝˁʝ ʩʝʥʟʦʨʘ ʟʘ ʜʘˀʠʥʩʢʫ ʜʝʪʝʢʮʠʿʫ, ʧʘ ʦʚʘ ʪʝʭʥʦʣʦʛʠʿʘ ʟʥʘʯʘʿʥʦ 

ʦʣʘʢʰʘʚʘ ʧʨʘ˂ʝˁʝ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʥʘ ʚʝʣʠʢʠʤ ʧʦˀʦʧʨʠʚʨʝʜʥʠʤ ʧʦʚʨʰʠʥʘʤʘ (Baluja et al., 

2012; Li  et al., 2022; Atencia Payares et al., 2024). ʅʘ ʦʩʥʦʚʫ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ, 

ʠʟʨʘʯʫʥʘʪ ʿʝ ʙʠˀʥʠ ʚʦʜʥʠ ʩʪʨʝʩ ʠʥʜʝʢʩ (CWSI). 

ʅʘ ʛʨʘʬʠʢʫ 11. ʧʨʠʢʘʟʘʥ ʿʝ ʩʝʟʦʥʩʢʠ ʪʨʝʥʜ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʚʠʥʦʚʝ ʣʦʟʝ 

ʫ ʦʢʚʠʨʫ ʨʘʟʣʠʯʠʪʠʭ ʪʨʝʪʤʘʥʘ ʥʘʚʦʜˁʘʚʘˁʘ ʠ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʪʦʢʦʤ ʤʝʨʝˁʘ 

ʟʘ ʦʙʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ. 
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ɻʨʘʬʠʢ 11. ʊʝʤʧʝʨʘʪʫʨʘ ʣʠʩʪʘ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (F, R, S) ʪʦʢʦʤ ʜʚʝ 

ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ (2021-2022) 

 

ʊʦʢʦʤ 2021. ʛʦʜʠʥʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʟʘ ʩʚʝ ʪʨʝʪʤʘʥʝ ʥʘʚʦʜˁʘʚʘˁʘ ʙʠʣʘ 

ʿʝ ʥʠʞʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚʘʟʜʫʭʘ ʩʚʝ ʜʦ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ. ʊʝʤʧʝʨʘʪʫʨʝ 

ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʥʘ ʪʨʝʪʤʘʥʠʤʘ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (F) ʠ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (R) ʩʫ 

ʪʦʢʦʤ ʮʝʣʦʛ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʥʠʞʝ ʫ ʦʜʥʦʩʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚʘʟʜʫʭʘ, ʦʩʠʤ ʧʨʝʜ ʩʘʤ 

ʢʨʘʿ ʚʝʛʝʪʘʮʠʿʝ, ʦʜʥʦʩʥʦ ʥʘʢʦʥ ʙʝʨʙʝ, ʢʘʜʘ ʧʦʩʪʘʿʫ ʚʠʰʝ. ʅʘ ʪʨʝʪʤʘʥʫ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ (S) 

ʙʝʣʝʞʝ ʩʝ ʦʜ ʟʘʚʨʰʝʪʢʘ ʮʚʝʪʘˁʘ ʧʘ ʩʚʝ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʟʥʘʯʘʿʥʦ ʚʠʰʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʙʠˀʥʦʛ ʧʦʢʢʨʠʚʘʯʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚʘʟʜʫʭʘ. ʅʘʿʚʠʰʘ ʚʨʝʜʥʦʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʩʪʘ ʫ 

ʦʢʚʠʨʫ S ʪʨʝʪʤʘʥʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ 10. ʩʝʧʪʝʤʙʨʘ ʠ ʠʟʥʦʩʠ 37,8 Áʉ, ʰʪʦ ʿʝ ʟʘ 10,5 Áʉ ʚʠʰʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚʘʟʜʫʭʘ. ʅʘʿʥʠʞʘ ʪʝʤʧʝʨʘʪʫʨʘ ʣʠʩʪʘ ʜʝʪʝʢʪʦʚʘʥʘ ʿʝ 22. ʿʫʣʘ ʫ ʦʢʚʠʨʫ 

F ʪʨʝʪʤʘʥʘ ʠ ʠʟʥʦʩʠ 22,3 Áʉ, ʰʪʦ ʿʝ ʟʘ 5 Áʉ ʥʠʞʝ ʫ ʦʜʥʦʩʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚʘʟʜʫʭʘ.  

ʅʘʿʚʠʰʝ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʩʪʘ ʪʦʢʦʤ ʮʝʣʦʛ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʿʝ ʫʦʯʘʚʘʿʫ ʩʝ ʥʘ S ʪʨʝʪʤʘʥʫ, 

ʜʦʢ ʩʫ ʥʘʿʥʠʞʝ ʟʘʙʝʣʝʞʝʥʝ ʥʘ ʪʨʝʪʤʘʥʫ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (F). ʇʨʦʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʥʘ F ʪʨʝʪʤʘʥʫ ʠʟʥʦʩʠʣʘ ʿʝ 25,1 Áʉ, ʥʘ R 

ʪʨʝʪʤʘʥʫ 28,1 Áʉ ʠ 30,7 Áʉ ʥʘ S ʪʨʝʪʤʘʥʫ, ʜʦʢ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʩʪʘ ʥʘ 

ʪʨʝʪʤʘʥʠʤʘ F, R ʠ S ʠʟʥʦʩʝ 29,7 Áʉ, 34,2 Áʉ ʠ 37,8 Áʉ, ʨʝʜʦʤ. 
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ʊʝʤʧʝʨʘʪʫʨʘ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʪʦʢʦʤ ʜʨʫʛʝ ʦʛʣʝʜʥʝ (2022) ʛʦʜʠʥʝ, ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʿʝ 

ʪʦʢʦʤ ʮʝʣʦʛ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʿʝ ʙʠʣʘ ʚʠʰʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʪʝʤʧʝʨʘʪʫʨʦʤ ʚʘʟʜʫʭʘ. 

ʄʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʠʟʤʝʨʝʥʘ ʿʝ ʥʘ S ʪʨʝʪʤʘʥʫ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝʜ 

ʙʝʨʙʫ ʠ ʠʟʥʦʩʠʣʘ ʿʝ 37,5 Áʉ, ʰʪʦ ʿʝ ʙʠʣʦ 10,8 Áʉ ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚʘʟʜʫʭʘ, ʯʠʤʝ 

ʩʝ ʿʘʩʥʦ ʫʦʯʘʚʘ ʜʘ ʿʝ ʙʠˀʢʘ ʙʠʣʘ ʫ ʩʪʨʝʩʫ ʫ ʪʨʝʥʫʪʢʫ ʤʝʨʝˁʘ. ʇʨʦʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʠˀʥʦʛ 

ʧʦʢʨʠʚʘʯʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʥʘ F ʪʨʝʪʤʘʥʫ ʠʟʥʦʩʠʣʘ ʿʝ 26,7 Áʉ, ʥʘ R ʪʨʝʪʤʘʥʫ 28,1 

Áʉ ʠ 30,7 Áʉ ʥʘ S ʪʨʝʪʤʘʥʫ. ʇʨʦʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ 

ʠʟʥʦʩʠʣʘ ʿʝ 27,9 Áʉ. ʉʭʦʜʥʦ ʥʘʚʝʜʝʥʦʤ, ʚʠʥʦʚʘ ʣʦʟʘ ʫ ʦʢʚʠʨʫ R ʠ S ʪʨʝʪʤʘʥʘ ʿʝ ʙʠʣʘ ʫ ʩʪʨʝʩʫ. 

ʆʚʘʢʚʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʦʯʝʢʠʚʘʥʠ, ʿʝʨ ʫʩʣʝʜ ʨʝʜʫʢʮʠʿʝ ʥʘʚʦʜˁʘʚʘˁʘ ʜʦʣʘʟʠ ʜʦ ʧʦʨʘʩʪʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʰ˂ʘ. 

ʅʘʿʚʠʰʝ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʩʪʘ ʚʠʥʦʚʝ ʣʦʟʝ ʩʝ ʠ ʫ 2022. ʛʦʜʠʥʠ ʟʘʧʘʞʘʿʫ ʫ ʦʢʚʠʨʫ S 

ʪʨʝʪʤʘʥʘ. ʊʦʢʦʤ ʧʝʨʠʦʜʘ ʩʘʟʨʝʚʘˁʘ ʛʨʦʞʹʘ (ʤʝʩʝʮ ʘʚʛʫʩʪ) ʫʦʯʘʚʘʿʫ ʩʝ ʚʠʩʦʢʝ ʫʟʘʩʪʦʧʥʝ 

ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʩʪʘ ʥʘ S ʪʨʝʪʤʘʥʫ (34,2 Áʉ, 37,5 Áʉ, 35,8 Áʉ, 35,9 Áʉ) ʰʪʦ ʿʝ ʙʠʣʦ ʫ 

ʧʨʦʩʝʢʫ ʟʘ 5 Áʉ ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʣʠʩʪʘ ʥʘ F ʪʨʝʪʤʘʥʫ ʠ ʟʘ ʦʢʦ 3 Áʉ ʚʠʰʝ ʫ 

ʦʜʥʦʩʫ ʥʘ R ʪʨʝʪʤʘʥ. ʄʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʩʪʘ ʟʘ ʪʨʝʪʤʘʥʝ F, R ʠ S ʠʟʥʦʩʝ 

31,9 Áʉ, 33,7 Áʉ ʠ 37,6 Áʉ, ʨʝʜʦʤ. ʅʘʿʥʠʞʘ ʚʨʝʜʥʦʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʩʪʘ ʠʟʤʝʨʝʥʘ ʿʝ ʥʘ F 

ʪʨʝʪʤʘʥʫ ʢʘʜʘ ʿʝ ʜʝʪʝʢʪʦʚʘʥ ʧʦʯʝʪʘʢ ʬʝʥʦʬʘʟʝ ʰʘʨʘʢ ʠ ʠʟʥʦʩʠʣʘ ʿʝ 19,8 Áʉ. 

ɺʨʝʜʥʦʩʪʠ CWSI ʪʦʢʦʤ ʜʚʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʥʘ ʛʨʘʬʠʢʫ 12, ʘ ʥʘ 

ʛʨʘʬʠʢʫ 13. ʦʜʥʦʩ ʨʘʟʣʠʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʩʪʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ ʚʨʝʜʥʦʩʪʠ ʙʠˀʥʦʛ 

ʚʦʜʥʦʛ ʩʪʨʝʩ ʠʥʜʝʢʩʘ (CWSI) ʪʦʢʦʤ ʜʚʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ. 

 

 

ɻʨʘʬʠʢ 12. ɺʨʝʜʥʦʩʪʠ ʙʠˀʥʦʛ ʚʦʜʥʦʛ ʩʪʨʝʩ ʠʥʜʝʢʩʘ (CWSI) ʚʠʥʦʚʝ ʣʦʟʝ ʪʦʢʦʤ ʜʚʝ ʦʛʣʝʜʥʝ 
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ɻʨʘʬʠʢ 13. ʆʜʥʦʩ ʨʘʟʣʠʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʩʪʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ ʚʨʝʜʥʦʩʪʠ ʙʠˀʥʦʛ 

ʚʦʜʥʦʛ ʩʪʨʝʩ ʠʥʜʝʢʩʘ (CWSI) ʪʦʢʦʤ ʜʚʝ ʦʛʣʝʜʥʝ ʛʦʜʠʥʝ (2021-2022) 

 

ɹʠˀʥʠ ʚʦʜʥʠ ʩʪʨʝʩ ʠʥʜʝʢʩ (CWSI) ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ 

ʧʦʢʘʟʘʪʝˀʘ ʟʘ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʩʪʨʝʩʘ ʢʦʜ ʙʠˀʘʢʘ ʟʘʩʥʦʚʘʥʦʛ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʙʠˀʥʦʛ 

ʧʦʢʨʠʚʘʯʘ. ʇʦʨʝʜ ʪʦʛʘ, ˁʝʛʦʚʘ ʚʨʝʜʥʦʩʪ ʩʝ ʦʜʨʝʹʫʿʝ ʠ ʥʘ ʦʩʥʦʚʫ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʣʘʞʥʦʩʪʠ 

ʚʘʟʜʫʭʘ ʫ ʪʨʝʥʫʪʢʫ ʤʝʨʝˁʘ. ɺʨʝʜʥʦʩʪʠ CWSI ʠʥʜʝʢʩʘ ʢʨʝ˂ʫ ʩʝ ʦʜ -1 (ʙʠˀʢʘ ʜʦʙʨʦ 

ʩʥʘʙʜʝʚʝʥʘ ʚʦʜʦʤ) ʜʦ +1 (ʙʠˀʢʘ ʫ ʚʦʜʥʦʤ ʩʪʨʝʩʫ). 

ʇʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʙʠˀʥʦʛ ʚʦʜʥʦʛ ʩʪʨʝʩ ʠʥʜʝʢʩʘ ʫ 2021. ʛʦʜʠʥʠ ʚʘʨʠʨʘʣʝ ʩʫ ʦʜ 0,67 

ʥʘ S ʪʨʝʪʤʘʥʫ, 0,29 ʥʘ R ʪʨʝʪʤʘʥʫ ʜʦ -0,56 ʥʘ F ʪʨʝʪʤʘʥʫ. ʊʦʢʦʤ ʮʝʣʦʛ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ, 

ʚʨʝʜʥʦʩʪʠ CWSI ʥʘ F ʪʨʝʪʤʘʥʫ ʙʠʣʝ ʩʫ ʠʩʧʦʜ 0, ʩʝʤ ʧʨʠ ʤʝʨʝˁʫ ʥʘ ʢʨʘʿʫ ʚʝʛʝʪʘʮʠʿʝ ʢʘʜʘ ʿʝ 

ʪʘ ʚʨʝʜʥʦʩʪ ʠʟʥʦʩʠʣʘ 0,89, ʰʪʦ ʿʝ ʦʯʝʢʠʚʘʥʦ ʟʙʦʛ ʩʪʘʨʝˁʘ ʣʠʰ˂ʘ ʠ ʩʤʘˁʝʥʝ ʬʠʟʠʦʣʦʰʢʝ 

ʘʢʪʠʚʥʦʩʪʠ. ʆʚʘʢʚʝ ʚʨʝʜʥʦʩʪʠ CWSI ʥʘ F ʪʨʝʪʤʘʥʫ ʫʢʘʟʫʿʫ ʜʘ ʚʠʥʦʚʘ ʣʦʟʘ ʥʠʿʝ ʙʠʣʘ 

ʠʟʣʦʞʝʥʘ ʚʦʜʥʦʤ ʩʪʨʝʩʫ, ʟʘʭʚʘˀʫʿʫ˂ʠ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝʤ ʩʘʜʨʞʘʿʫ ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ. 

ʄʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ CWSI ʫ ʪʨʝʪʤʘʥʫ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (R) ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʪʘʢʦʹʝ 

ʢʨʘʿʝʤ ʚʝʛʝʪʘʮʠʿʝ. ɺʨʝʜʥʦʩʪʠ CWSI ʥʘ R ʪʨʝʪʤʘʥʫ ʩʫ ʫʛʣʘʚʥʦʤ ʫʿʝʜʥʘʯʝʥʝ ʪʦʢʦʤ ʮʝʣʦʛ 

ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʿʝ ʠ ʫʢʘʟʫʿʫ ʥʘ ʙʣʘʛʠ ʚʦʜʥʠ ʩʪʨʝʩ. ʅʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ CWSI ʩʝ ʦʯʝʢʠʚʘʥʦ, 

ʿʘʚˀʘʿʫ ʫ ʪʨʝʪʤʘʥʫ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ (S). ʆʜ ʥʘʩʪʫʧʘˁʘ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ (0,74) ʦʚʝ ʚʨʝʜʥʦʩʪʠ 

ʩʝ ʧʨʝʪʝʞʥʦ ʢʨʝ˂ʫ ʠʟʥʘʜ 0,50 ʰʪʦ ʛʦʚʦʨʠ ʦ ʚʦʜʥʦʤ ʩʪʨʝʩʫ ʚʠʥʦʚʝ ʣʦʟʝ. ʄʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ 

CWSI ʫ S ʪʨʝʪʤʘʥʫ ʦʩʪʚʘʨʝʥʘ ʿʝ ʥʘ ʢʨʘʿʫ ʚʝʛʝʪʘʮʠʿʝ, ʧʦʩʣʝ ʙʝʨʙʝ ʠ ʠʟʥʦʩʠ 2,02.  

 



 

92 

 

ʊʦʢʦʤ 2022. ʛʦʜʠʥʝ ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ CWSI ʥʘ ʪʨʝʪʤʘʥʠʤʘ F, R ʠ S ʩʫ 0,04, 0,34 ʠ 

0,74, ʨʝʜʦʤ. ʅʘʿʤʘˁʠ ʚʦʜʥʠ ʩʪʨʝʩ ʩʝ ʫʦʯʘʚʘ ʥʘ F ʪʨʝʪʤʘʥʫ. ɺʨʝʜʥʦʩʪʠ CWSI ʫ ʦʢʚʠʨʫ F 

ʪʨʝʪʤʘʥʘ ʦʜ ʬʝʥʦʬʘʟʝ ʮʚʝʪʘˁʘ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ ʢʨʝ˂ʫ ʩʝ ʦʜ -1,21 ʜʦ 1,50 (ʦʚʘ ʚʨʝʜʥʦʩʪ 

ʫʢʘʟʫʿʝ ʥʘ ʚʦʜʥʠ ʩʪʨʝʩ). ʄʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ CWSI ʟʘ ʩʚʘʢʠ ʪʨʝʪʤʘʥ (F, R, S) ʠʟʥʦʩʝ 1,50, 

1,56 ʠ 1,99, ʨʝʜʦʤ. ʂʘʦ ʠ ʧʨʝʪʭʦʜʥʝ ʛʦʜʠʥʝ, ʥʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ CWSI (ʠʟʥʘʜ 1) ʩʝ ʫʦʯʘʚʘʿʫ ʥʘ 

ʪʨʝʪʤʘʥʫ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ, S. ʆʚʘʢʚʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʫ ʥʘʿʚʝ˂ʦʿ ʤʝʨʠ ʫʩʪʘʥʦʚˀʝʥʝ ʟʘ ʚʨʝʤʝ 

ʠʥʪʝʥʟʠʚʥʦʛ ʨʘʩʪʘ ʠ ʩʘʟʨʝʚʘˁʘ ʛʨʦʞʹʘ, ʫʩʣʝʜ ʥʝʜʦʚʦˀʥʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ Pádua et al. (2019) ʢʦʿʠ ʩʫ ʥʘʿʚʠʰʝ 

ʚʨʝʜʥʦʩʪʠ ʠʥʜʝʢʩʘ CWSI ʜʦʙʠʣʠ ʪʦʢʦʤ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ (1,0) ʠ ʙʝʨʙʝ (0,91) ʫ ʚʠʥʦʛʨʘʜʫ ʙʝʟ 

ʥʘʚʦʜˁʘʚʘˁʘ.  

ɻʦʨˁʠ ʣʠʤʠʪ (D1) ʦʜ 3,962 ÁC ʦʙʿʘʰˁʝʥ ʦʜ ʩʪʨʘʥʝ Idso et al. (1981) ʟʘʚʠʩʠ ʦʜ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʣʦʢʘʮʠʿʝ, ʩʦʨʪʝ ʙʠˀʥʝ ʚʨʩʪʝ ʠ ʢʣʠʤʘʪʩʢʠʭ ʫʩʣʦʚʘ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʜʦʙʠʿʝʥʝ 

ʚʨʝʜʥʦʩʪʠ CWSI ʠʟʥʘʜ 1, ʥʝʦʧʭʦʜʥʦ ʿʝ ʛʦʨˁʠ ʣʠʤʠʪ ʢʘʣʠʙʨʠʩʘʪʠ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ 

ʠʩʪʨʘʞʠʚʘʥʝ ʣʦʢʘʮʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʝ ʚʨʝʜʥʦʩʪʠ ʫ ʪʨʘʞʝʥʦʤ ʦʧʩʝʛʫ. 

ɿʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʚʠʥʦʚʘ ʣʦʟʘ ʙʦˀʝ ʩʥʘʙʜʝʚʝʥʘ ʚʦʜʦʤ ʠʤʘ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʩʪʘ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʥʝʥʘʚʦʜˁʘʚʘʥʦʤ ʚʠʥʦʚʦʤ ʣʦʟʦʤ ʠ ʚʠʥʦʚʦʤ ʣʦʟʦʤ ʥʘ ʪʨʝʪʤʘʥʫ ʨʝʜʫʢʦʚʘʥʦʛ 

ʥʘʚʦʜˁʘʚʘˁʘ.  

ɼʦ ʩʣʠʯʥʠʭ ʟʘʢˀʫʯʘʢʘ, ʜʦʰʣʠ ʩʫ ʠ Shellie ʠ King (2020) ʢʦʿʠ ʥʘʚʦʜʝ ʜʘ ʩʝ ʜʥʝʚʥʘ 

ʚʨʝʜʥʦʩʪ CWSI ʩʤʘˁʠʚʘʣʘ ʥʘʢʦʥ ʟʘʣʠʚʘˁʘ ʠ ʧʦʚʝ˂ʘʚʘʣʘ ʠʟʤʝʹʫ ʜʚʘ ʠʥʪʝʨʚʘʣʘ ʟʘʣʠʚʘˁʘ. 

ɺʠʥʦʚʘ ʣʦʟʘ ʚʠʥʩʢʝ ʩʦʨʪʝ (Vitis vinifera L. cv. Malbec) ʿʝ ʪʦʢʦʤ 5 ʦʛʣʝʜʥʠʭ ʛʦʜʠʥʘ ʩʚʘʢʝ 

ʥʝʜʝˀʝ ʥʘʚʦʜˁʘʚʘʥʘ ʥʘ ʦʩʥʦʚʫ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʢʫʣʪʫʨʝ (ETc) ʠ ʪʦ ʩʘ 70% ʠʣʠ 35% ʦʜ 

ɽʊc ʫ 2014, 2015, 2016. ʠ 2017. ʛʦʜʠʥʠ ʠ ʩʘ 50% ʠʣʠ 100% ɽʊc ʫ 2018. ʛʦʜʠʥʠ. ʂʘʜʘ ʩʝ 

ʢʦʣʠʯʠʥʘ ʥʘʚʦʜˁʘʚʘˁʘ ʩʤʘˁʠʣʘ ʩʘ 100% ʥʘ 50% ɽʊc, 70% ʥʘ 35% ɽʊc, ʜʥʝʚʥʘ ʚʨʝʜʥʦʩʪ 

CWSI ʩʝ ʧʦʚʝ˂ʘʣʘ ʩʘ 0,4 ʥʘ 0,6. ʋ ʩʢʣʘʜʫ ʩʘ ʪʠʤ, ʩʪʦʧʘ ʧʦʨʘʩʪʘ ʠ ʩʤʘˁʝˁʘ CWSI ʿʝ ʫ 

ʥʝʛʘʪʠʚʥʦʿ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʢʦʣʠʯʠʥʦʤ ʚʦʜʝ ʧʨʠʤʝˁʝʥʦʤ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ. ʇʨʦʮʝʥʫ ʚʦʜʥʦʛ 

ʩʪʨʝʩʘ ʚʠʥʩʢʠʭ ʩʦʨʪʠ ʚʠʥʦʚʝ ʣʦʟʝ (Vitis vinifera L. cvs. Varmentino, Cabernet, Cagnulari) 

ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ ʠʩʧʠʪʠʚʘʣʠ ʩʫ Matese et al. (2018). ɽʢʩʧʝʨʠʤʝʥʪ ʿʝ 

ʩʧʨʦʚʝʜʝʥ ʫ ʜʚʘ ʚʠʥʦʛʨʘʜʘ ʥʘ ʉʘʨʜʠʥʠʿʠ (ʀʪʘʣʠʿʘ) ʠ ʩʘʩʪʦʿʘʦ ʩʝ ʦʜ ʜʚʘ ʪʨʝʪʤʘʥʘ ʨʝʜʫʢʦʚʘʥʦʛ 

ʥʘʚʦʜˁʘʚʘˁʘ RDI 1 ʠ RDI 2 (Regulated Deficit Irrigation ï RDI) ʩʘ ʜʚʘ ʥʠʚʦʘ ʜʝʬʠʮʠʪʘ ʚʦʜʝ, 

ʪʨʝʪʤʘʥʘ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (Well Irrigated ï WET) ʠ ʪʨʝʪʤʘʥʘ ʧʨʠʨʦʜʥʦʛ ʚʣʘʞʝˁʘ (DRY). 

ʅʘʚʦʜˁʘʚʘˁʝ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ ʿʝ ʧʨʠʤʝˁʠʚʘʥʦ ʦʜ ʧʦʯʝʪʥʠʭ ʬʘʟʘ ʨʘʩʪʘ ʠ ʨʘʟʚʦʿʘ ʙʦʙʠʮʘ 

ʜʦ ʩʘʟʨʝʚʘˁʘ ʛʨʦʞʹʘ. ʇʨʝʤʘ ʨʝʟʫʣʪʘʪʠʤʘ, CWSI ʟʘ WET ʪʨʝʪʤʘʥ ʙʠʦ ʿʝ 0,77, 0,22, ʠ 0,34 ʟʘ 

Varmentino, Cabernet ʠ Cagnulari, ʨʝʜʦʤ; ʫʤʝʨʝʥʠ ʜʝʬʠʮʠʪ ʚʦʜʝ (RDI 1) ʙʠʦ ʿʝ 0,72, 0,28 ʠ 

0,43 ʟʘ Varmentino, Cabernet ʠ Cagnulari, ʨʝʜʦʤ, ʜʦʢ ʿʝ ʟʘ ʚʠʩʦʢ ʜʝʬʠʮʠʪ ʚʦʜʝ RDI 2 ʙʠʦ 0,90, 

0,34 ʠ 0,51, ʟʘ Varmentino, Cabernet ʠ Cagnulari, ʨʝʜʦʤ ʠ ʟʘ DRY ʪʨʝʪʤʘʥ 0,97, 0,47 ʠ 0,63 ʟʘ 

Varmentino, Cabernet ʠ Cagnulari, ʨʝʜʦʤ. ʈʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʜʘ ʩʝ ʚʨʝʜʥʦʩʪʠ CWSI ʧʦʚʝ˂ʘʚʘʿʫ 

ʟʘ ʩʚʘʢʫ ʦʜ ʠʩʧʠʪʠʚʘʥʠʭ ʩʦʨʪʠ ʦʜ WET ʜʦ DRY ʪʨʝʪʤʘʥʘ, ʪʘʯʥʠʿʝ CWSI ʨʘʩʪʝ ʢʘʢʦ ʩʘʜʨʞʘʿ 

ʚʦʜʝ ʦʧʘʜʘ.  

Bellvert et al. (2021) ʠ Atencia Payares et al. (2024) ʩʫʛʝʨʠʰʫ ʧʨʠʤʝʥʫ ʙʠˀʥʦʛ ʚʦʜʥʦʛ 

ʩʪʨʝʩ ʠʥʜʝʢʩʘ ʢʘʦ ʢʦʨʠʩʥʦʛ ʩʨʝʜʩʪʚʘ ʟʘ ʝʬʠʢʘʩʥʦ ʫʧʨʘʚˀʘˁʝ ʥʘʚʦʜˁʘʚʘˁʝʤ ʠ ʫʥʘʧʨʝʹʝˁʝ 

ʨʘʮʠʦʥʘʣʥʝ ʫʧʦʪʨʝʙʝ ʚʦʜʝ ʫ ʚʠʥʦʛʨʘʜʘʨʩʪʚʫ. 
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6.7.2. ɺʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩʠ ʜʦʙʠʿʝʥʠ ʧʦʤʦ˂ʫ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʝ ʢʘʤʝʨʝ ʧʦʩʪʘʚˀʝʥʝ 

ʥʘ ʜʨʦʥ 

 

ʇʨʠʤʝʥʘ ʤʝʪʦʜʘ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ ʫ ʚʠʥʦʛʨʘʜʘʨʩʪʚʫ (ʧʦʩʝʙʥʦ ʫʟ ʧʦʤʦ˂ ʜʨʦʥʦʚʘ), 

ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʜʦʙʠʿʘ ʩʚʝ ʚʝ˂ʠ ʟʥʘʯʘʿ ʟʙʦʛ ʩʚʦʿʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʧʨʝʮʠʟʥʦʩʪʠ (Baluja et al., 

2012; Tang et al., 2022; Ferro et al., 2023; Berry et al., 2024). ɼʨʦʥʦʚʠ ʦʧʨʝʤˀʝʥʠ 

ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʤ ʠ ʪʝʨʤʘʣʥʠʤ ʢʘʤʝʨʘʤʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʠʢʫʧˀʘˁʝ ʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ 

ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ (Zúñiga Espinoza et al., 2017; Matese et al., 2018; Giovos et al., 2021; López-

García et al., 2021; Li  et al., 2022; Gavriloviĺ et al., 2024), ʯʠʤʝ ʩʝ ʤʦʛʫ ʘʥʘʣʠʟʠʨʘʪʠ ʨʘʟʣʠʯʠʪʠ 

ʘʩʧʝʢʪʠ ʚʠʥʦʛʨʘʜʘ, ʧʦʧʫʪ ʩʪʘˁʘ ʟʜʨʘʚˀʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʚʦʜʥʠ ʩʪʨʝʩ, ʨʘʩʪ ʠ ʨʘʟʚʦʿ ʙʠˀʥʦʛ 

ʧʦʢʨʠʚʘʯʘ, ʢʘʦ ʠ ʧʨʦʮʝʥʘ ʧʨʠʥʦʩʘ (Li  et al., 2022; Damásio et al., 2023; Berry et al., 2024; 

Gavriloviĺ et al., 2024). 

ʇʨʝʣʝʪʘˁʝ ʚʠʥʦʛʨʘʜʘ ʜʨʦʥʦʤ ʥʘ ʢʦʛʘ ʿʝ ʤʦʥʪʠʨʘʥʘ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʘ ʢʘʤʝʨʘ ʠʟʚʨʰʝʥʦ 

ʿʝ ʫ ʜʨʫʛʦʿ ʦʛʣʝʜʥʦʿ ʛʦʜʠʥʠ (2022). ʆʙʘʚˀʝʥʘ ʩʫ ʪʨʠ ʩʥʠʤʘˁʘ: ʧʨʚʦ ʫ ʤʘʫʿ, ʜʨʫʛʦ ʫ ʿʫʣʫ ʠ 

ʪʨʝ˂ʝ ʫ ʘʚʛʫʩʪʫ ʟʘ ʚʨʝʤʝ ʢˀʫʯʥʠʭ ʬʘʟʘ ʨʘʟʚʦʿʘ ʚʠʥʦʚʝ ʣʦʟʝ (ʮʚʝʪʘˁʝ, ʰʘʨʘʢ, ʙʝʨʙʘ). ʇʦʤʦ˂ʫ 

ʘʥʘʣʠʟʠʨʘʥʠʭ ʩʥʠʤʘʢʘ ʛʝʥʝʨʠʩʘʥʠ ʩʫ ʚʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩʠ NDVI, GNDVI ʠ OSAVI. ʅʘ 

ʛʨʘʬʠʢʫ 14. ʧʨʠʢʘʟʘʥʝ ʩʫ ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʚʝʜʝʥʠʭ ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ ʫ ʦʢʚʠʨʫ 

ʨʘʟʣʠʯʠʪʠʭ ʪʨʝʪʤʘʥʘ ʥʘʚʦʜˁʘʚʘˁʘ (F, R ʠ S).  

 

 

ɻʨʘʬʠʢ 14. ʀʩʧʠʪʠʚʘʥʠ ʚʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩʠ ʫ ʚʠʥʦʛʨʘʜʫ Ăʇʣʘʚʠʥʮʠñ 

 

ʊʦʢʦʤ ʧʨʚʦʛ ʩʥʠʤʘˁʘ (15. ʤʘʿ 2022. ʛʦʜʠʥʝ), ʥʘʢʦʥ ʬʝʥʦʬʘʟʝ ʮʚʝʪʘˁʘ, ʥʠʿʝ ʟʘʧʘʞʝʥʘ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʠʟʤʝʹʫ ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ ʠʩʧʠʪʠʚʘʥʠʭ ʪʨʝʪʤʘʥʘ 

ʥʘʚʦʜˁʘʚʘˁʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʥʘʚʦʜˁʘʚʘˁʝ ʥʠʿʝ ʙʠʣʦ ʧʨʠʤʝˁʝʥʦ ʫ ʦʚʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ, 

ʦʚʘʢʘʚ ʨʝʟʫʣʪʘʪ ʿʝ ʦʯʝʢʠʚʘʥ. ʇʨʠʣʠʢʦʤ ʜʨʫʛʦʛ ʩʥʠʤʘˁʘ (10. ʿʫʣ), ʢʘʜʘ ʿʝ ʜʝʪʝʢʪʦʚʘʥ ʧʦʯʝʪʘʢ 

ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ, ʿʘʚˀʘʿʫ ʩʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ ʥʘ ʠʩʧʠʪʠʚʘʥʠʤ 

ʪʨʝʪʤʘʥʠʤʘ. ʊʨʝʪʤʘʥ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʠʟʜʚʘʿʘ ʩʝ ʢʘʦ ʪʨʝʪʤʘʥ ʛʜʝ ʩʫ ʫʦʯʝʥʝ 

ʥʘʿʚʠʰʝ ʚʨʝʜʥʦʩʪʠ ʩʚʠʭ ʘʥʘʣʠʟʠʨʘʥʠʭ ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ. ʆʚʦ ʩʝ ʤʦʞʝ ʦʧʨʘʚʜʘʪʠ 

ʯʠˁʝʥʠʮʦʤ ʜʘ ʙʣʘʛʠ ʚʦʜʥʠ ʩʪʨʝʩ ʤʦʞʝ ʩʪʠʤʫʣʠʩʘʪʠ ʙʦˀʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʙʠˀʢʝ, ʘ ʪʦ ʩʝ 

ʦʛʣʝʜʘ ʢʨʦʟ ʝʬʠʢʘʩʥʦ ʢʦʨʠʰ˂ʝˁʝ ʚʦʜʝ, ʧʦʚʦˀʥʝ ʫʩʣʦʚʝ ʟʘ ʬʦʪʦʩʠʥʪʝʟʫ ʠ ʧʦʚʝ˂ʘˁʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʭʣʦʨʦʬʠʣʘ. ɼʘʢʣʝ, ʚʠʥʦʚʘ ʣʦʟʘ ʫ ʦʚʦʤ ʨʝʞʠʤʫ, ʝʬʠʢʘʩʥʦ ʢʦʨʠʩʪʠ ʜʦʩʪʫʧʥʝ 

ʨʝʩʫʨʩʝ, ʙʝʟ ʧʨʝʪʝʨʘʥʦʛ ʛʫʙʠʪʢʘ ʚʦʜʝ, ʘʣʠ ʠ ʙʝʟ ʧʨʝʢʦʤʝʨʥʦʛ ʚʝʛʝʪʘʪʠʚʥʦʛ ʨʘʩʪʘ. ʇʨʝʦʩʪʘʣʘ 

ʜʚʘ ʪʨʝʪʤʘʥʘ (F ʠ S) ʠʤʘʿʫ ʧʨʠʙʣʠʞʥʝ ʚʨʝʜʥʦʩʪʠ. ʊʨʝ˂ʝ ʩʥʠʤʘˁʝ, ʢʦʿʝ ʿʝ ʦʙʘʚˀʝʥʦ ʥʘʢʦʥ 

ʙʝʨʙʝ, 26. ʘʚʛʫʩʪʘ, ʧʦʢʘʟʫʿʝ ʥʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʩʚʠʭ ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ ʫ F, ʟʘʪʠʤ ʫ R ʠ ʥʘ 

ʢʨʘʿʫ ʫ S ʪʨʝʪʤʘʥʫ. ʆʚʘʢʚʠ ʨʝʟʫʣʪʘʪʠ ʩʝ ʦʙʿʘʰˁʘʚʘʿʫ ʜʠʥʘʤʠʯʥʠʤ ʬʠʟʠʦʣʦʰʢʠʤ ʧʨʦʤʝʥʘʤʘ 



 

94 

 

ʚʠʥʦʚʝ ʣʦʟʝ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʿʝ. ʋ ʧʨʚʘ ʜʚʘ ʤʝʨʝˁʘ, R ʠ S ʪʨʝʪʤʘʥʠ ʩʫ ʙʠʣʠ 

ʝʬʠʢʘʩʥʠʿʠ ʫ ʢʦʨʠʰ˂ʝˁʫ ʚʦʜʝ ʫ ʨʘʥʠʿʠʤ ʬʝʥʦʬʘʟʘʤʘ, ʘʣʠ ʢʘʢʦ ʩʝ ʚʠʥʦʚʘ ʣʦʟʘ ʧʨʠʙʣʠʞʘʚʘʣʘ 

ʢʨʘʿʫ ʚʝʛʝʪʘʮʠʿʝ, ʧʫʥʦ ʥʘʚʦʜˁʘʚʘˁʝ ʫ F ʪʨʝʪʤʘʥʫ ʿʝ ʦʤʦʛʫ˂ʠʣʦ ʚʠʥʦʚʦʿ ʣʦʟʠ ʜʘ ʧʦʩʪʠʛʥʝ 

ʤʘʢʩʠʤʘʣʥʫ ʬʦʪʦʩʠʥʪʝʪʩʢʫ ʘʢʪʠʚʥʦʩʪ ʠ ʧʦʢʨʠʚʝʥʦʩʪ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ 

ʚʝ˂ʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ. ʊʘʢʦʹʝ, ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ (ʧʨʝʢʦ 30 ) 

ʫ ʘʚʛʫʩʪʫ ʩʫ ʜʦʧʨʠʥʝʣʝ ʧʦʚʝ˂ʘˁʫ ʩʪʨʝʩʘ ʥʘ R ʠ S ʪʨʝʪʤʘʥʫ, ʜʦʢ ʩʫ ʙʠˀʢʝ ʥʘ F ʪʨʝʪʤʘʥʫ 

ʥʘʩʪʘʚʠʣʝ ʜʘ ʢʦʨʠʩʪʝ ʚʦʜʫ ʠ ʚʨʰʝ ʬʦʪʦʩʠʥʪʝʪʩʢʫ ʘʢʪʠʚʥʦʩʪ, ʩʘʤʠʤ ʪʠʤ ʠ ʦʜʨʞʘʚʘʿʫ ʟʜʨʘʚˀʝ 

ʣʠʩʥʝ ʤʘʩʝ. 

ʇʨʦʩʪʦʨʥʘ ʚʘʨʠʿʘʮʠʿʘ ʦʛʣʝʜʥʝ ʧʘʨʮʝʣʝ ʫ ʚʠʥʦʛʨʘʜʫ ʪʦʢʦʤ 2022. ʛʦʜʠʥʝ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ 

ʩʣʠʮʠ 21. ʈʝʜʦʚʠ ʢʦʿʠ ʩʫ ʙʠʣʠ ʧʨʝʜʤʝʪ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʫʦʢʚʠʨʝʥʠ. ʇʨʝʜʩʪʘʚˀʝʥʘ ʩʫ 

ʩʚʘ ʪʨʠ ʚʝʛʝʪʘʮʠʦʥʘ ʠʥʜʝʢʩʘ NDVI, GNDVI ʠ OSAVI, ʨʝʜʦʤ, ʫ ʦʢʚʠʨʫ ʪʨʠ ʩʥʠʤʘˁʘ. 

 

 

ʉʣʠʢʘ 21. ɺʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩʠ ʥʘ ʦʛʣʝʜʥʦʿ ʧʘʨʮʝʣʠ ʚʠʥʦʛʨʘʜʘ ʩʘ ʠʟʜʚʦʿʝʥʠʤ ʘʥʘʣʠʟʠʨʘʥʠʤ 

ʨʝʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ ʪʨʠ ʩʥʠʤʘˁʘ 

 

ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ NDVI ʠ GNDVI ʠʥʜʝʢʩʘ ʪʦʢʦʤ ʧʨʚʦʛ ʩʥʠʤʘˁʘ ʟʘ ʩʚʝ ʪʨʝʪʤʘʥʝ 

ʥʘʚʦʜˁʘʚʘˁʘ ʠʟʥʦʩʠʣʘ ʿʝ 0,68, ʜʦʢ ʿʝ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʟʘ OSAVI ʠʥʜʝʢʩ ʙʠʣʘ 0,69. ʋ ʪʦʢʫ 

ʜʨʫʛʦʛ ʩʥʠʤʘˁʘ, ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ NDVI ʠ OSAVI  ʠʥʜʝʢʩʘ ʠʟʥʦʩʠʣʘ ʿʝ 0,74, ʜʦʢ ʠʥʜʝʢʩ 

GNDVI ʧʦʢʘʟʫʿʝ ʥʝʰʪʦ ʥʠʞʝ ʚʨʝʜʥʦʩʪʠ, ʪʿ. 0,46. ʉʣʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʿʘʚˀʘʿʫ ʩʝ ʠ ʧʨʠʣʠʢʦʤ 

ʪʨʝ˂ʝʛ ʩʥʠʤʘˁʘ ʢʘʜʘ ʿʝ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʠʥʜʝʢʩʘ NDVI ʠ OSAVI ʙʠʣʘ 0,72, ʘ ʟʘ GNDVI 

0,48. 

ʇʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ (NDVI, GNDVI ʠ OSAVI) ʚʠʥʦʚʝ ʣʦʟʝ ʫ 

ʦʢʚʠʨʫ ʨʘʟʣʠʯʠʪʠʭ ʪʨʝʪʤʘʥʘ ʥʘʚʦʜˁʘʚʘˁʘ (F, R ʠ S) ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 35. 
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ʊʘʙʝʣʘ 35. ɽʬʝʢʘʪ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʚʝʛʝʪʘʮʠʦʥʝ ʠʥʜʝʢʩʝ ʪʦʢʦʤ 2022. ʛʦʜʠʥʝ 
 

ʊʨʝʪʤʘʥʠ 
ɺʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩʠ 

NDVI  GNDVI  OSAVI  

F 0,71 0,53 0,71 

R 0,73 0,55 0,73 

S 0,71 0,55 0,71 

ʇʨʦʩʝʢ (ʥʟ) 0,71 0,54 0,72 

ʊʝʩʪʠʨʘˁʝ ʧʨʦʩʝʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʫʥʫʪʘʨ ʢʦʣʦʥʘ ʧʨʠʤʝʥʦʤ Tukey ʪʝʩʪʘ (p>0,05; 

p<0,05; p<0,01): F ʪʝʩʪ ï ʥʝʤʘ ʩʪʘʪʠʩʪʠʯʢʦʛ ʟʥʘʯʘʿʘ (ʥʟ) (p>0,05), * ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ (p<0,05), ** ʚʠʩʦʢʦ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ (p<0,01) 

 

ʊʝʩʪʠʨʘˁʝ ʟʥʘʯʘʿʥʦʩʪʠ ʨʘʟʣʠʢʝ ʫʪʚʨʜʠʣʦ ʿʝ ʜʘ ʠʟʤʝʹʫ F, R ʠ S ʪʨʝʪʤʘʥʘ ʥʝ ʧʦʩʪʦʿʠ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ (ʥʟ). ʈʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʜʘ ʩʝ ʧʨʦʩʝʯʥʦ ʥʘʿʚʠʰʝ ʚʨʝʜʥʦʩʪʠ ʩʚʠʭ 

ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ ʿʘʚˀʘʿʫ ʫ ʦʢʚʠʨʫ R ʪʨʝʪʤʘʥʘ (0,73, 0,55 ʠ 0,73 ʟʘ NDVI, GNDVI ʠ 

OSAVI, ʨʝʜʦʤ). ʊʨʝʪʤʘʥ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (F) ʫʩʣʝʜ ʧʨʝʢʦʤʝʨʥʦʛ ʩʥʘʙʜʝʚʘˁʘ ʚʦʜʦʤ, 

ʜʦʚʦʜʠ ʜʦ ʥʠʞʝ ʬʦʪʦʩʠʥʪʝʪʩʢʝ ʘʢʪʠʚʥʦʩʪʠ ʟʙʦʛ ʩʤʘˁʝˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʨʘʜʘ ʩʪʦʤʘ ʠʣʠ ʧʘʢ 

ʧʨʝʢʦʤʝʨʥʦʛ ʚʝʛʝʪʘʪʠʚʥʦʛ ʨʘʩʪʘ ʥʘ ʫʰʪʨʙ ʙʦʙʠʮʘ ʛʨʦʞʹʘ. ɺʠʰʘʢ ʚʦʜʝ ʤʦʞʝ ʠʟʘʟʚʘʪʠ ʤʘˁʝ 

ʝʬʠʢʘʩʥʫ ʨʝʬʣʝʢʩʠʿʫ ʙʣʠʩʢʦʛ ʠʥʬʨʘʮʨʚʝʥʦʛ ʟʨʘʯʝˁʘ, ʰʪʦ ʦʙʿʘʰˁʘʚʘ ʥʠʞʝ ʚʨʝʜʥʦʩʪʠ 

ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ ʥʘ ʦʚʦʤ ʪʨʝʪʤʘʥʫ. ʂʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ S ʪʨʝʪʤʘʥ, ʚʠʥʦʚʘ ʣʦʟʘ ʿʝ ʨʘʟʚʠʣʘ 

ʤʝʭʘʥʠʟʤʝ ʢʦʿʠ ʧʦʙʦˀʰʘʚʘʿʫ ʝʬʠʢʘʩʥʦ ʢʦʨʠʰ˂ʝˁʝ ʚʦʜʝ ʢʨʦʟ ʩʪʠʤʫʣʘʮʠʿʫ ʬʦʪʦʩʠʥʪʝʟʝ ʢʘʜʘ 

ʿʝ ʟʘʣʠʭʘ ʚʦʜʝ ʤʘʣʘ. ɿʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʪʨʝʪʤʘʥ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʝʬʠʢʘʩʥʠʿʝ ʢʦʨʠʩʪʠ 

ʚʦʜʫ ʠ ʧʦʜʩʪʠʯʝ ʙʦˀʫ ʬʦʪʦʩʠʥʪʝʪʩʢʫ ʘʢʪʠʚʥʦʩʪ ʚʠʥʦʚʝ ʣʦʟʝ. 

ɺʨʝʜʥʦʩʪʠ ʇʠʨʩʦʥʦʚʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʨʝʣʘʮʠʿʝ ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ ʜʦʙʠʿʝʥʠʭ ʩʘ 

ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʝ ʢʘʤʝʨʝ ʧʦʩʪʘʚˀʝʥʝ ʥʘ ʜʨʦʥ ʠ ʧʦʢʨʠʚʝʥʦʩʪʠ ʠ ʧʨʠʥʦʩʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ 

ʪʘʙʝʣʠ 36.  

 
ʊʘʙʝʣʘ 36. ʇʠʨʩʦʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʧʨʦʩʝʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ 

ʜʦʙʠʿʝʥʠʭ ʩʘ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʝ ʢʘʤʝʨʝ ʧʦʩʪʘʚˀʝʥʝ ʥʘ ʜʨʦʥ ʠ ʤʝʨʝˁʘ ʩʘ ʦʛʣʝʜʥʝ ʧʘʨʮʝʣʝ (ʧʦʢʨʠʚʝʥʦʩʪ 

ʠ ʧʨʠʥʦʩ) ʪʦʢʦʤ 2022. ʛʦʜʠʥʝ 
 

ɼʘʪʫʤ 

ʩʥʠʤʘˁʘ 

ɺʝʛʝʪʘʮʠʦʥʠ 

ʠʥʜʝʢʩʠ 
ʇʦʢʨʠʚʝʥʦʩʪ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʣʠʩʪʘ 
CWSI ʇʨʠʥʦʩ 

15.5.2022. 

NDVI 0,78 / / 0,63 

GNDVI 0,91 / / 0,59 

OSAVI 0,70 / / 0,60 

10.7.2022. 

NDVI 0,57 / / 0,35 

GNDVI 0,29 / / 0,65 

OSAVI 0,58 / / 0,34 

26.8.2022. NDVI 0,97 -0,96 -0,96 0,69 

 

ɺʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩʠ (GNDVI, NDVI, OSAVI) ʙʠʣʠ ʩʫ ʫʛʣʘʚʥʦʤ ʫ ʜʦʙʨʦʿ ʠ ʿʘʢʦʿ 

ʧʦʟʠʪʠʚʥʦʿ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʧʦʢʨʦʚʥʦʰ˂ʫ ʠ ʧʨʠʥʦʩʦʤ. ʉʥʠʤʘˁʘ ʪʦʢʦʤ ʘʚʛʫʩʪʘ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ 

NDVI ʧʦʢʘʟʘʦ ʚʠʩʦʢʫ ʢʦʨʝʣʘʮʠʿʫ ʩʘ ʧʨʠʥʦʩʦʤ (r=0,69), ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʩʝ ʫ ʢʘʩʥʠʿʠʤ 

ʬʘʟʘʤʘ ʚʝʛʝʪʘʮʠʿʝ ʦʚʘʿ ʠʥʜʝʢʩ ʧʦʪʚʨʹʫʿʝ ʢʘʦ ʜʦʙʘʨ ʧʦʢʘʟʘʪʝˀ ʧʦʪʝʥʮʠʿʘʣʥʦʛ ʧʨʠʥʦʩʘ. ʇʦʨʝʜ 

ʪʦʛʘ, NDVI ʿʝ ʠʤʘʦ ʟʥʘʯʘʿʥʫ ʥʝʛʘʪʠʚʥʫ ʢʦʨʝʣʘʮʠʿʫ ʩʘ ʪʝʤʧʝʨʘʪʫʨʦʤ ʣʠʩʪʘ ʠ CWSI (ʦʙʝ 

ʚʨʝʜʥʦʩʪʠ r=-0,96), ʰʪʦ ʩʫʛʝʨʠʰʝ ʜʘ ʿʝ ʧʦʚʝ˂ʘˁʝ NDVI ʠʥʜʝʢʩʘ ʧʦʚʝʟʘʥʦ ʩʘ ʥʠʞʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʣʠʩʪʘ ʠ ʩʤʘˁʝʥʠʤ ʩʪʨʝʩʦʤ ʙʠˀʢʝ. ʆʚʘ ʚʝʟʘ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʦʯʝʢʠʚʘˁʠʤʘ, ʿʝʨ 
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ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ NDVI ʦʙʠʯʥʦ ʫʢʘʟʫʿʫ ʥʘ ʙʦˀʫ ʬʠʟʠʦʣʦʰʢʫ ʘʢʪʠʚʥʦʩʪ ʠ ʬʦʪʦʩʠʥʪʝʪʩʢʫ 

ʝʬʠʢʘʩʥʦʩʪ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʘʪ ʦʧʪʠʤʘʣʥʦʛ ʩʥʘʙʜʝʚʘˁʘ ʚʦʜʦʤ ʠ ʩʤʘˁʝʥʦʛ ʩʪʨʝʩʘ. ʉ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, GNDVI ʿʝ ʫ ʥʝʢʠʤ ʨʘʥʠʿʠʤ ʬʘʟʘʤʘ, ʪʦʢʦʤ ʬʝʥʦʬʘʟʝ ʮʚʝʪʘˁʘ, ʧʦʢʘʟʠʚʘʦ ʚʠʩʦʢʫ 

ʧʦʟʠʪʠʚʥʫ ʢʦʨʝʣʘʮʠʿʫ ʩʘ ʧʦʢʨʦʚʥʦʰ˂ʫ (r=0,91), ʘʣʠ ʠ ʜʦʙʨʫ ʢʦʨʝʣʘʮʠʿʫ ʩʘ ʧʨʠʥʦʩʦʤ (r=0,59). 

ʆʚʦ ʩʫʛʝʨʠʰʝ ʜʘ ʿʝ GNDVI ʢʦʨʠʩʪʘʥ ʫ ʧʨʦʮʝʥʠ ʚʝʛʝʪʘʪʠʚʥʦʛ ʨʘʩʪʘ ʠ ʧʦʢʨʠʚʝʥʦʩʪʠ, ʘʣʠ 

ʤʦʞʜʘ ʥʠʿʝ ʥʘʿʙʦˀʠ ʠʥʜʠʢʘʪʦʨ ʢʦʥʘʯʥʦʛ ʧʨʠʥʦʩʘ. ʋ ʢʘʩʥʠʿʠʤ ʬʝʥʦʬʘʟʘʤʘ, ʤʝʹʫʪʠʤ, ʢʘʜʘ ʿʝ 

ʧʦʪʨʝʙʥʦ ʧʨʝʜʚʠʜʝʪʠ ʧʨʠʥʦʩ, NDVI ʩʝ ʧʦʢʘʟʘʦ ʢʘʦ ʙʦˀʠ ʠ ʧʨʝʮʠʟʥʠʿʠ ʧʦʢʘʟʘʪʝˀ. ʅʘʿʙʦˀʠ 

ʪʨʝʥʫʪʘʢ ʟʘ ʢʦʨʠʰ˂ʝˁʝ NDVI ʠ GNDVI ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʨʠʥʦʩʘ ʠ ʧʨʦʮʝʥʫ ʩʪʘʪʫʩʘ ʚʦʜʥʦʛ 

ʩʪʨʝʩʘ ʙʠˀʢʝ ʿʝ, ʧʨʝʤʘ ʦʚʠʤ ʨʝʟʫʣʪʘʪʠʤʘ, ʫ ʢʘʩʥʠʿʠʤ ʬʝʥʦʬʘʟʘʤʘ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʿʝ, ʢʘʜʘ ʩʫ 

ʚʠʩʦʢʝ ʢʦʨʝʣʘʮʠʿʝ ʩʘ ʧʨʠʥʦʩʦʤ ʠ ʧʦʢʘʟʘʪʝˀʠʤʘ ʩʪʨʝʩʘ (CWSI, ʪʝʤʧʝʨʘʪʫʨʘ ʣʠʩʪʘ) 

ʥʘʿʫʦʯˀʠʚʠʿʝ. 

ʇʨʝʮʠʟʥʦ ʧʨʘ˂ʝˁʝ ʚʦʜʥʦʛ ʩʪʘʪʫʩʘ ʚʠʥʦʚʝ ʣʦʟʝ ʧʦʤʦ˂ʫ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʭ ʩʥʠʤʘʢʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʜʨʦʥʘ ʿʝ ʚʘʞʥʘ ʪʝʤʘ ʫ ʙʨʦʿʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʩʧʨʦʚʝʜʝʥʠʤ ʰʠʨʦʤ ʩʚʝʪʘ 

(Baluja et al., 2012; Zúñiga Espinoza et al., 2017; Pádua et al., 2019; Giovos et al., 2021; Kasimati 

et al., 2021; Li  et al., 2022; Tang et al., 2022; Berry et al., 2024; Gavriloviĺ et al., 2024). 

Baluja et al. (2012) ʩʫ ʫʪʚʨʹʠʚʘʣʠ ʚʦʜʥʠ ʩʪʘʪʫʩ ʚʠʥʦʚʝ ʣʦʟʝ ʊʝʤʧʨʘʥʠˀʦ ʫ ʚʠʥʦʛʨʘʜʫ 

ʙʝʟ ʧʨʠʤʝʥʝ ʥʘʚʦʜˁʘʚʘˁʘ ʧʦʤʦ˂ʫ ʪʝʨʤʘʣʥʠʭ ʠ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʭ ʩʥʠʤʘʢʘ ʜʦʙʠʿʝʥʠʭ 

ʜʨʦʥʦʤ. ʇʨʝʤʘ ʜʦʙʠʿʝʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ, ʧʨʦʥʘʹʝʥʝ ʩʫ ʚʠʩʦʢe ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ NDVI ʠ TCARI/OSAVI ʠ ʧʦʢʘʟʘʪʝˀʘ ʚʦʜʥʦʛ ʩʪʨʝʩʘ, 

ʥʘʨʦʯʠʪʦ ʫ ʫʩʣʦʚʠʤʘ ʜʫʛʦʪʨʘʿʥʦʛ ʥʝʜʦʩʪʘʪʢʘ ʚʦʜʝ. ʆʚʠ ʠʥʜʝʢʩʠ ʦʤʦʛʫ˂ʠʣʠ ʩʫ ʜʘ ʩʝ ʧʨʝʮʠʟʥʦ 

ʤʘʧʠʨʘʿʫ ʟʦʥʝ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʥʠʚʦʠʤʘ ʚʦʜʥʦʛ ʩʪʨʝʩʘ, ʰʪʦ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʫʥʘʧʨʝʜʠʪʠ 

ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʫ ʧʣʘʥʠʨʘˁʫ ʥʘʚʦʜˁʘʚʘˁʘ. ʇʨʦʮʝʥʫ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʚʠʥʦʚʝ ʣʦʟʝ ʩʦʨʪʝ 

ʂʘʙʝʨʥʝ ʩʦʚʠˁʦʥ ʫʧʦʪʨʝʙʦʤ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʭ ʠ ʪʝʨʤʘʣʥʠʭ ʩʝʥʟʦʨʘ ʩʘ ʜʨʦʥʘ ʚʨʰʠʣʠ ʩʫ 

Zúñiga Espinoza et al. (2017) ʫ ʚʠʥʦʛʨʘʜʠʤʘ ʫ ʦʢʦʣʠʥʠ ɺʘʰʠʥʛʪʦʥʘ. ʇʨʦʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫ 

ʩʝʟʦʥʠ ʨʘʩʪʘ (ʘʧʨʠʣ-ʩʝʧʪʝʤʙʘʨ) ʠ ʛʦʜʠʰˁʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʠʟʥʦʩʠʣʘ ʿʝ 20  ʠ 202 mm. 

ʇʨʠʤʝˁʝʥʠ ʨʝʞʠʤʠ ʥʘʚʦʜˁʘʚʘˁʘ ʩʫ ʦʟʥʘʯʝʥʠ ʥʘ ʦʩʥʦʚʫ ʧʨʦʮʝʥʪʘ ʧʨʠʤʝˁʝʥʝ ʚʦʜʝ, ʘ ʪʦ ʩʫ: 

100% (ʢʦʥʪʨʦʣʘ, ʩʪʘʥʜʘʨʜʥʘ ʩʪʦʧʘ ʥʘʚʦʜˁʘʚʘˁʘ), 60% (ʚʠʩʦʢʘ), 30% (ʩʨʝʜˁʘ) ʠ 15% (ʥʠʩʢʘ) 

ʩʪʦʧʘ ʥʘʚʦʜˁʘʚʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʪʨʦʣʫ. ʋʢʫʧʥʘ ʧʨʠʤʝˁʝʥʘ ʚʦʜʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ 

ʧʝʨʠʦʜʘ ʙʠʣʘ ʿʝ 416 mm ʥʘ ʢʦʥʪʨʦʣʥʠʤ ʧʘʨʮʝʣʘʤʘ. ʀʥʜʝʢʩʠ NDVI ʠ GNDVI ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʚʠʥʦʚʝ ʣʦʟʝ ʩʫ ʙʠʣʠ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʧʨʠʥʦʩʦʤ ʠ ʧʨʦʚʦʜˀʠʚʦʰ˂ʫ ʩʪʦʤʘ 

ʣʠʩʪʦʚʘ. ɿʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʩʫ ʚʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩʠ ʜʦʙʠʿʝʥʠ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʤ ʩʝʥʟʦʨʦʤ 

ʠʤʘʣʠ ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʥʦʨʤʝ ʥʘʚʦʜˁʘʚʘˁʘ, ʜʦʢ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʙʠˀʥʦʛ 

ʧʦʢʨʠʚʘʯʘ ʧʦʢʘʟʠʚʘʣʘ ʦʙʨʥʫʪʠ ʪʨʝʥʜ. 

ɼʝʪʝʢʮʠʿʫ ʚʦʜʥʦʛ ʩʪʘʪʫʩʘ ʠ ʥʠʚʦʘ ʩʪʨʝʩʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʚʠʥʦʛʨʘʜʫ ʫ ʂʘʣʠʬʦʨʥʠʿʠ 

ʧʦʤʦ˂ʫ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʭ ʩʥʠʤʘʢʘ ʜʦʙʠʿʝʥʠʭ ʦʜ ʰʝʩʪ ʧʨʝʣʝʪʘ ʜʨʦʥʦʤ ʚʨʰʠʣʠ ʩʫ Tang et al. 

(2022). ɽʢʩʧʝʨʠʤʝʥʪ ʫ ʪʨʘʿʘˁʫ ʦʜ 2018. ʜʦ 2020. ʛʦʜʠʥʝ ʦʙʫʭʚʘʪʘʦ ʿʝ ʪʨʠ ʚʠʥʦʛʨʘʜʘ ʫ ʢʦʿʠʤʘ 

ʩʫ ʙʠʣʠ ʧʨʠʤʝˁʝʥʠ ʨʘʟʣʠʯʠʪʠ ʪʨʝʪʤʘʥʠ ʥʘʚʦʜˁʘʚʘˁʘ (ʊ1, ʊ2, ʊ3, ʊ4) ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ. ʋ 

2018. ʛʦʜʠʥʠ, ʊ1 ʠ ʊ2 ʪʨʝʪʤʘʥʠ ʩʫ ʙʠʣʠ ʧʦʜ ʨʝʜʫʢʦʚʘʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ (ʩʘ ʧʨʠʤʝˁʝʥʦʤ 

ʚʦʜʦʤ ʢʦʿʘ ʿʝ ʝʢʚʠʚʘʣʝʥʪʥʘ 75% ETo), ʜʦʢ ʊ3 ʠ ʊ4 ʥʠʩʫ ʙʠʣʠ ʧʦʜʚʨʛʥʫʪʠ ʚʦʜʥʦʤ ʩʪʨʝʩʫ. ʋ 

2020. ʛʦʜʠʥʠ, ʊ1 ʪʨʝʪʤʘʥ ʿʝ ʙʠʦ ʧʦʜ ʧʫʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ, ʜʦʢ ʿʝ ʥʘʚʦʜˁʘʚʘˁʝ ʫ ʊ2, ʊ3 ʠ ʊ4 

ʪʨʝʪʤʘʥʠʤʘ ʩʤʘˁʝʥʦ ʢʨʘʿʝʤ ʿʫʣʘ ʜʘ ʙʠ ʩʝ ʠʟʘʟʚʘʣʠ ʨʘʟʣʠʯʠʪʠ ʥʠʚʦʠ ʚʦʜʥʦʛ ʩʪʨʝʩʘ. ʅʘʢʦʥ 

ʪʦʛʘ, ʦʚʘ ʪʨʠ ʪʨʝʪʤʘʥʘ ʩʫ ʙʠʣʘ ʠʥʪʝʥʟʠʚʥʦ ʥʘʚʦʜˁʘʚʘʥʘ ʦʜ ʢʨʘʿʘ ʿʫʣʘ ʜʦ ʧʦʯʝʪʢʘ ʘʚʛʫʩʪʘ ʢʘʢʦ 

ʙʠ ʩʝ ʧʦʩʪʠʛʘʦ ʧʦʪʧʫʥʠ ʦʧʦʨʘʚʘʢ ʦʜ ʚʦʜʥʦʛ ʩʪʨʝʩʘ. ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ NDVI ʠʥʜʝʢʩʘ ʪʦʢʦʤ 

ʩʚʠʭ ʩʥʠʤʘˁʘ ʠʟʥʦʩʠʣʘ 0,69, GNDVI ʠʥʜʝʢʩʘ 0,72 ʠ OSAVI ʠʥʜʝʢʩʘ 0,68. ʈʝʟʫʣʪʘʪʠ ʦʚʝ 

ʩʪʫʜʠʿʝ ʩʫ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ, ʥʘʨʦʯʠʪʦ ʫ ʜʦʙʠʿʝʥʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ ʥʘʚʝʜʝʥʠʭ ʠʥʜʝʢʩʘ ʪʦʢʦʤ ʿʫʣʘ ʠ ʘʚʛʫʩʪʘ (ʢʘʜʘ ʿʝ ʚʨʰʝʥʦ ʧʨʝʣʝʪʘˁʝ ʠ ʫ ʦʚʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ), ʛʜʝ ʩʫ ʦʥʠ ʫ ʧʨʦʩʝʢʫ 0,59, 057 ʠ 0,65, ʟʘ NDVI, GNDVI ʠ OSAVI ʠʥʜʝʢʩ, 

ʨʝʜʦʤ. 
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ʇʨʦʮʝʥʫ ʫʪʠʮʘʿʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʥʘ ʨʘʟʥʦʣʠʢʦʩʪ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʚʠʥʦʛʨʘʜʘ 

ʧʦʤʦ˂ʫ ʜʨʦʥʘ ʠʟʚʦʜʠʣʠ ʩʫ Pádua et al. (2019) ʥʘ ʩʦʨʪʠ (Vitis vinifera L. cv. Malvasia Fina) ʫ 

ʚʠʥʩʢʦʤ ʨʝʛʠʦʥʫ ʇʦʨʪʫʛʘʣʘ. ʋ ʚʠʥʦʛʨʘʜʫ ʥʠʿʝ ʙʠʣʦ ʫʩʧʦʩʪʘʚˀʝʥʦ ʥʘʚʦʜˁʘʚʘˁʝ. ʆʙʘʚˀʝʥʦ 

ʿʝ ʧʝʪ ʧʨʝʣʝʪʘˁʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ: ʮʚʝʪʘˁʝ (ʤʘʿ ʠ ʿʫʥ), ʨʘʟʚʦʿ ʙʦʙʠʮʘ 

(ʿʫʣ), ʰʘʨʘʢ (ʘʚʛʫʩʪ) ʠ ʙʝʨʙʘ (ʩʝʧʪʝʤʙʘʨ). ʇʨʠʢʫʧˀʝʥʠ ʧʦʜʘʮʠ ʪʦʢʦʤ ʮʝʣʝ ʩʝʟʦʥʝ ʩʫ 

ʦʤʦʛʫ˂ʠʣʠ ʠʟʨʘʯʫʥʘʚʘˁʝ NDVI ʠʥʜʝʢʩʘ ʯʠʿʘ ʿʝ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʠʟʥʦʩʠʣʘ 0,71. ʅʘʚʝʜʝʥʘ 

ʚʨʝʜʥʦʩʪ ʿʝ ʫ ʧʦʪʧʫʥʦʿ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ. ʅʘʿʥʠʞʝ ʧʨʦʩʝʯʥʝ 

ʚʨʝʜʥʦʩʪʠ NDVI ʠʥʜʝʢʩʘ ʦʜ 0,59 ʠ 0,62 ʿʘʚʠʣʝ ʩʫ ʩʝ ʪʦʢʦʤ ʙʝʨʙʝ ʠ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ, ʨʝʜʦʤ. 

ʅʘʿʚʠʰʝ ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ NDVI ʠʥʜʝʢʩʘ ʩʫ ʙʠʣʝ ʪʦʢʦʤ ʮʚʝʪʘˁʘ (ʿʫʥ) ʦʜ 0,82 ʠ ʪʦʢʦʤ 

ʨʘʟʚʦʿʘ ʙʦʙʠʮʘ ï ʬʦʨʤʠʨʘˁʘ ʧʣʦʜʘ (ʿʫʣ) ʦʜ 0,80. Bellvert et al. (2021) ʩʫ ʜʦʙʠʣʠ ʧʨʦʩʝʯʥʝ 

ʚʨʝʜʥʦʩʪʠ NDVI ʠʥʜʝʢʩʘ ʫ ʨʘʩʧʦʥʫ ʦʜ 0,48 ʜʦ 0,62 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʦʨʪʝ ʠ ʨʝʞʠʤʘ 

ʥʘʚʦʜˁʘʚʘˁʘ. ɽʢʩʧʝʨʠʤʝʥʪ ʿʝ ʩʧʨʦʚʝʜʝʥ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʿʝ 2016. ʠ 2017. ʛʦʜʠʥʝ ʫ ʦʨʛʘʥʩʢʦʤ 

ʚʠʥʦʛʨʘʜʫ ʫ ʐʧʘʥʠʿʠ. ɺʨʝʜʥʦʩʪʠ NDVI ʠʥʜʝʢʩʘ ʦʜ 0,67 ʠ 0,74 ʩʫ ʜʦʙʠʣʠ Kasimati et al. 

(2021) ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʦʙʘʚˀʝʥʦʤ ʥʘ ʚʠʥʩʢʦʤ ʛʨʦʞʹʫ ʫ ʅʝʤʝʿʠ (ɻʨʯʢʘ). ʈʝʘʣʠʟʦʚʘʥʦ ʿʝ 

ʯʝʪʠʨʠ ʩʥʠʤʘˁʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ (2019-2020), ʧʦʯʝʚʰʠ ʦʜ ʢʨʘʿʘ ʤʘʿʘ ʜʦ ʧʦʯʝʪʢʘ 

ʩʝʧʪʝʤʙʨʘ (ʙʝʨʙʘ), ʜʘ ʙʠ ʩʝ ʟʘʙʝʣʝʞʠʦ NDVI ʫ ʨʘʟʣʠʯʠʪʠʤ ʬʝʥʦʣʦʰʢʠʤ ʬʘʟʘʤʘ ʨʘʩʪʘ ʚʠʥʦʚʝ 

ʣʦʟʝ. ɺʠʰʝ ʚʨʝʜʥʦʩʪʠ NDVI ʠʥʜʝʢʩʘ ʩʫ ʜʦʙʠʿʝʥʝ ʢʘʜʘ ʩʫ ʧʦʜʘʮʠ ʧʨʠʢʫʧˀʝʥʠ ʙʣʠʟʫ ʜʘʪʫʤʘ 

ʙʝʨʙʝ ʠ ʦʢʦ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ.  

ʅʘ ʧʨʦʩʪʦʨʫ ʉʨʙʠʿʝ, ʩʥʠʤʘˁʝ ʚʠʥʦʛʨʘʜʘ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʦʤ ʢʘʤʝʨʦʤ ʧʦʩʪʘʚˀʝʥʦʤ ʥʘ 

ʜʨʦʥ ʦʙʘʚʠʣʠ ʩʫ Gavriloviĺ et al. (2024) ʫ ʉʨʝʤʩʢʠʤ ʂʘʨʣʦʚʮʠʤʘ. ɿʘ ʦʚʫ ʦʙʣʘʩʪ, ʩʧʨʦʚʝʜʝʥʘ ʿʝ 

ʩʝʨʠʿʘ ʩʪʫʜʠʿʘ 2020. ʠ 2022. ʛʦʜʠʥʝ ʪʦʢʦʤ ʨʘʟʣʠʯʠʪʠʭ ʬʘʟʘ ʮʠʢʣʫʩʘ ʨʘʩʪʘ ʚʠʥʦʚʝ ʣʦʟʝ (Vitis 

vinifera L. cv. Riesling Italico). ʎʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʨʘʟʚʦʿ ʤʦʜʝʣʘ ʢʦʿʠ ʙʠ ʨʝʰʘʚʘʦ ʧʨʦʙʣʝʤ 

ʟʦʥʠʨʘˁʘ ʫ ʧʨʝʮʠʟʥʦʤ ʚʠʥʦʛʨʘʜʘʨʩʪʚʫ ʠ ʢʦʿʠ ʙʠ ʙʠʦ ʟʥʘʯʘʿʘʥ ʢʘʦ ʧʦʜʨʰʢʘ ʚʠʥʦʛʨʘʜʘʨʠʤʘ ʫ 

ʜʦʥʦʰʝˁʫ ʦʜʣʫʢʘ. ɼʘ ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʘ ʚʠʩʦʢʘ ʪʘʯʥʦʩʪ ʧʨʝʜʩʪʘʚˀʝʥʦʛ ʤʦʜʝʣʘ ʟʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʟʜʨʘʚʠʭ ʯʦʢʦʪʘ ʫ ʚʠʥʦʛʨʘʜʫ, ʢˀʫʯʥʦ ʿʝ ʜʘ ʩʝ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠ ʩʥʠʤʮʠ 

ʩʥʠʤʝ ʫ ʧʝʨʠʦʜʫ ʢʘʜʘ ʚʝʛʝʪʘʮʠʿʘ ʥʠʿʝ ʨʘʟʚʠʿʝʥʘ ʜʦ ʪʝ ʤʝʨʝ ʜʘ ʟʘʢʣʘˁʘ ʧʨʦʩʪʦʨ ʠʟʥʘʜ ʩʫʚʦʛ 

ʯʦʢʦʪʘ, ʘʣʠ ʿʝ ʜʦʚʦˀʥʦ ʥʘʧʨʝʜʥʘ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʢʨʦʰˁʝ ʩʚʘʢʝ ʧʦʿʝʜʠʥʘʯʥʝ ʣʦʟʝ ʧʦʤʦ˂ʫ 

NDVI ʠʥʜʝʢʩʘ. ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ NDVI ʠʥʜʝʢʩʘ ʿʝ ʙʠʣʘ 0,68. ʋ ʫʧʨʘʚˀʘʯʢʦʿ ʟʦʥʠ 1 NDVI ʿʝ 

ʠʟʥʦʩʠʦ 0,65, ʘ ʫ ʟʦʥʠ 2 ʿʝ ʙʠʦ 0,71. ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʪʚʨʹʫʿʫ ʜʘ ʜʘˀʠʥʩʢʘ ʜʝʪʝʢʮʠʿʘ 

ʧʦʩʪʘʿʝ ʩʚʝ ʧʦʫʟʜʘʥʠʿʠ ʠʟʚʦʨ ʠʥʬʦʨʤʘʮʠʿʘ ʟʘ ʧʨʘ˂ʝˁʝ ʚʝʛʝʪʘʮʠʿʝ ʰʪʦ ʚʦʜʠ ʢʘ ʜʦʙʨʦ 

ʜʝʬʠʥʠʩʘʥʠʤ ʟʦʥʘʤʘ ʫʧʨʘʚˀʘˁʘ ʢʦʿʝ ʩʣʫʞʝ ʢʘʦ ʦʩʥʦʚʘ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʧʨʝʮʠʟʥʦʛ 

ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ. 

 

6.7.3. ɺʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩʠ ʜʦʙʠʿʝʥʠ ʧʦʤʦ˂ʫ ʨʫʯʥʦʛ ʫʨʝʹʘʿʘ ʩʘ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʦʤ 

ʢʘʤʝʨʦʤ (Plant-O-Meter) 

 

ʊʝʭʥʦʣʦʛʠʿʘ ʪʝʨʤʘʣʥʦʛ ʠ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʦʛ ʩʥʠʤʘˁʘ ʧʦʤʦ˂ʫ ʨʫʯʥʠʭ ʫʨʝʹʘʿʘ ʩʝ ʫʚʝʣʠʢʦ 

ʢʦʨʠʩʪʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʩʪʘʪʫʩʘ ʚʦʜʝ ʫ ʚʠʥʦʛʨʘʜʫ. ʇʨʘ˂ʝˁʝ ʩʪʘʪʫʩʘ ʚʦʜʝ, ʧʦʩʝʙʥʦ ʿʝ ʟʥʘʯʘʿʥʦ 

ʪʦʢʦʤ ʨʘʟʚʦʿʥʠʭ ʬʘʟʘ ʿʝʨ ʩʝ ʪʠʤʝ ʦʩʠʛʫʨʘʚʘ ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ ʠ ʦʜʨʞʠʚʦʩʪ ʧʨʦʠʟʚʦʜˁʝ (Ferro 

et al., 2023; Berry et al., 2024). ʇʦʨʝʜ ʧʨʝʣʝʪʘ ʜʨʦʥʦʤ, ʫ 2022. ʛʦʜʠʥʠ, ʚʨʰʝʥʦ ʿʝ ʠ ʨʫʯʥʦ 

ʩʥʠʤʘˁʝ ʚʠʥʦʚʝ ʣʦʟʝ ʢʨʦʟ ʨʘʟʣʠʯʠʪʝ ʪʨʝʪʤʘʥʝ ʥʘʚʦʜˁʘʚʘˁʘ ʧʦʤʦ˂ʫ ʫʨʝʹʘʿʘ ʩʘ 

ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʦʤ ʢʘʤʝʨʦʤ (Plant-O-Meter) ʢʦʿʠ ʤʝʨʠ ʬʠʟʠʦʣʦʰʢʦ ʩʪʘˁʝ ʦʜʨʝʹʝʥʝ ʢʫʣʪʫʨʝ. 

ʆʙʘʚˀʝʥʘ ʩʫ 4 ʩʥʠʤʘˁʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʿʝ, ʦʜʥʦʩʥʦ ʥʘʢʦʥ ʧʦʿʘʚʝ ʬʝʥʦʬʘʟʝ ʮʚʝʪʘˁʘ 

(ʤʘʿ), ʥʘʢʦʥ ʧʦʿʘʚʝ ʰʘʨʢʘ (ʿʫʣ), ʪʦʢʦʤ ʩʘʟʨʝʚʘˁʘ ʙʦʙʠʮʘ ʠ ʫʦʯʠ ʙʝʨʙʝ (ʘʚʛʫʩʪ). ʉʘ 

ʘʥʘʣʠʟʠʨʘʥʠʭ ʩʥʠʤʘʢʘ, ʜʦʙʠʿʝʥʠ ʩʫ ʠʥʜʝʢʩʠ NDVI ʠ GNDVI. 

ʅʘ ʛʨʘʬʠʢʫ 15. ʧʨʠʢʘʟʘʥʝ ʩʫ ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ NDVI ʠ 

GNDVI ʫ ʦʢʚʠʨʫ ʨʘʟʣʠʯʠʪʠʭ ʪʨʝʪʤʘʥʘ ʥʘʚʦʜˁʘʚʘˁʘ (F, R ʠ S), ʘ ʫ ʪʘʙʝʣʠ 37. ʧʨʠʢʘʟʘʥ ʿʝ 

ʝʬʝʢʘʪ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʚʝʛʝʪʘʮʠʦʥʝ ʠʥʜʝʢʩʝ. 

 














































































































